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Nudging consumers

thraugh benavicural acience NUDGE aims to systematically assess and unleash the

potential of behavioral interventions towards achieving
higher energy efficiency;

and to pave the way to the generalized use of
behavioural interventions as a worthy addition to the

policy-making toolbox.

NUDGE has received funding
from the European Union'’s
Horizon 2020 Research and

innovation programme under

grant agreement No g57012.
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Nudging: is any aspect of the choice architecture that alters people’s behavior in a
predictable way without forbidding any option or significantly changing their economic

incentives. Rr.Thaler, and C. Sunstein. Nudge: Improving Decisions About Health, Wealth, and Happiness. Penguin Books, 2009

Facilitating Nudges
Confront nudges

Social Influence Nudges

Reinforcement nudges

Fear nudges

Deceive nudges

Change the preset option; Personalized push notifications through the apps

Provide information on consequences of actions between decision and action

community

Point out desired behavior at a suitable time; Environmental impact highlighted throu
examples to create emotions of compassion

Create perception of scarcity; Provide discount now instead of in the long run

Create optical illusions that alter people’s perceptions and judgments

NUDGE has received funding from the European Union’s Horizon 2020 Research and innovation programme under grant agreement No g57012.
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Objective 1: Tailor the design of behavioral interventions to individual psychological and
contextual variables by leveraging the data collection capabilities of digital mediation platforms
and data analytics.

* Objective 2: Execute extensive field trials (pilots) that address multiple instances of consumer
behavior, implementing different mixes of behavior-based and traditional interventions even
across participants of the same pilot.

* Objective 3: Develop a systematic core and contextual research protocol to continuously
measure the impact of the implemented behavioral interventions.

* Objective 4: Consolidate the findings of pilots into recommendations towards policy makers

and relevant stakeholders.

NUDGE has received funding from the European Union’s Horizon 2020 Research and innovation programme under grant agreement No g57012.




@UDGE

Nudging consumers
towards ener :
through beh:

BEHAVIORAL INTER-
VENTION DESIGN

POLICY
RECOMMENDATIONS

> _" policies

-
SQP 082 p 008
SURVEY-DRIVEN )

208 ¢
USER PROFILING PILOTS ? . : =]

PILOT DATA-DRIVEN
USER PROFILING

i

=0 0

X
- p—o————
LR

NUDGE has received funding from the European Union’s Horizon 2020 Research and innovation programme under grant agreement No g57012.




[ ] * BEHAVIORAL INTER-
VENTION DESIGN
= .
POLICY
@ It \ Fal RECOMMENDATIONS
UDGE S y o
! “ a e . 3¢ ofko KPI \
wys 7 ces
¢ ® ©°0 2P0t
udging consumers e [ o >
towards energy efficiency N &Lj = R @0
through behavioural science SURVEY-DRIVEN © 20 g
USER PROFILING pidloTs -
20O
PILOT DATA-DRIVEN
USER PROFILING

Pre-pilot phase

* Survey-driven user profiling: profile consumers using a broad set of psychological
and contextual variables

* Design of interventions (behavior-based and traditional interventions)

* Install energy monitoring and management tools (eg. smart meters, thermostats)

* Employ digital user interfaces (e.g., mobile applications, dashboards) to enable
energy consumers to actively and efficiently monitor and manage energy flows

* Central pilot data platform to automate collection and monitoring of pilot data and
the calculation of the relevant KPIs for performance comparison

NUDGE has received funding from the European Union’s Horizon 2020 Research and innovation programme under grant agreement No g57012.
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Based on:

* Theory of Planned
Behaviour

 Value-Belief-Norm
theory

* Prototype Willingness
model

Control variables: Gender, Country of
Residence, Income, Age and Level of
Education

Turning heating off while
airconditioning is on

Closing windows when heating is on
Keeping the doors closed to unheated
areas in winter

Closing curtains and/or blinds to
prevent heat loss in winter and heat
gain in summer

Wearing more clothes instead of
turning the heating up

Lowering daytime/nighttime
thermostat setting

Turning off heating when absent

Turning down temperature in unused
rooms

80%

Not applicable
! Never (before)
I Rarely
Sometimes
! Often
Always

Saving behaviour relating to heating and cooling

40% 20% 0% 20% 40% 60% 80% 100%
Percentage of Responses

PRI N UDGE has received funding from the European Union’s Horizon 2020 Research and innovation programme under grant agreement No 957012.



