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Legal Notice
The information in this document is subject to change without notice.
The Members of the EVIDENT Consortium make no warranty of any kind about this document, including, but not
limited to, the implied warranties of merchantability and fitness for a particular purpose.
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special, incidental, or consequential damages in connection with the furnishing, performance, or use of this
material.
The European Commission is not responsible for any use that may be made of the information it contains.
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Executive Summary
The EVIDENT project seeks to examine the role of behavioural interventions in supporting residential
consumers to make more efficient energy choices. Through this, the EVIDENT project seeks to provide
support to the role of behavioral interventions as an aspect of climate change policy. This document
presents in detail the design of the protocols and pilots for each of the proposed use cases within the
EVIDENT project. Its primary purpose is to provide a detailed overview of the methodologies to be
employed across each use case, with reference to the specific research questions being posed, the
experimental design, participant recruitment strategies and measures to be used. Consideration will also
be given to ethical and quality factors in protocol design.
This deliverable is divided into four main sections corresponding to the different experiments and quasiexperiments within the EVIDENT project. The first section outlines the methodologies for the natural field
experiments which are employed to examine use cases one “Estimate the importance of consumption
feedback in residential users” and two “Estimate the relative effectiveness of interventions like peer
comparison feedback”. Through the use of Home Energy Reports (HERs), these analyses seek to reduce
the impact of behavioural biases on energy behaviours by providing consumers information on own and
peer energy use. Due to the interrelated approaches to be used within these use cases the proposed
designs for both are presented in tandem. The second section presents the experimental design to be
employed to examine use case three “The role of big data in assessing the impact of behavioural insights
in energy consumption”. The third section outlines the methodologies to be employed within use case
four “Relation of energy consumption behavioural biases with consumers’ financial literacy level”. This
use case employs a serious game alongside surveys and qualitative analysis to examine the impact of
financial literacy on consumers decisions to repair or replace appliances across residence types. Finally,
section four presents the proposed design of a discrete choice experiment to examine use case five
“Exploit energy demand curves”. Specifically, this analysis seeks to determine the impact of financial,
environmental and energy literacy on consumer discount rates and willingness to pay for household
appliances. Through providing a detailed description of the proposed protocols and pilots the EVIDENT
project seeks to maximise the impact of the analyses to be conducted so as to best contribute to policy
and scientific understanding.
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1. Introduction
A key component of the EVIDENT project are the experiments and quasi-experiments which seek to
examine the impact of behavioural interventions on energy efficiency. These include natural field
experiments to examine the impact of feedback and information provision on home energy use, big data
analytics, a serious game to determine the impact of financial literacy on decisions to repair or replace
home appliances and a discrete choice experiment to determine the impact of financial, environmental
and energy literacy on willingness to pay for home appliances. To ensure that these analyses result in
impactful and generalisable findings which can impact policy, careful consideration is required when
determining their design. This deliverable presents the detailed design of the protocols and pilots which
will be used to examine each of these use cases. Specifically, a detailed description of all methodologies
to be employed across the EVIDENT project will be discussed, with reference to experimental design,
participants, tools, and any ethical or quality factors.
This deliverable was created in parallel with D3.1 “Specifications of preparatory actions for RCT, surveys
and serious game”. While there is some overlap between both deliverables, a distinction between the two
was determined with D2.1 presenting the broader theoretical design of each analysis and D3.1 providing
practical information on how these analyses will be conducted. As such, the present deliverable will focus
on the broader experimental design and methodologies to be employed within each use case. Additional
detail on practical factors pertaining to participant recruitment and allocation to experimental conditions,
ethical considerations (i.e. participant information booklets and informed consent forms) and specific
materials developed for each use case are presented in D3.1. As such, these deliverables can be
considered to be complimentary to each other, allowing for a comprehensive discussion of the
methodologies to be employed across the EVIDENT project.

1.1 Purpose of the Deliverable
The objective of the current deliverable is to present the detailed design of the protocols and pilots which
will be implemented to examine each of the proposed use cases. Using knowledge gained from D1.1.
“Analysis of best practices” this deliverable will describe the proposed methodologies for each use case
and means to implement them. Methodologies to be employed include natural field experiments, surveys
and a serious game. The primary aim of these methodologies is to determine the efficacy of behavioural
policy interventions such as consumption feedback, energy saving tips, peer comparison and information
provision regarding the health and environmental impacts of energy production. This deliverable will
define the methodology to be employed to execute each use case, with reference to its research question,
conceptual framework, experimental design, measures employed and participant recruitment. The
impact of such interventions will be estimated in terms of energy conserved (e.g. GWh/year) or other
relevant measures of energy savings. Ethical and quality factors in participant recruitment and study
design will also be considered.

1.2 Relation with other Deliverables and Tasks
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Deliverable 2.1 falls under Task 2.1, ‘Design of Randomised Control Trials (RCTs) and surveys protocols for
the pilots’ which runs from M01 to M24. This deliverable is led by TCD and supported by UOWM, DUTH,
PPC, the JRC, CERTH and CWATT. This deliverable considers the learnings from deliverables ‘Analysis of
current practices’ (D1.1) and ‘Assessing behavioural biases and financial literacy’ (D1.2) in developing
protocols and pilots. This deliverable contributes significantly to WP3 and Task 3.1 which will provide the
specifications of preparatory actions for RCT, surveys and serious games. Further, this deliverable impacts
the task ‘Exploration of analytical qualitative and quantitative tools requirements’ (4.1) and task ‘System
Architecture and Design Specifications’ (6.1) through providing outlines of the expected protocols.

1.3 Structure of the Document
This deliverable is structured as follows:
•
•

•

•

•
•

Section 1 – Introduction: This section introduces this deliverable.
Section 2 – Use Case 1 and 2: Estimate the importance of consumption feedback in residential
users and estimate the relative effectiveness of interventions like peer comparison feedback. This
section outlines the protocols to be employed across the natural field experiments.
Section 3 – Use Case 3: The role of big data in assessing the impact of behavioural insights in
energy consumption. This section will provide information on the analysis of big data using datadrive machine learning approaches.
Section 4 – Use Case 4: Relation of energy consumption behavioural biases with consumers’
financial literacy level. This section will present the methodologies to be employed within the
serious game to examine the impact of financial literacy on consumer appliance replacement.
Section 5 – Use Case 5: Exploit energy demand curves. This section outlines the protocol for the
discrete choice experiment to examine consumer appliance selection.
Section 6 – Conclusions: The final section will present a summary of the deliverable.

1.4 Outline of the Use Case Sections (Sections 2-5)
Across the present deliverable, a consistent methodology is applied to the presentation of the proposed
design of each use case. Within this approach, each use case is presented and discussed in turn, with
specific reference to the rationale, research question, methodology and pilot design. Section 2 differs
slightly in that it presents the design of both use cases 1 and 2 together. As both use cases 1 and 2 overlap
in terms of design they have been presented together to reduce repetition. For each of the use cases
within the EVIDENT project, the following methodology will be applied to describing their design.
1) Rationale - A brief rationale for each use case will be presented. This section will provide a brief
overview of recent relevant research in the area with reference to the specific research gaps the
present use case seeks to address.
2) Research Question - Arising from the identified gaps within current literature specific research
questions to be addressed by each use case will be described. These research questions will form
the basis of use case design and will form the basis of the knowledge gathered through the
EVIDENT project.
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3) Methodology - The methodology to be employed to address the research question will then be
presented for each use case. Firstly, the participants to be sought and the specific recruitment
efforts which will be employed to gather participants will be presented. Actions planned to ensure
large, representative samples are also discussed. Next, the specific measures to be employed
within the use case are described. To address the research questions selected a number of
measures will be required to establish whether change occurs in a number of participant outcomes
and behaviours. Examples of measures to be employed include those pertaining to financial
literacy, energy literacy and energy behaviours. Finally, a detailed description of the tools to be
employed to ask the research questions will be presented. As each use case relies on different
tools to conduct their analyses these will be described in turn. Examples include surveys, field
studies and a serious game.
4) Pilot Design - The final section will outline the proposed strategy to be employed to pilot each use
case. For those use cases where it is relevant, usability analysis prior to piloting will be conducted.
Through applying this consistent methodology across the presentation of each use case, the reader will
obtain a clear description of planned actions and the rationale for each. Through this systematic approach
to presenting the proposed use case designs, more effective, comprehensive and innovative designs will
be obtained. This in turn is expected to positively impact the quality of findings obtained from the EVIDENT
project as a whole.
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2. Use Case 1 - 2: Estimate the importance of consumption feedback
and the relative effectiveness of interventions like peer comparison
feedback in residential users
2.1 Protocol Design
The following section outlines the protocol design for use cases 1 and 2, the importance of consumption
feedback, and the relative effectiveness of interventions like peer comparison feedback in residential
users. An overview will be provided of the proposed design of the field experiments that will take place
during use cases 1 and 2, including the rationale and the research questions the EVIDENT project will seek
to answer, and the methodology, tools, and procedures that will be followed.

2.1.1 Rationale
The academic literature across the fields of psychology, economics and behavioural science note an
increasing number of studies focus on evaluating energy efficiency programs that address behavioural
failures, lack of information, and asymmetric information problems that lead to systematic
underinvestment in energy efficiency. These studies highlight the role of cognitive biases, such as status
quo bias, loss and risk aversion, temporal and spatial discounting and inattention bias that may create
challenges for decision-making. In addition, imperfect information such as lack of information about
potential investments in energy-efficient equipment or unawareness about the consumption of
household appliances could potentially lead to energy-related suboptimal choices.
The rationale behind use cases 1 and 2, as proven by many research pilots and surveys, lies in the fact that
energy feedback is primarily a human-related task requiring user-centred approaches to be addressed
[1]–[4]. Based on the literature [5]–[7], many interaction paradigms and visual solutions such as goal
setting, interfaces based on users’ desire of fulfilling a given (energetic) objective, direct feedback, (i.e.,
timely updated in-home displays, etc), have been widely but sparsely investigated to better understand
the consumers’ habits. Thus, introducing different kinds of feedbacks to induce changes in consumers’
consumption behaviour becomes a necessity.
The EVIDENT project focuses on residential energy consumption and how specific low-cost behaviouralbased interventions could potentially correct consumers energy-related misperceptions and enhance
energy efficiency. Within the project’s lifetime, three field experiments for estimating the impact of
behavioral interventions on energy conservation will be implemented. Interventions such as selfconsumption feedback and peer comparison feedback will be leveraged as they have been found to lead
to a reduction in energy usage [2], [8]. Self and peer comparison seem to mitigate consumers’ biases
providing better information, eliminate inattention and motivate them towards long-term better
decision-making.
More specifically, use case 1 will estimate the importance of consumption feedback for residential users
by examining whether self-consumption feedback on historical energy usage can decrease energy
consumption. On the other hand, use case 2 plans to estimate the impact of information comparing a
13
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household’s energy use to that of similar neighbours. Thus, customers will receive peer comparisonrelated information, regarding their own energy consumption in comparison to households with common
characteristics. Literature shows that self-consumption feedback and peer comparison prevent
misperceptions of individuals’ energy use levels, helping them reduce their energy consumption. More
specifically, Allcott, [9] found that peer comparison-related information led to an average reduction of 2%
in energy usage while Lee et al. [10] showed that regular feedback assists individuals to decrease their
energy consumption, narrowing their intention-action gap.
Since the aim of both use cases is to induce consumers to reduce their energy conservation, both use
cases 1 and 2 will be designed and implement at the same time. The mechanisms to provide feedback to
the consumers in both use cases comes in a form of nudges namely, the Home Energy Report (HER) and
the Peak Energy Report (PER). HER and PER have been widely used in energy efficiency programs based
on RCTs such as Allcott and Rogers [11] and Brandon et al. [12] indicating the importance of energy
conservation nudges. In addition, the RCT conducted by Brandon et al. [12] resulted in a reduction of up
to 2.1% when only HER was communicated to the customers, while a reduction of 6.8% was achieved
when both nudges were employed. Similar RCTs using HERs, Bonan et al. [13], also included descriptive
and injunctive messages proving that consistent feedback of both types boosts the effectiveness of social
information in reducing energy consumption and that they should be complementary. The results suggest
complementarities between different types of normative messages rather than the superiority of any one
kind of feedback.
In the following section terms like neighbours and efficient neighbours are widely used. Neighbours refer
to households with common characteristics, such as location, size of the building, etc., thus, a group of
neighbours with common characteristics consists a neighbour class. Based on data availability and data
peculiarities between the two evident pilots (PPC and CW), the term neighbour class will be defined
differently and will be explained within the next sections. In addition, the efficient neighbours consist of
a percentage of the most outperformed neighbours (usually 20% of the total neighbours).
More details about the procedures and the timeline of the EVIDENT experiments are presented in section
3.1.3.4, while the preparatory actions regarding the participants and the materials designed for use case
1 and 2 field experiments are described in D3.1.

