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Background

* Computerscientist

o Informationvisualization, personal visual analytics

o Informationand computational systems for sustainable living
* My team:

o Architects, engineers, computer scientists, designers, psychologists
* Our collaborators

o Energy utilities, urban planners, green tech companies, building
developers and designers, trades, community gardeners, social
scientists....
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Overview (and provocation)

e Chapter 1: Frame the problem

o Energy, humans and behaviour « Are we asking the right questions?
* Are we collecting (all) the right data?
* Chapter 2: Data, feedback and « Are we operating under [correct,
design mismatches reasonable, effective] assumptions?

* Chapter 3: The role NILM research |
does, can, might ] play
o Discretionary use
o Trust and agency
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Chapter 1

Buildings use significant

energy

* Buildingsinthe US accounted for
40% energy consumptionin 2013

o ~22% residential

U.S. Energy Consumption, 2013: 97.4 Quadrillion Btu

32.2% Industrial

Commerclal 18.4%

Residentlal 21.7% " 27.7% Transportation

—

U.S. Department of Energy, Energy Information Administration
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Chapter 1

Buildings use significant energy

Figure 2. Energy use in Selected Communities

* Dependingonthe area, they are o [ [ 2
a primary consumer

o Canadian study of community
energy use, 2006

200 . Commarcial buddings

. Residential buldings

150

Secondary energy (gigajoules per capita)

Toronto, Halifax, Saskatoon, Whistler, Canmore, North
Ont. NS Sask. B.C. Alta.  Vancouver,

B.C.

Ldﬁl’ﬂﬂlilty

Narural Resources Canada, Energy resources, 2008
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Chapter 1

Emissions

2010 GHG EMISSIONS SOURCES

0%
397

DING

3%

ON-ROAD
TRANSPORTATION

 Evenin BC, home of
“clean energy”, they
generate significant
GHGs

Source: Ministry of Envirconment, 2010 Community Energy
and Emissions Irventory
Human Centered Systems for Sustainable Living

SCHOOL OF INTERACTIVE

Geso i BEAY10MDGAero Bt 10000 IBENED o




Chapter 1

But that’s not the scary part

Figure 3. Forecasted Growth in Community Electricity use is expected to increase by 40% over
Energy Use
the next 20 years
15 000 Agriculture . Commercil 100,000
BC Hydro Supply*
Transportation . Residential r 90,008 ngﬁiégﬁi’gﬁl":ﬂﬁ:::: s
’5 12 000 HH . Industry [ — e o /
‘3 L 70,000 - o
g 60,000
e 9 000 g 50,000
E 40,000
o
5 0,000
=
~ 20,000
©
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© 10,000
V]
& 3000 0
(\.ﬁ)‘fﬁ\“@&{\‘@‘\,ﬁ‘é\“&‘ﬂy\‘@’?f ‘,oﬁ“@’ﬁep“\-p‘@q%"é“@(,@‘(@(p’ ﬁfé‘ﬂ@ ‘,p‘(‘g\" fp"&{‘ﬂ&‘,&'ﬁ@@ 6“19(‘&&4‘& v’pﬁ.\ﬂ@
: 2006 2020 2050 BC Hydro PowerSmart, 2014
Year

Human Centered Systems for Sustainable Livin;
Natural Resources Canada, 2006 . Y N ving

gesoigeaxl0arcaeso Biarimre IEMEMEE o




Résidential electricity use is expected to outpace
population growth by 2:1

20 Years Ahead*

Today
20 Years Ago
BC POPULATION
BC POPULATION

W -

j' P o
f ;

RESIDENTIAL USAGE
1 2 000 GWh/yr RESIDENTIAL USAGE
< 18,000 cwh/yr
26,000 sy
TOTAL BC USAGE
46.000 GWh/yr 57 000 TOTAL BC USAGE
GWh/yr
’ 80,000 swhiyr
© BC Hyd ro Human Centered Systems for Sustainable Living
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Chapter 1

