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Abstract: Policies to reduce household energy use usually target the individual customer.
This is probably one explanation for the limited effect of many information policies,
because two concepts with different meanings are confused: individual and household.
In most contexts, an individual stands for what s/he does, but in the policy context,
an individual is taken to represent the entire household. This is not problematic for a
single-person household, but, in a multi-person household, activities performed by
different household members influence the whole household’s energy use. This paper
illuminates problems arising from confusing the concepts of household and individual
when developing policies to reduce household energy use. Examples relate to indoor space
heating and energy-intensive home-based activities. The results indicate that it is
analytically simple to consider individuals at home, as well as their activities using
electrical appliances contributing to heating, but much more complicated to take the whole
household into consideration. Our model provides a basis for better-targeted information
actions to reduce energy use. Also, empirically based models capturing variations between
households with different activity patterns are important for developing policies resulting
in reduced energy use for space heating in multi-person households.

Keywords: energy use; household; individual; consumer; indoor space heating; policy;
energy conservation; time diaries; activities; information
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1. Introduction

Policy instruments in the energy area are intended to encourage more efficient or careful use of
resources and more ecologically sustainable behavior. Instruments promoting such behavior vary
greatly, but information is commonly used when targeting actors in the household sector [1]. Interest in
running energy information campaigns targeting households is growing steadily, and professional
actors, such as energy companies, include information campaigns in their business models [2].
However, information campaigns targeting household sector actors yield poor results, possibly because
it is rarely actively sought by household members although energy use information is easily available,
for example, on websites [3]. We claim that one reason for this failure is that energy companies and
policymakers misdirect the information because they confuse the concepts of individual and
household, two concepts with genuinely different meanings that are often used synonymously. For
example, when energy companies distribute information encouraging reduced household energy use,
such as energy saving advice and descriptions of new pricing models, they usually target the customer.
The customer is the registered person who receives the household electricity bill, but this individual
may not have significant influence on the whole household’s energy use. The customer is an individual
who is equated to the household of which the customer is a member.

If the household comprises a single member (i.e., a one-person household), the problem is not as
great, but most individuals live in households with more than one member [4]. In a multi-person
household, there are many demands and desires, and matters such as what appliances to buy and use,
what constitutes a comfortable indoor climate and how to divide household labor are continuously
negotiated [5—7]. Matters such as which individuals in the household use electrical appliances and
which individuals spend more time in the home have the most influence on the energy use, so policies
to promote energy savings and energy efficiency must take more than a single household member, i.e.,
the customer, into consideration. There is a need for increased awareness of individual variations
within and between households and of the division of labor within households: Who does what
activities using electrical appliances, space heating and hot water? Who is at home, when? What is
deemed a comfortable indoor climate? In other words, knowledge indicating who is the most
significant energy user in the household is crucial.

This paper identifies the problems that arise if the concepts of household and individual are
confused when developing policies to reduce household energy use. We will cite examples of models
of how to approach these problems. Our aim is to improve the understanding of the household sector,
making it less of a “black box™ and to reveal some important aspects to consider when formulating
energy policies targeting the household sector.

In the following, we will first describe methods and material used. Then we will discuss how
household- and individual-targeted energy policy has been dealt with in earlier studies. We will use
Swedish data, so before the presentation of our results we give some basic facts about energy use in
Swedish households. We then cite examples illustrating how it matters whether an individual or
household is targeted during policy formulation. Finally, we will suggest how to avoid confusing the
two concepts.
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2. Material and Methods

In the following section we review earlier research, we first do a review of earlier research in the
field and then we present a principal discussion about how household members’ use their home and
their electric appliances and problematize the policy implications of how to target policy information
about energy conservation. We use different material and methodological approaches for achieving our
purpose.

The household as a concept is seldom problematized in studies of energy use in dwellings or in
analyses of how to develop policy targeting household inhabitants. To get an overview of how
household and individuals were treated in earlier research we searched for articles in the Scopus and
Web of Science databases from the years 2010-2013. The following keywords were used in searching
both databases: (a) “energy use” AND household AND policy; (b) “energy use”” AND individual AND
policy; (c) “energy efficiency” AND household AND policy; (d) “energy efficiency” AND individual
AND policy; (e) “household appliances” AND policy. Altogether, 622 articles were identified by the
search. We read the abstracts of all identified articles and excluded the substantial number that had
been identified more than once, using more than one combination of keywords. We then excluded
articles treating the following: transportation, aggregated analysis of residential energy consumption,
policy to increase household access to energy, energy-efficiency measures in multifamily dwellings in
which policy targeted landlords, modeling the effects of different policy measures, and how local
policymakers should conceptualize future housing districts in order to reduce household energy
consumption. After this exclusion procedure, 42 articles were finally included in the literature review.
When we started to read the full-text articles, another 12 were found to be largely irrelevant because
they did not discuss households or individuals at all, so in the end we reviewed 30 articles. The result
of this review is presented below, under Section 3.

