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a  b  s  t  r  a  c  t

The  time  dependence  of  social  practices  at specific  points  of the  day  shapes  the  timing  of  energy  demand.
This  paper  aims  to assess  how  dependent  energy-related  social  practices  in  the  household  are  in relation
to  the time  of the  day.  It analyses  the  2005  UK  Office  for National  Statistics  National  Time Use  Survey
making use  of  statistically-derived  time  dependence  metrics  for six  social  practice:  preparing  food,  wash-
eywords:
nergy demand
eak energy demand
ocial practices
ime use

ing, cleaning,  washing  clothes,  watching  TV  and  using  a computer.  The  focus  is on  social  practices  over
temporal  scales  of  different  days  of  the week  and  months  of  the  year.  The  main  findings  show  that:  wash-
ing  has  the  highest  value  for the time  dependence  metric;  using  computers  is  the least  time-dependent
practice;  Tuesdays,  Wednesdays  and  Thursdays  have  the  highest  time  dependence  for  all  practices;  and
certain  energy-related  practices  have  higher  seasonal  dependence  than  others.

©  2016  The  Author.  Published  by Elsevier  Ltd.  This  is  an open  access  article  under  the  CC  BY  license
(http://creativecommons.org/licenses/by/4.0/).
. Introduction: time dependence, social practices and the
iming of energy demand

Years of research in energy demand have seen the pre-
ominance of technical factors (including weather, building
haracteristics, appliance design, appliance control, interdepen-
encies between energy services, etc.), which have partly explained
ariations in volumes of energy demand, but have inevitably failed
o describe any intra-day variation in patterns (e.g. residential
lectricity load profiles). Peak energy demand emerges as a phe-
omenon which epitomises the relevance of practices as a unit of
nalysis in this context. At the heart of the approach which places
ocial practices at the centre of our understanding of the dynam-
cs of energy demand is the position that the timing of energy
emand is determined by the way practices are ordered in time [1].

 simple example which can illustrate how the timing of energy
emand and, hence, peaks are a reflection of people’s practices
erives from the substantial difference between residential elec-
ricity load curves for weekdays and weekends. During the same
eason the weather can be equal at the weekend compared with

he weekday. Building type, appliances, fuel substitution, price of
nergy and appliance control, and the moment of the day in which
unlight is present or absent may  be the same between weekday

E-mail address: j.torriti@reading.ac.uk

ttp://dx.doi.org/10.1016/j.erss.2016.12.004
214-6296/© 2016 The Author. Published by Elsevier Ltd. This is an open access article un
and weekend. The only substantial change between weekday and
weekend is in terms of people’s activities.

Previous attempts to describe the social phenomenon of peak
energy demand have focused on issues of synchronicity of prac-
tices [2], sequencing [3] and (lack of) flexibility [4]. Peaks are also
triggered by an infrastructure that simultaneously services those
multiple ‘doings’. Social practices have characteristics which define
the way  energy demand comes about. They are habitual, synchro-
nised, varied, sequenced and contingent [2].

The issue of time dependence of social practices has been
debated for some time at different conceptual levels, but seldom
operationalised in empirical research. This relates to the general
argument that issues of timing in energy and the social sciences are
seldom supported by evidence [5]. The starting point of this work
is that the time dependence of social practices at specific points of
the day shapes energy demand in households. This is in an effort
to operationalise the realisation that a social order underlies reg-
ular patterns relating to the fundamental temporal characteristics
of social events (e.g. duration and sequence) [6].

This paper aims to assess how dependent energy-related social
practices are in relation to the time of the day. It addresses specific
questions regarding the variation of time-dependence throughout
the working days of the week and the relationship between time

dependence and seasonality. The purpose of this paper aligns with
how people make decisions about energy [7].

The analysis of the 2005 UK Office for National Statistics National
Time Use Survey makes use of time dependence calculations for six
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ctivity codes: preparing food, washing, cleaning, washing clothes,
atching TV and using a computer. Activity codes are used here

n order to establish a quantitative link with social practices. The
ocus is on social practices over temporal scales of different days of
he week and months of the year.

