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

(1) The routines and scheduling of domestic 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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Activities are described by time use.
Collecting data on time use is effortful and costly.

Time use per capita
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Can we make reliable inferences about household

activities using smart meter data?

M Gas demand (half hourly readings) - Electricity demand (10 second readings)
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Method (6 Steps)

1.

o s W N

Define activities

Collect energy and household data
Disaggregate electricity data

Map technology <-> activity relationships
Make activity inferences

Validate activity inferences



Method: Step 1. Develop a comprehensive set of
activities to describe household life and energy use.

DAILY ROUTINES:




Method: Step 1. Develop a comprehensive set of
activities to describe household life and energy use.

DAILY ROUTINES:

INTERACTING: LEISURE & ICTs: OTHER ACTIVITIES:
communicating watching TV hobbies
socialising listening to radio/music caring
gaming working

computing other



Method: Step 2. Collect data on energy & household
routines from 6 homes (of 20 homes in a field trial).

M Gas demand (half hourly readings) - Electricity demand (10 second readings)
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Method: Step 2. Collect data on energy & household
routines from 6 homes (of 20 homes in a field trial).

M Gas demand (half hourly readings) - Electricity demand (10 second readings)
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Method: Step 3. Disaggregate real-time electricity
data.

e appliance-specific plug monitors
* non-intrusive appliance load monitoring (NALM)

— validated by appliance time diaries



Method: Step 4. Map relationships between activities

and technologies in an ‘activities ontology’.

APPLIANCES

ACTIVITIES

daily routines

ICT-related leisure

Type
electricity
electricity
electricity
elecricity
electricity
electricity
electricity
electricity

Appliance / Technology
kettle

toaster

microwave

washing machine

vacuum cleaner

food processor

PC

laptop

x x x cooking

© o o  eating

washing
laundering

cleaning
sleeping

tv
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c
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+ additional
information on:
- location
- typical usage
patterns



Method: Step 4. Map relationships between activities

and technologies in an ‘activities ontology’.

ACTIVITIES
APPLIANCES - - :
daily routines ICT-related leisure
00 o0
00 £ o0 o0 £
g » £ & £ £ w 5
= c < © c o o o o
S ® & 3 8§ & s E E
Type Appliance / Technology S o 3 ic © » 2 e & S
electricity kettle X o
electricity toaster X o
electricity microwave X o
elecricity washing machine X
electricity vacuum cleaner X
electricity food processor X
electricity PC ~ X
electricity laptop ~ X

X = marker technology
~ = auxiliary technology
0 = associated activity

+ additional
information on:
- location
- typical usage
patterns
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Method ... Results ... applications

Key Results (so far)
1. 6-8 activities are inferrable per household

2. Some time use profiles are stable, others vary

- within household
- between household

3. Some activities are temporally inter-linked,
others are not

4. Activities usefully and meaningfully characterise
energy use



Results 1. Activity-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 pre-school children
House 10 2 adults + 2 pre-school children
House 5 2 adults + 2 school children
House 19 2 adults + 2 school children




Results 1. 6-8 activities were inferrable (remainder
were not inferrable or not occurring in that home).
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00 .2
£ ®
) S S
(1]
& g w2 &
o m m — bo o
® , £ © £ £|2 2|£ £ w» 5|38 &
i~ c = ] c o € © '5 c L o o) %D Sz —
o P P s @ @ £ 'S + g £ € o = = -
e ® & 3 & 22|55 8|¢% B & s|e ® g %
House o o 3 ) 3] » o @ 3 = oo o £ o 3 <)
House 4
House 8
House 2
House 10
House 5
House 19




Results 2. Activities varied in the regularity of their
routine (when and for how long).
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Results 2. Some ... but not all activity time profiles
varied from day to day.

Time use over the course of a day:
single weekday (Oct 2014), % of total known time use
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Results 2. Some ... but not all activity time profiles
varied markedly between weekdays and weekends.

Time use over the course of a day: Time use over the course of a day:
average weekday (Oct 2014), % of total known time use average weekend day (Oct 2014), % of total known time use
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Results 2. Activity time profiles varied between
households of similar compositions.

House 4 TV watchin% Duration for one month
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Results 2. Activity time profiles varied between
households of similar compositions.
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Results 2. Activity time profiles varied between
households as a result of different compositions.

House 4 Laundering Duration for one month
00:00-01:00
22:00-23:00

20:00-21:00

18:00-19;00

300

:00-11:00

14:00-15: |
12:00-13:00

laundering

House 4. 2 retired adults

House 2 Laundering Duration for one month
00:00-01:00
22:00-23:00

18:00-19:00

14:00-15: :00-11:00

12:00-13:00

laundering

House 2. 2 adults + 2 pre-school children



Results 2. Activity time profiles varied between

households with different scheduling.

