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1 Introduction
1.1

Background

It did not all start at the Earth summit in Rio in 1992, but the writing in
Agenda 21 has been extremely influential and spurred further research on the
interrelationship of human activities, lifestyles, and the environment. In
chapter 4 of Agenda 21, unsustainable patterns of production and
consumption particularly in industrial countries, are identified as the major
causes of the continued deterioration of the global environment. Agenda 21
calls upon developed countries to take the lead by developing national policies
and strategies to achieve sustainable consumption patterns (United Nations,
1992).
The developed countries have responded to the call in Agenda 21. The
measures taken have focused on influencing consumption directly, by
changing consumer behaviour, and indirectly, by encouraging and in some
cases forcing industry (the market) to shift production towards more
environmentally benign goods and services. The concept “green consumers”
has emerged and is today established (Wagner, 1997). The Swedish
Environmental Protection Agency has published reports titled: “To eat for a
better environment” (Naturvårdsverket, 1997), “To shop for the future”
(Naturvårdsverket, 1998), etc. Although these titles are primarily chosen to be
catchy, they reflect what the messages to consumers have been and still are:
change the consumption pattern and there are “greener” alternative types of
consumption.
Historically, efforts put into improving the natural environment have often
produced good results. In many ways the environment has improved
considerably in Sweden and in other industrialised countries during the last
decades (Bernes and Grundsten, 1992; Jernelöv, 1996). Especially, pollution
detected by human senses has been reduced. Both air and water are much
cleaner, rivers previously polluted are now clean enough to swim in and the
smell of car-fumes is, in Sweden, nearly gone, even from the city-centres.
A major unresolved issue today is the probable onset of rapid global warming
caused by increased levels of greenhouse gases (carbon dioxide, methane and
nitrous oxide) in the atmosphere (IPCC, 2001). Whether the warming of the
earth is cause by human activity; primarily combustion of fossil fuels,
deforestation and agricultural practices or cause by natural fluctuations in for
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example solar activity is a matter of scientific debate. Indisputable the level of
greenhouse gases has increased in the atmosphere.
The greenhouse gas that has received the most attention is carbon dioxide
(CO2). The reason for this is that CO2 is the green house gas that according to
IPCC has contributed the most to the warming of the global climate since
pre-industrial times (IPCC, 2001). Another reason is that CO2 emissions have
a relatively long residence time in the atmosphere in the order of a century or
more (IPCC, 1995). This means that even if net emissions were to be
stabilised at current levels there would still be a constant rate of increase for at
least two centuries.
The reasons why CO2 emissions continue to increase are: (1) the carbon can
not be efficiently filtered or captured as can most other pollutants, (2) the
global energy supply relies heavily on fossil fuels (80%) as its main energy
source and, (3) while economic growth has been a prerequisite for the
reduction of many types of environmental problems the correlation between
CO2 emissions and economic growth is the opposite. The latter is problematic
and a source of obvious conflict as the reduction of CO2 is not the only target
for the international community, governments and individuals. Increasing
income levels, improving the quality of the education system, care for the
elderly and reducing unemployment, etc. are in many instances considered a
higher priority or at least more urgent.
There are two ways of reducing CO2 emissions. One is to reduce the
consumption of energy, preferably while maintaining or even increasing utility
and performance, the idea behind the Factor 41 and Factor 10 concepts
(Weizsäcker, Lovins et al., 1997). A second is to replace fossil fuels by new
types of energy sources which either have lower CO2 intensities (CO2 per
energy output) than current sources or result in no emission of carbon at all,
for example renewable energy sources and nuclear power.
These methods for reducing CO2 emissions have been applied. Technological
improvements have increased energy efficiencies substantially, for example,
fuel-efficiency in cars has improved, light bulbs are more energy efficient,
whilst still providing the same amount of light, etc. New cleaner fuels have
resulted in a substantial “decarbonisation” i.e. less carbon per energy output,
and ongoing research is trying to find feasible carbon sequestration
Factor 4 stands for the idea and belief that it is possible during a generation (25 years) to double
wealth whilst halving the resource use within the European Union and factor 10 that a tenfold
improvement in resource efficiency would be needed on a global scale with a world population of 5
billion.
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techniques. In spite of all these improvements, CO2 emissions are still
increasing and in many cases offsetting the improvements.
In addition to various technical solutions, the demand side has therefore
received increasing attention. Most reports dealing with the question of how
to reduce emissions by policy and/or technological change argue that in
addition to technological change, “changes in lifestyles and consumption patterns” are
of crucial importance (Duchin, 1998; OECD, 1998; Lundgren, 1999).
However in most cases it is not clear what is meant by changed lifestyles,
changed consumption patterns or “the need to change peoples values and
attitudes”. What is unclear is if these changes involve changes in the level of
consumption and/or changes in the pattern of consumption. This distinction
is vital as the level of consumption (income) is probably one of the most
important determinants of energy consumption and CO2 emissions.
Most earlier studies on the environmental impact of different lifestyles or
consumption patterns at the household level have either focused on attitudes
towards the environment without any data on actual impact or have used a
“thematic approach” i.e. have studied “isolated” sources of emission, primarily
due to lack of comprehensive data. The thematic studies indicate fairly high
potentials for reducing energy consumption from, for example, the housing or
transport sector, through changes in behaviour.
Life cycle assessment (LCA) studies have been developed during the last
decade allowing for analyses of the environmental impact of products
throughout their life cycle i.e. throughout the entire production process up to
the point of consumption. LCA studies have shown that similar products can
differ substantially in terms of environmental impact including energy
requirements and related CO2 emissions. Thus through behavioural changes
that lead to individuals choosing products with lower environmental impact,
for example, lower embodied energy requirements and CO2 emissions
compared to other products, energy requirements and CO2 emissions from
this type of consumption can be reduced.
However LCA studies are only a limited systems analysis and do not cover the
whole system. For instance costs (prices) are not included, nor an analysis of
the household budget. By not considering costs one fails to capture second
order effects related to a changed pattern of consumption. If making a green
choice not only reduces energy requirements and CO2 emissions but also
reduces costs, the analysis should include an analysis of what happens to the
saved money. Assuming that household expenditures are not reduced then
this means that the saved money will be used on other consumption, which
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will take back some of the initial savings in energy requirements and CO2
emissions. If a consumer reduces car-travel and instead uses public transport,
walks or cycles for short distance trips the consumer not only reduces fuel
consumption but also saves money. How the household uses this saved
money determines the net effect of adopting a green consumption pattern. If
the saved money is spent on a holiday trip abroad, a large part of the energy
savings are “taken back” resulting in a substantially smaller net saving. If the
reduced consumption item has a lower energy intensity than the substitute the
result is a net increase in energy consumption.
The first (to my knowledge) quantitative study on household lifestyles and
CO2 emissions, including both direct and indirect energy consumption and
using a systems analysis approach, was conducted in the course of the Dutch
National Research Programme on Global Air Pollution and Climate Change
between 1990 and 1995. Within the project a method for calculating the
energy requirements for more than 350 household consumption categories
was developed. As household consumption is measured in expenditures in the
Netherlands (CBS) the same as in Sweden (SCB) the methodological
development involved a translation of “money into energy”, expressed as
energy intensities (energy per monetary unit), later extended to include CO2
emissions equally expressed as CO2 intensities (CO2 per monetary unit).
This methodology was used to study the relationship between household
expenditures and energy intensities (Vringer and Blok, 1995) and to study the
potential for CO2 emission reductions by changing lifestyles and/or
consumption patterns (Biesiot and Moll, 1995). Biesiot and Moll’s study
approached the question of the potential to reduce CO2 emission by looking
at empirical differences in energy consumption between households at similar
levels of consumption and the future effects of changes in the energy
intensities of goods and services given unchanged production structures and
consumption patterns. This thesis builds on the basic methodology developed
in the Netherlands but extends its scope by modelling the effect of changes in
the pattern of consumption by simulating the effect of adopting hypothetical
green consumption patterns.
The core idea of the thesis is to explore the potential for reducing energy
requirements and CO2 emissions from altered consumption patterns, by
implementing the energy and CO2 intensity concept into a microsimulation
model that models individual household consumption while keeping total
consumption constant.
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By modelling individual households the demographic and geographic
constraints and possibilities of each household can be taken into account.
Types of geographic constraint are, for example, climatic differences
inhibiting the possibility of reducing heating consumption for households in
cold regions and lack of access to public transport for households not living in
municipal areas.
1.2 Purpose of the Thesis
The main purpose of the thesis is to explore and measure the potential for
reducing CO2 emissions through changes in consumption patterns taking into
account the unique characteristics and geographic context of the individual
household.
The thesis question is explored in two steps. The first step is a descriptive
analysis using standard statistical methods and empirical data to find out if
there are any energy and CO2-relevant “lifestyles” or rather if there are any
significant differences in the energy and CO2 intensity of Swedish household
consumption patterns and if so, how large these differences are. The second
step explores the thesis question by modelling hypothetical changes in
consumption patterns to find out if adopting a “green” consumption pattern,
in line with the recommendations in scientific literature and by governmental
agencies, would reduce energy requirements and CO2 emissions given today’s
technology and level of consumption and if so, by how much.
The goal is primarily to answer positive (what has happened/is
happening/would happen if) rather than normative (what should
happen/what is just) questions about the effect of changes in consumption
patterns on CO2 emissions.
1.3 Plan of the Thesis
The thesis consists of three major parts.
Part I - Theoretical framework
The first part of the thesis reviews theories and findings of relevance to the
thesis question. In Chapter 3 the data and methodological approaches
including the consumption model used in the experiments in part III, are
described and discussed.
Part II - In search of green consumption patterns
The second part of the thesis reviews what the scientific literature and
Swedish authorities considered to be green consumption and then proceeds,
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using empirical data on household consumption patterns, to see if there is
evidence that some households consumption pattern require less energy and
result in less CO2 emissions, and so might be defined as “green”. Further, the
observed difference between household consumption patterns are used to
make preliminary estimates of the potential for energy and CO2 reduction by
assuming that the more green consumption patterns could be partially
emulated by the households with the less green consumption patterns. In
Chapter 6 the importance of demographic and geographic variables is
explored.
Part III - Prospects for and potential for change
The third part of the thesis explores the quantitative effects on energy
requirements and CO2 emissions if households adopt a green consumption
pattern. The experiments in Chapter 7 address the major question of the
thesis by modelling the potential for reducing energy requirements and CO2
emissions if households adopt the green consumption patterns of the
experiment scenarios. The experiments in Chapter 7 require action by
households while Chapter 8 examines the automatic effect on energy
requirements and CO2 emissions as a result of the demographic changes that
are projected for Sweden during the coming decades.
Part IV – Conclusions
The fourth part of the thesis consists of two chapters. In chapter 9 the
importance of geography is summarised. Chapter 10 answers the thesis
question by summarising the results of the analysis in the second and third
parts of the thesis and drawing conclusions.
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Theoretical Framework
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2 Background, Theories and Findings
2.1 Introduction
Consumption of goods and services whether or not within the economic
system, is of fundamental life-maintaining importance. With increasing wealth,
however consumption for most households in the developed world has
moved far beyond what almost anyone would define as necessity. On the
other hand this does not mean that individuals and households do not
perceive almost all their consumption as necessary. Gatersleben and Vlek
(1998) have, for example shown that once households obtain new possibilities
to consume, this consumption quickly becomes a necessity which they are not
willing to give up. In general consumption is perceived as something positive
and the more, the better. With increasing consumption individuals and
households have been able to stretch out and extend their possibilities beyond
what was previously possible (Hägerstrand, 1983). Ground that one does not
want to give back. For example, a family with access to two cars has a higher
freedom of movement than a family with only one car.
Parallel and unconnected to the desire for improved quality of life through
access to ever increasing consumption, individuals also want their
consumption to have, if possible, no negative effect on the environment. No
one wants to harm the environment, at least not the majority of the
population that consider themselves to be “environmentally friendly”, in the
1990s approximately 80% in the US and 75% in Europe (Castells, 1997). The
degree of environmentally friendliness varies from not wanting to harm the
environment to an ideology that for some permeate all aspects of life.
From an environmental perspective the increasing levels of consumption in
general and certain types of consumption in particular pose a problem. Since
consumption and increasing levels of consumption are regarded as almost a
measure of quality of life, zero income growth or a reduction in incomes is
perceived as undesired and therefore an unrealistic way of reducing the
environmental impact of consumption. Instead, increasing attention has been
directed towards targeting only the type of consumption, which has the
highest environmental impact through changed patterns of consumption
(United Nations, 1992; Naturvårdsverket, 1998). Pattern of consumption
means the fraction of consumption expenditures spent on different
consumption categories. A family with children that spends a lot of their total
consumption expenditures on housing, food and recreation but little on travel

9

has a different consumption pattern than a household that lives in a small
apartment and spends most of their money on travel and uses a large part of
their food expenditures on dining out.
This chapter show that theories and findings are not clear cut concerning the
thesis question, if changed patterns of consumption significantly can reduce
energy requirements and CO2 emission. They do never the less explain some
of the main mechanisms at play and some indications of upper and lower
levels for the potential for change.
The chapter consists of four major parts. The first looks at the origin and
meaning of the concepts: “green”, “lifestyles” and “consumption pattern” and
define their use in this thesis. The second part takes a look at the relationships
between consumption, energy requirements and CO2 emissions. The third
part focuses on the demand side: What are the determinants of household
consumption patterns? Which are the constraints and possibilities on the
microlevel of the household that affect the potential for change? The last
section reviews some theories about dynamic mechanisms that have the effect
that a smaller or larger part of the energy savings and reductions in CO2
emissions accomplished by technological and behavioural change are taken
back.
2.2 Green Consumption and Lifestyles
The term “Green” has become an established concept and is today widely
used as a label for a seemingly divers set of products, ideas and phenomena:
usually for types of consumption and consumption patterns that from an
environmental perspective is considered to be better compared to some
alternative, but also for products that from an ethical perspective, for example
the welfare of animals is preferred or for phenomenon that fits into the
perception of a green sustainable society. Examples of the latter are to
purchase locally produced food, recycling, etc. Green is also used as a label for
consumers that try to consume in an environmentally conscious manner. In
many cases the label is used without any “hard evidence” that the alternative is
superior from the point of view that is claimed (Wagner, 1997).
Instead of evidence of the end of the line effects on the environment, the use
of the term green can rather be derived back to a fundamental idea, an idea
which is one of the cornerstones of the “deep ecologists”: That humanity is
one component in the ecological system and one that does not have special
rights over other life forms (Arne Naess, 1984; Castells, 1997). Related to or
rather a logical consequence of this postulate spring a whole set of rules for
how individuals should live their lives and how society should be organized
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(Castells, 1997). A radical view is that humans should first of all live by the
rules of nature. This in itself means that this green ideology is in opposition to
many of the dominant trends in society. Being based on the idea of every life
forms equal value for example mean an opposition against the patriarchal
society but also in opposition with technocracy, industrialism and even central
governance (ibid). The green ideology advocate an economy primarily based
on domestic production, a focus on quality of life rather than quantitative
growth, local rather than central governance but also global thinking.
The fundamental version of the green ideology is however only in rare cases
the ideology of those who consider themselves environmentally friendly. For
most “being green” are only one part of their identity and lifestyle and a part,
which is given higher or lower priority, depending on what it is set against –
Environmental evolvement is sensitive to the state of the economy (Bennulf,
1996). For others, although implicit and sometimes even unconscious this is
the fundamental ideology and driving force but which for practical reasons is
not advocated, instead the explicit focus is on smaller components that are
considered a positive step towards this utopia.
In this thesis the term green is confined to two indicators, the two that are the
most important related to climate change: energy use and CO2 emissions. The
analysis of these indicators includes both direct and indirect energy
consumption and CO2 emissions of which indirect energy (and CO2) relate to
the energy use in production as well as that used in transport, packaging and
subsequent disposal.
The term green is used as a label for households, patterns of consumption or
specific products that in terms of energy requirements and CO2 emissions are
preferred, compared with some alternative. Since energy requirements and
CO2 emissions are used as proxies for a number of other pollutants, such as
sulphur dioxide and carbon monoxide, it is possible but not likely that a
consumption pattern that are not particularly green in terms of energy and
CO2, are green if these indicators are replaced by a set of other indicators (for
example water-usage, consumption of natural resources, volatile organic
compounds (VOCs), etc.
The definition of green is, as a consequence of the focus on the pattern of
consumption, further used as a label for consumption patterns that has a low
energy and CO2 intensity. Energy intensities are calculated by dividing total
energy (in mega-joules) required to produce a product or service by its price.
And the CO2 intensity by dividing the total amount of CO2 emitted during the
production process by the price. The energy and CO2 intensity of a

11

household’s consumption pattern is correspondingly calculated by dividing
total energy requirements by total household expenditures. A green
consumption pattern thus require little energy relative its expenditure level
and a green product little energy relative its price or to put it the other way
around: Spending X SEK on a green product lead to less energy use than if
the same amount is spend on a non-green product. In order for a change in
the pattern of consumption to have an effect on emissions and energy
consumption “the game” is to substitute high energy-intensive consumption
(measured as energy per monetary unit) by consumption of goods and
services with lower energy intensity. The potential for reducing CO2 emissions
then depends on how big the differences in energy intensity is between
categories that can be substitutes and to the extent the substitution can be
done. The term green is used regardless of whether the consumer intentionally
or not has a consumption pattern with a low energy and CO2 intensity. The
label is however also used for consumption that by policy makers and
scientists are stipulated as green even though this consumption might not,
after being analysed from an energy and CO2 intensity perspective, turn out to
be green.
The consequence of focusing on the pattern of consumption and intensities is
that a household with a consumption pattern that has a low energy and CO2
intensity, through for example spending very little on travel and a lot on
services, is labelled as a green household regardless of its level of energy
requirements and CO2 emissions. Another household with a consumption
pattern that has a high energy and CO2 intensity, through for example
spending almost all income on travel and housing, is labelled as a household
that does not have a green consumption pattern even though their total level
of energy requirements and CO2 emissions, as a consequence of a low level of
total consumption expenditures, is not particularly high. Their pattern of
consumption can thus be green although their lifestyle is not, if the lifestyle is
a high expenditure lifestyle.
The focus on the pattern of consumption rather than the level of
consumption also means that the prime focus is not on whether the stipulated
or empirically found green consumption patterns are sustainable or not.
However, in some cases the energy requirements of the average and the green
consumption patterns are compared with such measures estimated in other
studies. One such measure has been estimated based on the level of 0.4
tonnes of carbon per capita and year that according to the lowest IPCC2
scenarios is assumed to stabilize CO2 concentrations in the atmosphere at a
level 25% higher than today. This measure has been translated into energy
2
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availability in various global energy scenarios that in turn has been translated
into a per capita annual consumption. Assuming a global population of 10
billion in 2040, the uniform share is estimated to 14 MWh or around 50 GJ
(Hunhammar, 2001). Another measure of a globally sustainable energy per
capita consumption level has been estimated by Noorman (1999). He bases
his calculation on estimates of the global capacity of renewable energy
production (by WEC 1983, Biesiot and Mulder 1992 and Mulder and Biesiot,
1998) and population developments by the UN (1992) and UNDP (1991).
Normans estimate is that with about 10-12 TW installed renewable energy
production capacity and a population of about 8-10 billion, the per capita
yearly energy quota is 1- 1.5 KW in 20503. 1 kW corresponds to around 9
MWh or around 32 GJ.
Another concept, which is often used in addition to consumption patterns,
and often in connection with environmental issues, is lifestyles. In this thesis
this term is used when a more general and broader term is preferred to what
this thesis in most cases deal with: patterns of consumption.
The origin of the lifestyle concept traces according to Anna-Lisa Linden
(Lindén, 1994) within the behavioural sciences back 100 years to the scientists,
Thorstein Veblen, Max Weber and Georg Simmel. They studied lifestyles in
connection with class and status and considered lifestyles to be created trough
the consumption of material and also immaterial things including recreational
activities. The postulate was that through lifestyles groups of people create a
common identity, a sense of belonging within a group and a way of
distinguishing one group from other groups. Lifestyles are however as identity
creator not static but constantly redefined as they in terms of consumption
culture spreads from high up in the hierarchy downwards and once a lower
group adopts a consumption culture it is abandoned in higher groups and
replaced by a new consumption culture.
This use of the term lifestyle is well in line with more recent definitions of the
lifestyle concept. Johansson and Miguel (1992) has for example, defined
lifestyles as “expressions of individuals ambitions to create their own specific,
personal, cultural and social identities within the historically determined
structural and positional framework of their society”.
During the 90:s there were a lot of interest in questions related to lifestyles
and the environment. For example did the Swedish research council (FRN) in
1992 take the initiative to bring together a number of organisations (NUTEK,
Including not only direct consumption but also indirect consumption in terms of public services
(infrastructure, education, defence, etc.)
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KFB, HSFR, Naturvårdsverket, BFR) that had started to show an interest in
this subject. The project lasted for around 6 years, organized 3 conferences
and produced 3 anthologies and one book (Lundgren, 1992; Lundgren, 1994;
Lundgren, 1996; Lundgren, 1999).
A lot of the articles in these anthologies deal with the link between values,
attitudes, knowledge and behavior: what makes or prevents people to change
lifestyle, the role of habits and social norm in this process and the
responsibility of households versus other actor. The anthologies reflect the
focus of recent lifestyle studies in which the early focus on lifestyles as
identity-creators has moved towards a focus on values and attitudes as
determinants of lifestyles. The idea is that values and attitudes direct individual
choices, important infrequent choices as well as small less important every day
choices that together makes up a persons lifestyle.
The connection between values, attitudes, knowledge on the one hand and
behavior on the other has however been questioned. Sjöberg (1996) has for
example pointed out and showed that there is no or only a weak relationship
between values, attitudes, knowledge on the one hand and behavior on the
other.
One can say that this thesis explores the question of green lifestyles from the
opposite direction compared with most previous lifestyle studies. In this thesis
the focus is on estimating the actual environmental impact by households,
how big the differences between households are, and most importantly to
explore the potential for change if households would adopt what is considered
to be a green lifestyle in terms of a green consumption pattern.
The disposition of this chapter reflects this approach as it in the next section
starts out by taking a look at the physical relationship between consumption,
energy requirements and CO2 emissions before moving on to behavioural
aspects and determinants of consumption and consumption patterns.
2.3 The Relationship between Consumption, Energy Requirements
and CO2 Emissions
2.3.1 Economic activity, energy requirements and CO2 emissions on a macro-level
All material production of goods means that physical material is transformed,
a process that require energy. This also means that all material consumption is
related to energy consumption. Some types of consumption such as the
consumption of services, going to a concert, or the hairdresser might not
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seem to require energy but do so as the production of these services and
products requires material consumption. How much energy used per physical
output, the energy intensity of the production depends on the character of the
consumption product and the technology. If the energy source contains any
fraction of fossil fuel then energy consumption results in CO2 emissions.
Historically gross domestic product (GDP) and energy consumption have
been highly correlated (Noorman, 1995; Hall et al., 1986). An abundant supply
of energy has long been regarded as a vital necessity for economic growth.
The strong version of this view stipulates that economic growth is possible
only if the supply of energy grows at a rate that is the same as or higher than
the economy as a whole (Bergman, 2001). In any case, positive growth in
GDP and zero or negative growth in energy is not feasible in the long run, as
energy in one form or another is an essential input in all industrial and
household production activities. However, the use of energy per unit output
varies between production activities. Consequently the relationship between
GDP growth rates and energy consumption can vary between countries and
does so as a result of differences in economic structure and different phases in
economic development (Kroeger et al., 2000).
Since 1950 the coupling between energy use and total economic activity has
declined somewhat in many industrialised nations (Cleveland, Kaufmann et al.,
2000). Some economists and energy analysts argue that this decline indicates
that the relationship between energy use and economic activity is relatively
weak. This is disputed by others who argue that the decline in energy/GDP
ratio is overstated and that the ratio ignores the change in energy quality4.
Energy use has moved from low quality fuels to high quality fuels: from wood
to coal, coal to petroleum, petroleum to electricity, etc. This change from lower
to higher energy quality fuels is argued to be the most important factor behind
increasing economic returns per heat unit.
In Sweden periods of high economic growth in general have had high growth
in energy consumption. Between 1950 and 1970 Sweden’s GDP grew on
average by more than 3% per annum in real terms. During this period (1955 1970) total energy consumption grew by 5% per year (Bergman 2001 p.145).
Between 1975 and 1985 the average rate of energy consumption growth was
close to zero and GDP growth fairly low, 1.8 percent per year. Not only was
energy consumption held back by a relatively low growth in GDP, this period
was also a period of energy conservation following the oil embargo of 1973
and the high oil prices in the late 70´s. During this period there was a massive
Defined by Cleveland et al (2000) as the relative economic usefulness per heat equivalent unit of
different types of fuel and electricity.

4
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expansion of nuclear power which resulted in a decrease in dependency on
fossil fuels and an increased use of electricity (Schipper, Johansson et al.,
1994). At the same time, the industrial sector especially reduced its
consumption of energy through intensive energy conservation. This energy
conservation coupled with technological change led to much improved energy
efficiencies. According to Schipper and Grubb (Schipper and Grubb, 2000)
energy conservation since 1970 has managed to improve the net energy
efficiencies by approximately 15-20% in OECD counties. Astrid Kander
(2000) has found that the energy intensities in Sweden between 1800 and 1980
have in general decreased. However, she also shows that it makes a big
difference if the informal economy, the households, use of energy are
included in the analysis or not. If the households energy use is excluded the
energy intensities still decreases but the difference between the highest and
lowest energy intensities shrink substantially.
For CO2 emissions there is a similar pattern. They have also increased with
GDP growth but there is not necessarily a direct relationship. Instead CO2
intensities are correlated with the mix of energy sources. The correlation
between energy and CO2 emissions is positively linear for a given mix of fuels
i.e. an increase in energy consumption results in an equally large percentage
increase in CO2 emissions. During the last 100 years the commercial use of
fuels has moved from fuels with a high carbon intensity i.e. carbon per energycontent to lower carbon intensities (Grubler, 1998). The carbon intensity of
wood is for examples nearly two times as high as for gas while the direct carbon
intensity of nuclear energy is zero (Table 1). As the carbon content is used as a proxy
for other emissions, for example, sulphur dioxide and carbon monoxide, the “decarbonisation” of fuels has been seen as an indicator that the energy system is
becoming increasingly cleaner in other respects.
Table 1: CO2 intensity of energy-sources
Energy source
Wood (biofuels)
Coal
Oil
Gas

Ton elemental carbon (tC) per oil equivalent
1.25
1.08
0.84
0.64

Source: Grubler 1998

Biofuels, which at present is seen as one of the most important future energy
sources in Sweden (Naturvårdsverket, 1998) and many other countries is a
return to a high carbon intensity. Today they are regarded as a zero carbon
emitting source of energy since the production (growth) of the fuel sequesters
as much carbon as is emitted when the fuel is combusted.
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For other environmental pollutants the relationship with GDP is often the
opposite (Wandén, 1997; Radetzki, 1990; Radetzki, 2001) since most
pollutants except carbon dioxide can be cleaned but require both short- and
long-term investments. Thus countries with a high GDP have in general a
cleaner environment than most poor countries but emit higher quantities of
CO2 per capita (Wandén, 1997). For CO2 there is no feasible large-scale CO2
sequestration technology yet. To date the most feasible carbon sequestration
methods are simply to increase the amount of biomass by planting trees or
other plants (Office of Science, 1999).
Between 1980 and 1990 the total level of CO2 emissions in Sweden decreased
by approximately 28% (SCB, 1980-1997). Also CO2 emissions per unit GDP
declined by approximately 60% between 1970 and 1990. The decline in CO2
emissions per unit GDP is one of the steepest measured (Schipper, MarieLilliu et al., 1999). This reduction was due to changes in energy systems: access
and heavily increased use of nuclear power, increased use of hydropower and
waste heat, as well as new technology and increased energy efficiency
(Boström, Grennfelt et al., 1994). It is above all the residential, manufacturing,
and service sectors that decreased both total CO2 emissions and emissions per
GDP by taking advantage of fuels other than oil. Travel and goods transport
on the other hand have had an increase in total emissions from 1980 by
approximately 16% and also emissions per GDP have increased slightly (SCB
1980-1997; Schipper, Marie-Lilliu et al., 1999).
The discussion above touches on a topic that has received a lot of attention
during the last decades and still does. Is it the scale of the economy, the
amount of production, that is the main determinant of environmental load
including CO2 emissions, or is it a matter of technology, efficient use of
resources and type of fuels that determine the size of the anthropogenic
impact. “Ecological economists” emphasise the physical limits of recycling
and technological improvements. Based on the laws of thermodynamics they
argue that at least a fraction of economic activity involves the transformation
of physical materials. This transformation consumes energy, which at present
is produced predominantly through the burning of fossil fuel and hence
results in some amount of CO2 emission. The fraction can be reduced but
never to zero, implying that if economic growth continues we can in theory
get a “one shot” reduction in CO2 emissions, thereafter CO2 emissions will
grow at the rate of the aggregate economic activity. However in practice on an
aggregate level of a nation for example the relationship between economic
activity and energy use is far from absolute. An example is the difference in
energy consumption between North America and Europe, which not only can
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be explained by differences in income or technology but also to a wider
spectrum of “lifestyle” differences.
2.3.2 Measuring energy consumption on a household level
On a macrolevel the energy intensity as energy consumption per total
economic activity (GDP) is calculated based on information about total
energy consumption within a country, which is based on data on domestic
energy production, imports, and exports. Aggregate energy analysis has the
advantage of incorporating system-wide effects but does not say anything
about differences on a microlevel.
On a household level most energy analyses so far have focused on one type of
energy consumption, the direct energy consumption: oil for heating,
household electricity and petrol. Also energy conservation policies have
almost exclusively focused on direct energy. In addition to the consumption
of direct energy households consume energy indirectly through the
consumption of goods and services. According to a study by Wilting and
Biesiot (1998) the indirect energy requirements of households are as
important and even slightly larger (about 55%) than the direct energy
requirements.
The reason for the focus of earlier studies on direct energy consumption is
that it has been difficult to measure the indirect energy “embodied” in goods
and services. Today, thanks to advances in the methodology of Life Cycle
Assessments (LCA), a field of research that has grown rapidly during the last
decade, it has become possible to measure the total energy consumption
(direct and indirect) at the household level. LCA initially was developed for
the use in the manufacturing and processing sector of the economy and
studies the environmental aspects and potential impacts throughout a
product´s life, from raw material acquisition, through production, use and
disposal (see Figure 1) (Finnveden, 1998). The LCA methodology is still under
development and comprises a set of different methods and approaches within
a general framework established by SETAC 1993 (Society of Environmental
Toxicology and Chemistry) and further harmonised in an international
standardisation process within the ISO (Bolund, Henriksson et al., 1998).
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Figure 1, Principal flow-chart for the life cycle of bread,
Source: Andersson, Ohlsson et al. 1993.

