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Chapter 1

Introduction

1.1 Introduction

In 1987, the World Commission on Environment and Development (WCED),

also known as the Brundtland commission, wrote a report warning the world

about the implications of the speed of energy consumption (cf. WCED, 1987).

The current high level of energy consumption damages the environment and

humanity in three ways. Firstly, the current energy consumption level is largely

responsible for the high pollution level (with related problems such as the

depletion of the ozone layer and climate changes). The environment is incapable

of absorbing these high pollution levels. This incapability is also caused by the

growing amount of waste. Secondly, due to the winning of exhaustible resources,

such as fossil fuels and wood, the quality of the environment diminishes, and

it consequently looses regeneration capacity. Finally, future generations are not

ensured of exhaustible resources which may result in welfare losses if su¢cient

or new energy substitutes are not available.

The Brundtland commission emphasized the sustainability concept, which is

the durable relationship between human needs and aspiration, and the

environment. This relationship contains two major perspectives, an ecological

and a social perspective. Energy consumption and waste generation must

be restrained in such a way that the environment is enabled to regenerate

itself (ecological), and future generations are ensured of exhaustible resources

(social).

Since then, researchers – ecologists, economists, and other social scientists

– have proposed almost as many de…nitions for the sustainability concept as

there were researchers writing about it, and still the animated debate is going on
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(cf. Pearce et al., 1989 ; Pezzey, 1989; Daly and Cobb, 1989; Van den Bergh,

1991; and Opschoor, 1992).Without actually giving a detailed de…nition of

sustainability, we presume in this study that in practice sustainability requires a

substantial reduction of current energy and water consumption as well as waste

generation.1

Due to the complexity of environmental problems governments have a duty

to take the leading role in the establishment of policies towards – more –

sustainable consumption. They have a wide range of policy instruments, such

as public awareness campaigns and education, prohibition and regulation by

law, (tradeable) quantity rations, and …nancial incentives, with which they can

in‡uence the consumption patterns. However, the success or failure of a policy

instrument is determined by the e¤ectiveness, but also by the political feasibility

and the public acceptability. In this thesis we restrict ourselves to the analyses

of the e¤ectiveness of economic instruments. In particular, we try to answer

the question whether or not taxes and subsidies are e¤ective. The political

feasibility and public acceptability are beyond the scope of this thesis.

Ligteringen (1999) extensively reviews both issues.

The outline of this Chapter is the following. Section 1.2 summarizes the

multi-disciplinary project of which this thesis is a part. Then, we discuss the

household production theory which is the starting point of economic analyses

when analyzing the household demand for energy, water and household waste

collection (see section 1.3). Finally section 1.4 summarizes the remainder of this

thesis.

1.2 HOMES

Environmental problems relate to various …elds in society as well as in

research. Therefore, it is best studied in a multi-disciplinary project as is

HOMES (HOusehold Metabolism E¤ectively Sustainable). HOMES aims to

de…ne a consumption pattern so that a sustainable relationship between

humanity and environment is guaranteed. In addition, HOMES studies changes

in consumer behavior necessary to achieve such a sustainable relationship. On

the one hand, the environment should be able to absorb the pollution, and

on the other hand, we should make sure that future generations still have the

1 It is not our objective to participate in the debate about the sustainability de…nition. In
particular, we limit ourselves to the general notion that in order to achieve a more sustainable
consumption pattern, the current levels of energy consumption, water consumption and waste
generation have to be reduced.
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availability of exhaustible resources. In particular, HOMES aims to formulate

how such changes in consumer behavior can be realized, and which role policy

instruments can play in these changes.2

Households are the central entities in HOMES. The household sector is

responsible for a substantial part of the energy consumption. In 1990,

approximately 45 percent of Dutch energy consumption was directly demanded

by households. However, ecologists state that in general total energy

consumption can be attributed to households. They distinguish two

di¤erent energy consumption concepts: direct and indirect energy

consumption. Direct energy consumption relates to the consumption of

energy directly supplied to households by energy-supplying utilities or bought by

households such as car fuel. The indirect energy consumption is the

energy quantity necessary to produce all remaining consumption goods and

services. Thus 55 percent of the Dutch energy consumption is indirect energy

consumption. This distinction emphasizes the importance of research on the

household level in dealing with energy and ecological problems.

Another reason for household-level research is the diversity of households.

Policy makers usually tend to neglect that households di¤er in several

aspects, such as family size and composition, income, and education. The policy

instruments may a¤ect each household di¤erently (see Baker et al., 1989).

To formulate sustainable consumption patterns for energy and water, many

aspects are involved, including legal, economic, demographic, environmental,

and social-psychological factors. In HOMES, therefore, researchers from several

disciplines collaborate which allows for a broader perspective on the relation

between households and sustainability. To analyze the energy and water

consumption accurately, HOMES is divided into three stages: diagnosis,

evaluation and change. First, the diagnostic phase summarizes historical trends

of consumption, expenditure and prices in the time span 1950–1990. Note

that HOMES focuses on the Dutch society. In the second phase, HOMES

evaluates the determinants of households energy and water consumption by

making an inventory of the relevant economic, demographic and

psychological factors. Finally, in the change phase developments necessary to

2 In the household sector, the necessity to reduce energy consumption is strengthened by
the expected growth of both population and number of households (cf. Van der Wal and
Noorman, 1998). Particularly, even if the aggregate household energy consumption remains
constant, the consumption per household must still be reduced due to growth of the number
of households caused by declining family size and population growth. In the Netherlands, this
growth is likely to continue according to Statistics Netherlands forecasts.
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achieve a sustainable consumption pattern can be formulated with the results of

the evaluation phase. In particular, implementation and justi…cation of policy

rules are analyzed by making scenarios and forecasts for the future. Within the

change phase two time horizons will be used, 2015 and 2050.3

1.3 Household production theory

From an economic perspective, the demand for energy, water and household

waste collection can be best viewed within the context of household

production (see Becker, 1965) The demands for energy, water and

household waste collection are derived demands, since these goods are not

directly consumed.4 Energy for instance is primarily used to power consumer

durables, while water is used as an input for cleaning and cooking. The

demand for household waste collection is derived from the fact that households

produce waste with all kinds of activities within a household. In other words, the

demands for energy, water and household waste collection

are derived from the demands for certain goods and services (so-called

‘commodities’), such as transportation, cooling, cleaning, heating, and

cooking. Moreover, consumers do not directly experience utility from the

consumption of energy, water and household waste collection. Rather, they

experience utility from the consumption of the commodities that are produced

using these as inputs. To illustrate this view, we cite Hausman (1979)

‘...energy demand may be viewed usefully as part of a

‘household production process’ in which services of a long-lived

consumer durable good are combined with energy inputs to produce

household services.’

Hausman stated that there are two important components which determine the

energy demand, the production technology and the utilization of the stock of

consumer durables.

3The output of HOMES includes …ve Ph.D. theses as well as two books, one reporting the
integral overview of the diagnostic phase (see Noorman and Schoot Uiterkamp, 1998), and the
other reporting the integral overview of the change phase. Three Ph.D. theses have already
been completed, see Ligteringen (1999), Van Diepen (2000), and Gatersleben (2000). This
thesis is the fourth one completed.

4An exception, of course, is water used for direct human consumption. However, in the
Netherlands this applied to less than 2 percent of household water consumption in 1995 (see
Van der Wal and Noorman, 1998).
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The theory of household production is based on (but di¤erent from) the

traditional or neoclassical theory of consumer demand. Similar to the

neoclassical theory of consumer demand, the theory of household production

assumes that consumer preferences are re‡ected in a utility function, and that

the consumer maximizes utility subjected to the income budget restriction.

However, a consumer derives utility from commodities instead of market goods.

These commodities are outputs of production processes at home with market

goods and time used as inputs. In addition, the consumer considers a time

budget constraint.

The household production theory emphasizes topics of consumer

behavior and constraints which are ignored in the traditional neoclassical

theory of consumer demand (see Pollak and Wachter, 1975). In particular,

the theory provides a framework for analyzing the allocation of goods within

the household as well as the allocation of time. Finally, the role of technology

in the production processes of commodities can be analyzed.

The household production model is a very broad model which is applied to

many topics. Standard topics analyzed with the model are fertility, health, home

versus market production and labor supply. Other topics are

education, environment, value of home production (particularly in studies on

less developed countries) and family economics (intra-household distribution of

resources), while Rios-Rull (1993) and Rupert et al. (1995) have incorporated

household production explicitly in their general equilibrium

models. Recent surveys of household production models can be found in

Gronau (1997) and Kooreman and Wunderink (1997) .

Although it is valuable from a theoretical point of view, the household

production model has one main disadvantage. The empirical applicability is

limited, because there are usually no data on the commodities produced. As a

consequence, it is impossible to disentangle the e¤ects of tastes and technology

changes on consumer behavior (see Pollak and Wachter, 1975, and Kooreman

and Kapteyn, 1987). In the studies where market goods and leisure directly

enter the utility function taste and technology e¤ects cannot be distinguished.
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1.4 The structure of this book

This thesis focuses on the e¤ectiveness and e¢ciency of economic incentives

with respect to the household demand for energy, water and the collection of

household waste. In particular, we are primarily interested in the price and

income responses of households with respect to the energy and water

consumption as well as the household waste production. We determine the

e¤ects of prices and income as well as other factors on the consumption of

energy, water, and household waste collection. Since our scope includes the

long run, we analyze the consumer durables stock. In particular, we focus on

the purchase prices and the energy and water use of domestic appliances. Below,

we summarize the topics discussed in the following chapters.

Chapter 2 reviews the historical trends of the natural gas, electricity and wa-

ter consumption and their determinants – in particular prices – in the

Netherlands. The historical perspective covers the period 1950 ¡ 1990. The

development of prices has several aspects such as nominal versus real prices,

pricing schedules and the price per unit of consumer durable services.5 In

addition, we present the penetration rates of household appliances.

Furthermore, we review the development in household waste collection and taxes

paid by households for the collection of household waste. Finally, we make a

small side step and evaluate car ownership and usage.6

Chapter 3 analyzes two issues with respect to consumer durables: …rst, we

analyze the e¤ect of energy and water use on the purchase price of

domestic appliances empirically, and secondly, we analyze the e¤ect of

subsidies on high-e¢ciency versions on the consumer decision and consequently

on the penetration rate theoretically. As to the …rst issue, we estimate hedonic

regressions equations for purchase prices, energy use and water use with data

on four domestic appliances.

As to the second issue, the purchase of an appliance has implications for

future consumption. Therefore, the purchase decision is analyzed with an

intertemporal choice model including the time preferences of consumers

measured by subjective discount rates. We build a general framework in which

a consumer can choose between a low-e¢ciency version and a high-e¢ciency

version. The latter version requires less energy, produces similar services, and

5With the outcomes of the hedonic regressions of Chapter 3 we calculate quality-corrected
energy and water uses.

6Although included in the HOMES project, these subjects do not have our primary interest.
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has a higher purchase price; see Kooreman and Steerneman (1998). The model

describes the consumer decision and in addition it generates a penetration rate.

The government is assumed to maximize the penetration rate by providing a

subsidy which a¤ects the consumer decision and consequently the penetration

rate. Two subsidy regimes – a continuous subsidy and an instantaneous sub-

sidy – are analyzed and compared on the basis of the penetration rate. We also

consider the introduction of an energy tax to …nance the subsidy.

Chapter 4 analyses the price and income e¤ects of the household demand

for energy and water conditional on the durable stock. We estimate reduced-

from demand equations with a pooled sample of the Netherlands Consumer

Expenditure Surveys (DBO) 1978 ¡ 1994. This approach is similar to Baker et

al. (1989) and Booij et al. (1992). In the case of the demand for electricity

we explicitly include the consumer choice between a single electricity rate and a

two-part electricity rate. As a result, the demand for electricity is described by

a switching regression model which is estimated with the Heckman’s two-step

estimation procedure. We calculate price and income elasticities for di¤erent

types of households. Since we have a sample of pooled cross-sections, we can

only analyze short-run e¤ects assuming that the consumer durable stock is …xed.

Chapter 5 analyzes the e¤ectiveness of a particular pricing regime: weight-

based pricing in the collection of household waste. With a panel data set

of households in the Dutch municipality Oostzaan we estimate reduced-form

demand equations for household waste collection following the work of

Fullerton and Kinnaman (1996). We extend their work in three ways. First, we

distinguish two types of waste which are collected at the curb, compostable waste

and non-recyclable waste. Secondly, since we use panel data, the

speci…cations include household-speci…c …xed e¤ects absorbing unobserved

heterogenous e¤ects. Finally, since we observe households up to 42 points in

time, we include a lagged dependent variable in the speci…cation to determine,

in addition to short-run price elasticities, long-run price elasticities. We also

discuss possible undesired behavioral side e¤ects and implementations costs.

Chapter 6 deals with the question how helpful economic instruments are

in order to steer consumer behavior towards sustainability. The challenge of

environmental policy is to …nd an optimal mix of policy instruments. We discuss

some theories with elements from economics, psychology and sociology which we

think are relevant in understanding consumer behavior regarding sustainability.

Next, we review policy instruments such as public awareness campaigns and
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education, prohibition and regulation by law, (tradeable) quantity rations, and

…nancial incentives.

With regard to …nancial incentives we discuss some issues related to their

practical implementation. We conclude that applying …nancial incentives is the

most important instrument a government has available for a¤ecting behavior.

Financial incentives are e¤ective provided that they are su¢ciently large and

properly implemented.



Chapter 2

Economic aspects of
household metabolism:
historical analysis1

2.1 Introduction

One does not need to invoke the microeconomic theory of consumer behavior

to ascertain that prices have a large impact on consumption. As each guilder

or Euro can be spent only once, a very high price per unit of a good forces

consumers to consider carefully their decision to purchasing that good.2 On the

other hand, a very low price per unit may induce consumers to act almost as if

the good is for free. These observations are just as valid for household metabolic

‡ows, such as natural gas, electricity and water, as they are for other goods and

services.

In this diagnostic research carried out within the framework of the eco-

nomic aspects of household metabolism, we focus on the prices paid by house-

holds in the Netherlands for natural gas, electricity, and water over the period

1950 ¡ 1990. To obtain a clear picture of real prices, three adjustments need

to be made. The …rst, and most trivial, is correction for in‡ation. In‡ation is

measured from the changes in the prices of a …xed ‘basket’ of goods over the

years. Figure 2.4 shows, for example, that average nominal electricity prices

increased only slightly between 1950 and 1994, whereas the general price level

1This Chapter is based on Linderhof and Kooreman (1998).
2From the year 2002 the Euro replaces the guilder as o¢cial currency in the Netherlands.

In this thesis we have still used the Dutch guilder as currency but the currency change is
unlikely to have any e¤ect on our results.
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increased substantially. As a result, the real electricity price in 1950 was more

than double that in 1985. Second, the costs of services such as gas, electricity

and water are in‡uenced by changes not only in the price level, but also by

changes in tari¤ structures. In the Netherlands there have been several such

changes over the last four decades; for natural gas supplied to small consumers,

for example, the tari¤ structure was changed from a regressive to a progressive

one. These aspects are analyzed in section 2.2.

Third, when investigating the consumption of natural gas, electricity, or

water, the price per service unit of domestic appliances is the most appropriate

concept to explain the household consumption of services. We have analyzed

this aspect of the price for using refrigerators, freezers, washing machines and

dishwashers. These appliances have become more energy e¢cient in recent years,

so that the electricity price per service unit decreases even if the real electricity

price per kilowatt-hour remains constant. Moreover, to take into account the

possible changes in the quality of these appliances (in terms of their energy

e¢ciency and other attributes), we estimate hedonic price equations that relate

electricity and water consumption to their characteristics and a trend. This

allows us to elicit a quality-corrected price per service unit (section 2.3). In

Chapter 3 the hedonic regression technique, the data and the estimation results

are discussed more extensively.

Within the HOMES project, two other areas of interest are domestic waste

and the ownership and use of cars per household, both of which are major areas

of government policy. This are summarized in sections 2.4 and 2.5, respectively,

over the period 1950 ¡ 1990. Some concluding remarks follow in section 2.6.

2.2 Household consumption, prices and tari¤
structures of energy and water

2.2.1 Natural gas

A major aspect of household metabolism is the consumption of natural gas by

private households and the corresponding prices. We have used data on natu-

ral gas consumption and prices over the period 1950 ¡ 1990 compiled by the

Statistics Netherlands (see CBS, 1995a).3 Annual data on prices and con-

sumption of natural gas are available only from 1961, when natural gas was

3CBS (‘Centraal Bureau voor de Statistiek’) is the Dutch acronym for Statistics
Netherlands.
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Figure 2.1: Annual natural gas consumption and annual expenditures on natural
gas consumption by households, 1961 ¡ 1990. Source: CBS (1995a).

substituted for oil and coal. The precursors of natural gas and household con-

sumption were discussed in detail in Van der Wal and Noorman (1998); here,

we only provide only a brief summary.

Environmental scientists, as Van der Wal and Noorman (1998), usually

express natural gas consumption in gigajoules (GJ), but for our purposes it

is more suitable to analyze the changes in natural gas consumption in cubic me-

ters (m3), although the observed trends are similar.4 Figure 2.1 shows household

consumption and expenditures on natural gas; after 1961 consumption increased

steadily, except for a brief fall after the 1973 oil crisis. The peak (so far) was

reached in 1979, when the second oil crisis caused a general downward trend.

Figure 2.1 also shows that in 1961 households spent an average of 740 guilders

(in real prices) on natural gas, but in 1964 expenditures declined sharply due

to a major price reduction. Expenditures gradually fell until 1973, and then

increased to an average of 1,540 guilders in 1985, and then fell to 823 guilders

in 1990, again due to a substantial reduction in prices. Figure 2.2 shows the

nominal and real prices of natural gas from 1961 to 1990. Real prices declined

steadily until the oil crises of the 1970s, and then increased sharply until 1985.

41 m3 natural gas ~= 31.65 MJ; 1 GJ ~= 31.60 m3:
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Figure 2.2: Natural gas prices for households, 1961 ¡ 1990; base year is 1990.
Source: CBS (1995a).

Only recently have prices been increasing again.

In 1990, the real price of natural gas was about 44 cents per cubic meter, less

than one-third of the 1961 price of 142 cents per cubic meter, and about the same

as in 1980. Booij et al. (1992) estimated that the (short-term) price elasticity

for household natural gas consumption lies in the range ¡0.4 to ¡0.1. Thus, a

10 percent increase in the gas price corresponds to a decline in consumption of

1–4 percent.

Tari¤ Structure for Natural Gas

Here we have used data on the natural gas tari¤ structure over a 30-year period

from EnergieNed, published by the energy supply companies in the Netherlands.

Between 1967 and 1980 a regressive block tari¤ was charged, in which the …rst

300 m3 of natural gas were the most expensive. In 1967 ¡ 1975 natural gas

consumption was divided into four blocks, and after 1975 the two smallest and

two largest blocks of consumption were combined and a regressive two-block

tari¤ structure was maintained until 1980. In 1975, the …rst 600 m3 of natural

gas cost 27 cents per cubic meter, and additional units 16.7 cents. In 1980,

the tari¤ structure was changed from a regressive block tari¤ to a proportional
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tari¤, so that all households paid a …xed charge and a price per unit of natural

gas consumed.

Independent of the tari¤ structure, a number of tax changes have also af-

fected the price of natural gas. In 1978 the rate of value added tax (VAT) on

natural gas was raised from the low level (then about 4 percent) to the high

level of 17.5 percent. In 1967 an environmental consumption tax was introduced

at 0.03 cents per cubic meter, but in 1990 this was increased to 2.08 cents. In

1991 the gas supply companies introduced an Environmental Action Plan tax

(‘Milieu Aktie Plan’, or MAP tax) of 0.5–2 percent of the natural gas price, to

…nance their environmental activities.

In 1996 the so-called ‘ecotax’ was introduced as a means of reducing house-

hold natural gas consumption. This new tax transformed the proportional tari¤

structure into a progressive tari¤ structure, since it is charged on gas consump-

tion over 800 m3 per year. This is being introduced in stages; for 1996 the

ecotax was set at 3.8 cents per cubic meter, and will be raised to 11.2 cents in

1998. The expected increase in household energy expenditures will be o¤set by

lower income taxes.

2.2.2 Electricity

For household electricity consumption, we have used data published in

EnergieNed (several volumes) between 1950 and 1993 (see …gure 2.3). Elec-

tricity consumption increased steadily for almost 30 years, except for a slight

fall immediately after the 1973 oil crisis. In 1979 ¡ 1988 consumption declined,

but since then has been rising again (for details of household electricity con-

sumption, see Van der Wal and Noorman (1998).

Expenditures on electricity grew steadily until 1973. In the years following

the two oil crises, expenditures continued to grow, but fell steeply in 1987 due

to a large price reduction. Figure 2.4 shows the nominal and real prices of

electricity between 1950 and 1993. Real prices fell steadily until 1973, and then

increased for some years. After the 1979 energy crisis the real price started to

fall, and is still decreasing, whereas the nominal price of electricity has remained

constant in the last few years.

Electricity Tari¤ Structures

There have been no major changes in the tari¤ structure of electricity since the

introduction of the two-part tari¤ in 1950. Since 1984, some households have
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Figure 2.3: Electricity consumption and expenditures for households, 1950 ¡
1993. Source: EnergieNed (several volumes).
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been able to choose whether to be charged the two-part tari¤ (peak-hour rate

on weekdays, and half that rate during the night and at weekends), or a pro-

portional tari¤ (approximately the ‘peak-hour’ rate); the latter is often charged

when an electric boiler is present. According to Van Oortmarssen (1991), 30

percent of Dutch households were charged this tari¤ in 1987. The penetration

of this two-part tari¤ varied from 5 to 95 percent among the regions of the

electricity distribution companies. Booij et al. (1992) showed that the price

elasticity for electricity in the case of the peak-hour tari¤ hardly deviated from

that in the single tari¤ case; both elasticities were about ¡0.15. The peak-hour

tari¤ structure was introduced to improve load management by smoothing out

the ‡uctuations in the demand for electricity throughout the day, allowing for

more e¢cient production.

Budget Shares of Natural Gas and Electricity

Separate information on budget shares (the shares of net income spent on par-

ticular commodities) of natural gas and electricity has been available only since

1978. Prior to 1978, data on the joint budget shares of heating and lighting

were published (it fell from 5 percent in 1964 to 4 percent in 1974), so that the
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Table 2.1: Water prices in the Netherlands, 1970 ¡ 1995 (guilders per 200 m3;
base year is 1990)

WLF WOG (East PWN (North DZH
Price (Friesland) Gelderland) Holland) (The Hague)

Year index nom. real nom. real nom. real nom. real
1970 38 134 353 133 350 192 505 118 311
1975 59 227 385 182 308 348 590 220 373
1980 78 277 355 197 253 390 500 354 454
1985 96 363 378 238 248 379 395 398 415
1990 100 389 389 243 243 407 407 412 412
1995 114 510 447 411 361 562 493 627 550
Sources: VEWIN (several volumes).

contributions of natural gas and electricity separately are not known. Figure 2.5

shows that the combined budget share of natural gas and electricity over the

period 1978 ¡ 1990 (calculated from CBS annual budget surveys) ‡uctuated

considerably, reaching a peak of 6 percent in 1985, and a low of 3 percent in

1989. These results correspond with the …ndings of Booij et al. (1992).

Figure 2.5 shows that the budget share of natural gas has always been larger

than that of electricity. The largest share for natural gas was reached in 1985,

when households spent twice as much on natural gas as on electricity. The

largest share for electricity was reached in 1981. In 1990 households spent

about 3 percent of their net income on natural gas and electricity.

2.2.3 Water

For a long time water has been available at relatively low cost. In the absence

of ‘water crises’ analogous to the oil crises of the 1970s, there has been little po-

litical and scienti…c interest in economic aspects of water provision and charges.

Only in recent years have water services and water prices become recurring

items on the political agenda, as a result of the steady growth in water demand

and increasing supply problems (associated with adverse environmental e¤ects

and rising costs).5 Over the period 1965 ¡ 1990 domestic water consump-

tion increased steadily by 1.1 percent per capita per year (see Van der Wal and

5This is not only the case for the Netherlands. Since the water companies in the UK were
privatized in 1989, average household charges for water in England and Wales have shown
substantial real increases. As pointed out by Rajah and Smith (1993) the debate over the
level and structure of residential water charges is likely to continue, as the 1989 Water Act
prohibits, after the end of the century, the current practice of levying water charges based on
imputed market rental values of domestic properties.
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Table 2.2: Descriptives statistics water, 1986 ¡ 1991 (guilders per 200 m3; base
year is 1990)

Year 1986 1987 1988 1989 1990 1991
Number of companies

58 61 61 61 50 39
Residential water use (liters per capita per day)

meana 124.0 124.0 128.0 131.0 130.0 128.0
min 90.0 90.0 93.0 96.0 95.0 91.0
max 196.0 183.0 168.0 177.0 181.0 184.0

1990 Metered households ( percent)
meana 84.7 88.1 89.2 88.7 91.0 93.0
min 4.0 4.0 4.0 3.9 3.9 4.6
max 100.0 100.0 100.0 100.0 100.0 100.0

Population in district of company (in thousands)
mean 228.0 230.1 239.7 241.0 298.0 369.6
min 9.9 10.0 10.0 10.0 10.4 10.5
max 1,196.0 1,212.0 1,212.0 1,225.0 1,237.0 1,242.0

Marginal water price (for metered households) (D‡/m3)
mean 1.157 1.162 1.135 1.156 1.167 1.218
min 0.616 0.626 0.660 0.680 0.680 0.740
max 2.450 2.450 2.450 2.410 2.350 2.350

a Weighted according to the population in the district

Noorman, 1998), and further increases in total water demand are expected until

the year 2010, as a result of both demographic factors and behavioral changes.

Table 2.1 shows the domestic water price index in the Netherlands be-

tween 1970 and 1995 for a household using 200 m3 per year, together with the

nominal and real prices charged by the supply companies. There were substan-

tial regional di¤erences in the real prices. For two companies (WOG and PWN)

real prices are the same now as they were 25 years ago, while those of the other

two companies increased substantially, especially the company supplying The

Hague. The di¤erences in price re‡ect the di¤erent water sources (ground or

surface water).

Tari¤ Structures for Water

Traditionally, water company tari¤ structures have been based on cost-

e¤ectiveness, i.e. the companies set their rates such that the revenues will cover

their costs. The use of water meters is usually advocated on the grounds of

equity and e¢ciency. The equity argument is that it is reasonable that house-

holds that use more should pay more, and those that conserve water should be



18 Chapter 2

rewarded. Whether the installation of water meters is e¢cient at an aggregate

level will depend on the cost of installation, and on the price sensitivity of water

use. Only if the latter is su¢ciently large will the costs of metering be justi-

…ed by the savings in water supply. Recently, some companies have introduced

progressive rates explicitly to encourage water conservation. One water supply

company, for example, charges 1.22 guilders per cubic meter for the …rst 120 m3

per year, and 1.47 guilders thereafter (table 2.2).

Table 2.2 shows that water meters have been installed in about 90 percent

of the households in the Netherlands. In some large cities, such as Amsterdam,

Rotterdam and Groningen (although Groningen started to introduce metering

in 1996) there are hardly any or no water meters installed. For households

without meters, the rate is …xed according to the number of rooms, the number

of faucets, baths, showers or garden, or the size of the water supply pipe.

Figures 2.6 and 2.7 show the theoretical relationships between the cost

of water and the amounts used by unmetered and metered households under

various tari¤ schemes. In …gure 2.7 the e¤ects of a proportional tari¤ (the real

price per unit) and a progressive rate are shown. In the case of a progressive

rate the price per unit is higher at higher levels of consumption . Whether a

progressive rate is an e¤ective means of reducing water consumption is again a

matter of price sensitivity. Kooreman (1993) estimated the (short-run) price

elasticity of domestic water use in the Netherlands to be ¡0.10 (a 10 percent

price increase induces a 1 percent reduction in consumption), close to estimates

reported by Herrington (1987) for Finland and Sweden. This implies that the

e¤ect of a progressive rate will be small. It would be much more e¤ective to

make all water-related charges completely dependent on use, since this would

imply a multiplication of the nominal marginal price by a factor of 3 to 4 (see

Kooreman, 1993).

2.3 Possession rates and the energy and water
use of appliances

The increased demand for energy and water for domestic use coincided with

the introduction of various appliances. Figure 2.8 shows the possession rates of

some domestic appliances over time (CBS, 1995a; Van Ours, 1986). In this

case the possession rate is de…ned as the number of households owning an

appliance, divided by the total number of households. However, Van Maanen
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Figure 2.8: Possession rate of household appliances in the Netherlands, 1956 ¡
1990. Sources: Van Ours (1986) and CBS (1995a).

(1994) and Van der Wal and Noorman (1998) used the penetration rate, de…ned

as the number of appliances owned by households divided by the total number

of households. Thus, if a household has two refrigerators, both are included.

In 1990, 98 percent and 95 percent of households owned a refrigerator and

a washing machine, respectively, about 50 percent had a separate freezer, and

only 11 percent a dishwasher. Figure 2.8shows that the possession rates of these

four appliances have been stable over the last decade. These appliances account

for a substantial part of domestic electricity consumption, which is about 3,132

kWh per household per year (Van Maanen, 1994, pp. 29–32). Of this, refrigera-

tors and freezers account for 17.7 percent and laundry equipment 16.1 percent,

more than one-third of the total. Table 2.3 shows the average shares of domestic

appliances in the total electricity consumption.

Domestic appliances use either electricity or both electricity and water. Be-

low, we summarize the changes in the electricity and water use of these appli-

ances, adjusted for quality improvements. For this purpose we have used data

on household appliances published in the Consumer Report for 1964 ¡ 1992

(Consumentenbond, several volumes); and for more details, see Chapter 3.
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Table 2.3: Electricity use of some consumer durables and their shares in house-
hold electricity consumption, 1993

Electricity use in Share of electricity
Consumer durables kWh per year consumption

(percent)
Refrigerator 368.0 11.7
Freezer 186.6 6.0
Washing machine 232.7 7.4
Dishwasher 220.0 7.0
Tumble dryer 52.9 1.7

Total 1,060.3 33.8

To analyze the electricity use and water use of appliances, we applied the

hedonic price equation technique, which relates electricity use of refrigerators

to their characteristics, and we added a time trend as well. With this method

we can disentangle the e¤ects of changing characteristics (e.g., the increasing

average volume of refrigerators) on electricity use from the e¤ects of pure in-

creases in energy e¢ciency. We calculate the quality-corrected electricity and

water use of domestic appliances keeping the characteristics constant over time.

Chapter 3 summarizes the hedonic regression technique and the estimation re-

sults in more detail.

2.3.1 Refrigerators

In 1966 only one type of refrigerator was available, a cabinet-sized model,

whereas today many models have separate freezer compartments, placed either

above (top freezer) or below (bottom freezer) the refrigerator compartment. In

the latter case the two compartments have separate compressors. The volume

of refrigerators has increased over time.

Figure 2.9 shows that electricity use of refrigerators decreased steadily un-

til the early 1970s when wardrobe-size models were introduced.6 In 1989 the

electricity use of refrigerators was the same as in 1966, despite the increase

in volume. The electricity use per unit volume of the cooling compartment

was also similar to that in 1966. We calculated the electricity use of refrig-

erators per service unit (the cooling unit in the case of the refrigerator) by

multiplying the volume by the di¤erence between room temperature (18±C)

6The average annual electricity use data here are …ve-year moving averages. For example,
the average use in 1966 is based on the data from 1964-1968.
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Figure 2.9: Average daily electricity use of refrigerators in the period 1964 ¡
1991:
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Figure 2.10: Average daily electricity use of freezers in the period 1970 ¡ 1990.
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and the cooling/freezing temperatures (5 and ¡12±C, respectively). Again, the

electricity use per cooling unit shows a trend similar to that shown in …gure

2.9 (the trends per cooling compartment volume and per service unit are not

shown). After 1973 the electricity use of refrigerators per service unit declined

steadily.

Figure 2.9 also shows the quality-corrected electricity use per service unit,

which has also decreased steadily. Over the period considered, the electricity

use of refrigerators decreased by 2.1 percent per year.

2.3.2 Freezers

Freezers can also be divided into three types: chest-type (the most common

model in the tests), cabinet-size and wardrobe-type freezers (note that the

freezer compartments of refrigerators are not considered here).

Figure 2.10 shows that between 1970 and 1990 the electricity use of freezers

fell from about 2.0 to 1.0 kWh per day. We also calculated the electricity use

per service unit (not shown). We de…ned a service unit (or freezing unit) as

the volume multiplied by the di¤erence between room temperature (18±C) and

the desired freezing temperature (¡12±C). The electricity use per freezing unit

shows a trend similar to that shown in …gure 2.10. As with refrigerators, we

also calculated the quality-corrected electricity use by estimating a hedonic price

regression that relates the electricity use of freezers to their characteristics and

a trend. Figure 2.10 shows that the quality-corrected use is decreasing, as in

the case of refrigerators.

2.3.3 Washing machines

In 1990, almost all (95 percent) households possessed a washing machine. We

examined three models: a front-loader (including a spin dryer), a top-loader

(without a spin dryer), and a twin-tub (top-loader with separate spin dryer).

The electricity and water use of these models are shown in the …gures 2.11

and 2.12. E¢ciency improvements due to technological changes were not taken

into account in these calculations.Over the years the use of both electricity and

water has declined. We used a hedonic regression to relate both electricity and

water use to the characteristics of the washing machines as well as a time trend.

These characteristics include the capacity (weight of dry laundry), the washing

program temperature, the time per run, the presence of a prewash, and the

type of machine. With the results of the regression we calculated the electricity
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Figure 2.11: Average electricity use of washing machines in the period 1965 ¡
1992.
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Figure 2.13: Average electricity use of dishwashers in the period 1968 ¡ 1989.

0

10

20

30

40

50

60

70

1965 1970 1975 1980 1985 1990

w
at

er
 u

se
 in

 li
te

rs
 p

er
 r

un

seven-years moving average

quality-corrected
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and water use of the washing machines at a washing program temperature of

60±C and the average of the other characteristics. The results of the regression

imply that electricity use declined by 2.3 percent per year, and water use by 1.6

percent per year.

2.3.4 Dishwashers

In 1990, only 11 percent of households in the Netherlands owned a dishwasher. It

has also been the least tested appliance. The results of the …rst tests comparing

three di¤erent types were published in 1968. The portable dishwasher, which

could be placed wherever needed, was included only in the test in 1968. The

other two types tested were the cabinet-sized top-loader and front-loader. The

electricity and water use for our data set of 129 machines are presented in …gures

2.13 and 2.14.

To get a clear picture of the electricity and water use we corrected for

quality changes. Electricity and water use were related to the characteristics,

temperature, and the trend using a two-equation hedonic regression. The

relevant characteristics were the capacity (number of baskets), the run time,

the type of the model, the presence of an energy saving-program, and the op-

tion to add water softener. Figures 2.13 and 2.14 show the quality-corrected

(calculated) electricity and water use. The electricity use of dishwashers has

fallen by an average of 2.6 percent per year, and water consumption by 3.6

percent per year.

2.4 Household waste

This section focuses on household waste, another important aspect of household

metabolism. We summarize the changes in the amounts of household waste

generated and the costs of collection per kilogram (in real terms).

Figure 2.15 shows the amounts of household waste collected by local

authorities in the Netherlands in the period 1950 ¡ 1993 (CBS, 1995a). The

waste per capita almost tripled, from 140 kg in 1950, to 400 kg in 1988, and since

then has remained constant. Society has an increasing concern for the reduction

of waste, particularly household waste, which in 1991 accounted for 71 percent

of all waste collected by local authorities (CBS, 1993). The Dutch government is

now trying to stem the growth of the ‘waste mountain’ by

encouraging recycling (closing material and energy cycles). In the case of house-
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Figure 2.15: Household waste in the Netherlands in the period 1950 ¡ 1990.

hold waste, the main policy instrument has been the tax on waste, which is

charged per capita (see table 2.4). The rate of this tax has increased steadily

over the last 20 years, from 21 guilders per capita in 1972, to 98 guilders in 1993.

Since 1988 the amount of waste has been roughly constant, so the revenue per

kilogram of waste has almost doubled.

There were also changes in the tari¤ structures. In the past, the municipal

taxes on domestic waste were charged per household, although the level of tax

varied across the municipalities. With the introduction of the National Environ-

mental Plan (cf. Nationaal Milieubeleidsplan 2, VROM, 1994), the reduction

and/or recycling of waste have been major policy goals. The price and the

tari¤ structure are potentially important policy instruments for (local) govern-

ments, and there have been a number of experiments with …nancial instruments

based on the ‘polluter pays’ principle, as adopted in the NMP. Some of these

experiments have attempted to …nd a more ‡exible tari¤ structure for waste

(IPH, 1995) , where the costs depend on the container size, the frequency of

collection, and the weight of the waste, see Chapter 5.

