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Household activitiesthrough various lenses: crossing surveys, diaries and
dectriaty consumption

Mathieu Durand-Daubin, Electricité de France, Clamngrance)

ABSTRACT

The analysis of household energy consumption usuaWolves the description of technical
systems and of people behaviors. This work focuwseshe relationship between people activities,
appliances use, and electric consumption. It redieshe application of a wide range of measurement
tools on a unigue sample of 60 households in Fra@eerall, questionnaires, diaries, and measured
consumption provided a consistent description efitilensity and time of use of the three appliances
studied. However, variations were found, dependimghe indicator and appliance studied. The levels
of activity derived from the diaries and consumptghow large differences. However, they can be
explained based on reasonable assumptions on tieeedces in the nature of the activities. Most
importantly the variations in the intensity of useross households are consistent among the three
measurement tools. This result allowed a partiatdption of the role of the frequency and duration
of use, appliances features and energy savingrgssin the final energy consumption. In terms of
methodology, this study shows that, questionnaiees provide consistent information on the relative
level of energy consumption by household, whilegidg&provide reliable information about when this
energy is consumed, supporting the use of the lacgde and wide spread “Time Use Surveys” to
model the diversity of power demand in Europe amtkAca.

Introduction

Household energy consumption models first reliedhan technical performance of buildings
and space heating or cooling systems (knowing #wepunt for the largest share of household energy
use). Such is still the case for the reference samle which energy policies in several Western paro
countries currently rely (see Cayre et al. 2011dprevaluation of the model used for the Energy
Performance Certificate in France, and Huebnel. & aress, for an evaluation of the model on \uhic
the Standard Assessment Procedure is based inkhePtbgressively, more information about people
behaviors have been introduced into these thermoaleia as described by Cayla (Cayla et al. 2010),
where usage intensity and management are addbd smtio-demographics and technical variables. In
parallel, a quest for energy saving behaviorshasatural human complement of the technical energy
efficiency, lead many studies to focus on dedicatedservation gestures, underlying environmental
attitudes, and behavior change levers (see Huelmteal. 2013, for an overview of the human
characteristics in existing energy models, in retatvith comfort, and Gadenne et al. 2011, Hoalet
2013, Sweeney et al. 2013, for recent examplesindny of these studies, energy saving behaviors
tend to hide the role of behaviors using energwimply people activities. Some of them occasignall
interpret human related consumption variabilitypagential savings. This bias toward an energetic
interpretation of the meaning of people behaviésdsr a broadening of the scope of the analysis.

The development of the practices theory answessddefinition need in a radical way, linking
domestic consumption to routines and habits, ampdoerg how they are maintained or changed in
conjunction with the infrastructure evolutions (8602003). This deeper approach has proved dificul
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to implement in quantitative studies so far. Howevauch more modest approaches have been
effective involving the quantitative study of usdgeguencies for a number of electrical appliances
the modeling of household annual electric consuwnptbanquist et al. 2012, Vassileva et al. 2011).

Going further in that direction, recent researctresd to model when energy is consumed,
which is crucial to electric demand peak managemanthese researches, electricity load curves are
modeled from the reported activities time patteroitected in Time Use Surveys, using activity diari
(Widén et al. 2009, Lopez-Rodriguez et al. 201®/hile the synchronization between occupancy
patterns and the global electric load curve co@dbserved, more detailed analysis of the impact of
different activities and related appliances aralaede

This work aims at improving our understanding of tink between activities, appliances
usage, and the associated electric consumptionfifBh€uestion addressed was the evaluation of the
consistency between three different ways to meag@eple activities at home: quantitative
guestionnaire, activity diaries, and measured eteconsumption of the related appliances. In
particular, do diaries allow the extraction of wdefnformation regarding the time of electric
consumption? How often do they agree? When theit,deinat can we learn from the discrepancies?
The second question was to identify which of theoreed variables describing activities and energy
related gestures are more relevant to explain Wergity of specific electricity consumption among
households. Who consumes more electricity for amgactivity and how does it happen?

Data

The data on which this analysis is based, wereectltl in the ENERGIHAB projetaiming
at the investigation of energy usage in the resialesector. There are four levels of data collmati
guantitative questionnaire, qualitative interviewstivity diaries, and real time energy consumption
with sensor measurements.