In Section 4, we present models of energy consumption by individuals in households inspired by the
time-geographical approach [8—11]. Two basic assumptions in time-geography are that the individual
is regarded as indivisible during any time period of her life and that all activities during a period of
time are performed in sequence. The assumption of indivisibility implies that the individual just can be
located at one place at a given point in time. It also claims that important information about the
complexity of human daily life is lost when a specific individual is looked upon in terms of an average
individual. The indivisibility of the individual and the sequential performance of activities are crucial
prerequisites for investigating the confusion between individual and household in energy policy
information directed to the household sector. For the purpose of giving empirical ground for the
models presented we utilize time-diary data. In order to carry out our investigation (to discern different
effects from looking at the individual or the household as a unit of investigation of energy use in the
household sector) we need a time-diary data set in which members of the same households have
written time-diaries during the same days. In Sweden such a time-diary data set was collected in a pilot
study by Statistics Sweden in 1996. Therein 179 households were included and 464 individual
household members, in the age span from 10 to 97 years, wrote time-diaries during one weekday and
one weekend day each [12] and just individuals from 10 years and over wrote time-diaries. Thereby,
the 1996 pilot study offers time-diaries written by individuals who live together in households and we
can use the diary information to investigate who does what activities (division of labor) and when the
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different household members are in the home. The household size varied from 1 to 10 members. The
diary data is old, but for the purpose here—to show principal differences from using the individual or
household as a leading concept in information policies—they provide useful insights. There are no
time-diary data from individuals in the same households in the ordinary national time-use surveys in
Sweden since they are sampled from registers of individuals (not households). Further, we have used
the software VISUAL Time-PAcTS [13] to illustrate when people are at home and to exemplify daily
activity sequences at individual and household levels. VISUAL Time-PAcTS includes a module in
which electricity consumption from peoples’ activities can be calculated [14,15] and we use it for
illustrating electricity use of individuals in households. The electricity calculation package is described
in [14] and is validated with measured electricity use data from households who also wrote time-diaries
during the period when their electricity use was measured [16].

3. Overview of Earlier Research on Household-Targeted Energy Policy

Policy instruments in the energy area attempt to influence processes in a way that leads to more
efficient or careful use of resources. The instruments promoting such development vary in form and
have been referred to in different terms in earlier research. One example is Bemelmans-Videc et al. [17]
that discuss policy instruments in terms of “carrots”, “sticks” and “sermons”. Sticks mean regulations
that the addressee is required to follow. Carrots are economic instruments that result in that an action
become cheaper or more expensive. Sermons are information instruments that attempt to influence the
receiver by persuasion or presenting facts on a subject. Lindén et al. [18] discuss policy targeting
households in relation to four categories: information, economic, administrative, and physical
improvement. Information instruments represent various aspects of knowledge mediation, such as
written information, labeling, and advertisements. Economic instruments include taxing, pricing,
subsidies, efc. Administrative instruments such as CO2 emission limits, prohibitions, and legislated
regulations have immediate effects, punishing deviant behavior with negative sanctions such as fines.
Finally, physical improvement instruments, such as provision of energy meters, provide immediate
feedback so as to inculcate new patterns of behavior. All four types of instruments are intended to
externally motivate actors to change routines and behavior [18]. Earlier research does however emphasize
that the most effective way to influence households is to combine different types of instruments [17-19].

Follow-up of information measures, through statistical analysis and surveys, indicate that it is
difficult to ascertain the results of a single campaign and what measures users would have taken in any
case [17,20]. Similar conclusions are articulated in the Directive of the European Parliament and
Council concerning energy end-use efficiency and energy services [21]. However, estimates have
suggested that it would be possible to reduce energy consumption by up to 30% of current levels using
informational tools [22-24]. On the other hand, there can be a problem with rebound effects, which
refer to behavioral responses to the introduction of new technologies or measures that offset the
expected beneficial effects [25-27].