The main purpose of tari¤ di¤erentiation is to encourage households to sepa-

rate their waste for recycling, and to reduce the volume of non-recyclable waste.

In one experiment in the municipality of Oostzaan, for example, households
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Table 2.4: Taxes on household waste in real terms, 1972 ¡ 1993
Waste tax Revenue Waste tax Revenue

Year (D‡. per capita) (ct/kg) Year (D‡. per capita) (ct/kg)
1972 21.22 7.0 1983 43.32 12.6
1973 25.79 8.6 1984 44.23 12.8
1974 27.75 9.6 1985 44.05 12.8
1975 27.73 9.3 1986 45.74 12.5
1976 n.a. n.a. 1987 49.40 12.4
1977 29.91 9.0 1988 50.72 12.8
1978 30.94 8.8 1989 54.08 13.5
1979 36.58 9.9 1990 56.40 14.1
1980 36.60 10.1 1991 70.44 17.6
1981 39.98 10.9 1992 81.66 20.7
1982 41.66 11.9 1993 98.07 24.8
Source: CBS (1995a)

were charged according to the amount of waste collected (see Chapter 5). The

conditions of the scheme were that the cost of living should not rise (ensuring a

fair distribution of the costs) and that negative e¤ects, such as ‘waste tourism’

(householders from outside the town coming to dump waste illegally in local

woods or open water) would be controlled. Within the …rst year, the annual

costs per household had fallen, and the amount of waste requiring collection fell

by 38 percent (see PME Adviesbureau, 1994).

2.5 Car ownership and use

The ownership and use of the car represent important components of household

energy consumption, because high levels of car ownership indicate high fuel

consumption. In the period 1962 ¡ 1989, transport by car increased by 3.7

percent per year (Bennis et al., 1991, p. 1). In this section we analyze passenger

transport, including transport by private car, for which the population and

thereby households are responsible. The share of transport by private car in the

total passenger transport has grown steadily (see Van der Wal and Noorman,

1998). Between 1960 and 1979, the number of cars per thousand households rose

from 160 to 900, and then remained approximately constant (see …gure 2.16).

Since 1994 the penetration rate has been more or less constant, with about 65

percent of households owning at least one car (CBS, 1995b).

A second aspect of transport by private car is the distance driven. This

declined slightly over most of the period, but has increased again in recent
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Figure 2.16: Car ownership: number of cars per 1,000 households, 1960¡ 1990.
Source: CBS (1995a).

years. It is important to distinguish between the use of the car for di¤erent

purposes, because the costs to the consumer may di¤er; for example, if an

employer reimburses the costs of traveling to work, then for the commuter the

marginal costs of commuting are zero.

With the strong increase in car ownership, the private use of the car has

increased sharply. The distance driven for private purposes is de…ned as the

total distance driven, excluding business use, but including commuting. In

1963, 42 percent of the distance driven was for private purposes, but by 1993

this had doubled to about 81 percent (CBS, 1995a). However, growth has slowed

in the last few years and there has even been a slight decline. Figure 2.17 shows

that between 1963 and 1993, the average distance driven for private purposes

increased from 7,800 to 13,600 kilometers per year.

Figure 2.18 shows the changes in the real and nominal prices of fuel. Here,

we focus on the real price of high-octane fuel (‘super’); the ‡uctuations in the

prices of other fuels, such as LPG and diesel, have been similar (for more details,

see Van der Wal and Noorman, 1998; and Bennis et al., 1991, p. 11). The

lowest price, 156 cents per liter, was reached in 1969 and 1978, and the highest

price, 203 cents per liter, in 1981. De Wit and Van Gent (1986) calculated
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Figure 2.17: Car use: total distances driven per year, and shares for private
use, 1963 ¡ 1993. Source: CBS (1995a).

that the (short-term) price elasticities for fuel in the period 1955 ¡ 1980 were

approximately ¡0.1; they concluded that an increase in fuel prices would have

a greater e¤ect on car ownership than on the distances traveled by car. More

recently, Van Staalduinen and Rouwendal (1994), using monthly data, showed

an elasticity of ¡1.0, so that a 1 percent increase in fuel prices would reduce

monthly car use by 1 percent. De Jong (1990) found a fuel price elasticity of

¡0.65.

Finally, car fuel consumption has decreased over time. This was demon-

strated in a case study of Bennis et al.(1991), who analyzed changes in fuel

use and other characteristics of the Opel Kadett in the period 1962 ¡ 1990.7

From their data we have calculated the …ve-year moving averages of fuel use for

the Kadett, from which we …nd that fuel use decreased slightly over time. The

quality of the Kadett has improved, according to the study of Bennis et al.

(1991). This quality index was calculated with the hedonic price regression.

The quality improvement of the Opel Kadett indicates that the fuel use per

service unit fell even more sharply.

Bennis et al. (1991) also analyzed the annual costs of running a car. These

7The Opel Kadett is known as the Vauxhall Astra in the UK.
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Figure 2.18: Nominal and real prices of high-octane fuel in the period 1960 ¡
1993:

include the …xed costs (depreciation, insurance, taxes, loan interest, etc.), and

variable costs, which depend on the distance driven (e.g., servicing, repairs,

fuel). The …xed costs (in real prices) account for most of the total annual costs.

According to Bennis et al., the costs ‡uctuated but did not increase much; every

increase in cost was compensated in subsequent years. If the costs are corrected

for e¢ciency improvements, the ‡uctuations were even stronger (p. 47).

2.6 Conclusions

In this chapter we have focused on the prices and consumption of electricity,

gas and water in the period 1950¡1990. The government’s growing concern for

the environment has been re‡ected in its energy-saving measures and the use of

price as a major policy instrument. The rates of VAT on energy, and of various

taxes on energy and water consumption (the ‘ecotax’) have been increased,

and an extra tax (the MAP tax) has been introduced to …nance environmental

activities of the energy supply companies. Although all of these taxes increased

nominal prices, the real prices fell in the period considered. In 1979, for example,

electricity consumption per household was …ve times higher than in 1950, yet
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the real price fell from almost 60 to 20 cents per kilowatt-hour. On the basis

of the price elasticities presented in Chapter 5 and reported in other studies

(see Chapter 4 for an overview) we conclude that these declining prices have

contributed signi…cantly to the increase in household metabolic ‡ows.

The possession rates of a number of appliances have increased, as have their

energy e¢ciency. The number of service units per appliance has also increased.

Thus the energy consumption per service unit declined, but the number of

services per appliance and per household increased.

The government’s concern for the environment has been re‡ected in policies

aimed at reducing domestic waste and the use of the car. The sharp increases

in charges for collecting waste, as with the waste taxes in the early 1990s, seem

to have been e¤ective in curbing the increase in the amount of domestic waste.

The use of the car increased enormously between 1960 and 1990; the number

of cars per household doubled between 1960 and 1980, while the real cost of

fuel fell between 1954 and 1990. From the results of other studies we conclude

that higher fuel prices have two e¤ects: the distance driven falls, and consumers

postpone the decision to purchase a new car or replace an old one.

We conclude that the falling real prices seem to have encouraged household

metabolism in recent decades. It is therefore important to analyze the poten-

tial e¤ectiveness of price instruments such as taxes and subsidies, as means of

implementing and achieving government policy. In the remaining Chapters of

this thesis we will analyze the e¤ects of prices and income on the demand for

energy, water and household waste collection.



Chapter 3

Consumer durables and
energy and water use

3.1 Introduction

Household demand for energy and water are largely determined by the stock of

consumer durables and the use of this stock.1 As a consequence,

analyzing consumer behavior with respect to durables is an important step

towards understanding household energy and water demand.

This Chapter focuses on two issues concerning consumer durables. The

…rst issue is the development of the durable appliances over the years (see sec-

tion 3.2). We estimate hedonic regression equations in which we relate pur-

chase prices to the characteristics of consumer durables, in particular capacity,

and energy and water e¢ciency. This allows us to determine the changes in

electricity and water use per service unit resulting from e¢ciency improvements,

and it provides a picture of the changing costs of the use of domestic appliances

to the consumer. We use data sets on refrigerators, freezers, washing machines

and dishwashers.2 The estimation results are used to construct quality-corrected

prices and electricity and water uses. We …nd that while the quality and

capacity of consumer durables enlarged over the years, purchase prices and

electricity and water uses per service unit declined.

1Figure 2.8 in Chapter 2 shows the development of the possession rate of some consumer
durables.

2Our analyses focuses on these four consumer durables for two reasons. First of all, HOMES
particularly focuses on these durables. Secondly, data availability for tumble dryers, for
instance, is insu¢cient. The possession rates of the durables chosen are high, and the durables
are present in households for a relatively long period of time.
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In section 3.3 we consider a more speci…c choice problem: we analyze the

choice between a high-e¢ciency and a low-e¢ciency version of a consumer

durable. We focus on the role of the government providing subsidies on the

purchase price of high-e¢ciency consumer durables in order to increase their

penetration rate. We provide a theoretical analysis of the e¤ectiveness of two

subsidy schemes, the continuous and the instantaneous subsidy. In the …rst

scheme, a household receives a subsidy each time it purchases an energy-e¢cient

appliance, and in the second scheme a household only receives a subsidy at the

…rst purchase. We consider two levels of aggregation, namely the purchase de-

cision of households at micro-level and the penetration rate at macro-level. As

to the …rst level, we use an intertemporal choice model comparing the costs

of two purchase options. The cost comparison is based on minimum expected

discounted costs, in which the preference of time for households, measured by

the subjective discount rate, plays a central role. As to the macro level, all

households have their own subjective discount rates, and we assume that the

distribution of subjective discount rate values can be represented by a den-

sity function. Based on the distribution of the subjective discount rates, we

construct a penetration rate. With this penetration rate we can analyze the

e¤ectiveness of two di¤erent subsidy schemes, the continuous subsidy scheme

and the instantaneous subsidy. We also analyze the possibility of …nancing the

subsidies by an energy tax. Finally, section 3.4 concludes.

3.2 Consumer durable prices, energy and water
use, and the hedonic regression technique

3.2.1 Introduction

This section analyzes the development of energy and water uses of consumer

durables. We estimate hedonic regressions analyzing purchase prices as well

as energy uses and water uses of four di¤erent consumer durables, namely

refrigerators, freezers, washing machines and dishwashers. In our analysis we

use data gathered from comparative tests of domestic appliances conducted by

the Dutch Corporation for Comparison Tests (Stichting Vergelijkend Warenon-

derzoek) between 1964 and 1992 which were published in the Consumer Reports

(Consumentengids).3

3Since 1956, the Consumer Report (Consumentengids) is the monthly magazine of the
Dutch Consumer Union (Consumentenbond ).
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Hedonic regression technique

The hedonic regression technique originates from the sixties when Becker (1965)

and Lancaster (1966) suggested more elaborate models for the theory of con-

sumer demand. In particular, Lancaster (1966) suggested that the demand for

goods depends on the characteristics of goods. From this point of view the he-

donic regression technique provides a tool to compare heterogenous products,

which slightly di¤er in characteristics and purchase prices (see Rosen, 1974).

Over the years the hedonic regression technique has been applied to compare

heterogeneous products and services. One main application is the comparison

of purchase prices of durable goods, such as cars (see for instance Dhrymes,

1971, and Thompson, 1987), refrigerators (Dhrymes, 1971; and Gordon, 1990),

and houses (see for instance Cropper et al., 1988).

Gordon (1990) extensively reviewed the measurement of consumer durable

prices including the hedonic regression technique. In particular, he applied the

hedonic regression technique to the prices of several consumer durables, such

as refrigerators, air conditioners, and cars. Gordon argued that adjustments

for the improvements in energy e¢ciency should be included in analyses. How-

ever, due to the limitation of his data, Gordon included a dichotomous variable

representing energy e¢ciency in only a few regressions. In the case of refrigera-

tors, he found that the energy e¢ciency has a signi…cant positive e¤ect on the

price of the consumer durable.4 The inclusion of an energy e¢ciency measure

introduces an additional complication in the price regression equation since en-

ergy e¢ciency is likely to be correlated with other explanatory variables in the

price regression equation.

Wilcox (1984) was one of the …rst to estimate a hedonic-like regression equa-

tion for energy e¢ciency of consumer durables. Witt (1997) included a hedonic

regression equation in his analysis of the fuel e¢ciency for cars. He also esti-

mated a price regression equation, but he did not include the fuel e¢ciency as

an explanatory variable in the purchase price regression equation.

3.2.2 Data

For our analysis we created separate data sets for each consumer durable, namely

refrigerators, freezers, washing machines and dishwashers. Refrigerators and

4 In particular, Gordon (1990) estimated six di¤erent equations for purchase prices of
refrigerators. He only included a dummy variable for high e¢ciency in one of the price
regression equation.
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Table 3.1: Summary statistics of the refrigerator data set, 1964 ¡ 1991
Variable description Mean Standard Min Max N

deviation
Price in guilders (real) 1,107 480 291 3,132 662
Net volume in liters 163.3 40.5 81 315 665
Quality in freezing 2.58 1.53 0 4 636
Volume freezing compartment 40.2 37.7 0 137 665
Electricity use in kWh per day 1.23 0.52 0.37 4.10 601
Number of doors 1.46 0.50 1 2 665
Number of refrigerators in test 23.9 12.5 7 55 665
Dummy variables
Table-sized refrigerator 0.50 0.50 0 1 665
Combined refrigerator 0.21 0.41 0 1 665
Two-doors refrigerator 0.29 0.45 0 1 665
Freezing compartment present 0.87 0.34 0 1 665
Built-in version 0.06 0.23 0 1 418
Ambient temperature

18±C 0.45 0.50 0 1 665
25±C 0.55 0.50 0 1 665

freezers almost continuously require electricity during the day, while washing

machines and dishwashers require electricity and water when running.5 The

electricity requirements of refrigerators and freezers are measured per day and

the electricity and water requirements of washing machines and dishwashers

are measured per run. Below we subsequently discuss the data sets and their

summary statistics where N is the number of observations.

Refrigerators

The results of the …rst comparative test of refrigerators were published in 1964.

The data set contains information on 665 refrigerators for the period 1964¡1991,

see table 3.1. We distinguish three types: cabinet-sized, two-doors and com-

bined refrigerators. The cabinet-sized model is the smallest refrigerator which

consists of a refrigerating compartment which might include a freezing compart-

ment.6 Two-doors refrigerators and combined refrigerators are both wardrobe-

sized refrigerators which have separate freezer and cooling compartments. The

di¤erence between the two-doors refrigerator and the combined refrigerator is

the number of generators. The combined refrigerator has two separate genera-

5More precisely, refrigerators and freezers are continuously turned on.
6Three two-doors refrigerators have freezing compartments inside the refrigerating

compartment and do not have a separate freezing compartment.
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Table 3.2: Summary statistics of the freezer data set, 1970 ¡ 1992
Variable description Mean Standard Min Max N

deviation
Price in guilders (nominal) 1,117 473 377 3,284 350
Net volume in liters 198 88.6 19 495 350
Number of baskets 4.1 1.8 1 10 245
Freezing capacity in kilograms 17.7 6.6 3 34 339
Electricity use in kWh 1.25 0.5 1.0 4.0 346
Number of freezers in the test 23.7 6.1 11 31 350
Dummy variables
Wardrobe-sized freezer 0.27 0.45 0 1 350
Table-sized freezer 0.30 0.46 0 1 350
Chest-sized freezer 0.43 0.50 0 1 350
Thick-walled freezer 0.17 0.37 0 1 350
Test performance 5.79 1.24 1 7 285
Ambient temperature

18±C 0.24 0.43 0 1 350
20±C 0.15 0.36 0 1 350
25±C 0.61 0.48 0 1 350

tors, one for the freezing compartment and one for the refrigerating compart-

ment, while the two-doors refrigerator has one generator for both compartments.

The cabinet-sized refrigerator has one generator.

The average real price was 1,107 guilders and the electricity use per day

was 1.23 kWh. The electricity use was measured under di¤erent circumstances.

In the …rst years of testing, the ambient temperature was 25±C, while in more

recent tests it was 18±C. The capacity of the refrigerators is measured by their

refrigerating and freezing volume. The average volume of the refrigerating com-

partment was 163 liters, while the average volume of the freezing compartment

was 40 liters. We assume that the cooling performance per unit volume is con-

stant across the refrigerators. In other words the refrigerating performance is

determined by the net volume of the refrigerating compartment.

Freezers

The …rst comparative test of freezers appeared in 1970 and by 1992, 350 freezers

had been analyzed. Three models are distinguished: cabinet-size, wardrobe-

size, and chest-type. Note that the freezer compartments of refrigerators were

not taken into account here, since these were accounted for in the data set of

refrigerators. Table 3.2 summarizes statistics of the freezer data set. The freezer
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Table 3.3: Summary statistics of the washing machine data set, 1965 ¡ 1992
Variable description Mean Standard Min Max N

deviation
Price in guilders (real) 1,691 789 600 6,387 663
Dry load in kilogram 3.76 1.35 0.8 5.5 663
Water use in liters per run 106.6 28.0 32 215 647
Electricity use in kWh 1.66 0.88 0.3 4.9 662
Time per wash run in hours 1.68 0.75 0.75 3.25 662
Max. number of turns per minute 1,047 512.6 360 2,865 334
Number of washing machine in test 15.6 3.9 9 22 663
Overall Test performance 5.34 1.29 1 7 507
Cleaning performance 5.41 1.81 1 9 660
Performance of usage 5.66 1.51 1 9 661
Dummy variables
Top-load washing machine 0.15 0.35 0 1 663
Front-load washing machine 0.75 0.43 0 1 663
Combined washing machine 0.09 0.28 0 1 663
Program temperature

40±C 0.12 0.32 0 1 663
60±C 0.52 0.50 0 1 663
95±C 0.36 0.48 0 1 663

Synthetic program 0.29 0.45 0 1 663
Prewash 0.28 0.45 0 1 663
Energy-saving program 0.09 0.29 0 1 663
Hallmark for safety device 0.62 0.49 0 1 569

volume varies considerably, depending on the model; the average was 198 liters.

The freezing capacity is de…ned as the maximum weight of food that can be

frozen in 24 hours. The average electricity use of freezers is 1.25 kWh per day.

The electricity use was measured at di¤erent ambient temperatures, namely 18,

20, or 25±C.

In the case of freezers we included a variable re‡ecting an overall test per-

formance and ranging from 1 to 9: the value 1 re‡ects a worse performance,

and the value 9 re‡ects an excellent performance. Note that this variable is also

published in the Consumer Reports.

Washing Machines

We used the results of comparative tests on 663 washing machines (published

in 1965 ¡ 1992) of three types: front-loaders, top-loaders without a spin dryer,

and twin-tub models (separate top-loader and spin dryer). Table 3.3 summa-
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Table 3.4: Summary statistics of the dishwasher dataset, 1968 ¡ 1989
Variable description Mean Standard Min Max N

deviation
Price in guilders (real) 1,906 974 619 4,714 129
Number of baskets 10.9 2.1 4 14 129
Water use in liters per run 41.6 15.0 11 71 129
Electricity use in kWh 1.9 0.6 0.6 3.2 129
Time per run in hours 1.3 0.3 0.5 2 129
Program temperature in ±C 62.4 5.3 35 70 125
Number of dishwashers in test 14.6 4.3 10 23 129
Overall test performance 5.7 1.4 1 4 129
Cleaning performance 5.9 1.5 1 9 129
Performance of usage 6.2 1.4 1 7 127
Noise performance 4.5 1.7 1 9 127
Dummy variables
Portable dishwasher 0.10 0.30 0 1 129
Top-load dishwasher 0.05 0.23 0 1 129
Front-loader 0.95 0.23 0 1 129
Cabinet-sized dishwasher 0.90 0.30 0 1 129
Built-in version 0.09 0.28 0 1 129
Energy-saving program 0.02 0.15 0 1 129
Softener 0.92 0.27 0 1 129
Hallmark for safety device 0.47 0.50 0 1 129

rizes their characteristics, prices and electricity and water consumption. On

average, washing machines were the most expensive to buy of the four domestic

appliances we analyzed. The weight of the dry loads varied from 0.5 to 5.5

kilograms. Some machines (28 percent) were tested during a washing program

including a prewash. There were four di¤erent programs with four washing

temperatures: washing programs at 40 and 60±C; a special washing program

at 95±C; and a special program for synthetics at 60±C. Note that in the latter

washing program the weight of dry load is approximately half of the weight of

dry load in the other programs considered.

Similar to the freezer data set we included three performance variables,

namely an overall test performance, cleaning performance and the performance

for easy usage. The performance variables range from 1 to 9, where the value 9

re‡ects an excellent performance.
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Dishwashers

We gathered information on 129 dishwashers tested in the period 1968 ¡ 1989.

In the …rst comparison test in 1968 three models were tested: a small portable

dishwasher that could be installed near to the sink for waste water drainage,

and two cabinet-sized models, one a top-loader and the other a front-loader.

Table 3.4 summarizes the data set. Note that it is hard to measure the capacity

of a dishwasher. In the data set the number of baskets is a proxy for the capacity.

In the dishwasher data set we included four performance variables measuring

the performance on the overall test, cleaning, easy usage and noise. The perfor-

mance variables range from 1 to 9, where 9 re‡ects an excellent performance. In

the case of the noise variable the value 9 re‡ects an extremely silent dishwasher.

3.2.3 Econometric speci…cation and estimation results

Speci…cation

We assume that the electricity use, water use, and purchase prices are linear in

the characteristics. The electricity use speci…cation is

qei = ¯’
eXei + °et + "ei; (3.1)

and the water use speci…cation is

qwi = ¯’
wXwi + °wt + "wi; (3.2)

where qji is the input j of consumer durable i and Xji is the vector of charac-

teristics, including a constant term, of the consumer durable i with j = e and

w.7 Here t is a trend and "ji is the error term which has zero expectation and

covariance ¾2
j for j = e and w. The parameters to be estimated are °j , and the

vector ¯j (j = e and w).

The purchase price speci…cation is

pi = ®’Xi + °t + ±eqei + ±wqwi + "i; (3.3)

where pi is the purchase price of consumer durable i, and Xi is a vector of

characteristics of the consumer durable i. We assume that the electricity use

qei and water use qwi are also determinants of the purchase price of durable

appliance i. Here t is a trend and "i is the error term which has zero expectation

7We actually used the double logarithmic speci…cation in the estimations. Hence, the
electricity use and water use coe¢cients can be interpreted as elasticities.
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and covariance ¾2: The parameters to be estimated are the vector ®, °, ±e,

and ±w. We expect that if a consumer durable is more electricity e¢cient or

water e¢cient, the purchase price will be higher, i.e. both ±e, and ±w are

negative. Since we assume that electricity use and water use are determined by

the characteristics of a consumer durable, both qei and qwi are endogenous. As

a consequence, we cannot estimate (3.3) with Ordinary Least Squares, since the

estimation results will be biased. Therefore, we estimate (3.3) with Two-Stage

Least Squares (2SLS) in order to obtain consistent estimation results as well

as corrected standard errors. First, we estimate (3.1) and (3.2) with Ordinary

Least Squares and calculate the predicted values q̂ei and q̂wi. Then, we use these

predicted values as instruments for qei and qwi in (3.3) and we estimate (3.3)

with Least Squares correcting for the standard errors. Note that to identify all

parameters in (3.3), Xei should include at least one variable that is not in Xwi

and Xi, and Xwi should include at least one variable that is not in Xei and Xi:

Results

We used a sample of N = 598 refrigerators for our estimations.8 Table 3.5

shows the estimation results of the price regression equation and the energy use

regression equation for the refrigerator.9 Electricity use has no signi…cant e¤ect

on the purchase price of refrigerators. The purchase price is determined by the

type of refrigerator, the net volume and a degree of competition in the market

for refrigerators.10 The market competition has a signi…cant negative e¤ect

on the purchase price. Furthermore, on average the purchase prices annually

decline with 1.7 percent.

The electricity use of refrigerators is determined by the net freezing volume

and the type of refrigerator, the ambient temperature and a trend. Both the

wardrobe-sized refrigerator and the combined refrigerator use more energy (31

and 32 percent respectively) excluding the e¤ect of the freezing compartment.

The presence of a freezing compartment has a positive e¤ect on the energy use

(37 percent), and additionally each cubic centimeter of the freezing compartment

increases the energy use with 0.25 percent. If the ambient temperature is set

8 In this section k is the number of parameters in the regression equation.
9We did not …nd signi…cant e¤ects on the coe¢cients for the presence and the net volume of

a freezing compartment. Therefore, we excluded those variables from our …nal price regression
equation.

10Here, we interpret the number of refrigerators in the test as the number of refrigerators
in the market at the time of the test. This provides us an indicator for market competition.
The e¤ect of this indicator is expected to be negative: increasing competition implies lower
purchase prices.
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Table 3.5: Estimation results of hedonic price and electricity use regressions for
refrigerators (absolute t-values in parentheses)

Logarithm Logarithm of
Variables description of price electricity use
Intercept 7.822 (30.72) 1.069 (5.154)
Logarithm of electricity use 0.153 (1.162) –
Year -0.017 (4.985) -0.019 (9.840)
Number of refrigerators in test -0.004 (3.605) –
Net volume cooling compartment in liters 0.003 (7.372) 0.0008 (1.667)
Net volume freezing compartment in liters – 0.003 (3.581)
Cabinet-sized refrigerator -0.151 (2.577) –

with freezing compartment
Wardrobe-sized refrigerator -0.061 (0.620) 0.271 (6.023)
Combined refrigerator 0.376 (3.253) 0.276 (4.065)
Presence of freezing compartment – 0.312 (7.560)
Ambient temperature 25±C – 0.091 (3.833)
R2 0.64 0.61
FN-1,k-1 148.1 133.8
N 598 598
k 8 8

to 25±C instead of 18±C, the energy use of a refrigerator increased with 10.5

percent. Finally, on average the energy use declined annually with 1.9 percent.

In the estimation procedure for freezers we used a sample of 335 freezers.

Table 3.6 shows the result of the estimation of both the price regression equation

and the energy use regression equation for freezers. The electricity use has a

signi…cantly negative e¤ect on the purchase price. For instance, if a freezer

uses one percent less electricity, the purchase price will be 0.3 percent higher.11

Furthermore, the purchase price is determined by the type of freezer, the net

volume, the overall test performance.12 There is no signi…cant e¤ect of the

indicator for the market competition.

The electricity use is determined by the type of freezer, the net volume, the

ambient temperature, the freezing capacity and a trend. A cabinet-sized freezer

uses 16.4 percent more energy than a chest-sized freezer, while a wardrobe-sized

freezer uses 26.2 percent more energy. Thick-walled freezers use 26.6 percent less

11Due to the double logarithmic speci…cation, the coe¢cient can be interpreted as an
elasticity.

12Here, the overall test performance variable is a dichotomous variable in the regression
equation, which is equal to 1 if the value of the performance variable was 7 or higher and zero
otherwise.
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Table 3.6: Estimation results of hedonic price and electricity regressions for
freezers (absolute t-values in parentheses)

Logarithm Logarithm of
Variables description of price electricity use
Intercept 9.515 (36.27) 0.040 (0.190)
Logarithm of electricity use -0.286 (3.177) –
Year -0.041 (11.87) -0.013 (7.275)
Number of freezers in test 0.005 (1.686) –
Net volume freezing compartment 0.003 (5.597) 0.003 (8.213)
Wardrobe-sized freezer 0.255 (4.978) 0.233 (7327)
Cabinet-sized freezer 0.185 (2.700) 0.152 (3.173)
Freezing capacity 0.005 (1.185) -0.014 (5.254)
Thick-walled freezer – -0.309 (10.60)
Ambient temperature – 0.038 (11.02)
Good quality performance 0.170 (5.232) –
R2 0.55 0.74
Fk-1,N-k 49.1 130.0
N 335 335
k 9 8

energy.13 The net volume of a freezing compartment has a positive e¤ect on the

energy use. If the net volume is increased with one cubic centimeter, the energy

use will increase with 0.3 percent. Additionally, freezers with a larger freezing

capacity have less electricity use. The ambient temperature a¤ects the energy

use measured. On average, a freezer uses 3.9 percent more energy when the

ambient temperature is increased with one degree Celsius. Finally, on average

the energy use declined annually with 1.3 percent.

For the estimation of the washing machines speci…cations we used a sample

of 646 washing machines. Table 3.7 shows the results of the price regression and

both the energy use and water use regression equations. The electricity use has

a signi…cantly negative e¤ect on the purchase price, -0.266, while the water use

shows a signi…cant positive e¤ect, 0.837. This latter e¤ect is opposite to what

we expected. The large positive e¤ect might be caused by the relatively high

negative correlation coe¢cient between the instruments used for the electricity

use and water use. Remarkably, we did not …nd di¤erences in purchase prices

for di¤erent types of washing machines. Washing machines that are convenient

when using and have a good cleaning performance are somewhat more expen-

13Note that we did not …nd a signi…cant e¤ect of the thick-wall characteristic on the purchase
price.
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Table 3.7: Estimation results of hedonic price, electricity use and water use
regressions for washing machines (absolute t-values in parentheses)

Logarithm Logarithm of Logarithm of
Variables description of price electricity use water use
Intercept 5.521 (5.573) 0.739 (5.185) 5.409 (35.92)
Logarithm of electricity use -0.266 (4.069) – –
Logarithm of water use 0.837 (4.248) – –
Year -0.032 (11.21) -0.024 (14.60) -0.013 (6.963)
Number of washing machines -0.004 (1.126) – –

in test
Top loader -0.008 (0.209) -0.039 (1.605) 0.060 (2.489)
Washing machine -0.041 (0.750) -0.098 (3.195) 0.105 (3.447)

with separate tumble dryer
Maximum load per run – – 0.073 (8.820)
Time per run – 0.205 (8.411) -0.007 (0.337)
Prewash – 0.101 (3.568) 0.063 (2.166)
Program temperature in ±C – 0.017 (28.70) 0.001 (1.332)
Energy-saving program – 0.003 (0.086) -0.054 (1.642)
Good cleaning performance 0.095 (7.297) – -0.020 (3.379)
Easy usage performance 0.049 (4.939) – –
Electronic safety -0.139 (4.290) 0.071 (3.914) –
R2 0.41 0.85 0.41
FN-1,k-1 49.4 466.3 55.5
N 646 646 646
k 10 9 10

sive. The purchase price declined by 3.1 percent per year. We did not …nd a

signi…cant e¤ect for the indicator of market competition (i.e. the number of

washing machines in test).

The electricity use is determined by the type of washing machine, the

washing program (such as the time per run, prewash or not and the temper-

ature), and a trend. The electricity use of top loaders did not di¤er from the

front loaders, while washing machines combinations, with separate tumble dry-

ers, use 10 percent less electricity. The washing programs characteristics are

important in the electricity use. The electricity use increases with the time per

run, the inclusion of a prewash and the program temperature. If the time per

run is increased with one hour, the electricity use increases with 23 percent.

If the washing program includes a prewash, the electricity use is increased by

10.6 percent. The exclusion of prewash itself reduces the electricity use and

water use as well as time per run. The exact amount of time saved by exclud-



Consumer durables and energy and water use 45

Table 3.8: Estimation results of hedonic price, electricity use and water use
regressions for dishwashers

Logarithm Logarithm of Logarithm of
Variables description of price electricity use water use
Intercept 14.96 (10.10) 1.307 (5.410) 5.921 (15.01)
Logarithm of electricity use -0.083 (0.371) – –
Logarithm of water use -0.627 (2.188) – –
Year -0.755 (6.802) -0.022 (7.121) -0.036 (10.54)
Volume 0.035 (1.202) 0.029 (1.952) 0.059 (3.645)
Time per run – 0.627 (8.536) 0.586 (5.717)
Program temperature in ±C – – -0.016 (3.396)
Top-loader 0.354 (2.002) -0.147 (1.439) –
Portable dishwasher -0.412 (2.286) -0.168 (1.766) -0.098 (1.095)
Energy-saving program -0.245 (1.414) – -0.346 (2.656)
Softener 0.473 (3.871) – 0.236 (2.655)
Performance: very dry – 0.118 (3.586) -
Good overall test performance – – –
Bad overall test performance 0.106 (1.917) – –
Electric safety -0.100 (0.888) -0.073 (1.936) –
R2 0.70 0.76 0.72
FN-1,k-1 25.20 52.1 41.6
N 121 121 121
k 11 8 8

ing the prewash option, however, is unknown. Furthermore, the electricity use

increases with 1.7 percent per degree Celsius. If the 95 degrees program is used

the electricity use increased by 60 percent. Finally, on average the electricity

use declined by 2.4 percent per year.

The water use is determined by the type of washing machine, the weight

of dry load, the inclusion of prewash, the cleaning performance and a trend.

Both top loaders and washing machines combinations use more water (6.2 and

11.1 percent respectively). The weight of the dry load increases the water use

as well, 7.6 percent per kilogram. Note that in the synthetic washing program

the weight of the dry load is usually half the weight as compared to the other

washing programs. Temperature is not a¤ecting the water use. We found that

the cleaning performance has a signi…cantly negative e¤ect on the water use. A

particular energy saving option did not a¤ect the water use of washing machines.

Finally, the water use annually declined by 1.3 percent.

For our estimations we used a sample of 121 dishwashers. Table 3.8 shows

the estimation results of the regression equations for the price, electricity use
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and water use. Water use has a signi…cantly negative e¤ect on the purchase

price of dishwashers, -0.627, while electricity use does not signi…cantly a¤ect the

purchase price. As in the case of washing machine, the correlation coe¢cient

of the instruments for electricity use and water use is signi…cantly negative.

Furthermore, the purchase price is determined by the type of dishwasher and a

trend. The purchase price of portable dishwashers, which were only available in

the 1960s and early 1970s, are 34 percent less than the purchase price of front

loader. Top loaders are more expensive. The purchase prices of dishwashers

annually declined by 7.3 percent. Note that we did not include the indicator for

market competition, because it is highly correlated with the trend.

The electricity use increases signi…cantly at a 5 percent level with the net

volume, the time per run and drying performance and a trend. In particular,

if the time per run is increased with a quarter of an hour the electricity use

increases with 22 percent. The dishwashers with good drying performances

require 12.5 percent more electricity. On average, the electricity use declined

by 2.2 percent per year. Note that the electricity use does not vary across the

di¤erent types of dishwashers and the di¤erent program temperatures.

The water use is determined by net volume, the washing program and a

trend. The time per run has a positive e¤ect and the temperature a small

negative e¤ect. Furthermore, a particular energy-saving option reduces the

water requirement with 29.2 percent.14 The water use declined by 3.5 percent

per year.

3.2.4 Discussion and conclusions

With the hedonic regression technique we estimated the e¤ects of the deter-

minants of the purchase price, the electricity use and water use of four con-

sumer durables. For all electricity uses and water uses we found autonomous

annual declines. The energy and water use per service unit declined over the

years. As a consequence, the costs of producing service units with energy-using

appliances declined.15 The lower costs per service unit encourage consumers to

use the appliances more.

In the case of the purchase price, we determined the e¤ects of the electricity

14We also included the energy saving option in the electricity use regression equation but
we did not …nd a signi…cant e¤ect. As a result, the energy saving option only saves water.

15 In the Netherlands the marginal electricity prices - in real terms - declined over
the years, while for most consumers the marginal water prices increased slightly; see
Chapter 2. For washing machines and dishwashers, the costs of the electricity inputs, however,
are substantially higher than the costs of the water inputs.
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use and water use on the purchase prices. Although the purchase prices of

all four consumer durables annually declined, we found evidence that more

electricity-e¢cient and water-e¢cient consumer durables in most cases have

higher purchase prices.

According to standard neoclassical theory of consumer behavior, the

declining purchase prices encourage consumers to buy more consumer durables

(see …gure 2.8 in Chapter 2) or replace them more frequently by new models.

However, as a consequence of the relationship between the energy-e¢ciency and

the purchase price, as found in our analyses, consumers might hesitate to pur-

chase more energy-e¢cient consumer durables because of the higher purchase

prices. In the next section we analyze the consumer decision with respect to the

purchase of more energy-e¢cient consumer durables given the higher purchase

price for more energy-e¢cient versions.
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3.3 The consumer choice between a high- and
low-e¢ciency consumer durable

3.3.1 Introduction

As we have shown in the previous section, the purchase prices of energy-saving

alternatives are often substantially higher than the prices of less energy-e¢cient

alternatives. These high purchase prices often discourage households to pur-

chase these energy-e¢cient appliances, although the investments pay o¤ in the

long run. In fact, if the long-run rate of return on investments is the only crite-

rion, this phenomenon contradicts with the rationality principle of neoclassical

consumer behavior.16 Probably, the time preference of consumers is rather high.