2.1.2 Research question
The main research question use cases 1 and 2 will try to provide insight into, is whether self-consumption
and peer-comparison feedback affect customers’ energy conservation. In addition, the EVIDENT project
will try to estimate the indirect factors that impact consumers’ behaviour and biases by providing answers
to the following questions:
1.
2.
3.
4.

Are there crowd out effects between different message framings?
Do consumers know about pricing differentials between peak and off-peak consumption?
Can consumers “correctly” estimate the energy use for everyday household appliances?
Does consumption feedback through consumer ranking affect energy conservation?
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2.1.3 Methodology

2.1.3.1 Participants
In use cases 1 and 2, residential users from the two pilot partners PPC and CW will form the participant
groups. Residential users refer to household customers who have signed a contract with the energy
service providers to pay and use their services. Efforts have been made to ensure that large representative
samples are employed to ensure the generalisability of findings. Efforts to ensure representation of
different socioeconomics levels will also be made to ensure differences across groups can be accurately
captured. The diversity of the provided data gives us the option to partially differentiate the interventions
between the two energy service companies, PPC and CW.
An important aspect of the Randomised Control Trials (RCTs) is the term stratified randomization. The
term refers to a method of sampling that first stratifies the whole study population into subgroups with
common characteristics, known as strata, and then followed by simple random sampling from the
stratified groups, where each element within the same subgroup are selected unbiasedly during any stage
of the sampling process, randomly and entirely by chance. During the implementation of the use case 1
and 2 field experiments, stratified randomization will take place for the creation of the neighbours' classes
while the random selection of households upon the neighbour classes will ensure the unbiased creation
of the treatment and control groups.

2.1.3.2 Measures
To evaluate the field experiments that will take place in use case 1 and use case 2, several key performance
indicators (KPIs) have been identified. The main objective is to mitigate consumers’ biases by providing
useful information, reduce inattention and motivate them towards long-term optimal decision-making
while at the same time urging them to save money. The KPIs identified for use case 1 and use case 2 are
listed below:
1. Percentage of residential energy saving induced by behavioural insights in the short term (>2% by
treatment group)
2. Percentage of residential energy saving induced by behavioural insights in the long term (>2% by
treatment group)
3. Percentage of users’ understanding the informational material (> 85%)
4. Number of consumers in both Greece and Sweden (> 50,000)

2.1.3.3 Tools

2.1.3.3.1 Home Energy Reports and Peak Energy Reports
As use case 1 intends to estimate the importance of consumption feedback in residential users and use
case 2 to estimate the relative effectiveness of interventions like peer comparison feedback, a mechanism
15
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to provide and communicate the information to the customers should be employed. Based on the
research questions EVIDENT will try to answer in the context of use cases 1 and 2, HER and PER will be
leveraged to provide essential consumption and peer comparison feedback to the consumers.
HERs are either printed letters or digital documents, a) providing a snapshot of customer household’s
energy consumption uses over time, b) comparing customer’s household energy consumption with other
households with similar characteristics while also c) offering customized tips and updates to help
customers save energy and costs. PER targets household electricity consumption during peak load events
that periodically occur when electricity demand is high. These documents contain information about
household consumption during on-peak periods indicating consumers’ performance and use moral
suasion and social comparison to promote conservation during off-peak periods.
In the EVIDENT project, the HER and PER informational materials will be implemented either in pdf and
HTML formats and thus communicated via email or will directly be integrated into the existing applications
(such as CW’s smartphone/web application). HER and PER in each use case should include a different kind
of information based on the different aims each use case will try to achieve, however, we decided to
combine these two use cases and send a unified report in order not to impose a burden on the consumers
and cause resentment.

2.1.3.4 Procedure
During the implementation of use cases 1 and 2, we plan to design and implement three different field
experiments, as briefly described below:
1st experiment (PPC) - The effect of Consumption Feedback and Social Comparison: Within the 1st
experiment we plan to send information material (HER) through e-mail, to PPC’s customers based on self
consumption feedback (related to use case 1) and peer comparison feedback (related to use case 2).
Consumers will receive this information once or twice a month for a predetermined period of time. The
experiment aims to estimate the impact of both the information content and the message frequency on
energy conservation.
Based on data availability, the first field experiment will be implemented in one phase during a given
period of time. Each household that meets certain criteria, will be assigned randomly to one of two
mutually exclusive groups:
1. Treatment group: Receives the HER
2. Control group: Receives no correspondence
The timing of the field experiment is presented in Figure 1, and is as follows. Starting from November 2021
the treatment group will receive the HER by following PPC’s schedule of meter readings, meaning once
every 4 months for a year. Thus, PPC’s customers will receive 3 HERs during the treatment period.
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First
HER

Start of the season
(now)

Second
HER

4months
HER

Third
HER

End of the season
(1 year ahead)

Figure 1 - Overview of timeline for the 1st field experiment

2nd experiment (CW) - Effects of Self Consumption Feedback and Social Comparison: During the 2nd
experiment we plan to repeat the first experiment for CW customers taking care of the similarities and
the differences between the provided data and customers characteristics. The experiment aims to
estimate the impact of both the information content and the message frequency on energy conservation.
Based on data availability and the research question we plan to answer, the 2nd experiment will be
implemented in one phase during a given period of time. Each household that meets certain criteria, will
be randomly assigned to a treatment or control group, where the treatment group periodically received
a HER. The information material will include different message framings that aim at moral suasion,
injunctive social norms, appliances’ energy usage etc. Different treatment groups will get different
combinations of information sets. For example, to examine whether consumer rank affects energy
conservation we plan to disseminate three different versions of the HER (D3.1 - Specifications of
preparatory actions for RCT, Appendix 7.1-7.9). In the first version (D3.1 - Specifications of preparatory
actions for RCT, Appendix 7.7), both the section with the emojis and the section presenting the consumer
rank will be presented, while in the second version (D3.1 - Specifications of preparatory actions for RCT,
Appendix 7.8) only the section with the emojis will be visible to the users. Finally in the third version (D3.1
- Specifications of preparatory actions for RCT, Appendix 7.9) only the section with consumer rank will be
presented to the customers. Thus, by communicating all three versions to different treatment groups, we
will be able to track the marginal effect. Finally, to estimate the impact of the message frequency on
energy conservation we plan to send the HER to the treatment group by using different message
frequencies such as monthly, biweekly and weekly. Thus, each household will be assigned randomly to
one of four mutually exclusive groups:
1. HER “emojis and ranking” group: receives the HER version that includes both the sections with
the emojis and the section presenting the consumer rank
2. HER “emojis” group: receives the HER version that includes only the section with the emojis
3. HER “ranking” group: receives the HER version that includes only the section presenting the
consumer rank
4. Control group: received no correspondence
The HER groups will receive the informational material by following the timeline presented in Figure 2,
and is as follows. Starting from November 2021 each identified treatment group will receive the HER, by
following either a monthly, bi-weekly or weekly routine.
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1st
HER

2nd
HER

3rd
HER

4th
HER

5th
HER

6th
HER

7th
HER

8th
HER

9th
HER

Start of the season
(now)

10th
HER

11th
HER

12th
HER

End of the season
Monthly
HER

Bi-weekly
HER

Weekly
HER

(1 year ahead)

Figure 2 - Overview of timeline and procedures of the experiments

3rd experiment (CW) - Switching consumption between peak and off-peak time periods: The objective
of this experiment is to estimate whether salient prices impact decision making. Thus, we plan to send
informational material (PER), through e-mail/app or other instant communication applications (i.e.
WhatsApp, Viber, etc) to CW’s customers based on peer comparison feedback (related to use case 2) to
nudge consumers to shift consumption from peak to off-peak time. The PER will be sent pre and post the
peak periods containing information about consumers’ and their neighbours’ energy consumption during
previous peak periods. The 3rd experiment regarding CW’s customers about switching consumption
between peak and off-peak time periods will be planned during the implementation of the 2nd experiment,
since there might be some technical difficulties and some planning limitations that won’t allow us to
implement the experiment. An independent timeplan will be reported during the next deliverable D2.2 Optimized protocols design.
Finally, after the preparatory actions that will take place in Task 3.1, such as the energy consumption data
analysis, the neighbour class creation, the informational material creation, treatment and control groups
identification, etc., the two energy service actors PPC and CW will undertake to communicate the HER
and PER to a selected group of their customers. During the actions of Task 3.1, the EVIDENT consortium
will ensure that no personal data will be transferred to others.

2.1.4 Pilot Design
PPC and CW will participate in field experiments for use case 1 while DUTH will be the main partner who
will coordinate the design and the implementation of the experiments. The above experiments are closely
related to the available data the two EVIDENT energy service actors can provide. The experiments design
requires several preprocess actions related to the data cleansing, creation of additional dataset features,
identification of neighbours and neighbour classes, preparation of the informational materials, etc.