Regardless, Bemelmans-Videc ef al. [17] maintain that information dissemination is seen as a
modern form of intervention, which is attractive to policymakers because it can put “emphasis on
prevention of wrong or stimulation of the right conduct by offering insights into consequences of
behavior” [17] (p. 11). Vedung [28] argues that information has become a more common means of
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control because of deregulation and privatization. Information provision can be a “pedagogical”
measure, as the government informs people about what is good or bad or how they should or should
not act. By means of information dissemination, the government tries to exert influence by
argumentation, pleas, persuasion, and education. In such policy means, the government’s relationship
with the ruled consists only of knowledge transfer and persuasion. The addressees are not forced in any
way to consider the facts or follow the advice; they are not rewarded or punished in any way, as is the
case with means of economic control or regulations.

Shove et al. [29] have demonstrated that household energy use is closely related to identity creation
and the “image” a household wants to maintain. An energy-saving measure that is consistent with a
household’s process of identity creation may be more successful than one that is not. Other researchers
have pointed to the importance of individualized energy guidance and the provision of individually
tailored information that is consistent with an individual’s values. Benders er al. [30] identified
personalized information as that which is based on the specific characteristics of a household.
Customised information takes personalized information a step further, since the targeted households
will receive energy consumption reduction options that best suit their preferences. Steg [31] concluded
that such tailored information is more effective than general information when it comes to changing
behavior. However, few studies have considered how to design tailored information to meet various
households’ needs. Steg suggested that it is possible to tailor information on energy-saving options that
are relevant to particular households, or that address a person’s economic or environmental concerns [31].

Werff and Steg [32] also conclude that it is difficult to find information campaigns that cover
energy saving actions in general; people need one campaign to, e.g., reduce car use, and another to
lower indoor temperature. For this reason, people need to engage in a range of energy saving behavior
to be able to reduce CO2 emissions. It is possible to design many different campaigns, but the risk is
that information overload is created [33—35] and that people stop paying attention. Another problem is
that there are individual variations within households and that the household’s member should be
targeted with different kinds of information.

Household or Household’s Members as Targets of Information?

The household as a concept is seldom problematized in these earlier studies of energy use in
dwellings or in analyses of how to develop policy targeting household inhabitants. To increase our
understanding on how the concepts household, individual and consumer have been used in earlier
studies we reviewed 30 recently published articles. The selection of these 30 articles is described
above in Section 2 (Material and Methods).

Most of these, 18 articles, treated the household as a unit and as one energy user regardless of its
number of members. Two articles treated a household as one energy consumer regardless of its number
of members [36,37]. Two articles problematized the fact that policy usually targets households,
which often comprise more than one member having different behavioral patterns, routines, values,
attitudes, etc. [38,39]. It was more common to treat energy consumers as individuals than as
households. Six articles treated individuals as energy consumers [40—45], while five articles treated
energy users as individuals [46-50].
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The term that was used also related to which research field the study was positioned within.
When the term used was energy consumers rather than energy users, the focus of the study was usually
on the market relationships between producers, services and buyers. When individuals were the focus,
the typical theoretical perspectives concerned behavioral science or psychology.

In relation to policy discussion in the articles (though not all articles treated policy), most (i.e., 20)
discussed policy targeting households while six discussed policy targeting individuals. Several articles
focused on individuals in their analyses but discussed policy targeting households in their conclusions.
Hargreaves et al. [46], who examined household member interaction with feedback from smart energy
monitors, interviewed and analyzed individuals but then drew conclusions concerning the household
level without problematizing this shift. Similarly, Christie et al. [40] analyzed why homeowners did
not adopt energy-efficiency technologies when these not only reduced environmental problems, but
also improved health, comfort and economic and social wellbeing. The motivations underlying this
apparent reluctance to adopt energy-efficiency technologies were investigated. Homeowners were
treated as individual consumers in the analysis but, again, were then treated as households when
discussing policy implications.

The vast majority of the articles also consider how policymakers can develop policies that most
efficiently influence households. Most abstain from discussing how policy should be designed to best
fit household members’ activity patterns in households, the variety of routines, attitudes, efc., instead
being the focus of the analysis. There are some exceptions. For example, Gadenne et al. [42] examined
green consumers, finding that government policies and subsidies did not influence their environmental
behavior. The studied green consumers did not trust governments to deliver on promises for better
policies and subsidies that would offset their costs. The authors concluded that there was a need for
improved government policies and subsidies perceived as benefitting people who are committed to better
environmental solutions and thus emphasized the household rather than policymaker perspective.