Consumers consider a trade-o¤ between higher costs of investment at the present

and higher future revenues (the savings of energy costs) and they choose to invest

if their time preference is low. This raises the question how the government can

stimulate households to purchase high-e¢ciency versions. The government may

provide subsidies on the purchase prices of high-e¢ciency alternatives which

might be …nanced by energy taxes. The question then is whether or not these

policy instruments are e¤ective. Below, we analyze an intertemporal framework

with a consumer decision with respect to a high-e¢ciency version and a low-

e¢ciency version. Furthermore, we include the government that maximizes the

penetration rate of high-e¢ciency versions.

In 1991, the Dutch governments started to provide a subsidy on the purchase

price of high-e¢ciency central heating systems. The government’s objective was

to have placed over one million high-e¢ciency central heating systems in Dutch

dwellings by the year 2000, i.e. on average one of every six dwellings should have

a high-e¢ciency central heating system. Due to the subsidy the purchases of the

high e¢ciency central heating systems increased steadily form 30,000 in 1988

to 200,000 in 1996, see ECN (1998) . The subsidy program was very successful

and the government’s objective was already achieved in 1995. For this reason,

the Dutch government abolished the subsidy measure in 1996. Some energy

supplying companies however continued the subsidy measure and they (partly)

…nance the subsidy program with the revenues of the so-called ecotax which has

been implemented in 1996, see also Chapter 2.

Subsidies can be introduced on many di¤erent terms. Ideally, a subsidy

16 In the case of high-e¢ciency light bulbs Van der Meijde and Wunderink-Van Veen (1995)
found a 27 percent rate of return. Despite this high rate, however, they also concluded that
the participation of high-e¢ciency light bulbs is still less than expected.
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regime is chosen on the basis of (expected) e¤ectiveness, which is measured by

the (expected) change in the penetration rate of an energy-e¢cient alternative.

This section analyzes a general framework in which e¤ects of implementing sub-

sidies on the purchase price of high-e¢ciency versions of consumer durables

are determined. In particular, we analyze the e¤ects of two di¤erent subsidy

regimes: the continuous subsidy and the instantaneous subsidy. The general

framework includes two components. On the one hand we model the consumer

choice with respect to the purchase of energy-e¢cient consumer durables within

an intertemporal choice framework, and on the other hand we model the govern-

ment objective as maximizing the penetration rate of high-e¢ciency consumer

durables given a predetermined government’s budget. Under certain conditions

and assumptions this model yields analytical solutions for the amount of subsidy

and the penetration rate.

We also consider the case in which the government’s budget is …nanced by

an energy tax. With a simple model we calculate the level of the energy tax

and the penetration rate of high-e¢ciency consumer durables given an amount

of subsidy. The subsidy regimes are evaluated on basis of the penetration rates.

3.3.2 General framework

Consumer decision

We consider a consumer decision in which a consumer can choose between two

alternatives of an energy-using durable, a high-e¢ciency (i = H) and a low-

e¢ciency alternative (i = L). Both alternatives produce similar services, and

they only di¤er in the amount of energy input. We assume that the lifetimes

of the appliances, ti for i = H and L, are random, i.e. the precise moment of

breaking down is unknown. The expected lifetime of the high-e¢ciency version,

TH, is equal to, or larger than the expected lifetime of the low-e¢ciency version,

TL. The consumer decision is based upon the minimum expected discounted

costs, Ci(r), where the costs are a function of the discount rate r: The consumer

considers an in…nite period of time.

When comparing costs of the alternatives, the consumer considers two types

of costs. Firstly, there are the annual operating costs of type i, denoted by

¿ i, which may include energy as well as water costs. These costs are paid

continuously, and future costs and bene…ts are discounted with a discount rate
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r. The total discounted operating costs are

Z 1

0

¿ i ¢ e¡rtdt =
¿ i

r
: (3.4)

By de…nition, the operating costs of the high-e¢ciency version are less than the

operating costs of the low-e¢ciency version: ¿H < ¿L.

Secondly, the consumer considers purchasing costs of type i, Ri. These are

paid whenever the appliance is replaced, which occurs at random intervals. At

each point in time, an appliance has a probability of still being in operation,

which is represented by the survivor function, denoted by 1 ¡ Fi(:), where Fi(:)

is the cumulative distribution function of the lifetime of type i, for i = H;L.

The expected lifetime, Ti, can be calculated as

Ti =

Z 1

0

[1 ¡ Fi(t)]dt: (3.5)

As mentioned above, we assume higher expected lifetimes for the high-e¢ciency

alternative, TH ¸ TL.

Let sik denote the point in time of the k-th purchase of type i. So the

sequence of replacements for type i is simply: si1; si2; si3; :::; sik; ::: . Note that

sk’s are unknown beforehand. Assuming that the purchase price Ri is constant

over time, the expected discounted purchasing costs are

E[Ri(1 + e¡rsi1 + e¡rsi2 + :::) =

E[Ri(1 + e¡rsi1 + e¡rsi1 ¢ e¡r(si2¡si1) + :::) =

E[Ri ¢
1X

k=0

(e¡rti)k];

using the fact that the time intervals ti = (sik ¡ si;k¡1) are independent for

all k and i and ti is randomly drawn from the lifetime distribution. Since the

expectation of the sum is equal to the sum of the expectations, the expected

discounted purchasing costs are

Ri ¢
1X

k=0

(E[e¡rti ])k =
Ri

1 ¡ E[e¡rti ]
; (3.6)

The total expected discounted costs for type i are

C¤
i (r) =

Ri

1 ¡ E[e¡rti ]
+

¿ i

r
: (3.7)
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There are two modi…cations we will make for the cost function in (3.7). Firstly,

we de…ne the function vi(r) as

vi(r) =

Z 1

0

(1 ¡ Fi(ti)) ¢ e¡rtidti =
1 ¡ Ee¡rti

r
: (3.8)

With this de…nition we can rewrite the Laplace transform E[e¡rti ] as E[e¡rti ] =

1 ¡ r ¢ vi(r). Then, we can rewrite (3.7) yielding (see e.g. Kooreman and

Steerneman, 1998)

C¤
i (r) =

Ri

r ¢ vi(r)
+

¿ i

r
: (3.9)

The relationship between the total expected discounted cost function, C¤
i (r)

and annual expected discounted cost function Ci(r)is given by:

C¤
i (r) =

Z 1

0

Ci(r) ¢ e¡rtidti =
Ci(r)

r
: (3.10)

Thus, the annual expected discounted cost for type i are

Ci(r) =
Ri

vi(r)
+ ¿ i: (3.11)

With this cost function we can compare the costs for both types. We de…ne a

function h(r) which measures the di¤erence of costs between the alternatives:

h(r) = CH(r) ¡ CL(r): (3.12)

In particular, the consumer chooses the high-e¢ciency version if the di¤erence

of costs is negative, i.e. h(r) � 0. Kooreman and Steerneman provided two

su¢ciency conditions under which h(r) = 0 has an odd number of roots.

Condition 1 The purchase price of the more high-e¢ciency version is larger

than the lower-e¢ciency version, i.e.

RH ¡ RL > 0: (3.13)

Condition 2 If the zero discount rate is zero, the consumer chooses the high-

e¢ciency version, i.e.

RH

TH
¡ RL

TL
+ ¿H ¡ ¿L < 0: (3.14)
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Note that vi(0) = Ti. Furthermore, in their study they assumed that the

replacement probability of a low-e¢ciency alternative is larger than the replace-

ment probability of a high-e¢ciency alternative for each point in time. In other

words, the hazard rate in case of the low-e¢ciency version is larger than the

hazard rate in case of the high-e¢ciency version for all s, i.e.

µL(s) ¸ µH(s): (3.15)

This additional assumption immediately implies that the expected lifetime of

the high-e¢ciency version is larger than the low-e¢ciency alternative: TH ¸ TL.

If the inequalities (3.13) to (3.15) hold, there is a unique root for h(r) = 0, see

Kooreman and Steerneman, proposition 3. This unique root is also referred to

as the implicit discount rate and it can be interpreted as the return rate of the

investment. If we assume that consumers behave rationally, they choose the

high-e¢ciency alternative if their subjective discount rates are smaller than this

implicit discount rate.

There are two remarks on this model. First, this consumer decision model

implies that the optimal strategy is that when the appliance breaks down, the al-

ternative chosen is successively replaced by identical alternatives. Furthermore,

we assume perfect credit markets in the economy, which implies that there are

no borrowing constraints for consumers.

Penetration rate and the government’s objective

In the second part of the general framework we construct a penetration rate

for high-e¢ciency alternatives based upon the consumers’ subjective discount

rates. The subjective discount rates vary across consumers. The distribution

of discount rates across consumers is represented by a density function z(r).

When a consumer’s subjective discount rate is lower than the implicit discount

rate, r¤, a consumer chooses the high-e¢ciency version. For convenience, we

assume that there is a unique implicit discount rate. Then, the penetration rate

is simply

Z(r¤) =

Z r¤

0

z(r)dr: (3.16)

By de…nition, the penetration rate is monotonically increasing in the implicit

discount rate, r¤:

Suppose that a consumer receives an individual subsidy, S, if he purchases

the high-e¢ciency alternative. As a consequence, the implicit discount rate

depends on the subsidy: r¤(S).
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The government maximizes the penetration rate subject to a budget re-

striction. Suppose that the government reserves a given total discounted sub-

sidy budget per household, S0. The total demand for subsidy is the product

of the expected discounted individual subsidies per household conditional on

purchasing the high-e¢ciency version H, represented by G(S; g), and the pene-

tration rate Z(:). Here, g is the government’s discount rate. The subsidy scheme

applied partly determines the functional form of G(:). Then, the government

considers

max
S

Z(r¤(S)) (3.17)

subject to

G(S) ¢ Z(r¤(S)) � S0: (3.18)

Below, we consider two di¤erent subsidy regimes namely the continuous

subsidy scheme and the instantaneous subsidy scheme.

3.3.3 Two subsidy schemes

Speci…cation of the model

Before we discuss the e¤ects of the subsidy schemes on the consumer choice

and the government’s objective, we make assumptions about the distributions

of the lifetimes and the subjective discount rates. These assumptions make

the derivations more convenient but will not a¤ect the outcomes of the general

framework very much. We suppose that the lifetimes of the appliances are

exponentially distributed with parameter ¸i (i = H;L). Then, the expected

lifetimes are E[ti] = 1=¸i. As a consequence vi(r) = 1=(¸i + r). Moreover,

suppose that the conditions in (3.13) to (3.15) are satis…ed. Then, the cost

function in (3.11) is

Ci(r) = Ri ¢ (¸i + r) + ¿ i for i = H;L; (3.19)

and the implicit discount rate is

r¤ = ¡C

B
with (3.20)

B = RH ¡ RL (3.21)

C = RH¸H ¡ RL¸L + ¢¿; (3.22)
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where ¢¿ = ¿H¡¿L: Furthermore, we assume that the subjective discount rates

are uniformly distributed over the consumers on the interval (0; rmax). Then,

the penetration rate is

Z(r¤) =

½
r¤

rmax
; if 0 � r¤ < rmax

0; if. r¤ ¸ rmax
(3.23)

So, if the implicit discount rate exceeds a particular value, rmax, all con-

sumers choose the energy-saving option. With these assumptions we compare

the e¤ectiveness of the continuous subsidy regime and the instantaneous subsidy

regime.

Continuous subsidy scheme

In the continuous subsidy scheme (I) the consumer has only two options; the con-

sumer always purchases either the high-e¢ciency version or the low-e¢ciency

version. For both options, H and L, the consumer considers the cost func-

tion in (3.19). However, the purchase price for the high-e¢ciency version is

continuously lowered by the individual subsidy: RH ¡S. The cost functions are

CI
H(r) = (RH ¡ S) ¢ (¸H + r) + ¿H and (3.24)

CL(r) = RL ¢ (¸L + r) + ¿L: (3.25)

We assume that the conditions in (3.13) and (3.14) are satis…ed for RH ¡ S

instead of RH . This implies that S < RL ¡ RH . Then the unique implicit

discount rate is

r¤
I = ¡C ¡ S¸H

B ¡ S
(3.26)

with B and C de…ned as in (3.21) and (3.22) respectively. Note, that the implicit

discount rate is monotonically increasing in the individual subsidy, because the

…rst derivative of r¤ with respect to S is positive. Furthermore, r¤
I ¸ r¤ if S ¸ 0.

The government provides a subsidy whenever a consumer replaces his high-

e¢ciency version. The expected discounted subsidy costs per consumer for the

government are analogous to the expected discounted purchasing costs for the

consumer as in (3.6). Given the exponentially distributed lifetimes, the expected

discounted subsidy costs in annualized terms is

G(S) = S(¸H + g): (3.27)

Then the budget restriction is obtained by substituting (3.27) into (3.18)

S(¸H + g) ¢ Z(r¤
I (S)) = S0: (3.28)
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Knowing the new implicit discount rate, r¤
I (S), as a monotonically increasing

function in S, we determine the optimal individual subsidy by substituting (3.26)

into (3.28) and solving the equation with respect to S. For r¤
I (S) < rmax, the

optimal individual subsidy for the continuous subsidy scheme, S¤
I , is

S¤
I =

¡[S0 ¢ rmax ¡ C(¸H + g)] +
p

DI

2¸H ¢ (¸H + g)
(3.29)

with

DI = [S0 ¢ rmax ¡ C(¸H + g)]2 +

+4¸H(¸H + g) ¢ S0 ¢ rmax ¢ B; (3.30)

where C and B are de…ned as in (3.21) and (3.22) respectively. Note that

S¤
I = 0 if S0 = 0 and the optimal subsidy lies within the range (0; B) which can

be shown by straightforward algebra. If r¤
I (S) ¸ rmax, the optimal subsidy S¤

I

is

S =
S0

(¸H + g)
: (3.31)

We illustrate the continuous subsidy regime with an example in which the

optimal subsidy is determined.

Example 1 Let RH = 2500, RL = 1750, ¿H = ¿L ¡ 150; ¸i = 0:1 for i = H;L

(i.e. the expected lifetime of both versions is ten years), and rmax = 1:0. Then,

r¤ = 0:10 and hence the penetration rate of the high-e¢ciency version is 10 per-

cent. Let the government provide an individual subsidy given the government’s

discount rate g = 0:05 and the subsidy budget S0 = 1:5. The optimal individual

subsidy then is 80:59. As a result, the implicit discount rate is r¤
I = 0:124, and

the penetration rate is 12:4 percent.

Instantaneous Subsidy

In the instantaneous subsidy scheme (II) the consumer receives a subsidy at a

single point in time; particularly, the …rst time he replaces a consumer durable

by a high-e¢ciency version. The consumer considers three options: he con-

tinuously chooses the high-e¢ciency version (H), he continuously chooses the

low-e¢ciency version (L) or he chooses the high-e¢ciency version the …rst time

and the low-e¢ciency version afterwards (HL). The latter option is also referred

to as the switch option. Before we can analyze the e¤ects of the single subsidy



56 Chapter 3

we brie‡y discuss the general derivation of the cost function of the switch option.

The expected discounted purchasing costs are:

E[RH ¡ S + RL ¢ e¡r¢s1H + RL ¢ e¡r(s1H+s1L)

+RL ¢ e¡r(s1H+s2L) + :::] =

RH ¡ S + RL ¢ E[e¡r¢tH ]

1 ¡ E[e¡r¢tL ]

And the expected discounted operating costs are:

E[

Z tH

0

¿He¡r¢sds +

Z 1

tH

¿Le¡r¢sds]

=
1 ¡ E[e¡r¢tH ]

r
¿H +

E[e¡r¢tH ]

r
¿L:

Therefore, the total expected discounted costs in annualized terms are:

CHL(r) = r(RH ¡ S) +
rRLE[e¡r¢tH ]

1 ¡ E[e¡r¢tL ]
+ ¿H ¡ E[e¡r¢tH ]¢¿ : (3.32)

Substituting the exponential distributions of the lifetimes in the general cost

functions, we yield three cost functions written in annualized terms:

CII
H (r) = RH(¸H + r) ¡ rS + ¿H ; (3.33)

CL(r) = RL(¸L + r) + ¿L; and (3.34)

CHL(r) =
r

¸H + r
[(RH ¡ S) (¸H + r) + ¿H ]

+
¸H

¸H + r
[RL(¸L + r) + ¿L] : (3.35)

The …rst term of the CHL cost function are related to the high-e¢ciency alter-

native including the subsidy, and the second term represents the delayed costs

of the low-e¢ciency alternative.

Comparing the three cost functions, we determine three implicit discount

rates:

(i) the H- and HL-curve intersect at

r¤
II;a = ¡C

B
= r¤; (3.36)

(ii) the H- and the L-curve intersect at

r¤
II;b = ¡ C

B ¡ S
: (3.37)
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This implicit discount rate, however, is not relevant, because consumers with

subjective discount rates equal to r¤
II;b will choose the switching option, since

this option provide least expected discounted costs.17 Finally

(iii) the HL- and L-curve intersect at r¤
II;c = 0, and

r¤
II;c = ¡C ¡ S¸H

B ¡ S
: (3.38)

Note, however, that the case of zero discount rate is irrelevant, because the H-

cost function provides least costs for zero discount rate. We can easily show that

r¤
II;c ¸ r¤

II;b ¸ r¤
II;a for a non-negative individual subsidy S. We can distinguish

three types of consumers. First, consumers with subjective discount rate smaller

than r¤
II;a(= r¤) choose the high-e¢ciency alternative continuously, regardless

the presence of a subsidy. Secondly, consumers with subjective discount rate

within the range (r¤
II;a; r¤

II;c) choose the high-e¢ciency alternative only the …rst

time, and consumers with high discount rates, larger than r¤
II;c, choose the low-

e¢ciency alternative continuously. This implies that the penetration rate of the

high-e¢ciency version temporarily increases from r¤=rmax to rII;c=rmax. When

the …rst generation of high-e¢ciency appliances are replaced, the ‘switch option’

consumers choose the low-e¢ciency version again. With time, the penetration

rate converges to its initial level, r¤=rmax.18

As to the instantaneous subsidy scheme, the government subsidy cost func-

tion, G(S), is rather simple G(S) = gS in annualized terms. The relevant

implicit discount rate is r¤
II;c as it determines the temporary increase in the

penetration rate. The government’s budget constraint in annualized terms is

gS ¢ Z(r¤
II;c) � S0: (3.39)

Note that in G(S) is monotonically increasing in S and as a consequence the

maximum penetration rate is achieved when the budget constraint in (3.17) is

binding. Substituting (3.38) in (3.39) yields a second-order polynomial which

has one feasible solution for r¤
II;c < rmax. The optimal individual subsidy, S¤

II ,

in case of the instantaneous subsidy is

S¤
II =

¡[S0rmax=g ¡ C] +
p

DII

2¸H
(3.40)

with DII = [(S0rmaxB=g ¡ C)2 + 4¸HS0rmax=g]: (3.41)
17 It is easily shown that the switching option provides least costs by comparing the costs

of the three options given the subjective discount rate r¤II;b as given in (4.38).
18We implicitly assumed that the consumers’ subjective discount rates do not change over

time.
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If r¤
II;c ¸ rmax, S¤

II = S0. To illustrate the instantaneous subsidy regime we

provide an example.

Example 2 Let us reconsider example 1 with RH = 2500, RL = 1750, ¿H =

¿L ¡ 150; and ¸i = 0:1 for i = H;L, and rmax = 1:0. Hence, r¤ = 0:100,

and the penetration rate is 10 percent. The government provides an individual

subsidy once only. Given the discount rate g = 0:05 and the subsidy budget

S0 = 0:5, the optimal individual subsidy is 80:59, the new implicit discount rate

is r¤
IIc = 0:124, and the penetration rate is 12:4 percent. With time, however,

the penetration rate converges to the initial level of 10 percent.

Comparison

If we compare the examples of both subsidy regimes, we …nd a similar increase

in the penetration rate. However, we also consider three major di¤erences be-

tween the regimes. First, the e¤ect of the continuous subsidy scheme on the

penetration rate is permanent, while the e¤ect of the instantaneous subsidy

regime disappears with time. Secondly, from the comparison of the examples

we can conclude that in the case of the continuous subsidy scheme the dis-

counted subsidy budget of the government should be much larger than in the

case of the instantaneous subsidy regime in order to achieve a similar penetra-

tion rate. Note that all other factor were equal. Finally, in the case that the life

times are large the di¤erences between both regimes becomes less important. In

the case of central heating systems (with long expected lifetimes) the particular

subsidy regime is less important than in the case of high-e¢ciency light bulbs

with relatively short lifetimes.

The results from our general framework as presented in this section are

based on the implicit assumption that the distribution of subjective discount

rates over consumers remains constant over time. In other words, consumers

choosing the switch option in the case of the instantaneous regime experience no

learning e¤ect from purchasing the high-e¢ciency version the …rst time, as these

learning e¤ects are not included in the model. Similarly, reference group e¤ects

are not included in the model as well. In the case of the instantaneous subsidy

the initial group choosing the high-e¢ciency alternative will be larger than

without the subsidy. As a result the consumer preferences may shift towards

the high-e¢ciency alternative. In other words, the subjective discount rates

of a consumer choosing the switch option might decrease over time.19 More

19 In general, a consumer is more willing to invest if he considers a lower subjective discount
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elaborated models should be developed to include both e¤ects which is a subject

for future research.

3.3.4 Energy tax

So far, we assumed that the government has a subsidy budget which is prede-

termined. However, one way to …nance the subsidy budget is to implement an

energy tax on the energy prices. Both instruments – the subsidy and the energy

tax – stimulate the reduction of energy consumption. In this section we analyze

the e¤ect of imposing an energy tax on the energy prices in order to …nance the

subsidy budget based on the speci…cation used in the previous subsection. First,

we show that the energy tax has a positive e¤ect on the penetration rate. Then,

assuming the continuous subsidy scheme, we determine the optimal energy tax

and optimal the subsidy simultaneously.

Suppose that the government only introduces an energy tax, ¹. Then the

operating costs in the cost function in (3.19) increase. The cost function of

alternative i becomes

Ci(r) = Ri ¢ (¸i + r) + ¿ i(1 + ¹) for i = H;L: (3.42)

If ¹ ¸ 0; the conditions in 1 and 2 are satis…ed and the implicit discount rate

r¤
e is

r¤
e = ¡C + ¢¿¹

B
; (3.43)

where B and C as in (3.21) and (3.22) respectively. Under the conditions in

(3.13) to (3.15), the implicit discount rate (3.43) is monotonically increasing in

¹. If ¹ = 0, then r¤
e = r¤, where r¤ is de…ned as in (3.20). As a consequence,

the penetration rate is increasing in the energy tax for rmax ¸ r¤
e : If r¤

e ¸ rmax,

the energy tax rate no longer a¤ects the penetration rate.

Both the subsidy and the energy tax have a positive e¤ect on the penetration

rate of high-e¢ciency consumer durables. If we consider the continuous subsidy

scheme and an energy tax simultaneously (E), the consumer now considers the

identical options with two adjusted cost functions:

CE
H(r) = (RH ¡ S) ¢ (¸H + r) + ¿H(1 + ¹) and (3.44)

CE
L (r) = RL ¢ (¸L + r) + ¿L(1 + ¹): (3.45)

rate. In particular, the consumer is more willing to invest in high-e¢iciency versions of
consumer durables.
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The optimal implicit discount rate, r¤
E, is

r¤
E = ¡C ¡ S¸H + ¢¿¹

B ¡ S
: (3.46)

Note that the implicit discount rate in (3.46) is monotonically increasing in S,

and ¹ under the conditions in (3.13) to (3.15).

By introducing both instruments the government can increase the penetra-

tion rate of high-e¢ciency consumer durables and with the revenues of the

energy tax the subsidies can be …nanced. The government considers

max
S

Z(r¤
E(S; ¹)) (3.47)

subject to

G(S) ¢ Z(r¤
E) � ¹ ¢ [¿H ¢ Z(r¤

Ie) + ¿L ¢ (1 ¡ Z(r¤
Ie))]: (3.48)

where Z(:) and G(:)are similar to (3.23) and (3.27) respectively. Since r¤
E is

monotonically increasing in S as well as in ¹, and Z(:) is monotonically in-

creasing in r¤
E; the budget restriction is binding in the optimum. The optimal

subsidy given the tax rate ¹ is

S¤
E =

[¡ (C¹ + ¹¢) (¸H + g) ¡ ¸H¹¢ + ¹¿ lrm] +
p

DIe

2¸H (¸H + g)
(3.49)

with DE = [(¡ (C¹ + ¹¢) (¸H + g) ¡ ¸H¹¢ + ¹¿ lrm)2 + (3.50)

+4¸H(¸H + g) (C¹ + ¹¢)¹¢ ¡ ¹¿ lBrm: (3.51)

If the energy tax rate is zero, S¤
E = 0. It is easy to show that the subsidy is

monotonically increasing in ¹.

Example 3 Let RH = 5000, RL = 2500, ¿H = 400, ¿L = 550; ¸i = 0:1

(the expected lifetimes of both version is equal to ten years), and g = 0:05.

Given the individual subsidy we calculate the energy tax rate in which case the

government’s budget restriction is binding, i.e. the government’s cost – the

subsidies – are equal to the energy tax revenues. Without subsidy, r¤ = 0:1: If

S = 100, for instance, then r¤
Ie = 13:2 percent and the energy tax rate is ¹ = 0:4

percent. Hence, the new penetration rate is 13:2 percent, and the government

subsidy budget is 2:0:

Based on the example, we can calculate the optimal energy tax rate and

the optimal penetration rate for a range of individual subsidies. Note that
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Figure 3.1: Energy tax rate and penetration rate as a function of individual
subsidy

S < RL ¡ RH . Figure 3.1 shows the results of the energy tax rate ¹ and the

penetration rate Z given the individual subsidy S:

As the individual subsidy increases, the energy tax increases as well. As

mentioned earlier, the penetration rate is increasing in both the energy tax and

the subsidy. Comparing these results to those from the example with a …xed

subsidy budget we now …nd that the individual subsidy and the government’s

budget are smaller given a particular penetration rate. This, of course, is due

to the e¤ect of the energy tax on the penetration rate. The individual subsidy

needed to reach a 100 percent penetration rate is 583.8. The energy tax rate

then is 21.9 percent.

3.3.5 Take-back e¤ect

Switching from a low-e¢ciency version to a high-e¢ciency version might entail

a take-back e¤ect. The take-back e¤ect is caused by a lower marginal price per

unit of output produced by the consumer durable. This lower marginal price

has a positive e¤ect on the usage of the consumer durable. Let us reconsider

example 3 in the previous subsection. To …x ideas, assume that it applies

to central heating systems and its natural gas requirement. In example 3 we
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calculate a 27.3 percent decline from 550 to 400 in the marginal price of output

for households switching from the high-e¢ciency to the low-e¢ciency version.

For convenience, we assume that the energy input is a …xed proportion of the

output, so that the price elasticity of output (heat equivalents) is equivalent to

the price elasticity of energy. In Chapter 4 we found a -0.324 price elasticity of

natural gas. With this elasticity, the demand for output as well as the demand

for natural gas would increase with 9 percent if a household switches from a

low-e¢ciency version to a high-e¢ciency version. Thus, the net reduction of

the natural gas consumption is 18.0 percent.20

Another kind of take-back e¤ect is entailed by households already choosing

a high-e¢ciency version. With the subsidy, households save on there energy

costs as well as on their total annual costs. Through an income e¤ect the

consumer durable usage will increase and so will the demand for energy. The

income e¤ect of the take-back e¤ect will be small for two reasons: the income

elasticities for electricity and water consumption are rather low, (see Chapter 4)

and the savings are usually only a small fraction of total household income (less

than 5 percent as shown in table 2.5 in Chapter 2).

3.4 Conclusions

This Chapter analyzed two aspects with respect to the consumer durables.

First, we analyzed purchase prices and electricity uses and water uses of con-

sumer durables. We estimated hedonic regression equations using data on re-

frigerators, freezers, washing machines and dishwashers from comparison tests

published in Consumer Reports. We found that the purchase prices of con-

sumer durables declined over the years, which provides one explanation for the

increasing penetration rates; see …gure 2.8 in Chapter 2. Furthermore, we found

empirical evidence that – in general – the purchase prices of energy-using con-

sumer durables increase signi…cantly within in the range of -0.6 to -0.1 percent

due to one percent less energy use or water use.

The purchase prices of more energy-e¢cient versions are higher, and the

penetration rates are rather low. Although the rate of return on energy-e¢cient

consumer durables is relatively high, consumers appear to hesitate to buy more

energy-e¢cient appliances, possibly because they have high time preferences.

Therefore, we analyzed the consumer decision and the penetration rate of energy-

20 In fact, if the absolute value of the price elasticity of output is larger than unity, the total
demand for energy will even increase.



Consumer durables and energy and water use 63

e¢cient versions within an intertemporal framework. In particular we analyzed

the e¤ect of a continuous subsidy regime and an instantaneous subsidy regime.

The e¤ect of the continuous subsidy is permanent, while the e¤ect of the in-

stantaneous subsidy vanishes with time. If the subsidy is …nanced by an energy

tax, the e¤ect is even stronger since both subsidy and energy tax have a positive

e¤ect on the penetration rate.





Chapter 4

Household energy and
water use: an econometric
analysis

4.1 Introduction

In the government’s policy plans, economic incentives have been major

policy instruments in achieving policy objectives. In particular, governments

use excises, taxes, subsidies and pricing structures to regulate consumption of

particular goods. For instance, the government levies excises on tobacco, alco-

holic drinks and car fuels to temper excessive consumption of these goods.

In the last ten years or so, these instruments have also been introduced

more and more in the environmental policy plans. One of the target groups are

households which have to reduce their energy and water consumption according

to the Environmental Policy Plan (VROM, 1994). In particular, the so-called

‘ecotax’ has been imposed on natural gas and electricity prices. It is only im-

posed if the household consumption exceeds a basic consumption level.1 The

e¤ectiveness of such a price incentive is determined by price and income e¤ects

on the demands.2 The e¤ectiveness is often analyzed at an aggregate level, so

that the implications of the incentives on the demand for energy and water at

the individual household level are ignored. The responses of households with

respect to price changes, however, can di¤er widely. For instance, using micro

1For natural gas, the basic consumption level is de…ned as 800 m3; for electricity it is 800
kWh.

2Note that we are not interested whether or not the tax is optimal or e¢cient in general
equilibrium setting.



66 Chapter 4

data in their study on household energy demand for the United Kingdom, Baker

et al. (1989) reported that the demand for natural gas and electricity di¤ers

across households regarding particular household characteristics. For example,

the energy demand was more elastic for households in the lower decile of income

than for households in the top decile of income.

This Chapter aims to estimate the e¤ects of prices and income as well

as household characteristics with reduced-form demand equations. We use a

pool of Netherlands Expenditure Survey data 1978 ¡ 1994. In the case of

electricity consumption, the pricing usually consists of two options: a single

tari¤ – which is standard – and a two-part tari¤ including a peak-hour and an

o¤-peak-hour tari¤.3 This pricing structure is Pareto e¢cient with respect to a

single electricity rate, because consumers have the opportunity to increase wel-

fare by choosing the two-part rate (see Train and Mehrez, 1994).4 However, with

such a voluntary pricing schedule the electricity price becomes endogenous. In

previous studies for the Netherlands, this endogeneity has been neglected when

estimating demand equations for electricity. We explicitly include a correction

term in our speci…cations. Note that in the case of natural gas and water con-

sumption the marginal prices are independent from quantities consumed or time

of consumption.

Section 4.2 reviews the economic literature on the demand for natural gas,

electricity and water. We particularly focus on price and income elasticities

found in the literature. In Section 4.3 we derive the demand equations for natu-

ral gas, electricity and water for a utility-maximizing consumer given the pricing

options for electricity consumption. Additionally, we present our econometric

speci…cations. Section 4.4 summarizes the data and section 4.5 presents the

estimation results, in which we pay special attention to two issues. First, we

analyze the e¤ects of the presence of insulation on the demand for natural gas,

and secondly, we present price and income e¤ects for di¤erent household types.

Section 4.6 concludes.

3 In the economic literature on consumer demand, this pricing structure is known as time-of-
use (TOU) pricing. Electricity supplying companies introduced these kind of pricing structures
to smooth daily demand for electricity. These pricing structures are also referred to as peak-
load pricing.

4 If consumers choose the two-part rate and their total electricity consumptions remain
constant, they can reallocate their daily electricity consumption in such a way that their
expenditures on electricity decline.
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4.2 Literature

The demand for natural gas, electricity and tap water is best viewed within

Becker’s theory of household production (see Chapter 1). In his theory, Becker

de…nes commodities and services as household activities, such as cooking,

cleaning, and heating, from which utility is generated. With available time

and the presence of domestic durable appliances, energy and water are inputs

for the production of those commodities. In particular, natural gas and electric-

ity are fuels to power durable appliances which produce services; in fact they are

not directly consumable. The total demand for natural gas, electricity and tap

water, therefore, is derived from the demand for commodities, and it is jointly

determined with the presence of particular durable appliances.

Although this view is widely recognized and agreed on, many studies often

imposed simplifying assumptions in order to be able to analyze the demand

for energy and water empirically.5 In addition, the demands for these goods

are often analyzed conditional on the consumer durable stock. However, in the

long run, the consumer durables stock is endogenous. Raising consumer energy

price imply that the prices of commodities requiring energy and water as an

input increase as well. As a result the demand for the commodity as well as the

demand for energy will decline. In the long run, however, the consumer can

also change the production technology of a commodity by replacing the current

consumer durables by a more energy-e¢cient version. As a result, the demand

for the commodity increases again. The e¤ect on the demand for energy is

ambiguous. Energy consumption will increase if the e¤ect of the production

technology change dominates the e¤ect of the energy price increment. An im-

portant feature in this mechanism might be the pricing schedule for energy and

water consumption as we will see later on this Chapter.

In the literature price and income elasticities of residential demands for

natural gas, electricity and water are analyzed and estimated under many dif-

ferent circumstances, such as the time period, the country, the aggregation level

of data, and the time horizon of the analyses, which partially explains the di¤er-

ences in the results. Tables 4.1 to 4.3 summarize the studies on the household

demands for natural gas, electricity and water, respectively, which have been

published in the last ten years or so. The tables report the reference, the period,

5By imposing weak separability for the arguments in the utility function and assuming a
quasi-concave utility function, the demand for energy and water is directly derived from a
utility function.



68 Chapter 4

the country, the nature of the data as well as price and income elasticities.

As to the aggregation level, we distinguish three aggregation levels. An

example of the …rst type is Pouris (1987), who used aggregate national data to

analyze the long-run price e¤ects of the residential electricity demand in South

Africa. Secondly, several studies used aggregate regional data. In particular,

these kinds of data are provided for households connected to a particular sup-

plying utility or living in a particular region (cf. Dumagan and Mount, 1993;

Ryan et al., 1996; Filippini, 1995; Hsing, 1994; Kooreman, 1993; Hansen, 1996;

and Dandy et al., 1997). Finally, there are studies using micro data or household

data, either experimental or non-experimental. Studies using experimental data

often involve analyses of the e¤ects of particular pricing schemes on the demand

(cf. Train and Mehrez, 1994; Aubin et al., 1995; and Mountain and Lawson,

1992 ). Baker et al. (1989) and Booij et al. (1992) used non-experimental ex-

penditure survey data when estimating the demand for energy and water. Their

frameworks are explicitly derived from the theory of consumer demand.

According to Dubin and McFadden (1984), the use of disaggregate data is

bene…cial, because it avoids the e¤ects of misspeci…cation due to aggregation

bias or due to approximation of rate data. In the studies using micro-level data,

we distinguish three di¤erent classes. In the …rst class, which has only been ap-

plied to the demand for electricity, the demand for electricity is analyzed within

the framework of a particular activity, such as air conditioning (see Hausman,

1979) or space and water heating (see Dubin and McFadden, 1984; and Bernard

et al., 1996). In particular, they jointly estimated the demand equation for elec-

tricity and the demand for durable appliances including the rate of use. The

data requirements for these kinds of analyses are strict, and data sets are often

not available. Moreover, assumptions about price expectations are imposed, and

often these assumptions are only approximately true (see Dubin and McFadden,

1984).