Energy LCA is an application of LCA that focus on analysing the energy
requirements of a product from “cradle to grave” and often also emissions of
CO2 and other greenhouse gases that are closely related to energy
consumption. In most cases energy LCA is used to compare a limited number
of similar products to determine which is the most energy efficient. For
example which type of bread production system results in the least
(embodied) energy per unit bread: a local bakery, a medium sized bakery with
a regional distribution area, or a large bakery distributing bread to the whole
country. However to use the result of LCA´s done in different studies
together is usually not possible due to differences in the scope and timeframe
of each study. In the example of the bakeries, the aim of the study comparing
different production processes of bread does not require that the energy
consumption for producing wheat is included, as this factor does not vary for
the different bakeries. This and other differences between LCA studies makes
it difficult to use the results from different LCAs to measure total energy
consumption on a household level.
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The only comprehensive energy LCA data that exists for a wide spectrum of
household consumption categories (to my knowledge) is a Dutch database
consisting of 350 consumption categories for which the direct and indirect
energy requirements and CO2 requirements have been calculated using a
specially developed method called hybrid energy analysis (Wilting, 1999). The
hybrid method has been used to calculate the energy and CO2 intensities used
in this thesis and is described in detail in chapter 3. In the Dutch study the
energy requirements of goods and services were converted into energy
intensities (energy per monetary unit) by dividing the energy requirements per
physical unit by the average price of the commodity. This allows household
expenditures to be converted directly into energy requirements.
Using consumption as a proxy for energy consumption and CO2 emissions
implies a number of assumptions about the time and place of energy
consumption and emissions. LCA provides a system analysis perspective on
energy consumption. It traces the energy consumption from cradle to grave,
accounting for the total energy requirement for all steps in the production
process of a product including also for example the production of the
machinery used to produce the product. This in turn means that the CO2
emissions attributed to (embodied in) the product represent a more or less
recent historic emission of CO2. Thus the actual emissions started
hypothetically hundreds of years ago with acquisition of the raw materials
needed to produce the first tool continuing to the latest machineries used for
the more recent production. On the other side of the vector of time, the
consumption of the purchased goods can be regarded as done at the point of
purchase or continue for as long as the product is being used. Some products
and services are consumed very quickly after purchase while other products
have a long life span and might even take generations to consume. A house,
for example, can last for hundreds of years and jewellery can be passed on for
generations. To consume a product means either to consume it physically or
economically. The time of purchase is thus from a time perspective merely a
proxy for the emissions or energy consumption. The purchase is however the
prerequisite for production. All production, including intermediate deliveries
between companies, has the ultimate goal of household consumption. This is
a core assumption in this thesis. From this assumption it follows that by
measuring household consumption the major part of all energy consumption
and CO2 emissions are captured in the analysis.
2.3.3 Income and energy consumption on a household level
In the previous section it is shown that energy intensities differ by product
consumed, and that the amounts by which they differ can be calculated using
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LCA methodology. There follows a logical possibility that households at a
given income level could differ in energy requirements and CO2 emission if
their consumption pattern differed.
On the basis of the Dutch database, Dutch household direct and indirect
energy requirements have been studied (Vringer and Blok, 1995; Biesiot and
Moll, 1995). These studies indeed found that despite a strong relationship
between total consumption and energy use, there is also on the household
level large differences in energy use at given total consumption levels.
Biesiot and Moll concluded (1995) that based on empirical differences in
energy requirements between households the potential for reducing energy
requirements is approximately 10-30% in the Netherlands in 1990. However
they did not model the potential for change for different types of households
or what kind of changes would be required for this reduction potential to be
achieved.
Another project, The Perspectives Project, addressed the question of whether
it is practically possible to combine increases in income with decreases in
energy consumption in a large-scale experiment (NOVEM May, 2000). This
project was carried out between 1996 and 1999 with a sample of 12 Dutch
households who were given 20% extra income on the condition that they
reduced their energy consumption by 40% compared to a similar average
Dutch household. In order to successfully achieve the task, a database was
created to help guide the households and to keep track of their energy
consumption. The households also received guidance from a coach, who
provided feedback and additional information about products and services.
The households succeed in decreasing energy consumption by around 43%
compared with a similar household and 31% compared with their own
situation prior to the project while spending the extra money and not saving
more money than before. The discrepancy between the reductions in energy
requirements between the household itself prior to the project and a similar
household, however, reveals some biases. The households were not selected
randomly, instead the project deliberately selected participants living in
energy-efficient new housing which made sure that the achievement was not
accomplished through technological change, improved insulation for example.
This way the core question of the project, the effect of changed patterns of
consumption and reduced consumption of primarily indirect energy, was
facilitated. Another bias was that the households not only agreed to participate
but also actually applied to be a part of the project which indicates that they
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already had a special interest in environmental questions and that they were
motivated even before the project began.
The participating households achieved their goal primarily through changing
their consumption pattern (88%) but also through a more economic approach
to energy and by replacing old appliances with more energy efficient ones
(12%).
The participant’s consumption pattern during the project period involved:
Increased purchase of labour intensive products (hand made furniture,
designer goods and works of art)
Purchase of high quality or durability products (clothes, shoes and
furniture) and extension of the product’s lifetime by repair
Alteration of diets (less meat, more biologically produced food and
seasonal vegetables instead of vegetables produced in greenhouses)
Changes in the pattern of and reduction in mobility (avoiding foreign
holidays, critical use of the car, increased use of bicycle)
Increased purchase of services (domestic help, hairdresser, educational
courses, visiting restaurants)
Another Dutch study, The GreenHouse program has applied a macro
approach using input-output technique to evaluate the options for the
reduction of greenhouse gas emissions by changes in household consumption
patterns (Nonhebel and Moll, 2001). In this study a large number of changes
within the present household practices are identified and applied. The effect
of implementing all options into all Dutch households was calculated using
input-output technique. The study found that if all options were implemented
this would result in a 27% reduction of greenhouse gases.
Through the use of a macro approach, the study cannot distinguish and
control for differences in the possibilities and constraints between different
households (for example, large and small households, households that have
access to public transport and those that do not). The substitution effect is
not modelled explicitly but the effect also on expenditures is estimated and as
expenditures decrease by some 4% the effect of a possible substitution effect
estimated assuming that the saved money was all spent on products with a low
energy intensity: for instance high quality products (ecological food, fashion
cloth and furniture) and hiring household services. The substitutes did not
take care of all but most of the saved money (Wilting, Moll et al., 1999).
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2.4 Determinants of Household Consumption Patterns
In the previous sections it has been shown that not only are energy
requirements, CO2 emissions and consumption level, in terms of
expenditures, highly correlated but also that the correlation is far from
absolute. This section focuses on other determinants of household
consumption patterns i.e. what determines energy requirements and CO2
emissions given income. This information gives some clues concerning
potential for change given an unchanged level of consumption. It is also
needed to construct a model that can estimate the energy requirements and
CO2 emissions for each household and the reduction potential, taking into
account the specific constraints and possibilities of each household.
2.4.1 Consumer choices, behaviour
When exploring the potential for reducing CO2 emission through changed
consumption patterns a core question is how to interpret household’s current
consumption pattern and the effect of any type of change. Is the current
pattern to be considered the preferred consumption pattern? Is the current
pattern instead of being the result of free will imposed by outside forces such
as advertisements, societal norms, habits, constraints, etc.? If the former is
true, then any changes to the current consumption pattern, for example, a
change towards a greener consumption pattern, will reduce the quality of life
(utility) of households and individuals. If instead the latter is true, then
changes in the current consumption pattern (through information, changed
norms, the removal of constraints, etc.) could not only maintain but also
improve the quality of life of households. The answer to this question is a
crucial division between those advocating change and those who might
acknowledge a need for change but not desire change for any other reason
and thus feel change should be minimised.
Until the late 1960s most studies of choice assumed that decision makers
(individuals or firms) were rational economic beings that maximise utility (or
profit) given income and prices of all goods (Walmsley and Lewis, 1993).
Utility means the usefulness, pleasure, satisfaction, fulfilment or profit that the
consumer gets from the consumption of goods or services. The maximisation
of utility means that the consumer chooses the bundle (consumption pattern)
that is preferred to or no worse than any other bundle (Bergh, Ferrer-iCarbonell et al., 1999). Briefly this view assumes that the consumer has a
complete preference ordering of all possible goods and all possible bundles or
combination of commodities (Bergh, Ferrer-i-Carbonell et al., 1999) and that
the consumer has perfect knowledge and behaves rationally in an economic
sense. This theory has been heavily criticised on many grounds related to
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either lack of logic or empirical content. One objection is that people do not
have perfect and complete information due to limited access to information
and limited cognitive abilities to process large amounts of data. Another
objection is that people do not behave only rationally in an economic sense
but also include many other factors in their decision.
An alternative to the rational actor is an actor that makes decisions based on
bounded rationality and does not seek to optimise but rather to make a
satisfactory choice (Simon, 1952). Bounded rationality means that the actor
reduces the complexity of a choice by simplifying, as the cognitive ability of
people is limited. After simplification the actor could make an optimal choice.
However, people do not always seek an optimal choice but rather a
satisfactory alternative as the processes required for an optimal choice is
several orders of magnitude more complex than that of a satisfactory choice
even after simplifying the choice. This is the postulate of human beings being
satisficers (Simon, 1952). What is considered a satisfactory choice is not static
but changes as the aspiration level changes, which in turn depends on what is
attainable based on optimistic or pessimistic projections.
The concept of satisfaction is however vague and in applications some have
again used the economic concept of utility but in a broader sense than
economic utility. A method of attempting to measure utility has been to get
individuals to rank alternative choices to arrive at a “transitive” preference
structure. A problem with this is that it often uncovers the opposite,
intransitive preferences. If, for example, A is preferred to B and B is preferred
to C and C is preferred to A, an intransitivity is said to exist (Walmsley and
Lewis, 1993).
Applying the meta theories for decision making is different depending on the
type of decision, such as trivial every day decisions or important decisions that
will have a strong impact on the household consumption pattern for a long
time. I believe that trivial every day decisions rather than important infrequent
decision are less likely to be consistent with the maximum utility theory and
the theory that human beings are satisfiers can apply to both trivial every day
decisions and important infrequent decisions.
This thesis takes the standpoint that, although household consumption
pattern are determined by a large number of factors and it is theoretically
possible for alternative consumption patterns to be equally satisfying, it is
more farfetched to expect that the observed consumption pattern is not the
preferred consumption patter. This standpoint is operationalised in the
experiments in Part III in which income elasticities, estimated using empirical
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data are used to estimate the preferred substitution in the cases where
adopting a green consumption pattern results in savings.
Whether or not households maximise their utility or simply make choices that
are satisfactory to them, both patterns of consumption display large variations
and substantial similarities between individuals and between households. One
theory that primarily explains similarities or similar patterns is the influential
theory by Maslow (Maslow, 1954). According to Maslow, preferences are
driven by fundamental values that ultimately aim at well-being, happiness, or
quality of life. The achievement of these goals is done through a succession
from the most basic needs to higher levels. The hierarchy of needs are in
Maslow´s theory grouped into five hierarchies: physical needs (for example:
food, water, rest), security (safety, protection, law and order), love and social
relationships, self esteem (self respect, accomplishments, to be appreciated)
and on the highest level, self actualisation. The theory of hierarchy of needs
means that one can expect the consumption patterns of households to some
extent capture this hierarchy. All household consumption patterns are
expected to include some degree of consumption corresponding to the basic
needs, and high income households to a higher degree consume commodities
that correspond to needs at the higher hierarchies.
To achieve any level of satisfaction in the hierarchy of needs theory requires
more than the desire or preference but also the opportunity and ability to
make a choice, in this case to consume. While preferences might be fairly
similar between individuals and households, the opportunities and abilities
certainly are not. Gaterslebel and Vlek, has conceptualised these components
in a model, the needs, opportunities and abilities (NOA) model (Gatersleben
and Vlek, 1998). Opportunities in terms of access to goods and services,
prices and shops are examples of external factors that affect consumption
which alone can influence the aspiration level and the “need” to consume.
The opportunities have increased dramatically during the 20th century and
today rarely constitute any constraint on consumption. An exception, of
relevance to this thesis, is access to public transport and access to parking in
large municipal areas, factors with a direct effect on the consumption of
transport. Factors that affect the ability to consume are, for example, financial,
temporal, spatial, cognitive, physical means, and skills (Gatersleben and Vlek,
1998). Of the factors affecting the ability to consume, income level is the most
important. It not only determines the consumption level but it is also an
important determinant of the pattern of consumption as shown by the fact
that the consumption of various commodities differ in how sensitive they are
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to changes in income i.e. they have different income elastisities5. When income
increases the consumption of consumption items with a high income elasticity
increases more than for commodities that has a lower income elasticity. Petrol
has, for example, higher income elasticity than car ownership.
2.4.2 Information, knowledge and behaviour
Factors that is often claimed as important means for changing attitudes and
behaviour are information and knowledge. It is also a core assumption in
decision making theory that human decisions are based on information and
information processing. It is thus logical to assume that information about
environmental problems will affect people’s decisions. It has been shown
however in several studies that the correlation between information or
knowledge about environmental problems and changed behaviour is very
weak (Angelöw and Jonsson, 1994; Biel, 1996; Jonsson, 1996; NOVEM May
2000). Other studies show that information does change people’s behaviour
(Domeij, 1996). The reason for these highly contradictory conclusions is that
the object of study, differ. In situations with no conflict of interest for the
consumer in choosing a product that is better from an environmental
perspective compared to a product that is less environmentally sound,
behaviour has changed as a result of information (consumers today prefer to
choose detergents, etc. that are labelled with an environmental symbol),
especially when the choice coincides with other motives such as good health
and/or the social norm. For choices that are not indifferent to the consumer
the importance of information about the environmental consequences of
behaviour does not carry a heavy weight, for example, choosing mode of
travel or choosing which car to buy. In these cases the environmental factors
have been shown to have a subordinate role and other factors such as comfort
and safety, a predominant role.
2.4.3 Demographic determinants
While the relationship between values, attitudes and behaviour have been
found to be weak in most cases, the relationship between demographic
variables and behaviour are in many cases fairly strong.
An important determinant is the size of a household. This affects the
consumption pattern of the household for a number of reasons. When people
live together in a household this means that they share one or several
consumption items (commodities) and the per person expenditure for these
commodities drops which also increases the probability for the household to
The conventional definition of an elasticity is: Elasticity = (% change in the dependent
variable)/(% change in the independent variable).
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own these commodities. Examples of commodities that are highly correlated
to household size are car ownership and type of dwelling which in turn affect
the pattern of consumption. The importance of the size of households has
been studied for its effect on energy consumption. Studies have shown that
there is a scale effect of large households and that the trend of smaller
households thus would lead to higher energy requirements (Wal and
Noorman, 1998). The explanation is that large households share some energy
intensive commodities such as housing, heating, access to car and some
degree of car travel, food preparation, etc.
In addition to the size of the household the composition of the household is
important. The number of adults or children and the employment status of
the household members affect the total income and determine the
consumption level of the household and the consumption level per household
member. The composition of the household is also assumed to affect the
needs and preferences of the household. Children, teenagers and adults have
different preferred consumption patterns as individuals, and as a group may
have a different preferred consumption pattern as a result of living together,
for example prefer to stay at home to a larger extent than couples or single
persons. This in turn means that the home becomes a more important
consumption category. The household consumption pattern is thus not only
the sum of its components, and reflection of the members needs and
preferences but also it reflects the total needs and preferences of the
household agreed upon, explicitly or implicitly, voluntarily or involuntarily, by
the household members.
A different angle from which to view what determines a household
consumption pattern is the life cycle perspective. According to the life cycle
approach the household consumption pattern is related to stages and changes
in the stages in the family life cycle. It has been found that different stages
correspond to different consumption patterns and also to changes in savings
patterns (Marell-Molander, 1998; King and Leap, 1987). Life events such as
when a person starts to cohabit, the arrival of the first child, etc. is likely to
bring about changes in respect to durables but also the consumption pattern
of everyday commodities. For a young couple without children most income
is available for personal spending such as entertainment, food, drinks travel
and clothes (Marell-Molander, 1998). For a household with small children
income is often decreased, as it is not uncommon that one or both parents
reduce their work hours.
Values and attitudes can also be coupled with various stages in life as changes
in the life stage often are related with changes in attitudes and preferences.
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The majority of and core values and attitudes of a person are however
according to Ronald Ingleharts (1977, 1981) socialisation theory formed in
pre-adulthood and remain fairly stable throughout a person’s life (Angelöw
and Jonsson, 1994). Values and attitudes are formed by experiences, and as
some experiences are shared by individuals in the same generation a
hypothesis is that values and attitudes differ between generations (ibid).
Increasing wealth and standards of living during the 20th century have lead to
or been coupled with a strong individualisation trend in the developed
countries (Røpke, 1999). Individualisation means that the individual is
increasingly set free from traditional social bonds and are to a lesser extent
tied to social roles related to class, gender, locality and religion. This decline in
traditional ties has been coupled with a process of changing values. Personal
freedom and independency has become not only an option but also an
important value. People have become independent of their relatives, women
of their husbands, and young people have become more independent of their
parents. Within the family, the individualistic trend is displayed by the fact that
household members to a higher degree have their own room in the dwelling
and that goods previously shared are now to a higher degree the possession of
the individual. For example many families today own more than one
television, CD-player, etc. Consumption has in this context also acquired a new
and important role in relation to the formation of self-identity as people use
goods increasingly as means to define themselves and transmit messages to
others (Røpke, 1999).
2.4.4 Capital investments and durable goods
In the section on decision making and choice it is shown that choices are
different and range from trivial every day decisions to decisions of major
importance. Durable goods belong to the latter group and are important in
terms predicting a household’s consumption pattern. Examples of durables
are: refrigerators, dishwashers, dryers, TVs, cars, and microwave ovens.
Durable goods can be grouped into durables and semi-durables based on their
expected life (Marell-Molander, 1998). Semi-durables are often defined as
goods with an estimated life between six months and three years and durable
goods have an expected life length exceeding three years. Houses are not
durables but are labelled as capital investments.
Access to and especially ownership of durables change consumption patterns.
The supply of automobiles has, for example, changed lifestyles and is argued
to be the major reason for increased mobility (Vilhelmson, 1990). The
decision to buy a car not only involves a decision about the purchase but also
a decision about the longer commitment in terms of costs, and affects the
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consumption pattern of the household whether or not the car is paid for with
cash or on credit. The maintenance and use will cost money. The purchase of
a house has an equal or even stronger impact on the consumption pattern of a
household.
2.4.5 Low energy intensity consumption – services
One of the suggestions for how (or why) the society will be able to escape the
link between GDP and energy consumption is the (autonomous) shift
towards a service-oriented economy. This is potentially important from an
energy perspective because services on average are substantially less energy
intensive than goods (Biesiot and Moll, 1995). The reason for this is that the
price of a consumer service to a relatively high proportion consists of costs
for labour and to a relatively low proportion of costs for materials. Services
are thus from an energy perspective a greener type of consumption than
goods.
When industrialisation started in the late 19th century approximately 80% of
the population in Sweden worked in the agricultural sector. Within 100 years
of industrialization, 5% of the population were farmers and 50% worked in
industry. In the 1990 approximately 30% of the workforce was in the
industrial sector (Inglestam, 1995). The service sector in Sweden has increased
from less than 20% at the start of industrialization, to 80% according to some
estimates. Other estimates say are approximately 50% of all salary costs in
Sweden are for the production of consumer services. The difference between
these estimates is caused by differences in definitions. Lars Inglestam
distinguishs between: employees with work as services; companies, branches
and sectors that deal with service production; and employees with the work of
delivering the service to consumers/households. Whichever definition is used
the percentage of the workforce in services has increased dramatically.
Kroeger et al. (2000) have tested the sectoral-shift-as-a-driver-of-energyintensity-change hypothesis using aggregate data on five countries for the
period 1970-1992. They conclude that in general, a change in the sectoral
composition of a given economy does affect the economy’s energy intensity
i.e. increased share of services decreases the energy intensities. “However
country specific factors also play an important role in influencing the actual
energy intensity of an economy, and its intensity, relative to that of other
countries”.
In addition to this structural change, “Engel’s law” has been used as an
argument for reduced energy intensities with increasing income levels. The
German statistician Engel (1821-1896) found that high income households in
Germany consumed more services than households with a low income
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(Inglestam, 1995). The idea is that a low income household has to devote a
large part of their income to basic needs such as food, housing, and goods
while a household with high income can devote a larger share to less pressing
needs such as services. However, while Engel’s law is true within a country at
a certain time it does not hold true between countries of different income
levels or for a country over time when income rises. This is because with
higher income levels the price for services concomitantly goes up and
households with relatively low incomes still can not afford to consume
services to a higher degree even though their absolute income has increased
(Inglestam, 1995).
The reason for this is that with the increased productivity in the
manufacturing industry the other side of the coin is that services are
considered as increasingly expensive since the potential to increase the
productivity of the service sector is more limited, in particular for Uno-actu
type of services (services that require both the customer and the person
delivering the service to be present at the same time, for example
hairdressing). Empirical data show that the consumption of services has not
increased but is instead decreasing (Inglestam, 1995) while the consumption
of manu-factured products for self-service increases.
A taxation switch (Skatteväxling) is one idea that, at least partly could help
come to grips with the relatively high costs of services relative to
manufactured goods although this is not primarily the purpose of a taxation
switch. The idea behind the taxation switch concept is in line with the polluter
pays principle, that the costs related to the environmental effects of
consumption should be paid for by the consumer (industry, household,
etc.)(Skatteväxlingskommittén, 1997). This can be done through energy and
other environmental taxes. The revenue from these taxes can be used to
reduce taxes in other areas. One such area that has been put forward is the
service sector, since this sector is the one that is expected to create the most
jobs in the future.
2.5 Consumption Patterns over Time
The previous section has shown that there have been some structural changes
in society that also affect household consumption patterns. This section takes
a closer look at household consumption patterns over time: how stable or
changeable household consumption patterns have been, and which
consumption categories that have grown the most or the least.
Dahlman and Klevmarken (1971) have studied private consumption between
1931 and 1975 using a number of data sources including the household
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expenditure survey. During this period Swedish private consumption grew on
average by 2.1% per capita and year measured in constant prices. The study
shows that the pattern of consumption has changed over time: travel is the
category that increased the most, from 6% to 14% of total expenditure, food
decreased the most from 31% to 26%. Expenditures on recreation have the
second highest increase followed by household equipment, drinks and
tobacco and medicine and hygiene. After food, the largest decreases6 are in
clothing and housing (see Table 2). A time series for the period after 1968
based solely on the household expenditure survey (compiled by OlssonMalmberg at SCB) indicate that all the major trends noted by Dahlman and
Klevmarken continued. Expenditures on food and clothing decreased further
while expenditures on recreation increased its share.
Table 2: Expenditures on different consumption categories 1931, 1950, 1960 and 1968. In
percent of total expenditures in running prices.
Category
Foods
Drinks and tobacco
Housing
Clothing
Household equipment
Travel
Recreation
Medicine and hygiene
Other
Total consumption

1931
30.9
9.9
18.1
14.0
3.3
6.3
6.5
3.5
7.5
100

1950
30.9
10.5
12.37
15.6
4.9
9.0
8.4
4.3
4.0
100

1960
28.1
10.9
13.4
11.7
4.9
11.7
10.4
4.6
4.4
100

1968
25.7
11.5
13.9
9.2
6.2
13.7
10.5
4.7
4.7
100

Source: Dahlman and Klevmarken 1971.

Vringer and Blok (2000) have explored the change in consumption patterns in
the Netherlands between 1948 and 1996. The changes in consumption
patterns in the Netherlands are very similar to the changes in Sweden.
However the main purpose of the study by Vringer and Blok is to explore
whether or not the changes in consumption patterns show any sign of
dematerialisation8. Their conclusion is that no substantial trend to lower
energy intensities is found and no dematerialisation has taken place in the
Netherlands during the studied period. Since the changes in the pattern of
consumption in Sweden and in the Netherlands display major similarities it is
likely that the study on dematerialisation by Vringer and Blok also hold for
Sweden.
All consumption grew in volume although the fraction spent on some categories decreased.
Expenditures on housing were according to Dahlman and Klevmarken higher before the war than
after due to regulations of the housing market after the war.
8 The energy intensities that Vringer and Blok use in their study come from the same database as
the ones used in this thesis (see chapter 3, methods).
6
7
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2.6 Dynamic Feedbacks – The Rebound Effect
In the previous section it was shown that within the production system,
energy efficiencies have improved. Also household appliances have become
more energy efficient but in spite of all these improvements, energy
consumption has continued to increase, although perhaps not as much as it
otherwise might have. The reason for this, in addition to the general growth in
consumption, is the so-called rebound effect.
The rebound effect has been observed and studied from different
perspectives. A thorough overview of what I would call an analysis from a
technical perspective is the special issue on the rebound effect in the journal,
Energy Policy no. 28, 2000. In this issue, the rebound effect is defined by
Berkhout et al (2000) as the following process:
“Technological progress makes equipment more energy efficient. Less
energy is needed to produce the same amount of production, using the
same amount of equipment – ceteris paribus. However not everything stays
the same. Because the equipment has become more energy efficient, the
cost per unit of services of the equipment falls. A price decrease
normally leads to increased consumption. Part of the ceteris paribus
gains is lost, because one tends to consume more productive services,
and the extra demand for productive services from the equipment
implies more energy consumption. This lost part of the energy
conservation is denoted as the rebound effect. A rebound effect of (say)
10% means that 10% of the energy efficiency improvement initiated by
the technological improvement is offset by increased consumption”.

The rebound effect is basically the effect on energy consumption by what
economists call the price effect. The price effect9 is the effect on consumption
by changes in prices. When the price of a consumption item changes it will
not only affect the consumption of the commodity that had the price change
but also the consumption of other commodities.
In the scientific literature and elsewhere (Wall street Journal, New Your
Times) the rebound effect have been discussed. It have been argued that the
rebound effect might be so large that it not only takes back some of the
savings but also that the increases in energy efficiency might actually increase
absolute energy consumption by stimulating other activities. Another reason is
that the increases in energy efficiency would lead to a fall in energy prices that
would then fuel the use and emissions of greenhouse gases (Laitner, 2000).
The price effect is sometimes divided into and a substitution effect of a price change and an
income effect of a price change

9
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Recent studies based on aggregate data indicate that the rebound effect is low
to moderate (Schipper, 2000). A study by Greening et al have studied the
empirical evidence of the rebound effect disaggregated on a number of
categories such as space heating, space cooling, water heating, etc. and
conclude that the potential size of the rebound lay between 0-50%. Shipper et
al have reached similar results: that energy consumption is 15-20% lower for
1994/95 compared with 1973 than what would have been the case for the
same GDP had these savings not occurred.
This type of rebound effect (which has its origin in the production process
and works through changed prices) is not studied in this thesis, as the purpose
here is to explore the role of changes in the pattern of consumption if
households were to adopt a green consumption pattern voluntarily and not as
an effect of policy in terms of heavy taxes, etc. In order to focus on the effect
of changed patterns of consumption, technology and fuel mix are controlled
for. Another reason for emitting this type of rebound effect is that the data
used in the study, energy and CO2 intensity data, only exist for a certain year,
which means the energy requirements and prices in that year.
Instead, another type of rebound effect is of central importance to this thesis.
This rebound effect is what I hence call the “substitution effect” but which
has also been referred to as the indirect rebound effect (Herring, 2000). The
substitution effect is closely related to the economic term, income effect. If
households for example green their travel by choosing not to use the car but
instead to use the bicycle or walk short distances this will reduce fuel
consumption and also costs. The saved money can be regarded as an increase
in income and will be used by the household for other types of consumption.
On what the saved money are spent varies between households, depending on
household characteristics and preferences. By regarding the saved money as
extra income free to be used on other consumption (including the greened
category on which some of the saved money is re-spent), it is possible to
estimate how the saved money will be reallocated on other consumption i.e.
the preferred substitute, using data on household consumption and income as
an independent variable. The amounts reallocated can be estimated using
either income elasticities or marginal propensities to spend (MPS)10. When the
saved money is spent on other consumption some of the energy saved by not
Marginal Propensity to Spend is defined as: MPS = (Change in expenditures on the component)/
(Change in total expenditures). The MPS is, like income elasticity, a measure of sensitivity of a
dependent variable to changes in an independent variable. MPS is however a more specialised
measure in that the independent and dependent variable cannot be any variables. The former is
total income or total consumption and the latter is always a component of total income or total
consumption. A second difference between elasticities and MPS is that MPS is not a ratio of
percentage change but a ratio of absolute change.
10
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using the car is taken back as an effect of the substitution. How much of the
saved energy that is taken back depend on the energy intensity of the
substitute. A substitution effect of 10% means that 10% of the initial saving is
taken back by increase in energy requirements by increased consumption by
the substitute. A substitution effect above 100% means that more than all of
the initial saving is taken back in which case the energy intensity of the
substitute is higher than that of the initial commodity in this example fuel.
Although the substitution effect is always in action since households tend on
average over time to use a certain fraction of their income on consumption,
the main determinant (trigger) for rebound effects in general including the
substitution effect is not always determined by changes in the household
budget. Instead what trigger rebound effects are often related to a whole range
of other determinants of household lifestyles, for example, household time
budget. When, for example, as a result of improved road infrastructure
distances are reduced it does not automatically leads to reduced travel
distance. Instead improved road infrastructure might trigger more commuting
and for the individual that already commuted, the saved time for commuting
might be used on other types of travel.
2.7 Summary
Four major conclusions can be drawn from this chapter. First that what is
known about the relationship between consumption, energy requirements,
and CO2 emissions primarily relates to knowledge on a macro level or the
level of individual products. The level referred to when lifestyle changes and
changes in consumption patterns are suggested, the households, are with few
exceptions not studied within a systems analysis framework. Secondly it is
shown that the level of consumption is highly correlated with energy
requirements, which in turn given the fuel mix determine the CO2 emissions.
This means that unless the level of consumption is controlled for and the
budget constraint maintained it is not possible to distinguish between the
effects of changes in consumption patterns and the changes in the level of
consumption. It also means that there is an upper limit to the possibility to
reduce CO2 emissions through changed consumption patterns. Thirdly in the
section on the determinants of consumption patterns, it was shown that a
number of factors limit the degree of freedom that people have over their
consumption pattern. This in turn means that any realistic modelling of
changes in consumption patterns must make a distinction between factors
that the households have control over (preferences, etc.) and factors that the
households do not have any or limited control over (structural). Finally it has
been shown that it is possible to retain a systems analysis approach to
household energy requirements and CO2 emissions by viewing all economic
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activity (production) as the effect of (triggered by) household consumption.
Energy LCA has made it possible to estimate the total energy requirement and
CO2 emissions on a household level. By controlling for income this can be
converted into the energy and CO2 intensity of a household consumption
pattern which in turn can be used to quantitatively indicate how green a
households consumption pattern is.
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3 Methods
3.1 Introduction
In this thesis the focus is on households. The motive for focusing on
individual households is that the potential for change is assumed to differ
significantly between households as a result of differences in needs,
opportunities and abilities, which in turn are determined by household
characteristics such as household size and composition, income, place of
residence, etc., that combined are unique to each household.
In order to not only explore the first order effect of adopting a green
consumption pattern a systems analysis approach is applied. In this case this
means that (1) a Life Cycle Assessment (LCA) perspective is applied in
combination with the assumption that all production, and intermediate
deliveries between sectors, ultimately aims at household consumption, so that
all energy consumed and CO2 emitted within the economy can be attributed
to households. Further (2) since this thesis explores the potential for reducing
CO2 emissions through changes in the pattern of consumption and since the
level of consumption is a highly important determinant of energy
requirements and CO2 emissions, it is important that the level of consumption
is controlled i.e. unchanged. This is especially important since in most cases
adopting a green consumption pattern means reduced consumption, of
heating, car travel, etc. which in turn means reduced consumption
expenditures. Keeping the budget constraints thus requires a methodology for
reallocating saved money or deficit money.
A LCA perspective is applied through the use of data on household
consumption in combination with detailed data on the energy requirements
and CO2 emissions of household consumption. The data on household
consumption is derived from Statistics Sweden’s household expenditures
survey (SCB, 1998) which contains data on all household consumption on a
level of detail of around 300 consumption categories. In a Dutch database
exist for roughly the same consumption categories LCA data on these
categories direct and indirect energy requirements and CO2 emissions (IVEM,
1996). By combining these data the total energy requirements and CO2
emissions for each household can be calculated.
In order to take into account the unique characteristics of the household
when changing the household consumption pattern the pattern of
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consumption is estimated using a consumption model. The potential for
change can then be assessed by changing the household’s consumption
pattern to a partly or completely green consumption pattern.
3.2 Data
3.2.1 The Swedish Household Expenditure survey
Swedish Household Expenditures (SCB, 1998) have been surveyed since the
beginning of the 20th century, the purpose being to collect information about
household expenditures on goods and services. This thesis uses expenditure
data from 1996.
The survey measure household expenditures on, more than 300 consumption
items (see list in appendix A): approximately 80 food items, 40 types of
clothing, 10 items on housing, 50 on furniture and household utensils, 5 on
medical care, 20 on travel, and 75 on recreation. As the survey covers all types
of (total) household consumption, except for public consumption (financed
trough taxes), total consumption should in principle equal household
disposable income minus savings.
Data is collected through a period of one year. Each household reports all the
household members’ expenditures during a period of four weeks.
Expenditures on food are only recorded during the first two weeks. In the
households are interviewed about their consumption of more expensive
commodities (consumption items and services) during the last 12 months.
Typical commodities included in this category are costs for holiday cottages,
petrol, trips abroad, and purchases of some durable goods.
Some socio-economic variables such as income, real estate tax, non-taxable
benefits and rent for a leasehold site are obtained from already existing
registers at Statistics Sweden for those participating in the survey.
The household expenditure for 1996 is based on an initial selection of 2057
individuals between the age of 18 and 74. Individuals younger and older are
part of the sample as household members but are not selected because of the
difficulty they might have with the recording needed in the survey. The
response rate was 54%, a fairly high “non-respondent rate”, which is
understandable since the survey demand a lot of work and is time-consuming
for the participants.
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The sample has both some biasies. Since only individuals between 18 and 74
are selected, households that consist of only one person above the age of 74
or below 18 are not part of the survey. Further, the selection of households is
based on the selection of individuals is that large households have a higher
probability to be selected for the survey. A possible bias for the level of
consumption items are that inexpensive goods might be underestimated, as it
might be easy to miss to record these goods. The sample should be correct in
terms of geographic distribution as was selected from a dataset that is sorted
in fiscal order.
3.2.2 Energy and CO2 intensity data
In addition to data on household expenditures, data on the direct and indirect
energy requirements and CO2 emissions of goods and services consumed are
used to calculate the total energy requirements and CO2 emissions of each
household.
3.2.2.1 Energy Intensity Data
Dutch data11 on direct and indirect energy requirements and CO2 emissions
are used, as Swedish data is not available. The Dutch Energy Intensity
database contains energy and CO2 intensities for more than 300 consumption
items (Appendix A). The items in this database were initially chosen to cover
the items surveyed in the Dutch household budget survey and includes almost
the same categories as the Swedish household expenditure survey. The energy
requirements and energy intensities of each product and service are calculated
using an energy Life Cycle Assessment (LCA) methodology referred to as
“hybrid” which was first proposed by Bullard et al. (Bullard, Penner et al.,
1978) and further developed by Engelenberg et al (Engelenburg, Rossum et
al., 1994). The hybrid method combines the strengths of process analysis and
input-output analysis while minimising their weaknesses (Wilting, Benders et
al., 1999).
Input-output energy analysis is an economic-statistical method, which uses
energy statistics for various sectors and the transactions between the sectors
to calculate the total energy requirement associated with the delivery of a
consumption item to the consumer. The method has been used extensively in
economic research since its introduction by Leontief (Engelenburg, Rossum
et al., 1994). The method is not very accurate on a production item level
because no distinction can be made between individual products coming from
The Dutch Energy Intensity database which was first developed within the ‘Energie intensiteit
van levelsstijlen’ project sponsored by the Netherlands Minestry of Housing, Spatial planning and
the Environment.
11
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one sector and each sector produces a range of products of which some may
be more energy intensive than others (Engelenburg, Rossum et al., 1994).
Another problem is that the input-output methodology assumes an
equilibrium based on the total sum of energy transactions between companies
as documented in the statistical tables, but the observed energy consumption
within the time period do not equal that of the transactions.
Process analysis is often referred to as simply energy analysis. Process analysis
is used to calculate the energy requirement for a specific product and is more
accurate than input-output analysis as well as more labour intensive. Each
process in the production system is analysed and its direct energy requirement
calculated. The process analysis method is similar to LCA but process analysis
aims at analysing only one type of environmental impact, the total energy
requirement of a certain product throughout its life cycle.
Both input-output analysis and process analysis methods should in principle
provide identical results but due to lack of sufficiently detailed data both
methods have their drawbacks. Process analysis is very labour intensive as all
inputs to the commodity that are being analysed are examined individually. As
a result of the, in principle, indefinite tree structure of inputs the analysis also
have to be truncated (Wilting, 1996) which leads to an error. Input-output
analysis incorporates the whole tree structure but is done on a much more
aggregate level, which for the individual products leads to an error.
In the hybrid method the accuracy of the process analysis is complemented
with input-output analysis for the part of the tree structure, the so-called
residual goods, that are outside of the truncation point. In this way the error
from the truncation is minimized and the labour intensity reduced.
The energy requirement of each category/product is calculated in an iterative
process in which the energy requirements and CO2 emissions of the main and
known component of the product or service is estimated using energy process
analysis and the energy requirements and CO2 intensity of the residual or
unknown components are estimated using Input-output technique
(Engelenburg, Rossum et al., 1994). The analysis includes all steps of the
product´s production, from cradle to grave, including transports and waste
disposal. The disposal of materials can also yield energy if the materials are
recycled or incinerated.
The energy intensity (EI) is calculated by dividing the energy requirements,
(ER) with the total consumer price (S) of the product (Vringer and Blok,
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1995). The energy intensity (EI) of a product (i) at time (t) is expressed in
Joules per monetary unit, for example Joules per Swedish Krona (SEK).
EIit = ERit/Sit

The list of household goods and services included in the Swedish
expenditures survey and corresponding energy and CO2 intensity data are
found in Appendix 1.
Using data on household consumption and energy intensities of each
consumption category the total energy requirement ER, at time t of a
household is calculated as:
n
ERt = ∑ EIitSit
i=1

where EI is the energy intensity of a consumption category (i) and S the
expenditure on a category (i) at time (t). The suffix t denotes that the data are
valid for year t.
The Dutch EI data for 1996 are used on the assumption that the relative
differences between the energy intensities of consumption items in Sweden
and in the Netherlands are similar enough to make the results valid in Sweden.
As energy-intensities are determined by two factors, the energy intensity of
production and the consumer prices, the assumption is in turn based on the
assumption that the energy intensity of production of goods and services
consumed in Sweden are similar to the Netherlands and that consumer prices
are similar. Some consumption items are exactly the same, i.e. same country of
origin, the same brand, country, factory/industry/production unit and in
these cases the only difference in energy requirements is the transportation
distance. The prices can however differ even for the same products but are
assumed to be relatively similar.
Data on aggregate energy intensities support the assumption that the energy intensities
in Sweden and in the Netherlands on an aggregate level are similar. In fact, the
Netherlands is the country in Europe (EUR-15) that in 1998 had the final energy
intensity value closest to the Swedish average energy intensity value. Both Sweden and
the Netherlands had energy intensity values slightly above the EU average, in 1998 of
around 0.16 toe/kECU90(1 toe = 41.868 GJ)(2000)12,13. Sweden had an average energy

12
13

toe = ton of oil equivalent
kECU90 = kilo (1000) ECU, measures at constant price in ECU of 1990
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intensity value of 0.18 toe/kECU90 and the Netherlands an average energy intensity
value of 0.19 toe/kECU90.
3.2.2.2 CO2 intensity data
Included also in the 1996 Dutch data are CO2 intensities (CO2 kg/Dutch
Florin). These data can however not be used to estimate the level of Swedish
households CO2 emissions. The reason for this is that the mix of energy
sources used in the two countries differs substantially. Sweden has on average
very low CO2 intensities (in 1998 about 0.27 kCO2/ECU95) since about 95%
of the production of electricity comes from nuclear and hydropower while the
electricity production in the Netherlands primarily is based on fossil fuels
(petroleum products and natural gas). Dutch CO2 intensities are thus on
average much higher than the Swedish.
However, the relative difference in CO2 intensities between Swedish sectors
and Dutch sectors are similar although one has to take into consideration that
the sector divisions are different so this type of comparison only gives a very
rough indication. Only four out of 21 sectors have CO2 intensities that that
has opposite relative values, i.e. in one of the countries are above average for
that country and in the other country are lower than average compared with
that country’s average (index 100 = country average).
The food experiment in Chapter 7 involves specific changes on a level of
detail for which no Swedish data exists. Dutch CO2 intensities are
subsequently used since the relative difference in CO2 intensities are similar in
Sweden and the Netherlands.
In all other experiment Swedish CO2 intensity data are not used. These have
been estimated by Anders Wadeskog (Miljöräkenskaperna, Statistics Sweden)
using input-output analysis. The source data for the input-output (IO) analysis
is a not yet official input-output table for 1995 (Statistics Sweden) and
emission data for 100 branches aggregated into the 46 branches of the IO
table. The level of detail of the result of the analysis is 23 consumption
categories (commodities) (Appendix 2) thus much less detailed than the
Dutch energy and CO2 intensities data.
Using data on household consumption, and CO2 intensities for each
consumption item or category the total CO2 emissions (CE), of a household is
calculated as:
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n
CE = ∑ CIitSit
i=1

where CI is the CO2 intensity of consumption category (i) and S the
expenditure on category (i). The suffix t denotes that the data are valid for
year t.
In order to control for the level of consumption the average energy and CO2
intensity of the consumption pattern is calculated by dividing total household
energy requirements and CO2 emissions by total household expenditures.
3.2.2.3 The CO2 intensity of changes in energy consumption – marginal energy sources
Energy and CO2 intensity data is as described in the previous section used to
calculate the energy requirements and CO2 emissions for a household at a
certain time, i.e. for a certain mix of technology and energy sources, and
average prices.
The effect of changes in consumption patterns on energy requirements and
CO2 emissions is modelled. When modelling changes the use of CO2 intensity
data can be questioned because if demand for energy changes this is likely to
affect CO2 intensities. The reason for this is that the Swedish energy
infrastructure is primarily based on hydro and nuclear power. In addition to
hydropower and nuclear power additional demand is met by imported energy,
primarily fossil fuels (Energimyndigheten, 2001). Thus an increase in the
demand for energy does not mean that the consumption of all energy sources
increases equally much. On the contrary, an increase in the demand for energy
is likely to result in a proportionally higher increase in CO2 emissions since
imported energy is likely to have a higher CO2 intensity than the Swedish
average. For a decrease in energy demand the logic is equivalent, i.e. the
average CO2 intensity would given the current energy infrastructure decrease,
as a larger fraction would be based on hydro and nuclear power. When trying
to make predictions and forecasts about the effect of changes in demand then
the energy and CO2 intensity of marginal technologies, i.e. the technology
actually affected by a small change in demand (Weidema, Frees et al., 1999),
are often used. In a long term perspective (long enough to include
replacement of capital equipment) the marginal technology in Europe are
estimated to be hard coal and in the long-term perspective also wind power
(ibid). In the Nordic countries owing to emission targets, installation of new
coal power plants are constrained and therefore the current marginal
technology in the Nordic electricity system is instead natural gas power (ibid).
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In this thesis the goal is however not to make forecasts but to estimate the
effect if households adopt a green consumption pattern controlling for
changes in technology and mix of fuels. A second reason is that while data on
average CO2 intensities exist, using marginal analysis would introduce guess
work concerning the future energy infrastructure that is outside of the scope
of this thesis. A third argument is that using average intensities makes the
result valid for also other countries than Sweden while the marginal effect
differ between countries. In Part III of the thesis the results are thus based on
the base case technology and energy infrastructure, the results if marginal
analysis would have been used are however also mentioned.
3.2.3 SMC’s longitudinal database on Swedish households
SMCs longitudinal database included all Swedish households (approximately 9
million individuals) between 1985-1995. The database had approximately 50
attributes for each individual, including attributes connecting individuals to
family members and place of residence. The database did not include personal
numbers or other personal ID’s that would make it possible to identify a
specific individual or to match this database with other databases. The SMC
database was used as the source data for the synthetic population created for
the experiment in Chapter 8.
3.2.4 Accuracy of the energy and CO2 intensity estimates – level of aggregation
The degree of detail of the available data determines what level household
energy requirements and CO2 emissions can be calculated. The data on
households expenditures and the database on energy intensities both consist
of approximately 300 categories (see appendix A). The CO2 intensities on the
other hand only exist at an aggregation level of 23 categories to which the
household expenditure categories therefore must be aggregated.
The 300 consumption categories are classes containing a number of
subcategories and products. Within some categories the differences between
products in terms of energy intensities is small but in other categories the
differences are large. In the category tea the differences are in general very
small but as in most categories there is a possibility of exceptional cases of
extremely exclusive or exceptionally cheap products. Other categories have an,
in general, larger variation. Furniture, for example, is a category with large
differences in energy intensities. This is explained not by big differences in
energy requirements but in large differences in prices as a result of design for
example. Even on the level of an individual product the energy intensity is an
approximation. A tea bag is for example composed of a number of
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components with different energy and CO2 intensities. The energy intensity of
the tea bag is thus a weighted average and depends on not only the materials
used but also how these materials have been produced and on the price of the
tea bag. The price varies dependent on the production costs (cost of
resources, labour, taxes) and on supply and demand, etc.
Two households that, according to the household expenditure survey have
identical consumption patterns can thus, if they systematically choose items
within the categories that have a higher or lower than average energy intensity
or CO2 intensity, have a higher or lower total energy requirement and/or CO2
emissions than the average household. A household that for example
systematically looks for and chooses cheaper than average products (hunt for
red tags) will have a higher average energy intensity (and energy consumption
given income as they are assumed to spend the saved money on some other
consumption) compared with a household that buys the same products but
for the average price. Households that on the contrary systematically byes
more expensive products and services will instead have a lower than average
energy intensity.
The average value of energy intensities of each of the 300 and 23 categories
thus puts a limit to (truncates) the detail of which total household energy
requirements can be measured.
The descriptive part of the thesis uses the full detail in the database to
measure total household energy requirements and CO2 emissions. However,
for the modelling part of the thesis that aim at modelling the effects of
changed consumption patterns, fewer classes of consumption categories are
used. In this part the level of aggregation is determined by what is possible to
model/estimate based on available independent variables and the size of the
sample.
The categories used for modelling are divided into 8 major classes: Transport,
Housing, Food, Recreation, Clothing, Furniture, Services and Health (Table
3). The classes are “functional” in the respect that each class corresponds to a
basic need, i.e. all households are expected to consume from each class.
Consumption in one class can only to some extent be substituted by
consumption in another major class. The division used in this thesis is typical
for studies on consumption including that used by statistics Sweden.