Four articles discussed, or at least mentioned, that it could be problematic to target all households
with one policy because many households consist of various members who could respond differently
to a given policy instrument. Palm and Ellegérd [38] and Ellegard and Palm [39] discussed the need,
when developing policy, to consider household activity patterns at both the individual and household
levels and to interpret these as mutually dependent. Closely related to this, Maréchal [47] discussed the
need to tailor energy policy to people’s habits. Maréchal emphasized that new policy instruments were
needed because consumers are incapable of controlling their energy consumption in reaction to given
incentives. From this perspective, habits are “counter-intentional”, which could explain the efficiency
paradox and the ongoing increase in energy consumption. Maréchal concluded that policies aiming to
reduce energy consumption should address the context in which habits are performed, arguing that the
joint use of feedback and commitment would be a promising policy strategy. Maréchal did not, however,
discuss the relationship between household members and their habits. Réty and Carlsson-Kanyama [49]
calculated the total energy used in male and female consumption patterns in Germany, Norway,
Greece, and Sweden by examining single households. They found significant differences in total
energy use between Greece and Sweden, for example, demonstrating that men used more energy for
travel, eating out and drinking. They believe that these findings should be considered in policymaking
and that it is therefore necessary to recall that many households comprise both men and women, which
calls for a different and more flexible use of policy instruments.
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Some studies emphasized the need to target different household categories with different policies.
For example, Zhang et al. [51] defined several household types with different characteristics: pioneer
greens, follower greens, concerned greens, home stayers, unconscientious wasters, regular wasters,
daytime wasters and disengaged wasters. Garabuau-Moussaoui [43] formulated a variant of this in a
unique historical study of how individuals in France, at each stage of life, build a specific relationship
with energy and energy efficiency. She concluded that it would be possible and probably necessary to
develop public policies specific to each life stage and proposed the notion of generational policies and
tools, because each life stage has its own behavior-changing possibilities as well as obstacles to those
changes. She concluded that “Energy-conservation policies can be based on all these stages of life and
relationships between generations to implement more personalized, realistic advice taking contexts and
lifestyles into account.” [43] (p. 506).

From this overview of recent articles, we conclude that there is a need to be more precise regarding
who is targeted by policies promoting energy conservation in the household sector. If the target is the
user of appliances that require electricity to achieve the goals of various everyday projects, then more
knowledge is needed about who performs what activities in various households. Alternatively, if the
target is the customer in a multi-person household, the bill receiver needs information about how to
engage with the other household members regarding energy issues. If the bill receiver intends to lower
the electricity use of the household s/he has to argue with the other household members and then s/he
must be able to discuss with them how to behave more energy efficiently when undertaking daily
activities in which electrical appliances are used and to discuss the alternatives for keeping warm in a
home with a lower indoor temperature than before. Of course, if the bill receiver equals the entire
household, i.e., it is a one-member household, there is no need for such discussions.

4. Basic Information Concerning Energy Use in Sweden

As we use Swedish data in the following analyses, we will supply some basic facts about energy use
in the Swedish household sector.

In Sweden about 40% of total energy consumption occurs in the household and premises sector.
In 2013, the total energy use in this sector was 146 TWh, up to 60% of which was for space and water
heating [52]. Sweden’s relatively cold climate in combination with fluctuating weather play important
roles in determining the final energy use in this sector, since unusually cold weather increases the
energy used for heating. It should be added that energy use for private transportation—not included in
the above figures—merits special attention, compare [49].