1. Environmentally conscious and well-informed
energy consumers

2. Concerned but comfort-oriented energy consumers
3. Concerned but lacking awareness energy consumers

4. Materialistic energy consumers escaping their
personal responsibility

5. Prone to social influence energy consumers

Indifferent energy consumers

NUDGE has received funding from the European Union’s Horizon 2020 Research and innovation programme under grant agreement No g57012.
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Pilot phase

* Randomized controlled trials (RCTs) including control-treatment groups

 Time phasing of multiple interventions within and across pilots

* Automated monitoring of responses and adoption of tested interventions

* Mixed approach combining surveys and field trials to assess the effectiveness of
interventions

* Evaluation of behaviour change across tested interventions and consumer profiles

* Comparison of findings within a pilot and across pilots

Post-pilot

* recommendations towards policy makers and relevant stakeholders.

NUDGE has received funding from the European Union’s Horizon 2020 Research and innovation programme under grant agreement No g57012.




~ education on

Croatia:
Promoting
distributed self-
production for
local Energy
communities

Belgium:
Interdisciplinary,
project-based

home energy
consumption for
children

Greece:

Efficient control
of heating and
DHW preparation
for Natural Gas
boilers

Portugal:
Healthy homes
for long-lasting
energy efficiency
behavior

: Optimization of
' EV charging with
- -, self-produced PV
power

Energy monitoring and management
tools

Digital user interfaces

Long-term energy efficiency behavior
change potential
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1.General information on the physical characteristics of people’s main
residence, its energy efficiency and or production of energy

2.The second module assessed the stated “actual” energy-saving
behaviour of respondents

3.The third module had of a series (15) of attitudinal, motivational and
behavioural constructs measuring the underlying theoretical model,
with each construct comprising between 3 and 5 items.

4.Module four explored the potential of energy platforms that provide
real-time energy monitoring but also control and automate energy
flows.

5.A fifth and last module included socio-demographic indicators such
as gender, age, household type, household composition, educational
attainment, career status, and income.

NUDGE has received funding from the European Union’s Horizon 2020 Research and innovation programme under grant agreement No g57012.
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Survey sample sourced through several consumer organisations with
the help of partner ACN (n=2087) and a Flemish panel (n=1042)

After data cleaning (i.e.: minors, persons not located in Europe) we

arrive at a final sample of n=3129
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Count

Sample
Male = 51%; Female = 48.5%; Other = 0.5%

GENDER
. Male
200

. Female
[ Other

150

100
| |‘ ‘ ‘ |

18-20 21-25 26-30 31-35 3640 41-45 46-50 51-55 56-60 61-65 66-70 71-75 76-80
Gender and age distribution (n=3129)

1+
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Heating and cooling, water, kitchen and general appliances
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® 9o Saving behaviour relating to heating and cooling

Nudgi s . ] . Not applicable
touwagrl:;sg ec::rsum:frficienc Turning heating off while N ppb f

9y 'cy airconditioning is on ever (before)
through behavioural science Rarely
Sometimes
Often

Closing windows when heating is on
Always

Keeping the doors closed to unheated
areas in winter

Closing curtains and/or blinds to
prevent heat loss in winter and heat
gain in summer

Wearing more clothes instead of
turning the heating up

Lowering daytime/nighttime
thermostat setting

Turning off heating when absent

Turning down temperature in unused
rooms

NUDGE has received funding
from the European Union’s 80% 70% 60% 50% 40% 30% 20% 10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Horizon 2020 Research and Percentage of Responses

innovation programme under
grant agreement No g57012.
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Saving behaviour relating to water use
|
. Not applicable
Reducing hot water temperature -- N ppb .
in thermostat settings ever (before)
| Rarely
w [ Sometimes

Reducing the number of mm Often
baths/showers per week = Always
up/cleaning teeth
|
' ‘

70% 60% 50% 40% 30% 20% 10% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
Percentage of Responses

NUDGE has received funding
from the European Union'’s
Horizon 2020 Research and

innovation programme under

grant agreement No g57012.
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Filling the kettle only with the needed
amount of water before boiling

Cooking with pots covered

Only using dishwasher when fully loaded

Turning off tap when washing dishes

Using energy-saving programme
(e.g. eco-mode) of dishwasher

Defrosting of freezer to remove icing

Optimizing temperature set point of
cold appliances, such as refrigerator
and freezer to prevent freezing of
interior of the appliance

40%

30%

20%

10%

Saving behaviour in the kitchen

| Not applicable
Rarely
Sometimes

|
L e
| m Always
|
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of Responses



U D G E Saving behaviour related to the general use of appliances
i :
® . Switching on electric devices when Not applicable
sun is shining as PV production is high Never (before)
Nudging consumers i Rarely
towards energy efficiency . . . : Sometimes
through behavioural science Chargln_g m)’fe_|eCtr|C vehicle When Often
sun is shining as PV production
is high Always