Increasing demand for energy

* Reducing residential energy use is an

important strategyin reducing our
environmental footprint

o How much we use

ecrfRffyeq: e foarel
U-glec ererwavys gt fgride ioaek
(1991-2005)
86 Ccourrences over 100 MW 76 Occurrences over 100 MW
4|f‘ca rrences over 50,000 58 Occurrences over 50 000 Consumers
uuuuuuuuu
140 Occurrences over 100 MW
Result: Large 92 Occ rrences over 50,000 Consumers
blackouts are NG orar
growing in number US power
and severity outages
100 affecting
50,000 or
more
*Analyzing outages In 2008 customers
we had: Number of
24 Qccunmences over 100 MW outages
34 Occurrences over 50,000 over 100
or more Consumers MW
Data courteay of NERC's
Disturbance Analysis Working
Group database 1991-1995 1986-2000 2001 2005

QO R IrHTMAL IUIIENE @ 7 3E 1+

Residential energy indicators, 1990 and 2009

/\/\/\/\/\
ol |

¢ 2.8 people per household

* 116 m? of living space
¢ 9.9 million households

200 PO AHUAVAV AV LAY AT
O G B=E B8 8=

* 21 appliances per house
* 44 percent of occupied
floor space cooled

* 15 appliances per house
* 23 percent of occupied
floor space cooled

¢ 2.5 people per household
e 129 m? of living space
¢ 13.4 million households

Natural Resources Canada, 2009
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Chapter 1

Quick context: where we use energy

Residential Consumption by End Use, USA 2010.

Space Heating —_—
9%

Computers

<€ 3%
Cooking

Water Heating
9%

4% Amenable to predictive modeling

Variable and hard to Wet Cleaning
predict 7

Refrigeration
9%

US DoE, Building Energy Data Book, Table 21.5, 2012.
Human Centered Systems for Sustainable Living
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Chapter 1

The rational premise

e |t’s all about use
(behaviour)

habit/routin

perception & belief
motives

|ILJLL,,KT,’}K)1L‘ agT

Income dwelling size Tt
time
skills attitude lazi
aziness
* So clearly, more . T e ables
technology economics o -

knowledge

information will help waling locetion.

hold sizé

infrastructure

Factors that impede conservation behaviour
Kashani, Bartram, Woodbury 2012

Human Centered Systems for Sustainable Living
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Chapter 1

Painful lessons 2..200

It’s not just about information deficit
e The wrongkind of awareness
* Numerousenvironmental behaviour models There

It’s not just about adding more technology ap

 data does not invoke action
* Poorcomputational models of human use
* Deep lack of understandingin how we use our homes

Where and when is as important as what

 supportingliving practices

Human Centered Systems for Sustainable Living
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Chapter 1

A simplistic model

TRUST | Comfort I | Ease I Policy
TIME Connection to Community Habit
Effort Cost > — Benefit # c}range
Money Savings Behaviour |
’mlGood

Legacy Practice

Complexity

Disruption Knowledge

Healthier world to live in

Human Centered Systems for Sustainable Living
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Chapter 1

Quick context: why we use energy

Residential Consumption by End Use, USA 2010.

Space Heating
00

Computers
3% Other
Cooking 12

4%

J

Wet Cleaning

Living practices =

/1

ater Heating

9%

L

Comfort (the “Holy Grail”)

1

Refrigeration
9%

US DoE, Building Energy Data Book, Table 21.5, 2012.
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Chapter 2

People have trouble understanding their use

i bidgely
B TR
58.03 on Whole e

it oor energy literacy

‘ \
TN whole House usage details \ \
o ST Whoe House usage deta - WL
[ o — A, : ~ A g
B o : — Y i 2
| = \ @) A
= \ ) ¥ "
e

$0.14 - 0.15. $108
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Chapter 2

The magic of analytics:

400

Total Energy Use, Top (W)
Itemized Enerpy Use, Bottom (W)

* Monitoringenergy use

Laptop Charger
Unplugged

! A CFL Lamp

ol
e § v}
Washer On Cycle

Washer Off Cycle

LCD Monitor TV Turning On

Christensen et al. NILM Applications forthe
= Energy-Efficient Home. US DoE, 2012

25 35 45 54 64 74 81 93 103 113 123 133

kH
Carrie Armel, K., Gupta, A., Shrimali, G,, ancfA/bert, A. Is disaggregationthe holy grail
of energy efficiency? The case of electricity. Energy Policy 52,(2012), 213-234
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Chapter 2

Eco-feedback approaches

« Aggregate reporting » Combined T T

a@bidgely curgreenhome.com. =1 i:
‘A P |
will

You spent $58.03 on Whole Hous:

!-!!!!!a!!!flﬁ!ﬁ!!“

wwwwwwwww
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Chapter 2

Results from the field

 Aggregate reportingis insufficientlyrich
* Retrospective reporting does not inform behaviour

 Whileinitial response shows high change (15%), rates drop off
quickly

* Social comparison is effective

Human Centered Systems for Sustainable Living
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Chapter 2

Eco-feedback approaches

- Dashboards/Portals In-Home Displays —— Ambient Displays —

FEB10-WARS 205 curgreenhome.com.au  C

You spent $58.03 on Whole Hous! aill

¢ o
ponutlifin. 0 e

A\ | Ry
$0.14-0.15.0 $108 # e
PROKCTON < T I J)
Mobile

Bldgely Detectve

cuRReNT S
> HowmY T

cccccccccccccc

CpE: Detail

\’_IJ Ag g reg ate Human Centered Systems for Sustainable Living
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Chapter 2

Standard feedback for the extra-informed resident

@ imagination at work scomagination

Current ctricity History

Appliances Caundry Rate ectricity : Thermostat

“Josher Current Event 1D: 227 Hold Until: Jan

6.3 kWh $0.13.. OE™ ™ 680 -

a7’ - $3 m: auto f: outo
www. g e.com Human Centered Systems for Sustainable Living
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Chapter 2

What is a user?

 Consumerof energy

* Decision maker aboutallocation of resources
 Consumerof information?

* Interacts with artifacts and technology

* Resident/householder/inhabitant

Human Centered Systems for Sustainable Living
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Chapter 2

It's a program on conserving energy Sysemsfor Susaiabl Living
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Chapter 2

People have trouble changing their use

wewlin POOF ener

Whole House usage details \

gy literacy

\

NS mOXCION

Human Centered Systems for Sustainable Living
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What’s the issue?

You spent $58.03 on Whole House aill

$6

.

il Illll .
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ﬁ Whole House usage details

i POOLPUMP SES
YOUR HOME VS. SIMILAR

-

@ ALWAYSON S124s

[l REFRIGERATION s273 A a

LGN AVLRA WU

[8] cLoTHEs DRYER $160

() oTHERs $26560
ENERGY RATE ©  COSTPROJECTIONS

I $0.14 - 0.15,., 2108

AVERAGE RATE
CURRENT VS. PROJECTION
> s S

12 days left

ey Bidgely Detective

$0.09-0.10 $0.10 $0.14 - 0.15
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Chapter 2

What are we missing?

 Engineeringapproachesaretask- or data-driven

 Misaligned design
o People don’t use energy as a goal (stengers
o Making which invisible visible ?

 Traditionalinfovisprinciples supportonlya small portion of the
space
o new ways of thinking about the problem
o Expanding dimensions of personal visualization [Huang et al2015)

Human Centered Systems for Sustainable Living
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Chapter 2

Factors : Cognitive

 Knowledge (What does “understand” mean?)

o Conceptual models and analytical reasoning ()
— When do | spend more energy?
— How much energy do my appliances take?

o Situational awareness
— What is using energy right now, and why?

o Operational knowledge (actionable) **

— What can| do about it [now]?

Human Centered Systems for Sustainable Living
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Chapter 2

Factors : Behavioural

* Engagementand Motivation (What makes people behave differently?)

o Extrinsic
— Financial incentives (rebates) or disincentives (rate hikes tied to usage)

o Intrinsic
— Internal satisfaction in meeting goals

— contributing to common good

o Normative
. social comparisons
. shared goals

* Humans are not rationalactors

Human Centered Systems for Sustainable Living
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Chapter 2

Factors : effort

* Information access (How accessible is the feedback?)

o Efforttofindinformation

o Easeof interpretation
— What does that red light mean?

o Appropriate context
. Type of knowledge to support

Human Centered Systems for Sustainable Living
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Chapter 2

Design dimensions for eco-feedback

* Data

o Mental model and scope (what’s a kWh?)

o Additional: derived, personal, actions and consequence
* Reasoningand behaviour

o Knowledge type, motivation

* Context
o Temporal, spatial and binding
* Effort

o Attentional demand, interaction cost
* Communicative scope
o Affect, ecological fit

Human Centered Systems for Sustainable Living
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Chapter 2

Eco-feedback approaches

= Dashboards/Portals

You spent $58.03 on Whole Hous! aill

"-'!-!-!!!iﬁ!ﬁ!!- .