Secondly, there are the studies in which the demands are modelled condi-

tional on the durable appliance stock (cf. Baker et al., 1989 ; Booij et al.,

1992; and SCP, 1993). According to Baker et al. (1989), this so-called condi-

tional approach allows for a more detailed analysis of the energy demands than

in the simultaneous approach as mentioned above (cf. McFadden et al., 1977;

Lawrence and Braitwait, 1979; Hausman et al., 1979 ; and Caves and Chris-

tensen, 1980). However, in the conditional approach the energy demands are

assumed to be separable from the durable appliance stocks.
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In their study, Baker et al. (1989) analyzed a structural model of demands for

natural gas and electricity in a two-stage budgeting framework using quarterly

household data. In the …rst stage the total budget share of energy and water

is determined and in the second stage demand equations are estimated given

the budget share resulting from the …rst stage and conditional on the presence

of durable appliances.6 Booij et al. (1992) used a pooled sample of annual

household data in their study estimating reduced-form demand equations for

natural gas and water in the Netherlands. They additionally estimated models

for the presence of durable appliances and the presence of several forms of

insulations, such as double glazing, wall insulation, roof insulation, and ‡oor

insulation). SCP (1993) estimated demand equations for housing, natural gas,

electricity and water derived from a structural Almost Ideal Demand System.

The latter class of studies mainly focuses on pricing schedules applying to

energy and water consumption. In most pricing schedules the marginal price of

consumption is not constant. As a consequence, the marginal price depends on

the quantity consumed, and therefore the marginal price is endogenous. Hence,

pricing schedules partially determine the model of the demand system. The

literature distinguishes two criteria with which pricing varies, namely pricing

depending on quantity consumed, and pricing depending on the moment of

consumption. As to the …rst criterion, block rate pricing has the property that

the marginal price of a good depends on the quantity consumed. In particu-

lar, the marginal prices correspond to predetermined consumption blocks. In

progressive block rate pricing the marginal price increases with the quantity

consumed, while the opposite holds in regressive block rate pricing. Hewitt and

Hanemann (1995) estimated a residential demand model for water of households

considering block rate pricing. In particular, they estimated the demand for wa-

ter in which they explicitly modelled the choice of the marginal rate, according

to the method suggested by Burtless and Hausman (1978).

As to the second criterion, the time-of-use (TOU) pricing, which is also

known as peak-load pricing, is frequently applied to electricity consumption

to smooth the demand for electricity during a day (cf. Aubin et al. 1995;

Filippini 1995; Booij et al., 1992; and Train and Mehrez, 1994).7 In TOU

pricing, the marginal price of electricity at o¤-peak-hours is signi…cantly lower

6Baker et al. (1987) analyzed the presence of durable appliances.
7 Initially, electricity producers gain from smoothing the electricity demand during the day.

This peak largely determines the production costs: the lower the peak in demand, the lower
the production costs. Consequently, the electricity prices may even decline.



70 Chapter 4

Table 4.1: Review of elasticities on the household demand for natural gas
Author(s) elasticities

country, time own-price cross-pricea income
household survey

Pooled cross sections data
Baker et al. (1989) -0.12 to -0.44 -0.81 to -0.02 (E) -0.09 to 0.21

UK, 1972-83
Booij et al (1992) -0.1- to -0.41 - 0.15

NL, 1981-87

Cross section data
SCP (1993) -0.12 to -0.58 -0.06 to -0.13 (E) 0.28 to 0.37

NL, 1989 -0.06 to 0.02 (W)

aggregate municipal data

Time series data
Dumagan and Mount (1993) -0.23 0.02 (E) 0.775

US, 1960-87
Ryan et al. (1996) -0.25 0.19 (E) -

Canada, 1962-89

Panel data
Maddala et al. (1997) -1.34 to 1.07 - -2.75 to 3.34

US, 1970-90 -10.4 to 0.24b - -5.13 to 1.85b

aThe cross-price variables are given in parentheses: E=electricity rate
and W=water rate.
bLong-run elasticities

than at peak-hours. Households have the opportunity to reallocate a particular

activity from peak-hours to o¤-peak-hours, resulting in a decline of operating

costs of this activity. We distinguish two di¤erent TOU pricing schedules. First,

TOU pricing is mandatory so that all households consider TOU pricing (see

Aubin et al., 1995). Secondly, TOU pricing is optional. Train and Mehrez (1994)

discuss and estimate a system of demand equation for electricity including an

optional two-part rate.8

8 If a household considers a two-part rate for electricity, it is charged a high marginal
electricity rate at peak-hours and a low marginal rate at o¤-peak-hours.
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Elasticities

In the economic literature, most studies on the demand for natural gas, elec-

tricity and water have focused on price and income elasticities. Table 4.1 sum-

marizes elasticities of the demand for natural gas. The own-price elasticities for

natural gas are small, i.e. natural gas demand is rather price inelastic. The

only exception is the study of Maddala et al. (1997). However, the range of

their elasticity estimates is rather large. In the other studies, the elasticities for

di¤erent countries and for di¤erent time periods ranged from -0.10 to -0.58. The

electricity cross-price elasticities of the demand for natural gas di¤er across the

studies. Baker et al. (1989) and SCP (1993) using micro data report a negative

electricity cross-price elasticities, while Dumagan and Mount (1993) and Ryan

et al. (1996) using aggregate data report positive elasticities. This suggests

that the particular electricity price elasticities on the natural gas demand de-

pend on the aggregation level of research. On the one hand, natural gas and

electricity are often marked as substitutes, because they are both mutually ex-

clusive inputs for the production of similar commodities, such as space and water

heating, suggesting that the cross-price elasticity should be positive.9 On the

other hand, there are examples of both goods being complements. An example

is a central heating system powered by both natural gas and electricity. Natural

gas is used to heat the water in the system, while electricity is used to power

the pump which takes care of the water circulation within the system. Another

example is when two activities go together, such as the use of the cooker and

the extractor. In the Netherlands, the major part of the cookers present in the

households use natural gas, while extractors use electricity.

Only the SCP study reports tap water cross-price elasticities of the natural

gas demand. These elasticities are within range from -0.06 to 0.02 depending

on the number of persons within a household. The direction of the e¤ect is

ambiguous.

The natural gas demand is rather income inelastic. Again, Maddala et al.

show a large range of results, including negative results. Baker et al. (1989)

show a negative income elasticity for households which have central heating

systems powered by electricity, -0.085, while all other households show positive

income elasticities in the range from 0.012 to 0.211. In the other studies the

income elasticity is positive but less than one; tap water is a normal good.

9Note that switching fuels in commodity production processes is not a short-term decision.
Due to longer time spans, it is more likely that this feature appears when using time series
data.
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Table 4.2: Review of elasticities on the household demand for electricity
Author(s) elasticities

country, time own-pricea cross-pricea incomea

household survey

Panel data
Aubin et al. (1995) -0.79 (P) -0.18 (O) -

France, Winter 91/92 -0.28 (O) -0.93 (P) -
Branch (1993) -0.20 - 0.23

US, 1985
Green (1987) -0.25 to -0.56 - 0.05 to 0.15

US, 1974-79
Poyer and Williams (1993) -0.42 to -0.81 - -

US, 1980, 82, and 87 -0.65 to -0.83b - 0.10 to 0.27b

Pooled cross sections data
Baker et al. (1989) -0.54 to 0.80 0.09 to 0.29 (N) -0.17 to 0.26

UK, 1972-83
Bernard et al. (1996) -0.65 to -5.88 0.08 to 0.10 0.11 to 0.14

Canada, 1986-89 -0.05 to -1.29b 0.06 to 0.9b 0.08 to 0.9b

Booij et al. (1992) -0.08 to -0.17 (S) - 0.18 (S)
NL, 1981-87 -0.08 to -0.13 (T) - 0.11 (T)

Cross section data
Dubin and -0.20 to -0.31 -0.01 to -0.04 (N) 0.01 to 0.03
McFadden (1984) -0.004 to 0.08 -0.03 to -0.1 (N) 0.02 to 0.08

US, 1975 -0.22 to -0.26b 0.35 to 0.40 (N)b 0.02 to 0.06b

SCP (1993) -0.10 to -0.22 -0.07 to 0.24 (N) 0.2 to 0.25
NL, 1989 - -0.02 to 0.00 (W) -

Train and Mehrez (1994)c -0.15 (P) - -
US, 1985-86 -0.25 (O) - -

aThe cross-price variables are given in parentheses: E=electricity rate,
N=natural gas, P=peak-hour rate, O=o¤-peak-hour rate, S=single electricity
rate, T=two-part electricity rate, and W=water rate.

bLong-run elasticities.
cexperimental data used.



Household energy and water use 73

Table 4.2: Review of elasticities on the household demand for electricity contin-
ued

Author(s) elasticities
country, time own-pricea cross-pricea incomea

Aggregate municipal data

Panel data
Filippini (1995) -0.60 (P) 0.91 (O)

Swiss, 1987-90 -0.79 (O) 0.40 (P)
-0.71 (P)b 2.16 (O)b

-1.92 (O)b 0.65 (P)b

Hsing (1994) -0.24 0.40
US, 1981-90 -0.54b 0.33 (N)b 0.90b

Maddala et al. (1997) -0.92 to 0.78 -0.83 to 1.33
US, 1970-90 -10.4 to 0.24b -7.77 to 33.0b

Time series data
Dumagan and Mount (1993) -0.07 0.02 (N) 0.72

US, 1960-87
Ryan et al. (1996) -0.23 0.14 (N)

Canada, 1962-89

Aggregate data
Pouris (1987) -0.90b

South Africa, 1950-83
aThe cross-price variables are given in parentheses: E=electricity rate,
N=natural gas, P=peak-hour rate, O=o¤-peak-hour rate,
S=single electricity rate, T=two-part electricity rate,and W=water rate.

bLong-run elasticities.

Table 4.2 shows that residential electricity demand is rather price inelastic

as well. Most studies report negative own-price elasticities with absolute values

smaller than one. In the studies that consider short-run as well as long-run price

elasticities, the absolute values of long-run elasticities are higher than the ab-

solutes value of short-run elasticities. The exception is the study of Bernard et

al. (1996); they report the opposite. Aubin et al. (1995), Filippini (1995), and

Train and Mehrez (1994) present di¤erent price elasticities for di¤erent time-

of-use electricity rates. According to Filippini and Train and Mehrez o¤-peak

demand is more elastic than peak demand, while the results of Aubin et al.

indicate the opposite. The results on cross-price elasticities are contradictory.

The results of Aubin et al. imply that di¤erent time-of-use electricity demands
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are substitutes, while Filippini’s results indicate that these demands are com-

plements. Note however that Aubin et al. use micro-level data, while Filippini

uses aggregated regional data. In the latter case the aggregation suggests that

variables are omitted.

In the studies using aggregate regional data, the natural gas cross-price

elasticities are positive. In micro-level studies, only Dubin and McFadden (1984)

and SCP (1993) present very small negative cross-price elasticities. In the other

micro-level studies the short-run cross-price elasticities are less than 0.29, while

the long-run elasticities are less than 0.40. According to the SCP (1993), the

cross-price elasticity with tap water is negative, but rather low. The income

elasticities are mainly positive and rather small. This indicates that electricity

is a necessary good.

The water demand is inelastic too. In all studies, except Hewitt and Hane-

mann (1995), the absolute own-price elasticities reported are much smaller than

one. Hewitt and Hanemann report a large value, approximately -1.6, which

means an elastic water demand. However, their result might su¤er from sea-

sonal bias, because they concentrate on the water consumption in the summer

months.

Demand system for energy and water using micro-level data

According to Dubin and McFadden (1984), the use of disaggregate data is

bene…cial, because it avoids the e¤ects of misspeci…cation due to aggregation

bias or due to approximation in rate data. In this Chapter, we derive and esti-

mate a model of the residential demands for natural gas, electricity and water

using data from the Netherlands Consumer Expenditure Surveys 1978 ¡ 1994

(DBO is the Dutch acronym). Booij et al. (1992) and SCP (1993) previously

used data from parts of these surveys, while Baker et al. (1989) used similar ex-

penditure survey data for the UK.10 All studies present estimates for price and

income elasticities of the demand for natural gas and electricity, while the SCP

study also presented elasticities of the demand for water. In the SCP study, the

demand for energy and water are jointly analyzed with the demand for housing.

The demands and their elasticities are derived from an Almost Ideal Demand

10Using a sample of the Familiy Expenditure Surveys 1972 ¡ 1983, Baker et al. (1989)
estimated a two-stage budgeting model of the demands for natural gas and electricity. First,
they derived and estimated the budget shares of the demand for energy from a Gorman
utility function, and then they estimated the Leontief representations of the coe¢cients of the
demand equations.
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Table 4.3: Review of elasticities on the household demand for water
Author(s) elasticities

country, time own-price cross-pricea income
Household survey

Pooled cross sections data
Hewitt and Hanemann (1995) -1.57 to -1.63 - 0.153 to 0.158

US, 1981-85

Cross section data
SCP (1993) -0.09 to -0.19 -0.31 to 0.19 (N) 0.10 to 0.12

NL, 1989 -0.08 to 0.02 (E)

Aggregate regional data

Panel data
Kooreman (1993) -0.10 - -

NL, 1988-89

Pooled cross sections data
Dandy et al. (1997) -0.12 to -0.36 - 0.14 to 0.16

Australia, 1978-92 -0.29 to -0.86b - 0.28 to 0.49b

Time series data
Hansen (1996) -0.03 to -0.10 -0.21 to -0.22 (E) -

Denmark, 1981-90

Cross section data
Nieswiadomy (1992) -0.29 to -0.45 - 0.09 to 0.28

US, 1984
Stevens et al. (1992) -0.10 to -0.69 - 0.14 to 0.28

US, 1988
aThe cross-price variables are given in parentheses: E=electricity rate,
N=natural gas,and W=water rate.

bLong-run elasticities
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System utility model. Booij et al. estimate reduced form demand equations.11

If the electricity pricing options are ignored in the estimation of the demand

equation, the results are likely to be inconsistent. In both studies, SCP and

Booij et al., the electricity pricing options are not explicitly modeled in the

system of demand equations. In our analysis, we jointly model the demand

for electricity and the electricity pricing decision. The resulting model is a

switching regression model, as suggested by Train and Mehrez (1994). We

extend their model in two ways. Firstly, we explicitly model and estimate an

electricity pricing decision equation, and secondly, in the case of two-part tari¤

we distinguish two separate demand equations, peak and o¤-peak demand. Our

data set contains information on the household’s choice concerning the electricity

pricing options, and data on the expenditures and consumption on electricity

given the pricing option chosen. The demand equations are analyzed conditional

on the durable stock (cf. Baker et al., 1989 ), so that the demand for energy

and water and the demand for energy-using consumer durables can be estimated

separately. Note that contrary to Train and Mehrez we use non-experimental

data.

4.3 Reduced form demand equations

4.3.1 The model

As mentioned in the previous section we should analyze the demand for energy

and water in the household production framework. Although it is a theoreti-

cally valuable model, the empirical applicability is limited because commodity

consumption and prices are often – as in our case – not measured, see Chap-

ter 1. Therefore, we substitute energy and water consumption directly in the

utility function. As a consequence, we cannot disentangle changes in tastes or

technology; see Kooreman and Kapteyn (1987) . The utility function represents

individual consumer or household preferences. We assume that it depends on

the consumption for natural gas (qN), electricity (qE), water (qW ) and other

goods (c). Suppose the utility function is

U = U(qN ; qE; qW ; c) (4.1)

11Booij et al. (1992) estimated two electricity demands; a single rate demand and a two-part
rate demand. They implicitely assumed that consumers do not note any other than …nancial
di¤erences between peak and o¤-peak consumption.
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Households maximize their utility subject to their budget restriction:

pNqN + pEqE + pW qW + c = y ¡ F0;

where and pN , pE, and pW are the marginal prices of natural gas, electricity and

water respectively, y is income, and F0 is the …xed fee. The price of other goods

is unity. Then, the demand equation for good i is a function of prices, income

and a vector of utility parameters, µ:

qj = fj(p
N ; pE; pW ; y ¡ F0; µ); (4.2)

where j = N , E and W .

In the case of electricity the consumer has two pricing options; he pays a

proportional rate independent of the time of consumption (single rate) or he pays

two di¤erent electricity rates depending on the time of consumption (the two-

part rate).12 In particular, at peak-hours the marginal electricity price is high

and at o¤-peak-hours it is low. The …xed fee for the two-part rate option, F1,

is substantially higher the …xed fee for the single rate option, F0, i.e. F1 > F0.

Following the work of Train and Mehrez (1994), we distinguish two separate

demand equations for consumers with the two-part electricity rate: an o¤-peak

demand (qI) and a peak demand (qII). Both types of electricity are treated as

two di¤erent goods. In fact, we allow for di¤erences in the marginal utility of

electricity consumption at o¤-peak-hours and at peak-hours. Most consumers,

for instance, have higher preferences for electricity consumption at daily hours

than for electricity consumption at night hours.

In the case of the two-part tari¤, both demands correspond to di¤erent

marginal prices: o¤-peak-hour rate (pI) and the peak-hour rate (pII). By de…-

nition, pI < pII . Considering two electricity demands, we can rewrite the utility

function,

U = U(qN ; qI ; qII ; qW ; c) (4.3)

Then, the budget restriction is pNqN +pIqI +pIIqII +pW qW + c = y ¡F1; The

peak and o¤-peak demand equations for electricity are:

qI = fI(p
N ; pI ; pII ; pW ; y ¡ F1 : µ) (4.4)

qII = fII(p
N ; pI ; pII ; pW ; y ¡ F1 : µ) (4.5)

12This electricity pricing scheme is the current pricing scheme for electricity in the
Netherlands.
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In the case of the single rate option, the consumer considers the utility function

in (4.1) and the demand function in (4.2).

The electricity pricing decision, however, is determined by comparing the

utilities of both pricing options. We therefore determine the indirect utility

functions for both these options.13 Let D be a dichotomous variable which

is one if the consume chooses the two-part electricity rate and zero otherwise.

Substituting (4.4) and (4.5) into (4.3) we obtain the indirect utility function

conditional on choosing the two-part rate, V1,

V1 = ª1(p
N ; pI ; pII ; pW ; y ¡ F1 : µ): (4.6)

The indirect utility function conditional on the single rate, V0, is obtained by

substituting (4.2) into (4.1),

V0 = ª0(p
N ; pE; pW ; y ¡ F0 : µ): (4.7)

To compare both pricing options we de…ne a di¤erence function, D¤:

D¤ = V1 ¡ V0: (4.8)

Now, a household chooses the two-part rate option, if D¤ > 0, and the single

rate option otherwise. Thus,

D =

½
1; if D¤ ¸ 0
0; otherwise.

(4.9)

4.3.2 Econometric speci…cation

Following Booij et al. (1992), we use linear approximations for the demand

equations in (4.2), (4.4) and (4.5):

qj = ¯jx
j + ²j ; (4.10)

where xj is a vector of exogenous variables including prices, income and other

determinants, such as demographics and dwelling type, and ¯j is a vector of

parameters. The error term ²j has zero expectation and variance ¾2
j . For

natural gas and water, the demand equation in (4.10) can be estimated with

Ordinary Least Squares.

13The indirect utility functions are obtained by substituting the demand functions in the
utility funtions. The indirect utility functions re‡ect the given maximum levels of utility as a
funtion of prices and income.
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As mentioned above, the consumer considers two pricing options for their

electricity consumption. Firstly, we consider the case that the consumer chooses

the single rate. Then D = 0, and the demand equation is similar to the demand

equation in (4.10):

qE = ¯ExE + ²E ; (4.11)

where xE includes the single electricity rate, income and other determinants,

and E(²E) = 0 with V ar(²E) = ¾2
j . However, this demand is only observed if

the consumer chooses the single rate. This means that the distribution of ²E is

conditional on the tari¤ decision, E[²EjD = 0], which is not equal to zero. As a

consequence Least Squares estimates will be biased.

Secondly, if the consumer chooses the two-part tari¤, two demands for elec-

tricity can be distinguished: an o¤-peak and a peak demand, denoted by qI

and qII respectively. The consumer considers di¤erent marginal prices for both

demands. The two demand equations are:

qI = ¯Ix
I + ²I , and (4.12)

qII = ¯IIx
II + ²II , (4.13)

where xI and xII include prices, income and other determinants.

The consumer chooses the electricity pricing options with the highest

revenues in terms of utility. If the di¤erence in indirect utility is positive,

D¤ > 0, the consumer chooses the two-part rate, otherwise he chooses the

single rate. Because we assume that the demand equations are linear in the

parameters, the indirect utility functions in (4.6) and (4.7) will be non-linear in

the parameters. In this study, however, we use approximations of the indirect

utility functions which are linear in the parameters:

VD = ZD± + uD; (4.14)

where ZD includes electricity price, income, and other determinants, and D =

0; 1. Then, the di¤erence in utility is

D¤ = V1 ¡ V0 = Z1±1 ¡ Z0±0 + u1 ¡ u0: (4.15)

We de…ne u as the di¤erence of u1 and u0, and it has zero expectation and

variance ¾2
u. A household chooses two-part electricity rate (D = 1) if the dif-

ference in (4.15) is positive. We now have

D = 1 , u = u1 ¡ u0 > ¡(Z1±1 ¡ Z0±0) (4.16)
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Table 4.4: Summary statistics of DBO survey 1978 ¡ 1994
Variable names Mean Standard

deviation
Marginal prices and income
Two-part rate (1 if present; 0 otherwise) 0.32 0.47
Natural gas price in cents per m3 53.9 10.4
Single rate in cents per kWh 23.9 5.7
Peak-hour rate in cents per kWh 24.8 5.3
O¤-peak-hour rate in cents per kWh 16.5 5.5
Water price in cents per m3 135.4 48.6
Income in guilders 52,618 21,901

Consumption
Natural gas in m3 2530 1356
Electricity in kWh (single rate) 2650 1226
Electricity in kWh (peak-hour rate) 2132 1379
Electricity in kWh (o¤-peak-hour rate) 1738 1226
Water in m3 130.1 70.6

Household characteristics
Family size 3.06 1.36
Presence of children younger than 6 0.25 0.43
Presence of children 6-11 0.24 0.43
Presence of children 12-17 0.22 0.41
Presence of children 18 and older 0.14 0.34

Head of household
Age 45.3 14.7
Male 0.87 0.33
Employed 0.71 0.45
Retired 0.16 0.36
Unemployment 0.07 0.25

Education level 21 0.23 0.42
Education level 22 0.24 0.43
Education level 31 0.16 0.36
Education level 32 0.05 0.22
Partner is employed 0.26 0.44

Consumer durables
Refrigerator 0.99 0.10
Freezer 0.51 0.50
Washing machine 0.96 0.20
continues on next page
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Table 4.4: Summary statistics of DBO survey continued
Variable names Mean Standard

deviation
Tumble dryer 0.22 0.41
Dishwasher 0.13 0.33

Characteristics of dwelling
Non-detached dwelling 0.15 0.36
Flat or apartment 0.13 0.34
Farm house 0.02 0.15
Other types of dwelling 0.01 0.11
Built before 1944 0.24 0.48
1945-59 0.14 0.35
1960-69 0.20 0.40
1970-79 0.29 0.45
1980-89 0.11 0.31
Home ownership 0.60 0.49

Other dummy variables
Bath 0.44 0.50
Joint space heating system 0.04 0.19
Natural gas is space heating fuel 0.98 0.15
Central heating system (CH) 0.75 0.43
Hot water boiler 0.22 0.41
Hot water geyser 0.48 0.50
Hot water from combined SH/WH system 0.15 0.35
Natural gas is hot water fuel 0.65 0.48
Electricity is hot water fuel 0.10 0.30
Natural gas is cooking fuel 0.75 0.43
Electricity is cooking fuel 0.10 0.30

Insulation
Double glazing 0.33 0.47
Wall insulation 0.47 0.50
Floor insulation 0.46 0.50
Roof insulation 0.39 0.49

Temperature
Winter in ±C 2.97 1.65
Spring in ±C 8.88 0.98
Summer in ±C 16.5 0.94
Autumn in ±C 10.3 0.79
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The error term u is likely to be correlated with the error terms of the de-

mand equations (²j , for j = N;E; I; II;W ). We impose the restriction that

the error terms are normally distributed, which allows us to derive the terms

of the selection bias and to estimate the demand equations coe¢cients with

Heckman’s two-step estimation procedure. In the Heckman procedure, a pro-

bit model for the electricity pricing decision equation is estimated in the …rst

step. With these results, the selection bias terms can be predicted and added

to the demand equations. With Weighted Least Squares, the demand equation

coe¢cients can be estimated consistently.14

4.4 Data

The reduced-form demand equations are estimated with a pooled sample of 17

cross sections of the Netherlands Expenditure Surveys 1978 ¡ 1994 (DBO is

the Dutch acronym) provided by the Statistics Netherlands (CBS is the Dutch

acronym). The DBO consists of two parts: the household survey and the expen-

diture survey. The latter part contains six main expenditure categories: food,

housing, clothing, cleaning including housekeeping and personal care, recre-

ation and holiday, and the rest. The household survey contains characteristics

on household decomposition, income, dwelling and durable stock. We focus on

households, because energy and water consumption are measured at the house-

hold level.

The sample contains 28,210 households.15 Table 4.4 presents summary

statistics. The survey contains data on expenditures, consumption as well as

the …xed fees. With this information, we calculated individual marginal prices

for natural gas, electricity and water. Electricity and water rates di¤er across

regions. These di¤erences are incorporated in the individual marginal prices,

14The conditional covariances of the demand equation error terms are functions of the
selection bias terms. Although Ordinary Least Squares provides consistent estimates,
Weighted Least Squares is the appropriate estimation method, because it provides more
e¢cient estimates.

15 Initially, the DBO 1978-1994 contains 41,053 observations. Households are excluded
from the sample for a number of reasons. First of all, households facing zero marginal
prices for either natural gas, electricity or water are excluded. These household paid either
…xed annual amounts for their consumption or their expenditures were included in the rent.
Secondly, households are excluded if marginal prices could not be calculated, which was the
case for households changing from the single to the two-part electricity tari¤ or vice versa.
Furthermore, if relevant data were missing such as expenditures or consumption data or if
households registered extreme expenditure values for their energy and water expenditures,
these observations were excluded too. For instance, households with an extrodinary energy
or water consumption are excluded from the …nal sample.
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Table 4.5: The di¤erent household types in our sample
h description Nh
1 older single person (household head is 45 years or older) 2,326
2 younger single person (household head is younger than 45) 1,082
3 single parent 1,001
4 older couples without children (household head is 45 years or older) 5,059
5 younger couples without children (household head is younger than 45) 2,756
6 couples with young children (all children younger than 12) 8,461
7 couples with older children (all children 12 years or older) 5,002
8 couples with both older and younger children 2,523
Here, h is the household type index and Nh is the number of observations
per household type in our sample.

and they are assumed to be constant for a given household. Natural gas rates

do not di¤er across households in the Netherlands. As, these rates are adjusted

each six months and we calculate our marginal prices from the annual expenses

and consumption, we actually observe small variations in the marginal natural

gas prices. Additionally, we de…ne a variable re‡ecting the electricity price level.

This price variable is constructed by taking the standard price for single rate

households and the peak-hour rate for two-part rate households. This variable is

included as a proxy for the electricity price in the speci…cations of the electricity

pricing decision, the natural gas demand and the water demand.

From a di¤erent source (CBS, 1995a), we obtained data on outside

temperature.16

Our sample consists of pooled cross sections which implies that households

appear only once. As a consequence, individual e¤ects cannot be included in

the econometric model. We estimate demand equations for di¤erent types of

households. We distinguish eight di¤erent household types, which are mutually

exclusive, based on characteristics, such as age, marital status, and the presence

of children. Table 4.5 presents the household types.

4.5 Estimation results

This section presents the results of the estimation procedures for the demand

equations. In the speci…cations, we used logarithms of consumption, prices and

income, so that the parameters for prices and income can be interpreted as

elasticities. These elasticities are short-run elasticities and we assume that the

16The temperature data are seasonal averages and ignore regional di¤erences.
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durable stock is …xed in the short run. In this section we discuss the results for

the demand for natural gas, including the insulation dummies, the demand for

electricity, including the electricity pricing decision, and the demand for water.

Finally, we discuss elasticities disaggregated by household types.

4.5.1 Natural gas

Table 4.6 shows the estimation results for natural gas. The price and income

elasticities are signi…cant. The own-price elasticity is -0.324, which is somewhat

less than to the result of Booij et al. (1992). The income-elasticity is low, 0.132,

which means that natural gas is a necessary good. The cross-price elasticity

with electricity is negative but insigni…cant. Note that there is still an au-

tonomous annual decline in natural gas consumption. On average, the natural

gas consumption declined with 2.5 percent. This may point at an increasing

environmental awareness (note that insulation variables have been included).

The average seasonal outside temperature a¤ects the natural gas consump-

tion negatively, as expected, since natural gas is mainly used for space heat-

ing.17 The coe¢cient for Winter temperature is -0.033, which implies that if the

average temperature is one degree higher in the Winter, the natural gas con-

sumption declines by 3.2 percent. A similar e¤ect was found for Autumn, while

the decline in Spring would be 1.8 percent. The e¤ect for Summer is not sig-

ni…cant. Unlike water heating and cooking, which are required throughout the

year, space heating is hardly required in the Summer.

The results show that there are scale e¤ects with respect to the number of

persons within the household. The natural gas consumption of a two-persons

household is 17 percent higher than for a single person household. If the house-

hold consists of two persons and a third person is added, the consumption

increases only 9 percent: if the household size increases, the additional natural

gas consumption declines. The presence of young children (younger than 12

years) has no signi…cant e¤ect on the natural gas consumption. The presence of

children aged 12 years or older diminishes the natural gas consumption, perhaps

because households with older children are more likely to be away from home.

Furthermore, on the one hand there are a number of positive e¤ects. For

instance, ‘older’ households consume more natural gas, probably because of

higher temperature settings. Also, if the head of the household is unemployed

17According to our sample, households mainly use natural gas for space heating (98 percent),
cooking (75 percent) and water heating (65 percent). In 1993, more than 75 percent of the
natural gas consumption was used for space heating (EnergieNed, 1994).
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or retired, the household tends to consume more. Obviously the presence of

a bath increases natural gas consumption. Dwelling owners, 60 percent of the

households in the sample, tend to consume more (7 percent). This probably

re‡ects a size e¤ect: owned dwellings are generally larger than rented dwellings.

Households with detached dwellings, which have a larger total wall surface area

exposed to open air than semi-detached dwellings, consume more too (24 per-

cent). On the opposite, households living in ‡ats consume less (28 percent).

The year of construction of the dwelling has also a positive e¤ect on the natural

gas consumption. Households living in dwellings built before 1980 consume sig-

ni…cantly more natural gas. The year of construction re‡ects particular building

characteristics within categories of dwellings which are not included in the other

variables. These characteristics are the size of the dwelling (number of rooms),

composition of rooms and space of rooms. Since the 1970s, there is a tendency

towards more compact dwellings; for instance, rooms are smaller in terms of

space and kitchen and living room are often integrated. Remarkably, house-

holds using natural gas for cooking tend to consume less (2.8 percent), a result

which is not easily explained. On the other hand there are also negative e¤ects

of which insulation is the most important one; see table 4.7.18

Insulation

Natural gas is the most important energy input for space heating. To regulate

their demand for space heating, households equip their dwellings with di¤erent

types of insulations, such as double glazing, wall insulation, ‡oor insulation

and roof insulation. The decision of placing an additional insulation type is

primarily a trade-o¤ between purchasing costs and lower operating or energy

costs in the future. By placing a second type of insulation in the dwelling, there

will be negative scale e¤ects on the reduction of the household’s natural gas

consumption. In other words, the interaction e¤ect of two insulation types will

be positive. In particular, the total e¤ect of two insulation types is less than

the sum of the marginal e¤ects of both insulation types. Therefore, we included

dummies for the presence of particular combinations of insulation types in the

18One explanation for the positive e¤ects of the joint presence of insulation types on the
demand for natural gas might be the endogeneity of the insulation variables. In that case
we shoud either estimate the demand for natural gas and the demand for insulation types si-
multaneously, or we should estimate the demand for natural gas with an Instrumtal Variables
technique. However, due to the lack of identifying variables (which can be used as instru-
ments) in our sample, we were not able to estimate neither demands simultaneously nor to
use instruments for the demand for insulation types.
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Table 4.6: Estimation results of the demand for natural gas and water (absolute
t-values in parentheses)

Variable names Natural gasa Water
Intercept 7.884 (48.57) 2.652 (20.48)
LOG of natural gas price -0.324 (13.03) 0.074 (3.984)
LOG of electricity price level -0.010 (0.457) 0.013 (0.684)
LOG of water price -0.064 (7.481) -0.070 (9.373)
LOG of income 0.132 (14.11) 0.113 (13.72)
Trend -0.025 (19.84) -0.001 (9.862)
Two persons 0.155 (13.58) 0.538 (47.11)
Three persons 0.231 (14.89) 0.793 (52.45)
Four persons 0.238 (13.85) 0.927 (55.47)
Five persons 0.264 (12.51) 1.032 (51.66)
Six persons 0.313 (10.98) 1.131 (43.26)
More than six persons 0.232 (6.183) 1.274 (37.64)
Children younger than 6 0.013 (1.098) -0.018 (1.836)
Children 6-11 -0.013 (1.334) -0.020 (2.387)
Children 12-17 -0.029 (2.730) 0.045 (4.865)
Children 18 and older -0.035 (2.989) 0.043 (4.102)
Age 0.005 (15.91) -0.001 (3.393)
Employed -0.049 (3.516) -0.005 (0.391)
Retired -0.062 (4.156) -0.049 (3.401)
Unemployed -0.055 (3.386) 0.001 (0.090)
Partner works -0.036 (4.764) -0.037 (5.573)
Education level 21 0.001 (0.151) 0.033 (4.453)
Education level 22 -0.026 (2.647) 0.039 (4.677)
Education level 31 -0.011 (1.096) 0.21 (2.312)
Education level 32 0.052 (3.459) 0.044 (3.284)
No washing machine -0.142 (10.59)
Tumble dryer 0.057 (8.595)
Dishwasher 0.067 (8.169)
Non-detached dwelling 0.218 (25.38) 0.060 (7.969)
Flat or apartment -0.245 (23.83) -0.086 (10.36)
Farm house 0.180 (9.212) 0.141 (8.344)
Other type of dwelling 0.014 (0.525) -0.092 (3.822)
Built before 1944 0.195 (16.87)
1945-59 0.131 (10.53)
1960-69 0.125 (10.77)
1970-79 0.165 (15.42)
continues on next page
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Table 4.6: Estimation results of the demand for natural gas and water, continued
Variable names Natural gas Water
Home ownership 0.068 (9.662) 0.013 (2.142)
Bath 0.062 (9.714) 0.066 (11.89)
Joint Space Heating system -1.817 (101.4)
SH with natural gas 0.132 (17.70)
Central Heating system 0.256 (30.61)
Hot water boiler 0.026 (3.898)
Hot water CH 0.047 (5.988)
Cooking with natural gas -0.028 (3.091)
Double glazing -0.054 (3.796)
Wall insulation -0.092 (5.813)
Roof insulation -0.079 (5.252)
Floor insulation -0.118 (7.468)
Winter temperature in ±C -0.033 (12.58) -0.004 (1.722)
Spring temperature in ±C -0.018 (3.595) 0.011 (2.543)
Summer temperature in ±C 0.006 (1.425) -0.022 (5.873)
Autumn temperature in ±C -0.035 (7.053) 0.032 (7.722)
Number of observations 28,210 28,210

Adjusted R2 0.55 0.49
aInsulation variables are included. The results are
shown in table 4.7.

demand equation for natural gas. By including interaction dummies for the

presence of more than one insulation type in the demand equation for natural

gas, we can determine the marginal e¤ects of the di¤erent insulation types.

Table 4.7 shows the total and marginal e¤ects of the presence of insulation

types. The total e¤ects in percentages, given a particular stock of insulation

types, are shown in the …rst column, and these are all signi…cantly negative,

which implies that if there is any kind of insulation is present in a household’s

dwelling, its natural gas consumption is less. For instance, if double glazing is

present, the natural gas consumption decreases with 5.4 percent.19

19 If the dummy variable is equal to one, the change in consumption is (e¯-1)*100% with ¯
the coe¢cient estimated.
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Table 4.7: The total and marginal e¤ects (in percentages) in natural gas con-
sumption given the insulation stock present

Insulation Share total Additional insulation
stock of hh e¤ect double

glazing wall roof ‡oor
no insulation 29.7 - -5.3¤¤ -8.8¤¤ -7.6¤¤ -11.1¤¤

double glazing 5.4 -5.3¤¤ - -5.9¤¤ 0.3 -1.7
wall 4.1 -8.8¤¤ -2.4 - -1.7 -3.2
roof 4.9 -7.6¤¤ 2.6 -3.0# - -2.9
‡oor 4.6 -11.1¤¤ 4.1# -0.9 0.7

double glazing and wall 3.3 -11.2¤¤ - - 1.8 6.8¤

double glazing and roof 2.0 -5.0¤ - -4.4# - -3.5
double glazing and ‡oor 1.9 -7.0¤¤ - 2.5 -1.5 -
wall and roof 6.7 -10.5¤¤ 1.1 - - -0.9
wall and ‡oor 2.8 -12.0¤¤ 7.6¤¤ - 0.6 -
roof and ‡oor 3.3 -10.4¤¤ 1.9 -1.0 - -

double glazing, wall 4.6 -9.4¤¤ - - - 4.7
and roof

double glazing, wall 2.2 -4.4¤ - - -0.3 -
and ‡oor

double glazing, roof 1.6 -8.5¤¤ - 3.8 - -
and ‡oor

wall, roof and ‡oor 11.3 -11.4¤¤ 6.7¤ - - -

all four types 11.7 -4.7¤¤ - - - -
¤¤ signi…cant at 1 percent level, ¤ signi…cant at 5 percent level, and
# signi…cant at 10 percent level.