18:00-19:00

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

14:00-15:

:00-11:00

12:00-13:00

laundering

House 19. 2 adults + 2 school children

House 2 Laundering Duration for one month

22:00-23:00

00:00-01:00

14:00-15:

12:00-13:00

:00-11:00

laundering

House 2. 2 adults + 2 pre-school children



Results 3. Activity time profiles are inter-linked
temporally to different extents.

correlations (time use): average weekday

cooking eating laundering sleeping watching tv computing  hobbies

cooking
eating
laundering
sleeping
tv

0.70
0.17

computing
hobbies

House 4. 2 retired adults



Results 4. Energy use can be apportioned among
activities.

Electricity use over the course of a day:
average weekday (Oct 2014)
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Results 4. Energy use can be linked to activities to

provide

meaningful feedback to households.

% of total electricity use

Electricity use by activity over the course of a day:
average weekday (Oct 2014), % of total electricity use
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Results 4. Energy use can be linked to activities to
provide meaningful feedback to households.

Electricity + gas use by activity over the course of a day:
average weekday (Oct 2014), % of total electricity + gas use
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Applications

1. Comparison with time use statistics
-> identification with national clusters

2. Temporal stability and sequencing of activities
-> demand response

3. Activity-based energy feedback
-> retrofit & energy savings

4. Reduced methodology for smart meter rollout

-> real-time activity time profiles nationwide!



Method ... Results ... Applications ... The End

Applications

1. Comparison with time use statistics
-> jdentification with national clusters

2. Temporal stability and sequencing of activities
-> demand response

3. Activity-based energy feedback
-> retrofit & energy savings

4. Reduced methodology for smart meter rollout
-> real-time activity time profiles nationwide!

guestions? suggestions? + informal session 2-3pm
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activities
things people do,
ways people describe
their day or how they
spend their time

practices

socially-shared bundles
of doings and sayings
constituted by
technologies, skills,
meanings and rules

energy services

useful functions
provided by energy
end-use technologies

e.g.
cooking, washing,
resting, caring

e.g.
cooking, washing,
socialising

e.g.
cooking, washing,
heating, lighting

descriptive characterisation
of everyday life in a way that
is meaningful to households

theory-based analysis of
constitutive elements of
everyday life

ultimate purposes for
which energy is consumed
as part of everyday life




Method: Step 1. Develop a comprehensive set of
activities 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 functions

User interface which is available at any time on home
display from PC or smartphone, etc. Full control of the
devices by moving the buttons up and down and creating

PRE = (D

Computer v &
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, ety /‘_'/ » new profiles by the learned drag & drop mouse function.
- A T ¥
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oe” User interface o1& E——

Internet o o .
wireless
Smart Phone hub
transmitter  In-wall dimmer
Smart home Kit Central control
Remote unit %/ ;3" B g_g" ﬁ.‘ In-wall light
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(dimmable)
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Electrical adapter
P Radiator thermostat

. Door/window Floor hoatmg
Motion detector Motion sensor Smoke detector controller

(exterior) detector
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Data requirements

time use studies

household interviews and
video ethnography on
activities and technologies

household interviews and
video ethnography

house survey
(appliances, rooms

electricity & gas smart meters

appliance / plug monitor

environmental sensors

self-completion
appliance time diaries

self-completion
activity time diaries

Methodology, step-by-step

1. Define activities

comprehensive set of activities
meaningful to households

2. Build activity ontology

map relationships between
technologies and activities

3. Collect real-time data

collect & process energy and
environmental data from homes

4. Disaggregate data
5. Infer activities

process data using activity
ontology and inference algorithms

lllustrative examples
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Method: Step 5. Make inferences about time profile
of activities (process energy data through ontology).
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Method: Step 6. Validate activity inferences using
activity time diaries.
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Method: Step 6. Validate activity inferences using
activity time diaries.
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Results 1. 50-80% of electrical appliances were
detectable (exceptions: low power, battery/mobile).

House 19 i i ™ Appliances with Plug
- Monitors
Houses [N
House 10 | e Appliances Detected
- by NALM
House2 [ 10 (Disaggregation)
House 8 _ _ ™ Appliances not
- Detectable
House 4 _ N
0 10 20 30 40 50 60
Number of Electrical Appliances




Results 3. Activity time profiles are inter-linked
temporally to different extents.

correlations (time use): average weekday

cooking eating laundering sleeping watching tv computing  hobbies
cooking
eating 0.70
laundering 0.17
sleeping
tv
computing

hobbies

correlations (time use): average weekend day
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tv
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House 4. 2 retired adults



Results 3. Activity time profiles are inter-linked
temporally to different extents.

correlations (time use): average weekday
cooking eating laundering sleeping watching tv computing  hobbies
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House 4. 2 retired adults