T whole House usage details

— e
$0.14 - 015, $108
>
373. (] Q| 6% P
NN ()

‘‘‘‘‘

Mobile

Designed foranalysis and reflection
High effort

Low engagement

Residentas energy manager
Financialand engineering models
Partly actionable?

o No context of use
o Reduced learning

Human Centered Systems for Sustainable Living
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Chapter 2

Eco-feedback approaches

In-Home Displays * Persistent, lower effort ( with caveats....)
e Situationalawareness

=0 . * Datasparse

. ) (S * Specific detail (POC)

G580 * Actionable

7 o (POCs) operational insights

= o misleading

Poor ecological and aesthetic fit

Human Centered Systems for Sustainable Living
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Chapter 2

Eco-feedback approaches

Ambient Displays * Low detail (hazy)
* unintrusive

g 251

gé‘  Situationalawareness
&
* Datasparse
EnergyOrb, Ambient Inc, 2014 ° Repo rted |y enga glng Power-Aware Cord, Energy Design Studio, 2010

* ambiguous

ﬂ * Canbetuned to design sensibilities
| o People will use them ?

BELOW YOUR AVERAGE

© YOUR AVERAGE * ldiosyncratic, novelty item

@ ABOVE YOUR AVERAGE
() GENERATING MORE THAN YOU'RE USING Human Centered Systems for Sustainable Living

Wattson SolarMonitor, Smart Home Energy Inc, 2014 -
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Chapter 2

Design Challenges for eco-feedback techniques

bedroom

* Match the data model to what people are doing

o New types of data
o Datacollection
living room

* Provide multiple reference systems

o visaphors

o Cost

o GHGs

o Equivalences (“4 laundry cycles”)

mechanical

 Meaningful norms
o Personal goals and achievable thresholds
o Social framing

bathroom

laundry

kitchen

Human Centered Systems for Sustainable Living
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Chapter 2

Right data

r it
-0.7keal  PUDARIRSE
A —0.6keal

 Example:

o Point of choice vs point of consumption
e [Eves] '

o Discretionary ??
* What/why is user doing?
o Action hints

e/ tHeMNL 1TWMALHQ 6731 HE



Chapter 2

Design Challenges for eco-feedback techniques

* Expand context

* Task/information models are incomplete
o Analysis : explicitinformation task

o Awareness: implicit relation (cooking dinner)
— tighter mappings between activity and outcome
— Reduced effort

*  FRAMING and integration
o Provide feedback in existing information landscape

o Support sufficient external information

Human Centered Systems for Sustainable Living
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Chapter 2

Context is not just extra information

Sun2/19 Mon2/20 Tue2/21 Wed2/22 Thu2/23 Fri224 Sat2/25
biking trip I work -.'...uml T | T
Mashups and Framing
A 108 Nell
10:302-12p
Reduce effort 13a - 12:309 SIS
n n . 12 pm v ‘{4“3 ' g:::::nu ;: 30 1‘9”
Support "why" questions =
H 1:30-3p 1:30-3p
Persistent awareness = P e
3pm 3 dpt res
(5(1"' "~ workshy
"""""""""""""""""""
7-8p
bookciub

Huang et al. Calvis,InfoVis 2014. Human Centered Systems for Sustainable Living
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Chapter 2

Design Challenges for eco-feedback techniques

 Enhance Communicative Scope
* Engagement, interest and motivation

Aesthetics and affect
o “Communicate aconcern, ratherthan show data” [Kosara 2007]

o Enhance experience, promote engagement
— Amplify learning

 May (should) change data model!

Human Centered Systems for Sustainable Living
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Chapter 2

Data themselves change the message: affect?

Human Centered Systems for Sustainable Living
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Chapter 2

Design Challenges for eco-feedback techniques

* ecological fit and appropriate data

L -
Human Centered Systems for Sustainable Living
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Chapter 2

Design Challenges for eco-feedback

* Functional aesthetics and ecological fit

o Design sensibility of the home

* Encoding must be adaptive
Light

Viewing distance
Activity

Additional Function

° ProxemICS [Greenberg]
 Opportunistic display

e/ tHSMXNL 1TWIILHQ 3%+



Chapter 2 OP(MWER R

Social framing

* increasingly used by organisations

o Issues of normingand activation —

Green on Facebook |« uk
all

Gre *

Facebook.

networkin

e
e <
G

e Variationson a theme ?

o budgetratherthan activities

o Privacy, communityand trust

QG e a3+ B MK L | Ul

EusTent JHontly

o Commonground O |

Reduce electrici t.? use brqu this ;gnsont,h (540> in comparison to the average month (576).
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Chapter 2 Steps in January

Share and compare g

Total: 22,906

Thanks to fitbit, | can now
measure the intensity of after
party dancing.