Sample

Two nested samples were involved. The main sanmgleided 1,949 households in the lle-de-
France region (the area around Paris, France),amBwered a comprehensive questionnaire over the
phone. This sample represented the diversity ofréglggon in terms of household structure, income,
type of dwelling, and urban location.

The sub-sample was made of 60 self-selected holaseftom the main sample, who accepted
to take part into a much deeper study involvinglépth interview, one week of diary completion, and
home monitoring. This sub-sample had two seasariabsoups: 34 households were studied between
October and January, while the 26 other househotte studied between May and July. This split
allows the entire sub-sample data to capture sofrther seasonal variability, while it makes the
comparison of the results between households mffieutt halving the number of households studied
in the same conditions.

Quantitative questionnaire

The quantitative questionnaire was intended forrfen sample, and covered the fields of

1 The ENERGIHAB project was founded by the Frencha@ech National Agency (ANR), it was lead by thei dial
Centre for Scientific Research (CNRS) and assatisie Scientific and Technical Centre for Buildif@STB) and
Electricité de France (EDF) (http://www.agence-oaile-recherche.fr/en/anr-funded-
project/?tx_lwmsuivibilan_pi2%5BCODE%5D=ANR-08-VILQ006)
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people socio-demographics, building, heating systeamsportation, appliances, frequency of use,
energy use, energy saving gestures, and enviroammattitudes, through more than a thousand
guestions. This paper focuses on two series oftipmssde scribing the intensity or frequency of ake
three appliances, the associated energy savingsrgssand some technical features for the TV sets
(Table 1).

Washing
Questionnaire variables TV Set Computeur  Machine
Number of days of use by week (every day, several days, once a week, less ) yes yes yes
Hours of use by day (more than 5, between 5and 3, between 3 and 1, less) yes yes No
Standby when not used (leave on standby, switch it off completely) yes yes no
Time of use (off-peak hours, on-peak hours, either) no no yes
Size of the main TV set diagonal (cm) yes no no
Number of TV sets yes no no

Table 1. Questionnaire variables describing the use ofhifee appliances studied
In depth-inter views

The in-depth interviews of the sub-sample househalidned at a detailed understanding of
everyday consumption practices, and their undeglymmotivations and energy representations. The
analysis of this material is out of the scope df fhaper. The detailed results of this analysisewbe
object of a previous communication (Roudil et 2012).

Activity diaries

The diaries aimed to collect the activities undetaby the households members of the sub-
sample, at home and outside, during one week. Atehactivities were collected using several paper
diaries, each dedicated to one room. We asked aotsipo fill in what they had just done in this mp0
on a regular basis, giving the following detailartcipants, activity, equipment used, start tied
end time. An extra diary was used to collect oetsattivities described with: participants, goal,
distance, transportation mode, time of departurel &ime of arrival. After this “open-ended”
collection, raw activities and equipment were reabinto a limited number of items. We then created
categories to help the manipulation of fields df\attes.

This protocol differs slightly from the diaries opged in most of the national Time Use
Surveys, which apply to thousands of householdé wWie ambition to be representative of large
populationg. In these national surveys, the diaries are mouetsired, prompting respondents to fill in
predefined time slots (10 to 15 minutes), they naften cover one or two days rather than one week
for each household, they spread all along the iyearder to fully account for seasonality.

Real-time dectricity consumption and sensors

Sensors and metering devices were installed irstitesample homes, during the same week
when the diaries were filled in by the participantsthis paper, the analysis focuses on the medsur
electricity consumption for three appliances: TV, €omputer (desktop), and Washing machine. We
measured electricity consumption for those appéanat the plug, with a time step of 1 minute, and
consumption step of 1Wh. That is to say, each amadditional Wh of energy is consumed, the total

*Europe : https://www.h2.scb.se/tus/tus/doc/ MetagdfaFrance:
« http://www.insee.fr/fr/methodes/default as p?pagerces/ope-eng-e mploi-du-temps-edt-2009. htm »
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consumed energy is written into a file, where stamped with the current time in minutes.