The total e¤ect of the presence of two insulation types is less than the sum of

the marginal e¤ects. For instance, the natural gas consumption decreases with

11.2 percent if double glazing and wall insulation are present, while the marginal

reductions are 5.4 percent and 8.8 percent respectively. Column 3 to 6 of table

4.7 presents the marginal e¤ects of adding an insulation type to the initial

insulation stock. Adding a new type to the initial stock is not always pro…table.

For instance, the e¤ects of adding double glazing to a particular insulation

stock (with at least one type of insulation) are signi…cantly positive in most

cases, as the third column of table 4.7 shows. This implies that the natural gas

consumption increases, despite the negative marginal e¤ect of double glazing. In
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particular, the positive interaction e¤ect of double glazing given the insulation

stock present is larger than the absolute value of the negative marginal e¤ect of

double glazing. Note that due to an extra insulation type, the marginal costs

of space heating decline, so that the demand for space heating increases.

An explanation for the relatively high positive interaction coe¢cients might

be due to misspeci…cation of the model. Large dwellings, for instance, require

a lot of space heating and consequently they require a lot of energy. Large

dwellings are therefore more likely to have several types of insulation; the

presence of insulation types and the characteristics of the dwelling (such as

volume of the dwelling) are positively correlated. Thus, if the dwelling char-

acteristics are not properly included in the model, the (interaction) e¤ects of

the insulation types are likely to be biased. In our analyses we were not able

to include the size of the dwelling. Another possible explanation for the rela-

tively high positive interaction coe¢cients is that households may become more

negligent towards their demand for space heating by the presence of an extra

insulation type.

4.5.2 Electricity

The estimation procedure consists of two stages. In the …rst stage a probit

model is estimated, and in the second stage the conditional electricity demand

equations including the correction terms are estimated with OLS.

The …rst column of table 4.8 shows the results for the decision equation in

which the parameters represent the e¤ect a variable has on the probability to

choose the two-part electricity rate. The electricity price level and income show

signi…cantly positive estimates, which implies that higher prices and income

induce a higher probability of choosing the two-part tari¤. The probability is

positively a¤ected by the number of persons in the household. Furthermore, the

probability is larger if households are older, or if the partner of the head of the

household is employed. If the household head is either unemployed or retired,

households are less likely to choose the two-part rate.

Obviously, there are some dwelling characteristics which a¤ect the

probability. Households with detached dwellings and farms are more likely to

choose the two-part tari¤. Only households with dwellings built in the 1970s

have a lower probability of choosing the two-part tari¤. A similar result was

expected for household with older dwellings. In older dwellings a double meter,

necessary for two-part tari¤, is often not present. Then, the transaction costs
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Table 4.8: Estimation results of the tari¤ choice and the demand for single rate
electricity, peak demand electricity and o¤-peak demand electricity (absolute t-
values in parentheses)

Va r ia b l e n a m e s C h o ic e fo r E le c t r ic i ty

tw o -p a r t r a t e S in g l e ra t e O ¤ -p e a k -h o u r P e a k -h o u r

In t e r c e p t -6 .5 0 9 ( 2 0 .8 1 ) 6 .3 1 4 (2 0 .3 5 ) 3 .6 4 5 (7 .5 5 0 ) 6 .8 4 7 (1 7 .3 1 )

L O G o f n a t u ra l g a s p r i c e -0 .0 3 9 (2 .0 3 6 ) -0 .5 2 6 (7 .9 3 6 ) 0 .1 2 7 (2 .8 3 9 )

L O G o f s in g le e le c t r i c i ty r a t e 1 .1 2 3 ( 2 1 .6 8 ) -0 .0 4 8 (1 .0 9 0 )

L O G o f p e a k -h o u r ra t e 0 .8 2 8 (7 .4 0 2 ) - 0 .1 7 3 (2 .0 8 5 )

L O G o f o ¤ -p e a k -h o u r ra t e -0 .2 9 6 (4 .7 8 0 ) - 0 .0 2 5 (0 .6 0 5 )

L O G o f w a t e r p r i c e -0 .0 4 6 (5 .9 7 3 ) 0 .1 5 7 (7 .1 9 8 ) - 0 .1 6 4 (9 .0 4 7 )

L O G o f in c o m e 0 .1 5 3 ( 6 .1 7 0 ) 0 .1 2 4 (1 1 .1 3 ) 0 .2 1 3 (8 .9 4 4 ) 0 .1 3 4 (6 .4 5 6 )

T w o p e r so n s 0 .0 5 9 ( 1 .6 7 0 ) 0 .2 8 4 (2 2 .9 0 ) 0 .2 1 3 (6 .8 0 6 ) 0 .2 8 1 (1 0 .7 5 )

T h r e e p e r s o n s 0 .1 8 0 ( 4 .0 0 2 ) 0 .4 2 0 (2 5 .3 6 ) 0 .3 3 7 (8 .1 5 4 ) 0 .4 8 2 (1 4 .3 2 )

Fo u r p e r so n s 0 .1 8 0 ( 3 .6 5 2 ) 0 .4 8 8 (2 7 .5 3 ) 0 .3 8 0 (8 .7 8 4 ) 0 .5 6 2 (1 5 .6 2 )

F iv e p e r s o n s 0 .2 5 4 ( 4 .2 3 5 ) 0 .5 4 5 (2 5 .1 9 ) 0 .4 1 3 (7 .8 1 7 ) 0 .6 7 1 (1 5 .4 2 )

S ix p e r so n s 0 .3 2 5 ( 4 .0 4 7 ) 0 .5 9 1 (2 0 .5 8 ) 0 .3 9 3 (5 .7 1 4 ) 0 .6 9 2 (1 2 .0 7 )

M o re t h a n s ix p e r s o n s 0 .5 4 3 ( 5 .2 1 4 ) 0 .6 6 9 (1 7 .0 0 ) 0 .6 3 5 (6 .7 3 0 ) 0 .9 2 2 (1 2 .8 6 )

A g e 0 .0 0 5 ( 4 .8 9 6 ) 0 .0 0 1 (3 .3 9 4 ) 0 .0 0 4 (4 .0 2 0 ) 0 .0 0 3 (4 .4 4 9 )

D u m m y va r ia b le s

C h ild r e n yo u n g e r t h a n 6 p re se n t 0 .0 0 3 ( 0 .0 8 9 ) -0 .0 0 2 (0 .2 0 3 ) 0 .0 5 6 (2 .2 2 0 ) - 0 .0 4 4 (2 .2 2 9 )

C h ild r e n b e tw e e n 6 -1 1 p re s e n t -0 .0 5 4 ( 1 .9 9 5 ) -0 .0 0 2 (0 .3 0 6 ) -0 .0 0 1 (0 .0 5 4 ) - 0 .0 4 9 (2 .8 5 8 )

C h ild r e n b e tw e e n 1 2 - 1 7 p re se n t -0 .0 5 8 ( 1 .9 5 0 ) 0 .0 2 5 (2 .6 8 7 ) 0 .0 2 3 (1 .1 0 3 ) - 0 .0 1 4 (0 .7 7 2 )

C h ild r e n o ld e r t h a n 1 8 p r e s e n t -0 .0 8 4 ( 2 .5 4 6 ) 0 .0 2 2 (2 .0 0 3 ) 0 .0 1 6 (0 .5 9 7 ) - 0 .0 3 5 (1 .5 4 9 )

E m p loyed -0 .0 2 3 ( 0 .5 6 5 ) -0 .0 0 2 (0 .1 7 1 ) 0 .0 0 6 (0 .1 8 9 ) 0 .0 0 3 (0 .1 0 5 )

R e t i r e d -0 .1 1 6 ( 2 .6 4 6 ) -0 .0 6 4 (4 .0 9 1 ) -0 .0 4 5 (1 .2 0 9 ) - 0 .0 6 9 (2 .2 6 8 )

U n em p loyed - 0 .1 6 7 ( 3 .4 5 8 ) 0 .0 0 2 (0 .0 9 0 ) -0 .0 6 7 (1 .5 6 4 ) - 0 .0 1 4 (0 .4 2 1 )

P a r tn e r w o r k s 0 .0 1 1 ( 0 .5 2 1 ) -0 .0 2 2 (3 .1 4 5 ) -0 .0 3 0 (1 .7 3 7 ) - 0 .0 3 4 (2 .4 6 2 )

E d u c a t io n le v e l 2 1 0 .0 0 1 (0 .1 8 7 ) -0 .0 2 2 (1 .1 3 3 ) - 0 .0 0 8 (0 .5 4 8 )

E d u c a t io n le v e l 2 2 -0 .0 3 2 (3 .6 3 9 ) -0 .0 3 4 (1 .5 1 9 ) - 0 .0 3 5 (1 .9 8 6 )

E d u c a t io n le v e l 3 1 -0 .0 5 1 (5 .5 3 7 ) -0 .0 6 4 (2 .8 2 2 ) - 0 .0 4 4 (2 .4 8 0 )

E d u c a t io n le v e l 3 2 -0 .0 4 9 (3 .1 1 2 ) 0 .0 1 4 (0 .4 7 0 ) - 0 .0 2 1 (0 .8 4 3 )

Fre e z e r p re s e n t 0 .0 8 7 ( 4 .9 8 1 ) 0 .1 9 1 (3 0 .1 4 ) 0 .1 2 7 (8 .4 3 6 ) 0 .1 9 5 (1 6 .3 4 )

N o w a sh in g m a ch in e p re s e n t -0 .1 9 8 (1 0 .3 9 ) - 0 .7 6 (1 .7 0 4 ) - 0 .1 3 2 (3 .8 6 4 )

Tu m b le d ry e r p r e s e n t 0 .1 8 0 ( 8 .5 8 8 ) 0 .1 6 9 (1 7 .6 8 ) 0 .1 9 8 (9 .6 8 1 ) 0 .1 7 4 (1 0 .1 8 )

D i shw a sh e r p r e s e n t 0 .2 6 1 ( 1 0 .1 8 ) 0 .1 9 1 (1 4 .6 7 ) 0 .2 3 2 (8 .5 5 2 ) 0 .2 2 4 (1 0 .6 5 )

N o n -d e t a ch ed 0 .0 0 9 ( 0 .3 7 5 ) 0 .0 4 9 (5 .6 8 7 ) 0 .0 2 9 (1 .5 8 2 ) 0 .1 5 2 (1 0 .1 3 )

F la t a p a r tm e nt 0 .0 5 4 ( 1 .9 8 6 ) -0 .0 6 1 (6 .1 7 0 ) -0 .0 7 7 (2 .9 9 0 ) - 0 .1 2 4 (6 .0 4 0 )

Fa rm h o u s e 0 .7 4 8 ( 1 3 .4 4 ) 0 .0 8 5 (1 .9 6 0 ) 0 .2 5 3 (3 .0 5 8 ) 0 .3 2 1 (4 .7 9 7 )

O th e r ty p e o f d w e l l in g 0 .2 0 0 ( 2 .6 8 6 ) 0 .1 7 4 (4 .2 7 5 ) 0 .0 5 9 (0 .8 3 4 ) 0 .2 8 0 (4 .2 1 5 )

B e fo r e 1 9 4 4 -0 .0 0 2 ( 0 .0 5 1 )

1 9 4 5 - 5 9 0 .0 3 6 ( 1 .0 7 4 )

1 9 6 0 - 6 9 0 .0 8 5 ( 2 .7 3 3 )

1 9 7 0 - 7 9 -0 .1 0 5 ( 3 .6 2 7 )

continues on next page
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Table 4.8: Estimation results of the tari¤ choice and the demand for single rate
electricity, peak demand electricity and o¤-peak demand electricity continued

Va r ia b l e n a m e s C h o ic e f o r E le c t r i c i ty

tw o -p a r t ra t e S in g l e r a t e O ¤ -p e a k -h o u r P e a k -h o u r

H o m e ow n e r s h ip 0 .0 0 9 (0 .4 5 3 ) 0 .0 1 6 ( 2 .6 1 6 ) 0 .0 0 1 ( 0 .0 8 8 ) 0 .0 2 7 ( 2 .1 6 1 )

C en t r a l h e a t in g s y s t em 0 .2 0 5 ( 2 7 .4 2 ) 0 .0 6 4 ( 3 .2 0 4 ) 0 .0 8 7 ( 5 .5 0 6 )

H o t w a te r b o i l e r 0 .7 0 5 (3 5 .4 4 ) 0 .0 3 2 ( 1 .3 2 0 ) 0 .2 4 2 ( 4 .3 7 7 ) 0 .2 1 6 ( 5 .0 8 9 )

C o m b in e d W H / S H -0 .0 3 2 ( 4 .7 1 5 ) - 0 .0 0 8 ( 0 .4 0 8 ) - 0 .0 4 9 ( 2 .9 8 5 )

E le c t r i c w a t e r h e a t in g 0 .1 0 2 ( 4 .7 1 3 ) 0 .6 0 2 ( 2 5 .5 5 ) 0 .0 9 5 ( 5 .1 6 6 )

C o o k in g w i th e l e c t r ic it y 0 .4 2 3 (5 .5 8 ) 0 .1 7 3 ( 9 .5 3 6 ) 0 .2 1 3 ( 5 .5 2 4 ) 0 .2 4 8 ( 7 .7 9 7 )

W in te r t em p e ra tu r e - 0 .0 0 4 ( 1 .8 2 6 ) - 0 .0 2 4 ( 3 .8 0 5 ) 0 .0 1 9 ( 3 .8 4 2 )

S p r in g t em p e ra tu r e - 0 .0 0 0 1 ( 0 .0 1 4 ) - 0 .0 0 5 ( 0 .4 1 5 ) - 0 .0 3 1 ( 3 .5 5 8 )

S u m m e r t e m p e r a tu re 0 .0 0 1 ( 0 .3 3 5 ) 0 .0 6 2 ( 6 .7 1 6 ) - . 0 0 6 ( 0 .8 2 7 )

A u tu m n te m p e r a tu re - 0 .0 0 5 ( 1 .0 9 0 ) -0 .5 5 ( 5 .4 2 3 ) - 0 .0 1 6 ( 1 .8 9 5 )

Tren d 0 .0 2 5 (9 .9 2 4 ) - 0 .0 0 1 ( 0 .9 4 8 ) - 0 .0 0 5 ( 1 .3 7 4 ) - 0 .0 1 2 ( 4 .5 1 1 )

C o r r e c t io n t e rm 0 .0 1 2 ( 0 .2 4 1 ) 0 .5 0 7 ( 3 .9 2 3 ) 0 .4 2 8 ( 4 .2 0 2 )

L ik e l ih o o d -1 5 ,7 7 7

L R t e s t Â2
2 8 3 ,7 8 6 .7

A d ju s t e d R
2

0 .5 5 0 .4 1 0 .2 4 0 .3 5

N u m b e r o f o b s e rva t io n s 2 8 ,2 1 0 1 9 ,2 0 1 9 ,0 0 9 9 ,0 0 9

when changing to two-part tari¤ are higher, because a double meter has to be

installed as well. These double meters are present in recently built dwellings

which is the reference group in the sample. But the results show that house-

holds with older dwellings have similar probabilities of choosing two-part rate

than households with new houses. Finally, the presence of durable appliances,

such as a boiler, freezer, dishwasher and tumble dryer increases the two-part rate

probability. Also, the signi…cantly positive coe¢cient of the trend indicates that

annually the probability of choosing the two-part rate increases.

Single tari¤

The sample of single rate households is approximately two-third of the whole

sample. The own-price elasticity of single demand is -0.05 and insigni…cant,

while the income elasticity is 0.12. The cross-price elasticity with natural gas is

negative, -0.04. Furthermore, it is surprising that all four temperature param-

eters are insigni…cant. Thus, temperature does not a¤ect electricity consump-

tion in case of single tari¤ which does not correspond to …ndings in the liter-

ature. For instance, Henley and Peirson (1997) found a nonlinear relationship

between temperature and electricity consumption. In the Netherlands, however,
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electricity is rarely used for space heating or for air conditioning.

The family size results indicate that there are scale e¤ects. Although elec-

tricity consumption increases with family size, the marginal e¤ect of the family

size on electricity consumption declines if the family size increases. On average,

the marginal e¤ect of the second person is an increase of 33 percent, while the

marginal e¤ect of a third person is only an increase of 14 percent. Note that

this is 14 percent with respect to the electricity consumption of the two-person

household. The presence of young children has no particular e¤ect, while the

presence of children aged 12 and older increase the electricity consumption. The

single person households consume less than more person households. The ‘older’

the household, the more it consumes, but the e¤ect is small.

Households with detached dwellings consume more electricity, while house-

holds living in a ‡at consume less than the reference group. Trivially, the

presence of freezer (21 percent), tumble dryer (18 percent) and dishwasher (21

percent) have signi…cantly positive e¤ects. If the cooking fuel is electricity, the

electricity consumption is higher (19 percent), while the presence of a boiler has

no e¤ect. Note however that 14 percent of the households choosing the stan-

dard tari¤ have a boiler for hot water, while over 38 percent of the households

choosing the two-part tari¤ do have a hot water boiler.

The correction term coe¢cient is positive but insigni…cant. This implies

that the hypothesis of a zero covariance between the disturbances of the single

demand equation and the decision equation cannot be rejected.

Two-part tari¤

Households choosing the two-part electricity rate face a peak and an o¤-peak

demand for electricity with di¤erent marginal prices. Both these demands are

rather price elastic compared to the demand for single rate electricity. For the

peak demand equation the own-price elasticity is -0.173, while the cross-price

elasticity with the o¤-peak-hour rate is insigni…cant. For the o¤-peak demand,

the own-price elasticity is -0.296, while the cross-price elasticity of the peak-hour

rate is signi…cantly positive: 0.828. The results imply that if electricity prices

increase, households reallocate their electricity consumption from peak-hours to

o¤-peak-hours. For instance, suppose that both electricity rates are increased

with 10 percent. Then, the o¤-peak demand will increase with 5.3 percent,

while the peak demand will decrease with 1.7 percent. In case of the o¤-peak

demand, the own-price elasticity is outweighed by the peak-hour rate cross-price
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elasticity. For the mean values of peak and o¤-peak electricity consumption in

the DBO sample, this implies that the electricity consumption of households

with the two-part rate would even increase. This is a rather implausible result,

which suggests possible misspeci…cation of the econometric model.

These estimates are also substantially higher than the estimates reported by

Booij et al. (1992) which estimated an aggregated demand for two-part elec-

tricity rate households (approximately -0.15). The sign of the cross-price e¤ects

of TOU rates on the other demands is theoretically undetermined. On the one

hand, Filippini (1995) reported positive cross-price elasticities for Switzerland.

According to his results, a 10 percent increase in both rates implies a 3 per-

cent increase in the peak demand increases and a 3.9 percent decline in the

o¤-peak demand; see table 4.2. These results are opposite to our …ndings. On

the other hand, Aubin et al. (1995) reported negative cross-price elasticities,

which means that in the case of price increases, the decline of both electricity

demands is strengthened by cross-price e¤ects.20

The o¤-peak electricity demand is more income elastic than the peak de-

mand. The income elasticities are 0.134 and 0.213 for peak and o¤-peak de-

mand respectively. The income e¤ect of total electricity consumption is just the

weighted average of both elasticities values. The weights are the levels of the

separate electricity consumptions. Remarkably, the cross-price e¤ect of natural

gas on the o¤-peak electricity demand is signi…cantly negative, -0.562, while the

similar e¤ect on the peak demand is positive, 0.127. Electricity consumption

at peak-hours and natural gas consumption are substitutes, while the opposite

holds for electricity demand at o¤-peak-hours and natural gas. SCP (1993) re-

ported a negative cross-price e¤ect of natural gas on electricity consumption.

The cross-price elasticity of tap water is opposite for peak and o¤-peak demand

but the e¤ect on the total electricity consumption is negligible. The peak de-

mand annually declines with 1.2 percent on average. However, the o¤-peak

demand does not exhibit such a trend.

4.5.3 Water

Table 4.6 shows the estimation results of the water demand equation. The price

elasticity is signi…cantly negative, but the absolute value is low. In particular,

20Aubin et al. (1995) analyzed a more elaborated version of TOU pricing by experiment.
First of all, households participating in the experiment did not have any other option for
electricity pricing. Secondly, the TOU pricing consists of six di¤erent rates. There were
distinguished three di¤erent days and two di¤erent periods during the day. Finally, an income
e¤ect was not included in the analysis.
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a 10 percent increase in the water price induces a 0.7 percent decrease in the

water consumption.21 This estimate is somewhat smaller than the result of

Kooreman (1993), who found a price elasticity of -0.10, and SCP (1993) that

reported elasticities in a range from -0.09 to -0.19 depending on the number

of household members. SCP also estimated the income elasticity, which was

similar to results we report here: 0.11.

Besides economic aspects, average seasonal temperature play a role in water

consumption. The results show that higher average temperatures in Spring and

Fall increase the water consumption. The temperature level in Winter does not

a¤ect the water consumption, while in Summer the water consumption decreases

with higher average temperature. This is surprising, because a positive e¤ect

seems plausible: the higher average temperature, the higher water consumption.

Probably, this e¤ect includes a vacation e¤ect, as most households are on holiday

in the Summer. With respect to family size, the water consumption shows scale

e¤ects.

The latter group of determinants relates to dwellings. The type of dwelling

is partially related to the presence of a garden. A ‡at usually has no garden.

The results therefore are not surprising. Tenants of a ‡at or households living

above a store consume less, while households living in a detached dwelling or

farmers consume more. The ownership of a dwelling has an increasing e¤ect

on the water consumption. Furthermore, the water consumption is increased

by presence of a bath, dishwasher and tumble dryer. The absence of a washing

machine, which is the case for 4 percent of the households in the sample, has a

negative e¤ect on the water consumption.

4.5.4 Di¤erent household types

The responses of households in terms of energy and water consumption with

respect to price and income changes may di¤er widely. For instance, in their

study for the UK, Baker et al. (1989) presented elasticities for natural gas and

electricity disaggregated by household types. They report own-price elasticities

for natural gas demand ranging from -0.444 to -0.117 and electricity demand

ranging from -0.797 to -0.540. The income elasticities range from 0.012 to

0.211 for natural gas and -0.172 to 0.263 for electricity. From their results we

21Although the absolute value of the water price elasticity is low, 0.07, a price change may
have substantial changes in physical terms. At an average water price of 135 cents per m3

and at an average water consumption of 130 m3, a 10 percent price increase (i.e. 13.5 cents)
implies a reduction of 0.91 m3, which is 910 liters.
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can conclude that high income households have negative income elasticities;

electricity is an inferior good. Own-price and income elasticities decline with

household income. Older households hardly respond to income changes, while

households with children have relative high responses to income changes and

price changes. Table 4.9 presents price and income elasticities for eight di¤erent

household types in the Netherlands.

The own-price elasticity of natural gas is signi…cant within the range of

-0.185 and -0.435. Particularly, the results suggest that the demand of relatively

younger households is more sensitive to price changes. Except for younger cou-

ples without children, all income elasticities are signi…cant and within a range

of 0.105 to 0.216.

The results of the disaggregated price and income e¤ects on single rate elec-

tricity demand are diverse. For instance, the demand of the household types

with a single electricity rate is hardly a¤ected by its marginal price. Only young

couples without children (type 5) and households with only older children (type

7) show signi…cant elasticities, respectively -0.168 and -0.192. The single rate

demand changes with income changes for older single persons, single parents,

older couples without children, and couples with either younger or older children

(types 1, 3, 4, 6, and 7).

In the case of households with the two-part electricity rate, the responses to

price and income also di¤er widely for di¤erent households types. The own-price

elasticity of the o¤-peak demand is signi…cantly negative for younger singles

(type 2) -0.914, younger couples (type 5) -0.490, couples with older children

(type 7) -0.370, and couples with both younger and older children (type 8)

-0.596. For all four subsamples, the o¤-peak demand is more elastic than for

the whole sample. The peak-hour rate cross-price elasticity is only signi…cant

positive for the three household types including couples with children.

Young singles (type 2) have a relatively high own-price elasticity for their

water consumption but their demand for water does not respond to changes in

income changes. Older singles (type 1) and single parent households (type 3)

have relatively small own-price elasticities. Single parent households have high

income elasticities as well as households with older children.

Single person households seem to be indi¤erent for price changes, while only

older single person households respond to income changes on the o¤-peak de-

mand (0.186). Single parent households slightly change their peak consumption,

if their income changes (0.035).
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Table 4.9: Price and income elasticities for di¤erent household types
All singles single couples

Demand olda youngb parents olda

Price and income 1 2 3 4
Natural gas

Natural gas -0.324¤¤ -0.187# -0.384¤¤ -0.435¤¤ -0.200¤¤

Electricity -0.010 0.046 -0.239# 0.063 -0.065
Water -0.064¤¤ -0.005 -0.007 -0.038 -0.059¤¤

Income 0.132¤¤ 0.129¤¤ 0.105# 0.109¤¤ 0.216¤¤

Electricity (single rate)
Natural gas -0.039¤ 0.056 -0.040 0.168# -0.014
Electricity -0.048 0.100 0.017 -0.034 -0.032
Water -0.046¤¤ -0.050 -0.022 -0.010 -0.070¤¤

Income 0.124¤¤ 0.121¤¤ 0.059 0.219¤¤ 0.168¤¤

Electricity (o¤-peak)
Natural gas -0.562¤¤ -0.190 0.069 -0.245 -0.275¤

O¤-peak electricity -0.296¤¤ -0.299 -0.914¤ -0.372 -0.176
Peak electricity 0.828¤¤ 0.352 0.154 -0.161 0.281
Water 0.157¤¤ 0.244¤¤ 0.070 0.202# 0.127¤¤

Income 0.213¤¤ 0.186¤¤ 0.206 0.130 0.098¤

Electricity (peak)
Natural gas 0.127¤¤ -0.078 -0.046 0.005 0.156¤¤

O¤-peak electricity -0.025 -0.062 -0.267 0.110 0.120¤

Peak electricity -0.173¤ -0.255 0.059 -0.537 -0.885
Water -0.164¤¤ -0.085 -0.294¤ -0.095 -0.144
Income 0.134¤¤ 0.104 -0.299 0.035¤¤ 0.192¤¤

Water
Natural gas 0.074¤¤ 0.057 0.061 0.060 0.042
Electricity 0.013 0.009 0.071 -0.076 0.038
Water -0.070¤¤ -0.040 -0.120¤ -0.041 -0.070¤¤

Income 0.113¤¤ 0.069¤ -0.012 0.285¤¤ 0.150¤¤
¤¤ signi…cant at 1 percent level, ¤ signi…cant at 5 percent level, and
# signi…cant at 10 percent level.
aThe head of the household is at least 45 years old.
bThe head of the household is younger than 45 years.
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Table 4.9: Price and income elasticities for di¤erent household types continued
All couples couples with children

Demand youngb youngc oldc bothc

Price and income 5 6 7 8
Natural gas

Natural gas -0.324¤¤ -0.435¤¤ -0.336¤¤ -0.185¤¤ -0.186¤¤

Electricity -0.010 -0.043 -0.042 -0.003 -0.038
Water -0.064¤¤ -0.113¤¤ -0.079¤¤ -0.088¤¤ -0.061¤

Income 0.132¤¤ 0.019 0.130¤¤ 0.142¤¤ 0.203¤¤

Electricity (single rate)
Natural gas -0.039 -0.089# -0.058¤ 0.029 -0.053
Electricity -0.048¤¤ -0.168¤ -0.014 -0.192 0.110
Water -0.046¤¤ -0.012 -0.051¤¤ -0.058¤¤ -0.056¤

Income 0.124¤¤ 0.004 0.077¤¤ 0.153¤¤ 0.173

Electricity (o¤-peak)
Natural gas -0.562¤¤ -0.397¤ -0.682¤¤ -0.300¤¤ -0.306#

O¤-peak electricity -0.296¤¤ -0.490¤¤ -0.075 -0.370¤¤ -0.596¤¤

Peak electricity 0.828¤¤ 0.433# 0.684¤¤ 0.670¤¤ 0.984¤¤

Water 0.157¤¤ 0.325¤¤ 0.062 0.189¤¤ 0.152¤

Income 0.213¤¤ 0.248¤¤ 0.176¤¤ 0.113 0.163¤

Electricity (peak)
Natural gas 0.127¤¤ -0.127 0.023 0.402¤¤ 0.159
O¤-peak electricity -0.025 -0.246¤¤ 0.108 -0.229¤ 0.065
Peak electricity -0.173¤ -0.014 -0.386 -0.388¤ -0.468#

Water -0.164¤¤ -0.249¤¤ -0.198¤¤ -0.090¤ -0.167¤¤

Income 0.134¤¤ 0.091 0.078 0.103 0.134¤¤

Water
Natural gas 0.074¤¤ 0.155¤¤ 0.105¤¤ 0.041 0.074
Electricity 0.013 -0.086# 0.061# -0.002 0.067
Water -0.070¤¤ -0.070¤¤ -0.076¤¤ -0.072¤¤ -0.093¤¤

Income 0.113¤¤ 0.032 0.129¤¤ 0.183¤¤ 0.204¤¤
¤¤ signi…cant at 1 percent level, ¤ signi…cant at 5 percent level, and
# signi…cant at 10 percent level.
aThe head of the household is at least 45 years old.
bThe head of the household is younger than 45 years.
c‘Young’ =children aged from 0 and 12 present, ‘old’ = children aged from
12 to 18 present and ‘both’ = both young and old children present.
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4.6 Conclusions

In this Chapter we estimated the household demand equations for natural gas,

electricity and water. The own-price elasticities for natural gas were within the

range found in earlier studies for the Netherlands. Although the natural gas

use increased with family size, there are scale e¤ects with respect to family size.

A two-person household consumed 17 percent more natural gas than a single

person household, while a three-person household consumed 9 percent more

than the two-person household. The natural gas consumption declined with 2.5

percent annually.

A remarkable …nding was the e¤ect of di¤erent insulation types on the natu-

ral gas consumption. Although the total e¤ect of insulation stocks on the natural

gas demand was at least a 4.4 percent reduction, the e¤ect of adding an insula-

tion type was diverse. For instance, placing double glazing was only pro…table

if there was wall insulation present; in any other case the (negative) marginal

e¤ect of double glazing was outweighed by (positive) interaction e¤ects. The

relatively high positive interaction coe¢cients suggest that households become

more negligent towards their demand for space heating by the presence of an

extra insulation type.

In case of the electricity demand the electricity pricing options (either the

single or two-part rate) were explicitly modelled and estimated. The probability

of choosing the two-part rate was positively a¤ected by income, electricity price

level, family size and the presence of electricity-using appliances.

The own-price elasticity of single rate electricity demand was insigni…cant,

while the income elasticity is rather low (-0.12). Furthermore, there was no

relationship found between the electricity consumption and the average sea-

sonal temperatures. As with the natural gas demand, there were family size

scale e¤ects. Also, the e¤ects of durable appliances on electricity demand are

substantial.

The own-price e¤ects of the two-part electricity demands were large, and

moreover, the cross-price e¤ect of the o¤-peak-hour rate on the peak demand

was large and positive. These results suggest that households reallocate the

electricity consumption in the case of electricity price changes.

The estimates of the household water demand elasticities were similar to the

results of earlier studies. The demand is rather price and income inelastic. The

water consumption increased with family size, although there are scale e¤ects

with respect to family size.
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The estimates of prices and income elasticities of the demands for energy

and water di¤ered across household types. These di¤erences are re‡ected in the

signi…cance and magnitudes of the elasticities. Particular households respond

more to income changes while other households respond more heavily to price

changes. For instance, the energy and water consumption of older single person

households only respond to income changes. The energy and water consumption

of couples with older children are sensitive to price changes with respect to

their energy and water consumption. As to the magnitude of elasticities, the

response to price changes of ‘young’ households without children is larger than

with children.

Based on our …ndings we conclude that an energy tax is a helpful instru-

ment to reduce the energy consumption. Since 1996, a reimbursed ecotax has

been introduced in the Netherlands in order to regulate the energy consump-

tion. Households pay a tax on the natural gas price as well as on the electricity

price and there is a reimbursement via a lower income tax rate.22 Since the

income tax rate decline is rather small the increase due to the income increase

is rather small. According to our …ndings the natural gas consumption will de-

cline. In the case of electricity, the …nal e¤ect is more complicated to determine,

since households may switch electricity pricing regime.23 If households maintain

the single rate, the electricity consumption will decline. If households maintain

the two-part rate, the electricity consumption is reallocated from peak-hours

to o¤-peak-hours and the total electricity consumption is ambiguous. Finally,

households switch from the single rate to the two-part rate. In that case the

e¤ect on the electricity consumption is ambiguous as well. On the one hand

the electricity consumption will decline due to higher electricity prices at peak

hours, higher …xed fees and transaction costs, and on the other hand the elec-

tricity consumption will increase due to sharply declining electricity prices at

o¤-peak hours and lower income taxes. Except the electricity price decline at

o¤-peak hours the changes are probably minor.24 In addition, according to our

…ndings on elasticities for electricity consumption, households switching regimes

are likely to increase their electricity consumption.

Although we assumed that the durable stock was kept constant the energy

tax increases the probability that households choose the high-e¢ciency version

22 In the Netherlands individuals face a block income tax rate; the higher the income the
higher the tax rate. Only the smallest tax rate was declined.

23The transaction costs of switching are rather low.
24 In the two-part regime, the electricity price at o¤-peak hours is approximately half the

electricity price at peak hours. The single rate is approximately the peak-hour rate.
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of a consumer durable; see Chapter 3. As a consequence, energy and water con-

sumption decline through the more energy-e¢cient durables in the household,

although this decline is partly o¤-set by a take-back e¤ect (cf. section 3.3.5).

From an energetic point of view an energy tax seems ine¤ective with respect

to the electricity consumption of households with the two-part electricity rate.

According to our …ndings their electricity consumption does not decrease due

to price increases, as it is reallocated between peak hours and o¤-peak hours.

It should be noted, however, that the two-part rate has been introduced by

the electricity producing companies to improve load management by smoothing

the ‡uctuations in the demand for electricity throughout the day; see Chapter

2.25 The decline in the peak demand results in a more e¢cient production of

electricity throughout the day. Since there is still a large discrepancy in the

daily total electricity demand at peak and at o¤-peak hours, the increment in

household electricity consumption at o¤-peak hours is therefore acceptable in

energetic terms.

Based on the price elasticities estimated we conclude that a tax on energy

and water prices is an e¤ective instrument to reduce – or regulate as in the

case of electricity – the consumption of energy and water. However a tax is

not su¢cient. Information about how to change the current behavior should

be available as well. Furthermore, after doing energy-saving investments, the

household behavior should not become negligent. An example is the insulation

presence and the natural gas consumption; see table 4.7. In this case, higher

energy prices encourage households to purchase insulation; Booij et al. (1992)

report positive e¤ects of the energy price e¤ects on the presence of insulations.

The presence of – more than one type of – insulation, however, is often not

su¢cient to reduce natural gas consumption; in fact the natural gas consumption

may increase.

25The capacity of electricity production is determined by the peaks in demand, and the
production process is a rigid and continuous process with little or no possibilities for stock-
piling.
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Weight-based pricing in the
collection of household
waste: the Oostzaan case

5.1 Introduction

The most common way to charge households for household waste collection is

still the …xed fees schedule. Clearly, such an pricing scheme hardly provides an

incentive to reduce the generation of waste. Whether or not the fee depends

on the household size or other household characteristics, the household faces no

extra costs when it generates an extra amount of waste. In other words, when

a household reduces its amount of waste, it is not rewarded for this reduction.

With the unit-based pricing programs, households are rewarded …nancially for

waste reduction.