Time dependence is defined as high occurrence of the same prac-
ice over the same periods of the day. Practices which repeatedly
ake place at the same time of the day are said to be time dependent.
wo simple observations underpin the concept of time dependence
f social practices. First, social practices have rhythms [8]. Rhythms

ntroduce the possibility of rigidity of the daily temporal structures
9] and time dependence in social practice ordering. Rhythms and
outines co-exist and are interdependent, not rival [10]. This is not
o say that time follows exogenous forces or that practices have
ndependent rhythms [11]. Quite the opposite, time can be a quan-
itative measure of the ordering of practices, notwithstanding the
emporal dynamics within and across practices. Second, empirical
vidence shows the time dependence of the peak energy demand
henomenon [12]: with different intensities, depending on the sea-
on, every morning and evening of any weekday there are the same
eaks in electricity demand. Peaks are seemingly time-bound and
re a signal of societal synchronisation.

After this introduction, Section 2 briefly reviews the literature
n social practices, time and energy demand. Section 3 describes
he dataset on which the analysis is based and the statistical meth-
ds used for measuring time dependence. Section 4 analyses which
ractices are more or less time dependent. Section 5 examines how
ime-dependence varies throughout days of the week. Section 6
xplores whether time dependence changes depending on seasons.
ection 7 discusses the implications of this paper and concludes.

. Time, social practices and energy demand

The theoretical foundations of this paper are based on four basic
ropositions. This section explains the concepts underpinning each
f these four propositions and reviews elements of practice theory
hich are relevant to work on time, social practices and energy

emand.
First, the starting conceptual proposition put forward by this

aper is that in order to understand the timing of energy demand,
he social ordering of practices needs to be analysed. The timing of
nergy demand is arranged to accomplish social practices, such as
atching TV, working, cooking or washing up [13]. By placing the

ocial ordering of people’s activities at the centre of the study of
ocial life, social practice theory offers a consistent ground to inves-
igate the dynamics between people, time and energy demand.
ocial practice theory considers the relation between time and con-
umption in relation to the fact that human activities are ordered
ecursively across space and time [14]. From social practice the-
ry, the timing of energy demand can be defined as the result
f the socio-temporal organisation of daily practices [15]. Having
ade this link between time, social practices and energy demand,

t is suggested that understanding the timing of energy demand
nvolves studying social practices in terms of their ordering and
ime dependence.

Second, practices do not occur in isolation, but tend to cluster
ogether over time and space. The temporal and social ordering
f practices shapes material arrangements. Material arrangements,
s defined by Schatzki [15], are the relatively stable relationships
etween people and materials and natural objects and infrastruc-
ure, which set the frameworks within which practices take place.

rrangements are critical in understanding energy because ‘the
rrangements amidst which practices are enacted are not only
ocial: arrangements include substances of all kinds, including nat-
ral phenomena along with man-made fabrications’ [16,p. 23]).
al Science 25 (2017) 37–47

Arrangements and social practices are connected as the latter
are determinative of and dependent on the former. Social prac-
tices happen (for instance at different times of the day), whereas
material arrangements ‘exist’ [15]. Arrangements last longer than
any instance or moment enactment. The context in which social
practices are enacted depends on the specific practices that are
contextualised [16]. Arrangements -including energy- only have
meaning within, and in relation to, the practices in which they
are enfolded, and through which they are reproduced [17]. Under-
standing the dynamics of energy demand and the variation which
occurs with peak phenomena is a matter of studying the ordering
of social practices.

Third, turning to peak energy demand specifically, very few
studies of peak demand have used a social practice framework
for analysing domestic energy consumption in empirical terms.
For instance, Nicholls and Strengers [4] analyse the inflexibility
to certain bundles of practices in Australian households with chil-
dren. Anderson [18] investigates the temporal changes of a single
practice (i.e. laundry) over 20 years. More widely, examples of
the changing temporal and spatial rhythms of social practices (i.e.
‘timespace’) abound in the literature: the move from lower fre-
quency and higher duration bathing to higher frequency lower
duration showering [19], the change in patterns of consumption in
Turkey associated with the import of teabags [20], and the diverse
eating timings and durations in different countries [21]. However,
the work on the measurement of rhythms in terms of time depen-
dence is not very developed. Both conceptual and methodological
challenges explain why  time dependence of social practices has
seldom been operationalised in empirical research. An exception
consists of the qualitative analysis presented by Southerton [22], in
which the temporal rhythm of the day is characterised by practices
which hold a fixed position in time.

Fourth, a practice approach could make a novel contribution to
approaches to managing load shifting. From a research perspec-
tive, any household energy demand model seeking to represent
and then manipulate electricity demand under different scenarios
needs to take account of the timing of energy-related practices.
Representations of the time and timing of practices play a vital
role in describing the timing of demand and its consequences for
time-related scenarios, such as manual Demand Side Response,
electric vehicle charging or automated demand control. Under-
standing where routines are most strongly embedded in everyday
lives may  provide crucial insights into the predictability of activities
and their associated loads.

