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Smart	
  meters	
  tell	
  us	
  about	
  real-­‐%me	
  energy	
  use,	
  
but	
  they	
  don’t	
  tell	
  us	
  why,	
  nor	
  what	
  to	
  do	
  about	
  it.	
  

(1)	
  The	
  rou%nes	
  and	
  scheduling	
  of	
  domes%c	
  life	
  
explain	
  why	
  and	
  when	
  energy	
  is	
  used.	
  
	
  
(2)	
  To	
  be	
  meaningful	
  and	
  salient,	
  energy	
  feedback	
  
needs	
  to	
  reflect	
  households’	
  lived	
  experience.	
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  described	
  by	
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Y1998 bears marks of the strong economic recession in Finland dur-
ing the early years of the 1990s. In Television, Shopping and services,
and Eating, this has resulted in a turn towards increased timeuse,where-
as the effect in other forms of mobility can rather be seen as a scaling
down of both the time and energy dimensions. The intensity is highest
in the activities of Free time trips, Eating, Trips to work and study, and
also Shopping and services. In these activities, the changes in time use
are very small. The rise in the intensity of transport related activities
testifies to a modal change towards using a private automobile.

5.2. Variation According to Household Type

The energy intensity of activities is determined by both energy inputs
and the time used in the activities. These depend on the purchasing
power of households, the mix of various inputs within a category
(e.g., modes of transportation), the availability of time, and on dedicated
efforts to compress and save time. Consequently, it is reasonable to
expect that the same activities have a varying intensity in different
household types. Table 3 shows the major demographic changes in
terms of household composition during the period fromY1987 to Y2009.

Appendix C provides the energy intensities of household activities in
different households. A comparison between single person households
and households of couples without children is indicative of how
household size affects energy intensity. The intensities of Television and
Reading are lower for couples, which suggests that in these activities
two peoplemake use of the same resource inputs.Whenno such benefits

exist, such as in Sports, recreation or in Cultural events, single people
have lower energy intensities. Due to the more extensive use of restau-
rant services, the intensity of Eating peaks in single households. Free
time trips are particularly important from an energy perspective. In this
area, couples without children stand out with a significantly higher ener-
gy intensity measure, when compared with all other household types.
Although their per capita incomes are slightly higher than those of sin-
gles, this is not enough to explain the differences in the modes of leisure.

The rising share of elderly couples also merits special attention.
Across all relevant categories, elderly people have lower energy intensi-
ties, which reflects disposable income. However, the magnitude of this
effect varies. For example, in the latest data set, the energy intensity of
Shopping and related trips in a single household was 55% higher than
in an elderly household (18.9 kWh/h and 12.2 kWh/h). For Eating, the
difference varies between 55 and 89% over the studied period. We can
also notice radical energy intensity differences in the categories of
Sports and recreation depicted in Fig. 5. The time use is very similar
for both household types, but energy intensity in a younger household
is ten-fold higher at the beginning of the period and remains five-fold
higher at the end of the period. The impact of the economic downturn
during the 1990s is clearly visible in the intensity of the discretionary
activities (such as Sports and recreation) of (working) couples, but
this has not prevented an increase in participation. In other words,
while time use has increased, energy inputs for this activity have
remained roughly the same, and intensity has thus fallen.

6. Discussion

Time use data offers interesting new views on consumption as an ac-
tivity andhighlights theways inwhichmarket commodities becomeuse-
ful and are consumed in everyday life. However, they also impinge on
equality and raise critical questions about excess consumption and the
ability of economic growth to further add to personal well-being. Despite
these outlooks, time use approaches remain a very narrow strain of re-
search in ecological economics. In the following, we suggest that the rea-
sons for this relate to the complexity of bringing together different data
sets but also to an uneasy fit with the paradigms of ecological economics.

6.1. Insights From and Limitations of the Empirical Study

The decomposition analysis in this paper shows that, in the case of
Finland, increases in household energy consumption are mostly due to
housing related consumption and to the intensity effect. In housing,
the average living space per person rose from 31 m2 in 1989 to 39 m2

in 2009, which has outran energy efficiency improvements in the hous-
ing stock and lead to a net increase. The intensity effect reflects a broad
capitalist push to consume more products and services across different
human activities. Activities such as sports and outing are increasingly
commodified. The intensity of consumption also depends on the delib-
erate attempts to save and squeeze time with time saving technologies
that range fromhigh speed travel and ready-made frozen food to online
ticket services and dating.