Some other appliances with higher power demandquen) were measured with a precision
of 1kWh, which means no value is written to the fintil one kwh is consumed, which even for those
appliances is not small enough to know accuratehernwthe energy was consumed. Not every
appliance was measured in every home: respectéd&Iy7 and 38 households had their TV, desktop
computer and washing machines monitored. The aisalys the sensors data, which measured
temperatures, movements, or lights operationgjti®bthe scope of this paper.

Methods

The comparison of the measurement tools used ®orddscription of people activities and
energy consumption relies on the definition of th@ensions that can be compared, and their proper
translation into each data source. For each oflthee appliances, the investigated dimensions were:
intensity of use, time of use, energy savings, guuliance size where available.

Beyond the obvious differences, we recognizedttimatmeasurement tools do not measure the
same objects. Most importantly, the questionnaio¥iges information on the general intensity of use
at any time during the year, requesting some gératian task from the respondent, while the diarie
and the electric consumption measure the use damegspecific week. From there, the comparison
between the questionnaire level and the sub-sarmdptailed measures, will tell us about the
relationship between annual average intensity headusage on a random week, as much as about the
differences between general perception of the #gtreal-time reporting, and measured consumption.

We also encountered some difficulties in the intetiggion of the measured electric
consumption. Some equipment can demand differargldeof power depending on their state or
solicitation, while, like any signal, the measusmhsumption can include a varying amount of noise.
If in some cases, the pattern of power demandpistittve and unchanged, in some others it can vary
significantly in shape and level, questioning whiemappliance is actually used and in what way.

On the diary side, the relationship between theplgeactivity and the actual work of the
equipment can vary. The TV set has to be on fopleeto watch TV, but the contrary is not true.
When people report they are using the washing machhey can fill it with clothes, have it running,
or program it for a later launch. Hence, the conspar of these different levels of description slkioul
be seen as an analysis of the global consisterdgaecificities of these tools, rather than asaigu
evaluation of the subjective stated behaviors sl hard reality of electric measures.

Data prepar ation: diariesand ener gy consumption

The information about the three appliances stuthedl were extracted from the diaries for
comparison with the other data sources were théaet use of the appliance for each hour of the
monitored week, and the average duration of useefppliance per day. For the first indicator, any
equipment used for at least 5 minutes in a one-klotyis coded as used during this hour.

A number of treatments were necessary to use thasumed electric consumption. The
measured cumulative consumptions were transformgd“instant consumptions,” that is the energy
consumed during the last one minute step. Extreme iaconsistent values such as negative
consumption was regarded as inconsistent, and doin @ppliance type, a threshold above which
consumption values were regarded as extreme wasWet discarded homes with too many
inconsistent values, while for the others only exte values were discarded.

Time stamps were also corrected according to suntimer when relevant so as to fit the
official time. From there, we computed power atheameasurement time, dividing the energy
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consumed by the time spent. We defined one ap@iasage occurrence as a continuous sequence of
power above zero. For washing machines, only semsenuring which at least 1,000 Wh were
consumed were kept. We computed the frequency aratidn of these occurrences for the entire
monitored week and averaged them by day for eaabkdtmld.

In the households where several desktop computei®Vosets are in use, the frequencies,
durations, and consumptions of all the applianoehe house are summed up. In the case of the TV
set, for many households the real-time consummimws two levels above zero. The lower level, or
base consumption, defined as under 20 W, or beldd 6f the higher level, was removed for the
calculation of the use frequency, use duration, @sumption without base. Our assumption is that
the consumption without base is related to theadatige of the TV; it amounts to 75% of the total
consumption. We developed a set of variables witfierént time granularity for use in comparison
with the other data sources and used a 15 minuys a&verage power variable for graphic
representations. We also developed variables drsgrif an appliance has been used at all for each
hour of the week, using the identification of th&tes of the appliances (on/off/base).

Finally, we aggregated diaries and electric congiomplata into household level indicators to
allow the comparison with the questionnaire data.