Only using washing machine when
fully loaded

Frequently doing laundry at lower
temperature, i.e. 40°C instead of
60°C

Only using tumble drier when fully
loaded

Using a clothes line rather than a
tumble drier

Turning off all unnecessary
appliances completely when not
in use (not in stand-by)

Switch of the TV when no-one is

watching
|

NUDGE has received funding Turning off lights when leaving a
from the European Union's room ,

90% 75% 60% 45% 30% 15% 0% 15% 30% 45% 60% 75% 90%
Percentage of Responses

Horizon 2020 Research and
innovation programme under
grant agreement No g57012.
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To what extent are you interested to get more insight in the following energy consumption levels of your household?
T

Active occupancy (i.e., residents are awake or asleep) __-

| None at all
A little

= Aot

| mmm A great deal

Purpose of energy usage (e.g., space heating,
hot water preparation)

i

i
Usage of major appliances
(e.g., washing machine)

]

|

|

|

many appliances

NUDGE has received funding l
from the European Unionls 50% 40% 30% 20% 10% g:(;cen:.a{); szé’::po::z; 40% 50% 60% 70% 80%
Horizon 2020 Research and

innovation programme under

grant agreement No g57012.
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Financial
concern

Loss of comfort

Energy
Knowledge

Environmental
concern

Awareness
of conse-
quences

Ascription

of Respon-
sibility

Value-belief norm theory (pro-social

Prototype
Favorability

Prototype
Similarity

Subjective

Norm

Perceived
Behaviour-
al control

Willingness

Prototype Willingness Model

Theory of Planned Behaviour (self-interest motivation)

Specific
intent

Control Variables

| Gender | | Income

| Country | | Age

Specific
behavior

1- Theory of Planned Behaviour
(Ajzen, 1991)

2- Value Belief Norm Theory
(Stern et al., 1999)

3 - Prototype Willingness Model
(Gerrard et al., 2008)
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Our survey as a whole does not specifically ask questions about particular
nudges or nudge techniques. This is a deliberate decision since nudges are
typically evaluated experimentally, as opposed to through a survey.
However, despite the lack of explicit nudging assessment, the different
theoretical behaviour models presented in our survey do capture and align

with several types of nudges.

l.e.:, loss aversion has practical links with financial concern’ and ‘awareness

of consequences’



Theory of Planned Behaviour (sglf-interest motivation)

Financial
concern

Subjective
Norm

Specific
behavior

Specific
intent

Loss of comfort

Perceived
Behaviour-
al control

UDGE
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Energy
Knowledge

Environmental
concern

Awareness
of conse-
quences

Personal
moral
norms

Ascription
of Respon-
sibility

Value-belief norm theory (pro-social
motivation)

Control Variables

Prototype

Favorabilit:
v | Gender | | Income |

Willingness

| Country | | Age |

Prototype
Similarity

Prototype Willingness Model

NUDGE has received funding
from the European Union's
Horizon 2020 Research and

innovation programme under
grant agreement No g57012.
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Subjective Norm

People who are important to me expect that | save energy by lowering the
temperature setting in winter (Cronbach a 0.83)

Perceived Behavioural Control

I have the capabilities to save energy by lowering the temperature setting in
winter (Cronbach o 0.82)

Attitude

For me, saving energy by lowering the temperature setting in winter is
useless/useful (Cronbach o 0.91)



Specific intent to reduce consumption

U D G E Model 1

® . Age

Age -0.004""

Nudging consumers
towards energy efficiency Reg,'on
through behavioural science

Northern Europe -0.37""
Southern Europe 0.34™"
Western Europe 0.04
Degree

Upper secondary -0.03
Bachelor 0.03
Master 0.06
Doctor 0.07

Theory of Planned Behaviour

Attitude
‘ Perceived Behavioural Control

Subjective Norms

*kk

Constant 3.42
Observations 3,098
R? 0.04
Adjusted R? 0.04
F Statistic 16.69° " (df =8;
. ) 3089)
NUDGE has received funding
., Notes:
from the European Union's *pt*p*EHp<0.001
Horizon 2020 Research and 1 - Reference Category = Eastern Europe
innovation programme under 2 - Reference Category = Lower Education

grant agreement No g957012.
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Gender and Intent

4.0

Specific Intent

Male Female Other
Gender

No significant
association
between
gender and
intent
(p=0.08)
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No significant
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£000 between
income and
¢ 4000 intent (p=0.94)
S
£ 3000
2000
‘ 1000
0
1 2 3 4 5

Specific Intent
1 = strongly disagree; 5=strongly agree

NUDGE has received funding
from the European Union's
Horizon 2020 Research and

innovation programme under

grant agreement No g957012.
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Age

Age

Region

Northern Europe
Southern Europe

Western Europe

Degree

Upper secondary
Bachelor

Master

Doctor

Theory of Planned Behaviour
Attitude

Perceived Behavioural Control

Subjective Norms
Constant

Observations
RZ
Adjusted R?