Decomposition analyses, however, hide relevant changes towards
opposing directions. For example, the two major demographic changes
have been the raises in the share of couples without children and of
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Table 3
Share of household types in Finland.

Household type Y1987 Y1998 Y2009

Single person, under 65 23.6% 20.9% 24.7%
Couple, reference person under 65 13.2% 17.2% 18.5%
Single parent 3.1% 3.5% 4.9%
Couple with children 25.7% 25.6% 23.4%
Elderly couple, over 65 16.3% 19.0% 19.6%
Other 18.1% 13.8% 8.9%
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Can	
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Method	
  (6	
  Steps)	
  
1.  Define	
  ac%vi%es	
  
2.  Collect	
  energy	
  and	
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  data	
  
3.  Disaggregate	
  electricity	
  data	
  
4.  Map	
  technology	
  <-­‐>	
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5.  Make	
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Method:	
  Step	
  2.	
  Collect	
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  energy	
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  homes	
  in	
  a	
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Method:	
  Step	
  3.	
  Disaggregate	
  real-­‐%me	
  electricity	
  
data.	
  

•  appliance-­‐specific	
  plug	
  monitors	
  
•  non-­‐intrusive	
  appliance	
  load	
  monitoring	
  (NALM)	
  
– validated	
  by	
  appliance	
  %me	
  diaries	
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Method	
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Key	
  Results	
  (so	
  far)	
  
1.  6-­‐8	
  ac%vi%es	
  are	
  inferrable	
  per	
  household	
  
2.  Some	
  %me	
  use	
  profiles	
  are	
  stable,	
  others	
  vary	
  

	
  -­‐	
  within	
  household	
  
	
  -­‐	
  between	
  household	
  

3.  Some	
  ac%vi%es	
  are	
  temporally	
  inter-­‐linked,	
  
others	
  are	
  not	
  

4.  Ac%vi%es	
  usefully	
  and	
  meaningfully	
  characterise	
  
energy	
  use	
  



Results	
  1.	
  	
  Ac%vity-­‐inference	
  methodology	
  applied	
  to	
  
6	
  homes	
  for	
  1	
  month	
  (October	
  2014).	
  

House Size)&)Composition
House&4 2&retired&adults
House&8 2&retired&adults
House&2 2&adults&+&2&pre2school&children
House&10 2&adults&+&2&pre2school&children
House&5 2&adults&+&2&school&children
House&19 2&adults&+&2&school&children
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Results	
  2.	
  Ac%vi%es	
  varied	
  in	
  the	
  regularity	
  of	
  their	
  
rou6ne	
  (when	
  and	
  for	
  how	
  long).	
  

House	
  2.	
  	
  2	
  adults	
  +	
  2	
  pre-­‐school	
  children	
  

mean	
  (and	
  90%	
  C.I.)	
  of	
  hourly	
  %me	
  use	
  profiles	
  over	
  a	
  month	
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Results	
  2.	
  Some	
  …	
  but	
  not	
  all	
  ac%vity	
  %me	
  profiles	
  
varied	
  markedly	
  between	
  weekdays	
  and	
  weekends.	
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Results	
  2.	
  Ac%vity	
  %me	
  profiles	
  varied	
  between	
  
households	
  of	
  similar	
  composi6ons.	
  

House	
  4.	
  	
  2	
  re%red	
  adults	
  

watching	
  TV	
   watching	
  TV	
  

  500   1000   1500
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04:00-05:00

16:00-17:00

06:00-07:0018:00-19:00

08:00-09:00

20:00-21:00

10:00-11:00

22:00-23:00

12:00-13:00

00:00-01:00
House 4 TV watching Duration for one month

  50   100   150   200   250

02:00-03:00

14:00-15:00

04:00-05:00

16:00-17:00

06:00-07:0018:00-19:00

08:00-09:00

20:00-21:00

10:00-11:00

22:00-23:00

12:00-13:00

00:00-01:00
House TV watching Duration for one month

House	
  8.	
  	
