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Analyzing Potentials for Reducing the Energy
Requirement of Households in The Netherlands

HARRY C. WILTING, WOUTER BIESIOT & HENRI C. MOLL

(Recerved April 1998; revised Fanuary 1999)

ABSTRACT The energy requirement of households represents a useful concept in studying
energy use n relation to production structures and consumption patierns. Reduction
potentials of the energy requirement for households provide insight on the possibilities for
reducing energy use in the whole economy. We determine reduction potentials by means of
implementing energy conservation options in an input—ourput model for calculating the
household energy requirement. The implementation of a set of technical energy conservation
options results in a reduction in the energy requirement of Dutch households by 55%. The
reduction potential based on a set of demand-side options is 9%. The combinarion of both
sets of conservation options results in a reduction potential of 59%. Therefore, by combining
(sets of) options, some effects are cancelled out.

KEYWORDS: Energy conservation, households, The Netherlands

1. Introduction

At present, 90% of the world’s commercial energy use originates from fossil fuels,
such as coal, oil and natural gas (IEA, 1996). Energy use based on fossil fuels leads
to important environmental drawbacks, such as the risk of an enhanced ‘green-
house’ effect and environmental degradation at the mining sites of fossil fuels.
Furthermore, with the current growth rate of energy use, the depletion of easily
accessible fossil energy resources will probably become a reality at some point in
the next century (Mulder & Biesiot, 1998). A first step towards more sustainable
energy use is energy conservation. Traditionally, energy conservation drives started
from a technological view. Although technological energy conservation measures
lead to reasonable savings in energy use per unit product, these savings are often
cancelled out by the ongoing growth in consumption. Therefore, interest in
lifestyles and consumption patterns as a second source for energy conservation has
grown (Bruggink, 1995).

In studying energy use in relation to consumption patterns, the concept of the
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energy requirement of households is useful (Biesiot & Moll, 1995; Vringer & Blok,
1995). Households can be seen as end-users of goods produced and services
delivered by economic production sectors. Energy use along entire production
chains of products and services can be attributed to items of household consump-
tion patterns. The energy requirement of households comprises the energy used in
the life cycles of all consumption items. Therefore, by focusing on household
consumption patterns, energy use in households and in production sectors can be
studied. Energy analysis provides methods for calculating the energy requirement
of households. The main energy analysis methods are process analysis and input—
output (IO) analysis (IFIAS, 1974).

Process analysis has its origins in engineering, and uses a description in physical
terms of the life-cycle processes of consumption items. Next, the energy use in all
processes is determined in detail. Process analysis is an accurate, albeit laborious
method, so is less appropriate for calculating the household energy requirement.
IO analysis uses economic IO tables for the determination of energy use in
production chains of consumption items. Since undertaking an IO analysis takes
much less time, it is a convenient methodology for the determination of energy use
associated with consumption patterns. However, the accuracy of the outcomes
depends on the aggregation level of the IO tables used. By now, hybrid analysis
methods have been developed to combine the best elements of process analysis
and IO analysis (Bullard ez al., 1978; van Engelenburg er al., 1994; Treloar, 1997).

The possibilities for energy conservation can be investigated from an industrial
perspective (efficiency improvements and substitution) and from a household
perspective (efficiency improvements, substitution and demand-side options). Anal-
ysis of the household energy requirement provides an integral perspective to
consider energy conservation in the whole economy (imports and exports
excluded). In The Netherlands, the effects of individual technical and demand-
side energy conservation options on the energy requirement of Dutch households
have been calculated previously, by using a hybrid energy analysis method (Kramer
et al., 1994; Noorman et al., 1998; Vringer er al., 1995). We investigate the potential
for reducing the Dutch household energy requirement, by implementing energy
conservation options in an 10 model for calculating the household energy require-
ment. In order to illustrate the methodology, first, the effects of individual—both
technical and demand-side—energy conservation options are calculated. Then, the
combined effect of the options is calculated in order to determine an overall
reduction potential of the energy requirement of Dutch households, considering
these options.