F Statistic

Notes:
*p**p***p<o.001

1- Reference Category = Eastern Europe
2 - Reference Category = Lower Education

Specific intent to reduce consumption

Model 2

kk

0.17

*

0.49"

*

0.33**
_0.35**

3,098
0.57
0.57

*kk

1,368.19
3094)

(df=3;
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Age

Age

Region

Northern Europe
Southern Europe
Western Europe

Degree

Upper secondary
Bachelor

Master

Doctor

Theory of Planned Behaviour

Attitude

Perceived Behavioural Control

Subjective Norms
Constant

Observations
RZ
Adjusted R?

F Statistic

Notes:
*p**p***p<o.001

1- Reference Category = Eastern Europe
2 - Reference Category = Lower Education

Specific intent to reduce consumption

Model 1

*k
-0.004

*

037"
0.34™"
0.04

-0.03
0.03
0.06

0.07

*kk

3.42

3,098
0.04
0.04

*kk

16.69
3089)

(df=8;

Model 2

kk

0.17

*

0.49"

*

0.33**
_0.35**

3,098
0.57
0.57

*kk

1,368.19
3094)

(df=3;

Model

*
-0.005

-0.09
ok

0.13

o
-0.13

-0.06
-0.06
-0.08
-0.13"

0.18
0.48
0.31**
-0.07

3,098

0.59
0.59

407.78

3

*k

*kk

*kk

*

*kk

(df=11; 3086)



UDGE
® o ) .
Nudging consumers | intend to save energy by lowering the

towards energy efficiency
temperature setting in winter

through behavioural science

<
e o
(0] 3 )
5 5.0 £7 5 5.0
2> © i
2545 g6 Z 4.5
S5 = c
CLao0 G S 40
— (=] L
Sl 3s 25 2w
an ol Ewn 35
%930 A =830
T o b= T 5
@ E 25 23 QT
L 12 &5 2.5
57 2.0 g3 s
=4 ] > 20
g g 2
gl 5 2 s l5
] & B
. . 1.0 10
NUDGE has received funding ! g1 [
o 1 2 3 4 5 I 1 2 3 4 5
from the European Union's Specific Intent o 1 2 3 4 5 Specific Intent
Horizon 2020 Research and 1 = strongly disagree; 5=strongly agree Specific Intent 1 = strongly disagree; 5=strongly agree

. . 1 = strongly disagree; 5=strongly agree
iInnovation programme under b g g ag

grant agreement No g957012.
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Sociodemographic effects present but minimal (R2 = 0.04)

Attitude remains a predictor of intent (B=0.18), but both Perceived
Behavioral Control (B=0.48) and Subjective Norms (B=0.31) shows
stronger associations with intent.

Especially for Perceived Behavioral Control this point to the value of
providing people with the practical means to enact change, i.e.:
supporting their ability to reduce consumption.
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Recall NUDGE Objective 1: .

=® 0 ¢
Tailor the design of behavioral interventions to individual ' =
psychological and contextual variables by leveraging the @ 4 O
data collection capabilities of digital mediation platforms ® O O

and data analytics. SURVEY-DRIVEN
USER PROFILING

The “big” question:

Can we identify distinct energy consumer profiles out of the survey data
that can be readily addressed with nudging interventions ?
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INPUT : a2 3129 x 15 matrix of the users’ scores in the 15 constructs/variables*
* Scores are averages over all items measuring the construct

* Real numbers between 1 and 5

* averages of multiple item scores, each in {1..5} LIKERT scale

OUTPUT : consumer segmentation into “intervention-ready” groups/classes

* assumption : socio-demographic variables (Age, Gender, Education) are used in a second step, to
describe the identified profiles.



. Y D.G E * Separate the set of objects into groups (clusters) so that objects in the
NN consumer same cluster are more similar to each other, according to some criteria,

towards energy efficiency
through behavioural science

than to objects in other clusters.

* objects are defined by a common set of features (e.g., the scores in the 15

constructs in our case)

* Highly automated process but also highly differentiated and unpredictable:

‘ * how many and which features to consider in clustering (feature selection

and feature transformation techniques)
 algorithm to use for clustering (k-means, hierarchical, spectral clustering)

p : * measure of similarity between two (or more) objects (Euclidean,

Manhattan/taxi, cosine similarity)

NUDGE has received funding
from the European Union's
Horizon 2020 Research and

innovation programme under

grant agreement No g957012.