In addition to the four propositions, two  critical clarifications
on the definition of time in this paper are that: (i) time is socially
constructed, meaning that the distinction, for instance, between
weekday and weekend is entirely attributable to the framework of
time as designed by the society in which we are living in; and (ii)
the resolution of time in this paper is generally intra-day (in tune
with the discussion on peak demand, loads profiles and timing of
energy demand). For this reason, the concept of time dependence
needs to be critically linked to material arrangements. Social prac-
tices vary not only from one location to the next, but also in time.
The existence of material arrangements and the presence of space
dependence (i.e. the fact that practices vary depending on loca-
tions, countries, etc.) allows for scope conditions, including time
dependence. The existence of scope conditions does not imply that
all social processes typically have standard causal configurations
from which deviations can be gauged. This work acknowledges the
role of time in ordering practices when measuring rhythms and
the potential for creating dependence according to the measure-

ments of time, which are processed by the space and time in which
practices are performed.
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Table  1
Time use activities and associated appliances, including electrical load and proportion of dwellings with appliance.

Time Use Activity Employed electricity
appliances

Average electrical
load (kW)

Proportion of dwellings
with appliance (%)

Preparing food and
washing the dishes

Hob 2.40 46.3
Oven 2.13 61.6
Microwave 1.25 85.9
Kettle 2.00 97.5
Dish washer 1.13 33.5

Washing Electric shower 9.00 67
Central heating pump 0.60 90

Cleaning Vacuum 2.00 93.7

Washing
clothes

Tumble dryer 2.50 41.6
Washing machine 0.41 78.1
Washer dryer 0.79 15.3
Iron 1.00 90

Watching TV and
listening to the radio

TV 0.12 97.7
TV receiver box 0.03 93.4
Radio n/a n/a
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Using  computer Personal computer/console

ource: Adapted from Powells et al. [39].

. Data and methodology

The analysis presented in this paper is based on the 2005 Office
or National Statistics (ONS) Time Use Survey, which is the most
ecent, nationally representative time use survey available in the
K. The Time Use Survey contains 10-min intervals information
bout respondents’ activities based on a list of the 30 pre-coded
ctivities. The 10-min activities are recorded by Time Use Survey
articipants in the form of diary. The data are statistically repre-
entative of all households in the UK in the year 2005. A day begins
t 4am and ends the following day with the last recording taken
t 3.50–4 a.m. Respondents are able to specify a primary activ-
ty, a secondary activity and their location at that moment in time.
he Time Use survey was conducted over four months: February,
une, September and November. The four months were selected by
he ONS as to avoid the atypical holiday periods (i.e. non-everyday
ife) throughout the year and to represent the different seasons
f the year [23]. Weekend respondent diaries are not included in
his study as the main concern is when system peak demand is at
ts greatest. After excluding weekend diary days, a final sample of
554 respondent diary days is available for analysis.

By excluding Saturdays and Sundays from the study, an issue
as created, in that the weights for balancing weekdays and week-

nd days which were originally applied to the dataset by the Office
f National Statistics were no longer valid. To overcome this issue,
ew weights were calculated for the dataset based on the method-
logy used by Lader et al. [23] in the original survey. The dataset
as adjusted so that days of the week and months of the year were

qually represented.
The primary activity codes that have been selected from the

005 UK Time Use Survey are: preparing food and drinks, cooking,
ashing up; washing, dressing/undressing, etc.; cleaning, tidying

ouse; washing, ironing or mending clothes etc.; watching TV and
ideos/DVDs, listening to radio or music and; using a computer.
he two criteria for selecting activity codes in Table 1 were: (i) typ-

cal electrical load; and (ii) proportion of dwellings with appliances
rom the Energy Using Product Policy (EUPP) Government Standard

odels. The rationale for this was to target practices with a high
robability of causing electricity demand in the household.