  2	
  re%red	
  adults	
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  2.	
  Ac%vity	
  %me	
  profiles	
  varied	
  between	
  
households	
  of	
  similar	
  composi6ons.	
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   watching	
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00:00-01:00
House TV watching Duration for one month

House	
  8.	
  	
  2	
  re%red	
  adults	
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04:00-05:00

16:00-17:00

06:00-07:0018:00-19:00

08:00-09:00

20:00-21:00

10:00-11:00

22:00-23:00

12:00-13:00

00:00-01:00
House 4 Laundering Duration for one month

Results	
  2.	
  Ac%vity	
  %me	
  profiles	
  varied	
  between	
  
households	
  as	
  a	
  result	
  of	
  different	
  composi6ons.	
  

House	
  4.	
  	
  2	
  re%red	
  adults	
  

laundering	
   laundering	
  

House	
  2.	
  	
  2	
  adults	
  +	
  2	
  pre-­‐school	
  children	
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10:00-11:00

22:00-23:00

12:00-13:00

00:00-01:00
House 2 Laundering Duration for one month



Results	
  2.	
  Ac%vity	
  %me	
  profiles	
  varied	
  between	
  
households	
  with	
  different	
  scheduling.	
  

House	
  19.	
  	
  2	
  adults	
  +	
  2	
  school	
  children	
  

laundering	
   laundering	
  

House	
  2.	
  	
  2	
  adults	
  +	
  2	
  pre-­‐school	
  children	
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22:00-23:00

12:00-13:00

00:00-01:00
House 2 Laundering Duration for one month

  100   200   300   400

02:00-03:00

14:00-15:00

04:00-05:00
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06:00-07:0018:00-19:00
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20:00-21:00
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12:00-13:00

00:00-01:00
House 19 Laundering Duration for one month



Results	
  3.	
  Ac%vity	
  %me	
  profiles	
  are	
  inter-­‐linked	
  
temporally	
  to	
  different	
  extents.	
  

House	
  4.	
  	
  2	
  re%red	
  adults	
  

correlations+(time+use):+average+weekday
cooking eating laundering sleeping watching+tv computing hobbies

cooking 1.00
eating 0.70 1.00

laundering 0.17 0.46 1.00
sleeping '0.63 '0.51 '0.22 1.00

tv 0.27 0.16 '0.03 '0.47 1.00
computing 0.36 0.38 0.29 '0.56 '0.24 1.00

hobbies 0.53 0.33 0.28 '0.50 '0.25 0.57 1.00

correlations+(time+use):+average+weekend+day
cooking eating laundering sleeping watching+tv computing hobbies

cooking 1.00
eating 0.75 1.00

laundering 0.07 0.43 1.00
sleeping '0.54 '0.60 '0.19 1.00

tv 0.17 0.33 0.26 '0.42 1.00
computing '0.18 '0.12 0.01 '0.23 0.06 1.00

hobbies 0.03 0.38 0.92 '0.20 0.19 0.24 1.00



Results	
  4.	
  Energy	
  use	
  can	
  be	
  appor%oned	
  among	
  
ac%vi%es.	
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Results	
  4.	
  Energy	
  use	
  can	
  be	
  linked	
  to	
  ac%vi%es	
  to	
  
provide	
  meaningful	
  feedback	
  to	
  households.	
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energy	
  services	
  
useful	
  funcFons	
  

provided	
  by	
  energy	
  
end-­‐use	
  technologies	
  

ac%vi%es	
  
things	
  people	
  do,	
  

ways	
  people	
  describe	
  
their	
  day	
  or	
  how	
  they	
  

spend	
  their	
  Fme	
  

prac%ces	
  
socially-­‐shared	
  bundles	
  
of	
  doings	
  and	
  sayings	
  

consFtuted	
  by	
  
technologies,	
  skills,	
  
meanings	
  and	
  rules	
  

e.g.	
  
cooking,	
  washing,	
  
hea%ng,	
  ligh%ng	
  

e.g.	
  
cooking,	
  washing,	
  
res%ng,	
  caring	
  

e.g.	
  