2. Calculation of the Energy Requirement of Households

Households use energy not only in a direct way, such as by using electricity, motor
fuels and natural gas, but also in an indirect way, by buying goods (food products,
clothes, etc.) and using services (insurances, public transport, etc.). The manufac-
turing and delivery of these goods and services require energy in economic
production sectors. Thus, the energy use of manufacturing and service industries
can be considered as indirect energy use of households. Figure 1 shows the
distinction between direct and indirect energy use of households. Primary energy
derived from fossil sources, such as crude oil, coal and natural gas, flows via
production sectors to households. The household energy requirement, which is
defined as the total, i.e. direct plus indirect, energy use of households, can be
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Figure 1. Direct (E®) and indirect (E') energy requirement of households.

determined with IO analysis. Wilting (1996) gives an overview of the IO method-
ology for calculating the energy requirement of households. Generally, the house-
hold energy requirement E is determined by using the following static open 10
output model:

E=p(I-A)'y M

where p is an (r x 1) vector with primary energy input coefficients for each of the
n production sectors; I is the (# x n) identity matrix; A is the (n x ) technological
matrix; and y is an (# x 1) vector with household consumption per sector.

The primary energy input coeflicient p; of sector j, depicts the direct primary
energy use in physical units required for one monetary unit of production in sector
j. The energy input coefficient of sector j is calculated by dividing the primary
energy use of sector j by the total production of sector j.

In IO analysis, it is assumed that monetary transactions in IO tables are
proportional to physical transactions. Since there are large differences in energy
prices per sector, this assumption is certainly not valid for energy deliveries. To
solve this problem,’ for each non-energy production sector and for households, we
computed primary energy use on the basis of final energy use, obtained from
energy statistics, and energy requirement of energy (ERE) values of energy carriers.
The ERE value of an energy carrier gives the total amount of energy needed for
the production of that energy carrier. For example, Wilting (1996) calculated for the
Dutch 1990 ERE value of electricity—which depends on fuel mix and efficiencies in
power stations—a value of 2.75 megajoules per megajoule (MJ/M]). This value
accounts for energy use during extraction, transport and conversion of fossil fuels,
and the distribution of electricity. Since, in our approach, the energy use of the
energy sectors is assigned directly to the non-energy production sectors and the
households by using ERE values, we have to set the energy use of the energy
sectors to zero to avoid double counting (van Engelenburg er al., 1991). The
procedure leads to the following static open 10 model for the calculation of the
household energy requirement:

E=rD'I-A) 'y+rd (2)
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where, r is an (m x 1) vector with ERE values for each of the m energy carriers;?
D is an (n x m) matrix with energy input coefficients of production sectors for each
energy carrier (energy input coeflicients of energy sectors are set to zero); d is an
(m x 1) vector with direct energy use of households for each energy carrier.

The right-hand side of equation (2) deals with the separate actors in Figure 1.
The vector r corresponds to the conversion of energy in the energy sectors;
part D'@— A) ™! corresponds to the energy use and production structure of the
production sectors; and the vectors y and d correspond to the consumption pattern
and energy use of households respectively. Now, r'D’(I — A) 'y can be seen as the
indirect energy requirement E', and r'd can be seen as the direct energy requirement
E*® of households.

Intermediate goods and services used in production processes partially concern
imports that require energy abroad. The IO table, which was used, distinguishes
between competitive and non-competitive imports. Competitive imports concern
products that are also produced domestically, unlike non-competitive imports,
which are not domestically produced. Competitive imports were assumed to
have production structures abroad similar to the production structure in The
Netherlands.’ In determining the energy requirements of non-competitive imports,
we used additional information on the production structures of these goods abroad
and on input structures of comparable sectors.

The household energy requirement also allows for energy required for producing
capital goods in the past. The energy requirements of capital goods in a sector
were distributed over the whole economic lifetime of the capital goods. The annual
contribution of energy (as embodied in the capital goods) to production was
determined using the depreciation of these capital goods. In order to account for
the energy requirements of capital goods, we extended the IO table with an extra
row and column. The row comprises the annual depreciation for all sectors; the
column comprises the input structure of the capital goods. Since no information
on the composition of the capital goods in the past was available, we based this
composition on the structure of the new investments in the economy, which was
obtained from the final demand section of the IO table.