Usageintensity acrossthe different levels: questionnaire, diaries, measur ed electric consumption

For each of the equipment studied the first quaesaddressed was the evaluation of the
relationship between the three levels of measuremegarding intensity of use. The measures to be
compared were:

» Categories of general frequency and/or duratiordpgrfrom the questionnaire
* Number of occurrences and durations per day detlamea specific week from the diary
* Number of occurrences, durations per day, and ébglric consumption from the sub-meters

First, for each of the three appliances studie@ petidently, usage frequency, and durations
reported in diaries were compared to those exudafrttem the consumption data through correlation
analyses. In those analysis one statistic observagidefined as one household, for which an awerag
rate or duration of use by day of experiment waspmated.

Secondly, analyses of variance (ANOVA), and Dunog@&ans comparisons, were computed to
evaluate the differences between the mean fregeeidéideclared or measured usage of the appliances
in the diaries and consumption signals, dependingtlee answered category in the general
guestionnaire. ANOVA was also used to evaluatedifierences between average durations by day, in
the diaries and consumptions, depending on thdidoreategories answered in the questionnaire.

Then, ANOVA was computed again to compare the meantricity consumption of the
appliance, depending on declared frequency andidareategories declared in the questionnaire. For
all those ANOVA, we defined an observation as oaesehold. In the case of TV sets, we analyzed
both the total consumption and the consumptionoamtivase.

Time of useacrossthe different levas

After studying how much each appliance was usedsézond question was to know when they
were operated. The answers came from the compavfdbe following variables:
» Use of the washing machine during the off-peak si@srstated in the questionnaire
* Hourly time distributions of the appliances useegsrted in the diaries
* Hourly time distributions of the appliances uséha energy consumption data
First, for each appliance, a confusion matrix wéataimed from the direct match of the
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occurrences of use by hour, day, and householdjifoies and electricity consumption. This matrix
shows the percentage of hours when diaries andumeshsonsumption agree or disagree on the use of
the appliance. Here an observation is an hour s$ipte use of an appliance by one household.

Secondly, the time distributions of reported andasueed washing machine occurrences were
compared depending on the use of off-peak hourstHisr appliance as declared in the general
guestionnaire.

Energy saving gestur es and appliances per for mance

We computed an ANOVA to measure the impact of tneler, size, and type of TV set used by the
household on the total electricity consumption @wvdrage power consumed by these appliances.
Another ANOVA was computed to measure the impadhefdeclared state of the TV and Computer
when not used on the total electricity consumptionsumed by these appliances. We compared the
distributions of the time of use of the washing mae depending on the household reporting the use
of this appliance during the off-peak hours or not.

Results
Usageintensity acrossthe different levels: questionnaire, diaries, measur ed electric consumption

Table 2 summarizes the comparison of the measurédeported (diaries) data describing the
frequencies and duration of use for the three appdis studied.
Mean Mean Mean Pearson
nobs. (meter) (diary) difference’ correlation
Number of uses / Day

Washing Machine 19 0.53 0.37 0.16 0.69**
Computer 38 2.09 2.33  0.29*%** 0.43**
TVSet 38 1.46 3.12 l.66** 0.47%**
Total duration / day (minutes)
Washing Machine 18 49 22 27** 0.68**
Computer 38 566 208 358 0.68***
TVSet 38 361 292 132** 0.79%**

1mean(mete r)-mean(diary)
Significance of the difference to 0: *** p-value < 0.001, ** p-value <0.01, * p-value < 0.05

Table 2. Comparison of the diaries reported usage andhtesured usage on the same week

The mean values give descriptive information altloattime spent using each appliance. On an
average day of the monitored weeks, people repavtgdhing TV three times for a total of 5 hours,
while using the computer more than twice for altofa3 hours and 30 minutes. They also reported
running the washing machine once in three dayslewaccording to the measured electricity
consumption it was used once in two days.

The duration mean differences between the two dadle methods show a systematic bias:
durations reported in diaries are smaller thandldesived from the measured electricity consumption
of the appliances. This is particularly the casetthie number of uses of the computer and the durati
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of the washing machine. On, the contrary, for T4 aomputers, the reported frequencies of use are
higher than the measured ones. This could resuih fihe diaries describing activities first, and the
equipment used for the activity after. Severahatees or episodes of watching TV could happen ehil
the TV stays continuously on.