cooking,	
  washing,	
  

socialising	
  
ul%mate	
  purposes	
  for	
  

which	
  energy	
  is	
  consumed	
  
as	
  part	
  of	
  everyday	
  life	
  

descrip%ve	
  characterisa%on	
  
of	
  everyday	
  life	
  in	
  a	
  way	
  that	
  
is	
  meaningful	
  to	
  households	
  

theory-­‐based	
  analysis	
  of	
  
cons%tu%ve	
  elements	
  of	
  

everyday	
  life	
  



Method:	
  Step	
  1.	
  Develop	
  a	
  comprehensive	
  set	
  of	
  
ac%vi%es	
  to	
  capture	
  household	
  life	
  and	
  energy	
  use.	
  

DAILY&ROUTINES
cooking cooking,(preparing(food(&(drink,(washing(up
eating eating,(drinking

washing showering,(washing,(dressing
laundering doing(laundry
cleaning cleaning,(housework,((other(than(laundry(or(washing(up)
sleeping sleeping,(resting

INTERACTING
communicating communicating,(interacting(with(people(outside(the(home

socialising entertaining,(socialising,(being(with(people(at(home
LEISURE&&&ICTs

tv watching(tv,(video,(film(or(any(audiovisual
radio listening(to(radio,(music(or(any(audio
games playing(games(on(console,(computer,(tablet,(smartphone

computing using(computer,(tablet,(smartphone,((other(than(for(games(or(work)
OTHER&ACTIVITIES

hobbies doing(hobbies,(sports
caring looking(after(children,(caring(for(household(members

working working,(studying
other other(activities



A	
  smart	
  home	
  collects	
  data	
  from	
  meters	
  and	
  sensors,	
  
and	
  provides	
  households	
  with	
  new	
  control	
  func%ons	
  



1.	
  Define	
  ac%vi%es	
  

2.	
  Build	
  ac%vity	
  ontology	
  

3.	
  Collect	
  real-­‐%me	
  data	
  

4.	
  Disaggregate	
  data	
  
5.	
  Infer	
  ac%vi%es	
  

6.	
  Validate	
  inferences	
  

TIME%PROFILE%OF%INFERRABLE%ACTIVITIES TIME%PROFILE%OF%UNCERTAIN%INFERRABLE%ACTIVITIES
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Method:	
  Step	
  5.	
  Make	
  inferences	
  about	
  %me	
  profile	
  
of	
  ac%vi%es	
  (process	
  energy	
  data	
  through	
  ontology).	
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Method:	
  Step	
  6.	
  Validate	
  ac%vity	
  inferences	
  using	
  
ac%vity	
  6me	
  diaries.	
  



Method:	
  Step	
  6.	
  Validate	
  ac%vity	
  inferences	
  using	
  
ac%vity	
  %me	
  diaries.	
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Results	
  1.	
  	
  50-­‐80%	
  of	
  electrical	
  appliances	
  were	
  
detectable	
  (excep%ons:	
  low	
  power,	
  baeery/mobile).	
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Results	
  3.	
  Ac%vity	
  %me	
  profiles	
  are	
  inter-­‐linked	
  
temporally	
  to	
  different	
  extents.	
  

House	
  4.	
  	
  2	
  re%red	
  adults	
  

correlations+(time+use):+average+weekday
cooking eating laundering sleeping watching+tv computing hobbies

cooking 1.00
eating 0.70 1.00

laundering 0.17 0.46 1.00
sleeping '0.63 '0.51 '0.22 1.00

tv 0.27 0.16 '0.03 '0.47 1.00
computing 0.36 0.38 0.29 '0.56 '0.24 1.00

hobbies 0.53 0.33 0.28 '0.50 '0.25 0.57 1.00

correlations+(time+use):+average+weekend+day
cooking eating laundering sleeping watching+tv computing hobbies

cooking 1.00
eating 0.75 1.00

laundering 0.07 0.43 1.00
sleeping '0.54 '0.60 '0.19 1.00

tv 0.17 0.33 0.26 '0.42 1.00
computing '0.18 '0.12 0.01 '0.23 0.06 1.00

hobbies 0.03 0.38 0.92 '0.20 0.19 0.24 1.00
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