Only a few papers reported on the implementation of unit-based pricing

programs. One of the papers is Fullerton and Kinnaman (1996), who analyzed

the e¤ects of a volume-based pricing program in Charlottesville, Virginia, United

States, in which household waste was charged per bag. They found that the

program had a substantial e¤ect on the volume but little e¤ect on the weight

of waste – the weight per bag – increased considerably. Moreover, the weight of

recyclable materials increased. Fullerton and Kinnaman argued that a weight-

based pricing program is likely to be more e¤ective.1

1 In some cases a policy aimed at reducing volume rather than weight may be more
appropriate, for example if after collection waste is stored on land…ll sites; see e.g. The
Economist, June 7th 1997, p.92 and June 28th 1997, p.4. In the Netherlands, however, stor-
ing waste on land…lles is prohibited since 1996. Non-recyclable waste is now incinerated after
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This Chapter investigates the implementation of a weight-based pricing

program for the collection of household waste. We analyze a comprehensive

data set on households that faced weight-based pricing. We estimate the price

e¤ects as well as the e¤ects of household characteristics on the amount of both

compostable and non-recyclable household waste. The data set provides de-

tailed information on all households in Oostzaan, the …rst municipality in the

Netherlands to implement weight-based pricing. In the …rst year after the in-

troduction the amount of waste per household declined by 30 percent (see table

5.1). The decline continued in the second year, and then stabilized in the third

year after introduction.

Table 5.1: Annual amounts of waste in Oostzaan and percentual changes in the
period 1992 ¡ 1996

1992-93 1993-94 1994-95 1995-96
total waste (in 1000 kilograms) 1154.6 825.9 724.4 725.9
change (percentage) -28.5 -12.3 +0.2
waste per household in kilograms 384.7 270.7 230.0 223.0
change (percentage) -29.6 -15.0 -3.0
The columns apply to the period July, 1 up to June, 30 of the next year.

In addition to being weight-based rather than volume-based, the Oostzaan case

has a number of advantages over earlier studies. First of all, the survey consists

of weekly data on the weight of two types of waste. Secondly, with data on

4,080 addresses the present survey is much larger than the surveys used before.

Thirdly, the survey has a panel structure in which the addresses are observed for

a period of 42 months. The panel data allow us to take account of unobserved

individual e¤ects, and to analyze the e¤ects of household characteristics on the

amounts of waste. Moreover, it allows us to estimate long-run price e¤ects.

The outline of this Chapter is as follows. Section 5.2 summarizes the

literature on volume-based and weight-based pricing programs in the collection

of household waste. This section discusses the role of the household produc-

tion framework in household waste collection and the empirical …ndings in the

literature. In section 5.3, the Oostzaan case is described as well as the data

set. Section 5.4 presents the econometric speci…cation and the estimation re-

sults. In section 5.5 some topics related to weight-based pricing in Oostzaan –

illegal dumping, recycling, and implementation costs – are discussed. Section

5.6 concludes.

collection, in which case weight is the more relevant dimension.
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5.2 Literature

The economic literature on household waste collection can be divided into three

classes. The …rst class – mainly theoretical – focuses on the collection of house-

hold waste within the framework of household production (see subsection 5.2.1).

The second class – mainly empirical – focuses on consumer responses to var-

ious pricing schemes (see subsection 5.2.2). Finally, the third class – mainly

theoretical – uses more comprehensive models in which the behavior of govern-

ments, …rms and consumers are analyzed simultaneously (see subsection 5.2.3).

5.2.1 Household production framework

Households waste is a by-product of household production processes and there-

fore it can be analyzed naturally within the framework of the household pro-

duction (cf. Wertz, 1976; Hong et al., 1993; Morris and Holthausen, 1994;

and Fullerton and Kinnaman, 1995). Particularly, the consumer decision with

respect to disposal options is merely a trade-o¤ between costs and time require-

ments given the disposal options o¤ered. Generally, recycling implies more time

inputs but less costs than conventional disposal. A consumer chooses to recycle

if the marginal bene…ts of recycling – the reduction of collection costs – are

higher than the costs of extra time inputs.2

Morris and Holthausen (1994) developed a household production model of

waste management including the consumer decision of consumption goods pur-

chase, the household production processing and the disposal options. A con-

sumer considers two options with respect to waste disposal.3 He can either

dispose waste in a conventional way or he can recycle it.4 Both options di¤er in

costs and the time spent. Conventional disposal is more expensive than recy-

cling, since recycling is subsidized, but it requires less time. The subsidy may

di¤er across recyclable materials, as it depends on the nature of the material,

the total supply of a particular recyclable material, and the consumer’s e¤ort

to recycle. The Morris-Holthausen model includes two speci…c features. The

…rst speci…c feature is the inclusion of the amount of recycled materials in the

utility function. This implies that consumption goods can be purchased for both

2Here, we assume that households are charged per unit of waste collection.
3 In the economic literature illegal dumping is also mentioned as a waste diposal option.

Here, we ignore this option because our aim is to discuss the role of household waste collection
within the household production framework .

4 In the coventional way household waste is collected at the curb and either stored in land…lls
or incinerated.
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their utility in consumption and the opportunity they provide for recycling in

their own right (see Morris and Holthausen, 1994, p. 221). Secondly, from the

…rst order conditions of the model the commodity prices include the time and

purchased inputs in producing the inputs as well as the additional costs of time

and purchased inputs associated with both disposal options.

Suppose a consumer maximizes its utility function

U(X;L;R);

which is a function of commodities, X = (x1; ::; xn), leisure (L) and recyclable

materials (R). When the consumer produces commodities, it generates waste at

the same time. The Morris-Holthausen model distinguishes four types of pro-

duction functions: commodities (X), total amount of waste (W ), conventional

waste (G) and recyclable materials (R). The production functions for material

i are

xi = xi(Hix; Y ):

Wi = xizifi(Hiw; Y );

Gi = gi(Hig; Y ); and

Ri = hi(Hir;Wi; Y ):

The inputs of the commodity production function are time requirements (Hix)

and the bundle of the consumption goods (Y ). The total amount of waste is a

…xed proportion (zi) of commodities produced and a reduction e¤ort function.

This reduction e¤ort is re‡ected by fi which is a function of time spent on

waste disposal and the total bundle of consumption goods. The reduction e¤ort

is unity when a consumer does not spend any time on the waste disposal and he

does not purchase consumption goods. If a household spends time on reducing

its amount of waste then fi will decline and as a result Wi will decline. Note

that both the …xed proportion and the reduction e¤ort function may di¤er across

materials.

Furthermore, the model distinguishes production functions for two types of

waste disposal options, namely conventional waste disposal and recycling. The

inputs of the conventional waste production function are a time requirement

(Hig) and the bundle of consumption goods. The conventional waste production

is increasing in time and consumption goods. The recyclable material produc-

tion function depends on a time requirement (Hir) the bundle of consumption

goods, and the total amount of waste of material i. The recycling produc-

tion function is increasing in the time spent on recycling, the total amount of
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waste and total amount of consumption. The consumer considers a time budget

constraint and an income budget constraint:

T = B + H + L;

!B = ½Y + cW ¡
nX

i=1

siRi + F;

with R =
nX

i=1

Ri ; W =
nX

i=1

Wi and

H =
nX

i=1

Hix + Hiw + Hir + Hig;

where B is the time spent on work in the market, ! is the wage rate, ½ are the

prices vector of consumption goods, c is the price of waste collection and si is

the refund of recyclable material i, and F is the …xed fees. A consumer receives

a subsidy si whenever he recycles one unit of material i.5 As mentioned above,

the subsidy di¤ers across recyclable materials.6

According to the Morris-Holthausen model, a consumer has two options to

reduce his amount of waste, namely reducing the total amount of waste and

recycling. As to the …rst option, a consumer gains from reducing the total

amount of waste as he avoids collection costs and the costs of producing con-

ventional waste (less time and consumption goods). There are three types of

costs associated with the reduction of the total amount of waste. First, there

are the direct costs of the reduction e¤ort. Secondly, the reduction of the total

amount of waste makes it more di¢cult to produce recyclable materials, and

…nally, less recycling implies a monetarized loss in utility resulting from a larger

e¤ort to produce recyclable materials. If the sum of collection costs and the full

cost of producing one unit of conventional waste is positive, consumers have an

incentive to reduce their amount of waste. The e¤ect is o¤set to some extent if

the consumer has an easy recycling opportunity.

5 In the Netherlands, households may haul recyclable materials such as recyclable paper
and glass to drop-o¤ centers and avoid any collection costs. In those cases, s, and c are both
zero. In the case of recycling, the time input, however, is substantially larger than in the
conventional disposal case.

6Morris and Holthausen assumed the Leontie¤ production technology for both the
production functions of commodities and the amount of conventional waste respectively.
As a consequence, the full cost of producing one unit of good i and are easily calculated.
Furthermore, they rewrote the waste production function and recycling production function
as an inverse cost function with the minimum cost of a given level of production as the
parameter. The minimum costs include the opportunity cost of time spent on production and
the cost of consumption goods used as inputs. With these assumptions Morris and Holthausen
presented the …rst-order conditions.
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As to the latter option, a consumer gains form recycling in two ways. First,

he avoids the collection costs, the cost of producing one unit of conventional

waste and receives a subsidy. Secondly, he experiences a monetarized gain in

utility due to the increasing recycling e¤ort. An increase in the collection cost

or subsidies would increase the production of recyclable materials. Also, an

increase in the conventional waste production costs implies an increase in the

production of recyclable materials.

Fullerton and Kinnaman (1995) applied a similar model of consumer be-

havior with respect to recycling materials and waste. In fact, their model is

a special case of the Morris-Holthausen model. Fullerton and Kinnaman used

three di¤erent assumptions. First, recyclable materials do not directly enter

the utility function which implies that the activity recycling does not generate

utility itself. Secondly, recyclable material production is a …xed proportion of

time requirements. Finally, recycling is not subsidized but free of collection

cost. They concluded that an increment of the collection tax may result in

behavioral adjustments in two directions. First, the consumer may reduce its

amount of waste by consuming less, and secondly it may adjust its recycling

behavior (provided that the consumer is not an optimal recycler at the time).

Both models above clearly show the trade-o¤ between time requirements and

costs which a consumer deals with when managing its waste disposal. In both

models the marginal costs of generating an additional amount of waste were

explicitly assumed to be positive (c > 0). In practice, the …xed fees program is

still widely used; hence the marginal costs are zero (c = 0).

5.2.2 Consumer behavior and household waste

Although weight-based pricing has not been analyzed with individual household

data, there exist a number of empirical articles on volume-based pricing (cf.

Fullerton and Kinnaman, 1996; Hong et al., 1993; and Reschovsky and Stone,

1994). In these studies the price and income e¤ect were analyzed as well as the

recycling behavior.

Hong et al. (1993) analyzed a particular form of volume-based pricing with

a survey of 2,298 households from Portland, Oregon, United States. Households

signed a contract with the collector on a maximum number of containers to

present per month. Up to this maximum, households pay $12 per container, but

for an extra container, households pay $24 per container. Since price depends

on quantity, the price per containers is endogenous. Hong et al. estimated the
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Table 5.2: Review of elasticities in volume-based pricing literature
Study Elasticities

Areaa; year own-price cross-priceb income
Household surveys
Hong et al. (1993) -0.03 0.049

Portland, Oregon; 1990
Fullerton and Kinnaman (1996) -0.226c

Charlottesville, Virginia;1992 -0.058d 0.073d

Aggregate municipality data
Wertz (1976) -0.25 0.242 to 0.279
Morris and Byrd (1990) -0.26

-0.22
Skumatz and Beckinrigde (1990) -0.14
EPA(1990)

Perkasie PA 0.49
Illion, NY 0.48
Seattle; 1985-86 0.06
Seattle; 1986-87 0.10

Jenkins (1991) -0.12 0.41
aAll studies used United States data.
bThe elasticity of the recyclable amount of waste with respect to
the price of waste collected at the curb.

cbased on volume of household waste.
dbased on weight of household waste.

demand for containers contracted, correcting for the endogeneity of the price,

and the participation in recycling activities. They found small responses with

respect to changes in prices and income (see also table 5.2). Reschovsky and

Stone (1994) surveyed 1,422 households around Itchaca, New York, who faced

a variety of volume-based pricing and recycling rules. The probability of re-

cycling each type of material is estimated as a function of these rules and of

demographic characteristics. The authors concluded that curbside pickup of re-

cyclable materials alone would increase recycling more than the implementation

of volume-based pricing would do. Both articles used cross sections only.

The data of Fullerton and Kinnaman (1996), who analyzed the e¤ects of

introducing a price per bag in Charlottesville, Virginia, United States, were

collected at two di¤erent points in time. Their survey consisted of 75 house-

holds which were observed twice for a period of two weeks. The …rst period of

observation was before the new pricing was introduced, and the second period

was three months after implementation. The results showed that the volume
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declined by 37 percent and the weight by 14 percent, while the weight-volume

intensity increased with 31.7 percent. Moreover, the weight of recyclable mate-

rials increased with 15.7 percent. Their estimated price elasticity of the amount

of household waste measured in kilograms was rather small, -0.058 (see also

table 5.2).

Table 5.2 shows the price elasticities of the demand for household waste

collection. Due to the nature of the data sets used, the long-run e¤ects of

particular pricing program have been ignored so far. If the result from the

studies using household surveys are compared to those using aggregated data

sets, the price elasticities are rather low.

5.2.3 Household waste management

The second class of articles analyzes more comprehensive of household waste

management (for instance, see Jenkins 1991; Sigman, 1991; Fullerton and

Kinnaman, 1995; Choe and Fraser, 1999; and Atri and Schellberg, 1995). Jenk-

ins (1991) and Sigman (1991), for instance, built a theoretical general equilib-

rium model to determine the optimal fees for household waste collection. In

their models, consumers had only two disposal options; garbage or recycling.

The optimal (positive) fees for households waste collection equal the direct re-

source cost plus external environmental cost. In Fullerton and Kinnaman’s

(1995) model consumers have additional disposal options: illicit burning and

dumping. The external environmental costs of these options are relatively high

as compared to the other options, and it cannot be taxed directly. Fullerton and

Kinnaman concluded that with these disposal options, the optimal fee structure

is a deposit-refund system: a tax on all output combined with a rebate on proper

disposal through either recycling or waste collection. In particular, household

waste collection should be subsidized in order to prevent illicit burning and

dumping which imply high external environmental cost. Similar results were

obtained by Atri and Schellberg (1995) using a dynamic general equilibrium

model.7

An alternative policy instruments for waste management, the ‘recycled con-

tents standard’, was analyzed by Palmer and Walls (1997). This standard re-

quires a certain fraction of the materials in the production of goods to be re-

cyclable. Palmer and Walls concluded that this policy measure alone cannot

lead to an optimal allocation of waste disposal and should be combined with
7Atri and Schellberg emphasized that collection taxes should di¤er across the groups of

materials, since marginal costs of disposal di¤er across these groups.
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taxes on the …nal output and other inputs. Choe and Fraser (1999) considered

a model in which three agents interact: a …rm, a household and a regulator.

Four di¤erent types of waste were considered. The optimal policy combines

an environmental tax, a household waste collection charge, and monitoring and

…ning illegal waste disposal.

In all these models, the price sensitivity of household demand for waste

collection is a key parameter.

Our study …ts into the second class of articles, and analyzes household

behavior conditional on the institutional setting. We note that the potential

endogeneity of choosing the weight-based pricing policy is not an issue here.

Oostzaan was the …rst of 600 Dutch municipalities to implement such a pro-

gram. The pioneering role of Oostzaan is related to its exceptional position in

the political spectrum.8

5.3 The Oostzaan case

Oostzaan is a countryside village situated 15 kilometers North from

Amsterdam.9 In 1992 the city council agreed to introduce weight-based pricing.

As from July 1993, however, the household waste was weighed when collected

and households received a pro forma bill with the virtual amount representing

the expenses of collecting their current amount of household waste. During the

period July to September 1993, households still paid …xed charges, as they did

prior to July 1993.

It is important to understand how the waste collection in Oostzaan is orga-

nized. The weight-based pricing only applies to the curbside collection of waste.

Two types of waste are collected separately: compostable waste (GFT) and non-

recyclable (or solid) waste (which is also referred to as rest waste, RST).10 For

each type of waste a household has a separate container. About 7 percent of the

households, however, share a GFT container with one or more other households.

Households have the opportunity to dispose recyclable materials, small

chemical waste and large volume units di¤erently. For instance, large volume
8The majority in the city council of Oostzaan is environmentally very engaged. The largest

political party is Groen Links (Green Left), which is a strongly environmentally orientated
political party in the Netherlands. Nationwide, Groen Links received only 3.5 percent of the
votes in the parliamentary elections of 1994.

9 In 1996, the municipality counted 3,309 househoulds. Approximately 10 percent of the
dwelling stock are apartment buildings, while more than 80 percent of the dwellings have a
garden.

10Compostable waste includes organic waste and yardwaste. It is usually called GFT which
is the Dutch abbreviation for vegetables, fruit and yardwaste.
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Figure 5.1: Real marginal prices (in cents per kilogram) and …xed charges (in
guilders per month) for household waste collection in Oostzaan during the period
July 1993 to December 1996.

units of waste, not …tting in the container, can be collected after making an

appointment with the municipality. This collection is not free of charges. For

recyclable paper there is a free curbside collection program organized by local

sports clubs. This program already existed before the introduction of weight-

based pricing.11 A number of recyclable materials, such as glass, small chemical

waste, textiles and tins can be hauled to special containers placed at various

locations in the municipality. The use of these containers is free of charge apart

from the time input that is required). Furthermore, the municipality also stimu-

lates home composting by subsidizing the purchase of home compost containers.

The municipality has contracted a private company for the collection of

household waste.12 During the period of the survey, the company used one

single truck with a weighing appliance for collection.13 All containers have

11With this activity these clubs earn some extra money. The local authority subsidizes the
collection of paper by covering the expenses of collection and by an extra amount of 5 cents
per kilogram of recyclable paper collected.

12Browning-Ferris Industries (BFI), a company for waste collection that operates
worldwide.

13The weighing appliance has been calibrated by the Institute for Metrology and Technology
(NMI).
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Table 5.3: Annual expenses in 1990 guilders on household waste in Oostzaan
and neighboring municipalities in the period 1994 to 1996.

1994 1995 1996
household size household size household size
1 2 >2 1 2 >2 1 2 >2

municipality
Amsterdam - - - 142 284 284 - - -
Beemster - - - 263 395 395 279 393 393
Landsmeer - - - 232 284 337 233 287 341
Oostzaan 299 299 299 - - - - - -
Oostzaana 211 237 283 221 240 283 217 238 287
Purmerend 346 346 346 360 360 360 354 354 354
Waterland 230 345 379 226 339 372 222 333 366
Wormerland - - - 296 296 296 291 291 291
Zaanstad 301 301 301 351 351 351 344 344 344
aThese expenses are based on the average annual weights of
household waste in the Oostzaan sample.

a chip with a unique code which identi…es a particular address. During the

collection, the contents of the container is weighed and the chip is red, and

both are registered by a computer. With this information the municipality can

charge households.14

The weight-based pricing schedule

Before October 1993, the marginal prices for compostable and non-recyclable

waste were zero, as households paid only …xed charges. From October 1993, the

nominal marginal price was 43 cents per kilogram. The …xed fees were reduced

simultaneously from approximately 25 to 10 guilders per household per month.

On January 1, 1995, the price per kilogram was decreased with 2 cents. Figure

5.1 shows the development of marginal prices and …xed charges in real terms.

Households with joint GFT containers have a zero marginal prices for their GFT

waste but they do have to pay extra …xed charges. For non-recyclable waste,

they face positive marginal price, since they do have a personal container for

non-recyclable waste. The price for large volume units was constant: 15 guilders

per cubic meter.15

14The joint GFT containers also have a unique chip code. This code is the same for all
households using the joint GFT container.

15The municipality can be regarded as a non-pro…t organization with a cost minimizing
objective. The main reason for the city council to adjust prices is either to avoid uncovered
expenses or positive pro…ts.
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From an environmental perspective weight-based pricing is favored over other

pricing schemes as it represents the the polluter pays principle. From a social

perspective, however, we may raise the question whether or not households are

…nancially worse o¤ due to the introduction of the weight-based pricing16 . Table

5.3 shows the development in the annual expenses on the collection of household

waste in Oostzaan and its surrounding municipalities. The development in the

expenses in the surrounding municipalities can be interpreted as the develop-

ment of expenses in Oostzaan if the weight-based pricing would not have been

introduced.17 In a few municipalities the annual expenses depend on household

size, and we therefore distinguished three household size categories.

On average, Oostzaan households seem to be better o¤ in …nancial terms

than households in the neighboring municipalities, since the implementation

of the weight-based pricing. In Oostzaan the average expenses declined, while

in the neighboring municipalities the expenses increased rapidly. Although we

took account of the household size, the expenses in Oostzaan may be somewhat

misleading. In particular, given the household size, households presenting large

waste amounts will be worse o¤ after the introduction of the weight-based pricing

program, while households presenting little amounts will be better o¤.

Data

The Oostzaan survey consists of three parts: a survey on the demographic

characteristics of households, the weighing data on GFT and the weighing

data on RST. The demographic survey consists of 4,080 addresses. It includes

variables on household composition, mutations in household composition,18 the

type of dwelling, and container chip numbers. It comprises the period July

1993 to September 1997. Mutations of household size during this period and

the variable household size have been obtained from the Population Register of

Oostzaan. Both types of weighing data are registered during the collection of

household waste in the period July 1993 to December 1996. Due to the weighing

process, measurement errors are likely to be negligible.

For the analysis, 1,167 addresses have been dropped, mainly for the following

16Since we are only focusing on costs and not on preferences, we cannot analyze the welfare
implications of the weight-based pricing program.

17 In none of the neighboring municipalities the pricing program changed during the period
considered.

18We do not have information on the places households move to. In particular, if a household
moves within Oostzaan, we do not know the new address. All households that move to an
address in Oostzaan during the sample period are therefore treated as new households.
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reasons. First of all, a number of addresses are not used as living accommo-

dations. Secondly, in a number of cases, the correct household size cannot be

reconstructed with the available information. Thirdly, since we aim to estimate

demand equations including individual e¤ects we restrict our sample to house-

holds with at least two periods of observation. The resulting address sample

consists of 2,913 di¤erent addresses. Due to movements of households, we often

observe more than one household at the same address during the period July

1993 to December 1996. As a result, we have data on 3,459 households.

The number of periods a household is observed varies between 2 and 42, with

an average of 37 observations per household. We thus use an unbalanced panel.

The total number of observation NT =
PN

i=1 Ti = 127; 851, where i = 1; ::; N

refers to the households and Ti is the number of observations for household i.

Table 5.4 shows summary statistics for the …nal sample. Table 3 shows the

development of the average amounts per households for nine di¤erent types of

waste.

In our sample the average weight is 9.9 kilograms per month for compostable

waste and 18.2 kilograms per month for non-recyclable waste. Note that in

the case of compostable waste we do not always observe the actual amount

of waste, because for households sharing their GFT container we only observe

the total weight per month for all households sharing the container. In those

cases we calculate the average weight per household per month by dividing the

total monthly amount of waste of the joint GFT container by the number of

households.

In the next section we discuss the reduced-form demand equations for com-

postable and non-recyclable waste presented for collection and the estimation

results.
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Table 5.4: Summary statistics of the Oostzaan sample
Variable description mean standard minimum maximum

deviation
Household variables
Household size 2.54 1.18 1 9
Age of oldest household member 50.6 16.1 18 96
Share of women in household 0.519 0.261 0 1
0-2 years 0.107 0.309 0 1
2-6 years 0.120 0.325 0 1
6-12 years 0.127 0.333 0 1
12-18 years 0.121 0.327 0 1

Amounts of waste
Compostable waste in kilograms 9.94 16.49 0 298.5
Non-recyclable waste in kilograms 18.15 20.30 0 262.5

Real marginal prices in ct/kg
Non-recyclable waste 33.90 10.18 0 39.45
Compostable waste 31.64 12.95 0 39.45

Fixed charges in Dfl. per month
Non-recyclable waste 9.91 3.72 8.13 22.32
Compostable waste 8.85 3.21 8.13 22.32

Time variables
February 0.07 0.26 0 1
March 0.07 0.26 0 1
April 0.07 0.26 0 1
May 0.07 0.26 0 1
June 0.07 0.26 0 1
July 0.09 0.29 0 1
August 0.10 0.29 0 1
September 0.10 0.29 0 1
October 0.09 0.29 0 1
November 0.09 0.29 0 1
December 0.09 0.29 0 1
1994 0.28 0.45 0 1
1995 0.29 0.45 0 1
1996 0.29 0.46 0 1
continues on the next page
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Table 5.4: Summary statistics of the Oostzaan sample continued
Variable description mean standard minimum maximum

deviation
Type of dwelling
Won A (semi-detached) 0.14 0.35 0 1
Won B (dwelling for the elderly) 0.02 0.15 0 1
Won C (‡at ground level) 0.03 0.18 0 1
Won D (‡at higher ‡oor) 0.06 0.23 0 1
Won E (houseboat) 0.01 0.08 0 1
Won F (detached) 0.17 0.38 0 1
Won G (part of a company) 0.01 0.12 0 1
Won H (caravan) 0.002 0.04 0 1
Won I (summerhouse) 0.0003 0.02 0 1

Temperaturea 13.8 6.7 1.6 27.1
Diftar (1 if weight-based pricing) 0.919 0.273 0 1
Joint container for GFT waste 0.068 0.252 0 1
aThe temperature data are the highest daily temperatures in the nearest
measurement station of Oostzaan. On the basis of daily observations we
calculated monthly averages for the period July 1993 to December 1996.
Source: Royal Netherlands Institute for Meteorology (KNMI).

5.4 Econometric analysis

5.4.1 Speci…cations

We will estimate reduced-from demand equations for waste collection. Our

approach largely follows the work of Fullerton and Kinnaman (1994, 1996) with

two major di¤erences. First, we distinguish two types of waste: compostable

waste (GFT) and non-recyclable waste (RST) and estimate separate equations

for each type. Secondly, we consider a much longer period of time. This allows us

to include a lagged dependent variable in the speci…cation in order to determine

long-run price e¤ects.

The general speci…cation is

qit = ®i + ¯Pt + °(yit ¡ Fit) + ±0Xit + Áqit¡1 + ²it; (5.1)

where qit is the weight of waste collected for household i in period t; Pt and Fit

are the marginal price and the …xed charges of time period respectively, and yit

is household income. Xit is a vector of other household characteristics and ²it

is the error term; ®i; ¯; °; ± and Á are parameters to be estimated. The panel

data allows us to include a household speci…c constant term which includes
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heterogenous e¤ects which are not observed. The data set does not contain

direct information on household income. Therefore, the term °(yit ¡ Fit) is

absorbed in the household speci…c terms ®i + ²it:
19

We will estimate four speci…cations with di¤erent assumptions. We therefore

estimate two Fixed E¤ects speci…cations as in (5.1).20 We estimate a speci…-

cation with and without a lagged dependent variables (i.e. Á = 0). Both the

Fixed E¤ects speci…cations are estimated with the Least Squares Dummy Vari-

able (LSDV) method. If the lagged dependent variable is included, the LSDV

estimator of the coe¢cient of this variable is inconsistent. However, since we use

up to 42 time observations per household, the asymptotic bias is rather small

(see Hsiao, 1986, pp.74-75).

Given our panel data set, the Fixed E¤ects speci…cations seem the most

appropriate speci…cations to estimate. However, our data set includes variables

which are constant during the period considered, so that these variables cannot

be included in a Fixed E¤ects speci…cation. Hence, we estimate two alterna-

tive speci…cations. First, we estimate a speci…cation with a constant household

speci…c term (®i = ®), and no lagged dependent variable (Á = 0). This speci…-

cation allows us to include explanatory variables which show no variation for a

particular household (such as type of dwelling). This speci…cation is estimated

with Ordinary Least Squares (OLS). Secondly, households do not present waste

for collection continuously (during holidays for instance). This means that the

dependent variable is likely to be censored. In that case, the OLS estimation

results will be biased (cf. Maddala, 1983). The speci…cation of the demand for

household waste collection is a Tobit type of speci…cation:

qit =

½
q¤
it; if qit ¸ 0 and
0; otherwise,

(5.2)

and

q¤
it = ® + ¯Pt + ±0Xit + ²it. (5.3)

As in the …rst speci…cation, we assume that ®i = ® and Á = 0. This speci…cation

is estimated with the Maximum Likelihood Estimation (MLE) method (see also

Maddala, 1983, for instance).21

19Theoretically, the parameter ° could be estimated on the basis of the variation in the
…xed fees Fit alone. However, this turned out not to be feasible due to very high negative
correlation between the marginal price Pt and the …xed fees Fit in the data set; cf. …gure 5.1.

20A Hausman speci…cation test indicated the rejection of the random e¤ects model.
21An underlying assumption in both speci…cations above is that the observations in the
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The next section presents the estimation results of the four speci…cations.

5.4.2 Estimation results

Fixed e¤ects estimation

We estimated two Fixed E¤ects (FE) speci…cations. The major advantage of the

FE estimation is that unobserved heterogeneous individual e¤ects can be taken

into account. In general, the use of panel data surveys improves the accuracy of

the price coe¢cients estimates as the unobserved e¤ects are taken into account

for each individual household. In our case the income variable is included in the

individual e¤ect as well. Due to the nature of our data we can include a lagged

dependent variable in order to estimate the long-run price e¤ect.

Table 5.5 shows the Least Squares Dummy Variable estimation results for

the Fixed E¤ects speci…cations. The …rst and second column present the results

of the speci…cation without a lagged dependent variable. The marginal price

coe¢cients are -0.374 and -0.273 for compostable waste and non-recyclable waste

respectively. The price response of households to price changes is larger for

compostable waste collection, which corresponds to the earlier …ndings with the

other speci…cations. This is likely to be related to the fact that for compostable

waste an alternative for curbside collection – home composting – is more easily

available than for non-recyclable waste.

In the years 1994, 1995, and 1996 the amounts of waste were signi…cantly

lower than before. These e¤ect are additional to the price e¤ects, as prices have

been included as an explanatory variable. The decrease seems to be permanent

for GFT; for RST the decrease dissipated in recent years. One possible expla-

nation is that the introduction of weight-based pricing and the extensive public

debate that preceded it temporarily boosted environmental awareness in Oost-

zaan. A permanent e¤ect may have been that GFT is now home composted

rather than put at the curb. Another explanation is that RST waste is likely

to be much more sensitive to increase in household income than RST (average

disposable income increased by approximately 8 percent during the sample pe-

riod). The amount of GFT is primarily determined by the garden area of the

household (which does not change for a given address), and by the amount of

food, a necessary good with a low income elasticity.

data set are independent. In our panel data sample this assumption is likely to be violated.
When this dependency is ignored, the estimates of the coe¢cients are likely to be biased, (see
Hsiao, 1986, pp.5-8).
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Table 5.5: Least-Squares Dummy-Variables estimation results
Va r ia b l e s L S D V L S D V

a

G F T R S T G F T R S T

m a rg in a l p r ic e - 0 .3 7 4 ( 6 9 .9 5 ) - 0 .2 7 3 ( 4 5 .3 5 ) -0 .3 2 9 (5 7 .4 8 ) -0 .1 3 5 (2 1 .6 5 )

la g g ed d ep . 0 .2 0 3 (7 5 .1 6 ) 0 .2 2 2 (8 2 .6 8 )

va r ia b l e

tw o p e r s o n s 1 .3 4 4 ( 5 .0 4 6 ) 2 .4 3 1 ( 8 .0 9 5 ) 2 .0 1 0 (9 .2 3 5 ) 1 .5 6 7 (5 .4 1 9 )

t h re e p e r s o n s 2 .3 6 7 ( 7 .3 3 1 ) 6 .4 7 7 ( 1 7 .7 9 ) 3 .0 0 7 (1 0 .9 7 ) 4 .5 6 6 (1 3 .0 3 )

fo u r p e r s o n s 3 .0 6 6 ( 8 .1 0 8 ) 8 .0 3 1 ( 1 8 .8 3 ) 3 .9 5 2 (1 2 .4 5 ) 5 .8 8 7 (1 4 .3 6 )

m o re t h a n fo u r 4 .5 3 8 ( 8 .5 8 3 ) 1 1 .7 9 9 ( 1 9 .7 9 ) 4 .6 4 7 (1 0 .2 9 ) 8 .8 0 6 (1 5 .3 9 )

a g e - 0 .6 1 6 ( 3 .8 7 0 ) - 1 .8 7 3 ( 1 0 .4 3 ) 0 .0 6 1 (1 .0 7 7 ) -0 .9 6 4 (5 .5 9 0 )

a g e sq u a r e d 0 .0 0 6 ( 5 .4 1 8 ) 0 .0 1 0 ( 8 .4 5 9 ) - 0 .0 0 0 3 (0 .5 2 8 ) 0 .0 0 3 (2 .1 4 5 )

s h a r e o f f em a le s 0 .6 9 9 ( 1 .4 7 6 ) 2 .5 8 8 ( 4 .8 4 9 ) 1 .3 6 2 (3 .7 1 5 ) 1 .7 9 6 (3 .4 9 9 )

C h i ld r e n p r e s e n t

0 - 2 y e a r s 1 .1 1 9 ( 3 .2 5 7 ) 3 .2 0 9 ( 8 .2 8 5 ) 1 .4 8 9 (5 .3 3 9 ) 2 .1 8 1 (5 .9 0 1 )

2 - 6 y e a r s 0 .2 6 3 ( 1 .0 1 0 ) - 0 .8 4 1 ( 2 .8 6 3 ) 0 .3 9 1 (1 .7 2 2 ) -0 .5 3 6 (1 .9 0 9 )

6 - 1 2 ye a r s 0 .5 8 3 ( 2 .1 1 8 ) - 0 .5 6 6 ( 1 .8 2 4 ) 0 5 5 8 (2 .3 1 7 ) -0 .4 7 1 (1 .6 0 4 )

1 2 - 1 8 ye a r s 0 .1 1 0 ( 0 .4 3 1 ) 0 .0 6 3 ( 0 .2 1 9 ) 0 .2 7 0 (1 .1 5 5 )

t em p e r a t u re 0 .3 2 3 ( 3 1 .6 9 ) 0 .2 4 2 ( 2 1 .0 4 ) 0 .2 9 9 (3 0 .1 4 ) 0 .1 8 9 (1 7 .4 8 )

1 9 9 4 - 4 .0 4 4 ( 2 1 .0 5 ) - 2 .3 6 6 ( 1 0 .9 2 ) -3 .0 5 0 (2 0 .2 6 ) -0 .8 8 2 (4 .2 3 9 )

1 9 9 5 - 5 .4 1 1 ( 1 9 .6 9 ) - 1 .5 0 0 ( 4 .8 3 9 ) -4 .2 6 2 (2 9 .0 9 ) -0 .1 4 4 (0 .4 8 7 )

1 9 9 6 - 5 .7 8 5 ( 1 5 .4 3 ) - 0 .1 9 8 ( 0 .4 6 8 ) -4 .4 8 3 (3 0 .7 6 ) 1 .1 3 4 (2 .8 1 9 )

s e c o n d qu a r t e r 0 .5 6 1 ( 3 .7 6 0 ) - 0 .9 3 7 ( 5 .5 6 9 ) 0 .0 7 1 (0 .4 9 9 ) -0 .7 3 5 (4 .7 4 7 )

t h i rd q u a r t e r - 2 .7 6 9 ( 1 4 .0 1 ) - 3 .1 9 4 ( 1 4 .3 2 ) -3 .1 2 0 (1 7 .2 5 ) -2 .5 9 4 (1 2 .3 4 )

fo u r t h q u a r t e r - 0 .9 0 8 ( 6 .5 0 7 ) - 0 .3 9 2 ( 2 .4 8 9 ) -1 .4 7 2 (1 3 .9 7 ) -0 .2 2 3 (1 .5 0 4 )

A d ju s t e d R
2

0 .4 6 0 .5 5 0 .4 8 0 .5 9

F - [N ;N T - (N + k ) - 1 ] 3 2 .7 3 4 5 .7 8 3 3 .5 4 5 2 .0 5

N 3 ,4 5 9 3 ,4 5 9 3 ,4 3 7 3 ,4 3 7

N T 1 2 7 ,5 8 1 1 2 7 ,5 8 1 1 2 4 ,1 0 0 1 2 4 ,1 0 0

a
T h is s p e c i… c a t io n in c lu d e s th e la g g ed d ep en d e nt va r ia b l e a s a n e x p la n a to ry

va r ia b l e . A s a c o n s e q u en c e , th e … r s t o b s e r va t io n o f a l l h o u s e h o ld i s e x c lu d e d

f ro m th e r e g r e s s i o n . H o u s eh o ld s w it h l e s s th a n t h re e o b s e r va t io n s a r e

e x c lu d e d a s w e l l .
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A two-persons household produces 1.3 kilograms more GFT and 2.4 kilo-

grams RST than a single-person household. The share of women signi…cantly

increases the amount of RST waste produced. This is probably related to the

relative low labor force participation rate of women in the Netherlands: women

are at home much more than men. An additional infant increases the amount

of RST waste with 3 kilogram per month. Apparently, even in Oostzaan with

an above average environmental concern, cloth diapers have not fully replaced

disposable diapers. The temperature and second quarter have a positive e¤ect

on the amount of GFT waste presented. Both e¤ects re‡ect increased yard

maintenance. The third quarter show negative e¤ects for both types of waste,

which is likely to be a holiday e¤ect; third holiday includes the summer school

holidays.