In spite of these biases, the correlations betwhemeasurements of the two methods are all
statistically significant: the diversity in the émtsity of use among households, as revealed by the
diaries, is consistent with that derived from theasured data. For TV and computer, durations are
more consistent than frequencies. The quality es¢hrelationships checked directly when we plotted
diaries durations against measured durations.

The following results address the question of thie between this specific week of collection
and the general activities described in the questioe. For each appliance and variable, Table 3
displays the results of the analyses of varianaepasing the measured usage indicators means for
category answered to the relevant usage guestitdeiguestionnaire.

TV Set Computer Washing Machine
M d dail .
us:a:ut:eaavri:‘gcee aly Electricity Electricity Electricity Electricity
e by app Number Duration consumed consumed| Number Duration consumed|Number Duration consumed
Questionnaire reported usage of use (minutes) /WB1 (Wh) (Wh)| ofuse (minutes) (Wh)| of use (minutes) (Wh)
Numberof Several daysaweek 1.56 448 885 1019 2.2 642 1253 0.78 61 605
Days of use Once aweekorless 0.99 202 257 420 17 238 284 0.18 30 327
n.s. * * n.s. n.s. * n.s. ** n.s. n.s.
Durationon More than 5hours 2.00 642 1338 1507 3.7 875 2011
aday of use Between 3and 5hours 1.51 420 870 1003 17 462 811
Less than three hours 1.30 344 581 715 15 416 560
n.s. * * n.s. n.s. * *
Leave on Leave it on standby . 448 843 894 . 714 1695
standby Switch it off completely . 392 772 974 . 492 736
n.s. n.s. n.s. . n.s. *
n obs. 37 37 37 38 41 41 41 24 20 20
ANOVA Factors -Days used -Days used -Days used -Duration -Days used
models -Duration -Duration -Duration -Stand by
R2 0.23* 0.20* 0.21* 0.25* 0.36**
Additional factors +TV Size +TV Size
+Number of TV Sets
R2 0.44*** 0.35**

'WB = Energie consumption after removing the base consumption (less than 10 W or 50% of power of the TV set).
Significance of the difference between the means of the categories from the unbalanced ANOVA
*** p-value < 0.001, ** p-value <0.01, * p-value <0.05, n.s. not significant

Table 3. Comparison of the questionnaire reported genmsade and the measured usage on a week

The number of times the washing machines ran duhegnonitored week is consistent with
the general frequency reported in the questionr@realue < 0.001). People declaring an everyday
use of this appliance used it 8 times in 10 day&3() while people reporting a weekly use ran icev
in 10 days (0.18). The%of the associated linear model shows that thertepdrequency explains
36% of the variance of the measured frequency. Wewehis frequency of use is not enough to
explain the total duration and the energy consuatewlg the monitored week.

On the contrary, in the case of TV and computer,dhestionnaire is significantly correlated
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with measured durations and energy consumptionlewiféquencies of use are not. For TVs, the
duration and consumption (without base) are p&ytedplained by the number of days of use per week
and duration per day. For computers, the reportgs df use and duration by day explain the
measured average duratiorf @1%); and the duration by day and leaving theliapge on when not
used explain the electric consumptiof£R5%).

In a sense, these results could support the icdgatth easier for people to talk about the time
they spend using their computer or watching TV, emaht the number of washing machines they run,
rather than the contrary.

Time of useacrossdiariesand measured consumption

What do the three collection levels reveal aboutmtine energy is consumed? First, the diaries
and measured data were associated hour by houotluge a confusion matrix showing how many
times they agree or not on the occurrence of atisaq@e being used during an hour (Table 4). Each
observation is a specific hour in the monitored kveeone household.