45

In the literature on green consumption, three consumption categories are the
most frequent target for recommendations: Food, Travel, and Housing. These
categories cover approximately 70% of total household expenditures and 90%
of total household energy requirements and CO2 emissions. For these classes,
the major classes are divided into finer subclasses.
The subcategories are used to estimate the first order effect of the stipulated
changes in consumption patterns, but are not modelled, and thus not used to
guide the substitution (see Chapter 7). For example, the first order effect of
adopting a green food consumption pattern is estimated by calculating the
effect on costs, energy requirements and CO2 emissions of reduced meat
consumption and increased consumption of root crops, etc. using the average
energy and CO2 intensity values for these subcategories. The total effect of
adopting a green food consumption pattern on costs, energy requirements and
CO2 emissions, is the sum of all the changes in the subcategories. The total
first order effect might involve reduced costs by 10%, reduced energy
requirements by 15% and reduced CO2 emissions by 5%. The saved money is
reallocated to the major categories using marginal propensities to spend.
Table 3: Consumption categories and subcategories
Categories
Transport
Housing incl. heating

Subcategories
Fuel, Vehicles and Other
Heating, Household electricity and other

3

Food incl. alcoholic
beverages and outdoor
consumption

Margarine, butter and oil, Milk and yoghurt,
Cheese, Meat, poultry and sausage, Fish, Egg,
Bread, Grain and cereal, Potatoes, Vegetables,
Root crops, Fruit, Dried leguminous plants,
Sweets, snacks, Soft drinks and Alcoholic
beverages

4
5
6
7
8

Recreation and cultural
Clothing and footwear
Furniture and household
Household services
Health and medical care

1
2
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3.2.5 Durables, Semi-durables and Capital Investments
The consumption of durables, semi durables and capital goods consume
energy just as any other consumption but as capital goods, durables and even
semi-durables are bought infrequently, they pose a problem in the calculation
of total household energy requirements and as there is no information about
ownership of durables, only information about ownership of capital goods in
the survey data.
If the time of purchase is used to assign the direct and indirect energy
requirements of capital goods, durables or semi-durables then this means that
a household that happens to buy one of these types of commodities during
the survey year will have an exceptionally high energy requirement regardless
of their usual lifestyle or consumption pattern which is not practical for the
purpose of this thesis.
The solution that is chosen to tackle this problem for capital goods is to omit
the purchase of houses and cars. Instead ownership of houses and cars are
included in the estimates by assigning an estimated average yearly energy
requirement value to the household. The estimated average value is based on
average energy requirements of cars, houses and apartments and average
expected lifetime14. For houses household specific data on the size of the
house, size of household, place of residence, etc. are used to estimate
household yearly costs, energy requirements and CO2 emissions. As there are
no purchases of motorcycles and caravans, etc. during the sample year among
the sample households these goods did not represent a problem to this study.
The purchases of durables and semi-durables such as TVs, microwave ovens,
furniture, etc. are included in the calculation of total yearly household energy
requirements and CO2 emissions. The purchase of this type of durables and
semi-durables are included based on the assumption that one or several
durables are likely to be bought every year and the level of expenditure on
durables during a year can thus be used as an estimate of households average
yearly expenditures on durables even though a household is not expected to
buy every specific type of durable every year.

14

For houses the average life length is 68 years (Dutch estimate) and for cars 10 years.
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3.3 Exploring and Modelling the Potential to Reduce Energy
Requirements and CO2 Emissions
3.3.1 Methods used in Part II
Part II of the thesis (Chapters 5 and 6) uses descriptive methods and standard
statistical methods to explore the potential to reduce energy requirements and
CO2 emissions. Chapter 5 searches for evidence of green lifestyles by
analysing to see if there are any significant differences in the households with
the same income, how big these possible differences are and if the pattern of
consumption is a significant determinant. Chapter 6 explores the importance
of possibilities and constraints in terms of demographic variables. Both
chapters finish by calculating a measure of the potential for change based on
observed differences.
3.3.1.1 Estimating the potential for change based on observed differences in energy
requirements and CO2 emissions using variance analysis
A first crude indicator for the potential to reduce CO2 emissions is the
variations in the observed household energy requirements at given income
(Figure 2). The idea is that if a household has an energy requirement that is
much lower than another household at the same income level then this can be
taken as an indication that it is possible for households with a high energy
intensive consumption pattern to reduce their energy requirements, at least, to
this level although it might involve changes in lifestyle that are highly
undesirable and might reduce the utility for that particular household. A large
variation is argued to indicate a relatively large potential and a small variation,
a relatively small potential. The same method is used to analyse the potential
to reduce energy requirements within different consumption categories, i.e. the
potential to reduce energy requirements by changing food consumption
patterns or housing consumption patterns: low variations indicating a low
potential and vice verse. If energy requirements are highly correlated with
expenditures, for example, on housing and less correlated for food this would
indicate that the degrees of freedom to choose a green consumption pattern
are smaller for housing than for food.
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Figure 2: A conceptual figure of the relationship between energy requirements and
income (A, B, C). The middle line indicates a hypothetical regression line, the upper
and lower lines a hypothetical variance.

The first crude measure of the potential to reduce energy requirements and
CO2 emissions through changes in consumption patterns are calculated in
Chapter 5 using the reasoning above. Households that have a higher than
average energy intensities and CO2 intensities are moved down half a standard
deviation in the first instance and then one standard deviation. This method
gives a gross measure of the potential to reduce CO2 emissions based on
empirical observations of the minimum energy requirement given income.
The drawback is that the needs, abilities and opportunities of the households
might differ and thus makes it difficult or even impossible for the households
with high energy-intensive consumption patterns to adopt the low-energyintensive consumption pattern. The high energy intensity households might
for example all live in the north of Sweden and for this reason consume more
heating than the low-energy intensive households. Although this method
indicates a potential to reduce energy consumption through changed
consumption patterns, it is not reliable and transparent enough.
3.3.1.2 Refining the analysis using regression analysis
A method that partly overcomes this problem is to estimate household energy
requirements using regression analysis. A regression equation shows the
importance of each of the independent variables and makes it possible to
control for variables that are not for negotiation such as demographic
variables, or variables that are for negotiation but might be undesirable to
change for other reasons such as place of residence, etc. A regression equation
makes it possible to single out lifestyle variables such as Car ownership, type
of dwelling, etc.
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This methodology is used in Chapter 6 to estimate the potential for reducing
energy requirements and CO2 emissions, controlling for variables that are not
for negotiation.
A regression equation estimates the energy requirements (E) of each
household (i). Independent variables are total income or total consumption
expenditure (C), a set of “not for negotiation” variables, mostly demographic
variables, like age, number of children, etc. (D), and a set of variables which are
“negotiable” because these could be changed in the interest of adopting a
different lifestyle, e.g. car ownership, size of house, etc. (L).
The single equation regression analysis is:
Ei = a + bCi + cDi + dLi + errori

(1)

where “i” is the household, and a, b, c and d are constants.
(the bold type means that there are really several demographic variables, and several lifestyle
variables).

One use of this equation is to estimate the scope for energy reduction by
moving households that have a higher observed than estimated energy
requirements to the estimated value.
The scope for energy reduction calculated based on this method is assumed to
yield a lower value than the method used in Chapter 5 as it takes into account
differences in needs, abilities, and opportunities between households.
3.3.2 Methods used in part III
3.3.2.1 The need for a more complex model
In part III the effect on energy requirements and CO2 emissions if households
were to adopt a green consumption pattern are estimated and modelled. To
do this, simple regression analysis like Equation (1) is however too simple,
because some of the lifestyle variables on the right hand side of (1) themselves
depend in part on the other variables on the right hand side of (1), e.g. car
ownership is determined by total income and age, location, etc. Consequently
a better “regression” model requires an additional equation that estimates
these lifestyle variables, for example:
L1i = e + fCi + gDi + anothererrorI
where e, f and g are more constants.
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(2)

Regression analysis like (1) alone, or like (1) combined with (2), can be used in
two interesting ways. Although neither of these allows a quantitative
estimation of the effect of adopting a greener lifestyle, they offer interesting
insights short of this.
First, they show how variations in energy usage among households, at a given
point in time, are related to variations in total income (Ci), in demographic
characteristics (age, no. of children, etc. as proxied by Di ), and in variables
which are descriptive of lifestyle choices by the household, such as whether to
own a car, whether to live in a house rather than an apartment, etc. (proxied in
our example by Li). Insight into these variations is useful because it gives an
indication of the relative importance of these variables, and the relative
importance of the negotiable variables versus the variables “not for
negotiation” is of special importance for the thesis question. Also existing
knowledge about the potential for changing the independent variables can be
used to assess the potential for change.
Secondly, they indicate how energy usage will change through time as both
total consumption and its distribution among household’s changes, as the age
distribution and other demographic variables change. This information is
useful because it provides a base case picture of how total energy usage will
change in the future.
However there are problems with the regression analysis model from the
point of view of the basic question the thesis is to address. The regression
model does not allow for analysis of changing patterns of consumption,
simply because Ci in the model is aggregate consumption (or income). If the
internal pattern of Ci changes (e.g. less travel, more services), nothing happens
to Ci, and so no change occurs in the above model. Yet, there will be a
change in energy consumption and in the resulting CO2 emissions.
Consequently, a more complex model is needed to address the main question
raised in this thesis.
The more complex model keeps the second equation above, but replaces the
first equation with a set of eight equations. The purpose of having a set of
equations, rather than a single one, is to allow the pattern of consumption to
have an effect on energy consumption.
The first step to replace equation one (1) is to add the following equation:
Ei = e1C1i + e2 C2i …….

…..+ e8C8i

(3)
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This equation states that total energy consumption of household (i) is the sum
of energy used for each of the eight consumption categories. The values of e1
, e2 …e8 are average energy intensities per kronor in each of the 8
consumption categories, and the C’s are expenditures in each category by the
i’th household.
The second change is to add a further eight equations to explain each of the
major consumption categories in (3). Each of the eight equations includes as
independent (explanatory) variables the level of total income of the household
(equal to total consumption), demographic characteristics of the household,
and certain lifestyle choices of the household, as below:
Cji = a0j + a1jCi + a2jDi + a3jLi + errorji

for j = 1….8

(4)

Moreover, the equations in (4) have to be estimated in such a way that the
sum of the Cji is always equal to Ci, since this must be the case in order to
keep the budget constraints.
If the equations in (4) are substituted into equation (3) the result is an
equation just like equation (1). Thus, equations (3) and (4) are really just the
disaggregated version of equation (1). But (3) and (4) have advantages over
equation (1). First, it is possible to see what is going on in more detail.
Secondly, it makes it possible to model the effect of imposing a different
consumption pattern, a “greener” one, by overriding one or several of the
equations in (4), and while at the same time respecting the requirement
imposed by (4) that the sum of expenditures on all the categories remains
unchanged. The result will be to change the pattern of consumption but not
its total level, and equation (3) shows that there will then be an effect on total
energy consumption. Thus, the disaggregated model specification makes it
possible to analyse the main question of the thesis, whereas the aggregated
specification does not.
Incidentally, the equation set (4) is an example of a general linear model
(GLM), which is described further below. Equations (2), (3) and (4) makes it
possible to estimate the quantitative effect on energy use and CO2 emissions if
households were to go “greener” in their consumption patterns. Also it is
interesting to ask what would be the effect in the future, if households went
“greener” and stayed “greener”.
In order to do that the model needs to be projected into the future which in
turn means that the independent variables, total consumption of each
household (Ci), and the demographic variables, (Di) that are not explained by
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the model need to be projected using other sources. (The lifestyle variables
(Li) are explained by equation (2) of our basic model.)
The projection of the demographic variables into the future draws upon
demographic models developed by Statistics Sweden. The methodology for
implementing the projected averages to a sample population uses
methodology for constructing synthetic populations and which is explained
below. The projection of total consumption is based on the historic average
and use averages for what is generally regarded as low and medium growth of
income.
3.3.2.2 General linear modelling
In order to estimate (model) the pattern of consumption of each household a
multivariate General Linear Model (GLM) is used. The GLM procedure is a
regression analysis including analysis of variance for multiple dependent
variables by one or more factor variables or covariates.
The advantage of this method is that it keeps the budget constraint, which is
an absolute requirement for this model and not easily achieved with other
methods. The technique for doing this is that the sum of the coefficients of
each independent variable add to zero except for the independent variable, the
level of consumption, for which the coefficients add to one.
To use a hypothetical example to explain the property of the GLM one can
imagine that household consumption pattern is describe by 4 consumption
categories: Housing (H), Food (F), Travel (T), and Other consumption (O).
The independent variables are: Level of total consumption expenditures (C),
Household size (S), and type of dwelling (D).
A hypothetical set of regression equations could thus look like the following
(the intercept is omitted in this example):
H=
F=
T=
O=
∑

(0.3*C) + ( 0.2*S) + ( 0.4*D)
(0.1*C) + ( 0.3*S) + (-0.1*D)
(0.5*C) + (-0.4*S) + (-0.2*D)
(0.1*C) + (-0.1*S) + (-0.1*D)
1.0C
0
0

Note that the coefficients on C add to unity and on S and D to zero. Further
one can also see by studying the coefficients of the independent variable total
consumption expenditure (C) that when the consumption expenditures
increases this increase expenditures on all categories. Also it will increase
expenditures on travel (T) more than other categories. Increasing household
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size (S) with total consumption fixed, increases expenditures on food (F) and
housing (H) but decreases expenditures on travel (T) and other consumption
(O). Type of dwelling (D) is a dummy variable that distinguishes between
living in a house and living in an apartment. House dwellers have higher
expenditures on housing (H) but lower expenditures on all other consumption
categories when compared to what they would have if they lived in an
apartment.
Thus the strict focus on patterns of consumption means that all modelling
and comparisons between different consumption patterns control for the level
of consumption, i.e. that a reduction (increase) in the consumption of one
category results in an increase (reduction) in the consumption of other
categories.
An additional advantage is that this method not only allows for an estimation
of household consumption pattern directly keeping the budget constraint but
also that the coefficients on the total consumption variable are equal to the
marginal propensities to consume the respective category.
For technical reasons it turns out that keeping the utility as high as possible, in
the face of a forced reduction in expenditures on one component, is achieved
by allocating the saved expenditures to other components in proportion to the
marginal propensity to spend on those components. Thus, the coefficients on
C can be used in experiments where the consumption of one or several
consumption categories is suppressed (to obtain a more green consumption
pattern) to allocate saved money or reduce consumption if the forced change
means that expenditures are increased. The multivariate general linear model
can thus handle the substitution effect in an optimal manner.
A requirement by the GLM is that the same set of independent variables must
be used for all dependent variables which is consistent with the theory that
any factor that in any way affects expenditures on any one category will have
an effect on consumption of all other categories as money left for
consumption is increased or decreased. A disadvantage with this is that the
fitted relationship between dependent and independent variables are forced to
be linear which at least for some relationships is not correct. The solution to
this is to divide continuous variables into dummy variables. This means that
the relationship instead is forced into a stepwise linearity, which if the
dummies are chosen carefully can be an acceptable representation of the
relationship.
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3.3.2.3 Microsimulation modelling
The modelling approach of this thesis is microsimulation. Microsimulation
modelling is as the name implies modelling on a micro level. The basic unit of
modelling is for example individuals, household or firms.
The idea to use microsimulation for social-economic modelling was first
proposed by Guy Orcutt in the 1950´s (Orcutt, 1957; Caldwell, 1993). The
methodology has since developed and although this theory and the empirical
applications of it have been developed mainly by sociologists and economists,
the method has been adopted and used in other disciplines including
geography (Swan, 1998; Ballas and Clarke, 1999; Rephann and Öhman, 1999;
Vencatasawmy, Holm et al., 1999; Williamson, 1999).
Two basic ideas constitute the core theory of microsimulation; the first is that
human behaviour (or other micro-units) is best understood, and thus
modelled, on a micro level as it is the micro unit that is the ultimate decision
maker although the decision might be constrained in several ways (Holm,
Mäkilä et al., 1989). The factors influencing behaviour are to a large extent
determined by possibilities and constraints on the micro level and in the near
surroundings of the individual (the household, place of residence, etc.). A
second argument is, that each individual is unique (Öberg, 1987), or of
importance to the modelling context, that the set of micro level variables that
determine behaviour, for example age, sex, family, education level, geographic
location (place of residence), etc. are enough to give at least a large number of
individuals a unique set of attributes. Other large scale modelling strategies
such as macro economic modelling and input-output modelling represent
populations of actors by first aggregating the individual actors into groups and
then operate on the groups.
There are two types of microsimulation models: static and dynamic. Static
models, model the immediate effect of some type of change i.e. model the
effects that appear after having run the model one time. Dynamic models
model the effect over time, usually fixed yearly time steps.
The most important features of dynamic modelling are the introduction of
events and actions, notably births, marriages, deaths, education attainments,
household formation, entry in to the labour force, etc. which continually
change the demographic and economic characteristics of the population as
time passes. Another characteristic of dynamic modelling is that the modelling
is done in a recursive manner, i.e. using lagged variables. Personal
characteristics (age, sex, income, etc.) and behaviour (marriage, migration, etc.)
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are assumed to be determined by previous characteristics and behaviour in
addition to external factors (employment rate, etc.).
As a result of the events and the use of lagged variables, and emergent
interaction between agents, dynamic modelling not only model the immediate
or short term effect of for example a tax change but the consequences in the
long run when the initial effect of the tax change spreads through the model
as a secondary effect on, for example, fertility, employment, etc.
A typical dynamic microsimulation model consists of equations that estimate
an individual’s social, economic, and geographic future. Each individual is
aged (one time step, usually one year) and characteristics such as education
level, employment status, and marital status are re-estimated at each time step
during the life cycle. The design of microsimulation models is usually
modular, i.e. each type of “behaviour” or phenomena for example fertility,
mortality, marriage, education, employment and earnings are modelled in
separate modules (Chénard, 1996; Caldwell, 1997; Holm and Vencatasawmy,
1998). Each individual or household is processed in each module. As some
events trigger others the sequence (order) of the modules is of some
importance.
It is a plausible assumption that the microsimulation approach improves the
estimation of the events compared to macro modelling, since the interaction
between the events are modelled in each step of the simulation. If, for
example, the education level increases, a whole range of other events are
affected, i.e., giving birth, getting a job, migrate, etc. When these variables have
been affected they in turn trigger changes. This interdependency is very
difficult to keep track of and model using a macro approach. Microsimulation
modelling has a built in linkage between these variables that improves
consistency and maintain heterogeneity over time.
Another advantage of microsimulation modelling is that the composition of
the population affects aggregate result. Two samples that have the same
averages for all attributes can still behave differently. For example, samples
consisting of individuals with the same average income, education level, and
age but different income variance, education variance and age distribution.
The population can be grouped based on each one of these variables but as
soon as more than one variable is included in the classification of individuals
the grouping most likely will exclude some combinations.
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The disadvantage of microsimulation modelling and other types of complex
models is that as models become increasingly complex it becomes increasingly
more difficult to disentangle the determinants of results.
When microsimulation is used for experiments (whether static or dynamic) it
is not primarily the result in terms of a prediction that is the goal, since
predictions are very difficult to make and always involve an error. Instead, it is
the effect of a “simulation” or experiment in comparison with a “base case”
that is analysed. The base case is the result from running the model, i.e. the
best prediction given “business as usual”. A simulation or experiment means
that one or several changes are imposed on the model. This is the appropriate
procedure, because if the experiment estimate is compared not with the base
case estimate but with the actual situation or outcome one can not know if the
deviation is due to an error in the model or an effect of the imposed change.
Examples of common experiments are to impose changed taxes to study the
effect on government tax revenues, household budgets and behaviour.
The model that has been created to explore this thesis question, the
consumption model (see section 3.4), is a static microsimulation model and
the modelling in Chapter 7 and 8 are thus based on static simulations. In
Chapter 8 the synthetic populations are created based on demographic
estimates derived from dynamic demographic models.
3.3.2.4 The creation of synthetic populations
Chapter 8 explores effects of ongoing, demographic changes, in Sweden,
Europe and elsewhere, on energy requirements and CO2 emissions mediated
by changed aggregate lifestyles and consumption patterns. The demographic
changes involve primarily (1) aging population, i.e. large relative share of older
age groups, (2) low fertility rates resulting in small relative share of young age
groups, and (3) urbanisation.
All these demographic changes are important determinants of household
consumption patterns and as such are used as exogenous, independent
variables in the consumption model. The estimates of these demographic
changes are derived from demographic modelling at Statistics Sweden and
migration modelling done by Swedish migration experts for a recent regional
policy report (Regionalpolitiska utredningen).
For this demographic experiment a method is needed to either age the sample
population that is used in the other experiments or to create a new sample
population, which has both the demographic properties predicted by Statistics
Sweden’s demographic model and the geographic distribution of the

57

population predicted by the migration experts. The forecasted or new sample
population in addition to having the predicted demographic characteristics
need, to include all other household attributes that are used as independent
variables by the model and these variables need to be consistent with the
changes in the demographic variables.
Since the dynamic microsimulation SVERIGE (Holm, Forthcoming) was not
ready I instead choose to use a synthetic populations, created using a method
called microdata adjustment, which gives plausible values for every individual
household and aggregate values in accordance to the forecasts. In brief the
procedure for creating the synthetic population is (Esko, Forthcoming).
-

-

-

-

-

The basis for creating the synthetic population is a database containing
data on real households, in this case a database of the entire Swedish
population (around 9 million individuals) in 1995 (SVERIGE database).
This population is called the parent population.
From the parent population a number of households are drawn
randomly. This sample or seed of randomly drawn households is the
initial synthetic population. In this case the seed population consist of
around 30 000 individuals and round 17 800 households.
Based on estimates for 2010, 2020 and 2050, target tables are created
which contain data on the target aggregate values for the demographic
variables that are estimated to be affected by the demographic changes.
A distribution table containing aggregate values for the same variables as
in the target table is created for the seed population.
The households in the seed population are replaced by households taken
from the parent population using an optimisation algorithm. The process
runs until the synthetic population has the aggregate characteristics of
the target table i.e. the characteristics that the dynamic demographic
model has predicted.
The optimisation method determines which of the randomly drawn
households replace a household in the seed population. A household is
replaced if it means that the new Total Absolute Error (TAE) is reduced,
i.e. if the seed population through the replacement becomes more like
the target population.
After the microdata adjustment the seed population is now converted
into a synthetic population.

The method ensures plausible values for every individual household since the
synthetic population is created using real households from the parent
population.
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However, a problem with this method for creating a synthetic population is
however that the projection of certain variables for which there are no
existing projected estimates will create an error unless taken care of. An
example of this is that the lack of target values for education level, in the first
synthetic population created for the purpose of this thesis, resulted in the
education level of the population dropping.
The reason for this drop was that young households were replaced by older
ones with a lower education level. This problem was taken care of by
projecting the education levels 20, 40, and 60 years forward. An individual
who in the synthetic population is 60 years old in 2020 will be attributed an
average education level of an individual age 30 in 1990. The education level of
individual age 0-39 is assumed to remain unchanged.
Another problem that can arise is that no or very few households match the
characteristics of the target population. In these cases the population in
certain age groups will consist of a smaller or larger number of cloned
households. This was however not the case when creating the synthetic
population used in this thesis.
3.4 The Consumption Model
The methods described in the previous sections are operationalised in a
model, called the consumption model. This section describes the five main
sets of equations, based on observed data, that constitutes the real model used
in the thesis experiments.
The first one estimates total household consumption. The level of
consumption is one of the most important determinants of household
consumption pattern. This set of equations is needed in the experiments that
model the effect of income growth.
The second and third set of equations estimate ownership of capital goods i.e.
car and house ownership. Both car ownership and type of dwelling are
important determinants of the household consumption pattern. The equations
that estimate car ownership and type of dwelling are needed in the
experiments when greening the consumption pattern involve these variables,
for example, reduced car ownership, reduced distance travelled by car,
instalment of new types of heating system, etc. The third set of equations also
includes equations that estimate the size of the dwelling, an important
determinant of consumption expenditure on heating.
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The fourth set of equations consist of a general linear model that estimates
each household’s consumption patterns on eight major categories: Travel,
Housing, Food, Recreation, Clothes, Furniture, Services, and Health. The
independent variables are total consumption (3 classes), car ownership, type
of dwelling, demographic variables, and place of residence.
The fifth set of equations calculates the effects of the household’s
consumption pattern on energy requirements and CO2 emissions.
Each set of equations (sub-modules) is described in more detail, in the
following sections.
3.4.1 Total consumption
Total consumption is determined primarily by household earnings and also by
various transfers such as child benefits, retirement pensions and
unemployment benefits (Table 4). In addition to these independent variables,
a dummy variable for negative earnings is used because there are households
whose earnings are negative owing to business losses. However, their
consumption level is, in these cases, observed not to be in proportion to their
income. Total consumption level is on average 95% of the disposable income.
The estimation is done on two groups of households based on the age of the
head of the household: age equal to or less than 60 and above 60. The
independent variables differed too much for them to be estimated together. In
the group above 60 years old, the variables children and unemployment are
irrelevant as determinants of total consumption level (Table 5). The fit of the
regression for households in the age group up to 60 is fairly good, the R
square is 0.48. The fit of the regression for households in the age group above
60 is not as good, the R square is 0.25.
Table 4: Results of the linear regression estimating total consumption level for households in the age
group up to 60.
(Constant)
Earned income
Children (age < 18)
Unemployed (benefits)
Retired
Negative income (dummy)

60

B
104687.150
0.348
19681.728
13472.680
24368.405
27126.397

Std. Error
5652.762
0.014
2253.777
6838.498
9267.289
13017.415

t
18.520
24.765
8.733
1.970
2.630
2.084

Sig.
0.000
0.000
0.000
0.049
0.009
0.037

Table 5: Results of the linear regression estimating total consumption level for households in the age
group over 60.
(Constant)
Income
Retired
Negative income dummy

B
143571.302
0.259
29736.492
-23020.235

Std. Error
11968.913
0.036
7031.992
11179.213

t
11.995
7.249
4.229
-2.059

Sig.
0.000
0.000
0.000
0.041

3.4.2 Car ownership and multiple car ownership
Travel is one of the most important consumption categories in terms of
energy requirements and CO2 emissions. What, in turn, is the most important
determinant of total consumption expenditures on travel is car ownership and
multiple car ownership. It has been shown that if a household owns a car they
use it and other factors such as access to public transport have little effect.
Access to public transport is for example of little importance compared with
car ownership for distance travelled.
The most important determinant of car ownership is household income, here
described as total consumption (Table 6). An increase in age correlates to an
increase in car ownership up to a certain point, after which car ownership
decreases again. Living in a city decreases car ownership slightly. Singles are
less likely to own a car than cohabitants and larger families. Multiple car access
is the second most important determinant of distance travelled by car. The
determinants of multiple car ownership are nearly the same as for car access
(Table 7). The fit of the car access regressions is good which is explained by
the fact that access is very high. The equation produces an average
(unweighted) probability to have access to a car of 0.79 and the multiple car
access regression a probability of 0.23. The independent variables are all
significant. Whether the household is assigned a car is estimated by generating
a random number between 0 and 1 and if the random number is equal to or
smaller than the estimated probability the household is assigned a car. The
same procedure is used to decide if the household owns more than one car.
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Table 6: Results of the car access regression
Total consumption
Age of head of
household
Age sq
City dummy
Household size = 2
Household size = 3
Household size => 4
Constant

B
7.9504E-06
0.103781
-0.000945
-1.119456
1.061242
0.906839
0.863762
-3.227077

S.E.
1.94E-06

Wald
16.732

df Sig.
1 0.000

0.033728
0.000345
0.166870
0.221329
0.283672
0.301550
0.743039

9.467816
7.510398
45.004430
22.990670
10.219440
8.204849
18.862320

1
1
1
1
1
1
1

0.002
0.006
0.000
0.000
0.001
0.004
0.000

Table 7: Results of the multiple car access regression
Total consumption
Age of head of
household
Age sq
City dummy
Single
Constant

B
5.05679E-06

S.E.
1.28E-06

Wald
15.52378

df Sig.
1 0.000

0.137067
-0.001448
-0.939217
-2.383862
-4.966493

0.043429
0.000444
0.189699
0.522109
0.988609

9.961042
10.62604
24.51323
20.84683
25.23772

1
1
1
1
1

0.002
0.001
0.000
0.000
0.000

3.4.3 Type and size of dwelling
Type and size of dwelling determine to a large extent expenditures on housing
which is another one of the high energy intensive consumption categories.
Type of dwelling is important for two main reasons in relation to energy
consumption. Houses require more energy per square meter during the
construction phase than apartments, and require more energy for heating per
cubic meter since they do not benefit from the insulation of surrounding
apartments. Type of dwelling also determines how much a household can
influence the energy requirements and CO2 emissions of the dwelling.
Households living in houses have a strong economic incentive to try and
reduce energy requirements by saving energy and can influence CO2 emissions
by their choice of energy source. The size of the dwelling is also estimated as
this affects energy requirements and CO2 emissions for households that live in
houses as well as apartments.
The reason for modelling type and size of dwelling is that this is an
experiment variable used in the experiments in Chapter 7 in which the effect
of changes in type of heating, etc. are modelled for households living in
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houses. This is also a variable which is affected by demographic changes and
thus needed also in the experiment in Chapter 8.
The first logistic regression estimates type of dwelling distinguishing between
a house and an apartment. Determinants of type of dwelling are: household
income (total consumption level), size of the households since larger
households require larger dwellings and thus are more likely to chose a house
than an apartment, increasing age as a result of accumulated wealth and longer
housing career, and place of residence in that households living in municipal
areas are less likely to live in a house (Table 8).
The regression equation for type of dwelling produces an average
(unweighted) probability to live in a house of 0.53. Whether the household is
assigned a house or not is estimated in the same way as for car ownership.
The second and third regressions estimate size of dwelling for each type of
dwelling. The determinants of size of dwelling are for both “apartment
dwellers” and “house dwellers”(Table 9 and Table 10): household income
(total consumption level), size of household, age of head of household, and
place of residence. The fit of the linear regression equation estimating size of
dwelling are for “apartment dwellers” moderately good with an R square of
0.35 and for “house dwellers” less good with an R square of 0.11. The
independent variables are all significant.
Table 8: Results of the logistic regression estimating type of dwelling as being a house and not an
apartment.
Total consumption
Household size
Age of head of household
Age sq
City dummy
Constant

B
1.08869E-05
0.252316
0.244240
-0.001920
-1.468872
-9.446322

S.E.
1.6E-06
0.075723
0.035965
0.000351
0.163130
0.902984

Wald
46.0499
11.1027
46.1172
29.9234
81.0776
109.4373

df
1
1
1
1
1
1

Sig.
0.000
0.001
0.000
0.000
0.000
0.000

Table 9: Results of the linear regression estimating size of dwelling (m2) for “apartment dwellers”.
(Constant)
Total consumption
Household size
Age of head of household
City dummy

B
16.808
1.657E-04
9.382
0.315
-6.073

Std. Error
5.174
0.000
1.168
0.076
2.429

t
3.248
6.707
8.031
4.118
-2.501

Sig.
0.001
0.000
0.000
0.000
0.013
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Table 10: Results of the linear regression estimating size of dwelling (m2) for “house dwellers”.
(Constant)
Total consumption
Household size
Age of head of household
City dummy