As part of the work to reach the goal on energy reduction agreed on within the EU, Sweden
appointed a commission for an energy-efficient Sweden. This commission investigated key public
measures that would allow Sweden to achieve a reduction in energy use, and concluded that
information dissemination and education are basic preconditions for achieving more efficient energy
use [53]. Traditionally, information dissemination has also been the dominant policy means when
trying to reach Swedish citizens and influence how they use energy [1]. The information campaigns
are directed at citizens in general and no distinction is made between households and individuals.
Some figures about the Swedish population and household stock give information that underline the

importance of such a distinction.
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Sweden had about 4,500,000 housing units, in both detached and multifamily buildings, in 2011.
In 1990, the last year for which such statistics are available, there were about 1,500,000 one-member
households, 1,200,000 two-member households and 1,125,000 households with three or more
members [4]. The total population was 8,590,000 individuals in 1990, after which it grew to 9,415,000
individuals as of 2010. Statistics Sweden and Bladh [54] estimated that the proportion of small,
one- and two-member households increased between 1990 and 2000; the share of single-person
households increased from 40% in 1990 to 47% in year 2000, representing an increase from
18% to 22% of the population. The number of multi-person households declined proportionally,
from representing 92% of the population in 1990 to 88% in year 2000 [54,55]. In terms of energy use
in the household sector it is important to follow the development of household size, since individuals
in single-person households use relatively more energy than individuals in multi-person households
due to the latter using appliances in common.

5. Results and Discussion

In this section, we will cite and discuss examples illustrating how it matters if it is an individual or a
household that is the target of a policy.

5.1. Individual or Household: Relevance to Scheduled Control Indoor Temperature

The most energy-intensive part of the household sector in Sweden is indoor space and water
heating. There has been considerable discussion of how the time-scheduled control of indoor space
heating in homes might help conserve energy, because lowering the indoor temperature when nobody
is at home can save a considerable amount of energy. Arguments for lowering the indoor temperature
when the home is empty depend on knowledge of how much time people spend at home. When the
home is empty is relevant as well, in both single- and in multi-person households; this also relates to
how household members coordinate their time at home. Here, the different time schedules of work,
school and services play central roles in how people arrange their daily activities. In addition,
involvement in various sports and cultural activities adds to the complexity of determining when the
home is empty. Finally, the overarching structural trend in modern society towards the
individualization of activities and associated appliances influences the use of the home.

Using time-diary based data from a pilot study (see Section 2) undertaken by Statistics Sweden in
1996, Ellegérd [56] demonstrated that the studied individuals on average spent about 65% of their time
at home on weekdays and about 75% on weekend days. Figure 1 shows the temporal distribution of the
time spent at home by 452 individuals on weekdays in the 1996 pilot study [57,58]. Each line
represents one individual and the blue parts of the line indicate when the individual was at home; this
clearly clearly indicates that people spent considerable time at their workplaces and in school during
the daytime, except for the pensioners who spent a lot of time at home. The figure also shows that
people of child-rearing age, especially women, spent considerable time at home during the daytime.

From the perspective of average individuals, lowering the indoor temperature when their homes are
empty, which they are 35% of the time on weekdays, could save a considerable amount of energy. That
figure applies to average individuals on weekdays, but says nothing about their household context—i.e., in
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the case of individuals who are members of households with additional members, and it also says
nothing about whether and when household members are at home alone or together.

The average figure for time spent at home might nevertheless be of some interest if the concern is
single-person households, at least at the aggregate level of all single-person households. The energy
savings might then be estimated based on homes being empty for 35% of weekday time, but there
would still be differences between individual one-person households because there are great variations
in the amount of time these people spend at home, and when. This inter-household variation in the
amount of time household members spend at home is one reason why information should target individuals
with different lifestyles, be they differences in generation, as claimed by Garabuau-Moussaoui [43], or
differences in environmental awareness, as claimed by Gadenne ef al. [42].
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1z:0072:00 noon

| 02:00

.At home
C€:00

Away from home

03:00

co:00 12:00 midnight

i 71 141 211 Z81 351 421 452
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Figure 1. Time spent at home on weekdays based on 452 individual diaries. The day of
each individual is shown by a vertical line to be read from bottom to top, i.e., from
midnight to the next midnight, thereby each individual’s sequence of being at home and
being away from home during the 24 h of the day is revealed. The individuals are ordered
by gender, i.e., men (n = 225) to the left and women (n = 227) to the right, and age, i.e.,
the oldest to the left and the youngest to the right among men and women, respectively.
The individuals range in age from 10 to 99 years.

The single-person household is a growing category, and around the turn of the century nearly half of
all households in Sweden had just one member [54]; however, most individuals live in multi-person
households. About 20% of all households have two members and the remaining households comprise
three people or more. Variation in household size is an important factor to consider when formulating
policies to promote energy efficiency and energy conservation in the household sector. In this context,
it is also highly relevant to mention that people living in multi-person households may live in
single-person households during the work week (i.e., weekly commuters) or that households with one



Energies 2015, 8 7627

or two registered members might have three or more members, for example, on weekends or every
second week because of children’s alternating cohabitation with divorced parents (and their new
partners). However, no statistics on these phenomena are available.