3. Calculating Reduction Potentials of the Household Energy
Requirement

The calculation of the reduction potentials of the houschold energy requirement
in relation to a set of options requires a precise representation of the changes in
the IO model. First, we discuss the composition of the set of energy conservation
options considered. Energy conservation options are available at the level of
individual actors. Some of these options affect energy use in one or more production
sectors; other options affect the energy use in households. Examples of energy
conservation options are as follows:

improvements in energy efficiency at conversion and end-use of energy;
shifts to expenditures with lower energy requirements;

substitution of raw materials;

a more efficient and economical use of raw materials;

an increase in the productivity of labour or capital;

good housekeeping.

Energy conservation options may have a technological or a behavioural character,
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Figure 2. Relations between technological and behavioural changes and the energy
requirement of households.

although the distinction between technology and behaviour is not always clear.
Washing clothes using a more economical washing machine is a technological
option, although the choice for producing or purchasing a more efficient washer is
a behavioural choice. Technological and behavioural changes may influence the
production structure and the consumption pattern, both directly and indirectly
(see Figure 2). The consumers’ decision to use the launderette instead of washing
at home not only affects consumption patterns, but also production. The number
of launderettes will grow, the production of washers will decrease, etc. However,
more efficient production methods may influence the prices at which the products
are purchased. In turn, such price effects may change the consumption pattern.

The effects of energy conservation options on energy use differ between options.
An improvement in energy efficiency in a certain sector decreases energy use in
that sector. A shift in consumption to a less energy-intensive product may change
energy use in several production sectors—even in other countries. An investigation
of the combined effect of various energy conservation options is of interest, since
this effect is not clear beforehand. The combined effect of a set of reduction
options may be lower than the sum of the effects of the individual options. For
example, technical energy conservation options in greenhouse horticulture may
decrease the energy requirements of vegetables considerably. The same holds for a
shift from greenhouse vegetables to seasonal outdoor vegetables. However, the
effect of combining both options will be less than the sum of the effects of the
individual options.

Each energy conservation option corresponds to changes in one or more
elements of the five parameters of the IO model. Technological options that
concern energy efficiency improvements in both conversion and end-use of energy
are implemented in the IO model by changing the parameters r, D and d. Options
that concern changes in production processes in order to save energy, such as
through substitution of materials or changes in productivity, are implemented in
the IO model via parameter A. As an example, Figure 3 shows the elements in the
parameters A and y which are changed as a result of a reduction option that
concerns a shift from plastic to wooden furniture. The coefficients in the production
column of furniture that correspond to the use of plastics and wood are changed.
Furthermore, the consumption of furniture may change as a result of price
differences between plastic and wooden furniture, and also because the lifetime of
wooden furniture is likely to be longer. The implementation of changes in the
consumption pattern of households in the model is performed via the parameter
y. However, in practice, demand-side options may also affect other parameters,
such as d and A. Reduction potentials are determined by implementing sets of
energy conservation options in the IO model, by making changes in several elements
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Figure 3. Elements of the technological matrix A and the consumption vector y
that are changed in the case of a shift from plastic to wooden furniture.

of the five model parameters simultaneously. The combined effect of all individual
options determines the overall reduction potential of the household energy require-
ment with regard to the given set of options.

Considering the level of detail of the energy conservation options, the IO
tables used should be at a low aggregation level. Therefore, we used a so-
called ‘homogeneous’ 10 table for our investigations. The rows and columns in
homogeneous IO tables correspond to commodities which can be seen as collections
of goods which are produced as much as possible in the same way. The column
that corresponds to a commodity can be seen as a representation of the production
process of that commodity. Konijn (1994) gives an extensive description of the
compilation of homogeneous 10 tables on the basis of ‘make and use’ tables. The
first homogeneous table for The Netherlands was compiled for 1987. However,
the Dutch Bureau of Statistics (CBS) has now published a homogeneous IO table
for 1990 (Konijn & de Boer, 1993). The homogeneous table that was used consists,
for example, of separate rows and columns for plastic and wooden furniture. The
shift from plastic to wooden furniture is implemented by changing two elements
in the consumption vector y.