Table 1 shows the typical electricity load for each appliance.

he electricity loads that may  be associated with preparing food or
rink show that, if using an electrical appliance, the load is around

 kW.  Not all households own each of the electrical appliances, but
0.14 70.8

notable high ownership of appliances is kettles, vacuums, TV and
TV receiver boxes. For consistency, the same terms from activity
codes in the Time Use Survey are used throughout the paper. For
example, the time use activity code ‘washing’ involves ‘bathing and
showering’ practices. Existing empirical time use studies recog-
nise (and in some cases attempt to quantify) the different degrees
of human involvement associated with the appliances in Table 1.
For instance, showering and TV watching require human pres-
ence, whereas automation is higher in dishwashers and washing
machines. The model by Widén et al. [24] allows to relate volumes
of electricity use to human activities thanks to the use of activities
schemes. However, that level of modelling accuracy is not needed
in this paper as the aim here is to measure time dependence in rela-
tion to social practice and not accurately reconstruct load profiles
of individual households.

In order to measure quantitatively time of the day dependence,
the starting point is that if practices take place in large amounts
during the same period (and not at all at other times of the day), this
implies high time dependence. On the contrary, practices which
take place regardless of the time of the day will have low time
dependence.

To examine when time dependence exists throughout the day,
the six social practices listed in Table 1 are analysed over two tem-
poral scales. First, individual weekdays are analysed throughout the
day for each social practice. Second, individual months are analysed
throughout the day for each social practice.

Time dependence is operationalised as follows:

TDEP = Max [xi − m (X)]
m (X)

where xi is the number of minutes associated with the practice x
at the time of the day i and m(X) is the mean number of minutes
of practice x. The numerator consists of the maximum distance of
xi from m(X). For both xi and m(X) the unit is the amount of min-
utes. The volume of minutes dedicated to specific practices will
significantly influence Max [xi − m (X)]. For example, TV watching
is much more dominant in terms of number of minutes throughout
the day than washing clothes. By dividing the maximum distance
from the mean (numerator) by the mean average (denominator)

TDEP controls for the volume of practices.

The standard deviation of xi (�(X)) is used as a measure of how
spread practices are over the day. For practices taking place in large
amounts during the same periods and not at all at other times of the
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Fig. 1. Distribution of practices throughout the day.
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Fig. 2. Distance of practices

ay, the standard deviation �(X) will be higher because the practice
s not equally spread around the day.

The centred moving average of an hour is derived as a succession
f averages of the number of minutes from a 10-min period (xi) to
he subsequent 10-min period (xi + 1). This facilitates the analysis
f trends in the time use dataset.

In order to capture how time dependence varies across seasons,
he standard deviation across seasons and among different days of
he week is derived as:

(TDEP) =

√∑N
i=1[xi − m (X)]2

N

here xi is the amount of minutes associated with practice x at
he time i and m(X) is the mean number of minutes dedicated to
ractice x.

In principle the presence of several 0 values (or unrecorded
ntries) in time use diaries could have called for the use of the first
ifference estimator (i.e. an approach used in statistics to address
he problem of omitted variables). However, unrecorded entries,
hich would have been excluded when using the first difference
stimator, are of interest to this analysis as a practice with sev-
ral periods of the day with zero minutes and very few periods
ith a high number of minutes would be highly time dependent.
ence, unrecorded entries need to be accounted for by estimating
ng TV Using co mputer

es (in minutes) from mean.

distances of each data point from the mean. Shorter duration and
lower frequency practices will be associated with a higher TDEP.

4. Time dependence of practices

Fig. 1 shows the distribution of practices in terms of centred
average percentage of practices being performed at different times
of the day. Watching TV/listening to music is associated with the
greatest volume of minutes of all social practices, with a peak of
49% of respondents reporting television in the hour surrounding
21:20. Throughout the majority of the day watching TV is the most
reported social practice considered in this study. Our findings do
not enter into causal relations as to why TV is such a dominant
domestic practice. High availability over the day could be one inter-
pretation along with Bourdieu’s concept of habitus which seeks
to explain the underlying determinants of the practices that are
available to different agents [25].

Likely time dependences in preparing food occur during three
periods of the day: the morning, the afternoon and the evening. The
concentration periods vary in magnitude and length: the morning
peak lasts from 06:00 to 09:00; the afternoon peak is smaller in

both magnitude and size, lasting from 12:00 to 13:30; the evening
peak is the greatest, starting at 16:00 and ending at 20:00. The anal-
ysis shows that there is a convergence of people undertaking this
activity during the evening.
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Table  2
Standard Deviation, MAX  Distance and MAX  Distance/average.