Consequently, figures based on an average individual removed from his/her household context
cannot be taken as the point of departure for a deeper discussion of how much energy could be saved
by lowering the indoor temperature. As mentioned above, a minority of all individuals live in
single-person households and there are even variations within the single-person household category.
In multi-person households, all members are unlikely to be at home during exactly the same time
periods in the course of the day. We have little knowledge of whether more than one household
member is at home at a given time. Statistics on peoples’ time at home are collected in national time-use
surveys, but the regular Swedish time-use surveys are not primarily interested in households. Instead,
they focus on the allocation of time spent on activities by individuals at the aggregate level. It is
therefore difficult to obtain information about when individuals in a given household are at home,
for how long and at what times of the day. However, in the previously mentioned pilot study from 1996
(see Section 2 above), 464 individuals in 179 households kept time diaries and, in their notes on the
activities performed sequentially, 452 of them also noted where they were located and this information
is the basis for Figure 1. In that study, it is possible to determine who is at home at what time in a
given household—a matter we will return to later.

Problems that arise when the abovementioned general information on people’s time at home is
applied to multi-person households are illustrated in Figure 2. We identify three principally different
patterns of being at home in two-person households based on the two members’ timing of using the
home. Figure 2 is based on the assumption that each person is an average person spending 65% of
his/her day at home and that all time away from home appears in one period only and that the spread of
the time away might differ between the household members. These patterns can be transformed to
describe the situation of households with three or more members.

The patterns depicted in Figure 2 can be used, for example, when considering whether it is a good
idea to install time-scheduled heating control in the residence. The household member registered as the
customer of the energy company represented by the bar partly in black in Figure 2, is the one who
likely will be approached about interest in installing time-scheduled indoor temperature control.
Depending on whether Situation (a), (b) or (c) applies most days, the consequences for the household
as a whole (including the people represented by both the black and grey bars) will differ considerably.
Situation (a) entails greater potential for energy conservation, Situation (b) requires that the heat be on
all day, while there is some conservation potential in Situation (c). If situation (b) prevails, then there
is no immediate need for time-scheduled control of indoor space heating.

Figure 3 illustrates some variations in household at-home time patterns concerning household
member numbers, age and employment status, when time is spent at home and whether the home is empty
for any part of the day. Figure 3 also indicates the activities performed by the household members.

All people in all four households shown in Figure 3 sleep at home and get up between 6:00 a.m. and
9:00 a.m. On weekdays, all people in the households spend some time outside home, which they leave
between 6:00 a.m. (employed) and 10:00 a.m. (pensioners). The time when they return home varies
widely, from noon (five people have lunch at home) to about 10:00 p.m. (boy in household 4). The
man in Household 1 spends most of the day away from home, while his partner is at home most of the
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day (except during working hours). The pensioners in Household 2 spend most of their time at home
and their time away from home is spent in similar ways. In Household 3, the man spends a lot of time
outside the home, and the woman and two girls are away from home for long periods during the day.
The boy in Household 4 is away from home most of the day, while the woman is at home during
certain periods of the day.

Policies to promote energy conservation by regulating indoor space heating must take the use of the
home by all household members as a point of departure. If not, at least some household members will
find the information provided irrelevant or even misleading. It is important that information about the
influence of indoor temperature on total household energy use be disseminated not only to the
customer (i.e., the person who receives the bill) but also to other household members—or at least take
them into account. Otherwise, it will be difficult for such policies to foster useful change among the
many individuals in the household sector who are not registered energy customers.

Time

12:00 4
midnight

|:| Home, available 24 h/day

Household member who recieves the bill

HTime in the home

12:00 Time away from home

noon
Household member not recieving the bill

H Time in the home
Time away from home

12:00
midnight a b c

Figure 2. Three home-use patterns in two-person households in which each household
member spends 65% of his/her time at home (the large light grey rectangles). Each person
is represented by a bar extending over time within the home; the bar is shaded (black or
grey) when the person is at home and white when the person is away from home. The bar,
which is partly in black, indicates the person billed by the energy company and the bar
partly in grey, the other household member. (a) shows two individuals with exactly the
same pattern of being at and away from their common home, leaving the home empty for
35% of the day (they use the home simultaneously); (b) shows that even if the two people
are at home for exactly the same amount of time (i.e., 65% of the day) as in (a), the home
is never empty because the household members’ time at home overlaps; and (¢) shows that
the two household members spend 65% of their time at home, parts of their time at home
overlapping, leaving little time when the home is empty.