And the impact of the after
party dancing the following
day

_ | l.l||....|l._|l.|_| b .

Internet of Things —> Awareness of Activity —> Sharing —> Better Health, Share This, 2014

Human Centered Systems for Sustainable Living
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Chapter 2

Social agency

* Peoplelike me?
* Comparison
* Jointgoals

e Jointagency: documentation,tracking and enlisting
o Walk to school program (BAST)
o Localised decisions

 Social media, GPS

* District Energy managementsystems
o Donate/share discretionary energy?

Human Centered Systems for Sustainable Living
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Chapter 2

What is meaningful?

 What kinds of questions do people ask?
o How amldoingwrt to “peoplelike me”? My neighbourhood? My
goal?
o What can | do about it?
* Equivalencesand experiential framing are key to engagement
(but we don’t know the right ones...)
o Adistance of 14 Harry Potter CDs
o 3 dayswhere my child cannot play outside

 (How) couldl live with “something like this” ?

Human Centered Systems for Sustainable Living
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Chapter 3

How does NILM fit into this space?

 Extendingthe traditional scope of residential energy analytics

* Consideringthe entire information landscape of energy use
o Recommender systems
o Underpinningautomationdecisions
o Informingbuildingdesign applications and tools

 Expand richness of social schema

Human Centered Systems for Sustainable Living
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Chapter 3

Non-intrusive Load Monitoring

* Load?
o Simple consumption data insufficiently informative
o Actions rather than appliances
o Discretionary load
* Efficiency
o Optimum deployment of resources
* Distributed implications
o Generation as well as consumption
o Local store vs. grid use

Human Centered Systems for Sustainable Living
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Chapter 3

Track and characterise the critical data

Residential Consumption by End Use, USA 2010.

Space Heating —_—
9%

Computers

< 3%
Cooking

Water Heating
9%

4% Amenable to predictive modeling

Variable and hard to Wet Cleaning
predict 7

Refrigeration |
9%

( J
US DoE, Building Energy Data Book, Table 21.5, 2012.
Human Centered Systems for Sustainable Living
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Chapter 3

Consider better models of user behaviour and
discretionary use

Residential Consumption by End Use, USA 2010.

Space Heating
Com[guters ater Heating
i 9%
Cooking
J
Living practices Wet Cleaning »
. 7%

[ Comfort (the “Holy Grail”)

1

Refrigeration |
9%

US DoE, Building Energy Data Book, Table 21.5, 2012.
Human Centered Systems for Sustainable Living
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Chapter 3

Non-intrusive Load Monitoring

* Non-intrusive ?
o Great privacy concerns
o TRUST notsimply privacy

* Agency, control and access
o Wheredo the datasit?
o Who owns them? Controls access? Gets to release interpretation?
o Perceived benefitvs. perceived risk

Human Centered Systems for Sustainable Living
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Chapter 3

Non-intrusive Load Monitoring

* Non-intrusive (Single Household)? Load Monitoring
o More sophisticated comparison schema
o Determinants of similarity
o Normalized metrics

o social media integration

 Measure “real” effect of social comparisons
o Competitionvs coordination vs collaboration
o Social energy sharing?

Human Centered Systems for Sustainable Living
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Chapter 3

Wrap it up

 NILM forms part of a larger initiative to use data to change
behaviour
o Insufficientunderstanding of the human factors
o Sparse capture of relevant data

e Great potentialto change/increase value to households

o Influence policy and practice of energy utilities and building
management

o Requiresricherdata models, algorithmsand application
* Engage with larger research community around dimensions

Human Centered Systems for Sustainable Living
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Thank you

e NSERC

e City of Vancouver

* Pacific Institute of Climate Solutions ?
 BCHydro -

« Government of Canada

« MITACS

e ....and many creative students.
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