The third and fourth column of table 5.5 present the results of the speci…-

cation including a lagged dependent variable.22 The marginal price coe¢cients

are -0.329 and -0.135 for GFT and RST waste respectively, somewhat lower

than the previous estimates. The lagged dependent variable coe¢cient is 0.2

(with high t-values) for both types of waste. This implies that the long-run

elasticities are larger than the short-run elasticities; -1.39 and -0.34 for GFT

waste and RST waste respectively; see also table 5.7.

In the period 1994 to 1996 the amounts of GFT waste are signi…cantly

lower than before even if the lagged amounts of GFT waste as well as prices

have been included as an explanatory variable. This results supports the home

composting explanation of the permanent GFT reduction as obtained from our

earlier …ndings. In the case of RST waste we found an autonomous increase in

recent years. This results supports the explanation that RST is rather insensi-

tive to prices change but much more to changes in household income.

22One variable was excluded from the regression equation due to multicollinearity in the
explanatory variables.
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Table 5.5: OLS and Tobit estimation results (absolute t-values in parentheses)
O L S To b i t

Va r ia b l e G F T R S T G F T R S T

In t e r c e p t 1 7 .2 8 5 ( 3 1 .2 8 ) 2 9 .4 4 5 ( 4 2 .7 4 ) 2 .7 6 0 (2 .3 0 2 ) 2 5 .4 1 3 ( 2 7 .7 2 )

T w o p e r s o n s 3 .1 5 2 ( 2 4 .7 5 ) 4 .1 4 1 ( 2 6 .4 9 ) 7 .3 0 0 5 (2 5 .7 4 ) 6 .6 1 9 ( 3 1 .3 2 )

T h re e p e r s o n s 3 .6 6 1 ( 2 2 .8 1 ) 7 .9 7 5 ( 4 0 .5 1 ) 8 .0 2 2 (2 2 .6 3 ) 1 1 .4 5 7 ( 4 3 .5 0 )

Fo u r p e r s o n s 6 .9 2 2 ( 3 6 .7 8 ) 1 0 .6 1 3 ( 4 6 .0 0 ) 1 4 .5 6 5 (3 5 .6 4 ) 1 5 .3 6 9 ( 5 0 .1 6 )

M o r e th a n f o u r p e r s o n s 6 .4 1 7 ( 2 3 .7 4 ) 1 2 .6 5 9 ( 3 8 .2 7 ) 1 2 .2 1 9 (2 0 .9 8 ) 1 7 .3 3 7 ( 3 9 .8 5 )

A g e 0 .0 6 5 ( 3 .4 1 9 ) - 0 .1 5 9 ( 6 .8 8 3 ) 0 .1 5 5 (3 .7 7 4 ) -0 .2 0 6 ( 6 .6 5 5 )

A g e s q u a re d - 0 .0 0 0 8 ( 4 .3 1 1 ) 0 .0 0 0 3 ( 1 .2 6 3 ) -0 .0 0 2 (4 .5 6 3 ) 0 .0 0 0 7 ( 2 .5 3 0 )

S h a r e o f f em a le s 1 .6 6 1 ( 9 .5 8 6 ) 2 .4 5 6 ( 1 1 .5 9 ) 5 .8 7 0 (1 5 .4 3 ) 4 .4 9 7 ( 1 5 .6 8 )

C h ild r e n p re s e n t

0 – 2 ye a r s 1 .0 9 3 ( 6 .5 4 7 ) 6 .1 6 9 ( 3 0 .2 0 ) 2 .7 0 9 (7 .7 4 8 ) 6 .6 7 6 ( 2 4 .9 6 )

2 – 6 ye a r s - 0 .8 9 1 ( 5 .4 5 0 ) 1 .5 6 3 ( 7 .8 1 8 ) -1 .9 2 1 (5 .5 5 6 ) 1 .2 0 5 ( 4 .6 0 5 )

6 – 1 2 y e a r s 0 .6 3 0 ( 3 .9 7 0 ) - 0 .1 8 6 ( 0 .9 5 7 ) 1 .5 6 9 (4 .7 3 2 ) -0 .1 3 5 ( 0 .5 3 2 )

1 2 – 1 8 ye a r s 0 .2 1 9 ( 1 .3 2 5 ) 1 .0 1 7 ( 5 .0 3 7 ) 0 .2 5 1 (0 .7 2 5 ) 0 .8 4 8 ( 3 .2 0 9 )

M a r g in a l p r i c e - 0 .3 2 0 ( 5 3 .6 2 ) - 0 .2 8 2 ( 3 2 .8 5 ) -0 .5 7 7 (4 7 .7 3 ) -0 .3 1 9 ( 2 8 .4 4 )

( jo in t G F T co n t a in e r ) - 0 .1 4 8 ( 6 .5 4 8 ) -0 .1 9 5 ( 6 .5 3 6 )

Te m p e r a tu r e 0 .2 3 9 ( 9 .2 8 8 ) 0 .2 0 6 ( 6 .5 3 7 ) 0 .7 0 7 (1 2 .5 4 ) 0 .2 6 5 ( 6 .3 2 9 )

T im e va r ia b l e s

Fe b ru a ry - 0 .5 7 0 ( 2 .4 7 3 ) - 4 .3 9 6 ( 1 5 .5 9 ) -1 .3 6 0 (2 .5 7 5 ) -5 .6 0 0 ( 1 4 .9 3 )

M a r ch 1 .3 7 4 ( 5 .5 4 1 ) - 3 .2 0 0 ( 1 0 .5 6 ) 3 .4 0 9 (6 .1 9 9 ) -3 .8 5 2 ( 9 .5 8 5 )

A p r i l 1 .7 2 7 ( 5 .4 4 8 ) - 3 .8 6 4 ( 9 .9 5 1 ) 3 .4 3 9 (4 .9 5 1 ) -4 .7 5 1 ( 9 .2 2 9 )

M ay 1 .3 7 4 ( 3 .7 1 3 ) - 0 .4 4 7 ( 0 .9 8 6 ) 1 .9 6 3 (2 .4 2 6 ) -0 .5 7 9 ( 0 .9 6 5 )

J u n e 1 .9 1 1 ( 4 .4 0 9 ) - 5 .4 7 6 ( 1 0 .3 1 ) 2 .6 0 6 (2 .7 5 9 ) -6 .6 8 1 ( 9 .4 8 1 )

J u ly - 1 .9 0 0 ( 3 .5 8 9 ) - 4 .0 5 2 ( 6 .2 2 7 ) -5 .4 3 8 (4 .7 0 4 ) -5 .1 4 9 ( 5 .9 6 9 )

A u g u s t - 0 .6 7 1 ( 1 .3 2 0 ) - 6 .4 2 3 ( 1 0 .2 8 ) -3 .3 2 4 (2 .9 9 9 ) -7 .8 4 5 ( 9 .4 6 5 )

S ep t em b e r - 0 .5 0 1 ( 1 .2 6 0 ) - 6 .2 9 7 ( 1 2 .8 7 ) -2 .3 1 7 (2 .6 5 3 ) -7 .7 9 0 ( 1 1 .9 9 )

O c to b e r 0 .2 5 9 ( 0 .7 7 2 ) - 2 .1 2 9 ( 5 .1 9 5 ) 1 .0 1 8 (1 .3 8 5 ) -2 .7 9 0 ( 5 .1 3 5 )

N ov em b e r - 0 .2 1 3 ( 0 .8 7 4 ) - 4 .2 9 1 ( 1 4 .3 9 ) 1 .0 4 5 (1 .9 3 5 ) -5 .5 4 3 ( 1 4 .0 2 )

D e c e m b e r - 1 .7 2 9 ( 7 .9 1 1 ) - 3 .2 1 9 ( 1 2 .0 1 ) -3 .5 1 3 (6 .9 9 9 ) -4 .3 5 6 ( 1 2 .7 2 )

1 9 9 4 - 4 .6 6 2 ( 2 3 .9 6 ) - 2 .5 6 7 ( 1 0 .1 4 ) -9 .2 6 2 (2 2 .5 8 ) -4 .2 4 9 ( 1 2 .7 2 )

1 9 9 5 - 5 .9 2 7 ( 3 1 .3 6 ) - 2 .4 5 3 ( 1 0 .1 1 ) - 1 2 .2 9 2 (3 0 .2 9 ) -4 .2 8 3 ( 1 3 .3 7 )

1 9 9 6 - 6 .4 6 4 ( 3 7 .2 4 ) - 1 .8 8 1 ( 8 .3 6 5 ) - 1 3 .3 1 1 (3 6 .3 4 ) -3 .7 1 8 ( 1 2 .5 4 )

continues on the next page
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Table 5.6: OLS and Tobit estimation results continued
O L S To b i t

Va r ia b l e G F T R S T G F T R S T

W O N A -1 .1 6 9 ( 9 .0 3 8 ) 1 .7 8 1 (1 1 .2 6 ) - 5 .2 2 8 ( 1 8 .4 3 ) 1 .9 7 7 ( 9 .4 6 8 )

W O N B 2 .3 0 7 ( 7 .9 6 6 ) 2 .4 5 3 (6 .9 2 5 ) 4 .4 7 9 ( 7 .4 3 3 ) 3 .3 6 6 ( 7 .1 9 3 )

W O N C -3 .9 7 1 ( 1 5 .6 6 ) 2 .3 2 4 (6 .8 6 5 ) - 5 .0 0 7 ( 9 .2 3 4 ) 3 .0 5 6 ( 6 .8 4 7 )

W O N D -7 .5 0 9 ( 2 7 .3 8 ) - 0 .6 2 4 (1 .1 7 7 ) - 2 .6 1 1 ( 4 .8 0 1 ) - 2 .8 0 0 ( 3 .9 6 2 )

W O N E -5 .4 1 1 ( 9 .6 9 6 ) 6 .8 4 6 (1 0 .0 3 ) - 2 2 .4 8 0 ( 1 4 .8 1 ) 6 .2 4 3 ( 6 .8 4 0 )

W O N F -2 .2 2 2 ( 1 8 .2 6 ) 1 .5 9 2 (1 0 .7 0 ) - 1 0 .1 3 3 ( 3 6 .4 0 ) 1 .6 7 3 ( 8 .5 0 5 )

W O N G -5 .6 5 4 ( 1 5 .1 8 ) 5 .3 0 6 (1 1 .6 5 ) - 1 8 .9 5 7 ( 2 0 .4 2 ) 5 .2 7 4 ( 8 .8 0 2 )

W O N H -4 .5 0 5 ( 4 .0 9 0 ) 1 3 .7 5 0 (1 0 .2 0 ) - 1 2 .1 8 1 ( 4 .6 0 2 ) 1 6 .8 2 4 ( 9 .6 2 3 )

W O N I - 6 .1 7 1 ( 2 .5 7 1 ) - 3 .5 0 2 (1 .1 9 3 ) - 1 3 5 .2 6 ( 0 .1 6 8 ) - 3 .3 4 8 ( 0 .8 2 6 )

J o in t c o n ta in e r – - 7 .8 6 2 (8 .5 7 6 ) – - 7 .2 8 6 ( 6 .0 2 6 )

A d ju s t e d -R
2

0 .1 1 5 0 .1 2 6

F k - 1 ,N T -k - 1 2 .7 - 1 3 .4

L o g l ik e l ih o o d - 3 0 5 ,5 3 5 -4 5 9 ,1 0 9

R e s t ic t e d lo g l ik e l ih o o d - 5 3 8 ,6 2 2 -5 6 5 ,1 0 4

L R t e s t Â2
k - 1 4 6 6 ,1 7 3 2 1 1 ,9 8 9

N T 1 2 7 ,5 8 1 1 2 7 ,5 8 1 1 2 7 ,5 8 1 1 2 7 ,5 8 1

Ordinary Least Squares

Our focus on the …xed e¤ects speci…cations is not completely without loss of

information. We cannot include exogenous variables which show no variation

for a household, such as the type of dwelling. In particular, the presence of a

garden is likely to be an important determinant of compostable waste produc-

tion. Moreover, the type of dwelling is also related to income: higher income

households will usually live in larger dwellings. Using OLS and Tobit estima-

tion we estimated the demand for household waste collection without individual

e¤ects. Note that the disadvantage of these methods is that the observations

in the survey should be uncorrelated which is de…nitely not the case in the

Oostzaan survey. Below we brie‡y discuss the results of the OLS and the Tobit

estimation.

The …rst and second column of table 5.6 show the OLS estimation results.

For compostable waste and non-recyclable waste the of the marginal price coe¢-

cient is negative: -0.320 and -0.282 respectively. In the latter case, the coe¢cient

only applies to households with a personal GFT container. The marginal price

coe¢cient of non-recyclable waste for households with a joint GFT container

is -0.148. Households with a joint GFT container are less sensitive to price

changes in the collection of non-recyclable waste than households with a per-
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sonal container. Moreover, on average households with a joint GFT container

present 7.9 kilogram less non-recyclable waste than households with a personal

GFT container.23

An important determinant of compostable waste is the presence of a gar-

den. Since we do not observe the presence of a garden, we include the type

of dwelling. Only dwellings for the elderly show a signi…cant positive e¤ect

as compared to non-detached dwellings. In all other types of dwellings less

compostable waste is generated. Remarkably, households living in detached

and semi-detached dwellings generate less compostable waste than the non-

detached dwellings, despite the fact that detached and semi-detached dwellings

presumably have larger gardens. However, larger gardens imply two opposite

e¤ects. On the one hand households produce more yard waste due to the larger

garden, and on the other hand more garden surface implies that it is more easy

to place home composting containers. Hence the results indicate that the latter

e¤ect dominates over the …rst e¤ect.24 In contrast with compostable waste,

households living in most other types of dwellings as compared to households

living in non-detached dwellings produce more waste. The exceptions are house-

holds living in an apartment building on one of the higher ‡oors and households

living in a summerhouse.

Tobit estimation

The third and fourth column of table 5.6 show the estimation results of the

Tobit type of speci…cation for compostable and non-recyclable waste. The price

coe¢cient are negative and signi…cant, -0.577 and -0.319 for compostable and

non-recyclable waste respectively. For households with a joint GFT container

the marginal price coe¢cient for non-recyclable waste collection is -0.195. Note

that these households present 7.3 kilogram less non-recyclable waste than house-

holds with a personal GFT container. Although the magnitude of the coe¢cients

di¤er, the signs of these results are similar to the OLS results.

23The di¤erence in the non-recyclable price coe¢cients cannot be explained by dwelling
type, age or household size, since these determinants are included in the regression equation.

24 In Oostzaan the purchase of a compost container has been stimulated by the municipality
with a subsidy on the purchase price of a home compost container.
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Table 5.7: Elasticities of marginal prices on the demand for household waste
collection

GFT RST
Model speci…cation waste waste
Short run
Fixed E¤ects -1.194 -0.478
Fixed E¤ects including lag -1.100 -0.264
OLS -1.100 -0.515
Tobit -0.484 -0.532

Long run
Fixed E¤ects including lag -1.392 -0.340
aThe elasticities are calculated in the sample means.

The trend in the Tobit results with respect to the type of dwelling is similar to

the OLS results. There is only one exception. Households living in an apartment

produce signi…cantly less non-recyclable waste. As with other Tobit results, the

di¤erence with the OLS results is that in most cases the absolute values of the

Tobit coe¢cients are much higher.

Elasticities

Based on the estimation results shown above we calculated elasticities for the

marginal prices. Table 5.7 shows the elasticities which are calculated in the

sample means. We distinguish elasticities for compostable and non-recyclable

waste as well as long-run and short-run price elasticities.

Table 5.7 shows the price elasticities of the demand for household waste col-

lection. The elasticities are calculated for both compostable and non-recyclable

waste. The results show that the elasticities are higher than earlier …ndings

in the literature (see table 5.2). Except for the Tobit speci…cation, the price

elasticities of compostable waste are higher than the non-recyclable waste elas-

ticities. The reason is that in the case of compostable waste there is an alter-

native of home composting. Such an alternative is not present in the case of

non-recyclable waste.

For GFT waste the long-run price elasticity is larger than all the short-

run price elasticities of estimate speci…cations. In the case of RST waste the

long-run price elasticity is larger than the short-run price elasticity in the same

speci…cation. However, both elasticities are smaller than the elasticities found

with the other speci…cations.
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Table 5.8: Income elasticities of the demand for household waste collection in
the Netherlands

Annual household
Variables waste
Intercept -1,204.32 (1.227)
Trend 11.062 (1.740)
Average family size 244,38 (1.508)
Average household income 0.007 (7.999)
N 34

R2 0.87

With the Oostzaan sample we estimated the four speci…cations. As men-

tioned in the previous subsection we are not able to determine the income e¤ect.

Using a macro time series of annual data25 on household waste in kilograms and

disposable income per capita in the Netherlands in the period 1960¡1994, how-

ever, we estimated an income elasticity of 0.60.26 Table 5.8 shows the estimation

results.

Except the intercept, all coe¢cients are signi…cant at a ten percent level.

According to our …ndings there is an 11 kilogram autonomous annual growth

in the average annual household waste. Furthermore, with the addition of one

person to the household, the average annual household waste increases with 244

kilograms.

5.5 Discussion

The results of the previous section showed that the implementation of weight-

based pricing in Oostzaan had a strong e¤ect on the amount of waste presented

for collection. In addition to the desired behavioral changes (such as home

composting, using less packages when shopping, hauling glass, paper, etc. to

special containers), the program may have triggered adverse behavioral e¤ects.

In Oostzaan these e¤ects have been thoroughly investigated.27 About 4 to 5

percent of the waste is brought to neighboring municipalities or to employers (for

comparison: in the …rst year after the introduction of weight-based pricing the

25Note that the aggregated data include both compostable and non-rcyclable waste.
26We used a linear speci…cation. The income elasticity was calculated in the sample mean;

the average annual household income was 76,042 guilders and the average annual waste weight
was 894 kilograms. With a double logarithmic speci…cation we found similar results for the
income elasticity.

27The results have been described in PME Adviesbureau BV, Afval voorkomen werkt
(Preventing waste pays), Zeist, 1994.
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mount of waste collected by the municipality decreased by about 30 percent).

The municipality provides households opportunities to report any misconduct

of waste littering or illegal dumping. All the reported misconducts are checked

by controllers of the municipality. In many cases the responsible household is

traced by investigating the contents of the waste bag littered. The household

then has to pay for the waste collection and is …ned as well. This system of

monitoring and …ning illegal dumping appears to be very e¤ective in terms of

deterrence: Illegal dumping is virtually non-existent. Sewage samples did not

show any evidence of illegal waste dumping.

Table 5.9: Shares of waste components (in percentages) in the total annual
amount of waste during the period 1992 ¡ 1996

Type of waste 1992-93 1993-94 1994-95 1995-96
non-recyclable waste 39.3 28.7 30.0 29.5
compostable waste 26.7 20.8 15.3 15.0
recyclable paper 22.0 30.1 33.7 34.6
recyclable glass 5.9 11.4 13.9 12.7
recyclable textiles 1.1 1.7 1.9 2.1
recyclable tins 0.2 2.1 2.1 1.9
small chemical waste 0.2 0.2 0.3 0.2
large volume units 3.6 3.9 2.2 3.2
refrigerators 0.2 0.2 0.2 0.2
The columns apply to the period July, 1 up to June, 30 of the next year.

Whether a system of weight-based pricing can be implemented successfully

crucially depends on the type of municipality and its social structure. Oostzaan

is a relatively small countryside village with a certain degree of social control.

In larger communities with predominantly apartment buildings the conditions

for successful implementation are less favorable.

For the municipality of Oostzaan, the net costs of waste collection and pro-

cessing did not increase as a result of the new system. The increased costs of

collection, control and administration were compensated by the reduction in

processing costs resulting from a lower total amount of waste. For households,

the average charge for waste collection increased slightly during the sample pe-

riod but to a much smaller extent than in neighboring municipalities that use

the traditional …xed fees system.

Fullerton and Kinnaman (1996) found that the recyclable materials increased

with 15 percent due to the introduction of a price per container. Although

information on the amounts of recyclable waste is not available on a household
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level, we do have the aggregate amounts of the municipality of Oostzaan; table

5.9. There was a large increase for glass (36 percent) and tins (60 percent).

Recall that the separate curbside collection program for paper already existed

before the introduction of weight-based pricing. Also note that the collection of

large volume units and refrigerators is not free of charge.

5.6 Conclusions

In Oostzaan weight-based pricing has a strong e¤ect on the amount of waste

presented for collection even in the long run. For compostable we found price

elasticities of -1.2 and -1.4 for the short run and long run respectively. In the case

of non-recyclable waste we found short-run price elasticities within the range of

-0.5 to -0.26, and long-run price elasticities of -0.34. The estimates are much

larger than those found in earlier studies on volume-based pricing. The substan-

tial annual reduction and the high elasticities of the GFT waste presented for

collection indicate that households use alternatives such as home composting

more often. The amounts of recyclable materials that can be dropped o¤ free

of charge increased substantially. In Oostzaan weight-based pricing appears to

be cost e¤ective. The problem of illegal dumping is small, due to an e¤ective

monitoring and …ning system.

Practical problems limit the implementation of weight-based pricing to com-

munities with a certain degree of social control and relatively small number

of apartment buildings. However, there are many such municipalities in the

Netherlands and elsewhere.



Chapter 6

How helpful are economic
incentives to steer
consumer behavior towards
sustainability?

6.1 Introduction

Earlier stages of the HOMES project have left little doubt about the degree of

sustainability of current household consumption patterns. As shown in

Chapter 2, the energy and water consumption are still increasing or increasing

again. Even under favorable scenarios regarding the employability of renewable

energy sources and currently known technological improvements, a reduction of

the use of energy and materials per household is required in order to arrive at

a consumption pattern that is more sustainable.

One of the challenges of environmental policy is to …nd an optimal mix of

policy instruments to achieve these goals. The purpose of this Chapter is to in-

vestigate this problem, in the light of some insights from (behavioral) economics

and other social sciences, and the results from previous Chapters.

Section 6.2 discusses some theories – with elements from economics,

psychology and sociology – which we think are particularly relevant in un-

derstanding consumer behavior regarding sustainability. The section includes

discussions of interdependent preferences, non-sustainable behavior as a pris-

oner’s dilemma, information and uncertainty, and bounded consumer rational-

ity. While the HOMES project – as well as the empirical parts of this thesis –
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have focussed exclusively on the Dutch society, the results of the project have

implications that go beyond the borders of The Netherlands. Section 6.2 also

presents a brief outlook to other countries from the HOMES viewpoint. Section

6.3 reviews types of instruments that can be used to a¤ect consumer behavior.

Our discussion will include public awareness campaigns and education, prohibi-

tion and regulation by law, (tradeable) quantity rations, and …nancial incentives.

We focus on e¤ectiveness and e¢ciency conditional on implementation. Politi-

cal feasibility and public acceptability, which are other crucial determinants of

the success or failure of an instrument, receive ample attention in Ligteringen

(1999). In section 6.4 we make a side step comparing the outcomes of the imple-

mentation of two policy instruments: a budget neutral energy tax and tradeable

quantity rations. Section 6.5 reviews …nancial incentives in the sustainability

context and …nally section 6.6 concludes.

6.2 Some social science views on sustainable con-
sumer behavior

Understanding behavior is a prerequisite for designing a consistent and e¤ective

policy aimed at in‡uencing human behavior. Our knowledge of human behav-

ior within a society is based on cumulated insights that have been obtained

gradually during many decades of research in various disciplines.

There is no such thing as consensus about which theories are appropriate,

and our insights in human social behavior are still at best partial. In the case of

environmental and energy policy in particular there is a lot of controversy about

appropriate policies. One obvious reason is that people have di¤erent (political

and ideological) views regarding society and social order. But controversy may

also be a consequence of a lack of ‘objective’ knowledge and insights in physical

and/or social aspects of environmental problems. When perception about the

nature and seriousness of environmental problems di¤er, so will the accruing

policy recommendations, even when there would be no ideological disagreement.

Despite these quali…cations we believe that social sciences provide insights which

are su¢ciently coherent to base policy recommendations on.

In the basic neoclassical model of human (economic) behavior, the individual

maximizes utility subject to constraints (income constraint, time constraints,

technological constraints), taking individual preferences as given. Mainly be-

cause preferences are taken as given, the model is too limited to use for policy
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design. Therefore we will attempt to also use insights from social psychology and

sociology. Below we subsequently discuss some extensions that are particularly

relevant in the present context: interdependent preferences, non-sustainable

behavior as a prisoner’s dilemma, information and uncertainty, and bounded

consumer rationality. We conclude with a discussion of changing norms and

values from an international perspective.

Interdependent preferences

A central issue in understanding consumer behavior concerns the interdepen-

dence of the behavior of individuals in society. Although in economics the

notion of interdependent preferences was already described half a century ago

by Duesenberry (1949) and Leibenstein (1950), the important issue of prefer-

ence and behavioral interdependence has been largely neglected in economic

research. One of the reasons is that economists traditionally take preferences as

given and leave the explanation of preferences to other social sciences. Another

reason is that the e¤ect of the behavior of others is not easily distinguished from

the role of other variables; see Manski (1993). Yet, there is little doubt – in eco-

nomics as well as in other social sciences – about the existence and importance

of interdependent preferences.

Preference interdependence may have far-reaching consequences for under-

standing and predicting consumer behavior at the aggregate level (cf. Blomquist,

1993). Consider for example the case of car use. Analyses at the individual level

show that a decreasing (real) fuel price induces additional car use. As this ap-

plies to all consumers in society, car owners will not only experience an incentive

to drive more because of the lower fuel price, but they will also observe that

other car owners drive more. As preferences are usually strongly in‡uenced by

the observed behavior of other people, driving a car gets more weight in the

preference scheme of consumers, which is likely to induce another upward ef-

fect on the number of kilometers driven. As a result, the sum of the predicted

individual e¤ects will underestimate the e¤ect on the aggregate level when pref-

erence interdependence is ignored.

Non-sustainable consumption as a prisoner’s dilemma

Preference interdependence means that a consumer’s utility does not only de-

pend on his own consumption but also on the consumption of others. As a

consequence, subjective well-being is largely determined by a consumer’s rel-
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atively position in society, rather than by the absolute level of consumption,

at least in the more auent societies; see for empirical evidence Kapteyn and

Van Herwaarden (1980) and Oswald (1998). As a result, consumers may keep

each other captive in a prisoner’s dilemma regarding their consumption pat-

tern. To explain the issue let us reconsider the car example. The utility one

derives from a car does not only depend on the car characteristics but also on

the characteristics of the cars of neighbors. When a neighbor purchases a more

expensive car, this will generally have a positive e¤ect on the …rst person’s ex-

penditures on his next car, and vice versa. As a result, consumers end up in a

Pareto ine¢cient pattern of expenditures: all would be better o¤ if they would

cooperate and jointly decide to spend less on cars and more on goods which are

less conspicuous, such as cultural and recreational activities.

It is important to note that these consumption externalities occur in addition

to the ’ordinary’ externalities related to pollution, noise, resource exhaustion,

etc. The externality due to the conspicuousness of certain consumption goods

and services provides an additional motivation for taxing conspicuous goods

and subsidizing non-conspicuous goods; see Frank (1997) and Kooreman and

Schoonbeek (1998) for further discussion. Such a tax system can support a

more fundamental change in norms and values regarding consumption, which

seems to be necessary to achieve sustainability.

Information and uncertainty

Even when consumers and households are committed to behave in a way that is

best from the viewpoint of sustainability, making the best choice is not always

easy. This may be due to either a lack of information or to bounded rationality

(i.e. limited capacity for information processing and decision making from the

part of the consumer, or simply: making mistakes). A lack of information is

not necessarily related to bounded rationality. To quote Linder (1970): ‘Only

unintelligent buyers acquire complete information’. In many cases acquiring

information is too costly for an individual consumer compared to the expected

bene…t of additional information search. Even professional organizations may be

unable to provide decisive information about which alternatives are optimal from

a sustainability point of view. An example is the choice between cartons or glass

bottles for packaging liquid dairy products. Initially glass bottles were thought

to be preferable because they are easier to recycle. However, the outcome of the

comparison reversed once it was taken into account that glass packaging takes
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more fuel in transportation since it is heavier than carton packaging.

In Chapter 3 we have analyzed the seemingly simple choice between two

versions of a durable good (e.g. light bulbs or refrigerators) which only di¤er

in purchase price, energy use, and (…xed) life times, and are identical oth-

erwise. We showed that a rational choice on the basis of a mere compari-

son of expected discounted costs made by fully informed consumers may yield

complicated and counterintuitive behavioral patterns; see also Kooreman and

Steerneman (1998). The latter example shows that it is often not only di¢cult

for a consumer to make the right choice, but also that it may be di¢cult for

a researcher to determine whether a choice made by a consumer was optimal

or not. For example, in earlier research several authors conclude that con-

sumer behavior regarding durable goods is irrational, for example, because they

implied extremely high subjective discount rates (see, e.g. Gately, 1980; and

Loewenstein and Thaler, 1989). Further scrutiny showed that these results can

be explained by taking into account aspects such as liquidity constraints (choos-

ing a high-e¢ciency durable would be pro…table for the consumer; still, he pur-

chases the low-e¢ciency version because he is unable to borrow the money nec-

essary for the initial investment), uncertainty regarding the life time of durables,

and the costs of acquiring information on the durables.

Bounded consumer rationality

The cases discussed above are not examples of bounded rationality in the pure

sense. The latter occurs if consumers do have all the necessary information at

their disposal but yet do not make the optimal choice. One could distinguish

two types of bounded rationality. The …rst type are errors in calculations, not

paying su¢cient attention, etc. Such mistakes are inherent to human decision

making in general and do not apply speci…cally to sustainability related choices.

In other cases non-optimality of choices is the result of a lack of self-control;

see e.g. Laibson and Benjamin (1999) and Warneryd (1999) for examples and

discussion.

Changes in consumption values and norms

Although policy instruments can surely contribute to sustainability objectives

(cf. section 6.3), behavior will always be largely determined by powerful social

and cultural forces which are not easily a¤ected by policies. These forces exhibit

slowly evolving trends.
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Table 6.1: Summary statistics of several countries
I n c o m e

a
E n e rg y

b
S u b j e c t iv e P o p .

d
S h a re P M E d u - A ve r a g e

w e l l - b e in g o f s e r - in d e x
e

c a t io n h o u s e h .

C o u n t r y in d e x
c

v ic e s in d e x
f

s iz e

A rg en t in a 2 3 1 ,9 9 4 5 9 1 2 6 6 .2 1 9 2 2 3 .9

A u s t r ia 8 0 4 ,1 7 1 5 9 9 4 6 3 .3 2 2 3 3 2 .7

B e lg iu m 7 9 6 ,8 7 2 7 7 3 2 8 6 2 .3 2 7 3 7 2 .7

B ra z i l 2 4 8 1 0 5 5 1 8 5 5 .4 1 9 1 2 4 .4

C a n a d a 8 7 1 0 ,9 6 5 6 9 3 6 6 .2 2 5 7 0 2 .7

C h i l i 3 2 1 ,3 0 5 5 3 1 8 5 5 .4 1 9 1 9 4 .1

C h in a 1 3 8 3 3 4 2 1 2 3 2 1 .4 7 2 4 .4

C z e ch R ep u b l i c 3 0 5 ,6 1 0 3 2 1 3 1 5 0 .5 1 6 1 8 2 .8

D en m a r k 8 1 4 ,6 5 5 8 5 1 2 1 6 9 .0 2 3 3 2 2 .2

G e rm a ny 8 9 5 ,8 9 0 6 4 2 2 6 6 3 .7 2 2 3 1 2 .3

F in la n d 7 3 6 ,5 6 6 7 6 1 5 5 8 .2 3 3 4 7 2 .5

Fra n c e 8 3 5 ,4 3 4 6 7 1 0 5 6 7 .5 2 7 4 0 2 .6

H u n g a ry 2 8 3 ,3 3 9 2 8 1 1 1 6 6 .0 1 2 1 5 2 .7

In d ia 5 3 5 0 1 6 2 7 4 4 0 .9 1 3 6 5 .5

I r e la n d 5 2 3 ,9 9 7 8 0 5 1 5 4 .0 2 2 2 6 3 .6

I t a ly 7 7 4 ,0 1 9 6 6 1 9 2 6 5 .4 2 7 2 0 2 .8

J a p a n 8 8 4 ,7 3 5 5 4 3 3 1 6 1 .1 2 5 3 1 3 .0

M ex ic o 3 2 1 ,8 9 1 5 1 4 4 5 9 .8 2 1 1 4 5 .0

N e t h e r la n d s 7 6 7 ,1 2 2 8 5 4 0 3 6 6 .0 3 2 3 4 2 .5

N ig e r ia 6 2 0 7 3 3 1 1 4 4 3 .8 1 3 3 n .a .

N o rw ay 7 8 6 ,7 1 3 8 1 1 3 6 4 .5 2 0 4 3 2 .4

P o la n d 2 0 3 ,4 8 4 5 8 1 2 4 4 1 .9 1 3 2 2 3 .1

P o r tu g a l 4 3 2 ,1 1 1 5 1 1 0 7 5 6 .2 1 7 1 8 2 .9

R o m a n ia 1 6 2 ,7 0 2 2 0 9 9 3 1 .9 1 2 9 3 .1

R u ss ia 3 1 7 ,3 5 7 - 1 9 2 6 .8 1 1 2 0 2 .9

S o u th A fr i c a 1 8 2 ,4 8 8 3 0 3 3 4 8 .8 1 8 3 n .a .

S o u th K o r e a 3 8 3 ,1 8 8 5 1 4 4 8 4 4 .2 1 8 3 9 3 .8

S p a in 5 7 3 ,1 0 9 6 5 7 8 6 3 .4 2 5 3 4 3 .5

S w ed en 7 9 6 ,9 3 7 8 6 1 9 6 7 .2 2 5 3 3 2 .2

S w i t z e r la n d 9 8 4 ,8 7 7 8 6 1 7 0 6 2 .2 3 0 2 6 2 .5

Tu rke y 2 2 1 ,0 4 5 4 7 7 6 4 9 .9 2 2 1 4 5 .2

U n i t e d K in g d o m 7 4 5 ,4 0 0 7 5 2 3 8 6 6 .5 2 4 2 5 2 .8

U n i t e d S t a t e s 1 0 0 1 0 ,7 3 7 7 7 2 7 7 4 .9 2 2 7 5 2 .6

S o u rc e : In g l e h a r t (1 9 9 7 ) a n d T h e E co n o m is t P o ck e t W o r ld in F ig u r e s (1 9 9 6 )

a
i n c o m e p e r c a p i t a in p u rch a s in g p ow e r p a r i ty (U S = 1 0 0 )

b
e n e r g y c o n s u m p t io n p e r c a p it a in k i l o g ra m co a l e q u iva le n t

c
s e e In g l e h a r t (1 9 9 7 )

d
p o p u la t io n p e r s q u a re k i lo m e te r

e
P o s t -m a te r ia l is t va lu e s in d e x ; s e e In g l e h a r t ( 1 9 9 7 )

f
p e r c e n t a g e in h ig h e r e d u c a t io n
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Table 6.2: Correlation matrix
I n c o m e E n e rg y S u b j . P o p . S h a re P M E d u a t io n

w e l l - o f va lu e s in d e x

b e in g s e r v i c e s in d e x

in d e x

In c o m e p e r c a p it a

E n e r g y c o n s u m p t io n p e r c a p i t a 0 .7 6

S u b j e c t iv e w e l l -b e in g 0 .7 7 0 .4 5

P o p u la t io n p e r sq u a re k i l o m e t e r 0 .1 6 - 0 .0 2 0 .0 7

S h a re o f s e r v i c e s in G D P 0 .7 3 0 .4 6 0 .7 3 - 0 .0 1

P o s t -m a te r ia l i s t va lu e s in d e x 0 .7 8 0 .4 8 0 .7 8 0 .1 7 0 .7 3

E d u c a t io n in d e x 0 .7 7 0 .8 5 0 .6 1 - 0 .0 2 0 .6 0 0 .5 7

A ve r a g e h o u s e h o ld s iz e - 0 .7 3 - 0 .7 3 -0 .4 6 - 0 .0 4 -0 .4 6 - 0 .4 1 - 0 .4 5

R e m a rk : fo r c o r r e la t io n s inv o lv in g ave r a g e h o u s e h o ld s iz e : n = 3 1 , fo r o t h e r c o r r e la t i o n s : n = 3 3 .