5.2. Individual or Household: Division of Labor in Household Projects

The need to heat the home not only concerns peoples’ being at home but also their performing
activities, especially activities involving the use of electrical appliances. This existence of such
activity-based heating makes it important to also consider the projects and activities people engage in
at home [59,60].
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Figure 3. Four sample variations in the time spent at home by individuals in four
households: Household 1, man (M) and woman (W) in a five-person household in which
all three children are under 10 years old; Household 2, man and woman, both pensioners,
in a two-person household; Household 3, man, woman and two girls (G) in a four-person
household; and Household 4, man, boy (B), woman and girl in a seven-person household in
which three children are under 10 years old. Each bar represents an individual’s activity
sequence identified from their time-diaries; the colors indicate the various activities
performed, except for the grey parts of the bars which indicate when the person is not at
home. Green indicates eating and sleeping, turquoise caring for children, pink household
chores, dark blue preparing food, lilac recreation and red employed work.

The common overall goal of household members’ projects is assumed to be that of living a
comfortable life. Every day, individuals in their households are occupied with fulfilling various
projects, some performed at home, others away from home, to facilitate their everyday life and make it
as good as possible [10]. A household project is defined as a set of activities performed by individuals
in a household to achieve a goal they have agreed upon. Projects include feeding the family,
maintaining the home and belongings, raising children, earning income for sustenance or shorter-term
projects such as preparing a specific dinner or buying a new washing machine. Projects are fulfilled by
household members performing the necessary activities. For example, preparing dinner for the family
comprises activities such as finding a recipe for the dish chosen, finding out what ingredients are
needed, perhaps going to the grocery store to buy ingredients, cooking the dish, setting the table,
serving the dinner and eating it (the goal of this project) and finally taking care of leftovers and
washing the dishes. The activities that together contribute to fulfilling the dinner project can be
performed by one household member alone or by several household members in cooperation [6].

Most multi-person households usually have some kind of division of labor. Perhaps one member
always performs all the activities in a certain household project or all household members cooperate
and alternate the responsibility for performing certain activities over time (e.g., every second day or week).
Figure 4 shows three patterns of division of labor in a two-person household from 8:00 a.m. to 4:00 p.m.

We assume that a person who performs activities to achieve the goal of a project knows more about
the process of successfully fulfilling the project than does a person without the same experience. In a
two-person household with a division of labor corresponding to Situation (a), energy conservation
policies could successfully send information to the bill-receiving person because s/he is the one
performing the project-relevant activities. In a two-person household with a division of labor
corresponding to Situation (b), information about energy conservation should be given to the actual
activity performer; if it is sent to the bill-receiving household member it will probably miss its target.
In a household with a division of labor corresponding to Situation (c), policies can target either
household member, because the two cooperating household members’ activities are closely connected
and these people collaborate.
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5.3. Gender Aspects of Policies Promoting Household Sector Energy Conservation

The abovementioned pilot study from 1996 can also be used to discern gender differences in
electricity use for some household activities, for example, preparing food, washing dishes, entertainment,
house cleaning and laundry [15]. It is well known that women do most housework activities and
therefore can be expected to be the most intense users of the associated electricity-consuming
appliances [61].

Time of
the day
16001
I D Home, visualized from 0800 to 1600
Household member who recieves the bill
| | . performing activities in the project
1200 I Household member not recieving the bill
= i EI performing activities in the project
[0 Household member when not performing
| | any activity in the project
0800 J

a b c

Figure 4. Patterns of division of labor in performing activities in 2-person households in a
project with different consequences for household energy conservation policies.
In Situations (a) and (b), the division of labor results in only one person being involved in
performing the activities constituting the project, while in Situation (c¢), the activities in the
project are divided between the two household members. In Situation (a), the household
member who receives the bill from the energy company performs all activities (indicated
by black parts of the bar, shorter parts for activities of short duration and longer parts for
longer activities) in a project, while the other household member (white bar) performs no
activities in the project. In Situation (b), the household member having no contact with the
energy company performs all activities in the project (indicated by grey parts of the bar)
and the bill receiver, who does nothing in the project is indicated with a white bar, while in
Situation (c¢), both people in the household perform different activities in the same project
(the bill-receiving person’s activities are indicated by black parts of the bar and the other
person’s by grey parts of the bar), thereby performing the project together, in sequence and
not simultaneously.