TV Set Computer Washing Machine

Metered use by hour
Not used Used Total |Notused Used Total [Notused Used Total

Diaries reported use by hour
Frequency

Not used 5397 1945 7342 4887 2983 7870 2533 236 2769
Used 218 960 1178 169 769 938 26 61 87
Total 5615 2905 8520 5056 3752 8808 2559 297 2856

Percentage of the reported cases

Not used 74% 26% 86% 62% 38% 89% 91% 9% 97%
Used 19% 81% 14% 18% 82% 11% 30% 70% 3%
Percentage of the metered cases 66% 34% 57% 43% 90% 10%

Table 4. Comparison of the measured and reported workatg $or each hours of the week

The bold percentage values express the proportitdmeaeported situations that are consistent
with the measured state of the appliance. Whenlpesaly they are watching TV on a specific hour, in
81% of the cases the consumption signal tellseSthwas in use. When no TV watching is reported,
the electric measures agree in 74% of the casesaD\wiaries and energy meters agree on the dfme
use of the three appliances. As mentioned eatietdtal reported durations are systematically obwe
than the measured ones. The level of measuredobueported usage is higher for computers (38%),
which could mean this appliance is on while notvady used more often. In contrast, households are
more likely to report using the washing machine nvhet consuming energy, which could result from
the loading or from the programming of the machine.

Energy saving gestur es, load shifting, and TV gze

After describing how much and when people use tileetappliances, we also investigated the
way they use them.

We looked at the impact of switching off the TV tbe computer, rather than leaving those
appliances on standby as part of the intensitysefanalysis, comparing questionnaires and measured
data (table 5). There is no significant effect lofstenergy saving gesture on the TV consumption
(either with or without base consumption). On thamtcary, the computer energy consumption is
significantly lower for people reporting they switit off when not used.
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For the washing machines, the measured usage tsmibdtion is clearly different, depending
on people reporting whether they use it or notrdythe off-peak hours (Figure 2). Off-peak usees ar
much more likely to run their washing machine dgrthe early morning off-peak hours, between 4
and 7 AM.

To complete our understanding of how much the quesire brings information about the
measured consumption, we entered the reported rruamoesize of the TV sets in the consumption
models (table 4). The size of the main TV set hagyaificant impact on the consumption, whether
including base consumption or not. Together, tffiscé and the reported days of use explain 44% of
the consumption without base. The number of TV pktgs a significant but smaller role in the total
TV consumption. Further, the size of the TV setiemsignificantly depending on the reported use
frequency and duration, which shows the consistéetween people purchase behavior and everyday
usage.

There was no information in the questionnaire abotliter energy saving practices or
performance in relation with the three appliandedied.

14% -
Reportedtime (freq.)

12% - B Off-Peak (239)
On-Peak (86)
M Either(262)

123456 7 89 101112131415161718192021222324
Time of the day (Hour)

10% -
8%
6%
4% -

|,||,| | Ll I |

0%

% of the detected washings

Figure 2. Time distribution of the Washing Machine measweage depending on the reported off-
peak hours usage

Discussion

The results show an overall consistency of theethodls regarding the measurement of the
intensity and time of use of the three appliantadied. However, variations exist, depending on the
indicator and appliance studied.

First, the absolute level of the intensity of uelected from diaries and measured consumption
are very different. Reported computer and TV usagauch more frequent in the diaries, while their
duration is much longer according to the energysuorption. These gaps could well translate to a real
difference between the active dedicated use odppdiance described in the diary and the on/otesta
of the appliance which can be derived from the oamstion. Several distinct tasks can be chained
while the TV set remains continuously on, and camsuare not switched on and off each time
they're needed, they’'re more likely to stay on awdilable for an entire occupancy sequence. The
situation is a little different for the washing nh@ee, which usage rate does not differ significantl
from one method to the other. Its usage duraticstiislonger according to the consumption values,
which could result from the fact people do notéad” the washing.
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Secondly, the relative intensity of use is much enoonsistent across the three methods: they
agree on who consumes more. Here again, applidrees specific traits. For washing machines,
diaries and measured consumption show the samatigas in the frequency of use between
households. Moreover, those variations are wellaened by the general frequency of use reported in
the questionnaire. These correlations betweenediand measured frequencies are lower for TV sets
and computers, and cannot be explained with trernmdtion collected in the questionnaire. However,
for these two appliances, the relative usage durstby household are similar across all collection
methods.

Thirdly, the time of use reported in the diaries avell synchronized with the time of the
measured consumption. There are more errors onrithiaator when this computer is not reported to
be used and when the washing machine is reportdd tosed. This could result from the previously
described differences in the use of those appl&r@a a much more detailed scale, this result bring
more evidence of the diaries relevance to undedstdectricity time of use, which is observed in the
significant similarities between the Spanish repddccupancy time profiles and the national domesti
electricity load curve (Lopez-Rodriguez, 2013).