B
66.046
9.273E-05
7.395
0.354
12.604

Std. Error
12.337
0.000
1.595
0.153
4.321

t
5.353
2.958
4.637
2.306
2.917

Sig.
0.000
0.003
0.000
0.021
0.004

3.4.4 Consumption pattern
Household consumption pattern in terms of eight major categories are
modelled using the multivariate general linear model approach. The estimation
of the pattern of consumption is used in the experiments in Chapter 7 where
the effect of hypothetical changes in the consumption pattern is modelled.
Also the pattern of consumption changes as a result of demographic change
and is thus needed for the experiments in Chapter 8.
The multivariate general linear model fits regressions for the 8 major
consumption categories (the dependent variables) using one set of
independent variables (Table 11). The fit of the regressions ranges from rather
good fits with adjusted R squares of 0.62 for Food and Housing to a very bad
fit for Health, R squares of 0.1 (Table 12)
Since all dependent variables are estimated with the same set of independent
variables and since the independent variables in many cases have non-linear
effects, and their influence on the different dependent variables differs. Most
of the independent variables are turned into dummy variables or split into
groups of continuous variables. Consumption level, for example, is split into
three groups: The first group (G1) contains the 15% with the lowest total
consumption level, which in 1996 are expenditures up to 127 000 SEK. The
third group (G3) contains the 15% with the highest total consumption level,
which in 1996 are expenditures above 313 000 SEK. The second group (G2)
contains the intermediate consumption level, which in 1996 corresponded to
expenditures in the range between 127 000 SEK and 313 000 SEK. A
household with a total consumption level above 313 000 SEK has
expenditures in all three groups; the first part of the income is multiplied with
the coefficient of G1, the second part by the coefficient for G2, etc.
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Table 11: Parameter Estimates for the GLM estimating expenditures for eight major consumption
categories: Travel, Housing, Food, Recreation, Clothes, Furniture, Services, and Health.
Travel Housing Food Recreation Clothes Furniture Services
Independent
B
B
B
B
B
B
B
variables
Intercept
-879
253
-3 106
2 728
1 619
1 995
-1 252
Consumption G1
0.165* 0.148* 0.249*
0.213*
0.088*
0.036
0.046
Consumption G2
0.226* 0.103* 0.186*
0.195*
0.103* 0.059*
0.080*
Consumption G3
0.225* 0.090* 0.149*
0.132*
0.169* 0.148*
0.074*
Size of household 2 -35
4 979* 5 793*
-5 729*
-1 386
-1 073
-2 203
(D)
Size of household 3 -1 666
2 258 10 826* -5 054*
-1 304
-1 824 -3 777*
(D)
Size of household -3 842
2 491 16 549* -8 499*
-2 929
-2 596
-2 141
=>4 (D)
Children age 0-6 (D) -5 496* 2 229 -5 782* -4 114*
-1 988
4 358* 11 357*
Children age 7-17 -6 036*
-455
1 198
5 643*
2 673* -2 916*
-37
(D)
121*
32
-71
-60*
-29
43
Age of head of -91
household
City (D)
-716
4 387*
-262
-2 600*
-380
193
56
Car (D)
13 334* -2 884* -5 772* -3 676*
-1 030
-142
1 261
Multiple
car 11 031* -2 685* -1 794
-179
728
-2 724* -2 984*
ownership (D)
House (D)
-1 114 -1 133 -2 287*
1 221
-1 152
2 550*
2 781*
Size of dwelling
-63*
286*
-32*
-75*
-37*
-23*
-26*
Single man (D)
834
2 665
3 411*
-189
-2 447
-2 470
-10
* Significant at 5%
(D) = Dummy variable

Health
B
-1 358
0.055
0.047*
0.014*
-346*
540
967
-564
-70
55*
-678
-1 090
-1 394*
-866
-30*
-1 796

Table 12: Fit of the regressions estimating expenditures on each of eight the major consumption
categories.
Dependent
Variable
Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health

R square
0.572
0.620
0.625
0.396
0.392
0.290
0.323
0.113
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3.4.5 Calculations of energy and CO2 requirements and intensities
The last step in the model is to translate the estimated expenditures into
energy requirements and CO2 emissions for each household. This is done by
simply multiplying the estimated expenditures with the average energy (Table
13) and CO2 intensities (Table 14) for each major category. The minimum,
maximum, average and standard deviation of the energy and CO2 intensities
are calculated based on the values for the sample households (1104
households). The energy and CO2 intensity for each household is in turn
calculated using data on expenditures on around 300 consumption categories
and their energy and CO2 intensities. The consumption category with the
highest energy and CO2 intensity is housing followed by travel, food,
furniture, recreation, health, clothes, and services.
Table 13: Energy intensity per category, minimum, maximum, average and the standard deviation.
Categories
Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

Minimum
0.00
1.04
0.76
0.00
0.00
0.00
0.00
0.00
0.90

Maximum
4.96
4.95
1.62
1.53
1.38
1.43
0.38
1.88
3.40

Mean
2.13
2.33
1.20
0.67
0.48
0.82
0.25
0.98
1.56

Std. Deviation
0.74
0.54
0.12
0.19
0.20
0.36
0.03
0.33
0.31

Table 14: CO2 intensity per category, minimum, maximum, average and the standard deviation.
Categories
Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total
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Minimum
0.00
0.02
0.01
0.00
0.00
0.00
0.00
0.00
0.02

Maximum
0.38
0.12
0.02
0.02
0.01
0.02
0.01
0.02
0.13

Mean
0.117
0.057
0.02
0.012
0.009
0.014
0.009
0.012
0.046

Std. Deviation
0.054
0.012
0.001
0.002
0.00
0.007
0.001
0.004
0.014

3.5 The Experiments
The experiments in Chapter 7 address the very core of the thesis question: the
potential to reduce energy requirements and CO2 emissions if households
adopted what is considered to be a green consumption pattern.
Using the consumption model, household consumption patterns before
adopting a green consumption pattern are estimated. This estimation is the
“base case” with which the “experiments” are compared. In the experiments
the households are forced to adopt what is considered a greener consumption
pattern according to scientific literature and in line with the recommendations
by the Swedish Environmental Protection Agency (all reviewed in Chapter 4).
The forcing is not applied equally to all households but takes into
consideration the constraints and possibilities of each household, household
size, composition, place of residence, etc. Four experiments are conducted of
which the first three involve adopting a partially green consumption pattern,
by greening food, travel, and housing consumption patterns. In the last
experiment the households are forced to adopt a completely “green”
consumption pattern by adopting an overall green consumption pattern.
Using the methodology described in previous sections, the total level of
consumption is kept unchanged. Further realism is added by using the
marginal propensities to consume (income elastisities) to reallocate money
that has been saved (or lost) when adopting a green consumption pattern so
that the loss of utility is minimised. By comparing the household’s total energy
requirements and CO2 emissions before and after adopting a green
consumption pattern, the potential for change through adopting a green
consumption pattern is obtained.
In Chapter 8, instead of exploring the effect of deliberate (forced) change, the
experiments in this chapter simulates the aggregate change in lifestyle resulting
from demographic change at three points in time 2010, 2020 and 2050. The
basis for this experiment is in the findings in Chapter 6.
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Part II
In Search of Green Consumption Patterns
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4 Green Consumption Patterns
4.1 Introduction
In this chapter attention is directed at what is considered to be green
consumption. The chapter describes how consumption of different types of
food, travel, housing, and services have a different impact on energy
requirements and generates different levels of CO2 emissions. The
comparison is done between individual products that are substitutes and,
when available, in terms of comprehensive patterns of consumption. The
indicator of the degree of “greenness” is the direct and indirect energy
requirements, CO2 emissions, and in particular the energy and CO2 intensities.
The findings in this chapter constitute the basis for the simulations in Chapter
7 in which the effect on total energy requirements and CO2 emissions of
adopting these green consumption patterns are analysed.
Throughout the chapter the options for reducing energy requirements and
CO2 emissions is set against two different perspectives that I term “functional
perspective” and “energy intensity perspective”.
A “functional perspective” refers to a view that is primarily considering
consumption as the fulfilment of various types of functions i.e. car travel
provides the function of transportation, food provides the body with nutrients
as well as being a social function and a carrier of tradition. The functional
perspective analyses the potential to reduce energy consumption by focusing
on the energy requirements15 of functions that can work as substitutes, for
example pulses16, at least from a nutritional point of view, can replace meat,
taxi use can replace private car use, etc.
Indisputably consumption fulfils both basic needs and important functions of
various kinds. But this type of analysis does not probe deeply enough. When
consumption is shifted within a functional category in order to save energy,
e.g. from meats to pulses within food, or from a car to public transportation
within travel, that is not and cannot be the end of the story. A shift within a
category almost inevitably changes the total expenditure required on the
category. In the nature of the normally suggested shifts, the change is usually
The use of the term energy requirement rather than energy consumption underscores that what
the consumer primarily choose is a consumption pattern being unaware of its effect on energy
requirements and CO2 emissions as more than 50% of all energy consumption are “hidden”
indirect energy.
16 Pulses = Edible leguminous seeds i.e. beans, peas, etc.
15
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a reduction in total expenditure on the category. Since we rule out a reduction
in consumption overall, this means that expenditure must usually increase on
other consumption categories. The energy consumed as a result of this extra
consumption must be taken into account, as a subtraction from the initial
saving of energy within the original consumption category. This is the reason
why, in addition to taking account of the functional perspective, the potential
for reducing energy requirements and CO2 emissions needs to be analysed
within the framework of the overall household budget.
This can be done using an “energy and CO2 intensity perspective”. This
perspective uses energy requirement data and CO2 emission data coupled with
data for the cost of goods and services. Here the energy intensity is the energy
requirements17 of a product divided by the consumer price. The CO2 intensity
is correspondingly the CO2 emissions related with the production of a product
divided by its consumer price.
The energy intensity perspective is based on the following assumptions:
that household consumption is a function of household disposable
income (income does not equal consumption but increased incomes means
increased consumption)
that reduced (increased) consumption of one type (category) increases
(reduces) the consumption of other items given unchanged level of total
expenditures
Using energy and CO2 intensity data, the effect on total household energy
requirements and CO2 emissions from changed consumption can be explored
keeping total expenditures fixed. Thus the effects on the pattern of
consumption can be explored in addition to the effects of changes in the level
of consumption.
The functional perspective and the energy intensity perspective are
complementary rather than opposite and a thorough investigation of the
potential to reduce energy requirements and CO2 emissions needs research on
both perspectives. Disregarding the intensity perspective however can lead to
the wrong conclusions being drawn regarding which product or pattern of
consumption leads to the lowest energy requirements and CO2 emissions.
I will use one example to illustrate the difference between the two
perspectives. According to the functional perspective, pulses can replace meat.
If the energy requirements of meat are 67 MJ/kg and the energy requirements
Calculated using Life Cycle Assessment methodology and thus include both direct and indirect
energy and CO2 emissions
17
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of pulses 50 MJ/kg then replacing 1 kilo of meat by 1 kilo of pulses will
reduce energy requirements by 17 MJ or 25%. Using the energy intensity
perspective the costs for 1 kilo of meat and 1 kilo of pulses needs to be added
to the analysis. If the price for one kilo of meat is 70 SEK and for one kilo of
pulses 20 SEK the energy intensity of meat is 0.96 MJ/SEK and the energy
intensity of pulses is 2.51 MJ/SEK. This analysis leads to the same result in
terms of energy saving, a reduction of energy requirements of 17 MJ or 25%
and also shows that in addition to reducing the energy requirements the
replacement of pulses for meat also reduces costs by 50 SEK or 70%. Given
the assumption of the energy intensity perspective, that a household’s total
consumption will not be reduced accordingly this means that the money saved
will be used for other consumption. The net effect on total household
consumption from replacing meat with pulses then depends on how the saved
money is used.
The first sections of this chapter are thematic and deal in detail with
consumption that can be classified into three major categories: Housing,
Travel, and Food, which cover around 70% of household expenditures and
around 90% of total household energy requirements and CO2 emissions. This
section also briefly deals with one more type of consumption, Services.
In section 1.6, comprehensive suggestions concerning changes in the pattern
of consumption are reviewed.
Finally in the last section of this chapter the general findings of this chapter
are briefly summarised. A more comprehensive synthesis of the findings in
this chapter is found in the scenarios created for the experiments in Chapter
7.
A recurring reference in this chapter is the scenarios produced in the Future
Study Sweden 2021 by the Swedish Environmental Protection Agency
(Naturvårdsverket, 1998). The references to these scenarios are made in each
thematic section rather than being presented in one place.
4.2 Green Food Consumption
On average food consumption constitutes 20% of a household budget and
16% of the total direct and indirect energy requirements. The levels of direct
and indirect energy requirement and CO2 emissions of food products when
reaching the consumer depend on a large number of activities along the
production chain: biological processes (the ability to convert solar energy),
production methods (fertilisers, green house or open field), degree of
processing, packaging, transportation distances from point of production to
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the retailer, type and length of storage, etc. After the food reaches the retailer,
the level of energy requirements and CO2 emissions, at the consumption
stage, are determined by factors related to purchase (travel to and from the
shop), storage, and cooking.
If the food chain is divided into primary production, processing, distribution
and consumption Uhlin (Uhlin, 1997) has estimated that approximately 1519% of the total energy requirements are used by primary production, 17-20%
by processing, 20% by distribution and retailers, and 38-45% by consumption.
Considering these steps the consumer only has limited knowledge. An
environmentally conscious consumer trying to minimise the energy
requirements for his or her food consumption is constrained to follow general
advise from various sources, communicated through media, environmental
agencies, non-governmental organisations, cook-books (Gerbens-Leenes,
P.W, 2000), etc. The most common recommendations concerning how
consumers can reduce their energy requirements for food consumption are
reviewed in the following sections.
Klaas Jan Kramer (2000) has estimated that energy requirements can be
reduced by up to 10% if households change their food consumption pattern.
However he does not determine the economic consequences of the various
consumer-related options but concludes that most options result in a
reduction in costs as well as energy requirements and green house gases
including CO2 emissions.
4.2.1 Meat versus fish and vegetables
On average meat requires more energy to be produced than any other food
product measured in a life cycle perspective (including packaging)
(Naturvårdsverket, 1997). Measured in calories output, meat requires almost
14 times more energy input than vegetables. The main reason for this is the
double energy transformation: first energy is required to produce the plants
which are then fed to the animals. In the conversion of the energy embodied
in the plant to the energy embodied in the animal (muscles, milk or eggs) most
energy is lost in the process because the major share is spent by the animal to
maintain normal metabolism and motion (Heilig, 1993). However, the higher
energy requirements of meat compared with other food products are primarily
related to the production stage. If the total production process including
processing, distribution and consumption, is considered the picture becomes
more complex. It also makes a big difference with which vegetable the meat is
compared. For example tomatoes produced in a greenhouse in Sweden
require as much energy input per kilo output as does meat (Centrum för
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Tillämpad Näringslära, 1998). When measured in CO2 equivalents per MJ
these tomatoes require nearly five times as much as does meat (see Table 15)
(Carlsson-Kanyama, 1998). Greenhouse tomatoes are however an exceptional
case and on average the ratio between vegetables and meat is 10, measured as
calories/calories (Goodland, 1997). Among the meat products, chicken and
pork require less energy than beef and lamb. This is because chickens and pigs
require less food per kilo growth than cows and sheep (Naturvårdsverket,
1997). Fish require on average less energy compared to meat but this is for
“natural” ocean fishing compared to meat production. If fish aquaculture
production is compared with meat production there is little difference
between fish and meat (Table 15).
Instead of meat, consumers are encouraged to increase their consumption of
vegetables, especially leguminous plants with a higher protein content
(Naturvårdsverket, 1997a; Naturvårdsverket, 1997b). A general
recommendation is to shift to a diet that is based to a larger extent on food
from “lower down on the food chain” (Goodland, 1997). From a functional
perspective the replacement of meat by pulses and other vegetables is
motivated to reduce energy requirements and CO2 emissions. It would also
lead to a healthy diet, nutritionally equal to a largely meat based diet.
Table 15: Fossil energy inputs and outputs per hectare for selected crop and livestock production
system in the USA.
Crop / Livestock
Maize (United states)
Wheat (North Dakota)
Oranges (Florida)
Potatoes (New York)
Beans, dry (Michigan)
Rice (Arkansas)
Apples (East)
Cabbage (New York)
Tomatoes (California)
Lettuce (California)
Eggs
Beef
Catfish
Pork
Sheep (grass-fed)

Kcal Output /
Kcal Fossil Input
3.50
2.70
1.70
1.40
1.30
1.10
0.90
0.80
0.60
0.20
0.06
0.04
0.03
0.02
0.01

Source: (Heilig, 1993)
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4.2.2 Locally versus imported food
Locally produced foods require less energy than imported food only if the
conditions for production are similar. If the conditions are similar,
transportation in connection with imports adds to the total energy
requirements of the product. If, however, the conditions differ the opposite
can and in many cases is true. This is especially the case in Sweden where the
climate does not allow free land/outdoor cultivation of some vegetables but
requires heated greenhouses. With tomatoes, it has been shown that tomatoes
imported from Spain or the Canary Islands have substantially lower energy
requirements than tomatoes grown in Sweden, Denmark, or The Netherlands
even after the additional the energy requirements for transport. For carrots
the situation is the opposite. Carrots in Sweden are grown on free land and
have lower energy requirements than imported carrots (Carlsson-Kanyama,
1999). Also, apples grown in Sweden have lower energy requirements than
apples imported from New Zealand or France (Stadig, 1997). Generalised
recommendations for choosing domestically or locally produced food versus
imported according to Carlsson-Kanyama are doubtful (Carlsson-Kanyama,
1998): Instead, the households need more detailed knowledge about the
country of origin and the production methods, etc. to make the right choice
for each product. Assuming that households had this information, and wanted
to reduce the energy requirements for food by choosing locally produced food
having a lower energy requirement the consumption of fruits and vegetables
must follow the local seasons and that the consumption of exotic fruits and
vegetables must be avoided or reduced as recommended by the Swedish
Environmental Protection Agency (Naturvårdsverket, 1997).
4.2.3 Ecologically produced food
Ecological food is produced without artificial fertilisers and pesticides.
Ecological meat production uses ecological fodder. Since artificial fertilisers
usually are the largest energy input in the production system, energy input is
lower for ecologically produced food. However the yield (output) is also
lower. According to Carlsson-Kanyama (Carlsson-Kanyama, 1997) this results
in the energy requirements being the same for ecological and conventional
food production measured as energy requirements per unit production. Yet
other studies have shown that ecological food production results in a higher
yield per MJ input compared with conventional food production (Personal
communication S. Nonhebel, University of Groningen, The Netherlands). In
the case of milk production, a study has shown that the energy requirements
for conventional farming were 15% higher compared to ecological production
(Cederberg, 1998).
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4.2.4 “Low-calorie food”/”Diet food”
From an energy perspective low-calorie food (“diet-food”) does not mean low
energy requirement but the opposite high energy requirements per calorie.
The problem with low-calorie food from an energy perspective is that these
products are highly processed. This means that they require a lot of energy to
be produced while at the same time their energy content per definition is low.
Highly processed diet food in itself means high energy requirements measured
as Kcal/kcal and, in addition, the low energy content of the diet products
mean that most people eat larger quantities which in turn increases energy
consumption for packaging, storage, transportation, etc. (Heilig, 1993).
According to Heilig this means that diet food from an energy requirement
perspective is a “disaster”.
From an energy intensity perspective this is however not obvious. I have
found no energy intensity data on diet-products. The price is higher than for
standard products, which should compensate to some extent for the increased
energy requirements. If the margin of profit is higher than for ordinary
products, the relationship can even be the opposite resulting in the energy
intensity being lower. This type of food is increasing its market share and is no
longer a marginal phenomenon in affluent countries.
4.2.5 Junk food and luxury food
Luxury food18 and junk food, are all types of food, which are not necessary
from a nutritional point of view but still eaten by most people. Typical
examples are mineral water, cream, ice-cream, fat sauces, french fries, cakes,
candy (sweets), chips, soft drinks, beer, wine, etc. A survey has shown that
more than 25% of the daily calorie intake for an adult in Stockholm comes
from junk food (Naturvårdsverket, 1997). As luxury and junk food from a
nutritional point of view is not necessary, and in many cases the opposite, the
Swedish Environmental Protection Agency has in their green scenario diet
reduced the consumption of junk food in order to reduce the energy
requirements and CO2 emission (Naturvårdsverket, 1997).
However, from an energy intensity perspective luxury food and in some cases
junk food does in general have lower than average energy intensities. The
reason for this is that while the general relationship between energy
requirements and market value is fairly correlated i.e. high energy requirement
means high prices and vice versa, luxury foods have been show to deviate
from this (Dutilh and Kramer, 2000). The explanation for this is that luxury
food has a higher added (emotional) value resulting in higher relative prices.
18

Luxuary food defined as expensive gourmet food and rich delicious foods.
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For example the energy intensities for sweets, wine, and coffee have low
energy intensities compared with other food products. Thus from a pure
energy intensity perspective the luxury foods are better i.e. if the entire income
is spent on luxury products the total energy requirements are lower than if it is
spent on other food products.
4.2.6 Processing
Processing of food involves both preparation and/or conservation.
Households today hardly buy unprocessed food products. Even carrots are
often washed and in some cases soiled again before they are packaged and
transported to the store. Typical preparation processes include grinding,
cutting, sorting, mixing and various degrees of cooking. Common types of
conservation are freezing and canning and have almost completely replaced
salting. Freezing is one of the most energy demanding types of food
conservation. A comparative study has shown that freezing requires 7980
kcal/kg compared with 6560 kcal for canning 19(Heilig, 1993).
Processing food requires energy and one could assume that the preparation of
food by industry only replaces preparation by the consumer. One could also
imagine that there should be a scale effect when this is done in one place.
However, pre-processing by industry rarely replaces cooking that would
otherwise take place in the consumers home because the processing done by
industry is of a degree that most households would not do but would replace
by a lower degree of processing. For example, few households prepare french
fries, instead they simply boil potatoes.
When comparing the same type of preparation at home and in industry there
is in some cases a scale effect in that the preparation in industry requires less
energy. Bread baked at home requires more energy than a similar bread baked
by a large industrialised bakery or by a local bakery (Andersson, 1998). A
study of pea soup has shown that energy requirements were more or less
equal whether or not the soup was prepared by industry or at home (CarlssonKanyama, 1997).
4.2.7 Dining at home or in a restaurant
The energy requirements for an average meal at home have been calculated to
2.5-3.3 kWh to be compared with 3.5-5.3 kWh per meal at a restaurant (Uhlin,
1997). These results are in line with earlier studies that have shown even
higher energy requirements for restaurant meals. It is the higher degree of
wasteful use of energy, warm water, and food that leads to the higher energy
19

Salting only require 23 kcal per kilo of meat.
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requirements for meals prepared in restaurants. Thus there is in most cases no
scale effect in terms of energy requirements for meals at restaurants and
caterings.
From an energy intensity perspective however, the higher prices at restaurants
results in low energy intensities. According to the Dutch data, the energy
intensity of eating out (restaurant meals) are as low as 0.76 MJ/SEK to be
compared with the average for food from the same dataset at 1.20 MJ/SEK.
4.2.8 Sweden 2021 – sustainable food consumption
One of the subprojects with the Swedish Environmental Protection Agencies
Future Study 2021 was a food study. The purpose of the Food Study was to
look at the environmental impact primarily in terms of energy and related
emissions of food production and consumption (Naturvårdsverket, 1997).
According to the study’s scenario, a “green” and nutritionally correct diet is
characterised by: less consumption of meat, the meats consumed are to a
larger extent coming from animals that have grazed on open range such as
lamb, complemented by some chicken and pork and a smaller fraction of beef
(ibid). The vegetables and fruits are grown on open land and are, if possible,
locally produced, complemented by imports from nearby countries to prolong
the season. The consumption of food containing little nutrients is reduced. As
part of the scenario, the Future Study commissioned the Swedish National
Food Administration to create a detailed and nutritionally correct diet in line
with the scenario (Table 16). The scenario-diet (labelled 2021) specifies the
daily quantities of 16 food categories set against averages for the current
(present) diet. The 2021 diet is in line not only with the Future Studies green
food consumption scenario but also with the most common
recommendations in literature with its reduced amount of animal protein and
increased consumption of products from lower down on the food chain
(bread, grain, cereals, vegetables, dried leguminous plants, and root crops).
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Table 16: Suggested scenario for changed food consumption by the Swedish Environmental
Protection Agency, Gram per day at present and by 2021.
Food item
Margarine, butter, oil
Milk, yoghurt,
Cheese
Meat, poultry, sausage
Fish
Egg
Bread
Grain, cereal
Potatoes
Vegetables
Root crops
Fruit
Dried leguminous plants
Sweets, snacks
Soft drinks
Alcoholic beverages
Sum

At present
50
400
45
145
30
25
100
15
140
150
25
150
5
200
150

2021
50
300
20
35
30
10
200
45
270
190
100
175
50
140
80

2420
1870

22
1915

Source: (Naturvårdsverket, 1997)

The Swedish Environmental Protection Agency has successfully taken into
account most of the ideas in the literature concerning what constitutes green
food consumption. Consequently, the information in Table 30 provides the
green consumption pattern whose effects on energy usage and CO2 emissions
is analysed in chapter 7. However, as noted above, a “green food pattern”
typically saves a consumer money. It has therefore, in the simulations, allowed
for the effect of those savings in increasing consumption, and therefore
energy usage and CO2 emissions, in other categories, such as travel, etc.
Klaas Jan Kramer (2000) has analysis of the potential to reduce energy
requirements and CO2 emissions from food consumption and come up with a
potential of around 10%. He does not analyze the second order i.e. the
indirect rebound effect. He however concludes that costs are reduced when a
green food consumption pattern is adopted.

The published values for alcoholic beverages are wrong. In the published report the values are
240 g for the current diet and 220 g for the scenario diet. The values in Table 2 are the correct
values according to the designer, Ulla Hagman at the Swedish National Food Administration.
20

80

4.3

Green Travel

How to achieve a sustainable transportation system is one of the most
challenging questions for researchers and policy makers. Road transport and
other types of transport (rail, air, sea, and specialized work vehicles) not only
are estimated to be responsible for a large share, approximately 40%, of all
CO2 emissions in Sweden (SCB, 1998), but also continue to emit increasing
levels of CO2 when at the same time other sectors have reduced their use of
fossil fuels and thus CO2 emissions (Energimyndigheten, 2001). Energy
consumption by the transport sector, derived almost exclusively from fossil
fuel, has increased by 60% between 1970 and 1999. Among mobile sources,
passenger cars represent the largest source with more than 40% in 1997 (SCB,
1998).
Consequently travel is the consumption category that has been, and is, the
most common target for environmental policies and has the highest load of
environmental taxes (Skatteväxlingskommittén, 1997). The overall aim of
most suggestions and all policies targeting households is to reduce travel,
primarily car travel but to some extent also other means of travel requiring
fossil fuel such as airplanes, ferries, and the use of snowmobiles and boats.
Only a few question if a reduction in private car travel and transportation
volume is desired (SIKA, 2000).
The following sections focus on factors affecting travel and especially car
travel and the most common suggestions for a future “greener” private travel
pattern coupled with quantitative anticipated and/or desired ranges for these
changes. The realism of each of the suggestions is discussed not with the aim
of evaluating their effectiveness. The focus is only on household travel
patterns. Changes in the transportation sector that are not directly effected by
household choices are not dealt with, for example efficiency gains in the
freight sector.
4.3.1 Travel modes
Car ownership is the most important determinant of distance travelled
(Vilhelmson, 1990). Once a household owns a car they use it. Car ownership,
for example, is lower in cities than in rural areas and city dwellers drive on
average less than rural households, primarily a result of lower car ownership
levels in large municipal areas and not because households in cities who own a
car drive less. One could argue that those who buy a car do so because they
want to and need to travel by car. True, but the effect of buying a car is
argued to be greater than what can be expected to be motivated by needs. Car
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access influences, for example, the choice to travel, the travel mode, and
distance travelled.
Car ownership in Sweden has increased considerably since the mid-1940.
Today the average level of car ownership is very high. More than 70% of all
Swedes between the age of 18 and 84 have a driving licence and access to a
car in the household. Households with more than two cars are also increasing
which has a strong affect on total mobility. In 1978 11% of all households had
more than one car, in 1998 the figure was 18% (SIKA, 1998).
Krantz (1999) has shown that there is a lower level of car access in single
person households, among women, and the younger and older households.
However, among older people (above 65 years old) the number who have a
driving licence, own and drive a car is however increasing rapidly. Within
certain groups of young people there has been an opposite trend since the late
80s until 1996 characterised by a decreasing level of driving permits. This is
thought to be related to both the economic recession during the late 80’s, and
the beginning of the 90’s and also changes in values. The car for the young
generation is practical in some situations but less of a status symbol. For the
younger generation the environmental concerns are also important. Longer
education time reinforces this trend and although most are predicted to
become car owners eventually, this trend might mean that individuals and
households buy their first car later in life.
There is a notable difference in car access between men and women. The car
is very much an personal means of transportation and is often connected to
one individual within the household, in most cases the man (Vilhelmson,
1990). Women are to larger extent, passengers and use public transport more
frequently than men owing to lack of access to the car. Women also have a
lower average travel distance by car. This difference in distance travelled
between men and women disappears to some extent when controlling for
income. Income is, for total distance travelled, a much more important
determinant than gender (SIKA, 1998).
With the general trend towards an increase in private travel a way of reducing
energy requirements and CO2 emissions from car travel is to travel more
efficiently by increasing the number of people travelling together. In Sweden
the average number of persons travelling in a car is 2.2 (SCB 1994). On longdistance trips using one and two months as sample periods, the average is
higher, 2.8 persons. In some countries motorists with passengers have
privileges compared to single person motorists, for example special lanes
(USA) or lower road-tolls. Sweden has not yet tried this.
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Public transport is assumed to be crucial for reducing car travel
(Naturvårdsverket, 1996). The idea is to provide a low cost and efficient
alternative to car usage. There are success stories, such as “Kustpilen” in
southern Sweden giving evidence that people change mode of transport from
commuting by car to public transport when good and cheap public transport
is provided (SIKA, 1998).
However, when looking at car usage, in kilometres travelled by car-owners,
there is not much variation between areas in Sweden (SCB, 1996). This
indicates that in spite of heavy investments in god and efficient public
transports and despite subsidies that have resulted in high passenger numbers
in some areas, the use of the car has stayed high and is still increasing. Car
usage and public transport does not seem to be quite poor substitutes. A study
in the UK confirms that the effect of large public transport subsidies is small
in terms of reducing emissions (Acutt, 1996). Only in areas in Sweden that
have a very high population density, in particular in Stockholm, does public
transport compete with car travel (SCB, 1996). A study of the relationship
between population density and total travel made in the US has shown that
total car travel falls very slowly as density increases, then falls suddenly in the
most densely populated regions, for example in New York City (Schipper,
Marie-Lilliu et al., 1999).
The mode of travel has been relatively stable from 1978 to 1994/95/96. Car
travel has however continued to increase relative other modes of travel and
the use of public transport has decreased in the large municipal areas i.e. in the
strongholds of public transport (Krantz, 1999).
4.3.2 Car sharing
Car sharing organisations (CSO) offer their members (households and
individuals) access to a car park typically consisting of different types of cars.
Car sharing is, from an environmental perspective, looked upon as an
attractive option to car ownership. Car sharing reduces the energy
requirements that are connected with the production of cars (as cars are
shared by households and thus more efficiently used) and car travel. The
reduction in car travel from joining a CSO is explained by a greater awareness
of per-trip costs, the choice to use the car is made actively by CSO members
as opposed to habitual use for those who own a car. Even though car access
and distance travelled is increased for those who did not own a car before
entering a CSO, the net effect of this group is only a fraction compared to
those who previously owned a car and who significantly reduce their mileage
(Sperling and Shaheen, 2000). Weighting the size of these two groups and
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their summed distance travelled before and after entering the CSO, it has been
shown that the net effect is a significant reduction of between 33% and 50%.
In Europe the early adopters or pioneer households that joined a CSO were
predominantly young households (age 25-40) with a higher than average
education level and with lower or moderate average income level
(Prettenthaler and Steininger, 1998; Sperling and Shaheen, 2000).
CSO is a marginal phenomenon and so far CSOs have primarily been located
in urban areas. Many initiatives have failed. Out of those succeeding, none are
coming even close to a 1% market penetration (Sperling and Shaheen, 2000).
The reasons for the low market penetration according to Sperling and
Shaheen are related to inconvenience, costs, unavailable vehicles and services,
and lack of policy attention. Improvements in and increasing access to
information and communication technology is expected to increase the
potential for CSO in the future. In different studies the market potential has
been estimated to be between 1.5% and 12%. Determinants of the potential
are: whether or not a household would benefit financially from joining a
CSO21, the importance for the household of quick access to a car and the
symbolic importance of owning a status car or on the other hand the symbolic
importance of being member of a CSO for households with a green image.
Alternatives to CSO and private cars are rental cars and taxis. Taxis come with
a driver which increases the cost and rental cars are usually not available for
less than 24 hours. From an energy intensity perspective travelling by taxi is
far better than travelling by car as the energy intensity of taxi trips is 0.26
MJ/SEK and the energy intensity of petrol is 4.96 MJ/SEK. The low energy
intensity for taxi travel is explained by the high price which includes a large
portion for service.
4.3.3 Information technology
Information technology has been considered to have a positive environmental
impact by reducing the need for mobility. However, the dynamics between
modes of communication has been shown to be complicated including
various degrees of substitution complementing the generating elements
(SIKA, 1998). For example, have some studies shown that the development
of information technology increases mobility instead of providing a substitute.
Information technology makes it possible to work efficiently together with
people regardless of geographic distance but every now and then individuals
in these networks need to meet. In goods transport, information technology
Whether or not a household benefit financially from joining a CSO is to a large extent
determined by the distance household travel by car, the breakpoint lay somewhere between 15000
or 18000 kilometres per year according to different studies
21
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can lead to changed production methods (“just-in-time”), which could result
in more frequent and longer goods transports (SIKA, 1998). Also, empirical
studies also have shown that people that use information technology travel
more than the average person (Annerberg, 1997).
4.3.4 Fuel efficiency
The amount of CO2 emitted is directly related to the amount and the type of
fuel burned. Per litre, gasoline and diesel result in 2.34 kg of CO2 and 2.62 kg
of CO2 respectively. Before 1985 fuel efficiencies were improving but since
1985 there has been no or only small improvements (Figure 3). In 1997 the
average fuel efficiency of new cars was 8.9 litres per 100 km. This corresponds
to a 208 gram CO2 emission per kilometre.
In 1995 the European Conference of Ministers of Transport (ECMT) agreed
with the vehicle manufacturing industry, represented by the European
Manufacturers Association (ACEA) and the International Car Manufacturer
Organisation (OICA22), on a number of joint actions, including a monitoring
system for new car fuel consumption. In 1999 a voluntary agreement between
the ACEA and the EU council was finalised (ECMT, 1999). According to the
agreement the ACEA has committed itself to:
− Introduce individual car models with CO2 emissions of 120 g/km or less
by 2000
− Achieve an average CO2 emission figure of 140 g/km by 2008 for all new
cars sold in the EU, which translates to a decrease by 25% compared with
1995
− Review the potential for additional improvements in 2003 with a view to
move the new car fleet average further towards 120 g/km by 2012.
One hundred and forty grams per kilometre translates to an average fuel
consumption of 6 litres per 100 km, the target for 2008 and 120 g/km to 5
litres per 100 km the target for 2012. Given unchanged relative prices, this
translates to a proportional decrease in the cost for fuel of 33% by 2008
compared to 1997 and 43% by 2012 compared to 1997.

22

Organisation Internationale des Constructeurs d'Automobile

85

Figure 3: Average observed fuel consumption per 100 km, adjusted to the measurement methods
used from 1997 (Directive 93/116/EC) and the future average fuel consumption in 2008 and
2012 if the ACEA agreement levels are achieved.