In Figure 5, we have used gender information about the kinds of household activities performed by
men and women, respectively, and we have accounted for the electricity used by the associated appliances
when performing these activities. We have done that by utilizing VISUAL Time-PAcTS/energy use
software [13,14], see Section 2 above. The highest average electricity demand for men’s activities is
about 120 kWh per person and 5 min period, while the corresponding figure for women is about
220 kWh per person and 5 min period. The figure also shows that the electricity-consuming activities
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performed by men vary less than do the electricity-consuming activities performed by women. Women
perform many more such activities than do men, for example, laundry, cleaning (indicated by bright
lilac) and cooking (indicated by dark blue), while men perform more entertainment activities
(indicated by dark lilac) than do women, for example, watching TV and playing with the computer.
Gender differences in time spent at home were also illustrated by the households illustrated in Figure 3,
based on the 1996 pilot study by Statistics Sweden.

Time

4
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midnight]

12:00
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12:00.
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. TV, computer, radio

Appliances for
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midnight

100kWh - - 100 2000 kWh . 2000 kwh

Figure 5. Average electricity demand derived from activities performed: men
(left, maximum demand about 130 kWh per person and 5 min period), women
(middle, maximum about 240 kWh per person and 5 min period) and average for all
(right, maximum about 190 kWh per person) aged 15 years and over, weekdays in 1996.
Power demand in kWh per person at 5-min intervals.

A gender difference is apparent in the electricity consumption over the course of the day. The basic
pattern is similar among men and women, though women use more energy throughout the day. In the
morning, relatively little electricity is used by appliances, then there is a small peak at lunchtime (the
dark blue indicates cooking and the bright lilac indicates laundry and cleaning). The day’s peak energy
consumption, for men and women, occurs in the afternoon (i.e., cooking dinner) and in the evening,
when watching TV dominates among men while watching TV, doing laundry and cleaning dominate
among women.

Since many households have both male and female members, it is important that policy measures
target the household member who actually performs the activities addressed in the policies. This simple
example has shown that it is important that information targeting women and men differ in content.
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The importance of considering gender was recognized early on by, for example, Rity and
Carlsson-Kanyama [49]. Another noteworthy gender difference is that it is conventional in Sweden for
the man to be the subscriber and thus the individual registered with the energy company [39].
Information provided to households will therefore usually address the man even though it might be the
woman who conducts the activity the information concerns.

6. Conclusions

Our discussion demonstrates that it is inefficient to base energy policymaking on an average
individual taken out of his/her household context. To develop relevant and efficient policy promoting
more efficient-energy consumption, we need better-informed knowledge of household composition,
when and for how long homes are empty and who in the household performs the daily activities that
use electrical appliances and hot water. By starting from an analysis of peoples’ everyday activities in
their sequential appearance and household members’ interrelated projects, we will gain better
knowledge of whom to target with policy instruments.

The results indicate that it is analytically quite simple to handle individuals’ time at home, but much
more complicated when the whole household is to be taken into consideration. Our examples illustrate
the importance of knowing how a household is composed and which household member usually
performs an activity.

If a household comprises more than one individual, it would be important for policymakers to reach
the person usually performing the activity addressed by the policy instrument. Household energy use is
often a collective rather than individual process. This means that the couplings between members are
as important to understand as individual activity performance per se if the goal is to reduce household
energy consumption. By analyzing and better understanding household members’ interrelated activity
patterns, we can avoid using a black-box household concept in policymaking, but can instead target the
household member most responsible for a given energy-related activity. Individually tailored
information is often discussed, but equally important are information and policy instruments targeting
households’ and household members’ combined energy consumption patterns as they are derived from
the activity sequences written in the individuals’ time-diaries.

Such a turn in policymaking would have great potential, but more research is needed, for example,
into how household members negotiate and compromise regarding who should perform what activities,
how and when, and on the actual outcome of these negotiations. We need to continue developing
empirically based models that capture variations between households with differences in activity
patterns among their individual members. This is necessary in order to devise effective policies
resulting in reduced energy use for space heating in multi-person households.
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