2.1.4.1 PPC Dataset
PPC gathers consumers’ electricity consumption data every 4 months (Jan-Apr, May-Aug, Sep-Dec) by
physically visiting each households’ energy meters. Thus, the shortest period for which data can be
provided is 4 months. PPC uses a more traditional way to gather the consumption data as few customers
have smart energy meters.
The dataset refers to quarterly energy consumptions in kilowatt hour (kWh) from all municipalities in
Greece coming for PPC customers’ who have consented to communication via email. The data was
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collected between January 2018 to present (August 2021) providing an initial dataset of approximately
300.000 consumers with most of them located in the municipality of Athens. PPC will provide the updated
customers' consumptions for the period the experiments will take place and some months beyond. Expect
the electricity consumption, the dataset provided by PPC also contains demographics regarding the house
size, the city, and the region/municipality of residence.
Due to dataset peculiarities, two additional features were created to more easily categorize customers
and create neighbour classes. For PPC, a neighbour class consists of customers/households with similar
characteristics, such as a) the municipality of the residences and b) the size of the house and c) whether
the household uses electricity as the main heating source. The first additional feature that was added
refers to the square meter class each house belongs to (square_meters_class) while the second feature
indicates if a customer uses electricity as the main heating source (electricity_heating_on_winter).
We created eleven1 different square meter classes by following the assumption that the size of each room
in an average Greek house lies between 10-14 square meters. To indirectly estimate which customers use
electricity as the main heating source, we compare their energy consumption between the winter months
(Jan-Apr) and the summer months (May-Aug). If consumption during the winter months exceeds 25% of
their consumption during the summer months, then we assume that the household uses electricity as the
main heating source. Figure 3, presents customers’ distribution in square_meters_class and
electricity_heating_on_winter for all municipalities in Greece, while Table 1 presents the final PPC’s
dataset schema, its features and types, as it’s reformed after the preparatory actions.
30,000
25,000
20,000
15,000
10,000
5,000
0

Square meters classes
Using electricity for heating

Not using electricity for heating

Figure 3 - PPC’s customers’ distribution in square_meters_class and electricity_heating_on_winter

As expected, there is a concentration between 63 and 103 square meters meaning that most of the
dwellings consist of 2 to 4 different rooms, including bedrooms and bathrooms. Regarding the size of the
houses, we have already removed the outliers and kept only the records in between the desired upper

1

11 classes referring to the house size: [50 - 56), [56 - 63), [63 - 71), [71 - 80), [80 - 91), [91 - 103), [103 - 117), [117 - 133), [133 - 151), [151 - 172),
[172 - 196)
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and lower limits. Regarding the possibility for a household to use electricity as the main heating source,
there are no outliers since, electricity_heating_on_winter variable has been indirectly estimated.
Table 1 - Final PPC dataset schema after the initial preparatory actions

PPC dataset
feature

Feature description

Type

Example

ID

Unique customers ID, provides a link to the nonanonymized personal data (only PPC has access to
non-anonymized data)

Provided (keyword)

UvscGJw29
9RUcLeQ=
=

region

Region of the household2

Provided (keyword)

Attica

municipality

Municipality of the household3

Provided (keyword)

Athens

square_meter
s

Household’s square meters

Provided (decimal)

86

square_meter
s_class

Household’s square meters class (class_1, class_2, …,
class_11)

Calculated based
square_meters
(keyword)

population

Municipality population

Provided (decimal)

664.046

quarter

Energy consumption quarter (Jan-Apr, May-Aug, SepDec)

Provided (keyword)

Jan-Apr

kWh

Energy consumption in kilowatt hours (kWh)4

Provided (decimal)

1.938,0

email

email as the preferred communication channel
(Yes/No)

Provided (boolean)

Yes

SMS

SMS as the preferred communication channel
(Yes/No)

Provided (boolean)

No

NatGas

Whether or no natural gas installation is available in
the household’s municipality

Provided (boolean)

Yes

NUTS_2

Second level of the Nomenclature of Territorial Units
for Statistics (NUTS)

Provided (keyword)

Attica

season

Consumption quarter season (Winter/Summer/Fall)

Calculated
quarter
(keyword)

electricity_
heating_on_w
inter

Indirect estimation if the customer uses electricity as
a main heating source during winter months

Calculated based on kWh
and season
(boolean)

based

on

on

class_5

Winter

Yes

2

Greece has 13 administrative regions: Attica, Central Greece, Central Macedonia, Crete, Eastern Macedonia and Thrace, Epirus, Ionian Islands,
North Aegean, Peloponnese, South Aegean, Thessaly, Western Greece, and Western Macedonia. There is also the Monastic Republic of Mount
Athos which is an autonomous theocratic society led by an ecclesiastical council, thus not considered as a commercial region.
3
According to the Kallikratis Programme, since 1 January 2011 with an amendment in 2019, Greece is divided into 332 municipalities, grouped
into the 13 (main) administrative regions of Greece
4
Measure of energy equal to 3600 kilojoules. The kilowatt-hour is a composite unit of energy equal to one kilowatt (kW) of power sustained for
one hour.
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2.1.4.2 PPC - 1st experiment - experiment about the effect of Consumption Feedback and Social
Comparison
The actions that will be followed to prepare, design and implement the first experiment of PPC are described
in Figure 4.
1. Data gathering

2. Data cleaning (drop
dupicates and remove
outliers)

3. Neighbor classes
and efficient neighbors
creation

4. HER generation

5. Treatment/control
groups creation

Figure 4 - 1st PPC experiment about the effect of Consumption Feedback and Social Comparison,
design and implementation steps

Step 1: PPC will gather and pseudo-anonymize customer’s electricity consumption and demographic data.
Step 2: DUTH will receive the available data and perform data cleaning. Since a unified HER will be
designed to cover both the needs for use case 1 and use case 2, aspects of consumption feedback and
peer comparison will be examined at the same time. The procedure followed during the cleaning phase is
described below:
a. Starts with the whole dataset, around 3 million records.
b. If there are duplicate records5 we kept the one with the smallest energy consumption.
c. We dropped records with square_meters smaller than 50 square meters and larger than 180
square meters.
d. We dropped records with consumption in kWh less than the 5% percentiles and more than 95%
percentiles.
e. We kept consumers with more than 7 unique records, referring to different quarters. Since the
preparatory actions took place on data from January 2018 till January 2021, the maximum number

5

Records that refer to the same ID, region, municipality and quarter

21

D2.1 Field Studies, Serious Game and Surveys Protocols Design

of records each customer could have is 9. Thus, to fill in the missing records for the customers
with 7 and 8 records, we calculate the average consumption for the same quarter from the
available years.This procedure gave us 1.873.431 records, meaning 208.159 unique consumers
distributed among all 332 municipalities of Greece. Table 2 presents the summary statistics for
the final PPC’s dataset used in the experiment.
Step 3: To create the neighbour classes, we will cluster the households with similar characteristics
(square_meters_class and electricity_heating_on_winter) coming from the same municipality. For the
case of the efficient neighbours for each neighbour class, we will select 20% of the outperformed
neighbours regardless of the final number of the neighbours. That way, for each municipality we will
create
around
22
different
neighbour
classes
(11
square_meters_classes
x
electricity_heating_on_winter).
Step 4: Moreover, we will craft the HER template and create an automated pipeline to dynamically repeat
the previous steps to generate the report for each one of the PPC’s customers.
Step 5: Finally, we will stratify the population based on the neighbour classes we created in the previous
steps and for each strata, we will randomly select 25% of the consumers for each one of the identified
groups as described in section 3.1.3.3.1.
During the field experiments, to maintain the credibility of the analysis we plan to drop municipalities with
less than 100 customers.
Table 2 - Summary statistics for PPC’s 1st experiment dataset

count
mean
std
min
percentiles
5%
percentiles
25%
percentiles
50%
percentiles
75%
percentiles
95%
max

2.1.4.3

kWh
1.873.431,00
1.163,52
679,24
2,00
280,00

square_meters
1.873.431,00
94,09
28,76
50,00
54,00

population
1.872.081,00
113.594,72
161.486,16
975,00
12.750,00

693,00

72,00

32.121,00

1.061,00

90,00

64.021,00

1.505,00

111,00

102.071,00

2.380,00

150,00

664.046,00

11.924,00

180,00

664.046,00

CW Dataset

CW collects the electricity consumption and production (for customers with photovoltaic installations)
data for each customer every 1 hour. All CW customers have smart meters installed so data gathering is
done in an automated way.
The dataset refers to hourly energy consumption and production in kWh from almost 900 CW’s customers
spatial scattered around Sweden. The data lies between January 2018 till today (August 2021) providing
an initial dataset of almost 15 million records constantly increasing. Aside from the customers’ energy
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consumption, the dataset also contains demographics data. The demographic data refer to the house
types, size and year that it was built, the city, and the region of residence, the heating type and the number
of the household members. CW plans to communicate a survey (Appendix - 7.1 CW’s survey in English for
updating customers’ demographics data) to their customers through email suggesting them to update
their demographic data. The procedure will be completed by the end of November 2021.
Due to customers’ spatial concentration and dataset’s size, three additional features were created, the
heatingarea_class, the heatingtype_electricity and the ClimateZone, to be easier to create the neighbour
classes and categorize the customers. For CW, a neighbour class consists of customers/households with
similar characteristics such as a) the climate zone, b) the size of the house and c) whether customers use
electricity as the main heating source. The first additional feature that was added refers to the climate
zone the house is located, the second feature refers to the square meter class the house belongs to
(heatingarea_class), while the last feature indicates whether a customer uses electricity as the main
heating source (heatingtype_electricity).
Since only a few customers are located in the same region/municipality, we aggregate them into wider
regional areas such as Sweden climate zones6. We created five7 different square meter classes and
separate the houses into small, medium, large and very large house size classes. We chose not to drop
the outliers regarding the size of the house, since the size of the final dataset would be significantly
reduced, thus the fifth square meter class refer to the household that didn’t provide information about
the size of their house. Moreover, we estimate customers that use electricity as a main heating source by
examining their heating types. If a customer uses at least one heating appliance operating on electricity,
we assume that she/he uses electricity as a main heating source. It is expected that both data volume and
quality will increase as CW communicates the survey to its customers and updates the available
demographic data.
Figure 5, presents customers’ distribution in heatingarea_class and heatingtype_electricity for all Sweden
Climate Zones, while Table 3 presents the final CW’s dataset schema, its features and their types, as it’s
formed after the cleaning actions.

6

A climate zone results from the climate conditions of an area: its temperature, humidity, amount and type of precipitation, and the season.
Sweden has 4 climate zones, 1 to 4, cooler to warmer respectively.
7
5 classes referring to the house size: [0], [1 - 100), [100 - 180), [180 - 250), [250 – 1000+)
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500
400
300
200
100
0
[0]

[1, 100)
[100, 180)
[180, 250)
Heating area classes in square meters

Using electricity for heating

Not using electricity for heating

[250, 1000+)

No available data

Figure 5 - CW’s customers’ distribution in heatingarea_class and heatingtype_electricity

As is easily observable, there are a lot of outliers. For almost half of the customers, there is no data about
the size of their house nor the type of heating they use. Only a few customers provided information about
their heating type but not the size of their house, while the rest of the customers are provided with both
pieces of information. For the rest of the house size classes, there is a concentration between the third
and fifth classes, something rather reasonable since most of CW customers have photovoltaic (PV)
instalments and more space is needed. Hopefully, the customers’ distribution will be quite different within
the next months. In the case, the response rate won’t meet consortium expectations, alternative
approaches will be examined. For example, multiple emails could be sent to the customers that won’t
reply to the first one. Another, rather aggressive solution would be to restrict access to the user dashboard
until the customer answer the questionnaire, however, this solution would be avoided since it might affect
CW’s customers' service satisfaction and finally damage the company’s reputation. In any case,
solutions that both satisfy use cases specifications and won’t affect CW operations will be discussed and
the best approach will be followed.
Table 3 - Final CW dataset schema after the initial preparatory actions

CW dataset feature

Feature description

Type

Example

clientid

Auto increment unique customer ID

Provided (keyword)

5

cwid

Unique customer ID that provides a link
to the non-anonymized personal data
(only CW has access to non-anonymized
data)

Provided (keyword)

8260

NUTS_2

Second level of the Nomenclature of
Territorial Units for Statistics (NUTS)

Provided (keyword)

SE02

Climate_Zone

Sweden’s climate zones

Calculated based on city
(keyword)

3

yearbuilt

The year the house was built

Provided (keyword)

1984

heatingarea

Household’s area with heating

Provided (decimal)

120
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heatingarea_class

Household’s area with heating class
(class_1, class_2, …, class_5)

Calculated
based
heatingarea (keyword)

on

class_3

householdsmembers

Number of members in the household

Provided (decimal)

4

waterconsumption

Average yearly water consumption in
cubic meters

Provided (decimal)

160

building_type

The type of the building8

Provided (keyword)