In addition to the general fuel efficiency of the vehicle, the CO2 emissions
depend on driving style, speed and service (ECMT, 1998). Fuel consumption
varies by 15% for different drivers in the same car (Vägverket,
Konsumentverket et al., 1999). A car that consumes 8.5 litres per 100 km at a
speed of 90 km/hour consumes approximately 10.5 litres at 110 km per hour.
Servicing and maintaining the car in a good condition reduce fuel
consumption by, on average, 7% which corresponds to a saving of 700 SEK
per year but in some cases the saving is as high as 35%. The savings in terms
of pollution are even higher.
Strategies chosen by the automobile industry for achieving fuel efficient cars
include the development of new types of engines and new types of fuels as
well as the means of lighter, more aerodynamic cars and to further increase
the fuel efficiency of the traditional combustion engine.
Three types of engines are currently the prime candidates for commercial low
emission vehicles: electric vehicles, hybrid vehicles and fuel cell vehicles
(KFB, 2000). Most large car manufacturers produce alternative vehicles but
only a few have launched a commercial series. The first commercial series are
hybrid vehicles that are a cross between an electric car and a car with a
combustion engine. Most of the hybrid vehicles that have been developed are
so called parallel hybrids for which the wheels are driven by either the electric
motor or the combustion engine. The electric engine is typically used when
the engine starts. When the car reaches 20 km/hour, the combustion engine
starts. The combustion engine starts a generator which recharges the batteries.
At high acceleration both engines are used. The advantage with the hybrid car
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is that it can have a smaller combustion engine and still provide the same
power and acceleration. Also, energy from breaking either by releasing the gas
pedal (engine break) or stepping on the brake pedal can be used to charge the
batteries and the power is thereby recycled. The first series hybrid car was
manufactured in 1997 (Toyota Prius). It has a fuel efficiency of 3.6 litres per
100 kilometres according to the manufacturer and 4.8 litres per 100 kilometres
according to American test methods. This fuel efficiency is low but not better
than that of standard fuel-efficient cars of the same performance and size.
Fuel cells use hydrogen, either produced on board or stored on board in
compressed or liquid form. Because the storage of hydrogen is problematic an
alternative is to produce the hydrogen on board through other sources of
energy such as fossil or various bio fuels. The prime candidates at the moment
are petrol or methanol (KFB, 2000). The advantage of the fuel cell is its high
efficiency. Even if the hydrogen is produced by fossil fuel that has to be
converted into hydrogen the energy conversion is more efficient than for the
combustion engine. The main obstacles for the introduction of fuel cells are
technical problems, safety, and high costs (Zacci and Vallander, 2001).
An important means of increasing the fuel efficiency of cars is to reduce the
size and weight of the cars. Some of the most fuel efficient cars in the
laboratories use new materials that dramatically reduce the weight of the car.
An example of this is Amory Lovins “hypercar” (Amory Lovins is the leader
of the energy technology institute Rocky Mountain Institute). The aim is that
this car will have a fuel consumption that is 1/5 of the average car today
(KFB, 2000). The key to achieve this according to its designer is low weight
and good aerodynamics. Reduced weight of the car’s body has many
advantages. The result is that the engine does not need to be as powerful
which in turn means that the cooling system and the fueltank can be smaller
and the car does then not need a servo system, etc. The “hypercar” (which still
only exists on paper) is 65% to 75% lighter than an average American car
(ibid).
While cars in laboratories are getting lighter and cars on the commercial
market are becoming more fuel efficient the size and weight of the cars on the
market is going the opposite direction (Bilindustriföreningen, 2000). Between
1988 and 1999 the percentage of small “light” cars below the 1400-kilo service
weight has decreased and the percentage of heavy cars (above 1400 service
weight) has increased. A smaller car is not a target in itself, however, lowering
CO2 emissions through reduced fuel consumption per 100 km, necessarily
requires cars to be smaller.
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4.3.5 Geographic variations in travel
The dominant picture is that mobility does not differ much between regions
in Sweden, both in terms of number of trips and distance travelled (Krantz,
1999). There are however some variations. The average travel distance is
slightly longer in some areas in northern of Sweden (Norra tätbygden) than in
the rest of Sweden but travel time is slightly higher in municipal areas.
In general an empirical finding shows an inverse relationship between
population density and distance travelled. The relationship between the
population density of a built-up area and the travel distance travelled is in
Sweden not linear but rather U-shaped. In 1997 people living in medium-sized
cities in Sweden (50 000- 200 000 inhabitants) travel the least distance, less
than 30 km per day on average (Vilhelmson, 2000). In small towns the average
daily travelled distance is the highest, almost 45 km. The reason why travel
distance is lowest in medium sized towns, opposed to larger and smaller
towns, is not clear. One hypothesis relates it to higher access i.e. shorter
average distances between residence and work place, schools, shopping, etc.
Also the public transport system is more developed (frequency and density) in
medium sized cities than in smaller towns. The use of public transport is
however not much higher in medium-sized cities than in smaller towns and
much lower than in large cities. Instead it is the use of bicycles in mediumsized cities that is much higher than in both larger cities and smaller cities and
towns. However, this study does not control for or investigate the effect of
age. The largest universities in Sweden are located in large and medium sized
cities. It is possible that the lower average age in these cities affects the choice
of type of transport and the high degree of bicycle use.
In large municipal areas the largest portion of travel time is used for
commuting. In rural areas and especially in the northern rural areas the largest
portion of the travel time is used for recreational travel (Krantz, 1999).
Car travel is in all regions the dominant mode of travel. More than half of all
trips in all regions are conducted by car. The percentage of trips conducted by
car is however higher in rural areas. The highest percentage of car usage is
found in the rural northern Sweden where up to 77% of trips are conducted
by car.
4.3.6 Sweden 2021 – sustainable travel
A scenario for a green transport system in 2021 was presented in a report
produced for the Swedish Environmental Protection Agency by several
governmental departments, research organisations and representatives of the
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car industry (Naturvårdsverket, 1996). In this 2021 scenario the total transport
volume is larger than today but the historical close correlation between GDP
and transport volume is broken. For OECD, for example each 1% increase in
GDP has been accompanied by an increase of 1.74% in road transport and
1.4% in car transport (Prettenthaler and Steininger, 1998). In the 2021
scenario information technology has replaced some transport, for example,
more people would work from the home than today. People would plan their
travel better and use bicycles and walk more. Shops would deliver goods to
homes and plan their deliveries carefully and this reduces transportation. Total
time spent on travel in the 2021 scenario is the same as today. The scenario
assumes that heavy investments in public transport will increase access and
result in this means of transport being used more where accessible.
Households will have learned to take into account environmental concerns
when choosing transport and find it natural to drive in an energy conscious
manner and avoid cold starts. Engine heating is used more and people travel
together to a larger extent. Fossil fuels are still the most common type of fuel
but bio-fuel is more common than previously. The cars and other types of
vehicles are more fuel efficient than today in the 2021 scenario.
As in the case of the green food scenarios, The Environmental Protection
Agencies scenario captures most of the ideas in the literature concerning what
constitutes a greener travel pattern. The simulation in Chapter 7 is therefore
to a large extent in line with this scenario but also complimented with some
additional changes. As for the green food consumption most suggestions
involve reduced consumption and the simulations in Chapter 7 does therefore
in line with the energy intensity perspective allow for the effect of savings in
this category in increasing consumption, in other categories.
4.4 Green Housing
Housing consumption constitutes on average 30% of a household budget and
40% of the total energy requirements including both direct and indirect
energy. It is thus the category which both in terms of expenditures and energy
requirements is the highest.
Households living in houses have on average higher household incomes and
also spend more money on housing than households living in apartments.
However the portion of income that is spent on housing including heating is
remarkably similar, 28.5% and 29.5% respectively (Table 17). Households
living in their own house have no costs for rent, naturally. Their living costs
are dominated, on average, by costs for interest (gross), of about 50% and
heating, approximately 15%. Repairs (10%) and insurance (10%) are other
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major costs. For households living in apartments nearly 90% of the costs are
covered by the rent.
Table 17: Expenditures on housing for an average household living in a house and in
an apartment

Type of expenditure
Rent incl garage
House- and householder´s
comprehensive incurance
Realestate tax
Rent for leasehold site
Water, sewage, garbage removal
Council taxes
Repaires
Household electricity
Heating
Rent (gross)

House
Std.
Mean Deviation
0

0

2 401
7 862
268
3 796
200
7 625
3 382
12 263
36 042

939
5 543
1 294
2 276
590
13 021
1 161
4 538
24 576

%
0.0
3.3
10.6
0.4
5.1
0.3
10.3
4.6
16.6
48.8

Apartment
Std.
Mean Deviation

%

48 321

18 992

89.0

790
732
9
0
0
573
2 396
0
1 452

713
2 357
153
0
0
2 239
907
0
5 490

1.5
1.3
0.0
0.0
0.0
1.1
4.4
0.0
2.7

21 563
89 922

29.5

Total expenditures on dwelling
73 839 30 332
28.4
54 273
Total household expenditures
259 660 108 846
100
184 217
Source: Own calculations based on the expenditure survey data from 1996

Households who live in houses and own their dwelling can influence both the
technology used to heat the house, the amount and type of insulation and the
indoor temperature. They have a strong economic incentive for trying to
reduce the consumption of energy since reduced consumption translates
directly into reduced costs.
Households living in apartments have a very limited ability to influence the
technology used to heat the building and its insulation. They can to some
extent, influence the indoor temperature but since almost 90% of all rentals
include heating the household does not have a strong incentive to reduce
energy consumption.
The following sections review the criteria argued to be important
determinants for housing energy requirements.
4.4.1 Place of residence
The decision of where to live is rarely based on the energy requirements for
heating or other energy related questions. Instead other factors such as place
of work, where family and friends live, access to certain types of environment
for recreation, and other preferences are more important. Total energy
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requirements for housing consist of direct energy requirements and indirect
energy requirements. The direct energy requirements consist of heating and
electricity, and the indirect consist of energy requirements for building the
dwelling, repairs, etc. In Sweden, where the climatic conditions vary
substantially, the difference in energy requirements for heating are rather large
although improvements in insulation have reduced this difference to some
extent. The difference in heating requirements between northern and
southern Sweden23 are approximately 25% for similar type of houses (SCB,
1997). Local climate and position of the house in the terrain also affect the
energy requirements. As a secondary effect, it is important where the dwelling
is located in relation to where the household members carry out their daily
activities (work, school, shopping) for the distance the household needs to
travel every day.
The price of housing varies geographically in Sweden. As a consequence,
energy intensities for housing vary a lot between regions. In attractive areas
the energy intensity for rent and house ownership is much lower than in other
regions.
4.4.2 Type of dwelling – house or apartment
In Sweden approximately 50%, (46% 1990, 53% in the expenditure survey
1996) of households live in a house (SCB, 1998). Approximately 37% live in
rented apartments. Of those living in houses the majority, 90% (in 1990) own
their dwelling. For those living in apartments the relationship is the opposite,
only 13% (in 1990) owns their dwelling. In metropolitan areas the percentage
of households living in apartments is lager, and only 25% live in small houses.
Houses require more energy to build per unit compared to apartments.
According to Dutch data, houses require 40% more energy calculated over the
estimated lifetime of 68 years compared to apartments (Kok, 2000).
Different types of houses vary a lot in terms of energy requirements for
heating. The most important difference are: size, building materials, the shape
of the house, insulation, windows, ventilation, heat recycling, and the position
of the house in the terrain. New houses that are being built with the purpose
of saving energy can potentially result in energy consumption that is only 30%
of the current standard house without any significant increases in long term
costs (Naturvårdsverket, 1998).

23

Temperature zone 1 and 4
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In a study that compared houses built with the purpose of being energy
saving, ecological houses (that do not only focus on energy saving and also
other environmental considerations) and a standard Swedish house, the
amount of purchased energy per square meter varied between 85 and 231
kWh/m2 (Ferdman, 2000). The standard house has an energy requirement of
175 kWh/m2, the energy saving house has an energy requirement of between
85 and 96 kWh/m2 and the ecological house an energy requirement between
101 and 231 kWh/m2. The houses that had been built with the purpose of
saving energy have succeeded but the ecological houses in all cases but one
had a higher energy requirement than a standard house.
Because it requires a lot of energy to build a new house, sustainable housing
emphasis the importance of good quality in architecture, design and materials
in order to increase the life span of dwelling. Reduced size of the dwelling
reduces both energy requirements for building and also running costs and
energy requirements for heating. This can be achieved by sharing certain
facilities, such as the laundry room, with neighbours. Recycled building
material and replacing energy intensive materials with less energy intensive
materials can also reduce total energy requirements.
4.4.3 Temperature inside the dwelling and energy for warm water
The most common recommendations to households for saving energy apply
to heating and hot water consumption. By reducing the temperature in the
dwelling by 2 degrees a household can, for example, reduce energy
requirement by 2000 kWh a year (Naturvårdsverket, 1997).
A lot of energy is used to heat hot water. By using new technology in terms of
new types of showerheads hot water consumption can be reduced. Newer
efficient showerheads increase the pressure and mix the water with air, which
can cut water consumption by one-third. A household with four members
who shower 10-20 minutes each per day can save 2000-4000 kWh per year
(ibid).
4.4.4 Household articles
More efficient equipment reduces the need for electricity. By replacing old
fridges, freezers, washing machines, lighting, television, videos, and other
goods by new energy efficient types a household can save approximately 1700
kWh per year according to some estimates done for the Future Study 2021 by
the Environmental Protection Agency (Naturvårdsverket, 1997).
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Plants and seedlings from greenhouses have very high energy intensities
because the greenhouses are heated and are very poorly insulated. Thus
outdoor gardening can be an energy intensive type of recreation.
4.4.5 Type of heating system
The most common type of heating is electricity. Thirty-six percent of all
houses in Sweden are heated by electricity (SCB, 2000). The second most
common type of heating (18%) is a combination of electricity and wood. Oil
is the third most common type of heating (15%). There are big regional
variations in the type of heating. Oil is more common in the south and
southwestern parts of Sweden. Electricity and wood are more common in
northern Sweden. Households heating their house with wood usually do so
because they have access to free or cheap wood, for example ownership of a
forest.
Table 18: Number of one-and two-dwelling buildings in 1998 by use of fuels in
different areas (NUTS), percent %
NUTS
Eastern Småland

Northern

Used energy Stock- Middle & the Southern Western Middle Middle Upper
sources %
holm Sweden Islands Sweden Sweden Sweden Norrland Norrland All
Only electricity
49
31
28
39
37
28
36
42
36
Only oil
12
12
17
19
19
16
10
3
15
Oil and wood
2
4
7
4
4
7
5
2
4
Electricity and
oil and wood
2
2
2
2
2
3
5
4
2
Electricity and
oil
7
5
6
7
8
6
8
4
7
Electricity and
wood
10
20
22
12
17
23
25
30
18
Only wood
5
8
2
3
6
5
3
4
Berg/jord/sjövä
rmepump
1
1
2
1
1
2
1
1
1
Fjärrvärme
11
15
4
6
4
3
2
5
7
Other
6
5
4
8
5
6
5
5
6
All
100 100 100 100 100 100 100 100 100
Source: (SCB, 2000)
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In the scenario by the Swedish Environmental Protection Agency the heating
of houses in 2021 is primarily based on biomass fuel, replacing practically all
fossil fuels for heating (Naturvårdsverket, 1998). Wind energy, photovoltaic
and geothermal energy are other important energy sources according to this
scenario. The target is a reduction in CO2 emissions of 20% by 2021 and 80%
by 2100.
From the perspective of the individual consumer the possibility to influence
the energy requirements for housing depend to a large extent on type of
dwelling and current technology in the dwelling. As stated previously
households living in apartments do not, have the possibility of choosing the
technology and/or the energy source used for heating and generating
electricity. Households living in houses do. For the current building stock the
installation of new heating technology can decrease energy consumption and
also cut long term costs.
All houses that have a water-carrier system can reduce energy requirements
and CO2 emissions through having a geothermal energy system installed. The
type of geothermal energy that is used in Sweden is ground-source heat
pumps using the earth or ground water as a heat source. An installation of a
geothermal energy system reduces energy requirements for a standard house
by approximately 60% and costs by approximately 70% not including the
investment costs (Lilja, 2001). If the investment costs are taken into account
the cost reduction can be as high as 50% during the first 20 years and
thereafter approximately 60% with a zero percent interest rate.
The installation of a bio-energy furnace do not result in reduced energy
consumption but reduces direct CO2 emissions to zero. Including
investment´, the cost is approximately 60% when compared with the cost of
using oil or electricity (Linderoth, 2001). At the moment approximately 10 000
households use bio-fuel furnaces (not including traditional wood-furnaces).
The potential households are all those who today use oil or wool.
Both agricultural food production and biomass production for energy require
land. A study has evaluated if these productions can co-evolve or if there will
be a land use conflict (Grubler, Jefferson et al., 1998). The study shows that in
a scenario in which biomass fuel constitutes nearly 20-25% of global energy
supply the additional areas for both agriculture and biomass are available in
principle but in an optimistic scenario they would require as much land as is
currently covered by forest in the world. Land use conflicts become a major
constraint on a global scale.
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4.4.6 Sweden 2021- sustainable housing
According to the scenario “Sweden 2021” by the Swedish Environmental
Protection Agency the Swedes will in the future live in smaller powersaving
houses (Naturvårdsverket, 1998). In cities the houses will be heated through
distant heating produced at a combined power and heating plant, that uses
biomass fuel. In rural areas heating pumps will be common and will utilise
renewable energy sources such as wind energy.
The methods for reducing the energy requirements for building and
maintenance of houses and apartments are mainly to reduce the size of
dwellings (area per person) and to recycle building materials. Owing to
improvements in insulation and energy-glass in windows, the energy
requirements from heating is reduced according to the scenario. More
efficient equipment reduces the need for electricity. The scenario also expects
household goods to be sold in smaller modules so if an item needs to be
replaced this can be done without changing other parts. The households are
expected to share and rent washing machines and other capital goods to a
larger degree than today.
The Environmental Protection Agencies scenario 2021, complimented with
some other findings of what constitutes greener housing, is the basis for the
simulations in Chapter 7. The simulations model the effect of adopting a
green housing pattern from an energy intensity perspective i.e. making sure
that total household expenditures are unchanged.
4.5 Household Services
The role of services in reducing energy requirements and CO2 emissions has
already been discussed in Chapter 2. As services on average have substantially
lower energy intensities than goods, the consumption of services is a
component of many recommendation for a greener consumption pattern. The
low energy intensities of services are a result of a large portion of the price
covering the costs of labour.
The percentage of total household expenditures after tax that households
spend on services is however rather low, around 6%. Out of this 6%, around
30% is spent on trade union charges and other insurance and around 20% on
child care. The remaining 50% is spent on hair care, domestic help, banking
services, etc. The low portion of a household’s expenditures to some extent
can be explained by the relatively high taxes in Sweden through which a lot of
the necessary services are paid for, for example medical care, education, etc.
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4.6 Comprehensive Suggestions for a Green Consumption Pattern
Most suggestions for how to reduce energy requirements and CO2 emissions
involve reduced consumption and in most cases also reduced expenditures.
Only a few suggestions in scientific literature deal from a household
perspective with what a green consumption pattern should look like.
Within a practical large scale experiment, the Perspectives Project, reviewed in
Chapter 2, it was necessary to help guide the households on how to achieve
the task of not only reducing energy consumption but to do so while
increasing total expenditures. This meant that the pattern of consumption had
to be considered seriously and that an energy intensity perspective had to be
applied.
The general guidelines to the participating households were to (CEA, 1997):
purchase more services
purchase labour-intensive products
use goods more efficiently (have shoes repaired rather than buy new
ones)
buy durable products (better quality lasts longer and the energy content
of better quality products is proportionately lower than that of cheaper
ones )
replace energy intensive products by energy extensive products (French
beans grown on open ground rather than imported deep-frozen beans)
change transport (cycling vacation rather than air travel, more critical caruse)
In another theoretic Dutch study, also reviewed in Chapter 2, the following
changes are argued to lead to a reduction in households energy use (Nonhebel
and Moll, July 2001):
-

-
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Food - Less greenhouse vegetables, less meat, more meat substitutes
such as pulses, shopping using a bicycle, use delivery service,
refrigerate/freezer to cellar, more efficient refrigerator/freezer, change
from electric to natural gas, wash dishes by hand, less rinsing, more
efficient dishwasher
Clothing - Change from synthetic to cotton, longer wearing shoes (better
quality), less frequent washing, more efficient washing machine, more
efficient tumble dryer, apply line drying, sharing with other households,
lifetime extension of appliances

-

Housing - Efficient heating and hot water systems, lower room
temperature, efficient lighting, natural floor covering, lifetime extension
furniture, less cut flowers as decoration
Other consumption - Sharing daily and weekly papers with other
households, sharing tools, sharing cars, driving less, sharing caravan,
holiday nearby, holiday by train, other accommodation than hotels

Although it may seem that most of the reduction options involve reduced
consumption the project exploring the potential given an unchanged level of
total expenditures, argue that this is achieved. Higher quality products increase
costs, for example.
4.7 Summary
The literature review gives plenty of advise on green consumption from an
energy requirement and a functional perspective but little advise on what a
green pattern of consumption looks like.
From an energy requirement or functional perspective the green choice is
often to reduce or even refrain from consumption. Traditionally energy
conservation has targeted direct energy consumption, primarily consumption
of fuels, energy for heating, and electricity. More recently many energy studies
and recommendations have focused on the energy requirements of food
consumption. From an energy intensity perspective the green choice is the
choice that has the lowest energy and CO2 intensity and a green consumption
patterns a pattern with a low energy and CO2 intensity.
In brief, the literature review in this chapter show that the most important
options for reducing energy requirements and CO2 emission are:
Green travel - reduced car travel, increased car sharing, car pooling (travelling
together), smaller and more fuel efficient cars, increased use of public
transport, trains, bicycles, and walking instead of using the car for short
distances.
Green housing - smaller, well insulated houses, efficient heating systems,
renewable energy sources for heating, reduced indoor temperature, energy
efficient appliances, reduced consumption of hot water, and reduced
consumption of greenhouse grown seedlings, plants, and flowers.
Green food consumption - reduced meat consumption, locally produced food
(outdoor not greenhouse), seasonal fruits and vegetables, organically grown
food, non- or low-processed food, and reduced consumption of junk food.
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From an energy intensity perspective and for achieving a green pattern of
consumption, an increased use of services are presented and shown to be
important.
The effect on energy requirements and CO2 emissions if households changed
their behaviour in line with these suggestions is tested in Chapter 7.
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5 Variations in Energy Requirements and CO2 Emissions
between Households
5.1 Introduction
It is apparent in the previous chapter that in addition to income, the lifestyle
or consumption pattern of households is of importance for energy
requirements and CO2 emissions.
The purpose of this chapter is to explore how large the gross differences in
energy requirements and CO2 emissions between households are, without in
this instance taking into account any determinants of these differences, for
example place of residence, size and composition of households, etc. If there
are significant differences in the energy and CO2 intensity of household
consumption patterns, this chapter will also explore the average consumption
pattern of households with lower or higher than average energy and CO2
intensities.
The analysis is based on Swedish expenditure data, Dutch energy intensities,
and more aggregate Swedish CO2 intensities, all described in Chapter 3. By
matching household expenditures with energy intensity and CO2 intensity
data, information about the energy requirements and CO2 emissions for each
of the 1104 Swedish households in the sample is obtained.
5.2 Energy Requirements and Income
Figure 4 displays the relationship between total household energy
requirements and total expenditures. At some expenditure levels, the variation
is as high as 50% of total energy requirements but the variation in relation to
the total energy requirements decreases as the total expenditure level
increases, and for higher expenditure levels the variation is relatively smaller.
By removing single extreme cases the variation drops by about 10% very
quickly. For households with the lowest total expenditure levels, lower than
100 000 SEK, the figure shows that the variation in energy requirements in
relation to income is small. This is not surprising since these households
probably have limited possibilities to choose consumption pattern as this
expenditure level only allows for basics. The energy intensities between
household consumption patterns vary between a minimum of 0.90 MJ/SEK
and a maximum of 3.40 MJ/SEK. The average is 1.56 MJ/SEK and the
standard deviation 0.33 MJ/SEK.
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A similar pattern is displayed also on a more disaggregate level. Figure 5
shows the relationship between energy requirements on expenditures on eight
household consumption categories: Travel, Housing, Food, Recreation,
Clothes and footwear, Furniture, Household services, and Health and hygiene.
It is clear that it is the categories Travel and Housing that require most energy
and that also display the largest variation in relation to income (Table 19).
Also the energy intensities for Furniture, Clothes, Health, and Recreation have
rather high coefficients of variation but in comparison with total energy
requirements these variations are only minor. All categories display a lower
variation in energy requirements at low expenditure levels and higher variation
in energy requirements at higher expenditure levels. The scatter plot for
Housing displays a pattern in which two clusters are clearly visible. One of
the clusters displays a much stronger relationship with expenditures than the
other cluster. The cluster that displays the strong relationship with
expenditures consists of households living in apartments and the other, of
households living in single family houses. Households living in apartments
have in general lower energy requirements than households living in single
family houses. Among households living in single family houses there is a
rather large variation in relation to income.

Figure 4: Total household energy requirements in relation to total household expenditures.
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Figure 5: Total household energy requirements per consumption category in relation to total
household expenditures.
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Table 19: Average energy intensities per category, the standard deviation and the coefficients of
variation (CV) i.e. standard deviation divided by the mean.

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

Minimum Maximum
0.00
4.96
1.04
4.95
0.76
1.62
0.00
1.53
0.00
1.38
0.00
1.43
0.00
0.38
0.00
1.88
0.90
3.40

Mean
2.13
2.33
1.20
0.67
0.48
0.82
0.25
0.98
1.56

Std.
Deviation
0.74
0.54
0.12
0.19
0.20
0.36
0.03
0.33
0.31

CV
0.35
0.23
0.10
0.29
0.41
0.44
0.14
0.34
0.20

5.3 CO2 Emissions and Income
There is a higher variation in total CO2 emissions in relation to income than
energy requirements in relation to income (Figure 6). The variations in CO2
intensities increase substantially with increasing expenditures. The standard
deviation is thus, in this case, a biased measure. The CO2 intensities between
household consumption patterns vary between a minimum of 0.02 kg
CO2/SEK and a maximum of 0.13 kg CO2/SEK (Table 20). The average is
0.05 kg CO2/SEK and the standard deviation 0.01 CO2/SEK.
The categories Travel and Housing are responsible for most of the CO2
emissions and also display large variation in relation to income (Figure 7,
Table 20). For Housing the two clusters consisting of households living in
apartments and households living in single family houses are clearly visible.
The variations in CO2 intensities for households living in single family houses
are significant. The coefficients of variation are also large for Furniture and
Health but quantitatively these variations are insignificant in terms of total
household CO2 emissions.
Comparing the scatter plots of energy requirements on expenditures, and CO2
emissions on expenditures (Figure 5 and Figure 7) for the eight major
categories, it seems like there is a larger variation in CO2 intensities than
energy intensities for Travel. This is confirmed by comparing the coefficients
of variation of energy requirements and CO2 emissions (Table 19 and Table
20). The opposite is true for Recreation for which the energy intensities vary
more than CO2 intensities. All other categories have fairly similar coefficients
of variation. Making this comparison, it must be kept in mind that the energy
intensity values are based on much more detailed data (one average value for
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almost each of the 300 household expenditure items) than the CO2 intensity
values (46 aggregated averages). In one case, Clothes, the standard deviation
for CO2 intensities is zero owing to the fact that there is only one average CO2
intensity value for this category.

Figure 6: Total household CO2 emissions in relation to total household expenditures.
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Figure 7: Total household CO2 emissions per consumption category in relation to total household
expenditures.
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Table 20: Average CO2 intensities per category, the standard deviation and coefficients of variation
(CV) i.e. standard deviation divided by the mean.

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

Minimum Maximum
0.00
0.38
0.02
0.12
0.01
0.02
0.00
0.02
0.00
0.01
0.00
0.02
0.00
0.01
0.00
0.02
0.02
0.13

Mean
0.117
0.057
0.02
0.012
0.009
0.014
0.009
0.012
0.046

Std.
Deviation
0.054
0.012
0.001
0.002
0.000
0.007
0.001
0.004
0.014

CV
0.46
0.22
0.07
0.14
0.00
0.51
0.15
0.35
0.3

5.4 Green and Non-green Households Consumption Pattern
The previous section shows variation between household consumption
patterns of energy and CO2 intensities (MJ/SEK and CO2/SEK). Households
that have a consumption pattern with a lower than average energy or CO2
intensity must spend less on energy and CO2 intensive categories such as
Travel and Housing. Conversely, households that have a higher than average
energy and CO2 intensity must spend more on energy and CO2 intensive
categories. The former households are defined as green households and the
latter as non-green households.
This section explores what the average consumption pattern is for green and
non-green households. A distinction is made between consumption patterns
that are green in terms of energy intensities, CO2 intensities, and both.
The results show that, as expected, green households spend significantly less
on Travel and Housing, and more on all other categories (Table 21). In most
cases the household’s consumption pattern is either green or non-green, in
terms of both energy and CO2 intensities. However, some household
consumption patterns are only green in terms of either energy intensities or
CO2 intensities, not both. For households that are green only in terms of
energy intensities, the largest difference is in Housing. For households that are
green only in terms of CO2 intensities the largest difference is in Travel.
Travel is also the category that has the most important difference for
households that have both lower than average energy and CO2 intensities.
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Table 21: Average percentage of total expenditures per category for households that are green or
non-green in terms of energy intensities (EI), CO2 intensities (CO2I) or both, and T values for
comparison of means and level of significance.
Non-green
Green households
households
EI &
EI &
CO
I
CO
I
CO
I
CO
EI
EI
2
2
2
2I
Mean Mean Mean Mean Mean Mean
%
%
%
%
%
%
Travel
15
14
14
19
21
20
Housing
29
31
30
37
34
35
Food
21
21
21
20
19
19
Recreation
14
14
14
10
11
11
Clothes
6
6
7
4
4
4
Furniture
4
4
4
3
3
3
Services
6
6
6
5
5
5
Health
4
4
4
3
3
3
100
100
100
100 100 100
*Equal variance not assumed
**2-tailed

EI
T*
6.54
12.26
-3.34
-8.57
-8.50
-3.23
-5.48
-3.34

EI &

CO2I
Sig.**
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

T*
13.65
4.62
-4.82
-5.79
-8.01
-4.00
-2.12
-5.04

CO2I
Sig.**
0.00
0.00
0.00
0.00
0.00
0.00
0.04
0.00

T*
10.75
8.94
-4.76
-6.97
-8.47
-3.55
-3.75
-4.64

Sig.**
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

5.5 The Potential for Change based on the Evidence of Existing
Differences
One could argue that one measure of the potential for reducing energy
requirements and CO2 emissions lies in the existing difference in energy and
CO2 intensities between households. The argument for this would be that the
existing difference shows the range of possible consumption patterns and
lifestyles. The households with the lowest energy and CO2 intensities
demonstrate a realistic lower level that could be attained by the other
households if they adopted a greener consumption pattern.
A counter argument is that this value does not show a realistic level since it
ignores determinants of energy and CO2 intensities that might be impossible
or undesirable to change, such as place of residence (households in northern
Sweden can not be expected to spend an equal amount on heating as
households in southern Sweden), size and composition of household, etc. A
second counter argument is that the observed consumption patterns are the
consumption pattern in relation to income that the households has chosen
and that changes to this pattern in relation to income are likely to reduce the
utility of the households.
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However, as one of several different measures it is of interest to know what a
difference it would make if all Swedish households adopted the consumption
pattern of the households with the lower energy intensities and CO2
intensities.
The method for doing this is to shift all households with energy and CO2
intensities higher than the average down half a standard deviation (0.1559
MJ/SEK and 0.0068 kg CO2/SEK) in the first instance and then one standard
deviation (0.3117 MJ/SEK and 0.0135 kg CO2/SEK). The reduction is only
applied to households having a total expenditure level above 100 000 SEK as
it is assumed that households below this do not have the possibility to change
their consumption pattern much or to reduce their energy requirements or
CO2 emission.
The effect of this on total energy requirements is a reduction by 4% for a shift
of half a standard deviation and by 8% for a shift of one standard deviation
(Figure 8). The effect on total CO2 emissions is a reduction by 6% for a shift
of half a standard deviation and by 12% for a shift of one standard deviation
(Figure 9).

Figure 8: Total household energy requirements in relation to expenditures. The black dots represent
the observed values and the grey the observed minus one standard deviation for those who have
energy intensities above average.
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Figure 9 Total household CO2 emissions in relation to expenditures. The black dots represent the
observed values and the grey the observed minus one standard deviation for those who have CO2
intensities above average.

5.6 Summary
The results in this chapter indicate that the scope for energy saving and CO2
reduction through changing consumption patterns is small. There are
significant differences in the energy and CO2 intensity in the consumption
pattern between green and non-green households however these differences
are not large in an absolute sense. Thus, changing the consumption pattern
towards that of greener households only makes a marginal difference (8% for
a one standard deviation shift in energy and 12% for CO2).
The categories that display the largest variations in energy requirements and
CO2 emissions between households are Travel and Housing. Green
households spend significantly less on these categories and significantly more
on the other categories. This indicates that greening these categories are what
could reduce energy and CO2 emissions the most. Since the largest variation is
in CO2 intensities, this area has the greatest potential for reduction.
The conclusions from this chapter may have to be modified when a more
detailed analysis has been done using a more sophisticated model (see Chapter
7). Even if there is no large difference in energy requirements and CO2
emissions between households at a given income level, this does not mean
that energy and CO2 emissions cannot be reduced, only that changes must go
beyond that of the consumption patterns of today’s green households.

108

6 Demographic Determinants of Household Consumption
Pattern, Energy Requirements and CO2 Emissions
There are significant differences in energy requirements and CO2 emissions
for households at the same expenditure level. The previous chapter has shown
that if high energy and CO2 intensive households24 reduce their energy
consumption and CO2 emissions towards the green household25 level, total
energy requirements and CO2 emissions can be reduced by some 4-8%.
However, this analysis disregarded demographic differences between
households. Perhaps the demographic differences make it impossible for one
household to reduce its energy requirements and CO2 emissions to the level
of another household even though that household has the same expenditure
level.
This chapter explores some demographic differences that are expected to be
of importance: household size and composition, age, and place of residence.
6.1 Household Size
It has been shown that there is a scale effect for large households in that
larger households consume less energy per person than small households (Wal
and Noorman, 1998). An example of a scale effect in the context of energy
requirements is that it requires no more energy to heat a house in which two
persons live compared to a house with one person (but rather the opposite
since a human being radiates some energy) and that the increase in the size of
the dwelling due to an increased number of household members is less than
unity.
Here the focus is on whether large households also consume less energy and
have lower CO2 emission per expenditure i.e. have lower energy and CO2
intensities. The reason why the energy and CO2 intensities could be lower for
larger households is that in large households what is shared among household
members primarily is Housing and Travel, the consumption categories that are
the most energy and CO2 intensive.

24
25

Households with a consumption pattern with a higher than average energy and CO2 intensity
Households with a consumption pattern with a lower than average energy and CO2 intensity
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Figure 10: Average energy and CO2 intensities for size of households.

The graphs show that energy and CO2 intensities do not vary substantially
with household size (Figure 10). The pattern of consumption thus does not
seem to be substantially greener for larger households. However, the graphs
indicate that two-person households have slightly higher average energy
intensity and CO2 intensity, particularly when compared to single households.
For two person-households and larger, one can also detect a slight scale effect,
at least in terms of energy intensities.
The following sections explore in more detail the quantitative effect of varying
household size and the reasons for the differences.
6.1.1 Single adult households compared to two-adult households
Comparing single person households and two-adult households however,
shows that the energy intensity is on average 0.123 MJ/SEK higher for
couples living together than for singles (Table 22, equation 1). There is thus
no scale effect of cohabitants when comparing singles to couples. The
increase corresponds to almost 28 000 MJ or 8% per household per year for
an average expenditure level (226 500 SEK). When car ownership, multiple
car ownership and type of dwelling are controlled for, the influence of size of
the household is significant and negative i.e. two-person households have,
after controlling for these variables, lower energy intensity than single person
households (Table 22, equation 2). The decrease is on average 0.085 MJ/SEK,
which corresponds to a decrease of almost 20 000 MJ or 5% per household
and year. The regression analysis including car ownership and type of dwelling
indicates that a two adult household has a higher energy intensity compared to
a single person household because couples are more likely than singles to have
a car and/or to live in a house.

110

CO2 intensities are also higher for cohabitants than for singles by, on average,
0.005 kg CO2 per SEK (Table 22, equation 3) which correspond to around
1100 kg CO2 or 10% for an average expenditure level. When car ownership,
multiple car ownership and house ownership are controlled for, the opposite
is true. Cohabitants have a lower CO2 intensity than singles (Table 22,
equation 4).
Table 22: Unstandardized coefficients of independent variables estimating the energy and CO2
intensity of household’s consumption patterns for a sample consisting of singles and two-adult
households.
Energy intensity
CO2 intensity
Equation 1 Equation 2 Equation 3 Equation 4
1.593***
1.744***
0.043***
0.049***
0.123*** -0.085***
0.005*** -0.005***

(Constant)
Size of household
Consumption
per
person,
1000SEK
-0.002***
Car ownership dummy
Multiple car ownership dummy
House ownership dummy
R Square
Std. Error of the Estimate

0.095
0.329

-0.003***
0.232***
0.075*
0.279***
0.422
0.264

-0.00004*

0.044
0.014

-0.00010***
0.017***
0.005***
0.007***
0.426
0.011

Level of significance: ***P = 0.001, **P =0.01, * P =0.005
Size- of household is a continuous variable and varies in this experiment between 1 (singles) and 2
(cohabitants).