* number of clusters (fixed input to or dynamically determined by the

algorithm)
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algorithm: k-means
similarity measure: Euclidean distance
number of clusters: 2

feature selection: on

* Hopkins-measure driven

+ resulting feature set {CONSEQ_AWARE,
ENV_CONCERN, ASCR_RESP, PERS_NORM;}

Cluster 2 (2502) consumers consistently
score better, on average, than Cluster 1
consumers (627) in a// 15 constructs

notation = Cluster 2 > Cluster 1
Age, Gender, Education degree

distributions are almost identical across
clusters

.
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algorithm: k-means
similarity measure: Euclidean distance
number of clusters: 3

feature selection: on

* Hopkins-measure driven

+ resulting feature set {CONSEQ_AWARE,
ENV_CONCERN, ASCR_RESP, PERS_NORM;}

Cluster 2 (1268) > Cluster 1 (1480) >
Cluster 3 (381)

consistent ranking in all 15 constructs

B all clusters
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algorithm: k-means
similarity measure: Euclidean distance
number of clusters: 4

feature selection: on

* Hopkins-measure driven

+ resulting feature set {CONSEQ_AWARE,
ENV_CONCERN, ASCR_RESP, PERS_NORM;}

Cluster 1 (931) > Cluster 4 (1405) >
Cluster 3 (693) > Cluster 2 (200)

consistent ranking in all 15 constructs

B all clusters

P clustera

P cluster2

[ lcluster3 M clusters
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N(UDGE
® ® * C(Clustering yields energy consumer groups with identical score rankings in
Nudging consumers
towards energy efficiency a” Constructs

through behavioural science

* j.e., clusters 1-k can be indexed so that energy consumers in clusterm, 1 <m
<k exhibit, on average, the mt" best score in all constructs

This clustering structure is persistent under

‘ + different clustering algorithms (hierarchical agglomerative clustering,
spectral clustering)

» different measures of similarity (“distance” variations) : Euclidean,
Manhattan, cosine similarity)

K « different subsets of the full feature set, with application of feature selection

and feature space transformation techniques (PCA)
NUDGE has received funding

from the European Union's
Horizon 2020 Research and
innovation programme under
grant agreement No g957012.
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Number of clusters: 4
Average Silhouette score: 0.35

It "depends”...

Good clustering fitness

* silhouette scores in the order of 0.35-0.4

Cluster label

Clustering balance

cluster sizes are reasonably spread, no
cluster is smaller than 5% of the sample

Observations per cluster: {1: 931, 2: 200, 3: 693, 4: 1305}
T

1
T T T T T T T
0.6 0.4 -0.2 00 02 04 06 08 10
Silhouette coefficient values

...but not many hints for targeting nudging interventions
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Go the other way round and start from the available set of interventions

* We know the set of possible interventions

* with arough idea of how to deliver them through mobile apps, dashboards and

other means

‘ * We anticipate which profiles of consumers are amenable to each
intervention

» forinstance, consumers with primarily financial concerns should be approached
. x with tips/pop up messages reminding them the financial consequence of an
* W action (e.g., increase of the thermostat’s target temperature)

NUDGE has received funding

from the European Union’s ) L ) )

Horizon 2020 Research and * Why not searching specifically for such profiles in the data?
innovation programme under

grant agreement No g957012.
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First,

One example —class 1

with reference to the constructs measured in the survey

Environmentally conscious and well-informed energy consumers combine:

high about the
good about the
waste

strong sense of

strong to engage into
but also

and of energy

for energy-saving action

activities, with respect to
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First, with reference to the constructs measured in the survey

Another example — class 3:

Concerned but lacking awareness energy consumers combine:

* high about the
* good understanding of the of non-energy-saving behavior

* lackthe practical knowledge that would strengthen their intention to
adopt ideal energy-saving behavior
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o
“Topfhigh” scores «— |
thr, 1
' ~ Worse-than-top scores
0 thr,

Better than average scores ~— | I
1
thr,
NUDGE has received funding y W "
from the European Union'’s _ Low" scores
0 thr,

Horizon 2020 Research and

innovation programme under
grant agreement No g57012.
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Environmentally conscious and well-informed energy consumers

CONSEQ_AWARE = thr, AND ENV_CONCERN=thr, AND ASCR_RESP z thr,

AND PROT_FAV =thr, AND INT_SPEC=thr, AND INT_GEN 2 thr,

Concerned but lacking awareness energy consumers

CONSEQ_AWARE = thr, AND ENERGY_AWARE = thr, AND
ENV_CONCERNz thr, AND INT_GEN = thr,

Concerned but comfort-oriented energy consumers
Materialistic energy consumers escaping their personal responsibility
Prone to social influence energy consumers