1

heating_type

The type/s of the heating the household
uses9

Provided (keyword)

3

heatingtype_
electricity

Estimation if the customer uses
electricity as a main heating source
(1 – Yes, 0 – No, 2 – Missing)

Calculated on heating_type
If the customer uses at least
one heating appliance
operating on electricity
(decimal)

1

date

Date of the consumption/production
record

Provided (date)

2020-05-18

time

Time
period
of
the
consumption/production record (refer
to the last hour, e.g., 18.00 means from
17.00 to 18.00)

Provided (time)

19:00:00

bought

Electricity in kWh the consumer bought
during a given datetime

Provided (decimal)

150

produced

Electricity in kWh the consumer
produced during a given datetime (for
customers
with
photovoltaic
instalments)

Provided (decimal)

1.455

sold

Electricity in kWh the consumer sold to
the grid

Provided (decimal)

320

total_consumed

Electricity in kWh (bought + produced –
sold)

Provided (decimal)

1.285

8

There are 7 building types in CW’s dataset: House, Apartment, Chain house, Apartment buildings, Semi-detached house, Townhouse, One and
two dwelling houses
9
There are 29 heating types in CW’s dataset: Ground source heat pump (horizontal), Air/air heat pump, Exhaust air heat pump, Firewood, Direct
electricity - radiator, Direct electricity - accumulator tank, District heating, Wood chip/Pellet/Briquette, Other biofuel, Fuel oil, Other heating
system, Direct electricity - radiator, Direct electricity - accumulator tank, Ground source heat pump (horizontal), Air/water heating pump, Electric
heating (airborne), Exhaust air heat pump, Air/air heating pump, Electric heating (airborne), Natural gas, Ground source (geothermal) heat pump
(horizontal), Deep geothermal heat pump (vertical), Geothermal, Straw burning, Deep geothermal heat pump (vertical), Coal gas, Stove, Solar
thermal collector, Briquettes
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2.1.4.4

CW - 1st experiment - experiment about the effect of Self Consumption Feedback and

Social Comparison
The main objective of the 1st experiment is to examine whether self-consumption feedback and social
comparison nudges will trigger customers to alter their consumption behavior. Thus, we plan to compare
their consumption data prior, during and after the experiments to see the short and long-term impacts upon
their consumption. The steps that will be followed to prepare, design and implement the first experiment
are presented in Figure 6.

1. Data gathering

2. Data cleaning
(remove outliers)

3. Neighbor classes
and efficient neighbors
creation

4. HER generation

5. Treatment/control
groups creation
Figure 6 - 1st CW experiment about the effect of Self Consumption Feedback and Social Comparison,
design and implementation steps

Step 1: CW will gather and pseudo-anonymize customers’ electricity consumption, production and
demographic data.
Step 2: DUTH will be given access to a MySQL database where the anonymized data are stored. DUTH will
perform a data cleaning however since the database is populated in an automated way, only minor
correction actions are expected. More specifically, the procedure to be followed during the cleaning phase
was:
a. Records with total_consumed less than 200 kWh and more than 8000 kWh will be dropped
(outliers regarding customers consumptions).
Step 3: To create the neighbour classes, we will cluster households with similar characteristics
(heatingarea_class and heatingtype_electricity) that are located on the same Climate_Zone. For the case
of the efficient neighbours for each neighbour class, we identified three different cases. The number of
the efficient neighbours will be equal to 0, when a neighbour class is smaller than 10 customers (the
customers will not receive the relevant information), otherwise, the number of the efficient neighbours
will be 50% of the outperformed neighbours when a neighbour class is smaller than 30 and greater than
10 customers and finally, the number of the efficient neighbours will be 30% of the outperformed
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neighbours when a neighbour class is larger than 30 customers. On average for each climate zone, we will
create around 11 different neighbour classes.
Step 4: In addition, we will craft the HER template and create an automated pipeline to dynamically repeat
the previous steps and generate the report for each one of CW’s customers.
Step 5: Finally, we will stratify the population based on the neighbour classes we created in the previous
steps and for each strata, we will randomly select 25% of the consumers for each one of the identified
groups as described in section 3.1.3.3.1.
During the field experiments, to maintain the credibility of the analysis we plan to drop neighbour classes
with less than 2 customers.

2.1.4.5

CW - 2nd experiment - experiment about switching consumption between peak and off-

peak time periods
The 2nd experiment aims to examine whether salient prices impact decision making. Thus we plan to
communicate peak energy reports to the participants in the form of a notification and see if their
consumption patterns will change. The steps that will be followed to prepare, design and implement the
experiment are presented in Figure 7.

1. Data gathering

2. Data cleaning
(remove outliers)

3. Neighbor classes
and efficient neighbors
creation

4. PER preparation

5. Treatment/control
groups creation
Figure 7 - 2nd CW experiment about switching consumption between peak and off-peak time periods,
design and implementation steps
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The design and the implementation steps of the 2nd experiment are very similar to CW’s 1st experiment
since both will leverage the self-consumption feedback and social comparison nudges to trigger customers
to reduce their energy consumption. Thus, steps 1 to 3 are the same and include the actions of data
gathering, data cleaning and the preparation of the neighbour classes. In step 4 the peak energy report
will be crafted while an automated pipeline will undertake to dynamically repeat the previous step and
prepare the PERs for the next treatments. Finally, the treatment and control groups will be created in step
5 by following similar procedures as in the previous experiments. Specifically, we will stratify the
population based on the neighbour classes we created in the previous steps and for each strata we will
randomly assign 50% of the consumers to the treatment groups and 50% of the consumers to the control
group. Depending on data availability, we might choose to implement the experiment with a smaller group
of participants than in the 1st experiment.

During the 2nd experiment, consumers will receive two notifications either through email, CW’s
smartphone application or other instant messaging applications (i.e. WhatsApp, Viber, etc.). The first
notification will be sent before the peak periods of the day containing a text suggesting consumers to
reduce their energy consumption during the peak period while also including their rank among their
neighbours (based on the available data). The post-peak period notification will be sent the next day and
it will contain information about the consumer performance. An example that illustrates the potential
contents of the PER can be found in D3.1 - Specifications of preparatory actions for RCT, surveys and
serious game in Figure 3.
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3. Use Case 3: The role of big data in assessing the impact of
behavioural insights in energy consumption
3.1 Protocol Design
This section outlines the protocol design for use case 3, the role of big data in assessing the impact of
behavioural insights in energy consumption. Within this section, an overview of the proposed analysis will
be provided, including the analysis of big data by using data-driven machine learning (ML) approaches.
The main objective of use case 3 is to design and implement two different approaches based on big data
analysis, one regarding the estimation of building energy consumption to enhance decision making and
the second about the estimation of heterogeneity in treatment effects.

3.1.1 Rationale
Over the last years, an increasing number of studies focus on decision support and behavioural analysis
based on advanced data analysis and ML approaches [14], [15]. The increasing penetration of sensing and
measurement technology, communication network technology, as well as cloud computing and big data
storage and analytics, leads traditional energy systems to be fully digitized. Thus, huge amounts of energy
production and consumption data are generated, collected and stored. Researchers leverage the
technologies of big data analytics and ML approaches for data-driven building energy consumption
prediction to support better decision making and provide useful insights to customers and energy
providers. For example, Mena et al. [16] used Artificial Neural Networks (ANN) for short-term estimation
of building electricity demand. Targeting the bio-climatic stock, it is shown that outdoor temperature and
solar radiation have a notable impact on electricity consumption. Noh & Rajagopal [17] propose a longterm Gaussian process (GP) prediction model for total energy consumption of a campus building using
smart meter records and environmental data, while Nghiem & Jones [18] propose a GP based model for
demand response service by predicting building energy consumption.
Another emerging research area suggests using data-driven ML methodologies to estimate causal
inference and heterogeneity in causal effects in experimental and observational studies. Causal effects, in
the Rubin causal model [19], are comparisons between outcomes we observe and counterfactual
outcomes we would have observed under a different regime or treatment. However, the main issue is
what Holland [20] calls the “fundamental problem of causal inference”: The causal effect is not observed
for any individual unit, and so we do not directly have a ground truth. A small but growing literature seeks
to apply supervised ML techniques to the problem of estimating heterogeneous treatment effects.
Recently, adapting ML methods for causal effect inference, and particular, for individual-level treatment
effect, has gained much interest. For example, Wager & Athey [21]; Athey & Imbens [22] discuss how treebased methods can be adapted to obtain a consistent estimator with a semi-parametric asymptotic
convergence rate. Recent work has also looked into how ML methods can help detect heterogeneous
treatment effects when some data from randomized experiments are available [23], [24].
In use case 3, the EVIDENT project will leverage energy consumption and production data coming from
the two energy service companies (CW and PPC) to perform two different data analyses in the
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aforementioned topics, a data-driven estimation of building energy consumption and performance for
optimal decision making and estimation of heterogeneity in causal effects by applying ML methodologies.
The ML models we plan to use will be based on household historical data, thus the term data-driven
models indicate models that take advantage of existing data instead of relying upon system complex
detail.

3.1.2 Research Question
Use case 3 seeks to examine the role of big data in assessing the impact of behavioural insights in energy
consumption. Thus, the following questions are asked:
1. Can a data-driven ML analysis on pre-treatment data efficiently assist the design of a randomized
control trial?
2. Can ML data-driven approaches identify heterogeneity in treatment effects that was not specified
in a preanalysis plan?
3. Do ML methodologies outperform the traditional econometric energy consumption and
production forecasting models?

3.1.3 Methodology

3.1.3.1 Participants
To design and implement use case 3, energy consumption and production data from residential users will
be used. Both pilot partners, PPC and CW, have already provided data for approximately 260,000 and
1,300 consumers respectively. Residential users refer to household customers who have signed a contract
with the energy providers to pay and use their services. Efforts have been made to ensure that large
representative samples are employed to ensure the generalisability of findings.
In addition, to design and implement use case 3 analyses complementary data are needed. These data
mainly refer to environmental indicators, such as the environmental temperature, humidity, hours of
daylight etc., data that could easily be collected through online services and data repositories. In addition,
the demographic data that will be updated by the two energy service providers will be further examined
in the context of the analysis.

3.1.3.2 Measures
To evaluate the models that will be designed and implemented in the analyses of use case 3, several KPIs
have been identified. The KPIs concern mainly the performance of the ML and econometric models that
will be developed and trained. The KPIs identified for use case 3 are listed below:
1. Amount of energy consumption and production data coming from residential users (> 50,000
consumers in both Greece and Sweden)
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2. Performance measures for ML methodologies estimating heterogeneous treatment effects (mean
square error)
3. Prediction model performance measures (accuracy, recall, adjusted R-square, etc.)

3.1.3.3 Tools
To implement the two analyses of use case 3, several ML and econometric methodologies will be
employed. ML models, features extraction methodologies and normalization techniques will be examined
to provide accurate and valid results. Econometric software such as STATA and programming languages
for data science like python and R will be leveraged for the analysis of the data.
For the estimation of the building energy consumption, a logistic regression analysis as an econometric
approach and ML models such as support vector machines (SVM) and random forests (RF) will be trained
and evaluated upon a set of socioeconomic, demographic, and behavioral variables. A comparative study
on the performance of both approaches will examine whether ML models can better fit the available data
and thus provide solid and accurate estimations to potentially lead to optimal decision making.
Regarding the estimation of heterogeneity in treatment effects, ML approaches based on regression trees,
RF, LASSO and SVMs will be used to create models of the relationship between attributes and outcomes.
Validation methods such as cross-validation will be used to select the optimal level of the models'
complexity and enable the construction of models that provide valid confidence intervals for treatment
effects.