6.1.2 Cohabitants compared to single men and single women
Comparing cohabitants to single women and single men respectively show
that there is a gender difference. The energy and CO2 intensity of cohabitants
is higher than for singles but this difference is only significant between single
women and cohabitants (Table 23). Cohabitants compared to single women
have an energy intensity that is on average 0.122 MJ/SEK (8%) higher and a
CO2 intensity that is 0.007 kg CO2/SEK (16%) higher.
However, when car and house ownership is controlled for the opposite is
true, energy and CO2 intensities decrease significantly for men. For women
only the decrease in energy intensities is significant.
The results indicate that the reason for the gender difference is that single
men to a larger extent than single women own a car. However, although the
differences are significant they are quantitatively very small.
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Table 23: Unstandardized coefficients of independent variables estimating the Energy and CO2
intensity of households consumption patterns for cohabitants and single women and men respectively.
Eight regressions equations (Eq 1-8).
Energy intensity
Single women & Single men &
cohabitants
cohabitants
Variables
Eq. 1 Eq. 2 Eq. 3
Eq. 4
1.652
1.785 1.807 1.814
(Constant)
***
***
***
***
Size
of 0.122 -0.090 0.044 -0.086
household
***
*
**
Consumption
per person
-0.002 -0.003 -0.002 -0.003
1000 SEK
***
***
***
***
Car
0.22
0.214
ownership
***
***
Multiple car
0.074
0.091
ownership
*
**
0.275
0.313
House
***
***
ownership

CO2 intensity
Single women &
cohabitants
Eq. 5
Eq. 6
0.041
0.046
***
***
0.007
-0.002
***
-0.0001
***

R Square
0.122
0.435 0.103 0.426
0.102
Std. Error of
0.271 0.329 0.264
0.014
the Estimate 0.337
Level of significance: ***P = 0.001, **P =0.01, * P =0.005

Single men &
cohabitants
Eq. 7
Eq. 8
0.053
0.053
***
0.0003 -0.006
***

-0.0001
***
0.015
***
0.006
***
0.006
***

-0.0001

-0.0001
***
0.016
***
0.005
***
0.007
***

0.391

0.030

0.382

0.011

0.014

0.011

6.1.3 Two adult households with children
Comparing two adult households with zero to ten children shows that the size
of household is significant and negative in terms of both energy intensity and
CO2 intensity i.e. larger households have a significantly lower average energy
intensity and CO2 intensity. When controlling for car and house ownership
the scale effect increases (Table 24, equations 1-4).
For each person in the household the decrease in energy intensity is 0.089
MJ/SEK, around 5% (Table 24Table, equation 1). The decrease in CO2
intensities is 0.002 kg CO2/SEK, around 4% (Table 24, equation 3). When
controlling for car ownership and type of dwelling the decrease in energy
intensity and CO2 intensity increases to around 7% and 8% respectively (Table
24, equations 2 and 4).
The scale effect means that a larger household, for example a four person
household has a lower energy consumption compared to that of a two person
which together have the same total income as the four person household. In
general the scale effect means that larger households are more energy and
CO2 efficient than smaller households.
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Table 24: Unstandardized coefficients of independent variables estimating the energy and CO2
intensity of household consumption patterns for a sample of two-adult households with 0-10
children.

(Constant)
Size of household
Consumption per person, 1000 SEK
Car ownership dummy
Multiple car ownership dummy
House ownership dummy

Energy intensity
Equation 1
Equation 2
2.115***
1.931***
-0.089***
-0.118***
-0.003***
-0.004***
0.154***
0.075***
0.245***

R Square
0.132
0.375
Std. Error of the Estimate
0.287
0.244
Level of significance: ***P = 0.001, **P =0.01, * P =0.005

CO2 intensity
Equation 3
0.062***
-0.002***
-0.0001***

0.061
0.013

Equation 4
0.052***
-0.004***
-0.0001***
0.013***
0.006***
0.006***
0.357
0.011

6.2 Age
There are a number of reasons why the energy and CO2 intensities, and energy
requirements and CO2 emissions could differ with age. One is that with
increasing age households tend to accumulate wealth, if not in the form of
capital, in the form of increasing amounts of capital goods. Older households
are, for example, more likely to own one or more cars and they are more likely
to live in a house, factors that influence household consumption patterns,
energy and CO2 intensities. It is also possible that ageing, as preference in
terms of recreation change, etc., has an effect on energy requirements and CO2
emissions.
Figure 11 indicates a fairly steady increase in energy intensity with age and
Figure 12 that shows how the CO2 intensity varies with age indicating a far
from linear relationship. It is also noticeable that in both figures there is a dip
in intensities for the age group in which the oldest person in the household is
between 35-40. Both energy requirements and CO2 emissions peak at the age
of 45-50.
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Figure 11: Average energy intensities and requirements on age.

Figure 12: Average CO2 intensities and emissions on age.

An analysis using multivariate regression techniques shows that car ownership
and living in a house increases household energy and CO2 intensity (Table 25).
Having children has the opposite effect i.e. it reduces the energy and CO2
intensity of household consumption pattern. This might explain the dip in
intensities at age 35-40 for the oldest person in the household as this is the age
at which Swedes have children. Young children, ages 0-6 reduce energy and
CO2 intensities a bit more than children ages 7-17. The reason why children
reduce household’s energy intensities and CO2 intensities might be that
households with children reduce their travel distance.
After controlling for car ownership, type of dwelling, and household composition, age
is still however a significant determinant of household energy intensities but not CO2
intensities. This indicates that accumulation of wealth is not the only reason why older
households have higher energy intensities compared to younger households. The
effect of age is, however, quantitatively very small.
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Table 25: Unstandardized coefficients of independent variables estimating the energy intensity
including all types of households in the sample.

(Constant)
Age
Consumption per person, 1000 SEK
Car ownership dummy
Multiple car ownership dummy
House ownership dummy
Number of children age 0-6
Number of children age 7-17

Energy intensity

CO2 intensity

Unstandardized
Coefficients
B
1.485***
0.002***
-0.003***
0.173***
0.030
0.201***
-0.100***
-0.092***

Unstandardized
Coefficients
B
0.043***
-0.00003
-0.0001***
0.014***
0.004***
0.005***
-0.004***
-0.003***

R Square
0.347102306
Std. Error of the Estimate
0.251645618
Level of significance: ***P = 0.001, **P =0.01, * P =0.005

0.372602305
0.01081664

6.3 Place of Residence
Sathaye and Meyers found in 1990 that per capita energy use in urban areas
was much higher than national averages but largely as a result of higher urban
incomes (Grubler, Jefferson et al., 1998). The analysis of Swedish households
including direct and indirect energy usage displays the opposite pattern. Both
the energy intensity and CO2 intensity of household consumption patterns are
lower in large municipal areas (Figure 13)
Energy intensities are on average around 10% lower and CO2 intensity’s
around 16% lower. One reason for lower intensities in large municipal areas
could be related to lower car ownership levels in municipal areas. This in turn
is possibly related to greater access to public transport in addition to
difficulties using a car owing to congestion and difficulties in finding parking.
Other reasons might be differences in age composition, for example, a higher
degree of young and retired persons in the large cities.
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Figure 13: Average energy and CO2 intensity in the three larges municipal areas in Sweden and in
other areas.

Controlling for all seemingly important independent variables, including car
ownership, age, and number of children, households living in large municipal
areas still have a significantly lower energy and CO2 intensity: Energy
intensities are around 3% lower and CO2 intensities around 6% lower) (Table
26).
Table 26: Unstandardized coefficients of independent variables estimating the energy intensity and
CO2 intensity including all types of households in the sample.

(Constant)
Municipal dummy
Age
Consumption per person, 1000
SEK
Car ownership dummy
Multiple car ownership dummy
House ownership dummy
Number of children age 0-6
Number of children age 7-17
R Square
Std. Error of the Estimate

Energy intensity
Unstandardized
Coefficients
B
1.501***
-0.054**
0.002***

CO2 intensity
Unstandardized
Coefficients
B
0.044***
-0.003***
0.000

-0.002***
0.163***
0.026
0.193***
-0.098***
-0.090***

-0.0001***
0.014***
0.004***
0.005***
-0.004***
-0.003***

0.353
0.251

Level of significance: ***P = 0.001, **P =0.01, * P =0.005
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0.380

6.4 The Potential for Reducing Energy Requirements and CO2
Emissions based on Differences between Similar Households
In the previous chapter a measure of the potential for reducing energy
requirements and CO2 emissions based on the observed differences between
households at the same expenditure level is calculated. With knowledge of
how some demographic variables influence the households energy
requirements and CO2 emissions a new potential can be estimated controlling
for these variables. By controlling for these variables the idea is to only
measure the potential for change as the difference between demographically
similar households at the same expenditure level i.e. a more fair comparison
and thus a more realistic potential.
The method for estimating the potential for change, controlling for
demographic variables, is to fit a regression equation that estimate households
energy requirements and CO2 emissions including demographic variables as
independent variables (Table 27). Using the regression equation each
households predicted energy requirements and CO2 emissions are estimated.
This value is then compared to the observed value. If the predicted value is
lower than the observed value the households are assumed to be able to
change their consumption patterns in a more energy and CO2 efficient
direction. Households that have an energy requirement and CO2 emission
level that is equal to or lower than the predicted value keep their observed
level. As in the estimation in Chapter 6 only households with expenditures
above 100 000 SEK are shifted to a lower energy requirement and CO2
emission level. The potential for change is assumed to be the difference
between the predicted and the observed values.
The result of this analysis is that total energy requirements are reduced by 7%
or on average 23 500 MJ per household and year (Figure 14). Total CO2
emissions are reduced by 10% or on average around 1 000 kg CO2 per
household and year (Figure 15). Thus one can argue that energy requirements
and CO2 emissions can be reduced by around 7% and 10% respectively if the
energy and CO2 intensive households reduce their energy requirements and
CO2 emissions to the average level for the same type of household.

117

Table 27: Unstandardized coefficients of independent demographic variables estimating household
energy requirements and CO2 emissions.
Unstandardized
Coefficients
B
(Constant)
-101.502
Total consumption
1.151***
Size of household
26523.319***
Age
727.963***
Number of children age 0-6 -27298.189***
Number of children age 717
-21874.024***
R Square
Std. Error of the Estimate

Unstandardized
Coefficients
B
554.067
0.034***
1099.637***
0.615
-1187.142***

0.78
62017.87

-994.134***
0.59
2958.15

Level of significance: ***P = 0.001, **P =0.01, * P =0.005

Figure 14: Observed and “new” energy requirements and expenditures. The black dots
represent the observed energy requirements and the grey dots the new energy requirements after
high energy intensive households have been shifted to the average value for a similar household.
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Figure 15: Observed and “new” CO2 emissions on expenditures. The black dots represent the
observed CO2 emissions and the grey dots the new CO2 emission level after high CO2 intensive
households have been shifted to the average value for a similar household.

6.5 Summary
The results from the analyses in this chapter show that demographic variables
influence household energy requirements and CO2 emissions, but that the
quantitative effect is relatively small.
The results from the analyses for the scale effect of household size confirm
the existence of a general scale effect in terms of energy and CO2 intensities.
For households consisting of one or more persons the average energy
intensity and CO2 intensity of household consumption patterns decrease by
0.09 MJ/SEK or around 5% and 0.002 kg CO2/SEK or around 4% per
additional individual. The scale effect is higher when car and house ownership
is controlled for. For small households consisting of one or two persons the
scale effect is only confirmed when controlling for car ownership and type of
dwelling. Single person households have the consumption pattern that has the
lowest average energy intensity and CO2 intensity for all types of households.
Two-adult households conversely have the consumption pattern with the
highest average energy intensity and CO2 intensity for all types of households.
The reason why the energy intensity and CO2 intensity peak for cohabitants is
that a two-person household is more likely to own a car and live in a house.
When controlling for car and house ownership there is a scale effect when
moving from one to a two-person household. The results show that the effect
on energy requirements and CO2 emissions of the current trend towards
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smaller households is likely to result in increased energy requirements and
CO2 emissions. This however depends on whether it is the number of single
or two-adult households that is increasing.
The analysis of the importance of age shows that with increasing age the
energy intensity of household consumption pattern increases. The quantitative
effect of age is around 4% per 10 years. Also the effect of age remain when
car and house ownership is controlled. Children are shown to reduce the
energy intensity and CO2 intensity of household consumption pattern.
The analysis of the importance of place of residence shows that households in
the three largest municipal areas in Sweden (Stockholm, Göteborg, and
Malmö) have a consumption pattern with a significantly lower average energy
intensity and CO2 intensity compared to households in other regions. The
energy intensity is on average 10% lower for households living in large
municipal areas and the CO2 intensity around 16% lower. Also after
controlling for all seemingly important independent variables such as car and
house ownership, and demographic variables the energy intensity is around
3% lower and CO2 intensity is around 6% lower for households in large
municipal areas.
In the last section of this chapter a twin analysis of the analysis done in the
Chapter 5 is performed. It is estimated that the potential for reducing energy
requirements is around 7% and CO2 emissions around 10% if high energy and
CO2 intensive households reduce their energy requirements and CO2
emissions to the average level for a similar type of household.
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Part III
The Potential for Change
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7 Greening the consumption patterns
7.1 Introduction
The previous three chapters (Part II) have explored what characterises a green
consumption pattern, how much actual difference there is between
households in terms of energy requirements and CO2 emissions, and the
importance of some demographic factors.
The purpose of the experiments in this chapter is to explore the potential for
change. What if the optimistic scenarios held by experts and scientists came
true, what if households adopted a green consumption pattern and the best
possible technology including the anticipated technological changes in the
future. Would this have the intended effect and by how much would energy
requirements and CO2 emissions be reduced as a result of changed
consumption patterns. The reason for these questions is that previous studies
usually focussed on a single consumption category. Thus the means for
reducing emissions are dominated by suggestions to reduce consumption
without taking into account the secondary effects i.e. on what the money
saved, following reduced consumption, is spent. Since no consumption has an
energy or even a CO2 intensity of zero, any alternative type of consumption
will take back some of the savings in energy requirements and CO2 emissions.
There is even the possibility that the secondary effects of the substitution
effect could be larger than the initial saving and thus lead to increases in
energy requirements and CO2 emissions.
In the literature three consumption categories are the most frequent targets of
recommendations: Food, Travel, and Housing. These categories cover
approximately 70% of total household expenditures and 90% of total
household energy requirements and CO2 emissions. Food, Travel and
Housing are also the focus of the experiments in this chapter. The first
sections of the chapter explore the effect on energy requirements and CO2
emissions of adopting a partly green consumption pattern for each of these
categories. In section 7.5 the effects of an overall green consumption pattern
are explored.
Another consumption category, Services, has been highlighted in this context
since it is one of the consumption categories with the lowest energy intensity.
However the effect of an increase in services is not modelled in a separate
experiment since the type of household services that are mentioned as
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desirable to increase only account for approximately 1% of total household
expenditures and any realistic increase would therefore not have any
significant effect. Instead the effect of an increase in Services is modelled in all
experiments as an effect of the decrease in consumption of the major
categories.
The experiments in this chapter model, primarily, the effect of behavioural
changes but also some technological changes that are regarded as keys for
enabling reductions in energy requirements and CO2 emissions in the future,
which would consequently affect household expenditure patterns. The
experiments do not model changes in prices and policy.
The scenarios in the chapter are to a large extent based on the scenarios
presented in the Swedish Environmental Protection Agencies Future Study
2021 as they incorporate the most common suggestions found in the scientific
debate (Naturvårdsverket, 1998). In some cases the quantification is taken
from examples found in the Future Study, in others, from explicit suggestions
from other sources, and some are my own estimates.
Three points in time are chosen for the experiments,
− 2010: This is a time target for behavioral and technological changes that
are in theory possible to implement immediately. This is also the time
target for the implementation of the first step in improved fuel efficiencies
according to the agreement between the car industry and the EU.
− 2020: This, or 2021, is the time target for the scenarios set by the Swedish
Environmental Protection Agencies Future Study 2021 and the second
step for changes in fuel efficiency improvements.
− 2050: This is the time horizon for the most extreme changes to have taken
place.
The three points in time are not forecasts. Instead they are better seen as
labels indicating when the scenarios could be implemented taking into account
how long it would take to implement the behavioural changes, and in some
cases, such as fuel efficiencies and CO2 efficiencies, official time targets.
The analysis of the effects on energy requirements and CO2 emissions of
adopting a green consumption pattern is done in two major steps, a first order
analysis and a total analysis. First order means the effect before substitution
i.e. the effect on the greened category. The total analysis includes both first
and second order effects. The second order effects are the effects of the
substitution analysis. The total analysis thus determines the effect on total
household energy requirements and CO2 emissions.
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The first order analysis involves estimating the effect of adopting a green
consumption pattern by estimating the effect on energy requirements, CO2
emissions and expenditures of each change. The first order effect has been
possible to do fairly carefully since most of the changes in the scenarios can
be attributed to effects on specific subcategories with known energy and CO2
intensity values. Adopting a green consumption patterns typically lead to that
money is saved but could also lead to increased costs.
The saved (or deficit) money is redistributed to the consumption categories in
the substitution analysis, as total households expenditures should be kept
unchanged. In order to minimise the loss of utility the redistribution is done
using the marginal propensities to spend (MPS) estimated by the general linear
model (see Chapter 2 and 3). Thus the saved (or deficit) money is regarded as
an increase (decrease) in income and spent (reallocated) as such. The money is
redistributed to the eight major categories and not to subcategories since
subcategories are not modelled and therefore no MPS is estimated for
subcategories. This means that the saved money are attributed the average
energy and CO2 intensity value for that category. This in turn means that the
substitution analysis is modelled in less detail than the first order effects.
One amendment to the average energy and CO2 intensity values however is
done. Adopting a green consumption pattern changes the average energy and
CO2 intensities of the greened categories since the pattern of consumption
within the categories change. The experiments assume that when the saved
money in some small part is re-spent on a greened category the energy and
CO2 intensity will have the new (greener) values. In 2020, for example, the
energy intensity for travel after adopting the green travel scenario will have
decreased from an average of 2.18 MJ/SEK in 1996 to 1.97 MJ/SEK owing
to a smaller fraction spent on fuels. With a more detailed model the saved
money could be reallocated more carefully. It is however unlikely that this
would make any major difference to the results since the fraction that goes
back to the greened category is relatively small compared to the size of the
first order reduction.
The modeling involves two simulations. In the first simulation, the base case,
household consumption pattern, energy requirements and CO2 emissions are
estimated. In the second simulation, the experiment, the household
consumption pattern, energy requirements, and CO2 emissions after adopting
a green consumption pattern are estimated.
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In the following sections a selection of result tables and figures are presented.
Additional and more detailed result tables for all scenarios are found in
Appendix B.
7.2 Green Food consumption
This section explores and simulates the effect on total household energy
requirements and CO2 emissions if households adopt a green food
consumption pattern.
7.2.1 Experiment scenario
The basis for this experiment is a diet produced for The Swedish National
Environmental Protection Agency by the Swedish National Food
Administration with the purpose to show what a diet that is both sound from
a nutritional point of view and preferred from an environmental perspective
would look like. This example-diet, hence called the 2021 Diet, is already
described in full detail in Chapter 4.
The 2021 Diet was chosen for this experiment because first of all it is well in
line with what are considered to be the characteristics of a green food
consumption pattern from the scientific literature. Secondly, because it also
includes nutritional considerations, from this point of view, the diet can be
considered realistic.
In the other experiments in this chapter three different time horizons (2010,
2021 and 2050) are used since these experiments to some extent rely on
technology that requires time to implement. This experiment however only
relies on behavioural changes that could be adopted immediately or gradually.
This experiment does therefore only consist of one scenario, which can be
applied to all three time horizons.
This experiment also differ from the other experiments in that it uses Dutch
CO2 intensity data. The Dutch data are however only used to analyse the
relative difference between the current diet and the 2021 Diet in absence of
comprehensive and comparable Swedish data for this level of detail. Based on
the relative difference the level of CO2 emissions for the current diet and the
2021 Diet is calculated using aggregate Swedish CO2 intensity data (Wadeskog
Forthcoming). The Swedish CO2 data are then used throughout the rest of the
analysis.
As the categories in the 2021 Diet are aggregated and as there are no Swedish
average energy and CO2 intensity values for these categories, the categories in
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the 2021 Diet are disaggregated into subcategories that match the level of
detail of the energy and CO2 intensity data. In this way a more detailed
analysis of the effects on energy requirements and CO2 emissions can be
performed. It is assumed that the average fraction spent on each sub-category
in most cases remains the same i.e. the changes between the current diet and
the 2021 Diet is a change in the level specified in the 2021 Diet and with no
additional changes in the level of the subcategories. However in a few cases I
have made changes within subcategories. In the subcategory potatoes which
consists of potatoes and potato products i.e. chips, french fries, etc. the
increase is all attributed to potatoes and not potato products in line with the
intention of the 2021 Diet to reduce the consumption of “junk” food. In the
category Fruits, increases are primarily attributed to fruits that are grown in
Sweden rather than to exotic fruits. In the category Alcoholic beverages, a
higher reduction is made for strong spirits rather than for beer and wine in
line with the suggestion to reduce the consumption of alcohol. In the category
Soft Drinks, which also includes coffee and tea, soft drinks and mineral water
are reduced slightly more than coffee and tea as soft drinks and mineral water
are the primary targets according to my interpretation of the intention of the
2021 Diet.
Applying the 2021 Diet to Swedish households involves two major problems.
The first is how to apply a diet designed for an average adult male, to women,
children and the elderly. However, if the current diet and the 2021 Diet are
applied to children, women and the elderly without making any other
adjustments than for alcohol, the percentage differences in cost, energy
requirements, and CO2 emissions between the current diet and the 2021 Diet
change only slightly (on the third decimal) compared to the differences for the
average-man diets. It is thus not necessary to adapt the 2021 Diet to different
households depending on their household characteristics.
A second and more difficult problem is how to apply a specific green diet to a
real household of which hardly any have a food consumption pattern equal to
the so called current diet. Some households spend very little on food and
others much more. Some of this deviation can be explained by the fact that
households have only reported their expenditures on food during two weeks
for which they might not have had average expenditures on food. On average,
the sample households spend approximately 20% more on food than what
would be the average if one applied the current diet to households adjusting
merely for size and composition of households. An explanation of this could
be that the current diet specifies an average intake of food and not all food
bought is consumed (some is wasted). A second difference is that households
on average spend more on alcoholic beverages than what is stated in the
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current diet. A third fact is that overweight people and people who are
physically more active require more food than the quantities specified in the
so-called current diet.
Two alternative ways of applying a green diet were considered. The first was
to apply the green diet, with adjustments for household size and composition,
to the sample households. This method was rejected since this would
substantially change the consumption pattern of individual households leading
to a changed total consumption for individual households as well as the whole
sample. Also it would require that the specified current diet replace the true
diet in 1996 in order to make possible a comparison with the base case.
The method chosen for simulating the adoption of a green diet is to assume
that adopting a green diet would reduce costs, energy requirements and CO2
emissions on average by the same relative amount for all households. This
method means that households with expenditures that are higher than average
reduce costs more than households that have lower than average expenditures
on food, which is reasonable.
7.2.2 Results – Green Food consumption
7.2.2.1 First order effects
The result of the first order analysis shows that both energy requirements and
CO2 emissions are reduced in the 2021 Diet compared to the current diet
(Table 28). Energy requirements drop by around 5% and CO2 emissions are
reduced by 13%. Using the detailed Dutch CO2 intensity data the first order
analysis results in CO2 emission levels of around 2100 kg CO2 for the current
diet and 1800 kg CO2 for the 2021 Diet. Using Swedish aggregate CO2
intensity data for food, the level of CO2 emissions from food consumption is
much lower, 311 kg CO2 for the current diet and 266 kg CO2 for the 2021
Diet. The big difference, almost seven fold, in the level of CO2 emissions
from food consumption (and any other consumption) between the
Netherlands and Sweden is due to differences in energy sources, primarily for
electricity production26. The relative difference in emissions between the
current and the 2021 Diet is however similar: a reduction by 13% using Dutch
data and a reduction of 15% using a Swedish aggregate value.
The level of CO2 emissions from food consumption derived using Swedish data is an
underestimation since a lot of food consumed in Sweden is imported and the data assume the same
technology and energy mix for imports as for food produced in Sweden. Anders Wadeskog
estimates that the values for CO2 need to be adjusted upwards by approximately 20%. If Anders
Wadeskog’s estimate of 20% is correct and if the Dutch CO2 intensity data are correct, the
Netherlands has CO2 intensities for food production that are much higher than the average.
26
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The results of the first order analysis of the effects on expenditures shows that
the 2021 Diet not only requires less energy and emits less CO2 but also is
approximately 15% cheaper than the current diet
It is primarily the reduced consumption of meat that leads to the reduction in
energy requirements, CO2 emissions, and costs. Other changes that lead to
reductions are the reduced consumption of cheese, milk and yogurt, and junk
food i.e. sweets, snacks and soft drinks. The increased consumption of
primarily breads, grains and cereals, and also pulses, root crops, and
vegetables, requires some energy to produce which partially offsets the energy
savings from reduced consumption of meat and other items.
Although adopting the green diet reduces energy requirements, CO2 emissions
and costs, the relative decrease in costs compared to energy requirements and
CO2 emissions are due to that expensive types of food (meat, exotic fruits, etc.)
are reduced in quantity and cheaper types of food (root crops and pulses) are
increased in quantity. Cheap food has higher energy and CO2 intensities and
expensive food has relatively lower energy and CO2 intensities. A higher
proportion of the price of the expensive food in general is owing to other
factors than the “actual” production costs of which energy is one factor. Since
costs are reduced by more than energy requirements the energy intensity of
the 2021 diet is higher than for the current diet, 1,43 MJ/SEK instead of 1.28
MJ/SEK. Also the CO2 intensity of the 2021 Diet is higher than for the
current diet, 0.145 kg CO2/SEK instead of 0.142 kg CO2/SEK.
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Table 28: An analysis of the energy requirements, CO2 emissions and costs for the current diet
(CD) and the green 2021 diet (GD).
CD
Food item
Categories
Margarine,
butter, oil
Milk,
yoghurt,
Cheese
Meat,
poultry,
sausage, etc.
Fish
Egg
Bread
Grain, cereal
Potatoes, etc.
Vegetables
Root crops
Fruit
Dried
leguminous
plants
Sweets,
snacks
Soft drinks
Alcoholic
beverages
Sum total

GD

g/day g/day

Cost per year, SEK

CD

GD

Diff,
%*

Energy
requirements, MJ

CD

CO2 emissions, kg

GD

Diff,
%*

CD

GD

Diff,
%*

50

50

584

584

0%

1017 1017

0%

148

148

0%

400
45

300
20

952
988

715
438

-2%
-4%

1350 1014 -2%
1472 653 -4%

162
198

122
88

-2%
-5%

145
30
25
100
15
140
150
25
150

35
30
10
200
45
270
190
100
175

3225 815 -16% 3212 790 -13%
705 705 0% 1436 1436 0%
237
95 -1%
85
34
0%
933 1849 6% 1162 2298 6%
232 699 3%
311 937 3%
602 840 2%
638 1048 2%
1007 1278 2% 2353 2985 3%
110 438 2%
216 858 3%
877 1117 2% 1186 1476 2%

424
121
7
98
28
65
192
18
116

103 -15%
121 0%
3
0%
194 5%
84
3%
100 2%
243 2%
70
2%
142 1%

5

50

200
150

140
80

2446 1412 -7%
1312 896 -3%

24

22

30

296

2%

75

743

4%

5

53

2%

2712 1649 -6%
1405 801 -3%

320
135

223
75

-5%
-3%

575 486 -1% 353 313 0%
14815 12663 -15% 18984 18051 -5%

71
2108

63
0%
1832 -13%

* Percent of total

7.2.2.2 Total effects
Although the results in the previous section apply specifically to the quantities
specified in Table 1 they indicate that if households were to adopt a greener
diet energy requirements, CO2 emissions and costs would be reduced for
Food. The reduction in costs is good news for households who would like to
adopt a green diet. From an energy intensity perspective, however, the
question arises of how the saved money is spent. Recall that the analysis
assumes an unchanged total level of consumption, so as not to confound the
effects of a changed pattern with a changed level of consumption.
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Since the energy and CO2 intensity of the green diet is higher than that of the
current diet, it is enough that the energy and CO2 intensity of the substitute is
equal to the difference between the green and the current diet i.e. 0.144
MJ/SEK and 0.002 kg CO2/SEK, for the savings in energy requirements and
CO2 emissions to be taken back. If the saved money is spent on consumption
with energy and CO2 intensities that are higher than the difference, the total
effect will be a net increase in energy requirements and CO2 emissions.
The results of the total energy analyses, inclusive of both first and second
order effects, in fact show that the total household energy requirements
increase by 2% if a green diet is adopted (Figure 17). The initial first order
reduction in energy requirements by 5% is thus not only completely taken
back but also to some extent reversed. Also, total household CO2 emissions
increase by 2% after adopting a green diet (Figure 18). The substitution effect
thus takes back more than 300% of the initial savings in energy requirements
and more than 200% of the initial savings in CO2 emissions. What happens in
the experiment is that the money saved by adopting a green diet, almost 7000
SEK, is spent on other consumption categories that on average have a higher
energy and CO2 intensity than the difference in intensity between the current
and 2021 Diet (Figure 16). Most of the saved money, around 1600 SEK is
spent on Travel, 1300 SEK on Recreation, almost 1300 SEK is re-spent on
Food, 800 SEK on Clothes, almost 700 SEK on Housing, around 500 SEK
on Services, almost 500 SEK on Furniture, and 300 SEK on Health. The
increased consumption on Travel alone takes back all energy saved by
adopting the 2021 diet. The money spent on Travel has an even stronger
impact on CO2 emission since CO2 emissions increase by more than 180 kg
compared to the initial saving of 120 kg. The relatively small amount of the
savings that are spent on housing has a strong impact not only on energy
requirements but also on CO2 emissions.
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Figure 16: Effect on expenditures by adopting a green food consumption pattern

Figure 17: Effect on energy requirements by adopting a green food consumption pattern

Figure 18: Effect on CO2 emissions by adopting a green food consumption pattern
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7.2.3 Summary
The first order analysis shows that adopting a green diet decreases energy
requirements for Food by 5% and CO2 emissions by as much as 13%.
However total energy requirements and CO2 emissions do not decrease.
Instead the overall results show that adopting a green diet can lead to an
increase in energy requirements and CO2 emissions by approximately 2%. The
reasons for this are that adopting a green diet has a stronger effect on
reducing food costs than on reducing energy requirements and CO2 emissions
and that the money saved is spent on other consumption categories that have
higher average energy and CO2 intensities than food.
The analysis of the effects of adopting a green diet does not involve any
technological changes only behavioral. Assuming that the relative gain of
adopting a green diet remains over time, the results hold for any time horizon.
If, for example, a shift towards cleaner types of fuel (in terms of CO2
emissions) and more energy efficient production is implemented, the result
still holds as long as the relative differences in costs, energy and CO2
intensities between different food consumption categories and other
consumption categories remain the same.
7.3 Green Travel
This experiment explores the effects on energy requirements and CO2
emissions if households adopt the green travel patterns of the experimental
scenarios. The travel scenarios consist of the behavioural and technological
changes that scientists and experts are putting forward as desirable for
reducing CO2 emissions (reviewed in Chapter 5).
7.3.1 Experiment scenario
The green travel scenarios are divided into two parts; the first part consists of
behavioural changes and the second part of technological changes (Table 29).
The behavioural changes consist of: reduction in car ownership especially in
large cities27 and by young people, reduction in multiple car ownership,
increased use of public transport, large reductions in short distance car-travel
(<10km) replaced by walking or biking, increased enrolment in car-sharing
organisations (CSO)28 coupled with reduced distance car-travel by CSOmembers and changed driving styles (eco-driving). In addition to the
behavioural changes, technological change in terms of improved fuel
Stockholm, Göteborg and Malmö
Households that fit the pioneer characteristics are given a higher probability to enter a CSO in
2010 and 2020. In 2050 it is assumed that membership has gone beyond the pioneer groups.
27
28
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efficiencies29 is modelled as this is expected to change the costs for fuel and
thus household consumption patterns. The fuel efficiencies are in the
experiment expected to have reached 6 litres per 100 km for all new cars in
2010, 4.6 litres in 2020 and 2.5 litres in 2050.
Table 29: Exogenous variables defining the green travel scenario. The difference in percent is the
variable change in comparison with the base case (1996).
2010 2020
Car ownership among young people (Age<30) in -10% -5%30
large cities
Multiple car ownership in large cities
-10% -10%
Multiple car ownership outside of the largest cities -5%
-5%
Short distance travel (<10km) replaced by walking 25%
50%
or biking
Membership in Car-Sharing Organisations, CSO
+3% +10%
Reduced distance travelled by CSO-members
-30% -30%
“Eco-driving” – effect on average fuel
-5%
consumption
5%31
Improved CO2-efficiency
-24% -45%

2050
-5%
-10%
-5%
50%
+10%
-30%
-5%
-66%

For the changes that involve distance travelled and fuel efficiency, the effects
on expenditures, energy requirements, and CO2 emissions are estimated
assuming that only petrol consumption is affected and other travel costs
remain the same. A reduction in travel distance has the highest effect on CO2
emissions followed by energy requirements and costs, since petrol constitutes
23% of travel costs, 54% of the energy requirements and 76% of CO2
emissions. Realistically one can expect that a reduction in distance travelled
also reduces other travel costs, such as repairs, insurances, etc. This means that
the method chosen for this experiment will slightly overestimate the effects
on energy requirements and CO2 emissions.
7.3.2 Results – Green travel
The effects on expenditures, consumption patterns, energy requirements and
CO2 emissions from adopting the green travel scenario are analysed in the
In 2008 and 2012 in accordance with the agreement between the car industry and EU, in 2050 I
have used extrapolation combined with a value that is assumed to reflect what one today thinks
achievable through a combination of motor efficiency, new design, material, etc.
30 In 2020 there is less of a reduction compared to 2010 and the reduction is then not further
reduced 2050. The reason for this is that as the fuel efficiencies improve it becomes cheaper to own
and use a car and car ownership rates among young people can then not be expected to continue to
decrease. The same applies to multiple car ownership.
31 In theory changed driving style and improved maintenance of vehicles can reduce fuel
consumption by up to 22% for a specific vehicle but in practice eco-driving requires skills and
therefore a reduction potential for all households is set to 5%.
29
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same way as the adaptation of the green diet in the previous experiment. The
analysis involves a first order analysis (effect on travel) and a total analysis of
the effect on total household energy requirements and CO2 emissions.
7.3.2.1 First order effects
The set of changes affecting car ownership and car access in the experimental
scenario leads to a substantial decrease in overall car ownership levels, from
78% in the base case to 72% in 2050. Multiple car ownership is reduced from
22% to 16%. The main reason for the decrease is the increase in households
that join a Car Sharing Organisation, CSO. CSOs increase from almost
nonexistent in 1996 to 8% in 2050. The increase in CSOs increases the overall
access to cars, although ownership is decreased. The decrease in car
ownership, behavioural and technological changes combined have a major
impact on CO2 emissions, energy requirements and expenditures.
Expenditures on Travel are reduced substantially. In 2010 expenditures on
Travel will have decreased by 9%, in 2020 by 18% and in 2050 by 21% or
more than 8400 SEK (Table 30).
Energy requirements and CO2 emissions are reduced on average by more than
twice as much. Energy requirements for Travel are in 2010 reduced by 18%,
in 2020 by 32% and in 2050 energy requirements are reduced by 40%. CO2
emissions are reduced by more than energy requirements; in 2010 CO2
emissions from Travel are reduced by 25%, in 2020 by almost 42%, and in the
most extreme scenario, 2050, CO2 emissions are reduced by 53%. In 2010,
approximately half of the decrease in expenditures comes from behavioural
changes and half from technological changes. For energy requirements and
CO2 emissions technology is more important. In 2020 and 2050 technological
change increases in importance.
Table 30: First order effect on total travel costs, energy requirements and CO2 emissions from the
behavioural (Bhv), technological changes (Tec) and in total from adopting the green travel scenario.
Base case 2010
2020
2050
Bhv Tec Total Bhv Tec Total Bhv Tec Total
39 064 -4% -5% -9% -7% -10% -18% -7% -14% -21%

Expenditures, SEK
Energy requirements,
MJ
85 159 -7% -11% -18% -12% -20% -32% -12% -29% -40%
CO2 emissions, kg
4 570 -10% -15% -25% -16% -26% -42% -16% -37% -53%
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7.3.2.2 Total effects
The previous section shows that in addition to reductions in energy
requirements and CO2 emissions households save between 3600 and
8400 SEK by adopting the green travel scenario. Approximately 20% of the
saved money is re-spent on Travel in all scenarios (2010, 2020, 2050)(Figure
19). The remaining 80% is spent elsewhere. After Travel itself, the categories
that receive the highest proportion of the saved money are Recreation and
Food followed by Clothes, Housing, Services, Furniture and Health. In
percentage Furniture has the highest increase followed by Clothes, Recreation,
Services, Health, Food and Housing.
While the changes in expenditures are neutral, in the sense that total
expenditures are unchanged, the effects on energy requirements and CO2
emissions are not. When money saved by adopting the green travel scenarios
is spent on other categories the energy requirements for these categories
increases. Energy requirements saved by adopting the green travel scenarios
are however not fully back. In total, energy requirements are reduced by 3%,
from 340 700 MJ to 330500 MJ in 2010. In 2020 energy requirements are
reduced by 6% and in 2050 by 7% (Table 31 and for 2020 Figure 20). The
substitution effect takes back on average around 30% of the savings in energy
requirements. Also CO2 emissions increase as expenditures increase on the
other categories as a result of the substitution effect. But as with energy
requirements the net effect is a reduction in CO2 emissions: In 2010 by 10%
from 10100 MJ to around 9000 MJ, in 2020 energy requirements is reduced by
17% or around 1700 kg and in 2050 by 23% or around 2200 kg (Table 31 and
for 2020 Figure 21). On average more than 10% of the first order reduction in
CO2 emissions are taken back by the substitution effect.
Table 1: Total effects on total household costs, energy requirements and CO2 emissions from the
behavioural (Bhv), technological changes (Tec), and in total from adopting the green travel scenario.