Indifferent energy consumers
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CONSEQ_AWARE = thr, AND ENV_CONCERN= thr, AND ASCR_RESP = thr,
AND PROT_FAV = thr, AND INT_SPEC = thr, AND INT_GEN = thr,

Nudging consumers
towards energy efficiency
through behavioural science

1. Environmentally
conscious and well-
informed energy
consumers

LOSS_COMF = thr, AND FIN_CONCERN = thr, AND INT_SPEC < thr, AND
INT_GEN = thr,

CONSEQ_AWARE = thr, AND ENERGY_AWARE < thr, AND
2. Concerned but 3 &
comfort-oriented energy ENV_CONCERN2> thr3 AND INT_GEN < thr,

consumers lass 4 ASCR_RESP = thr, AND FIN_CONCERN = thr, AND INT_GEN < thr,
3. Concerned but lacking

awareness energy
consumers

SN = thr, AND INT_SPEC < thr, AND INT_GEN < thr,

4. Materialistic energy
consumers escaping their
personal responsibility

PBC < thr, AND PROT_SIM < thr, AND INT_SPEC < thr, AND INT_GEN < thr,

5- Prone to social The specification of all 6 classes involves 12 constructs and four parameters
influence energy
consumers thr_, thr,, thr3, thr4

6. Indifferent energy
consumers
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* thr,2>thr, > thr, > thr,

* classes should contain at least 5% of the totally assigned users and no
more than 5o% of those

‘ * Maximize the number of participants that can be assigned to one or more
classes

. thr, thr thr Users classified in cIass cIass class cIass
NUDGE has received funding at least one class

from the European Union's
Horizon 2020 Research and 0.75 0.75 0.5 0.5 2132 1041 11

innovation programme under
grant agreement No g57012.




T
|
NIUDGE Note 1: 1200
o @ _ _ 1000 |
Nudoing consumers o Users are not assigned to a single class
through behavioural science 800 B
e 11 .27%) of th rs can @0
8.0 (55.27%) of the users can be 5 sool
assigned to one class, the rest are -
“multihomed” 4007

2007

‘ Note 2:

What about the remaining 997 energy consumers who do not satisfy the
specification of any class?

* They are assigned to the “closest” class

* We compute the centroids of the six classes (average scores of its
NUDGE has received funding
from the European Union's

Horizon 2020 Research and . .
innovation programme under * For each of the 997 consumers we compute its distance from the 6 class

grant agreement No 957012. centroids

members in the constructs that specify the class)




CONSEQ AWARE ENERGY AWARE ENV CONCERN FIN CONCERN

ATT

=T |-+
T
-4+
=1 J--—4 =
-4 ++++r
[T - +++

w <= ™

—

-
H T]---—++ =
e P
-1 ]-+
] A awes =
[(]--d++++s

w < o «

—

=4 J-——4 =
tr {4 rrrrren
tr ] erees 4
v oel-— |-+
B I e R T
T

N [N
T e I
-{1]-+

I []---4++ =
[ |-——ass =

0w <= M

—

I

2 3 4 5 6
PROT FAV

1

PBC ASCR RESP PERS NORM

LOSS COMF

F———- ] |--4{© F——4 [ F-—-+4++ ©
LT -+ o P ++ + w
e I P m Fe—d [ F--4+ +] <t
== J-——~++{ o _m F—=JJF--a++ + o
R o AR P TT1-—o #+++4 o
. e T T
TR I W+ @ N~
-4 | |--4fw +r+ ] |1 +4 ©
== J-—-d4++ w© == [ F---4+w
-4 1 J----41 = m e B e R
==L J]--——4+ = m -4 [ F-—41m»
T T I N R e R P
] - ++ e [ 4+ ] —
0w <+ o N~ T N~
e [r e
== J-—-d++ T 1----- dttE| D
== ]--+ 4H__ [ l————d4#+  # =
== J---d4++» S 4 T F----- 4 4™
=4 J-—-4++ o H 1 |-—-- dekd] o
[ et — [T J-ateeess| «
L <+ o N~ A R~
--4 []--4j © -{ [F--{©
-] |---4++ w wr—— [}--—+ T}
== J-——d++ = - b= F-—a=
== J]---+++ 3S+++T\\AH_y\\L++ ™
=T J---4++ bm-—= [ }----41
[ ]-——dees 4 — o] F-—destas) —
0w o+ MmN TR R~
-4 [ ]--4fe i————4 [ ]H{©
wvl-—{ []--11w = -1 T 1-——-4{w
trim——d J--a{s @|-—-4 | -l
=== ]--+{ ™ _DOIn - I 7 -4
T e e T [ NN RN P
trrtt - [ |- — e e L I
0w o+ o N o~ w <+ ™ N

towards energy efficiency
through behavioural science

Nudging consumers

1. Environmentally
conscious and well-
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1. Environmentally
conscious and well-
informed energy
consumers

intervention type

High scores Reinforcement Feedback & awareness: keep the interest warm through regular
in all features information about energy-saving (selected notifications, regular
marketing campaigns)