4. Reduction Potentials of the Energy Requirement of Households in The
Netherlands

We illustrate the methodology by calculating the effect that conservation options
described in the literature have on the household energy requirement. We obtained
technical energy conservation options from a database, called ICARUS, containing
data on several hundred technical energy conservation measures of all production
sectors and of households realizable in a period of 25 years (de Beer et al., 1994).
These technical energy conservation measures take into account the expected
improvements in technology. A set of 20 demand-side energy conservation options
was obtained from Vringer er al. (1993), Brouwer (1998), Kramer (1998) and
Vringer er al. (1999). These reduction options concern shifts between consumption
categories and within consumption categories.

The household energy requirement in 1990 served as a starting point in the
calculations, since that year is the most recent year for which detailed 10 tables are
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Figure 4. Savingsin the 1990 energy requirement of households in The Netherlands,
as a result of implementing technical energy conservation options in production
sectors and households.

available. The 1990 household energy requirement, calculated using equation (2),
is 1731 petajoules (P]), of which 707 PJ (41%) is related to direct energy use in
the households itself. We determined the reduction potential of the energy require-
ment of households in 1990, by implementing the energy conservation options
mentioned. The technological options from the ICARUS database were imple-
mented in the model via the parameters ¥, D and d. Figure 4 gives an overview of
the savings in the household energy requirement, that result from technological
improvements in production sectors and households. The savings are clustered per
sector or group of sectors. For instance, the savings in the housechold energy
requirement, as a result of implementing all available options in the industrial food
sectors, are almost 2%. Examples of options in the food sectors are a more efficient
evaporation process in the dairy industries or, in the sugar industries, an improved
beet pulp drying process. The combined application of all technological options
from the ICARUS database results in a 55.0% decrease in the 1990 household
energy requirement. Almost half the savings can be attributed to households
themselves—more efficient houses, appliances and private cars. The other savings
are mainly accomplished by measures in the industrial and service sectors. Figure
4 also shows the effect of measures in the energy sectors, such as improvements in
efficiency in electricity production, on the household energy requirement. These
savings (5.9%) concern savings in energy sectors without the implementation of
measures in other sectors.

The demand-side options used concern several household consumption
categories: food, clothing and maintenance of clothing, household effects, recre-
ation, holidays and transport. For each demand-side option, the corresponding
parameters in the model were adapted. Figure 5 shows the individual effects of the
demand-side options on the 1990 energy requirement of households in The
Netherlands. For example, among all households that possess a car, if cars are
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Figure 5. Savings in the 1990 energy requirement of households in The Netherlands,
as a result of implementing demand-side energy conservation options.

shared by two households, then less cars have to be produced. The decreased
purchase of cars results in a saving in the household energy requirement of almost
1%.* Options which result in more than 1% reduction in the household energy
requirement are in the category of holidays. Other large-saving options concern
the replacement of greenhouse products, such as flowers and vegetables. The sum
of the individual savings for the 20 demand-side options listed in Figure 5 is
10.4%. The combined implementation of the demand-side energy conservation
options resulted in a 9.3% reduction in the household energy requirement, since
there is some interrelationship among the options. The reduction potential based
on combining both technological and demand-side options is 59.2%. Since this
figure is somewhat smaller than the sum of the savings based on both sets
separately—which is 64.4%-—the combined effect of options is diminished. The
household energy requirement decreases to 780 PJ. Since most conservation
options concern direct energy use in the households, the share of the direct energy
requirement in the total energy requirement of households decreases from 41%
to 33%.

S. Discussion

The research described in this paper is a first step in investigating the reduction
potentials of the energy requirement of households by using IO analysis. The IO
approach is an extension of earlier research on reduction potentials, since the 10O
framework enables an easier investigation of sets of reduction options. The use of
1O analysis also enables (future) research directed towards examining the effects of
energy conservation options on several economic parameters. The implementation
of the demand-side energy conservation options particularly affects the economy,
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such as the size of economic sectors, GDP and employment. The evaluation of
several individual energy conservation options may result in a ranking of energy
conservation options that concern the effect on energy use and economic par-
ameters. The outcome of such considerations clarifies the social significance of
separate energy conservation options.