Energy requirements, MJ
CO2 emissions, kg
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Base case 2010
2020
2050
Bhv Tec Total Bhv Tec Total Bhv Tec Total
340 701 -1% -2% -3% -2% -4% -6% -2% -5% -7%
10 071 -4% -6% -10% -6% -11% -17% -6% -15% -22%

Figure 19: Effect on expenditures in 2020 from adopting the green travel scenario.

Figure 20: Effect on energy requirements in 2020 from adopting the green travel scenario.

Figure 21: Effect on CO2 emissions in 2020 from adopting the green travel scenario.
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7.3.3 Summary
Adopting the green travel scenarios results in a large reduction in
expenditures, energy requirements and CO2 emissions for travel. After the
substitution effect, the decrease is diminished but not, as for the food
scenario, removed. The substitution effect in this case takes back around 28%
of the reduction in energy requirements and around 12% of the reduction in
CO2 emissions. The net reduction in energy requirements is 3% in 2010, 6%
in 2020 and 7% in 2050. The net reduction in CO2 emissions is larger, in 2010
around 10%, in 2020 around 17%, and in the extreme scenario for 2050 as
much as 22%.
7.4 Green Housing
This experiment explores the effects on energy requirements and CO2
emissions if households change their behaviour and adopt the technology
specified in the green housing scenarios described in the next section. The
scenarios are based on recommended behavioural changes and expected
future technological changes that would affect household consumption
patterns.
7.4.1 Experiment scenario
The green housing scenario is divided into two parts: the first consists of
behavioural changes that reduce the consumption of hot water32 and
household electricity (Table 32). The second part of the scenario consists of
anticipated future changes in energy requirements and CO2 emissions as a
result of technological change and a change in energy sources used for heating
i.e. new efficient furnaces using biofuels and geothermal energy33. Also, new
energy efficient types of houses that require less energy for heating are
gradually replacing the old housing stock34.

Hot water consumption can be reduced by simply using less hot water or assisted through water
saving devices such as new types of shower heads and water saving washing machines, etc.
33 Households living in houses with traditional furnaces are assumed to gradually convert to
biofuels or invest in geothermal energy.
34 In the green housing scenaria it is assumed that all new houses are so called energy houses. The
replacement rate of the old housing stock is 1% per year, a figure which is based on the net change
between 1985 and 1995.
32
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Table 32: Exogenous variables defining the green housing scenario. The difference in percentage is
the variable change in comparison with the base case (1996).
Behavioural changes
2010 2020 2050
Reduced consumption of hot water
-20% -20% -20%
Reduced consumption of household electricity
-20% -30% -40%35
Technological change
“Energy-houses” - Reduced ER for heating purposes
-50% -58% -70%
Biofuels - % of houses that have been shifted to biofuels
20% 60%36 30%
Biofuels - Reduction in costs for heating purposes
-40% -40% -40%
Geothermal energy - % of houses that have been shifted to 10% 15% 15%
geothermal energy
Geothermal energy - Reduction in costs for heating -60% -60% -60%
purposes

The size and effect of the behavioural and technological changes are in some
cases taken from examples in the Environmental Protection Agencies Future
Study 2021, and in other cases based on personal communication with
companies selling bio-fuel furnaces, geothermal energy technology in
combination with statistics concerning replacement rates of houses from
Statistics Sweden.
The scenarios involve changes in two housing categories: heating and
household electricity. Heating constitutes 15% of total housing costs and over
60% of total energy requirements and CO2 emissions. Household electricity
constitutes 4% of total expenditure of housing costs and 17% of total energy
requirements and CO2 emissions for housing. These relationships are used to
calculate the first order effect on housing expenditures, energy requirements,
and CO2 emissions from each change imposed by the green housing scenario.
Changes in the energy sources used to produce electricity (for example wind
energy) are not part of the scenarios as the aim of the thesis is to model the
effects of changes in consumption patterns and not technological change per
se. Swedish electricity is almost carbon free so an increase in renewable energy
sources will not change the CO2 intensities much unless nuclear power is
brought to a close. Technological change is included when it affects the
consumption pattern of the individual household (as for example the
investment in geothermal energy).
The continued decrease in household electricity consumption is motivated by expectations about
continued improvements in energy efficiencies.
36 The reason why the percentage of households living in houses heated with bio fuels peaks in
2020 rather than in 2050 is that in 2050, 55% of all households live in houses built after 1996 and
are thus energy houses that are so energy efficient that they no longer have any type of furnace.
35
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Households in apartments are not affected by the changes in the part of the
experimental scenario that involves heating since these households can not
influence the type of fuel used for heating. Also, households in apartments
have a lower incentive to reduce the energy consumption for heating, since it
has no direct effect on their costs for housing. The effect of the expectation
that heating plants will increasingly use renewable energy sources is not
modelled since it is uncertain how this would affect household costs. One can
assume that it would not affect costs by much and thus would have little
effect on household consumption patterns.
7.4.2 Results - Green Housing
7.4.2.1 First order effects
By adopting the green housing scenarios expenditures, energy requirements
and CO2 emissions from housing decrease, the latter two substantially. In
2010 total costs for housing are reduced on average by around 4% or 2600
SEK, in 2020 by around 6% or 4200 SEK and in 2050 by around 7% or 5000
SEK (Table 33). The relative effect on energy requirements and CO2
emissions is around 4 times as high. In 2010 the reduction in energy
requirements and CO2 emissions is around 15%, in 2020 around 23% and in
2050 around 28%.
In 2010 behavioural changes reduce energy requirements and CO2 emissions
more than technological changes but in 2020, and even more so in 2050,
technological changes are more important than the behavioural changes of the
scenario.
Table 33: First order effect on housing costs, energy requirements and CO2 emissions from the
behavioural (Bhv), technological changes (Tec) and in total from adopting the green housing
scenario.
Base case 2010
2020
2050
Bhv Tec Total Bhv Tec Total Bhv Tec Total
Expenditures, SEK
65 879 -2% -2% -4% -3% -3% -6% -3% -4% -7%
Energy requirements, MJ
153 814 -9% -6% -15% -11% -13% -23% -13% -16% -28%
CO2 emissions, kg
3 755 -9% -6% -15% -11% -12% -23% -13% -15% -27%
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7.4.2.2 Total effects
In line with the energy intensity perspective all expenditures are taken back
and money saved on Housing is re-spent on all categories, including a small
proportion, which is re-spent on Housing itself (Table 34 and for 2020
alsoFigure 22). In absolute terms the largest proportion of the money saved
by adopting the green housing scenario is spent on Travel (more than 20%)
followed by Recreation, Food, Clothes, Services, Furniture and Health. In
percent Furniture has the highest increase followed by Clothes, Recreation,
Services, Travel, Health and Food. The substitution effect increases energy
requirements by between 1-2% on each category.
The total effect on energy requirements is a net decrease by 6% in 2010, 9%
in 2020 and 11% in 2050 (for 2020 Figure 23). On average 14% of the initial
savings in energy requirements are taken back by the substitution effect. The
substitution effect is more severe for CO2 emissions than for energy
requirements. Almost 20% of the initial savings in CO2 emissions are taken
back. The net decrease in 2010 is 4%, in 2020 7% and in 2050 8% (for 2020
Figure 24). The reason why the substitution effect diminishes the initial
reduction in CO2 emissions more than energy requirements is that in absolute
terms most of the money saved by adopting the green housing scenario is
spent on Travel, which is the category with the highest CO2 intensity.
Table 34: Total effect on household costs, energy requirements and CO2 emissions from the
behavioural (Bhv), technological changes (Tec) and in total from adopting the green housing
scenario.
Base case 2010
2020
2050
Bhv Tec Total Bhv Tec Total Bhv Tec Total
Energy requirements,
340 701 -4% -2% -6% -4% -5% -9% -5% -6% -11%
MJ
CO2 emissions, kg
10 071 -3% -2% -4% -3% -4% -7% -4% -5% -8%
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Figure 22: Effect on expenditures in 2020 from adopting the green housing scenario.

Figure 23: Effect on energy requirements in 2020 from adopting the green housing scenario.

Figure 24: Effect on CO2 emissions in 2020 from adopting the green housing scenario.
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7.4.3 Summary
The changes imposed by the green housing scenario, which involves both
behavioural and technological changes have the intended effect of reducing
total household energy requirements and CO2 emissions. The total effects are
however diminished by the substitution effect, energy requirements less than
CO2 emissions. On average 14% of the energy requirements are taken back
and 19% of the CO2 emissions. The net decrease is a reduction in energy
requirements by 6% 2010, by 9% 2020 and by 11% 2050. CO2 emissions are
reduced by 4% in 2010, 7% in 2020 and 8% in 2050.
7.5 An overall green consumption pattern
This experiment explores the effect on energy requirements and CO2
emissions if households were to adopt an overall green consumption pattern
including all the changes specified in all the previous scenarios.
7.5.1 Experiment scenario
The overall green consumption scenarios combines all the previous scenarios:
green food consumption, green travel and green housing. As the three major
categories covered by these scenarios constitute around 90% of total
household energy requirements and CO2 emissions and approximately 70% of
expenditures, the overall green consumption scenarios can be regarded as an
almost completely green consumption pattern.
7.5.2 Results - An overall green consumption pattern
7.5.2.1 First order effects
By adopting the behavioural and technological changes of the overall green
consumption scenarios total household expenditures decrease substantially, in
2010 by 8% or around 12 500 SEK (Table 35). With the exception of the
fraction of the change owing to new houses built prior to 2010 (all assumed to
be energy houses) this decrease could be achieved immediately since the 2010
scenario does not require technological but behavioural changes.
In 2020 the total savings are 11% or almost 17 000 SEK and in 2050 13% or
almost 20000 SEK. The behavioural changes reduce costs more than the
technological changes in all three scenarios. Energy requirements are reduced
more than costs. In 2010 energy requirements for the greened categories are
reduced by 14% in total or around 42 000 MJ.
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In 2020 the energy requirements for the greened categories are down 22%
and in 2050 by 28%. Behavioural changes are more important for reducing
energy requirements in 2010 but in 2020, and more so in 2050, technological
changes are more important.
The CO2 emissions from the greened categories are reduced relatively more
than the energy requirements. In total, the first order effect leads to a
reduction in CO2 emissions from the greened categories in 20% or 1900 kg in
2010. In 2020 CO2 emissions from the greened categories are reduced by 32%
or almost 3000 kg. In 2050 CO2 emissions from the greened categories are
reduced by 40% or around 3700 kg.
In 2010 behavioural and technological changes reduce CO2 emissions from
the greened categories by the same relative amount. In 2020 and much more
so in 2050 technological changes reduce CO2 emissions from the greened
categories more than behavioural changes.
Table 35: First order effects on expenditures, energy requirements and CO2 emissions for the
greened categories from adopting the behavioural (Bhv) and technological (Tec) changes of the overall
green consumption scenario.
Base case 2010
2020
2050
Bhv Tec Total Bhv Tec Total Bhv Tec Total
151 480 -6% -2% -8% -7% -4% -11% -8% -5% -13%

Expenditures, SEK
Energy requirements,
MJ
294 710 -8% -6% -14% -10% -12% -22% -11% -17% -28%
CO2 emissions, kg
9 256 -10% -10% -20% -14% -18% -32% -15% -25% -40%

7.5.2.2 Total effects
The first order analysis shows that, in addition to reducing energy
requirements and CO2 emissions, adopting an overall green consumption
patterns decrease household expenditures by between 12 000 and 20 000 SEK. The
substitution analysis shows that around 50% of the saved money, in all
scenarios (2010, 2020, 2050), goes back to the greened categories and in
absolute terms most is spent on Travel (Figure 25).
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After Travel most of the saved money is spent on Recreation followed by
Food, Clothes, Housing, Services, Furniture and Health. Which categories will
receive most of the saved money is determined by a combination of the size
of the category in terms of expenditures and the marginal propensity to spend
(MPS37) for that category.
The relative changes are a direct result of the MPS values for each of the
categories. The category that has the highest relative increase is Furniture
followed by Clothes, Recreation, Services, Travel, Health, Food and Housing.
Both in terms of absolute and relative changes, these rankings stay the same in
all scenarios.
The substitution effect takes back around 33% of the initial savings on energy
requirements. After the substitution effect there is a net reduction in total
household energy requirements in 2010 by 8% or 26 000 MJ (Table 36). In
2020 the net reduction is 13% or 46 000 MJ and in 2050 17% or 58 000 MJ.
The substitution effect diminishes less for the first order effects on CO2
emissions than on energy requirements. Approximately 20% of the initial
decrease in CO2 emissions is taken back. The net reduction in CO2 emissions
is 13% in 2010 or 1300 kg CO2, 23% or 2600 kg in 2020 and 30% or 3000 kg
in 2050.
Table 36: Total effect on total household costs, energy requirements and CO2 emissions from the
behavioural (Bhv), technological changes (Tec) and in total from adopting the overall green
scenarios.
Base case 2010
2020
2050
Bhv Tec Total Bhv Tec Total Bhv Tec Total
Energy requirements,
340 701 -3% -4% -8% -5% -8% -13% -5% -11% -17%
MJ
CO2 emissions, kg
10 071 -6% -8% -13% -8% -14% -23% -9% -20% -29%

The MPS is a measure of the change in expenditure on the category divided by a change in total
expenditure
37
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Figure 25: Effect on expenditures 2020 from adopting the overall green consumption scenario.

Figure 26: Effect on energy requirements 2020 from adopting the overall green consumption
scenario.

Figure 27: Effect on CO2 emissions 2020 from adopting the overall green consumption scenario.
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The consumption pattern, in terms of fraction of total expenditures spent on
each consumption category, changes when the overall green consumption
scenarios are adopted (Table 37). In 2010 the largest change in the
consumption pattern is that the fraction spent on Food is reduced from 21%
to 19%. Other changes are that the fraction spent on Recreation, Clothes and
Health increases by one percent. In 2020 the fraction spent on Food is
unchanged, the fraction spent on Recreation however has continued to
increase and is 15% in 2020. Services have increased from 6% to 7%. In 2050
there is no additional change compared to 2020.
Table 37: The effect on household consumion patterns by adopting the overall green consumption
scenarios
Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

Base case
17%
29%
21%
13%
6%
4%
6%
3%
100%

2010
17%
29%
19%
14%
7%
4%
6%
4%
100%

2020
16%
28%
19%
15%
7%
4%
7%
4%
100%

2050
16%
28%
19%
15%
7%
4%
7%
4%
100%

Although adopting the overall green consumption patterns reduces energy
requirements and CO2 emissions, the energy requirements are still about 6 to
10 times as high as what has been estimated to be a sustainable per capita
energy consumption level e.g. between 32 and 50 GJ per capita and year
globally.
7.5.2.3 Total effects – With constraints on how saved money is spent
In all previous experiments the saved money is reallocated to all consumption
categories. Hypothetically if the money saved by adopting a green
consumption pattern were to be spent only on the residual categories i.e. the
categories that are not greened this should reduce energy requirements and
CO2 emissions more since the residual categories have, on average, energy and
CO2 intensities that are less than half of the greened categories. This is also in
line with the recommendation to increase expenditures, especially on services,
to achieve a greener consumption pattern.
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When the saved money is only allowed to be spent on the residual categories,
the substitution effect is, approximately half as large, around 17% for energy
requirements and 7% for CO2 emissions, compared to 32% and 20% in the
respective experiments in which saved money is spent on all categories.
The net decrease in energy requirements is 10% in 2010 compared to 8%
when reallocation is not restricted. In 2020 the reduction is 16% compared to
13% and in 2050, 18% compared to 17%. The net decrease in CO2 emissions
in 2010 is 17% compared to 13% when reallocation is not restricted. In 2020
the reduction is 27% compared to 23% and in 2050, 30% compared to 29%.
When substitution is restricted to the residual categories, the overall green
consumption scenarios results in substantial changes in the overall pattern of
consumption (Table 38). The fraction of total expenditures spent on the
major categories decreases substantially. Travel is reduced from 17% in the
base case (1996) to 11% in 2050. The fraction spent on Housing changes less,
from 29% in1996 to 27% in 2050. The fraction spent on Food changes from
21% in 1996 to 18% in all three scenarios as this change is implemented in full
in 2010 and then not further greened. The fraction of total expenditures spent
on residual categories that in the base case constitute around 30% of total
expenditures is increased substantially as all savings on the major categories
are reallocated to the these categories. For example, the category Recreation
increases from 13% to 18% of total consumption expenditures. Although the
category Recreation includes a lot of “immobile” categories for example
telecommunications, newspapers, books, etc. it also includes categories that are
related to some types of transport for example recreational equipment
(camping, fishing, photography, concerts, cinema, theatre, etc.) However
Recreation does not include leisure travel. This means that the increase in
Recreation must be done within the framework of the reduced travel, which
in practice adds to the difficulty of adopting the green travel scenario. The
same applies to the relatively high increases in the other residual categories:
Clothes, Furniture, Services and Health. Clothes increase from 6% in 1996 to
9% in 2050. Services increase from 6% in 1996 to 8% in 2020 and 2050.
Furniture and Health, both small categories, increase although moderately.
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Table 38: Household consumption pattern after adopting the overall green consumption patterns
with constraints on substitution and at base case (1996)
Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

Base case
17%
29%
21%
13%
6%
4%
6%
3%
100%

2010
14%
28%
18%
16%
8%
5%
7%
4%
100%

2020
12%
28%
18%
17%
8%
5%
8%
4%
100%

2050
11%
27%
18%
18%
9%
5%
8%
5%
100%

7.5.2.4 Income growth and its effect on Energy Requirements and CO2 emissions in 2020
All experiments in this chapter have explored the effect of changed
consumption patterns keeping total income unchanged. It is however a wellknown fact that as income increases so does energy requirements. Also CO2
emissions increase given unchanged technology. On an aggregate level (GDP)
this has been shown in Chapter 2 and on a household level in Chapter 5.
The purpose of this section is to calculate the net effect on energy
requirements and CO2 emissions while taking into account income growth.
This is of interest in order to get an idea of how fast income growth will
outpace effects of both behavioural and technological changes imposed by the
investigated green scenarios.
Real income growth between 1970 and 1999 has ranged between -2.2% and
6.5% per year with an average of 1.84%. In this section two different levels of
income growth are modeled: a low income growth of 1% per year and a
moderate income growth of 2% per year. The Swedish National Energy
Administration assumes in their forecast for Swedish energy consumption up
to 2020, an income growth of 2.4% between the years 1997 and 2010 and
1.9% between 2010 and 2020 (Energimyndigheten, 2001).
Using the consumption model to estimate the effect on energy requirements
and CO2 emissions from yearly increases in incomes of 1% results in a 25%
increase in energy requirements and a 24% increase in CO2 emissions by 2020
without any behavioural or technological changes i.e. in the base case (Table
39). If instead the yearly income growth is 2% this gives a 54% increase in
energy requirements and 55% increase in CO2 emissions by 2020 (Table 40).

149

The net effect after adopting the overall green consumption scenarios
combined with an income growth of 1% per year is a 5% increase in energy
requirements and a 7% reduction of CO2 emissions by 2020. An income
growth of 2% per year results in a net increase in both energy requirements
and CO2 emissions by 29% and 13%, respectively.
Thus the reduction in energy requirements achieved by the behavioural and
technological changes in the overall green consumption scenarios is outpaced
by income growth by 2020 even if income growth is very low. If income
growth is moderate, the net effect is an increase in energy requirements by
almost 30%.
The reduction in CO2 emissions achieved through the 2020 overall green
consumption scenarios is not outpaced completely by a low income growth of
1% per year but leaves a net reduction of 7%. With a moderate income
growth of 2% per year the decrease in CO2 emissions is outpaced by 2020
leaving a net increase of 13%.
The modelling of the effect of income growth raise some question about how
to model increased consumption of greened categories. Historically, all
consumption categories have grown, but if households adopt, for example a
green food consumption pattern how will increasing wealth affect a greened
food consumption pattern? This is tackled by assuming that expenditures on
all categories increase with no change in the overall pattern of consumption
but that the energy intensity remains the same i.e. households continue to
make green choices within each category.
The forecast obtained by using the consumption model is a bottom-up
approach and assumes unchanged overall technology and energy
infrastructure including mix of energy sources. It includes changes in enduser technology i.e. the technology that is directly chosen and purchased by
households and also changes in their choice of energy sources.
Using the consumption model, the energy requirements and CO2 emissions
are directly related to household consumption through life cycle assessment
(LCA). Using LCA data in turn means that energy requirements are directly
related to the consumption items (products) regardless of where the
production has taken place (in Sweden or elsewhere) and when (this year or
earlier) production took place.
The bottom-up approach differs in this way methodologically from, for
example, the scenarios forecast made by the Swedish National Energy
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Administration for the Swedish Third National Report to the Climate
Convention (Energimyndigheten, 2001). Their estimate analyses the effect on
direct energy use in Sweden. It includes for example the assumption that some
energy intensive industries will leave Sweden if energy prices increase as a
result of the initiation of the closure of nuclear power plants.
Their estimates are based on two scenarios. The first one assumes that
Sweden reinvests in and runs the existing nuclear power stations and that the
price of energy increases slightly compared to today. In the second scenario,
the nuclear power stations are closed after having run for 40 years, which
means that they will start to be closed down by 2012 and that this leads to
higher energy prices.
The estimates by the Swedish National Energy Administration are based on
estimates from the energy sector and for the demand in industry, housing and
Services, and transport. The industry sector is estimated to grow by between
2.1 and 2.6% per year. Energy intensive industry is expected to lose some of
its relative importance during the scenario period. The value of production is
assumed to increase by 65% while energy consumption to increase by around
20%. The development in the housing sector is assumed to lead to an increase
in energy consumption but a decrease in CO2 emissions as electricity for
heating will increase, fossil fuel will decrease, bio fuels will increase, and the
use of heat pumps will increase. This assumption is similar to the assumption
in the housing scenarios in this thesis.
The transport sector by 2020 is assumed to continue to primarily use fossil
fuel and the transport volume is expected to increase quite a lot. As in the
green travel scenarios in this thesis, the agreement between the car industry
and EU (the ACEA-agreement) is expected to be followed and lead to
improved fuel efficiencies for new cars. The CO2 emissions from district
heating are assumed to decrease by 30% although the use is expected to
increase. This is owing to increased use of bio fuels. By 2020 80% of the fuel
in district heating plants is expected to be bio fuels. This assumption is not
included in this thesis scenarios since it is related to energy infrastructure
rather than households consumption patterns.
The emissions from the production of electricity differ a lot between the two
scenarios by the Swedish National Energy Administration. In the first
scenario, CO2 emissions decrease slightly. In the second scenario CO2
emissions are doubled. Renewable energy sources are expected to gain in
importance. In the second scenario Sweden will rely more on imported
electricity which is assumed to be produced by fossil fuel (gas). According to
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the forecast by the Swedish National Energy Administration CO2 emissions
are estimated to increase by 5% or 11% by 2020 excluding international air
and sea travel and by 11% and 17% including international air and sea
transport depending on the scenario assumptions.
Since both the methodology and the assumptions differ and overlap it is
difficult to compare and draw conclusions by comparing the Swedish National
Energy Administrations estimates with the estimates in this thesis. However in
attempting to do that, one can start by establishing that the only relevant
comparison is with their first scenario since there they assume a similar
income growth as in the experiment in this section. Further this thesis
assumes continuation of present patterns of energy production as in their first
scenario. Their first scenario estimate is an increase in CO2 emissions by 1117% compared to the estimate in this section by 13%. Their estimates do not
include any behavioural changes but do include changes in production and
more extensive changes in energy infrastructure than the scenarios in this
thesis. The only conclusions that can be drawn are that in this thesis the
results are not inconsistent with those of the Swedish National Energy
Administration but that the only relevant comparison for this thesis projection
is with the base case scenario.
Table 39: Effect of an income growth of 1% per year between 1996 and 2020 with and without
greener consumption patterns.

Energy requirements
CO2 emissions

Base case
1996
2020
MJ
MJ
340 701
424 199
10 071
12 482

Change
%
25%
24%

Experiment
2020
Change
MJ
%
359 109
5%
9 354
-7%

Table 40: Effect of an income growth of 2% per year between 1996 and 2020 with and without
greener consumption patterns.

Energy requirements
CO2 emissions
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Base case
1996
2020
MJ
MJ
340 701
526 820
10 071
15 600

Change
%
54%
55%

Experiment
2020
Change
MJ
%
438 878
29%
11 386
13%

7.5.3 Summary
Adopting an overall green consumption patterns reduces energy requirements,
and CO2 emissions fairly substantially. In total household energy,
requirements are reduced by 8% in 2010, by 13% in 2020 and by 17% in 2050.
CO2 emissions are reduced more than energy requirements. In 2010 total
household CO2 emissions are reduced by 13%, in 2020 by 23% and in 2050
by 29%. If the saved money from adopting the overall green consumption
pattern is only allowed to be spent on the residual categories (Recreation,
Clothes, Furniture, Household, Services and Health) the result is that total
energy requirements and CO2 emissions are reduced by a few percent units
more. In 2010 energy requirements are reduced by 10%, in 2020 by 16% and
in 2050 by 18%. CO2 emissions in 2010 are reduced by 17%, in 2020 by 27%
and in 2050 by 30%.
Accounting for the increase in energy requirements and CO2 emissions that
follow income growth it is estimated that a low income growth of 1% per year
will outpace the savings in energy requirements in 2020 resulting in a net
increase of around 5%. The savings in CO2 emissions from adopting the
overall green consumption scenarios will however not be completely outpaced
by a low income growth but leave a net decrease in CO2 emissions in 2020 of
around 7%. With a moderate income growth of 2% per year both the savings
in energy requirements and CO2 emissions from adopting the overall green
consumption pattern is outpaced by income growth. The net effect of a
moderate income growth is on energy requirements in 2020 a net increase by
29% and on CO2 emissions a net increase of 13%.
7.6 Summary
The most important conclusion from the experiments in this chapter is that
the effect of adopting a green consumption pattern can vary substantially
depending on which type of consumption is greened. In extreme cases,
adopting a partly green consumption pattern can even lead to increased
energy requirements and CO2 emissions.
Adopting a partially green consumption pattern significantly reduces energy
requirements and CO2 emissions if and when the target is the consumption
categories with the highest energy and CO2 intensities. In these cases the
substitution effect takes back some of the initial reduction but is likely to leave
a significant part of the reduction as a net decrease in energy requirements and
CO2 emissions. This is the case in two of the three experiments in this chapter
in which a partly green consumption pattern is adopted: the green travel
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experiment and the green housing experiment. These experiments lead to net
decreases in energy requirements in 2020 by 6% and 9% respectively and a
decrease in CO2 emissions by 17% and 7%, respectively. Also, the overall
experiment scenarios lead to net decreases in energy requirements and CO2
emissions. Energy requirements are reduced by 13% or 16% in 2020
depending on whether the substitution is constrained or not and CO2
emissions by 25% or 27%.
The results of the experiments in this chapter also show that adopting a
partially green consumption pattern can increase energy requirements and
CO2 emissions. This has been shown to be the effect if and when the target is
not consumption items with the highest energy and CO2 intensities as in the
case of the food experiment. In this experiment the adoption of a green diet
leads to high first order decreases in energy requirements and CO2 emissions
which are not only all taken back by the substitution effect but also the
substitution effect even reversed the effect leaving a net increase in energy
requirements and CO2 emissions. In relative terms the substitution effect
from adopting a green food consumption pattern is more than 300% for
energy requirements and more than 200% for CO2 emissions but in absolute
terms the size of both the initial reductions in energy requirements and CO2
emissions is rather small and so are the net increases, about 2%, or an increase
in energy requirements of around 6000 MJ and in CO2 emissions around 170
kg.
The size (importance) of the substitution effect i.e. how much of the first
order effect is taken back by the second order effect, thus varies in the cases
of the experiments of this chapter from as low as 6% in the constrained
overall experiment in which saved money is only allowed to be spent on the
residual low energy and CO2 intensity categories, to the upper extreme of
300% in the case of the food experiment.
Concerning the primary goal of this thesis, to explore whether or not changes
in consumption patterns can reduce energy requirements and CO2 emissions
significantly, the conclusions of the experiments in this chapter show that
adopting a green consumption pattern can contribute to reducing energy
requirements and CO2 emissions compared to “business as usual”.
Conclusions about the size of the potential quantitative effects indicate
potentials of up to 13% for energy requirements and 25% for CO2 emissions
in 2020. For the most extreme scenario, 2050, the results indicate potentials of
up to 17% for energy requirements and 30% for CO2 emissions. If only the
behavioural changes are adopted the potential reductions are about half:
energy requirements are reduced by 5% in 2020 and CO2 emissions by 8%, In
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2050 energy requirements are reduced by 5% and CO2 emissions by 9% in
2050.
In the face of these figures it is important to remember that all scenarios in
this chapter are rather extreme: they include both substantial behavioural and
technological change, no rebounds (increased distance travelled or larger more
powerful cars as a response to improved fuel efficiencies, etc.) except for the
substitution effect, no increase in incomes, and the figures relate to
households that do adopt the scenarios. To translate the figures to a national
level would require adjustments as all households would not be able to adopt
all of the scenarios changes.
The results in section 1.5.3 show that the effect, in terms of reduced energy
requirements, of adopting the overall green consumption scenario is outpaced
in 2020 by income growth, even if growth is at a very low rate (1% per year).
CO2 emissions are out paced completely in 2020 if income growth is
moderate (2% per year). To bring a halt to the continuous increases in energy
requirements and CO2 emissions through behavioural and technological
changes, it will not be sufficient to adopt the scenarios specified in this
chapter. The challenge will be even greater, if, as is planned in Sweden,
nuclear power plants are to be shut down.
The effect on household’s quality of life (utility) from adopting these scenarios
has not been analysed. If the observed consumption pattern is interpreted as
the households revealed preference in line with economic theory then any
change in the pattern of consumption will reduce the household’s utility and
the loss in utility can then be seen as a price for achieving the reduction, a
price with can be set against the value of achieving the reduction in energy
requirements and CO2 emissions. If however the observed consumption
pattern is interpreted as merely satisfactory, in line with Simons (1952)
postulate of human beings as satisficers this then means that other
consumption patterns can be equally or even more satisfying in which case
there does not need to be a price in terms of reduced quality of life for
achieving the reduction.
A methodological conclusion is that the energy intensity perspective is a
useful tool for analysing first and total effects of policy or specific green
consumption scenarios. Although it is hard or even impossible to predict
human behaviour a simple first order analysis can determine if there is a risk
that the total effects might be opposite to the intended results. There is a great
risk for this when the first order reduction in costs is relatively higher than the
reduction in energy requirements and CO2 emissions. In these cases, the total
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effects are likely to be the opposite of the first order effects. Only if the saved
money is spent on consumption with a very low energy intensity can the first
order gain in these cases be maintained. The energy intensity perceptive here
provides a method for calculating the energy and CO2 intensity threshold for
each of the scenario i.e. what the lowest average energy intensity of the
substitute has to be in order for the effect not to be reversed.
The policy implication of the results and conclusions drawn from this chapter
is that policy should target the consumption categories with the highest energy
and CO2 intensities and needs to consider not only first order effects but also
total effects. By adopting an energy intensity perspective these effects can be
estimated fairly easily.
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8 Demographic Change, Energy Requirements and CO2
Emissions
8.1 Introduction
The purpose of this chapter is to explore whether or not the substantial
demographic changes that are estimated to take place during the coming
decades will affect energy requirements and CO2 emissions. Through
demographic change the aggregate lifestyle and consumption pattern of the
population will change not as a consequence of deliberate choice as in the
experiments in the previous chapter, but “automatically” as a natural effect of
the changed composition of households. As the population ages the
consumption patterns of older people for example will become more
common than today. Older people (except for the very oldest) more often live
in a house than young adults, are more likely to own a car, and live in smaller
households i.e. one or two person households. After retirement the travel
pattern also changes, as they no longer commute. Although the consumption
pattern of older people in twenty or thirty years might have changed there are
certain differences that are likely to remain.
The demographic changes that are explored in this chapter are the same ones
as in Chapter 6, ageing, household dilution and urbanisation. However in this
chapter the effect is not explored variable by variable but combined using a
synthetic population which has the characteristics of a forecasted population
in 2020.
The ageing of the population i.e. increasing numbers of older persons and
decreasing numbers of children and young adults is happening to a larger or
smaller extent in all developed counties. In Sweden the fraction of the
population above the age of 60 is estimated to increase from 22% in 1996 to
around 28% by 2020 (Prognosinstitutet, 2000). The fraction of the age group
30-60 decreases from 40% in 1996 to around 38% by 2020. The fraction of
the age group below 30 decreases from 38% to around 34% by 2020. As seen
in Chapter 6, the average energy intensity of the household consumption
pattern increases with age.
Household dilution that stands for the decreasing average size of households
and consequent increase in the number of households is a trend in all
European counties. The reasons for the shift towards smaller households
includes individualisation, improved opportunities for women to support
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themselves and decreasing fertility rates. Sweden is one of the most extreme
examples in this respect and here the proportion of one-person households in
1990 had reached 40% and one and two person households, together, 70%
(Diepen, 1998).
Household size is related to ageing. In general older households are smaller.
Thus as the Swedish population ages it is assumed that the average household
size is reduced. The reduced average size of households should, according to
the results in Chapter 6, lead to increased energy requirements and CO2
emissions since, on average the larger households consumption pattern have a
lower average energy and CO2 intensity. For small households consisting of
one and two persons there is however an opposite effect. Two person
households have a consumption pattern that has higher gross average energy
intensities and CO2 intensities than one person households primarily because
two person households are more likely to own a car and live in a house than
one person households.
Throughout the 20th century, or to be more specific since 1930, urbanisation
has dominated other trends of migration in Sweden (Håkansson, 2000). This
trend is expected to continue (SOU, 2000:87). Migration experts have recently
made projections up to 2010 and 2030 based on historical migration rates
(Table 41). The fraction of the population that lives in large municipal areas is
estimated to increase from 35% in 1996 to between 44% and 51% by 2030
depending on scenario assumptions. By interpolating the projections for 2010
and 2030, the estimates for 2020 are that between 42% and 47% will live in
large municipal areas. In both projections the fraction of the population that
lives in large municipal areas are thus expected to increase fairly substantially.
This in turn might reduce energy requirements and CO2 emission since
households living in large municipal areas on average have consumption
patterns with a lower energy and CO2 intensity (see Chapter 6).
Table 41: Urbanisation scenarios, fraction of population living in urban areas
High scenario
Low scenario

Observed 1996
0.35
0.35

2010
0.43
0.40

2020*
0.47*
0.42*

2030
0.51
0.44

*Interpolation based on the estimates for 2010 and 2030

The demographic changes during the coming decades thus point in different
directions in terms of their effect on energy requirements and CO2 emissions.
Ageing points towards increasing energy intensities and household dilution
possibly points towards increasing energy and CO2 intensities dependent upon
the type of small households that will increase the most, one or two-person
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households, and finally urbanisation towards decreasing energy and CO2
intensities. The fact that the trends point in different directions plus that the
quantitative effect of all demographic variables in Chapter 6 were shown to be
small imply that the effect on total energy requirements and CO2 emissions
can be expected to be small.
8.2 Methodology - Synthetic Populations
In order to model the effect of demographic change on energy requirements
and CO2 emissions a synthetic sample population, with properties, expected in
2020 was created.
The age structure of the synthetic population is based on estimates produced
by a demographic model at Statistics Sweden. The estimates for the
population geography i.e. the fraction of households living in large municipal
areas in Sweden, are taken from the scenarios produced for regional policy
investigations in 2000 (SOU, 2000:87). In the high urbanisation scenarios it is
assumed that 47% live in large municipal areas and in the low urbanisation
scenarios that 42% live in large municipal areas by 2020. For the development
of household size, no special estimates are used except that ageing resulte in a
reduction in the average size of households since older household in general
are smaller.
For the base case a sample from the SMC SVERIGE database for 1995
consisting of almost 92 000 individuals and 53 000 households is used (see
Chapter 3). The synthetic population for 2020 is used for the experiment. The
synthetic population consists of just over 30 000 individuals and almost
18 000 households. The 1995 sample is the parent population from which the
2020 synthetic population is created (see Chapter 3).
Between 1995 and 2020 the average age increases from 39 years to 42 years
old (and the change in average age of the oldest person in households from 48
years to 50 years). The average household size is reduced from 1.72
individuals to 1.67 individuals. In the 1995 sample, 34% of all individuals and
35% of all households live in large municipal areas. In the 2020 synthetic
population scenarios with high urbanisation this has changed to 47% for
individuals and 44% of the households. In the low urbanisation scenario this
has changed to 42% for individuals and 41% for households. All age groups
above 50 increase and all age groups below 50 decrease in relative size (Table
42).
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Table 42: Age distribution 1995 and 2020.
Age
Group
0-6
7-17
18-29
30-39
40-49
50-59
60-69
70-79
80-89
90+

1995
9%
13%
16%
14%
14%
12%
9%
9%
4%
1%

2020
8%
11%
15%
13%
12%
13%
12%
11%
5%
1%

8.3 Results
The demographic changes up to 2020 do not result in any significant changes
in energy requirements and CO2 emissions. With the high urbanisation
scenario energy requirements increase by 0.5% and CO2 emissions decrease by
0.4%. With the low urbanisation scenario energy requirements increase by
0.4%, CO2 emissions decrease by 1.5%.
There is also no substantial change in the average household consumption
pattern as a result of demographic change and no differences between the
scenarios (Table 43). Expenditures on housing and food increase slightly and
expenditures on travel and the other categories decrease slightly in both
scenarios.
Table 42: The average household consumption pattern in 1995 and 2020, in percent of total
expenditures.