Practice Standard Deviation MAX  Distance TDEP

Preparing food 108.08 299.90 2.69
Washing 120.08 438.90 3.95
Cleaning 86.04 245.99 2.88
Washing clothes 25.63 66.38 2.13
Watching TV 488.12 1256.16 2.64
Using  computer 32.08 58.75 1.22

Fig. 3. Centred average percentage of preparing food throughout the day on weekdays.
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Fig. 4. Centred average percentage of

Washing and dressing are associated with two  concentration
eriods: a large one during the morning and a small one during the

ate evening. The morning period is of greater interest as it appears
o show a similar rate of increase until around 07:30, when the
umber of respondents who report this activity falls. The conver-
ence of washing at this time is significant because this practice
an lead to the use of an electric shower, which has a very high
lectricity demand. Cleaning has a high concentration throughout
he duration of the morning and into the early afternoon.

Fig. 2 illustrates that washing and watching TV were the activ-
ties to show higher distance from the mean throughout the day.

atching TV has negative distance from the mean in the morn-
ng and positive distance in the evening. This is explained by a
igher occurrence of TV watching in the evening. Significant dis-
ances from the mean in preparing food occur during three periods
f the day: the morning, the afternoon and the evening. Watching
V has a distinct trend with an asymmetrical shape with gradual
ncrease in the afternoon and abrupt decline in the evening. Other
ime use work shows that the asymmetry is given by the grad-
al return to the household (especially in families with children)
ing throughout the day on weekdays.

and the sudden drop in activities followed by sleeping time in the
evening [26].

In order to control for the higher volumes of specific practices
(e.g. TV watching has the highest number of minutes at evening
peak), Table 2 calculates time dependence making use of standard
deviation, MAX  Distance and MAX  Distance/average. Washing has
the highest value for the time dependence (TDEP) metric, whereas
using computer is the least time-dependent practice. This results in
two very different pictures of computer use happening at more or
less any time of the day and washing as being extremely bound to
time. In time-geography, through the distinction between ‘activity’
and ‘project’, using a computer is not considered as an activity in
itself, but a means to reach another goal [27,28]. Preparing food is
also highly time dependent, though resulting in a moderate TDEP
because of the relatively low frequency of meals in a day.

5. Time-dependence variation and work days
Figs. 3–8 show the centred average percentage of activities on
the five working days of the week. The y-axis on each of the figures
are on varying scales to aid analysis of the data. Preparing food,
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Fig. 5. Centred average percentage of cleaning throughout the day on weekdays.

Fig. 6. Centred average percentage of washing clothes throughout the day on weekdays.
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Fig. 7. Centred average percentage of watching

ashing, cleaning and watching TV show similar time dependences
hroughout the working day to those obtained in Fig. 1. In contrast,
ashing clothes and using the computer display more erratic pat-

erns of time dependences throughout the week. The erratic nature
f Figs. 5 and 8 is likely to be a result of the smaller scale of the graph,
eaning the small changes the patterns of practice appear larger.

The results from Figs. 6–11 show a shift in practices on Fri-
ay evenings. Preparing food and watching TV are associated with

ower time dependence, whilst the practice of washing is associ-
ted with a greater time dependence. On a Friday evening, washing
eaches approximately 6%, when it is approximately 2–4% on other

ays of the week. This finding is likely due to a greater volume of
ocial events, made obvious by the fact washing/dressing in the
vening is more diffused than in the rest of the week. The practice
stening to radio through the day on weekdays.

of preparing food presents a sharp increase in time dependence on
Mondays, when the average percentage is 14%.

Table 3 shows standard deviation, maximum distance and time
dependence for different weekdays. Different practices present
dissimilar standard deviations, maximum distances and time
dependences during the week. For example, watching TV has the
highest standard deviation and maximum distance, whereas wash-
ing clothes has low standard deviation and maximum distance with
respect to different days of the week.

Washing, cleaning and washing clothes have the highest time
dependence and this coincides with Tuesday, Wednesday and

Thursday. A simple sum of TDEP for all practices shows that over-
all Tuesday, Wednesday and Thursday are the weekdays with the
highest overall time dependence for all six practices. This might
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Fig. 8. Centred average percentage of using a computer throughout the day on weekdays.

Fig. 9. Centred average percentage of preparing food throughout the day in February, June, September and November. (For interpretation of the references to colour in the
text,  the reader is referred to the web version of this article.)
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Fig. 10. Centred average percentage of washing throu

e explained by lower occupancy during Tuesdays, Wednesdays
nd Thursdays compared with Mondays and Fridays, which are
ssociated with a higher level of work from home [29].

Across all practices time dependence varies the most on Thurs-
ay, meaning that some practices on this day of the week are
xtremely time dependent while others are not.