The reduction potential cf the household energy requirement depends on the
set of energy conservation options used. In particular, the choice of demand-side
options, such as the reduction of holiday transport (50%) or the reduction of meat
consumption (30%), is arbitrary. Reduction potentials may be determined for
different sets of options, such as a moderate set against a more cxtreme set of
options. The choice of a set of reduction options may be based on the economic
feasibility of technical energy conservation options, or on the willingness of house-
holds to accept shifts in consumption. In choosing a set of demand-side options,
other household constraints, such as time and money, have to be taken into
account. The methodology does not give directions on how to implement the
energy conservation options in practice.

The approach described is generally applicable but, considering the easy access
to data, The Netherlands was taken as an example. Therefore, we restricted
ourselves to the energy requirement of Dutch households. The energy requirement
does not correspond to energy use in The Netherlands. Energy use in the economic
production sectors also involves exports and investments, for example. Conversely,
in other countries, energy is used for the production of goods and services for
Dutch households. Therefore, the reduction potential of Dutch energy use will be
different from that of the household energy requirement.

The calculations concerning the reduction potentials assume (except for the
implementation of the options) no further changes in 1990 production and
consumption patterns. In investigating the future household energy requirement,
it is more realistic to allow for expected economic and demographic developments.
Therefore, investigations of reduction potentials should be combined with so-called
‘scenario studies’ on the future household energy requirement, as carried out by
Proops et al. (1992), and Weber ez al. (1996), for example. The reduction potential
of an ‘extreme’ set of options can be seen as an upper bound for the possible
outcomes of the different scenarios. Wilting er al. (1998) carried out such an
approach by relating energy conservation options to an economic scenario for the
period 1995-2020.

The present case study demonstrated IO analysis as a tool for determining
reduction potentials on the basis of sets of known energy conservation options. 10
analysis can also be used in the search for further energy conservation options. By
using sensitivity analysis, it is possible to identify model elements which markedly
affect the household energy requirement. For example, a sensitivity analysis that
concerned the elements in the technological matrix A might indicate production
processes which have a relatively high share in the household energy requirement.
Sectors, processes, expenditures, etc., that correspond to the important elements
are relevant for the total household energy requirement. Important sectoral contri-
butions to the household energy requirement can also be identified, by applying
the methodology developed by Weber and Schnabl (1998) for the identification
of important contributions to the total energy requirements of products. The
identification of important sectors and processes may induce new directions for
energy research and policy.
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6. Conclusions

We have presented a methodology to investigate the reduction potentials of the
energy requirement of households. The methodology implements sets of energy
conservation options in an IO model for the calculation of the energy requirement
of households. These sets are based on both technical and demand-side energy
conservation options. The case study concerning the reduction potentials for the
Dutch household energy requirement showed the applicability of the methodology.

The case study showed that the implementation of technological and of demand-
side energy conservation options may bring about a reasonable reduction in the
household energy requirement. The implementation of known technological
options reduces the household energy requirement by 55%. The implementation
of the set of demand-side options results in a decrease of 9%. The combined effect
of both types of option is smaller than the sum of the effects of the separate
options. Obviously, there exist some interrelationships between some of the energy
conservation options. Since the set of energy conservation options considered
has more impact on the direct energy requirement than on the indirect energy
requirement, the share of the direct energy requirement in the total household
energy requirement declines from 41% to 33%.

Notes

1. Another solution for this price problem is the use of hybrid, i.e. mixed monetary—energy, models as
described by Bullard and Herendeen (1975).

2. In our calculations, we distinguished four groups of energy carriers, i.e. coal and coal products, oil
and oil products, natural gas and electricity.

3. Recently, Battjes ez al. (1998) showed that there are differences in sectoral energy intensities,
depicting total energy requirement per monetary unit, per country.

4. We assumed that the annual number of kilometres per household does not change. Therefore, this
option only concerns indirect energy use of households.
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