Then the global understanding that was built basethe comparison of those measurement
tools also provides insights on the respective oblthe activities, level of service and energyisgv
gestures in the final energy consumption. For Tivation of use and size of the TV set, which can be
interpreted as part of the level of service, aeertiain drivers of electric consumption, while siihg
off the TV set rather than leaving it on standbgsitt make any difference. This last factor doey pl
a role in the computer consumption, which also depeon the total duration of use. The technical
features of this type of appliance were not rebrte

Contrary to the TV and computer, the washing maehisage frequency, which revealed to be
consistently measured across all levels of cotbectand the total duration of use, do not explam t
variations in the energy consumption of this apmg@ Other measurements of the intensity of use,
capacity of the machine, amount of clothes, or wegskemperature, and energy saving gestures are
possible explanatory factors that were missindpis study. These results support the idea thattego
usage intensity of a number appliances can com¢rittumodel the diversity of electric consumptions
on real time data, while it was demonstrated foruah consumption in Sanquist (2012).

Still, there are many limits to these analysesstFithe interpretation of the diaries and
measured consumption requires a number of choke@ssinplifications that could heavily alter the
results. More qualitative and technical investigatof these two measurement tools would be needed
to improve this interpretation.

Secondly, the size of the sample is small enoudhrtib the conclusions on two aspects. The
assessment of the links between the questionnadetree real-time monitoring is weakened by the
small number of observations that are householtis. 8xternal validity of the results, that is their
extrapolation to the lle-de-France region, is magualitative.

Thirdly, in addition to the small size of the sam seasonal effect interferes with the study of
the differences between household, because of dhgpls design. This point should be further
investigated in order to consolidate our results.

It's also to be noticed, a fourth investigation hoet was applied to the same sample: in depth
gualitative interviews focused on energy relatedcpces and their underlying motivations. It
described people everyday behaviors in terms aftjped arrangements (“bricolages”) between their
need for consumption and comfort, and the emergmessity to conserve energy. Three types of
arrangements were found to be associated with reiffe households and types of activities:
opportunistic arrangements, rational arrangemeamtd,radical arrangements. This description differs
from the one reported in this paper in many wayist Fthey focus on the motivations and on how
activities are carried out rather than on theirunence. Secondly, they describe complex pattefrns o
gestures and choices rather than isolated actvitiirdly, the different types of arrangementsaver
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not clearly attached to identified objects (i.eubehold, time period, activity). For these reasoims,
comparison of these interviews results with theehdlatasets studied in this article, cannot be doae
direct and simple way, and would need more wotketaindertaken.

However, the overall interpretation of the threeamement methods studied here, including
their discrepancies, reveals converging insighttherrelationship between different types of atiggi
and how they are pictured by different collectioals.

This work could be extended in several directioiisst, complementary analyses could be
undertaken on the same sample, investigating tliaeship between socio-demographics and
activities, or extending the study of the link beem activities intensity and reported energy saving
practices in the entire quantitative sample.

Secondly, the relationships identified betweenvéeats, the various ways they can be described
and energy consumption could be refined, correatead,onfirmed on a larger sample, with a better
seasonal sampling, or in other populations.

Thirdly, more activities, energy services, or agpties could be compared. Heating, cooling,
and lighting, which still account for a large pafthouseholds’ energy consumption, relate to people
activities in a much more complex and indirect wlagn the services studied here. Those usages are
already intensively investigated, but the coordarabf multiple measurement tools mixing reported
activities and measured consumption remains ranéde vt should help to build a better understanding
of the variability in comfort related energy consaion, beyond the usual factors covering the
technical performance, the energy saving gesturd €avironmental attitudes.

Most importantly, these results should help to gieselevant energy consumption distributions
and dynamics analyses based on the Time Use Suceegsicted in many countries. Those analyses
could indeed associate relative changes in consomptetween households, according to their
frequency, duration and time of use, taking intooamt these changes differ from one appliance to
another.
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