3.1.3.4 Procedure
The procedures that will be followed in use case 3 are quite different from the other use cases since no
experiment will be implemented. However, the data analysis that will be conducted is closely dependent
on the actions that will take place in use cases 1 and 2. Specifically, the provided energy consumption data
and the demographic variables we plan to analyse will be updated during use cases 1 and 2 while CW also
plans to update the existed demographic data by sending a survey to their customers (See Table 4). Thus
in the analysis, described in section 4.1.4 both the pre-treatment and post-treatment data are needed.

Table 4 - CW’s survey in English for updating customers’ demographics data.

No.

Question text

Available answers

Type

Survey
description:
Domestic Energy Consumption Survey
Thank you for participating in this survey. We highly value your cooperation, that you take your time to answer
some questions regarding your building and energy consumption. It will take approximate 5-10 minutes. With
your help, we can improve our services, so that you can get full value.
The survey contains three sections. These are sections concerning your household, energy consumption and
socio-economic demographics.
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1

Which of the following house types applies?

Multiple
choice
1.
Villa
2. Row house/terraced house
3.
Semi-detached
house
4.
Apartment
5. Other

Required

Through the following information about your building, we will in the future be able to offer better information
regarding heating systems and energy efficiency. This information together with the collected consumption
data is fundamental to enable the development of future software.
Your Household
Description: First of all we need some essential information about your household.
1

How many are permanent residents in the
household?

Small text

Required

2

Address of household

Small text

Required

3

Postal/Zip code

Small text

Required

4

City

Small text

Required

5

During the last 12 months have you (or some
other household member) been working from
home?

Multiple choice
1.
2. No

Required
Yes

If yes on the previous question, please state the
period you have been working from home:
Start: mm/yyyy End: mm/yyyy

Small

text

6

Optional

Your Residence
1

Heating surface
What's the area of the living space? Answer in
m^2. Must be >0 m^2

Small text

Required

2

Year of construction
Answer in the format yyyy

Small text

Required

3

Has an extensive renovation been done where
the building has been additionally insulated?
If you are unsure, you can read more about the
requirements that were set in the year the
renovation was carried out in the National Board
of Housing, Building and Planning's building
regulations.

Multiple choice
1.
2.
3. Not sure

Required

4

If yes on the previous question, in what year was
the renovation carried out?
Answer in the format yyyy

Small text

Optional

5

What type of electricity contract do you have for
your household?

Multiple choice
1.
2.
3. Not sure

Required

Approximately how much do you pay for
electricity per month?
Answer in SEK

Small text

6

Yes
No

Fixed
Variable
Required
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Energy Consumption
1

Which heating system is used? How is the home
heated primarily? Only one answer is possible.
Check in the following document for an
explanation of each system:
https://docs.google.com/document/d/1_lEFfIL
m9UrOEptVvgttNq8l-ATxYSClIPKgtIgRUI/edit?usp=sharing

Multiple choice
1. Direct electricity - accumulator
tank
2. Direct electricity - radiator
3. Oil boiler
4. Gas boiler
5. Pellet boiler
6. District heating
7. Ground source heat pump
(horizontal)
8. Deep geothermal heat pump
(vertical)
9. Wood stove - water jacketed
10. Wood stove - not water jacketed
11. Exhaust air heat pump
12. Air/air heat pump
13. Air/water heat pump
14. Other

Required

2

Is there a secondary heating system used and if
so, which one?
How is the home heated secondarily? One or
more than one answer is possible. Check in the
following document for an explanation of each
system:
https://docs.google.com/document/d/1_lEFfIL
m9UrOEptVvgttNq8l-ATxYSClIPKgtIgRUI/edit?usp=sharing

Multiple choice
1. Direct electricity - accumulator
tank
2. Direct electricity - radiator
3. Oil boiler
4. Gas boiler
5. Pellet boiler
6. District heating
7. Ground source heat pump
(horizontal)
8. Deep geothermal heat pump
(vertical)
9. Wood stove - water jacketed
10. Wood stove - not water jacketed
11. Exhaust air heat pump
12. Air/air heat pump
13. Air/water heat pump
14. No, there is no secondary
heating system
14. Other

Required

3

What is the highest power that the primary
heating system can deliver?
Answer in kW. If you are not sure please let us
know by writing 'not sure'.

Small text

Required

4

Has the heating system ever been replaced?

Multiple choice

Required
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1.
2.
3. Not sure

Yes
No

5

If yes on the previous question, when was the
heating system replaced?
Answer in yyyy

Small text

Optional

6

Is there any active cooling system in the
building?
Thus, is there any permanently installed air
conditioning or similar.

Multiple choice
1.
2. No

Required

7

If yes on the previous question, when was the
cooling system installed?
Answer in yyyy

Small text

Optional

8

What is the annual water consumption?
Answer in m^3/year. How many cbm of water
are consumed in the home annually? (A villa
consumes an average of about 130 - 170
cbm/year)

Small text

Required

9

Is there an electric vehicle that is used and
charged from the house?

Multiple choice
1.
2. No

10

If yes on the previous question, when was the
electric vehicle purchased?
Answer in yyyy

Small text

Optional

11

Is there a sauna in the building?

Multiple choice
1.
2. No

Required
Yes

Multiple choice
1.
2. No

Yes

12

Is there a pool adjacent to the building?

Yes

Required
Yes

Required

Socio
Economic
Demographics
Description: This section is optional for you to answer. The reason why it is included is because all the data
from this survey will also be used in a research study. The data will of course be anonymized.
1

What is your sex?

Multiple choice
1.
Female
2. Male
3.
Intersex
4. Prefer not to say
5. Other

Required

2

What is your age?

Small text

Required

3

Which best describes your current employment status?

Multiple choice
1. Employed full-time
2. Employed part-time

Required
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3.
4.
Not
5. Other

Retired
employed

4

What is the highest degree or level of school you have
completed?

Multiple choice
1. Less than high school
diploma
2. High school diploma
3. Bachelor’s degree (for
example:
BA,
BS)
4.
Master’s,
Professional,
or
Doctoral degree (for
example: MA, MS, MBA,
MD, JD, PhD)

Required

5

Including all income sources, which category best describes
the total combined income of all household members for the
last year, before taxes and deductions?

Multiple choice
1. Less than €5,000
2. €5,000 - €7,499
3. €7,500 - €9,999
4. €10,000 - €12,499
5. €12,500 - €14,999
6. €15,000 - €19,999
7. €20,000 - €24,999
8. €25,000 - €29,999
9. €30,000 - €34,999
10. €35,000 - €39,999
11. €40,000 - €49,999
12. €50,000 - €59,999
13. €60,000 - €74,999
14. €75,000 - €99,999
15. €100,000 - €149,999
16. €150,000 or more

Required

3.1.4 Pilot Design
In the context of use case 3, two analyses will be designed and implemented, as briefly described below:
1st experiment – Pre-analysis plan estimating heterogeneity in treatment effects
We plan to implement a data-driven approach to partition the data into subpopulations that differ in the
magnitude of their treatment effects. The “pre-analysis plan” will be based on the provided data by CW
and PPC containing historical observations about customers' energy consumption. The analysis will try to
estimate the treatment effect heterogeneity and to test hypotheses about the differences between the
effects in different subpopulations. Several ML methodologies, like regression trees, RF, LASSO and SVM
will be leveraged to reveal relationships between attributes not easily observable by using traditional
approaches. The main objective of the analysis is the construction of valid confidence intervals for
treatment effects, even with many covariances relative to the sample size, and without “sparsity” (only a
few covariates affect the outcomes) assumptions. Figure 8 presents the procedure that will be followed
for the analysis.
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Data collection
Data cleaning and
preparation

Feature extraction
and normalization

Causal model
training

Causal model
evaluation

Insights

Figure 8 - Procedure for energy consumption and production prediction for optimal decision-making

Data collection: This step considers the mechanisms that should be set up so the corresponding data will
be collected. For the 1st analysis, we will use data coming from the two energy service providers, CW and
PPC. The data refers to their customers' energy consumption and production (only for CW) data along
with the available demographics such as house size, the region/municipality of residence, the number of
the household, the heating type etc (see more in 2.1.4.1 and 2.1.4.3). In the context of the EVIDENT
project, CW plans to update the demographic data by communicating a survey (Appendix - 7.1) to their
customers by the end of November 2021. These additional features would be further examined and
considered during the analysis.
Data cleaning and preparation: This step is about the process of cleaning and preparing the data for
analysis. Inappropriate data (records containing null values) and outliers (extreme values) will be removed
since cleaning data prepares the data for the process of data mining when the most valuable information
can be pulled from the data set.
Feature extraction and normalization: This step concerns the actions that should be followed after data
gathering and cleaning. Following this the features of the remaining data will be extracted, meaning that
they will be transformed into a form fully understandable from the ML models. Feature normalization,
refer to the actions that should be followed to change the values of numeric columns in the dataset to
use a common scale, without distorting differences in the ranges of values or losing information.
Causal model training and evaluation: At this stage, model training will fit the data and come up with the
proper combination of weights to minimize a loss function. ML models that identify potential
heterogeneity in the data will be developed while several evaluation metrics will be defined to evaluate
the models. The model training and the evaluation are two complementary repeated processes since each
model could be further tuned and adjusted. This procedure is based on a trial and error approach.
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Insights: This stage contains the interpretation of the results and the insights. The main goal of the
procedure is to produce ML models capable of discovering subpopulations with lower-than-average or
higher-than-average treatment effects while producing confidence intervals for these estimates with
nominal coverage. The proper visualization methods will be leveraged to reveal hidden patterns and
reveal further insights.
2nd experiment - Energy prediction for optimal decision making
While the traditional modelling of building energy using software and statistical approaches does not
satisfy the demand for fast and accurate forecasting, which is essential for decision-making systems, new
data-driven approaches based on ML models show great potential to assess the different types of
buildings. Within this analysis, we plan to leverage ML models such as SVM, GPR and ANN to predict and
evaluate the energy performance of each household. The provided data from CW and PPC provides a solid
ground (e.g., house construction year, internal environmental conditioning, peak operation hours, size of
the house, building insulation etc), however, environmental data will be also gathered and utilized (e.g.,
environment temperature, humidity, daylight aperture, etc.).
Error! Reference source not found. presents the procedure that will be followed for the energy prediction
for optimal decision making.