. Time dependence variation and seasonality

Figs. 9–14 show practices variation across the months of
ebruary, June, September and November. The patterns of depen-
ence for preparing food, washing, cleaning and watching TV are

imilar to those in Fig. 1. There is evidence of seasonal time depen-
ence for washing clothes and using the computer, which are
haracterised by patterns that are more erratic across the four
onths.
 the day in February, June, September and November.

Time dependence is lowest in June for all practices apart from
washing clothes. In June, the peak in evening time dependence is
4% lower than in February. This reduction in peak reaches up to
6% between June and both February and November. June has the
lowest peak of washing/dressing.

Overall these results point to high seasonality of social prac-
tices. Findings are consistent with the known seasonal patterns
in energy demand (i.e. highest in winter and lowest in summer).
In this analysis on seasonal time dependence of social practices,
there is a clear reduction in the peak of energy-related social prac-
tices. For instance, in Fig. 9 the red line indicating the month of
June is lower than the lines representing September, November
and February during the evening peak (between 4 P.M. and 7 P.M.).

The evidence suggests that lower volumes and reduced peakiness
of social practices may  contribute to the reduction in electricity
demand in summer periods.



44 J. Torriti / Energy Research & Social Science 25 (2017) 37–47

Fig. 11. Centred average percentage of cleaning throughout the day in February, June, September and November.

Fig. 12. Centred average percentage of washing clothes throughout the day in February, June, September and November.

Fig. 13. Centred average percentage of watching TV/listening to radio throughout the day in February, June, September and November.

Fig. 14. Centred average percentage of using a computer throughout the day in February, June, September and November.
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Table 3
Standard Deviation, MAX  Distance and MAX  Distance/average for weekdays.

Preparing food Washing Cleaning Washing clothes Watching TV Computer use

� MAX  TDEP � MAX  TDEP � MAX  TDEP � MAX  TDEP � MAX  TDEP � MAX  TDEP �(TDEP)

Monday 25.24 86.67 3.63 22.80 94.89 4.49 19.49 71.84 3.69 5.94 16.33 2.39 104.06 359.11 3.67 6.99 13.95 1.48 108.8
Tuesday  22.84 82.27 3.50 23.48 103.35 4.53 15.79 62.26 4.09 5.90 24.37 4.06 104.57 374.62 3.67 8.24 29.96 2.99 53.8
Wednesday 22.19 81.34 3.58 27.20 129.14 5.94 17.51 60.47 3.33 5.27 22.55 3.93 99.15 352.85 3.71 6.07 21.61 2.42 116.4
Thursday 20.55 72.49 3.46 25.39 119.90 5.37 18.07 72.85 4.47 4.82 16.46 2.80 91.85 342.20 3.80 7.14 24.92 2.51 106.5
Friday  19.25 71.54 3.52 24.05 113.28 4.88 16.84 65.95 4.04 5.90 23.02 3.42 89.77 316.57 3.38 6.11 21.70 2.22 87.4

Table 4
Standard Deviation, MAX  Distance, MAX Distance/average for months of February, June, September and November.

February June September November

Practice Standard Deviation MAX Distance TDEP Standard Deviation MAX  Distance TDEP Standard Deviation MAX  Distance TDEP Standard Deviation MAX  Distance TDEP �(TDEP)

Preparing food 24.08 92.54 3.56 27.37 101.81 3.56 29.22 108.03 3.61 108.05 411.32 3.67 4.9
Washing  29.32 135.64 5.02 29.78 138.94 4.97 31.02 141.57 5.16 120.08 550.14 4.95 9.3
Cleaning  21.30 82.41 4.07 18.54 70.04 3.73 23.03 82.34 3.48 24.51 103.09 4.54 45.9
Washing  clothes 5.39 22.91 3.51 6.99 25.51 2.96 7.28 25.56 2.88 7.57 34.98 4.88 92.7
Watching TV 132.19 324.46 2.55 113.63 299.62 2.81 118.33 317.28 2.75 125.89 325.54 2.58 12.7
Using  computer 9.91 15.53 1.05 6.75 13.76 1.34 9.91 21.66 1.63 8.06 19.42 2.00 40.3
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Table 4 formalises statistically time dependence of practices
cross seasons by showing the standard deviation, maximum dis-
ance and time dependence for the months of February, June,
eptember and November. The highest standard deviation is for
atching TV in November, indicating that this practice is par-