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total
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Consumption pattern
1995 2020 Low 2020 High
16.9
16.4
16.4
30.1
30.7
30.7
20.2
20.6
20.6
13.9
13.9
13.9
6.1
5.9
5.9
3.6
3.4
3.4
5.8
5.5
5.5
3.4
3.5
3.5
100
100
100

8.4 Summary
The experiments in this chapter show that in spite of rather substantial
demographic changes during the next decades this is unlikely to significantly
effect average household energy requirements and CO2 emissions. These
results confirm those from Chapter 6 where it was shown that although
demographic determinants significantly influence energy requirements and
CO2 emissions the quantitative effect is small.
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Part IV
Conclusions
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9 Elusive Geography
One of the initial assumptions (starting points) of this thesis was that
geography not only mattered as a determinant of household consumption
patterns but also for energy requirements and CO2 emissions. Geographic
differences in household consumption patterns were assumed to result from
differences in preferences, from different conditions, for example climatic,
historic, cultural and of most importance to this thesis from differences in
opportunities. Differences in access to public transport, commuting distances,
etc. were assumed to influence the potential for adopting a green travel pattern.
Differences in climatic conditions the potential for green housing and
differences in access to recreation e.g. restaurants, entertainment, etc. influence
the potential for green recreation.
As it turned out, geography came to play a more subordinate role than what
was originally expected. First of all the literature review revealed that the
geographic differences in consumption patterns are fairly small. They are also
small for the consumption categories that require the largest fraction of the
total household energy requirements and CO2 emissions: Travel and Housing.
Commuting distances, car ownership rates or distance traveled by car do not
differ significantly between regions. One geographic difference of significance
and of quantitative importance for car ownership and car travel is between the
largest municipal areas38 and other regions in Sweden. This difference is in line
with the literature and is also a significant determinant in the regression
equations in the consumption model. Households that live in large municipal
areas are less likely to own a car and multiple car ownership is also less
common in large municipal areas. This has the effect on the household
consumption pattern in that car owners spend a significantly larger portion of
expenditures on Travel and less on most other categories e.g. Housing, Food
and Recreation. For the city dweller the opposite is true, they spend less on
Travel and more on other categories.
For Housing the expectation was that consumption expenditures on heating
should differ between the northern and southern regions of Sweden. Energy
requirements for heating are on average around 20% higher in the north
according to earlier studies and statistics. However, in the sample used in this
thesis the households in the north did not have significantly higher
consumption expenditures on heating. The reason for this could be accidental
38

The largest municipal areas include Stockholm, Göteborg and Malmö.
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since the number of households surveyed in the north is fairly small (less than
30 households). Another reason could be that the northern households have
access to and use their own wood as a supplementary energy source. This
practice is more common in the north but does not show up in the household
expenditure study since wood primarily is used by households that have access
to their own wood resource and therefor not pay for the wood. Also in the
case of Housing the same geographic division as for travel is of significant and
quantitative importance. Households that live in large municipal areas have
significantly higher expenditures for Housing than households in other
regions. The consequence of this is that households in large municipal areas
spend less on almost all other consumption categories. The fact that
households in large municipal areas spend more on Housing than households
in other areas is not a sign of different preferences, except as a consequence
of the preference to live in a large municipal area, but a result of much higher
housing costs in these areas. This is also shown by the fact that households in
large municipal areas are less likely to live in a house and more likely to live in
an apartment. In cities the apartments are also significantly smaller than in the
rest of the country. On the other hand Houses are significantly larger in the
large municipal areas than in other regions.
From an energy consumption and CO2 emission perspective the high housing
costs in the large municipal areas have an interesting consequence. Since the
energy requirements and CO2 emissions per square meter of housing do not
differ between the large municipal areas but the costs do, the energy intensity
of housing is lower. A second order effect of the high costs for housing is that
the households have less money left for other consumption which in turn
means that the energy requirements for other consumption are also reduced.
This together with a lower car ownership rate and lower distance travelled by
car in large municipal areas means that the energy, and CO2 intensity of the
consumption pattern for households living in large municipal areas is lower.
The pattern of consumption is for these reasons more green in large
municipal areas than elsewhere. However, the general income level is higher in
cities which means that the level of energy requirements and CO2 emissions
are not significantly lower in cities.
Apart from smaller geographic differences than expected, there is also another
reason that in this thesis geography turned out to be limited to the division
between large municipal areas and other regions. This second reason is of a
more technical nature owing to the fairly broad categories modelled in the
consumption model and the property of the general linear model that the
same independent variables are used to estimate all types of consumption.
That the same independent variables are used for all categories means that

166

geographic differences that are of some (but not major) importance for a
specific category might not be significant when estimating the pattern of
consumption. In a more detailed model in which more categories are
modelled it is possible (but definitely not certain) that some additional
geographic differences would become significant.
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10 Conclusions
This thesis set out to explore if the call, in Agenda21 and elsewhere, for
changed patterns of consumption is a feasible way of reducing energy
requirements and CO2 emissions. The call is for changed patterns of
consumption not changed level of consumption. This is reasonable in the
sense that it is more realistic to expect people to be willing to consume in a
more responsible way than to reduce their level of consumption. This is,
however, what makes this call questionable since the production of every
single product and service is related to, if not direct, indirect energy
consumption and CO2 emissions. However as the energy and CO2 intensity of
different types of consumption differs there is an opportunity for a less energy
and CO2 intensive consumption pattern. The main question is if the scope is
big enough to make an important difference to the abatement of increasing
levels of CO2 emissions.
A core assumption of this thesis, and what makes this thesis different from
other studies on the relationship between energy requirements, CO2 emissions
and consumption, is that the thesis question is explored within a systems
analysis framework i.e. that not only the first order effects but also the second
order effects are included in the analysis. Further, that the focus is on the
individual households, how household characteristics and place of residence
i.e. the spatial dispersion of the population, influence household consumption
patterns and consequently energy requirements, and CO2 emissions.
What answers have been found? Essentially, that what has become an
article of faith among environmentalists and the public, that substantial
reductions in energy requirements and CO2 emissions can be achieved by
behavioural changes and by choosing “green” products, without reducing the
overall level of consumption, regrettably, will not make as big a difference as
believed.
What can be achieved in the short time perspective (practically immediately,
or at least by 2010) by adopting an almost completely green consumption
pattern is a reduction of energy requirements by no more than 8% and CO2
emissions by no more than 13%. This scenario includes: a diet that consists of
more vegetables, less meat and dairy products, reduced car ownership rates,
increased enrolment in car sharing organisations, reduced distance travelled by
car, improved fuel efficiencies, reduced consumption of hot water and
electricity, new efficient furnaces, increased use of biofuels and geothermal
energy sources, etc.
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Even if a longer time perspective is applied, which allows for further
technological change that provide additional possibilities for households to
change their consumption pattern in an even greener direction, the effect on
energy requirements and CO2 emissions is still fairly small. By 2020, the
potential to reduce energy requirements is estimated to be 13% and the
potential to reduce CO2 emissions to be 25%. By 2020 the average fuel
efficiency of cars is assumed to be 4.6 litres per 100 km. By 2020 25% of all
households that live in a family house are assumed to live in energy houses
and all the others to have converted to biofuels or geothermal energy sources.
The households have also reduced their distance travelled by car even further:
50% of the short distance trips (<10km) are replaced by walking or biking.
In the most extreme scenario, that in addition to behavioural changes involves
the adoption of the most far-reaching technology, the scope for reducing
energy requirements is 17% and for CO2 emissions is 30%. This scenario
includes technological change that will not be widely accessible to households
until 2050.
These figures show the effect of changed consumption patterns ceteris paribus.
They are not forecasts of actual change in emissions since they are
intentionally based on experiments in which total expenditures and energy
infrastructure (except for the choices that households themselves can make)
are kept unchanged. By keeping total expenditures and the energy
infrastructure unchanged the pure effect of changed consumption patterns is
isolated.
In reality, total expenditures will grow with income. Already with a low (1%
per year) to moderate (2% per year) income growth the reduction in energy
requirements achieved by adopting an overall green consumption pattern are
outpaced, almost as soon as they are implemented, by increases in energy
requirements and CO2 emissions which are the result of increasing levels of
consumption.
In order to combine income growth and increasing household consumption
with a sustainable level of energy consumption and CO2 emissions further
changes in behaviour and technological change, other than stipulated in the
thesis scenarios are needed. It must be remembered that in this thesis all
remotely realistic changes in behaviour, as well as all currently conceivable
technological changes have been considered. Even to implement the thesis
scenarios would be extremely difficult. Changes beyond the thesis scenarios
are not realistic but purely thought experiments.
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In reality, the energy infrastructure and mix of fuels change. At the moment
biofuels and wind power are argued to be important components in a future
energy infrastructure. If the renewable energy sources are used to replace
nuclear power this however will affect neighter the CO2 intensities nor the
energy intensities very much. If the renewable energy sources instead of
replacing nuclear power are used to replace fossil fuels, the average CO2
intensities of energy consumption will be reduced.
What answers have been found related to the importance of
demography and place of residence? The results show that the
“automatic” (as opposed to the deliberate changes in lifestyle and
consumption patterns) aggregate changes in lifestyle that take place as a result
of demographic change (in terms of ageing, changing average household size
and composition, and place of residence) are unlikely to affect energy
requirements and CO2 emissions. This result emerges despite that several
demographic variables significantly influence the pattern of consumption,
energy requirements, and CO2 emissions but by an effect that is quantitatively
marginal. It is shown that although households in large municipal areas on
average have a consumption pattern with a lower energy and CO2 intensity,
not even strong urbanisation, where the proportion of households in large
municipal areas rises from the present 36% to almost 50% by 2020, would
reduce energy requirements and CO2 emissions by more than 2%.
An important finding from a policy perspective is that, although the
pattern of consumption indeed differs significantly between households with
higher than average energy requirements and CO2 emissions compared to
green households, prescribing consumption patterns as a means of reducing
energy requirements and CO2 emissions is risky business unless a careful
assessment including both first and second order effects is done beforehand.
This is illustrated by the results of one experiment in which adopting a partly
green consumption pattern lead to increased total energy requirements and
CO2 emissions. This happened in the case of the green food scenario. The
green diet is related to lower energy requirements and CO2 emissions
compared with an average Swedish diet but still leads to increased total
household energy requirements and CO2 emissions. The reason for this is that
costs are reduced even more than energy requirements and CO2 emissions
and when the saved money are spent on other consumption the net effect is
an increase in total household energy requirements and CO2 emissions. In the
case of the green diet between 200% and 300% of the initial saving in energy
requirements and CO2 emissions were taken back by the substitution effect.
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In other scenarios, in which the greened consumption belonged to a category
with the highest energy and CO2 intensity, much less was taken back by the
substitution effect, between 10% and 30%.
This finding shows the importance of applying a systems analysis approach.
It shows that data on the “embodied” energy requirements and CO2 emissions
of household goods and services is irrelevant for assessing the real effects of
adopting a green consumption patterns unless this data is combined with cost.
Further research on the potential to reduce energy requirements and CO2
emissions thus primarily needs to better capture system wide effects rather
than to improve on, and fine tune the measurement of the energy
requirements and CO2 emissions related to individual products.
The findings gives support for what economists argue, that policy should
attack the core of the problem and in the case of CO2 emissions this would be
through carbon taxes. If energy and carbon taxes are increased substantially,
the differences in energy intensity and CO2 intensity between goods and
services will be reduced and the prescription of patterns of consumption loses
its importance as a means of reducing energy requirements and CO2
emissions. In a situation where the energy and CO2 intensity of all goods and
services are the same, all lifestyles are equally green or unsustainable.
The key result of this thesis that changed consumption patterns are at best
a short term palliative against growth in CO2 emissions has been
demonstrated only for Sweden, and hinges on estimated behavioural
equations for Swedes. However, it is likely that behaviour in other wealthy
countries is similar and that the results hold not only for Sweden but also for
all developed countries (who historically and currently are the main
contributors to the increased levels of CO2 in the atmosphere). If so, the
worldwide scope for reducing CO2 emissions enough to make a difference by
changing consumption patterns in line with those explored in this thesis
appear to be both small and transitory.
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Appendix A - Energy and CO2 Intensities
Table A1: Dutch energy and CO2 intensities, 1996

Consumption category
Food
Bread, grain crop
Flour, grain
Bread
Crisp bread
White sliced bread
Other soft bread
Other Bread products
Buns
Meat
Beef and veal
Pork
Minced Meat
Other meat
Chicken and poultry
Sausage
Sliced meat sausage and other sandwich fillings
Other meat dishes and meat products
Fish
Codfish, fresh and prepared
Salmon, fresh and prepared
Herring, Baltic herring, fresh and prepared
Other fish, fresh and prepared
Shellfish
Caviar, fish eggs and other fish products
Milk, cheese
Ordinary milk
Semi skimmed milk
Skimmed milk
Powdered milk
Processed sour milk, yoghurt
Cream
Fat >=29% (whipped cream)
Fat >=10-289% (low fat cream)
Cheese
Fat >17% (Ordinary cheese, cream cheese)
Fat <=17% (Ordinary cheese, processed cheese, curd cheese)
Fat content missing

Energy
intensity,
MJ/SEK

CO2
intensity,
kg

1.34

0.12

0.99
1.25
1.33
1.31
1.36

0.08
0.11
0.11
0.11
0.12

0.96
1.08
1.15
0.86
1.02
0.86
0.83
0.96

0.13
0.15
0.16
0.11
0.13
0.11
0.09
0.12

2.18
2.18
1.72
1.99
1.99
1.99

0.17
0.17
0.22
0.16
0.16
0.16

1.47
1.47
1.47
1.38
1.31

0.18
0.18
0.18
0.18
0.15

1.37
1.37

0.21
0.21

1.49
1.49
1.49

0.20
0.20
0.20
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Table A1: Dutch energy and CO2 intensities (continued)
Consumption categories
Egg
Cooking fat
Butter
Low fat margarine
Other margarine
Cooking oil and other fat products
Mayonnaise
Fruit and berries
Apple
Pear
Bananas
Citrus Fruit (Orange, grapefruit...)
Other fresh fruit
Dried fruits and berries, nuts
Berries
Fruit and berry conserves, soups
Fruit drinks and squash
Fruit juice, nectar
Vegetables
Cucumber, fresh, pickled
Salad, different sorts, fresh
Cabbage, fresh
Tomatoes, fresh, tinned
Onion, leek
Other vegetables, fresh, prepared ready to eat
Mushroom, fresh, prepared ready to eat
Soups, vegetable dishes, salads
Dried vegetables
Roots
Potatoes
Potatoes, fresh, tinned
Sweets, sugar
Sugar
Jam, marmalade, fruit purée
Syrup, honey, sweetener
Ice cream
Other sweets, candies
Baking ingredients, sauces, spices
Sauces, dressings, spicy sauces...
Salt, spices
Baking powder and other ingredients, bouillon
Snacks
Non-alcoholic drinks
Lemonade, fizzy drinks
Mineral and soda water
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MJ/SEK
0.36

Kg
CO2/SEK
0.03

1.89
1.89
1.33
2.00
1.18

0.32
0.32
0.11
0.18
0.24

1.28
1.16
1.12
1.09
1.18
1.95
1.02
2.11
1.42
1.42

0.12
0.11
0.11
0.10
0.11
0.13
0.10
0.33
0.12
0.12

2.83
0.81
1.52
2.54
1.27
2.83
2.83
1.06
2.51
1.96

0.23
0.08
0.12
0.20
0.11
0.23
0.23
0.18
0.18
0.16

1.42

0.13

1.13
1.37
0.85
1.41
0.81

0.11
0.26
0.16
0.16
0.07

1.18
0.62
0.62
0.76

0.24
0.05
0.05
0.09

1.96
1.18

0.20
0.10

Table A1: Dutch energy and CO2 intensities (continued)
Consumption categories
Coffee
Tea
Cocoa
Alcoholic drinks (beverages)
Liquor (Spirits, wine, liqueurs...)
Wine
Beer (Alcohol >=3,5%)
Beer unspecified
Cider, low alcoholic beer
Unspecified provisions
Home produce
Eating out
Tobacco
Other articles of consumption
Electrical goods
Cleaning-agents
Tools for cleaning
Kitchen roll
Toilet paper
Plastic bags
Nail, screws etc.
Painting materials
Soap, shampoo
Cosmetics
Sanitary protection
Diapers
Other toilet requisites
Medical articles
Other products
Household services
Child minding
Social services child minding
Private child minding
Trade union charges, other insurances
Trade union charges, other insurances
Sickness and accident insurance
Group insurance
Personal items insurance
Other services
Domestic help
Cleaning
Laundry
Hair care
Banking services
Union charges
Other rates (gross)

MJ/SEK
0.57
0.68
0.51
0.76
0.36
0.90
0.84
1.96
1.34
1.34
1.36
0.76
0.21

Kg CO2/SEK
0.05
0.06
0.04
0.09
0.08
0.18
0.19
0.20
0.04
0.04

0.71
1.01
0.58
1.88
1.88
1.01
1.01
1.04
1.01
0.47
1.25
1.25
1.49
0.96
0.79

0.08
0.08
0.05
0.15
0.15
0.08
0.10
0.08
0.08
0.04
0.10
0.10
0.12
0.08
0.07

0.28
0.28

0.03
0.03

0.23
0.23
0.23
0.23

0.04
0.04
0.04
0.04

0.28
0.39
0.39
0.31
0.23
0.23
0.23

0.03
0.05
0.05
0.04
0.04
0.04
0.04

0.09
0.02
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Table A1: Dutch energy and CO2 intensities (continued)
Consumption categories
Administrative costs
Cash gifts, social benefits
Other
Clothing and shoes
Clothes
Coats
Overcoats
Fur- and skin clothing
Outfits
Dress
Jacket
Suits, Costumes
Skirts
Jeans
Other trousers
Jacket
Sweater
Baby dress
Sport clothes and bathing suits
Raincoat, outer clothes
Dressing gown, night clothes
Blouses
Shirts
Bra, corset
Other underwear
Hosiery
Hats, caps
Gloves, mittens
Accessories
Cloth, tailoring
Unspecified clothes
Cloth
Tailoring
Yarn
Sewing materials
Shoes
Ski-boots
Leather boots
Sport shoes, trainers
Shoes
Sandals, slippers
Wellington boots
Soles, repairs
Dwellings
Rent, insurance etc.
Rent, fees
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MJ/SEK
0.23
0.23
0.28

Kg CO2/SEK
0.04
0.04
0.04

0.60
0.60
1.02
0.52
0.52
0.56
0.56
0.52
0.56
0.56
0.56
0.56
0.56
0.61
0.64
0.56
0.52
0.52
0.55
0.57
0.52
0.52
0.52
0.52
0.56
1.17
0.50
1.38
0.54

0.05
0.05
0.08
0.04
0.04
0.05
0.05
0.04
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.04
0.04
0.05
0.05
0.04
0.04
0.04
0.04
0.00
0.05
0.09
0.06
0.10
0.05

0.74
0.47
0.74
0.47
0.47
0.47
0.54

0.06
0.04
0.06
0.04
0.04
0.04
0.05

1.6

Table A1: Dutch energy and CO2 intensities (continued)
Consumption categories
House - and householder's comprehensive insurance
Householder's comprehensive insurance
Real-estate tax
Other
Rent for a leasehold site
Water/sewage, garbage removal
Council taxes
Repairs
Energy
Household electricity
Heating (house)
Furniture and household utensils
Furniture and textiles
Table
Cupboard
Shelves
Chairs
Sofas
Armchairs
Beds
Lamps
Outdoor furniture
Carpets
Paintings
Venetian blinds
Soft furnishings, home accessories
Other accessories
Repair and rent of furniture
Bed-linen
Bedcovers, pillows
Mattress
Table cloth, curtain
Towels
Household equipment
Microwave oven
Toaster
Deep freezer, refrigerator, chill cabinet
Dishwasher
Vacuum cleaner
Washing machine, tumbler, drying cabinet
Sewing machine
Garden machinery
Other domestic appliances
Iron etc.
Food processor
Compost mill, high pressure car wash, compressor

MJ/SEK
0.23
0.23
0.23

Kg CO2/SEK
0.04
0.04
0.04

0.26
0.53
0.23
1.09
10.66
10.66
10.66

0.04
0.06
0.04
0.13

0.71
0.71
0.71
0.71
0.71
0.71
0.71
0.74
1.23
1.33
1.38
1.41
0.61
1.38
0.51
0.86
0.76
0.89
1.17
0.83

0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.08
0.10
0.06
0.21
0.13
0.06
0.21
0.09
0.07
0.06
0.07
0.09
0.06

0.71
0.71
0.93
0.77
0.75
0.77
0.59
1.33

0.08
0.08
0.10
0.07
0.08
0.07
0.06
0.13

0.68
0.71
1.01

0.08
0.08
0.10
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Table A1: Dutch energy and CO2 intensities (continued)
Consumption categories
Glass, porcelain
Cutlery
Cooking equipment
Storage containers
Bathroom – and sauna equipment
Tools
Garden tools
Other household equipment
Bags
Pram, pushchair
Electric shaver
Repairs, rent, accessories
Health and medical care
Medicine
Vitamins
Dental care
Medical treatment and hospitalisation
Glasses
Transport
Purchase of a car
New car
Used car
Running costs – Car
Fuel
Repair
Tyre
Other accessories
Insurance
Tax, MOT inspection
Rent of car, parking costs etc.
Garage rent
Other vehicles
Caravan, trailer
Mc, scooter, snowmobile
Moped
Bicycle
Fuel
Repair
Accessories
Insurance
Other
Local journeys
Spare time and cultural activities
Holiday home
Insurance
Repair
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MJ/SEK
1.38
1.44
1.38
1.38
0.74
1.01
1.01
1.01
1.04
0.72
0.52
0.51

Kg CO2/SEK
0.21
0.12
0.21
0.21
0.07
0.10
0.10
0.10
0.10
0.06
0.06
0.09

0.96
0.96
0.64
0.64
0.64

0.08
0.08
0.06
0.06
0.06

1.35
1.35

0.12
0.12

4.96
0.73
0.63
0.63
0.23
0.23
0.63
0.31

0.43
0.07
0.07
0.07
0.04
0.04
0.07
0.04

1.27
0.60
0.60
0.62
4.96
0.73
0.55
0.23
0.23
2.31

0.12
0.05
0.05
0.05
0.43
0.07
0.06
0.04
0.04

0.23
0.51

0.04
0.09

Table A1: Dutch energy and CO2 intensities (continued)
Consumption categories
Material for own repairs
Rent/land lease, council tax
Electricity and heating expenses
Water, sewage, garbage removal
Rent for a leasehold site or lease
Radio and TV
TV
Video (VCR)
Stereo, radio, telephone
Telephone answering machine
TV and radio - repairs, rent, accessories
Satellite dish
Play, sport, hobby
Musical instrument
Sports equipment
Fishing equipment
Camping equipment
Gramophone records
Compact Discs
Cassettes
Video tape, purchased
Video tape, rented
Toys
Hobby articles
Video camera
Camera, binoculars, accessories
Photo services
Camera equipment
Jewellery
Clocks, watches
Travel and hotel
Taxi
Conducted tour within the country
School trip within the country
Other domestic travel - train
Other domestic travel - aeroplane
Other domestic travel - bus, boat
Hotel
Foreign travel (Total costs)
Other spare time activities
Boats
Boat engines
Fuel
Boat insurance
Other boat expenses
Home computer

MJ/SEK
1.09
0.26
10.66
0.53
0.26

Kg CO2/SEK
0.13
0.04

0.81
0.65

0.15
0.07

0.71
0.49
0.49

0.07
0.06
0.06

0.64
0.52
0.52
0.84
0.75
0.94
0.94
0.65
0.53
0.69
0.58
0.65
0.64
0.64
0.48
0.47
0.47

0.06
0.06
0.05
0.07
0.07
0.08
0.08
0.07
0.07
0.06
0.05
0.07
0.05
0.05
0.04
0.04
0.04

0.06
0.04

0.26
1.78
1.78
1.78
0.42
2.31
1.55
1.62
0.85
0.85
4.96
0.23
0.73
0.81

0.08
0.08
0.04
0.07
0.15
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Table A1: Dutch energy and CO2 intensities (continued)
Consumption categories
Internet subscription
Electric tools
Other bigger spare time articles
Pet
Pet food
Veterinary services
Flowers
Sun glasses
Other
Other repairs, rent, accessories
Entertainment
Betting, lottery
Cinema
Theatre
Opera, concert
Stage appearance, dance
Museum, exhibitions
Sporting events
Membership charge for sports activities
Books, etc.
Education
Books
Morning- and evening paper
Other papers
Other printed matter
Writing materials
Postage, freight
Postage
Freight
Other TV expenses, TV licence
Other TV expenses
TV licence
Cellular phone
Accessories for cellular phone
Source: Dutch Database
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MJ/SEK
0.23
0.52
0.52
0.41
0.79
0.31
1.46
0.63
0.58
0.58

Kg CO2/SEK
0.04
0.06
0.06
0.04
0.06
0.04
0.13
0.06
0.05
0.05

0.64
0.49
0.49
0.49
0.49
0.49
0.49
0.49

0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.06

0.31
0.50
1.23
0.48
0.48
0.67

0.04
0.04
0.10
0.04
0.04
0.06

0.51
0.51

0.08
0.08

0.49
0.49
0.51
0.51

0.06
0.06
0.08
0.08

Table A2: Swedish CO2 intensities
Categories
Food
Alcoholic beverages
Tobacco
Clothes and shoes
Housing (excl energy)
Housing energy
Furniture and textiles
Petrol
Domestic appliance
Household utensils/ articles
Household services and medical
Vehicles
Train (domestic)
Buss and local transport
Air travel
Other transport (domestic)
Post and Telecommunication
Recreational goods
Entertainment
Education and literature
Restaurants and Hotel
Miscellaneous personal goods
Bank, insurance, transfers
Average
Source: (Wadeskog, Forthcoming)

kg CO2/SEK
0.021
0.019
0.007
0.009
0.010
0.247
0.024
0.380
0.008
0.017
0.008
0.011
0.034
0.083
0.055
0.117
0.009
0.014
0.012
0.016
0.012
0.013
0.011
0.042

Table A3: Average energy and CO2 intensities for the major categories
Categories
Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
*Dutch data
** Swedish data

Average Energy intensity
MJ/CO2*
2.18
2.33
1.20
0.67
0.55
0.93
0.25
1.03

Average CO2 intensity kg
CO2/SEK**
0.117
0.057
0.020
0.013
0.008
0.014
0.009
0.012

Table A4: Energy intensities (EI) and CO2 intensities (CO2I) before and after adopting a green
consumption scenario

Travel
Housing
Food

Base case
EI
2.180
2.335
1.200

2010
EI
1.971
2.058
1.326

2020
EI
1.805
1.897
1.326

2050
EI
1.650
1.808
1.326

Base case
CO2I
0.117
0.057
0.020

2010
CO2I
0.098
0.050
0.019

2020
CO2I
0.082
0.047
0.019

2050
CO2I
0.069
0.044
0.019
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Appendix B – Tables for Chapter 7
Table B1: Effects on household yearly expenditures from adopting a green diet.

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

Base case
SEK
39 139
65 874
46 501
29 458
13 619
7 850
13 362
7 691
223 494

First
order
effect
SEK

Diff
%

-6 975

-15%

-6 975

-3%

Subst.
SEK
1 567
714
1 277
1 308
771
485
549
303
6 975

Total
effect
SEK
40 706
66 588
40 803
30 766
14 390
8 335
13 911
7 994
223 494

Diff
SEK
1 567
714
-5 698
1 308
771
485
549
303
0

Diff
%
4%
1%
-12%
4%
6%
6%
4%
4%
0%

Subst.
Effect
%

100%

Table B2: Effects on household yearly energy requirements from adopting a green diet.

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

Base case
MJ
85 323
153 803
55 694
19 764
7 548
7 320
3 378
7 954
340 784

First
order
effect
MJ

Diff
%

-2 785

-5%

-2 785

-1%

Subst
MJ
3 417
1 667
1 530
877
428
451
139
314
8 823

Total
effect
MJ
88 740
155 471
54 439
20 642
7 975
7 771
3 517
8 268
346 820

Diff
MJ
3 417
1 667
-1 255
877
427
451
139
314
6 038

Diff
%
4%
1%
-2%
4%
6%
6%
4%
4%
2%

Subst.
effect
%

317%

Table B3: Effects on household yearly CO2 emissions from adopting a green diet.

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

First
order
Base case effect Diff
kg CO2 kg CO2
%
4 579
3 755
930
-121 -13%
383
109
110
120
92
10 079
-121
-1%

Subst
Kg CO2
183
41
26
17
6
7
5
4
288

Total
effect
Diff
Diff
kg CO2 kg CO2
%
4 763
183
4%
3 796
41
1%
835
-95
-10%
400
17
4%
115
6
6%
117
7
6%
125
5
4%
96
4
4%
10 207
167
2%

Subst
effect
%

238%
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Table B4: Effects on household expenditures from adopting the green travel scenarios.
Base case 2010

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

2020

First
First
Total order
order
effects Subst. change effects
SEK
SEK SEK
%
SEK
39 064 -3 619 816
-7% -6 841
65 879
366
1%
46 537
653
1%
29 480
667
2%
13 627
412
3%
7 852
268
4%
13 356
285
2%
7 700
151
2%
223 494 -3 619 3 619
0% -6 841

2050

Subst.
SEK
1 539
696
1 243
1 269
770
494
538
291
6 841

Total
change
%
-13%
1%
2%
4%
5%
7%
5%
4%
0%

First
Total
order
effects Subst. change
SEK SEK
%
-8 362 1 880 -16%
852
1%
1 522
3%
1 553
5%
940
7%
602
8%
657
5%
356
5%
-8 362 8 362
0%

Table B5: Effects on household energy requirements from adopting the green travel scenarios.
Base case

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

2010
2020
First
First
Total order
order
effects Subst. change effects
MJ
MJ
MJ
%
MJ
85 159 -15 449 1 608 -17% -27 088
153 814
855
1%
55 737
783
1%
19 778
447
2%
7 552
229
3%
7 319
250
4%
3 377
72
2%
7 964
156
2%
340 701 -15 449 4 399 -3% -27 088

2050
First
Total
Total order
Subst. change effects Subst. change
MJ
%
MJ
MJ
%
2 778 -28% -34 287 3 102 -36%
1 626 1%
1 990 1%
1 489 2%
1 822 3%
852
4%
1 042 5%
427
5%
521
7%
460
7%
561
8%
136
5%
166
5%
301
4%
368
5%
8 068 -6% -34 287 9 572 -7%

Table B6: Effects on household CO2 emissions from adopting the green travel scenarios.
Base case 2010

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total
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First
order
effects Subst.
kg CO2 kg CO2 kg CO2
4 570 -1 124
80
3 755
21
931
13
383
9
109
3
110
4
120
3
92
2
10 071 -1 124 134

2020
Total
change
%
-23%
1%
1%
2%
3%
4%
2%
2%
-10%

First
order
effects Subst.
kg CO2 kg CO2
-1 932 126
40
25
17
6
7
5
3
-1 932 229

2050
Total
change
%
-39%
1%
2%
4%
5%
7%
5%
4%
-17%

First
order
effects Subst.
kg CO2 kg CO2
-2 441 130
49
30
20
8
8
6
4
-2 441 255

Total
change
%
-50%
1%
3%
5%
7%
8%
5%
5%
-22%

Table B7: Effects on expenditures from adopting the green housing scenarios.
Base case

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

SEK
39 064
65 879
46 537
29 480
13 627
7 852
13 356
7 700
223 494

2010

2020

First
First
Total order
Total
order
effects Subst. chnge effects Subst. change
SEK SEK
%
SEK SEK
%
587
2%
916
3%
-2 603 263 -4% -4 055 409
-6%
469
1%
730
2%
478
1%
743
2%
298
2%
468
4%
195
2%
308
3%
205
1%
320
2%
108
1%
167
2%
-2 603 2 603 0% -4 055 4 061
0%

2050
First
Total
order
effects Subst. change
SEK SEK
%
1 128
3%
-5 000 504
-7%
900
2%
917
3%
574
4%
376
5%
394
3%
207
3%
-5 000 5 000
0%

Table B8: Effects on energy requirements from adopting the green housing scenarios.
Base case

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

2010

2020

2050

First
First
First
Total
order
Total order
order
effects Subst. change effects Subst. change effects
MJ
MJ
MJ
%
MJ
MJ
%
MJ
85 159
1 280
2%
1 997
3%
153 814 -23 859 541 -15% -36 374 776
-23% -43 665
55 737
561
1%
874
2%
19 778
321
1%
499
2%
7 552
165
2%
259
4%
7 319
181
2%
287
3%
3 377
52
1%
81
2%
7 964
112
1%
173
2%
340 701 -23 859 3 213 -6% -36 374 4 946 -9% -43 665

Total
Subst. change
MJ
%
2 458
3%
912
-28%
1 078
2%
615
3%
318
4%
350
5%
100
3%
214
3%
6 045 -11%

Table B9: Effects on household CO2 emissions from adopting the green housing scenarios.
Base case

Travel
Housing
Food
Recreation
Clothes
Furniture
Services
Health
Total

2010
2020
2050
First
First
First
order
order
order
Total
Total
Total
effects Subst. change effects Subst. change effects Subst. change
kg CO2 kg CO2 kg CO2 %
kg CO2 kg CO2 %
kg CO2 kg CO2 %
4 570
69
2%
107
3%
132
3%
3 755
-574
13
-15%
-873
19
-23% -1 049
22
-27%
931
9
1%
15
2%
18
2%
383
6
1%
10
2%
12
3%
109
2
2%
4
4%
5
4%
110
3
2%
4
3%
5
5%
120
2
1%
3
2%
4
3%
92
1
1%
2
2%
2
3%
10 071
-574
106
-4%
-873
164
-7%
-1 049
200
-8%
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Table B10: Effects on household expenditures from adopting the overall green consumption
scenarios.
Base case

SEK
Greened
categories
Recreation
Clothes
Furniture
Services
Health
Total

2010
First
order
effect
SEK

2020
First
Total order
Subst change effect
SEK
%
SEK

151 480 -12 553 6 389 -4% -16 940
29 480
2 336 8%
13 627
1 406 10%
7 852
897 12%
13 356
988
8%
7 700
537
7%
223 494
12 553 0% -16 940

Total
Subst change
SEK
%
8 625
3 157
1 893
1 203
1 334
727
16 940

-6%
11%
14%
17%
11%
10%
0%

2050
First
order
effect
SEK

Total
Subst change
SEK
%

-19 502 9 934
3 640
2 174
1 378
1 536
840
19 502

-6%
12%
16%
18%
12%
11%
0%

Table B11: Effects on energy requirements from adopting the overall green consumption scenarios.
Base case 2010
First
order
Total
effect Subst change
MJ
MJ
MJ
%
Greened
categories
Recreation
Clothes
Furniture
Services
Health
Total

294 710
19 778
7 552
7 319
3 377
7 964
340 701

11 880
1 567
779
835
250
555
15 867

-10%
8%
10%
12%
8%
7%
-8%

2020
First
order
effect
MJ

Total
Subst change
MJ
%

-66 186 15 160 -17%
2 118 11%
1 049 14%
1 120 17%
337
11%
752
10%
-66 186 20 536 -13%

2050
First
order
effect
MJ

Total
Subst change
MJ
%

-81 206 17 458
2 442
1 205
1 283
388
869
23 645

-21%
12%
16%
18%
12%
11%
-17%

Table B12: Effects on CO2 emissions from adopting the overall green consumption scenarios.
Base case 2010
2020
2050
First
First
First
order
Total order
Total order
Total
effect Subst change effect Subst change effect Subst change
Kg CO2 kg CO2 kg CO2
%
kg CO2 kg CO2
%
kg CO2 CO2
%
Greened
categories
Recreation
Clothes
Furniture
Services
Health
Total
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9 256
383
109
110
120
92
10 071

449
30
11
13
9
6
519

-15%
8%
10%
12%
8%
7%
-13%

-2 983

-2 983

354
28
11
12
8
6
418

-26%
11%
14%
17%
11%
10%
-23%

-3 723

597
47
17
19
14
10
705

-33%
12%
16%
18%
12%
11%
-29%
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