Data collection
(consumers data)

Data collection
(environmental data
and indicators)

Data cleaning and
preparation

Feature extraction
and normalization

Prediction model
training

Prediction model
evaluation

Predictions and
insights

Figure 9 - Procedure for energy consumption and production prediction for optimal decision-making

Data collection: This step considers the mechanisms that should be set up so the corresponding data will
be collected. For the energy prediction analysis, we plan to use data coming from two different sources.
The first kind of data comes from the two energy service providers, CW and PPC and refers to their
customers' energy consumption and production (only for CW) data along with the available demographics
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such as house size, the region/municipality of residence, the number of the household, the heating type
etc. In addition, the second data type that is going to be used refers to the environmental data and
indicators, such as the external environmental temperature, humidity etc. In the context of the EVIDENT
project, CW plans to disseminate a survey (Appendix - 7.1) to their customers through their web and
mobile apps to update the demographic data by the end of November 2021. That way, additional features
could be selected and considered during the data analysis.
While acquiring data from the energy providers seems easier, several procedures regarding data
protection, confidentiality and integrity should be employed. Regarding the environmental data, actions
regarding the availability of the data should be considered. Online services offering application
programming interface (API) will be preferred.
Data cleaning and preparation: This step contains the process of preparing raw data for analysis by
removing inappropriate data, organizing the raw data, and filling in the null values. Ultimately, cleaning
data prepares the data for the process of data mining when the most valuable information can be pulled
from the data set. This step is mandatory since data coming from different data sources, such as energy
service providers and online services may contain improper data or data that need to be homogenized to
be used in the analysis.
Feature extraction and normalization: This step described the actions that should be followed regarding
the data after the previous steps, gathering and cleaning. The remaining data should be transformed into
a form fully understandable from the ML models, this is the process of feature extraction. At this stage,
we will evaluate if the available features can describe the data thus providing proper predictions. Feature
normalization refers to the actions that should be followed to change the values of numeric columns in
the dataset to a common scale, without distorting differences in the ranges of values or losing information.
Model training and model evaluation: In this stage, the data are ready to be used for training. Model
training will try to fit the data and come up with the best combination of weights to minimize a loss
function over the prediction range. Thus, several ML models will be trained to find which one better fits
the given data. At the same time, several metrics such as the accuracy, f1 score, precision, recall, etc. will
be defined to evaluate the models. The training and the evaluation are two processes that will probably
be repeated several times since each model could be further tuned and adjusted, a procedure that will be
based on a try and error approach.
Predictions and insights: After the model evaluation, the models are ready for predictions. This stage
contains not only the technical part of predictions but also the interpretation of the results and the
insights. The main goal of the procedure is to provide consolidated results, predictions about customers
energy consumption and production that will eventually lead to retrofit investments and motivate them
towards long-term optimal decision-making.
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4. Use Case 4: Relation of Energy Consumption Behavioural Biases with
Consumers Financial Literacy Level
4.1 Protocol Design
This section outlines the protocol design for use case 4, the relation of energy consumption behavioural
biases with consumer financial literacy level. This section will provide an overview of the proposed design
of this quasi-experimental analysis, which includes a survey, qualitative analysis and a serious game. The
pilot design for each will be discussed in detail. Within the design consideration will be given to the quality,
reliability and ease of use of all measures included within the analysis, including the content and form of
questions.

4.1.1 Rationale
Consumers often make choices that do not maximise their own welfare [25]. This “energy paradox” refers
to the low adoption of energy efficient technologies despite the cost savings [26]. Recent efforts to
examine this energy efficiency gap have considered the role of financial literacy, or the knowledge and
skill required to make effective financial decisions [27], more recently expanded to energy related
financial literacy, or the energy knowledge to make informed decisions and the skill to process this
information [28]. The interaction of financial literacy with other factors such as pro-social and/or proenvironmental motives [29], socio-demographics, energy cultures [30] and energy literacy [31] remains
understudied. Further, willingness to pay has been found to vary across appliance types [32]. Additional
analysis of the impact of energy related financial literacy on energy efficiency is needed.
A relatively understudied area is that of rental properties. The split incentives between landlords and
tenants present as a key barrier in improving the energy efficiency of residential buildings [33]. With one
in three European Union (EU) citizens residing in rented accommodation, it is clear that efforts to support
this group in making appropriate energy investments are needed [34]. While some analysis of willingnessto-pay has been conducted in rental properties [35], [36] past research has examined energy decisions
when seeking a residence to rent, rather than naturally occurring opportunities for improvements, such
as when an appliance fails. Further, analysis of the impact of factors such as financial literacy, attitude or
environmental literacy on decisions to purchase appliances has yet to occur.
Recent emphasis has been placed on the ‘right to repair’ by the EU. Efforts to support consumers right to
repair their appliances have been highlighted at an EU level [37] and reflected in legislation [38]. Research
suggests that 31% of washing machines, 66% of vacuum cleaners, 56% of TVs and 69% of smartphones
[39], [40] are replaced prior to the end of their lifespan. Early replacement increases waste, resource use
and CO2 emissions [41]. As such the role of the consumer in early product replacement is key [42]. Limited
analysis of the contingencies surrounding consumer decisions to repair or replace has occurred.
Additionally, while research has suggested broader contextual factors which may impact decisions to
repair, such as product features and aesthetics, limited analysis of the information required by consumers
to make effective repair choices has been conducted. The role of financial literacy in repair/replacement
decisions remains underexamined, with past studies focusing on low and middle income countries and
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replacement decisions alone [30]. Further, recent research has highlighted a need to examine the impact
of product labels and the provision of lifetime information on consumer choices [43].
A further factor to consider is the role of serious games. The use of serious games in energy consumption
has been established [7], [44], with the distinguishing aim of supporting engagement through the inclusion
of feedback, competition, goals or similar strategies. Recent systematic reviews have highlighted the
efficacy of serious games in the domestic consumption setting [7], [44]. Results however highlighted the
limited numbers of studies in this area and a need to examine the impact of different game elements,
demographic factors and maintenance of effects following serious games. Further, a need for qualitative
analysis of experiences and impacts has been emphasised.

4.1.2 Research Question
This study seeks to determine the impact of energy related financial literacy, demographic factors, and
behavioural intention/attitude on decisions to repair or replace Household appliances across resident
types. Specifically, the following questions are asked:
1) What impact do financial literacy, energy literacy, environmental concern or resident type have on
the decision to repair or replace?
2) What impact has the salience of financial information on the decision to repair or replace?
3) What type of information impacts willingness to pay for a repair or replacement of an appliance?
Specifically, what impact has financial, anticipated lifecycle or environmental framing on
willingness to pay for a repair.
4) Does providing tips and information related to financial literacy enhance consumers ability to make
better choices?
In addition, the inclusion of qualitative analysis in the form of facilitated workshops or individual
interviews will allow for a greater understanding of the factors which impact decisions to repair or replace
and identify further barriers or facilitators encountered when making these choices. Finally, through
completing a follow-up survey 6 to 12 months following serious game use we will establish the impact of
the serious game on real life opportunities which may have been encountered and impacts on financial
literacy. Through addressing these questions we hope to gain a clear understanding of the barriers and
facilitators to accurate repair/replace decision making for consumers, and the impact of information
framing and financial literacy information on the accuracy of decision making.

4.1.3 Methodology
The methodology to be employed across this use case is presented below.

4.1.3.1 Participants
Participant groups for the present analysis will include residential property owners, tenants and landlords.
Property owners are defined as individuals who have purchased and currently reside in that property.
Tenants are defined as those who are living in accommodation rented from a landlord, letting company
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or similar entity. Landlords are those who own a property which they charge rent on. Landlords who rent
only a portion of their current residence (i.e. they reside with their tenants) will also be included.
Information for all groups will be obtained on the duration that they have spent as their current resident
type and, for landlords, the volume of properties in their rental portfolio. Efforts will be made to ensure
that large representative samples are employed to ensure the generalisability of findings. Efforts to ensure
representation of different cultures and sub-populations will also be made to ensure differences across
groups can be accurately captured.
Recruitment: Recruitment of participants will be conducted using a variety of means. Firstly, key strategic
partnerships will be developed with stakeholders in each of the participant groups. For tenants this may
take the form of local and regional tenant support organisations, social media groups and property
managers. For landlords relationships will be sought with governing bodies, organisations providing
support to landlords, property management groups, and large property rental organisations. For homeowners, local residence groups and community organisations will be contacted to support the recruitment
of participants. A second strand of recruitment will derive from the universities linked to members of the
consortium. As universities have high volumes of employees who may fall into one of the three participant
groups efforts will be made to use current relationships within universities to support participation.
Additionally, as university students consist of high volumes of individuals in rental accommodation this
too will be used as an avenue to support recruitment. Purposive sampling methods will be used to ensure
both large and representative samples are obtained. To ensure that participant groups are reflective of
population demographics more broadly, efforts will be made to ensure proportional representation of
participant groups (owners, tenants, landlords) and demographics (rural/urban, age, gender, ethnicity
etc.) as per recent country census data and/or recent Eurostat reports. Additional detail on planned
participant recruitment is described within D3.1.

4.1.3.2 Measures
To examine the impact of a number of specific factors on the decision to repair or replace appliances a
survey will be developed. This survey will be provided to all participants prior to the serious game and will
provide insight into baseline levels of financial and energy literacy, amongst other measures. A detailed
description of some proposed measures is outlined below and presented in detail in D3.1. As D1.2 seeks
to provide a synthesis of available measures related to financial literacy, environmental literacy and
energy consumption, the specific measures to be included within the survey will be determined based
upon this analysis and may vary from those presented below.
Socio-demographic Information: This will include the age, income, resident type (i.e. owner, landlord
and/or tenant) monthly disposable income, household constituents (number of children and adults),
marital status and employment status.
Residence Characteristics: This will include information on the type of residence (apartment, house etc),
number of bedrooms, location (urban, rural etc.), energy rating (if known), monthly energy bill (if
known), duration in current residence and plans to relocate. For landlords, information on the volume of
properties, current tenants (e.g. students, professionals etc), rent charged per month and who is
responsible for electricity bills will be sought. For tenants rent paid per month and who is responsible for
electricity bills will also be sought.
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Energy Related Financial Literacy: Specific measures to determine the energy related financial literacy of
respondents will be determined based upon the findings of D1.2 ‘Assessing behavioural biases and
financial literacy’, which is due to be completed in M12. This deliverable will present a thorough review
of energy related financial literacy measures to determine which measures may be most effective for the
EVIDENT project. An example of the type of measures which may be considered is presented below (see
Table 5). Drawing on the methodology used by Trotta et al. [45], financial literacy [27] energy literacy [45]
and lifetime cost [46] may be included. The inclusion of a measure on financial literacy will allow for
analysis of consumers current ability to make financial decisions that are in their favour. The measure
included below from Lusardi and Mitchell [27] is the standard measure used within the literature.
However, efforts will be made to ensure no recent advances in measuring financial literacy have been
made. The inclusion of a lifetime cost calculation will allow for analysis of consumers ability to determine
the costs of running an appliance over time. As use case 4 seeks to examine decisions related to this it is
felt to be an important measure. However, this measure does require significant effort and skill on the
part of the respondent and may cause attrition due to the high response effort. Awareness of both
electricity prices, operating costs and energy consumption will be considered as these measures will show
consumer awareness of the costs to run appliances across the various factors involved. This may allow for
areas in which awareness is particularly low to come to the fore. However, in the interests of survey
length, a shorter measure may be more appropriate.
Table 5 - Energy Related Financial Literacy Questions

Measure

Questions

Response Choice

Financial
Literacy

Suppose you had €100 in a savings account and the interest rate was
2% per year. After 5 years, how much do you think you would have in
the account if you left the money to grow?

More than €102.
Exactly €102.
Less than €102.
Don’t know.

[27]

Imagine that the interest rate on your savings account was 1% per year
and inflation was 2% per year. After 1 year, how much would you be
able to buy with the money in this account?
Please tell me whether this statement is true or false: “Buying a single
company’s stock usually provides a safer return than buying stocks of
several companies.”

More than today.
Exactly the same.
Less than today.
Don’t know.
True
False
Don’t know

Lifetime Cost
Calculation [46]

Suppose you own your home, your fridge breaks down and you need to
replace it. As a replacement, you can choose between two alternatives
that are identical in terms of design, capacity and quality of the cooling
system. Fridge A sells for 400 CHF and consumes electricity for the
amount of 300 kWh per year. Fridge B has a retail price of 500 CHF and
consumes electricity for the amount of 280 kWh per year. Assume the
average cost of energy is 0.20 CHF per kWh, the two models have both
a lifespan of 15 years and that you would get a return of 0 percent from
any alternative investment of your money. Which choice of purchase
minimizes the total costs of the fridge over its lifespan?