icularly spread out across the day in November. Watching TV
as consistently high standard deviation throughout the different
easons. The lowest standard deviation by season is for washing
lothes in February. This means that at that time of the year wash-
ng clothes is more concentrated around the number of minutes
edicated on average to this practice. Computer use has consis-
ently low standard deviation and also the lowest time dependence
round February. It has, in general, the lowest time dependence for
very season. This indicates that computer use is not dependent on
he hour of the day for most seasons. TV watching has the second
owest Time Dependence, despite the fact that it is associated with
he highest maximum distance in November, partly due to the high
olumes of minutes. This means that there is a significantly high
ime dependence of TV watching in the afternoon/evening times,
ow variation across seasons and yet low overall time dependence
ver the 24 h of the day because of the amount of hours associated
ith TV watching.

Washing clothes has significantly the highest dispersion of time
ependence across seasons. This means that it is the practice whose
ime dependence varies the most across seasons. Cleaning and com-
uter use also have high levels of seasonal variation. This can be
xplained by the fact that, for instance, cleaning has a low time
ependence in June compared with November. Although prepar-

ng food has a relatively high time dependence in terms of the time
f the day, it has the lowest seasonal variation.

. Conclusions and policy implications

This paper studied the relationship between a set of social prac-
ices and the time of the day with a view to understanding how
ime-dependent social practices are and how time dependence
aries according to days of the week and seasons. The findings
f this paper are discussed here in relation to the four conceptual
oints highlighted in Section 2.

First, understanding the timing of energy demand depends on
nderstanding ranges of practices and material arrangements and
ow they are temporally and spatially ordered. The six practices
nalysed in this paper present different levels of time dependence
uring the week. It was noted that washing, cleaning and washing
lothes feature the highest time dependence. Tuesday, Wednesday
nd Thursday share in common the highest overall time depen-
ence for all six practices. With regards to seasonal variation, June

s the month which is associated with the lowest time dependence.
he findings emphasise how seasonal practices are and their inti-
ate relation with material arrangements. For example, cleaning

s less time dependent in June than in November, whilst preparing
ood, which has a high time dependence in terms of the time of the
ay, has the lowest seasonal variation.

Second, practices tend to cluster together over time and space
nd have different levels of time dependence. Some practices, like
reparing food, repeatedly take place at the same time of the day.
thers, like computer use, are less time dependent. Distinctive fea-

ures of both timing and duration affect time dependence. This was
easured also with metrics on distribution of a single practice over

he day and distance from the amount of time dedicated to the same

ractice on average. Practices of short duration (e.g. computer use)
an be slotted in between longer duration practices (e.g. TV watch-
ng). This has implications on the composition of peak electricity
emand and on why this takes place at given times of the day.
al Science 25 (2017) 37–47

Third, this study provides an unprecedented example of appli-
cation of social practice frameworks for analysing domestic energy
consumption in empirical terms. Practices are the independent
variable of the analysis. For this reason, this paper avoids any
breakdown into socio-economic groups. Indeed, the place of socio-
economic categorisations within practices remains debated [30].
Underpinning the conceptual decision to avoid socio-economic
categorisations in this paper is that understanding what gener-
ates peaks is about analysing portions of time devoted to specific
practices and how these are organised across the day. This is for
consistency with the conceptual remit of the paper which consists
of observing variations in energy-related practices to assess their
relationships with time of the day, weekly and seasonal variation.
Findings show that arrangements relate to the ordering and inten-
sity of practices. For instance, the seasonality of washing clothes is
very high compared with watching TV.

Fourth, findings from this work and, more broadly, practice
approaches could make a novel contribution to approaches to man-
age load shifting. Any intervention which will succeed in moving
peaks in residential electricity demand will need to address how
time dependent practices are. Two  practical examples of appli-
cations of this work consist of manual Demand Side Response
in the residential sector and automated demand side controllers.
Demand Side Response programmes normally require a detailed
understanding of the turndown potential of participating loads to
accurately forecast when load shifting may  take place. However,
whilst this is common practice in the non-residential sector, the
electricity market has an underdeveloped residential Demand Side
Response market as information about load profiles and shiftable
loads is missing. The effectiveness of future Demand Side Response
penetration in the residential sector depends on accurate informa-
tion about the timing of electricity demand and an understanding
of what causes peaks in load profiles. This is because any price (e.g.
dynamic pricing) or technology (e.g. smart appliances with delay-
ers and remote controlling) will have to be developed starting from
current practices [12]. Time-dependence of practices can inform
about the Demand Side Response potential in the residential sec-
tor by informing around what people do in the household and the
times of the day in which they can respond to requests to alter
consumption.