2. Concerned but
comfort-oriented energy
consumers

3. Concerned but lacking
awareness energy
consumers

4. Materialistic energy
consumers escaping their
personal responsibility

5. Prone to social
influence energy
consumers

6. Indifferent energy
consumers




NUDGE
® o

Nudging consumers
towards energy efficiency
through behavioural science

1. Environmentally
conscious and well-
informed energy
consumers

2. Concerned but
comfort-oriented energy
consumers

3. Concerned but lacking
awareness energy
consumers

4. Materialistic energy
consumers escaping their
personal responsibility

5. Prone to social
influence energy
consumers

6. Indifferent energy
consumers

intervention type

Strong concern Confronting Reminding of consequences: prompt the user to consider
about comfort & the consequences of an action e.g., increasing the target
financial implication temperature of the thermostat or the air-conditioning,
of energy-saving insisting on the extra cost it incurs: net increase of the
energy bill at monthly/annual level.
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3. Concerned but lacking
awareness energy
consumers

4. Materialistic energy
consumers escaping their
personal responsibility

5. Prone to social

influence energy
consumers

6. Indifferent energy
consumers

High environmental

concern, awareness of
consequences but lack
of practical know-how

to save energy

(Nudge)
intervention t
Facilitating

Reinforcement

Description
pe

Default: Turn energy-friendly operational settings of
devices (thermostat, air conditioning equipment) into
defaults, to save the user from the “burden” of learning
what is appropriate and what is not.

Just-in-time prompts and tips: Provide the user with
tips and recommendations exactly upon the time she
mingles with devices’ settings that have an impact on
energy consumption.



NIUDGE
¢ Coaoin ‘m Experiments with two different ways to group energy consumers
throush bunaviours scionce * First group, then check for interventions = clustering
* First define classes accounting for interventions, then form groups =
intervention-aware classification
In the second case, we could get informative groupings that facilitated the
‘ mapping of interventions to classes
* six energy consumer classes, each marked by barriers/facilitators towards
e energy-saving
LA * whether these classes generalize will also be tested in the pilots

NUDGE has received funding
from the European Union's
Horizon 2020 Research and

innovation programme under

grant agreement No g957012.
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www.nudgeproject.eu
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NUDGING ¢ THE PROJECT - PILOTS

SUBSCRIBE NOW!

KNOWLEDGE-HUB * NEWS ¢ EVENTS ° CONTACT

nm=m=m==m O

A

SUBSCRIBE
TO OUR
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UDGE * Positive visual evidence of variance in construct scores across users
° @
g e ciency Distributions of normalized users’ scores in the 15 variables

through behavioural science
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NUDGE has received funding * More importantly, Hopkins test values in the order of 0.8-0.94 for

from the European Union's
Horizon 2020 Research and subsets of 3-5 features

innovation programme under
grant agreement No g57012.
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Clustering algorithm

Data Preprocessing selection and
parameterization

Clustering
algorithm
Missing values
: : S
imputation
Number of
clusters
Features
o . J
normalization
Feature
selection /
transformation
Assessment of
data —
clusterability
Similarity
metrics
(distance)
S

Experimentation and clustering analysis

Clustering performance

Fitness Informativity Balance

Experiments - Analysis
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First, with reference to the constructs measured in the survey

Another example — class 2:

Concerned but comfort-oriented energy consumers combine:

* clear to actin energy-saving manner.
* Much weaker intentions for behavior with respect to
, in particular, since this implies (e.g., setting the

thermostat at lower temperature and wearing more clothes to make up
for it) that appear not to be acceptable for them

* high concern about the monetary cost involved in higher energy
consumption
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First, with reference to the constructs measured in the survey

Another example — class 4:

Materialistic energy consumers escaping their personal responsibility

combine:

low anticipation of personal responsibility to act
lower than average energy-saving intentions and

high concern for the financial implications of energy-saving activities on
the monthly bills.
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First, with reference to the constructs measured in the survey

Another example — class 5:

Prone to social influence energy consumers combine:

lower than average energy-saving intentions with respect to heating

distinctly higher than average scores in the Subjective Norm variable



NIJUDGE

° ® First, with reference to the constructs measured in the survey

Nudging consumers
towards energy efficiency
through behavioural science

Another example — class 6:

Indifferent energy consumers combine:

* low perception of behavioral control, more related to perceived self-

efficacy
‘ * noidentification with the prototype of energy-saver

* moderate energy-saving intentions, both overall and specifically with

s respect to heating

NUDGE has received funding
from the European Union's
Horizon 2020 Research and

innovation programme under

grant agreement No g957012.
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CONSEQ_AWARE = thr, AND ENV_CONCERN= thr, AND ASCR_RESP = thr
AND PROT_FAV = thr, AND INT_SPEC = thr, AND INT_GEN = thr,

LOSS_COMF = thr, AND FIN_CONCERN = thr, AND INT_SPEC < thr, AND
INT_GEN > thr,

CONSEQ_AWARE > thr, AND ENERGY_AWARE < thr, AND
ENV_CONCERNz2 thr; AND INT_GEN = thr,

lass 4 ASCR_RESP <thr, AND FIN_CONCERN > thr, AND INT_GEN < thr,

SN = thr, AND INT_SPEC < thr, AND INT_GEN < thr,
PBC < thr, AND PROT_SIM = thr, AND INT_SPEC < thr, AND INT_GEN < thr

The specification of all 6 classes involves 12 constructs and the four
parameters

1

2
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After the remaining 1071 users 917 733 497 311 499 172 3129
are assigned to the “closest”

1041
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1. Environmentally
conscious and well-
informed energy
consumers

2. Concerned but
comfort-oriented energy
consumers

3. Concerned but lacking
awareness energy
consumers

4. Materialistic energy
consumers escaping their
personal responsibility

5. Prone to social

influence energy
consumers

6. Indifferent energy
consumers

intervention type

High scores

in all features

intervention t

Confronting

Strong concern
about comfort &
financial implication
of energy-saving

High environmental

concern, awareness of
consequences but lack
of practical know-how

to save energy

Reinforcement

Feedback & awareness: keep the interest warm through regular

information about energy-saving (selected notifications, regular
marketing campaigns)

(Nudge)
intervention t
Facilitating

Reinforcement

Description
pe

Reminding of consequences: prompt the user to consider
the consequences of an action e.g., increasing the target
temperature of the thermostat or the air-conditioning,
insisting on the extra cost it incurs: net increase of the
energy bill at monthly/annual level.

Description
pe

Default: Turn energy-friendly operational settings of
devices (thermostat, air conditioning equipment) into
defaults, to save the user from the “burden” of learning
what is appropriate and what is not.

Just-in-time prompts and tips: Provide the user with
tips and recommendations exactly upon the time she
mingles with devices’ settings that have an impact on
energy consumption.
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S ® intervention type

Nudging consumers
towards energy efficiency
through behavioural science

Concern about the Confronting Reminding of consequences: prompt the user to
environment, awareness consider the consequences of an action e.g., increasing

of consequences but lack the target temperature of the thermostat or the air-
of know-how to conditioning, insisting on the extra cost it incurs: net
practically save energy increase of the energy bill at monthly/annual level.

intervention type

Strong sense of Social influence  Enabling social comparison: leverage different means

subjective norms, (from written text and diagrams printed on a paper to

average scores-no online social platforms and dynamic query response

distinct differentiation systems) to facilitate the comparison with other peers

in other features (friends, neighbours, consumers of similar demographic
characteristics).

Socialinfluence  Goal setting & commitment: get the consumers to sign a
formal commitment to reduce the energy they consume,
many times in return of some (non-monetary) reward.

1. Environmentally
conscious and well-
informed energy
consumers

2. Concerned but
comfort-oriented energy
consumers

3. Concerned but lacking
awareness energy
consumers

4. Materialistic energy
consumers escaping their
personal responsibility

5. Prone to social
influence energy
consumers

6. Indifferent energy
consumers
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1. Environmentally
conscious and well-
informed energy
consumers

2. Concerned but
comfort-oriented energy
consumers

3. Concerned but lacking
awareness energy
consumers

4. Materialistic energy
consumers escaping their
personal responsibility

5. Prone to social

influence energy
consumers

6. Indifferent energy
consumers

type

Low perception of self-
efficacy and possible
impact of personal
action, low concern and
awareness about

environmental matters.

Facilitating

Reinforcement

Reinforcement

Default: Turn energy-friendly operational settings of
devices (thermostat, air conditioning equipment) into
defaults, to save the user from the “burden” of learning
what is appropriate and what is not.

Feedback & awareness: use tips, notifications,
marketing campaigns, to sensivitize this group of users
and overcome their reservations about the efficacy of
their behavior.

Hedonic goal : stress the big picture and the impact on
big things, possibly with some exaggeration, to render
energy-saving a goal.