Fridge A.
Fridge B.
Fridge A and B are
equivalent in terms
of total costs.
Don’t know.

Awareness
electricity
Prices

How may cents per kilowatthour do you pay for the electrical energy
cost on average? Please provide the exact amount or an estimate

Cents
kilowatthour.

of

per

Cannot Say.
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Awareness of
Operating Costs

How may cents per kilowatthour do you pay for the electrical
distribution charge on average including all taxes and levies? Please
provide the exact amount or an estimate

Cents
kilowatthour.

per

How much does it cost (in cents) to run an ordinary dishwasher for two
hours?

Cents

How much does it cost (in cents) to use an ordinary oven for two hours
at 200 degrees?

Cents

What percentage of your heating bill goes up on average if you increase
the temperature of your house two degrees in a month

My bill goes up by
___%.

Cannot Say.

Cannot Say

Cannot Say

Cannot Say.
Awareness of
Monthly
Electricity
Consumption

How much do you pay for your monthly electricity bill (basic charge,
energy charge, distribution charge and taxes) last winter (i.e. November
to February)?

30-59 euro
60-89 euro
90-119 euro
…
500 euro +
Cannot say

How much do you pay for your monthly electricity bill (basic charge,
energy charge, distribution charge and taxes) last summer (i.e. May to
August)?

30-59 euro
60-89 euro
…
500 euro +
Cannot say

Behavioural Intention/Attitude: Behavioural Intention, or the willingness of respondents to change their
energy related behaviour will be examined using a measure similar to that of Wang et al., [47]. This three
item measure examines the willingness of respondents to change energy behaviours (see Table 6).
Table 6 - Energy Related Behavioural Intention Questions [24]

Questions
Do you think there is room for you to reduce your monthly
electricity consumption?

Response Choice
Basically impossible
Can be reduced a bit
Can be reduced a lot

If there is a power-saving measure that can help you reduce your
electricity bills, but this measure may change your lifestyle habits.
Do you think you might stick to it?

Basically impossible
Can stick for a while
Can stick

Do you think that there is a relationship between electricity saving
and environmental protection?

Almost no relationship
There is a certain relationship
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There is a big relationship

Environmental Literacy: Questions pertaining to environmental literacy will also be included within the
survey. Environmental literacy is defined as the knowledge, concern and consideration of the sustainable
use of natural resources [48] and is increasingly emphasised to support consumer awareness of
sustainable living [49]. Environmental literacy has been found to be a direct antecedent of environmental
behaviour change [50] and as such is of utmost importance to programmes intending to support energy
efficiency. Specific measures to determine environmental literacy will be dependent upon the findings of
D1.2. Questions will likely pertain to respondent attitudes towards the environment, current engagement
in pro-environment behaviours and concern towards the environment. An adapted version of the
measure developed by Szcytko et al [51] may be employed. This measure seeks to determine both agency
over environmental factors and pro-environmental behaviours (see Table 7).
Table 7 - Environmental Literacy Questions

Measure

Question

Response Choices

Szcytko et al
[51]

How strongly do you agree or disagree with the following:

Strongly Agree.
Agree.
Neither Agree nor
Disagree.
Disagree.
Strongly Disagree.

-

I believe people will be able to solve most environmental problems.
The actions I can take are too small to help solve most environmental
problems
I believe scientists will be able to find ways to solve most
environmental problems.
Even when some people give up, I know there will be people who
will continue to try to solve environmental problems.
Environmental problems are out of my control.
Because people can learn from our mistakes, we will influence the
environment in a positive direction.
Every day, more people care about environmental problems.
If everyone works together, we can solve environmental problems.
I am energetically pursuing ways to solve environmental problems.
Environmental problems are so complex, we will never be able to
solve them
I know that there are many things that I can do to help solve
environmental problems.
I feel helpless to solve environmental problems

How often do you do the following:
-

Turn off the lights at home when they are not in use
Pick up trash that I find outside
Ask others about things I can do about environmental problems.
Turn off the water when it is not in use
Close the refrigerator door while I decide what to get out of it
Recycle at home

All the time.
Some of the time.
Rarely.
Never.
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4.1.3.3 Tools

4.1.3.3.1 Survey
Two surveys will be incorporated into the present analysis. Firstly, a short survey consisting of the
measures outlined above will be conducted prior to the serious game to determine respondent energy
related financial literacy, behavioural intention, environmental literacy and socio-demographic factors.
Specific measures will be determined in line with the recommendations of D1.2 Behavioural biases and
financial literacy.
A follow-up survey will also be circulated to the players of the serious game six to twelve months after
their participation. This survey will be used to determine the generalisation of serious game effects to
actual behaviour in real life circumstances. This survey will consist of a series of questions which will seek
to establish whether the participant had an opportunity to repair or replace and appliance and their
understanding and application of financial literacy as it applies to energy efficiency.

4.1.3.3.2 Facilitated Workshops/Interviews
Following the completion of the serious game, participants will be asked if they would like to participate
in a facilitated workshop or complete an individual interview. The aim of this qualitative analysis is
twofold. Firstly, it seeks to respond to a gap in the literature pertaining to the use of qualitative analysis
in energy efficiency research. Past systematic reviews have noted the absence of qualitative analyses
when considering the impacts of serious games [7]. As such qualitative data gathered by facilitated
workshops or individual interviews is intended to bridge this gap. Secondly, qualitative data will provide
some additional context on factors impacting consumer decisions to repair or replace which may not have
been captured within the serious game. This will allow for a deeper understanding of factors impacting
consumers which can then be considered within the analysis. Facilitated workshops and/or individual
interviews will be used for the qualitative analysis. Should group-based sessions of the serious game be
possible facilitated group workshops may be conducted with each group after they have played the
serious game. For those who participate in the serious game remotely or individually, the opportunity to
participate in a short individual interview may be presented. Questions posed will examine the individuals
experience of the serious game, their own experiences repairing/replacing home appliances and any
additional factors that may impact their appliance purchasing.

4.1.3.3.3 Serious game
A serious game will be developed to determine the willingness of different resident types to repair or
replace an appliance and the impact of financial literacy and information provision on these decisions.
Participants will be assigned a role that matches their residential status (i.e. landlord, tenant or
homeowner) to determine the factors influencing decision making for each different resident type. A
broad summary of the serious game is as follows. The serious game takes place within a simulated kitchen
environment. Participants learn that an appliance has been broken (i.e. the floor is flooded because the
washing machine broke etc). This appliance is out of warranty requiring the participant to meet with a
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repairperson. Participants are aware of their current expected monthly income and rent/mortgage costs
which are informed by participant inputted values within the survey. Participants then meet with a
repairperson who provides information on their options and a discussion between parties ensues.
Depending on the option selected, either repair or replace, participants are provided with different
choices to determine their willingness to pay for a repair, or a more efficient appliance if choosing to
replace. Upon completion of the game, participants are provided with some financial literacy information
and have the option to play again to see if they can make more rational financial choices.
Aim of serious game: Users build a house and are tasked with maintaining it over the passing of time.
While a full house will be built by participants, the actions of the game will focus primarily on maintaining
appliances in the kitchen. Users’ skills in maintaining the kitchen appliances will be measured using point
scales or gauges, which will measure important aspects of their decision making, such as energy use,
income and expenditure. The aim for consumers is to keep these gauges as high as possible, while
maintaining their kitchen. When an appliance breaks users have to decide whether they would like to
repair or replace the appliance, while trying to keeping their gauges high. They enter into a discussion
with a repairperson over which option they should choose. While the general format will stay the same,
discussions will vary depending on role, with tenants given the option to pay more rent or a small fee in
exchange for a better appliance, and landlords given the option to accept more rent from tenants in
exchange for a better rated appliance. Entrants to the survey will be asked to select all the options that
apply to them. They will then play the game from the perspective of their current role. Should participants
have more than one current role (e.g. landlord and a home owner) they will be randomly assigned to one
of their selected roles.
User goal: The goal for users is to try to maintain their virtual home while keeping gauges as high as
possible. These gauges will be impacted by decisions within the game, with points gained for good energy
choices and lost for poor energy choices. To support engagement, elements of peer comparison and
competition may also be included through providing an anonymous leader board for users to compare
their scores against others. Through this, it is hoped that users will learn how best to decide between
repairing and replacing, considering both the financial and environmental impacts.
Serious game flow: The serious game consists of a series of decision points in which the user is tasked
with choosing whether to repair or replace an appliance and how willing they are to pay for this. When
an appliance breaks in the game three opportunities to choose between repair or replace will be
presented with the information provided at each choice differing depending on the condition to which
the individual is assigned. The first two of the choices will be designed as stated preference and the third
as a discrete choice. Each decision point is discussed in detail below. An overview of the flow of the serious
game is presented in Figure 10 below.
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Figure 10 - Flow of Serious Game

Setting: Users build a house and try to maintain it over the passing of time. Maintenance tasks will be
focused primarily on the kitchen. Users are given two point scales, one for energy use and another for
income/expenditure. Their aim is to keep these gauges as high as possible, while maintaining their house.
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Stated preference choice 1: The scenario starts with an appliance in the house breaking (e.g. a fridge,
washing machine or similar). Players must decide whether to call the repairperson or to directly replace.
They enter into a discussion with a repairperson over which option they should choose. The repairperson
provides the player with four options. For all options the cost, kilowatts per hour and an average cost of
one kilowatt per energy is provided (See Figure 11). Options presented to users are presented below.
1. Repair the appliance
2. Replace the appliance with one with a higher energy efficiency rating that is more expensive than
alternatives
3. Replace the appliance with one with a lower energy efficiency rating that is less expensive than
alternatives
4. Replace the appliance with one with the same energy efficiency rating that is mid-priced.

Figure 11 - Serious Game Choice 1

Stated preference choice 2: The same options as above are presented but with more salient financial
information provided through the addition of informantion on the monthly cost to run the appliance
(Figure 12).
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Figure 12 - Serious Game Choice 2

Discrete choice: Once the user has made their choice, they enter into a negotiation with the repairperson
in an effort to determine their willingness to pay for a repair. To that end, for those who select to replace
the appliance the repairman enters into a discussion with the homeowner, reducing the price to repair to
determine whether the user will change their choice. For those who pick repair, the repairman will
increase the price of repair to determine whether the user will be less willing to repair at a higher cost.
To determine the impact of financial and environmental information on willingness to pay for repair a
discrete choice approach will be used. Participants will be allocated to one of four conditions. These may
include expected appliance lifetime, expected cost to purchase and run appliance over lifetime,
environmental framing and a control condition. The attribute levels for each condition are presented in
Table 8.
Table 8 - Attribute Levels in Discrete Choice

Attribute

Condition

Cost of repair

If repair selected

Attribute levels
10%
20%
30%

If
replacement
selected

-10%
-20%
-30%

Framing

Control

Control
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Frame 1

Expected Lifetime

Frame 2

Cost per year/lifetime

Frame 3

Environmental

An example of the information presented to users at this choice point is presented in Figure 13.