In the future load shifting may  comprise load controllers which
will automatically manage electricity consumption from different
devices and appliances in the household. The controllers will pri-
oritise loads and appliance use depending on system and users’
requirements. The algorithms underpinning automated load con-
trollers will necessitate information about the practices of clusters
of end-users. Findings on time dependence of practices could
potentially inform automated demand controllers’ algorithms.

The findings of this paper feed into a broader discussion on
the internal heterogeneity of domestic practices which generate
peak electricity demand. The time dependence of social practices,
as measured by time use surveys, provides an effective way to
re-think peak electricity demand as deriving from synchronous
performance of domestic social practices. Causal explanations to
this dependence are not provided in this work, but may range from
the role of working in determining what happens in the household
and at what time [31] to the structuring effect of family commit-
ments and internal synchronisation in the social space [32]. The
analysis also draws attention to the time and timing of activities
which have implied energy demands. Because the choice of social
practices is restricted to their relationship with energy demand in
the home environment, the scope of this work has obvious lim-

itations. Practices are not performed in isolation and by treating
them individually some of the dynamics of everyday life might be
missed. For instance, in real life non-household related practices
(e.g. associated with mobility) carry a weight which is at least as sig-
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[35] K. Telling, Bourdieu and the problem of reflexivity: recent answers to some
old questions, Eur. J. Soc. Theory 19 (1) (2016) 146–156.

[39] G. Powells, H. Bulkeley, S. Bell, E. Judson, Peak electricity demand and the
flexibility of everyday life, Geoforum 55 (2014) 43–52.
J. Torriti / Energy Research &

ificant for understanding both practice complexities and volumes
f energy demand as the household practices which were analysed

n this work. Energy demand also includes loads, which may  be
ore or less constant and to varying degrees independent from

he time of the day, such as air-conditioning, heating and main-
aining food frozen. The choice of the dataset also poses limitations
s the Office for National Statistics Time Use Survey is statistically
epresentative of the UK in 2005. Time dependence, as measured
n this work, is a concept as changeable as time is [33]. Not only
ractices change over time, but so does their temporal attribution.
ence, representations of practice performance as captured in the

ime use studies are linked to methodological biases in coding,
nterpretation and reporting. Changes in rhythms could be inter-
ally produced or externally sourced from technological and social
gents. On this point, the methodological choice to focus on time
se data implies that agency (for instance from technical, organi-
ational and institutional factors) is not considered in this analysis.
he paper does not address the issue of reflexive agency among
hose who carry out various practices. Reflexive agency implies
hat people might be able to think about their consumption prac-
ices and make changes to them in time or content [34]. A recent
eview of three books on Bourdieu’s approach to reflexivity reminds
s of the difficulties to reconcile social structures with agents in
ourdieu’s work and subsequent empirical work [35].

One of the highest conceptual challenges embedded in the anal-
sis presented in this paper is that it implies dependence, which
ould be interpreted as some level of causality between time and
ocial practices. This has three implications. First, by adopting a
uantitative approach some limitations are also introduced as the
mphasis is on trends and broad characteristics of practices and not
n motivations, meanings and performances related to practices.
econd, time dependence synthesizes related issues of synchronic-
ty (i.e. how co-ordinated a set of people, such as a household,
s around a single practice), sequencing (i.e. how different prac-
ices are ordered and combined in time) and flexibility (i.e. how
ome practices can take place at different times of the day com-
ared with other practices). Third, in this work fixed moments of
he day -corresponding to peaks in household electricity demand-
re used to analyse time dependence and variations in intra-day
emporality. This paper focuses only on time dependence and not,
or instance, space dependence. By including within the scope of
he analysis only household-related practices a conscious decision
as made to control for space. As a result, the paper includes only

ractices which are performed in the household, hence control-
ing for space variables. The main consequence of this is that no
omparison is carried out with other countries, although time use
tudies from different countries offer a potentially powerful tool in
he social practices’ realm. The exception is represented by domes-
ic practices taking place in other people’s households. The ex ante
ecision to prioritise time over space in terms of measuring vari-
bility was made with a view to enhance the usability of practice
heory research in the policy realm. The rationale for this is that,
rior to this work, policy intervention in the area of energy demand

acked empirical applications of social practice concepts.
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