In a comprehensive survey on norms in 43 di¤erent countries, Inglehart

(1997) has found convincing evidence of a trend towards postmaterialism. This

is to say that people attach more importance to issues like religion, culture,

ecology and natural environment as compared to items like income, housing,

and status. It might be conjectured that such a development is associated with

a tempering demand for energy and natural resources. Table 6.1 shows summary

statistics on income, energy use, postmaterialist values, and related variables for

43 di¤erent countries.

Table 6.2 shows a positive correlation between energy use and the postmate-

rialist value score (almost 0.5), and an even higher positive correlation between

income and the postmaterialist value score (almost 0.8). This suggests that

a relatively high level of consumption and energy use is a prerequisite for the

emergence of postmaterialist values. To put it di¤erently: postmaterialist values

appear to be a ‘luxury’ good rather than a substitute for materialist consump-

tion. This interpretation is highly tentative, however, given the nature of the

data.

6.3 Instruments for a¤ecting consumer behavior

The results of the HOMES project and the discussion above provide motiva-

tions for government intervention related to household consumption behavior

and sustainability. The …rst and least controversial motivation is that many

consumption activities, in particular those related to natural resources and

energy, have negative ‘ordinary’ externalities such as pollution, noise, and natu-
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ral degradation. A second motivation has been alluded to above: as individual

consumers seem to be unable to escape from the conspicuousness prisoner’s

dilemma described above, governments should interfere. Finally, the various

manifestations of bounded rationality of irrationality described above provides

a motivation for interference.1

Below we discuss a number of instruments that can be used. The list is

neither exhaustive, nor original. Moreover, …nancial incentives are extensively

discussed in section 6.5.

Providing information, public awareness campaigns, and
education

Producers and the government should provide minimum information to con-

sumers regarding energy use, lifetime, etc. of various models to help them

making informed choices. To exploit scale economies, collecting such informa-

tion is often best done by professional consumer organizations. Public awareness

campaigns have been used extensively in past Dutch environmental policies re-

garding consumer behavior. The e¤ects, however, have almost never been mea-

sured and are di¢cult to measure conceptually. There are indications that the

e¤ects are small and quickly fade away after the conclusion of the campaign.

Information that can improve consumers’ awareness is direct feedback on the

energy or water use. An example is measuring and monitoring input uses of indi-

vidual household appliances (such as a shower), or measuring and

monitoring daily electricity use in terms of both kilowatt-hours and guilders.

In another example, households weekly register their natural gas and electric-

ity consumption during Winter months. Energy-supplying companies weekly

provide bench-mark consumption levels based on weather and household cir-

cumstances and the annual expected energy consumption. In the Netherlands,

the reduction in household energy consumption realized with direct feedback in

1995 was estimated at 2.0 PJ, which is equivalent to about 63.2 million m3 of

natural gas; see EnergieNed (1996).2 By participating in the campaign, house-

holds realize a 3 percent reduction in their energy consumption.

1 In the latter case in particular, interference might be considered as ‘patronizing’. Whether
it is appropriate for governments to play a role in such cases is, at least to some extent, a
matter of ideological and political views.

2 In 1995 1.2 million Dutch household participated voluntarily in this campaign. The costs
of these activities are paid by the households with the Environmental Action Plan tax; see
Chapter 2.
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Prohibition and regulation by law

An example of these instruments is the ‘Wet Energiebesparing Toestellen

(WET)’, (Law Energy Conservation for Equipment), which sets standards re-

garding maximum energy or water input per unit of output. Another example is

tra¢c speed limits. A third example, discussed by Palmer and Walls (1997), is

the ‘recycled contents standards’, which requires that a predetermined fraction

of inputs of a consumption good has to consist of recyclable materials. E¤ec-

tiveness of regulation by law requires that the regulations are combined with

credible enforcement, i.e. a su¢ciently high probability of detection of viola-

tion and a su¢ciently high …ne. The municipality of Oostzaan, for instance,

employs a monitoring and …ning system in order to prevent illegal dumping; see

Chapter 5.

(Tradeable) quantity rations

In public debates about energy policies the implementation of quantity rations

is sometimes advocated; see e.g. Lyklema (1997). One can make a distinction

between rations that cannot be traded (at least not legally) and those for which

trade is permitted. These (tradeable) quantity rations are largely similar to

tradeable pollution permits; see for instance Hanley et al. (1997).

In the …rst case, each household is assigned a certain quantity of energy in

each period, which may depend on family composition and other circumstances.

Households are unable to exceed the limit of energy use in a particular period.

Rationing policies are sometimes used in case of extreme shortages of basic

necessities such as food, water and clothing, for example in case of natural

calamities or in times of war. The motivation in these cases is that free market

distribution would result in extremely high prices, which would prohibit poorer

households to satisfy their basic needs. However, as long as this argument is not

relevant – as seems to be the case for energy in current Western societies – there

are few solid arguments in favor of its implementation. One advantage might

be that it increases household’s energy awareness. Another advantage – from

an environmental point of view – is that the total amount of energy supplied

can be determined beforehand, so that the total amount of energy consumption

can be regulated. The main disadvantage is its arbitrary nature. Beyond the

limit quantity the price of energy suddenly goes to in…nity. The household is

confronted with an additional constraint and the utility level it can reach is at

best as high as the level without the constraint.
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The situation improves when households are allowed to trade their rations

with other households. However, it can be shown that (under certain conditions)

this leads to the same allocation as when aggregate energy use is reduced by

means of a price increase; see the next section.

The physical system that is used to charge households for energy may a¤ect

energy use, and hence act as an indirect quantity ration mechanism. For exam-

ple, Baker et al. (1989) …nd that households who pay for gas or electricity by

throwing coins in a home-installed meter use signi…cantly less, ceteris paribus,

than other households. This is likely to be associated with a loss in comfort

(utility).

In principle, physical systems can also be used to help people coping with self-

control problems related to non-sustainable behavior. As an example, consider

people who sincerely commit themselves to obey a speed limit of 120 kph, but

sometimes violate the limit due to a lack of self-control. In such a case, a device

can be installed which prevents the car from exceeding the speed limit. Another

example is a shower which automatically shuts down hot water supply after a

preset number of minutes.

6.4 Allocative equivalence of energy taxation and
tradeable rations; an example

In practice, the tradeable quantity rations for energy have – to our knowledge

– never been introduced yet. Quantity rations have the advantage that they

can determine the total energy supply beforehand. This predetermined energy

supply would be bene…cial from an environmental perspective because the total

energy consumption can be regulated. In the case of energy taxes the total

energy supply is determined by the total amount of energy demand given the

predetermined energy prices including the energy tax. This section compares the

e¤ects of both policy instruments: an energy tax and tradeable energy quantity

rations. For expositional purposes we use a model which is simple, but which

captures all the essential features.

Consider a society with a continuum of consumers whose preferences are

represented by

U(x1; x2) = ® lnx1 + (1 ¡ ®) lnx2; 0 < ® < 1: (6.1)

Here x1 is the quantity of energy and x2 is the quantity of other consumption.

The corresponding prices are denoted by p1 and p2; y is income. Maximization
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of the utility function subject to the budget constraint p1 x1 + p2 x2 = y yields

the individual demand equations:

x1 = ®
y

p1
; x2 = (1 ¡ ®)

y

p2
: (6.2)

Consumers di¤er in two respects. First, they have di¤erent values for ®. The ®’s

follow a probability distribution f® de…ned on the unit interval with expected

value ¹®. (Without preference heterogeneity no trade would occur in the case of

tradeable quantity rations). Second, the incomes di¤er as well. The y’s follow

a probability distribution fy with expected value ¹y. The distributions of ® and

y are independent.

Total energy use X1 and total other consumption X2 (both per capita) in

society are given by

X1 =

Z Z
®y

p1
f®(®)fy(y)@®@y =

¹®¹y

p1
; and (6.3)

X2 =

Z Z
(1 ¡ ®)y

p2
f®(®)fy(y)@®@y =

(1 ¡ ¹®)¹y

p2
: (6.4)

Suppose that the government wants to reduce total energy consumption to

¸X1, with 0 < ¸ < 1. We consider two policies: a budget neutral energy tax

and tradeable quantity rations.

Energy taxation

The government imposes an energy tax by increasing the price of energy from

p1 to p1 + ¿1. We assume that the tax is budget neutral, which is achieved by

giving each household a lump-sum tax reimbursement ¢y. The tax rate ¿1 and

¢y are therefore implicitly de…ned by

¸¹®¹y

p1
=

¹®(¹y + ¢y)

p1 + ¿1
(6.5)

and

¿1¸¹®¹y

p1
= ¢y: (6.6)

The solutions for ¿1 and ¢y are given by

¿1 = p1
1 ¡ ¸

¸(1 ¡ ¹®)
: (6.7)

and

¢y =
(1 ¡ ¸)¹®¹y

(1 ¡ ¹®)
: (6.8)
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with an after-tax energy price of

p1 + ¿1 = p1
1 ¡ ¹®¸

¸(1 ¡ ¹®)
: (6.9)

The individual demand for energy after tax is given by

xafter tax
1 =

®(y + ¢y)

p1 + ¿1
=

®¸(1 ¡ ¹®)y

(1 ¡ ¹®¸)p1
+

®¹®(1 ¡ ¸)¹y

(1 ¡ ¹®¸)p1
: (6.10)

Tradeable ration

The same policy objective can be achieved by introducing tradeable quantity

rations. Each household receives a ration ¹x1 = ¸¹®¹y
p1

for which it has to pay

an amount ¸¹®¹y. A household can choose to consume more or less than ¹x1

by buying or selling an amount m on the ration market (m is positive when

the household buys and negative when it sells). The ration market is perfectly

competitive. So, the law of one price holds, and the market price, r, is given for

the individual household.

A household now maximizes

U(x1; x2) = ® ln(x1 + m) + (1 ¡ ®) lnx2; 0 < ® < 1: (6.11)

subject to

r ¢ m + p2x2 = y ¡ ¸¹®¹y: (6.12)

The solution for m is given by

m = ¡¹x1 +
®

r
(y ¡ ¸¹®¹y + r¹x1): (6.13)

The ration market clears when

¡¹x1 +
®

r
(y ¡ ¸¹®¹y + r¹x1) = 0; (6.14)

from which we can solve the equilibrium price as

r =
¹®¹y(1 ¡ ¸¹®)

(1 ¡ ¹®)¹x1
=

p1(1 ¡ ¹®¸)

¸(1 ¡ ¹®)
: (6.15)

Note that the equilibrium price is equal to the after tax price in the energy tax

case (eq. (6.9)).
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Using (6.13) and (6.15) we …nd that individual energy consumption is equal

to

xration
1 = ¹x1 + m

=
®¸(1 ¡ ¹®)

(1 ¡ ¹®¸)p1
(y ¡ ¸¹®¹y + r¹x1)

=
®¸(1 ¡ ¹®)y

(1 ¡ ¹®¸)p1
+

®¹®(1 ¡ ¸)¹y

(1 ¡ ¹®¸)p1
;

which is identical to the expression in (6.10).

Thus the outcomes of an energy tax and tradeable rations are identical.3

Given the identical outcomes of this simple model, the choice between the energy

tax and tradeable quantity rations cannot be based on the e¤ectiveness of the

instruments. The choice between the alternatives could be based on political

feasibility, public acceptance, and the implementation costs. We expect the

implementation costs of quantity rations to be larger, partly because the trade

involves transaction costs.

6.5 Financial incentives

This Chapter has described some aspects of the design and motivation of policies

aimed at achieving more sustainable household consumption patterns. In this

thesis, we provided compelling empirical evidence that …nancial incentives are

e¤ective instruments to a¤ect behavior, provided that they are su¢ciently large

and properly implemented. The tables 4.1 to 4.3 in Chapter 4 and table 5.2

in Chapter 5 summarize the results of various empirical investigations into the

price sensitivity of household energy, water and waste collection demand. The

results are given in terms of elasticities, which is de…ned as the percentage

change in consumption as a result of a one percent increase in its price.

In public debates it is sometimes claimed that consumption is insensitive

to price changes. For example, in 1993, the Dutch Unie van Waterschappen

(Union of Water Control Boards) claimed that increasing the marginal price

of water would not a¤ect household water consumption. Other examples are

opinions expressed by RAI (Dutch Association for Car Retailers). According

to RAI increases in the price of car fuel are only meant to raise government

revenues and will not reduce the number of kilometers driven. Similarly RAI

3Note that we used a rather simple utility function. Using more complicated utlity functions
might yield di¤erent results.
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claims that road pricing (‘Rekeningrijden’) will be ine¤ective. The numbers in

the tables 4.1 to 4.3 and 5.2 show that such claims are false; these claims can

often be explained from the organizations’ own interest in not raising marginal

prices.

Some confusion in the public debate is caused by confounding

price elasticities and price e¤ects. The price e¤ect is determined by the elasticity

and the size of the price increase. If the price elasticity is small, a large decrease

in consumption requires a sizeable price increase. For example, the price elastic-

ity of household water consumption is approximately -0.07; see Chapter 4. This

implies that doubling the price will decrease consumption by only 7 percent.

However, our …ndings in Chapter 4 as well as the numbers in the tables 4.1 to

4.3 show unambiguously that price increases will work, provided that they are

su¢ciently large and properly implemented.

Proper implementation requires that a tax or subsidy should a¤ect the

marginal price and that the possibilities for evasion are absent or small. An

example of a …nancial incentive which does not a¤ect the marginal price is the

tax increase for households that use company cars for private purposes. Al-

though these households pay for private use, it does not a¤ect the marginal

price of using the company car for private purposes. Hence, it is completely

ine¤ective as a means for reducing car use.4 The condition of a¤ecting marginal

price also requires that the use is measured at the household level. There are

still a lot of situations in which this is not the case. Examples are households

without a water meter (see Chapter 2), or household waste collection without

weighing. Given the decreasing costs of the technology required for individual

measuring and the increasing costs of the environmental damage resulting from

zero marginal prices, future policies should strongly discourage charging systems

implying zero marginal prices.

An example of a large possibility of evasion is the implementation of weight-

based pricing in the collection of household waste. As mentioned in Chapter 5,

weight-based pricing for household waste collection in Oostzaan has been suc-

cessful partly because there is strict enforcement and illegal dumping is …ned.

In the case of subsidies, proper implementation includes three aspects. First,

the amount of subsidy should be su¢ciently large. The relative price di¤erences

between high-e¢ciency and low-e¢ciency versions are of primary interest. Pur-

chase prices of high-e¢ciency light bulbs, for instance, are at least ten times

4An alternative which is e¤ective has been proposed by De Kam and Kooreman (1996).
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as high as those of ordinary light bulbs, while the expected lifetime for high-

e¢ciency light bulbs is much larger than for ordinary light bulbs. Large purchase

price di¤erences will require relatively larger subsidies (cf. example 3 in Chapter

3).

Secondly, if many consumers are already purchasing energy-e¢cient versions

(i.e. the penetration rate of high-e¢ciency versions is already high), it is not

useful to implement a subsidy. Moreover, if the subsidy has been successful

and the penetration rate increased to a high (predetermined) level, the subsidy

supplier should reconsider the subsidy suppliance. An example is the subsidy

on high-e¢ciency central heating systems in the Netherlands. In 1996, this

subsidy, supplied by the national government, has been abolished because the

predetermined government’s objective was exceeded in 1995, see ECN (1998).

Thirdly, subsidies should not encourage consumers to sharply increase the

usage of the particular appliance, i.e. the take back e¤ect should be small

or absent, see section 3.3.5. If the take-back e¤ect is large, the increase of

energy consumption due to the increase of appliance usage might o¤-set the

initial reduction in energy consumption – from choosing a more energy-e¢cient

technology. In the case of high-e¢ciency light bulbs, for instance, consumers

may well be tempted to use the high-e¢ciency light bulb more often than or-

dinary light bulbs. Another example is indicated by the e¤ects of multiple

insulation types in Chapter 4. We found evidence that the consumer choice of

multiple insulation types in a dwelling could even lead to an increase in the

natural gas consumption. From an environmental perspective, the e¤ectiveness

of subsidies could then be heavily argued.

So far, we focussed on taxes and subsidies, but there are two other …nan-

cial instruments that should be mentioned. First, loans could be provided to

allow liquidity constrained consumers to purchase high e¢ciency versions of

durable goods. Alternatively, one could give consumers the opportunity to rent

rather than purchase the high e¢ciency version. Second, warranty arrangements

should be provided to insure (risk averse) consumers against early failure of the

durables. Both instruments are cost e¤ective.

Furthermore, to reduce the household energy consumption e¤ectively, it is

important that the time span between consumption and the associated charge

(including energy taxes) is as short as possible. This requirement is de…nitely

not satis…ed for current Dutch charging systems for energy and water. House-

holds usually pay monthly advance payments (based on the consumption in the
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previous year), which are adjusted only once a year. As a result, it may take

a year before the …nancial incentives from increased or reduced consumptions

are felt. In the case of subsidies, however, consumers will directly associate

the energy-e¢ciency version of an appliance to the subsidy. The subsidy is not

automatically supplied; consumers have to request for it explicitly. A consumer

will be aware of the possible subsidy when purchasing a consumer durable. As

a consequence, the subsidies are not only a …nancial instrument but may also

contribute to increment of the environmental awareness of consumers.

When implementing …nancial instruments in order to reduce the household

demand for energy, and household waste collection, governments – or energy

suppliers – should constantly evaluate and reconsider whether or not the …-

nancial instruments are still e¤ective. We think that …nancial incentives are

inevitable when reducing consumption, but they are not objectives per se.

6.6 Concluding remarks

This Chapter has described some aspects of the design and motivation of policies

aimed at achieving more sustainable household consumption patterns.

Our empirical …ndings, which in most cases are supported by results of other

studies, showed that …nancial incentives are e¤ective in the sense that higher

energy and water prices will result in reductions of household energy and water

consumption. From an environmental perspective, the real price levels of energy

and water should be set and then maintained at higher levels with energy taxes

for instance. Financial incentives will only be successful if they are properly

implemented; see the discussion in the previous section.

One complicating factor is the current trend of market liberalization in which

market forces increasingly determine the prices. At present, the supply side of

the markets for energy, water and waste collection are still predominantly ruled

by the (local) governments. However, large developments are at hand; due to

the creation of one large European Union market, the markets for energy and

water are becoming more privatized and international.5 In the future, consumers

themselves can choose their own supplying company even if it is located abroad.

The consequence of this market liberalization is that the prices are increasingly

determined by market forces rather than by government regulation. Insofar

prices will decline due to this process, higher o¤-setting taxes will be required

5Another example of a market formerly ruled by the government and which is now open
up for competition is the (mobile) telephony market.
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from a sustainability perspective.

As the analyses in Noorman and Schoot Uiterkamp (1998) and elsewhere

have shown, household behavior regarding sustainability at the aggregate level

is subject to slowly evolving trends. At the macro level rapid changes on a

national scale are rare, and if they occur, usually transitory. Yet, a balanced

mix of instruments characterized by a strong emphasis on various kinds of …-

nancial incentives, combined with government initiated consumer information,

proper education, and monitoring and …ning systems will contribute to long-run

sustainability objectives.
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Samenvatting

In 1987 heeft de ‘World Commission on Environment and Development’

(WCED) – beter bekend als de Brundtland-commissie – een waarschuwend

rapport geschreven over de implicaties van de snelheid waarmee energie wordt

geconsumeerd. Het hoge niveau van energieconsumptie is schadelijk voor het

milieu en de mensheid op drie verschillende manieren. Ten eerste veroorzaakt

het huidige niveau van energieconsumptie in belangrijke mate het huidige hoge

niveau van milieuvervuiling. Met het huidige niveau van vervuiling is de natuur

niet in staat om de vervuiling te absorberen. Dit onvermogen wordt mede

veroorzaakt door de groeiende afvalproductie. Ten tweede neemt de kwaliteit

van het milieu af door de winning van niet-hernieuwbare energiebronnen zoals

fossiele brandsto¤en (aardolie en aardgas) waardoor de natuur niet in staat is

zichzelf te regenereren. Tenslotte zijn toekomstige generaties niet verzekerd van

de niet-hernieuwbare energiebronnen. Daardoor zullen ze minder welvarend zijn

wanneer onvoldoende energiebronnen of alternatieve energiebronnen voorradig

zijn.

De Brundtland-commissie benadrukt het duurzaamheidprincipe: de

duurzame relatie tussen menselijke behoeften en de natuur. Deze relatie heeft

zowel een ecologische als een sociaal perspectief. De (snelheid van de)

energieconsumptie moet worden beteugeld zodat de natuur in staat is zichzelf

te regenereren en toekomstige generaties verzekerd zijn van niet-hernieuwbare

energiebronnen. In de ecologische en economische literatuur is een geanimeerd

debat gaande omtrent de de…nitie van het duurzaamheidconcept. In dit

proefschrift beperken wij ons tot de algemene notie dat het terugdringen van

het huidige consumptieniveau van energie en water een vereiste is voor een meer

duurzaam consumptiepatroon.

Door de complexiteit van de milieuproblemen en de negatieve externe

e¤ecten van energie- en waterconsumptie is het noodzakelijk dat de overheid
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een leidende en coördinerende rol speelt om de duurzaamheiddoelstellingen te

bereiken. Zij heeft immers in beginsel de beschikking over een breed scala

aan beleidsmaatregelen, zoals publiciteitscampagnes en voorlichting, wet- en

regelgeving, rantsoenering en …nanciële instrumenten, waarmee zij het

consumptiepatroon kan beïnvloeden of reguleren. Het succes van een

beleidsinstrument hangt naast de publieke acceptatie en de politieke

haalbaarheid, af van de e¤ectiviteit van het instrument.

In dit proefschrift wordt de e¤ectiviteit – in termen van een reductie van

de vraag naar energie, water en afvalinzameling – van een aantal …nanciële

instrumenten geanalyseerd op basis van economisch-theoretisch en empirisch-

econometrisch onderzoek. Door de genoemde complexiteit kunnen

milieuproblemen het beste in een multidisciplinaire onderzoeksproject worden

bestudeerd. Dit proefschrift vormt een onderdeel van een dergelijk project:

HOMES (HOusehold Metabolism E¤ectively Sustainable).

Hoofdstuk 2 beschrijft de historische ontwikkeling in consumptie en prijzen

van energie, water en afvalinzameling in Nederland in de periode 1950¡1990. De

consumptie van energie, water en afvalinzameling per huishouden is overwegend

gestegen in de periode. Uitzonderingen zijn de dalingen na beide oliecrisissen

in 1973 en 1979. De nominale prijzen zijn – behalve als gevolg van in‡atie –

gestegen door de verhogingen van belastingtarieven (zoals het BTW-tarief) en

de introductie van nieuwe belastingen (zoals de ecotax ). De reële prijzen zijn

echter sterk gedaald in deze periode. Ook de tariefstructuren voor energie en

water zijn veranderd in de loop der tijd. Zo kunnen voor elektriciteit de meeste

consumenten kiezen uit het enkeltarief of het dubbeltarief (met een relatief duur

dagtarief en een goedkoper nacht- en weekendtarief).

De penetratiegraden van huishoudelijke apparaten vertoonden in de periode

1950¡1990 een sterke stijging. Een andere ontwikkeling die van belang is, is het

energie- en watergebruik per apparaat. In de loop der tijd zijn de apparaten iets

zuiniger geworden ten aanzien van energie- en watergebruik. In het eerste deel

van hoofdstuk 3 wordt dit fenomeen empirisch geanalyseerd. Met datasets voor

vier verschillende apparaten – te weten koelkasten, diepvriezers, wasmachines

en vaatwassers – hebben we voor elk van deze apparaten een simultaan model

van het energiegebruik èn de aanschafprijs geschat. Hierbij hebben we getoetst

of de aanschafprijs van huishoudelijke apparaten mede wordt bepaald door de

mate van energiezuinigheid van het apparaat. De uitkomst is dat er een negatief

verband bestaat tussen de aanschafprijs en het energiegebruik van een apparaat.
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Hoe lager het energiegebruik, des te hoger de aanschafprijs. Bijvoorbeeld, de

aanschafprijs van een diepvriezer die 10% minder elektriciteit verbruikt dan een

diepvriezer met vergelijkbare andere kenmerken, is ongeveer 3% hoger.

Uit dezelfde analyse kunnen we concluderen dat voor de vier apparaten de

prestaties per gebruikte hoeveelheid energie en water zijn toegenomen. Echter

voor de apparaten geldt tevens dat ze steeds meer prestaties zijn gaan leveren in

de loop der tijd: er worden bijvoorbeeld tegenwoordig grotere koelkasten (qua

volume) verkocht. Hierdoor wordt een deel van de winst in energie-e¢ciëntie

teniet gedaan.

In het tweede deel van hoofdstuk 3 hebben we de subsidie op de aanschafprijs

van energiezuinige huishoudelijke apparaten als beleidsinstrument

geanalyseerd. Zoals aangetoond in het empirische deel van hoofdstuk 3 hebben

de energiezuinige alternatieven een hogere aanschafprijs. Hogere aanschafprijzen

ontmoedigen consumenten (huishoudens) echter om de energiezuinige

apparaten aan te scha¤en, ondanks het feit dat investeringen in energiezuinige

apparaten hoge rendementen opleveren. In veel gevallen is het rendement op

investeringen in energiezuinige alternatieven hoger dan de marktrente. De

praktijk leert echter dat de penetratiegraden van energiezuinige alternatieven

(zoals spaarlampen) achterblijven bij de verwachting van overheden. Met een

theoretisch model voor intertemporele keuze hebben we de keuze tussen een

energiezuinig en een niet-energiezuinig huishoudelijk apparaat gemodelleerd

rekening houdend met de subjectieve tijdsvoorkeur van consumenten (rate of

time preference). Deze tijdsvoorkeurvoet is een maat voor het geduld van

consumenten ten aanzien van hun consumptie. Hoe geduldiger een consument is

des te lager is zijn tijdsvoorkeurvoet. Consumenten met een hoge

tijdsvoorkeurvoet zijn minder bereid om nu te investeren in een hogere

aanschafprijs van energiezuinige alternatieven en het voordeel, namelijk lagere

energiekosten, pas in de toekomst te realiseren. Een subsidie op de aanschaf van

energiezuinige alternatieven kan deze consumenten bewegen om toch voor het

energiezuinige alternatief te kiezen, zodat de penetratiegraden van energiezuinige

alternatieven dan toenemen. Ook een energiebelasting verhoogt de

penetratiegraden. Door met de opbrengsten van de energiebelasting de

subsidies op energiezuinige apparaten te …nancieren kunnen beide instrumenten

en hun positieve e¤ect op de keuze voor energiezuinige apparaten worden

gecombineerd. Met behulp van een simulatie-model worden de e¤ecten van beide

instrumenten en hun onderlinge interactie bestudeerd. De optimale hoogte van
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de subsidie is van een aantal factoren afhankelijk, waaronder het

prijsverschil tussen de beide alternatieven, de terugverdienperiode en de mate

waarin het energiezuinige alternatief leidt tot een meergebruik van het apparaat.

Dit laatste aspect wordt het take-back e¤ect genoemd. Indien het gebruik van

een apparaat prijsgevoelig is (in termen van marginale kosten van gebruik), dan

zal een lagere prijs (door een energiezuinige techniek) leiden tot een stijging van

het apparaatgebruik. Dit kan zelfs per saldo resulteren in een toename van het

energiegebruik.

In hoofdstuk 4 worden de prijs- en inkomense¤ecten evenals de e¤ecten

van huishoudkarakteristieken op de vraag naar energie en water bepaald op

basis van gereduceerde-vorm vraagvergelijkingen. Daarbij gebruiken we het

Doorlopend Budgetonderzoek 1978¡1994 van het CBS. In het geval van de vraag

naar aardgas, dat voornamelijk wordt gebruikt voor

ruimteverwarming, hebben we tevens de aanwezigheid van isolatiematerialen

als verklarende variabele in de vraagvergelijking opgenomen. In het geval van

elektriciteit hebben consumenten de keuze uit twee tariefstructuren: enkeltarief

en dubbeltarief (met piekuurtarief en daluurtarief). Hierdoor is de

elektriciteitsprijs endogeen. Hiervoor wordt gecorrigeerd door eerst een

vergelijking voor de tariefkeuze te schatten. Alle vraagvergelijkingen (energie

en water) zijn voor acht verschillende huishoudtypen geschat.

Uit de resultaten voor aardgas blijkt dat het prijse¤ect van de vraag naar

aardgas betekent dat een 10 procent prijsstijging leidt tot een daling in de vraag

naar aardgas van 4 procent. Een opmerkelijke bevinding is het e¤ect van de

aanwezigheid van isolatie in de woning op de vraag naar aardgas. De

aanwezigheid van één type isolatiemateriaal leidt tot een daling van het

aardgasverbruik, hetgeen geldt voor dubbele beglazing (5%), muurisolatie (9%),

vloerisolatie (8%) en dakisolatie (11%). De toevoeging van een tweede type

isolatie heeft ondanks het negatieve marginale e¤ect een sterk positief interactie-

e¤ect. Hierdoor kan de vraag naar aardgas bij verschillende combinaties van

isolatietypen toenemen.

Voor elektriciteit geldt dat de keuze van het dubbeltarief positief wordt

beïnvloed door het inkomen, de marginale elektriciteitsprijzen en de

aanwezigheid van bepaalde huishoudelijke apparaten. Voor de elektriciteitsvraag

voor het enkeltarief (gegeven de keuze voor dit tarief) is geen signi…cant

prijse¤ect gevonden. Voor het inkomense¤ect geldt dat een 10%

inkomensstijging leidt tot een stijging van 1,2% in het elektriciteitsverbruik voor
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het enkeltarief. Voor het dubbeltarief geldt dat een prijsstijging van 10% voor

het daltarief leidt tot een daling van 3% in de elektriciteitsvraag in de daluren

en een prijsstijging van het piektarief van 10% leidt tot een daling van 1,7% in

de elektriciteitsvraag in de piekuren. In het geval van de vraag in de daluren

is de kruisprijselasticiteit van de piekurentarief positief en signi…cant (0,83).

Een elektriciteitsprijsstijging van 10 procent (zowel piek- als daltarief) leidt tot

een verschuiving van de elektriciteitsvraag van piek- naar daluren, waarbij de

totale elektriciteitsconsumptie van individuen met het dubbeltarief zelfs kan

toenemen. Voor de elektriciteitsvraag geldt dat een inkomensstijging van 10%

leidt tot een stijging van het elektriciteitsgebruik bij het dubbeltarief met 1 à

2%.

De e¤ecten van de prijs en het inkomen op de vraag naar water zijn laag,

hetgeen ook in eerdere studies is aangetoond, maar signi…cant. Een prijsstijging

van 10% leidt tot een daling van de watervraag met 0,7% en een

inkomensstijging van 10% leidt tot een stijging in de vraag naar drinkwater

met 1%. Waterconsumptie hangt met name samen met het aantal personen in

een huishouden ofschoon er wel schaale¤ecten optreden.

De prijs- en inkomense¤ecten voor energie en water verschillen voor

verschillende typen huishoudens. De verschillen komen tot uitdrukking in de

signi…cantie en de grootte van de elasticiteiten. Voor oudere alleenstaanden en

eenoudergezinnen geldt dat er met name een inkomense¤ect is en nauwelijks een

prijse¤ect. Stellen met oudere kinderen reageren juist vooral op

prijsveranderingen.

Op basis van onze bevindingen kunnen we concluderen dat de ecotax die in

1996 is ingevoerd voor aardgas en elektriciteit en die wordt teruggesluisd via een

lagere inkomstenbelasting een geschikt instrument is om de

energieconsumptie te reguleren. De e¤ect van de energiebelasting is

aanmerkelijk groter dan dat van de lichte inkomensstijging als gevolg van de

belastingverlaging. Hoewel we hebben verondersteld dat de voorraad van

huishoudelijke apparaten constant is gebleven over de tijd zal de

energiebelasting consumenten stimuleren om energiezuinige apparaten aan te

scha¤en.

In hoofdstuk 5 worden de e¤ecten van …nanciële prikkels voor

afvalinzameling belicht. We analyseren de e¤ecten van het invoeren van een

prijs per kilo voor het inzamelen van huishoudelijk afval. We schatten een korte

en lange termijn prijse¤ect waarbij we gebruik maken van een panel data set
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van huishoudens in de gemeente Oostzaan. We onderscheiden Groente-Fruit-

Tuinafval (GFT) en restafval (niet herbruikbaar). De gevonden e¤ecten zijn

signi…cant en aanzienlijk: de korte termijn prijselasticiteit voor GFT-afval is

-1,1 en is substantieel hoger dan de prijseleasticiteit voor restafval -0,3. In het

geval van GFT-afval zijn er echter ook meer alternatieven dan voor restafval,

in het bijzonder thuiscomposteren. De lange termijn prijselasticiteiten zijn 30%

hoger dan de korte termijn prijselasticiteiten. Dit resultaat geeft aan dat de

e¤ecten van een kiloprijs voor afvalinzameling permanent zijn. Bovendien zijn de

elasticiteiten hoger dan bij andere vormen van eenheidsprijzen, zoals

prijzen per zak of een vaste prijs per container. Sinds de invoering van de

prijs per kilo is de totale hoeveelheid ingezameld afval in Oostzaan afgenomen

met ongeveer 30% en het aandeel van herbruikbare materialen in de totale

hoeveelheid ingezameld afval is toegenomen. Het probleem van illegale

dumping van afval is klein door een e¤ectief controle- en boetesysteem. Tot

slot lijkt het systeem van betalen per kilo kostene¤ectief te zijn in Oostzaan.

We kunnen concluderen dat de prijs per kilo voor het inzamelen van

huishoudelijk afval succesvol is in Oostzaan. De vraag is wel hoe representatief

Oostzaan is voor de rest van Nederland, Europa of de wereld.. De politieke

kleur van de inwoners van Oostzaan (Groen Links is de grootste politieke partij)

suggereert dat zij milieubewuster zijn dan gemiddeld. Echter van milieubewuste

individuen mag worden verwacht dat zij ook zonder de kiloprijs relatief kleine

hoeveelheden afval produceren en relatief veel hergebruiken. Dit zou slechts

weinig ruimte overlaten voor aanvullend hergebruik en reductie van afval als

de prijs per kilo wordt ingevoerd. In dat geval zou de invloed van de prijs per

kilo zoals gevonden in deze studie zelfs een onderschatting zijn van het e¤ect

bij invoering in gemeenten met een minder ‘groene’ politieke kleur. Praktische

problemen beperken de invoering van de prijs per kilo in gemeenschappen met

een bepaalde mate van sociale controle en een relatief klein deel ‡atgebouwen.

Zowel in Nederland als de rest van de wereld zijn er echter tal van gemeenten

die aan die voorwaarden voldoen.

Eén van de uitdagingen van milieubeleid is om een optimale mix van

beleidsinstrumenten te vinden om duurzaamheiddoelstellingen te bereiken. In

hoofdstuk 6 bespreken we allereerst inzichten uit de economische en andere

sociale wetenschappen, die in dit verband relevant zijn. Hierbij wordt

ingegaan op sociale interacties tussen consumenten, niet-duurzaam gedrag als

een Prisoner’s dilemma, informatie en onzekerheid en begrensde rationaliteit
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van consumenten. Vervolgens bespreken we in dit licht de belangrijkste

beleidsinstrumenten voor beïnvloeding van consumentengedrag:

publiciteitscampagnes en voorlichting (zoals Postbus 51), wettelijke regelingen

en …nanciële prikkels. Tevens gaan we in op (verhandelbare)

energierantsoenen. Mede op basis van een modelmatige analyse concluderen

we dat energierantsoenering – ook wanneer rantsoenen verhandelbaar zijn – geen

geschikt beleidsinstrument is ter beïnvloeding van energiegebruik op

huishoudniveau. Op basis van de resultaten uit de hoofdstukken 3, 4 en 5

concluderen we dat …nanciële prikkels e¤ectief zijn in die zin dat hogere marginale

prijzen leiden tot een reductie in de consumptie van energie, water en

afvalinzameling. De e¤ecten van andere beleidsinstrumenten zijn minder

evident. Uit milieuoogpunt of het oogpunt van duurzaamheid is het dus wenselijk

dat de reële marginale prijzen van energie, water en afvalinzameling voldoende

hoog zijn en voldoende hoog worden gehouden. Daarnaast is van belang dat

…nanciële maatregelen op een adequate wijze worden ingevoerd: zij dienen

aan te grijpen bij de marginale en niet slechts bij de gemiddelde prijs van het

gebruik. Een noodzakelijke voorwaarde hiervoor is dat gebruik op individueel

niveau wordt gemeten.

De huidige trend van marktliberalisering in de elektriciteitssector en

drinkwater (Engeland) impliceert dat de toekomstige prijzen meer dan thans het

geval is door marktpartijen worden bepaald. Indien de prijzen zullen dalen door

dit proces, zullen hogere belastingen noodzakelijk zijn vanuit een

duurzaamheidperspectief.
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