Figure 13 - Serious Game Choice 3 Experimental Conditions

Due to the high number of conditions within this analysis it is anticipated that a large number of
participants would be needed to support sufficiently powered statistical analysis. To reduce this risk,
introduction of experimental conditions will occur on a modular basis with participants assigned to
additional conditions once sufficient participants have been attained for past conditions. As such, the
control condition alone will be introduced first to allow us to determine willingness to pay for appliance
repair across respondent groups. Following this, should participant numbers allow, experimental
conditions to determine the impact of financial or environmental information on willingness to pay will
be introduced in turn. Through this we hope to ensure we have sufficiently powered samples while
allowing space to extend the analysis further if possible. Further information on each of the conditions
and the attribute levels within each is presented in Table 9 below.
Table 9 - Conditions For Each Participant Group

Condition

Group

Framing combination

Research Question
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Variations
Presented
Repair 1

Repair 3

Repair 4

20%

What about for a greater repair cost?

Time 3

30%

What about for greater again?

10%

Does information on the lifetime appliance
cost and a 10% increase in repair cost impact
choices?

Time 2

20%

What about for a greater repair cost?

Time 3

30%

What about for greater again?

10%

Does information on the lifetime appliance
cost per year and a 10% increase in repair
cost impact choices?

Time 2

20%

What about for a greater repair cost?

Time 3

30%

What about for greater again?

10%

Does information on the environmental
impact and a 10% increase in repair cost
impact choices?

Time 2

20%

What about for a greater repair cost?

Time 3

30%

What about for greater again?

-10%

Does decreased cost of repair impact?

Time 2

-20%

What about for a lesser repair cost?

Time 3

-30%

What about for lesser again?

-10%

Does information on the lifetime appliance
cost and a 10% decrease in repair cost
impact choices?

Time 2

-20%

What about for a lesser repair cost?

Time 3

-30%

What about for lesser again?

-10%

Does information on the lifetime appliance
cost per year and a 10% decrease in repair
cost impact choices?

Time 2

-20%

What about for a lesser repair cost?

Time 3

-30%

What about for lesser again?

-10%

Does information on the environmental
impact and a 10% decrease in repair cost
impact choices?

Time 2

-20%

What about for a lesser repair cost?

Time 3

-30%

What about for lesser again?

Time 1

Time 1

Replace 2

Replace 4

Time 2

Time 1

Replace 1

Replace 3

Does
increased
impact choice?

Time 1

Repair
Selected

Time 1

Replacement
selected

Cost
10%

Time 1

Repair 2

Information
framing

Time 1

Time 1

As Baseline

Expected
lifetime cost

Cost per year+
estimated
lifetime

Environmental
Frame

As Baseline

Expected
lifetime cost

Cost per year+
estimated
lifetime

Environmental
Frame

cost

of
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Landlord/tenant specific choice: An additional discrete choice question will be included for landlords and
tenants. As incentives for landlords and tenants varies in comparison with home owners (i.e. tenants often
do not purchase the appliance, and landlords do not pay the energy bills) possible financial implications
of decisions may not be borne by the party who chooses to repair or replace. As such this decision point
will seek to examine the willingness of tenants to pay a small fee or increase in rent to obtain a better
rated appliance and the willingness of landlords to accept such a fee. Attribute levels for both landlords
and tenants are presented in Table 10 below.
Table 10 - Attribute Levels in Discrete Choice

Attribute

Condition

Rent- once off payment for
A++

If Landlord/tenant

Attribute
levels
5%
10%
15%

For landlords, following their final choice they will receive a message from their tenants offering to pay a
small fee or increase in rent if the landlord would be willing to replace the broken appliance with a higher
rated one. Tenants continue to increase or decrease the financial offer presented to see if the landlord
changes their choice.
For tenants, following their final choice they will be informed by their landlord that they have chosen to
replace the fridge with a lower rated fridge. They will then have the opportunity to message their landlord
and offer to pay a small fee or increase in rent if the landlord would be willing to replace the broken
appliance with a higher rated one. Tenants chose whether they would be willing to increase the financial
offer presented to obtain the higher rated appliance.
Feedback and score: Once users have made their final choice regarding whether they will repair or replace
the broken appliance they will be given their score (indicated on the gauges) and some feedback. Users
will be informed on how environmentaly and financialy effective their choice was, and will be given advice
on how to choose better in future. For example, they may be informed about each of the key pieces of
information they need to determine the cost of an appliance over time (e.g. impact of estimated lifetime
or energy rating). They will then be presented an opportunity to try again to increase their score. Should
they choose to try again they will have an opportunity to repair or replace another appliance and make
more accurate financial decisions. Upon completion of the game participants will be given some feedback
on their choices and some information on financial literacy. Information on how the participant responded
in comparison to anonymous others (e.g. place on leader board or average responses) will also be
provided.

4.1.3.4 Procedure
A summary of the overall protocol for the present use case is presented in Figure 14.
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Figure 14 - Flow of Use Case 4

4.1.4 Pilot Design

4.1.4.1 Phase 1: Usability analysis
In light of results obtained by past similar H2020 projects (e.g. EnerGAware and PeakApp) regarding app
engagement, analysis of the usability of the serious game will be conducted. To this end, a small
representative sample of participants will be gathered to complete the study and provide feedback on the
usability, interest and likelihood to engage with the serious game. This feedback will then be considered
and applied where possible to enhance the quality of the study.
Participants: A focus group of around 20-50 individuals will be convened using purposeful sampling, with
efforts made to ensure representation of various socio-economic groups, especially homeowners, renters,
students and senior citizens.
Protocol: Participants will be invited to complete the present study, inclusive of the serious game and
survey. Following completion of the serious game, participant feedback will be solicited using a
combination of a short survey and/or group or individual interviews. The survey will consist of both open
and closed questions to allow respondents the space to provide any input they feel necessary.
The System Usability Scale (SUS), a 10-item measure of usability will be used to gather feedback on how
easy or difficult the serious game was to use. This scale allows for the a total usability score to be obtained
which would represent the usability of the item being discussed. A score below 68 would be considered
below average and may suggest concerns with usability [52]. Through this any usability concerns can be
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identified and addressed prior to expanding recruitment for the study. Group or individual interviews will
also be used to gather input into factors relating to the serious game and the study as a whole. Specifically,
feedback on ease of use, understanding of directions and motivations within the game, usefulness of
learnings and alignment of game with real-life decision points will be discussed.
Following this pilot, feedback will be gathered, analysed and applied where possible to enhance the
usability of the serious game.

4.1.4.2 Phase 2: Serious Game Recruitment
Within phase 2 full recruitment for the serious game, as outlined above, will be launched. Full details on
recruitment strategies are outlined in D3.1. Efforts to ensure representation of participants from across
consortium member countries, socio-demographic characteristics and resident types will be obtained.

4.1.4.3 Phase 3: Serious Game Recruitment with expanded conditions
If sufficient participants are recruited to permit appropriately powered analyses of data from the serious
game employing only the control willingness to pay condition, analysis of additional conditions within the
serious game can occur. as such, additional conditions will be added to the analysis to examine the effects
of financial and environmental information on willingness to pay to repair an appliance. Participants will
be allocated to these conditions on a random basis, with numbers of each resident type held steady across
conditions to allow for analysis.

54

D2.1 Field Studies, Serious Game and Surveys Protocols Design

5. Use Case 5: Exploit Energy Demand Curves
5.1 Protocol Design
This section outlines the protocol design for use case 5, exploiting energy demand curves. This section will
provide an overview of the proposed design of this quasi-experimental analysis, which includes a statedpreference and discrete choice experiment using a survey. The pilot design for each will also be discussed.
Consideration will be given to the quality, reliability and utility of all measures included within the analysis.

5.1.1 Rationale
When making energy investment decisions, consumers often do not choose the option which maximises
their welfare [25] often choosing the least expensive option [32]. However, the least expensive option
may cost more when operating costs are considered in comparison to more efficient appliances. A factor
impacting consumer decision making when investing in appliances is discounting. Temporal discounting
refers to the difference in valuations given to items across time by comparing current and future value
[53]. Discount rate plays an important role in energy efficiency and is associated with willingness to invest
in energy efficient products [54]. Often when purchasing appliances consumers face a trade-off between
spending less now (i.e. the less efficient appliance) or spending less later (i.e. the more efficient appliance).
When facing this trade-off consumers are thought to carefully consider the costs and benefits of each
option across time. To do this consumers translate the future operational savings offered by more efficient
technologies into present values using implicit, or subjective, discount rates [55]. Consumers are not
necessarily aware of their discount rate, however the choices they make and their willingness to invest in
energy efficient appliances may allow for the calculation of an implied discount rate [54]. High implicit
discount rates are often used to explain the slow adoption of residential energy efficient technologies
[56]. The underlying factors impacting discount rates remain unclear [57] and are thought to be appliance
specific and impacted by the degree of control over operating costs [58]. While discounting assumes
consumers actively consider the full costs of an appliance when making energy investments, this
necessitates a highly skilled consumer, with strong energy and financial knowledge, and computational
skills [59]–[61]. However, research suggests the opposite is the case. Consumers have poor energy related
financial literacy leading to implicit discount rates much higher than market interest rates [62]–[65].
Appliance choices are also impacted by the information available at point-of-sale, often taking the form
of an energy or price label. Consumers require considerable energy and investment literacy to process
energy label information [60]. While this suggests a need for better information provision, the form of
that information takes has also been examined, with numeric information [66], energy consumption and
class [67] and operating costs [68] dominant features relied on by consumers when purchasing appliances.
While this suggests an impact of information framing on decisions to invest in energy efficient appliances,
additional analysis of the relationship between information provision, financial literacy and discount rates
requires analysis. Further, the impact of direct and indirect rebound rates on appliance purchases also
requires consideration. Shifts in consumption towards high energy goods has occurred [69] limiting the
impact of energy efficient technologies through direct and indirect rebound effects. The current energy
rating system may impact rebound effects due to the discrepancy between the features assessed to
determine an appliances rating and the consumers actual use [70]. This suggests a need to examine the
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impact of rebound effects on energy use in practice and the impact how manufacturers determine energy
ratings.
Research examining appliance purchasing and energy efficiency often focuses on financial and market
specific factors, and to a smaller degree behavioural failures, as contributing to high implicit discount rates
[26], [71]. Behavioural economics and psychological research has highlighted the role policy can play in
addressing behavioural biases and individual preferences through establishing conditions that support
energy efficiency investments [57]. While financial, environmental and socio-demographic factors have
been highlighted as contributing to discount rates, as each has distinct policy implications additional
analysis of the unique contributions is needed [55]. Additional analysis of the impact of financial literacy
on discount rates is also needed [60]. Through identifying the impacts of different biases or personal
factors policies can be drafted to better address these needs.

5.1.2 Research Question
Consumer decision making when purchasing appliances is impacted by numerous personal,
environmental and behavioural factors. Discounting by consumers often results in the selection of
appliances which are cheaper in the short-term, but more expensive over time due to their lower energy
efficiency, thus, higher operating costs. Variability in discount rates has been found to be impacted by
socio-demographic, contextual and behavioural factors. However, to develop policy to better support
consumers a clear understanding of the factors that may serve as barriers or facilitators to effective
decision making is needed. Some factors which require analysis are the motivations of the consumer (e.g.
their environmental attitude or behaviour), the skills of the consumer (e.g. financial and energy literacy)
and the information available at the decision point (e.g. how the information is framed, how salient
important information is and what information is available).
The present analysis seeks to examine the impact of energy related financial literacy, demographic
factors, environmental literacy and behavioural intention/attitude on discount rate and willingness to pay
for more efficient household appliances.
1) What impact do financial literacy, energy literacy, environmental concern have on implicit
discount rates?
2) What impact do factors such as financial information (purchase price, operating cost), risk
reduction, energy discounts and loans have on implicit discount rates for home appliances?
3) Does providing more salient financial information impact implicit discount rates and willingness
to purchase more efficient home appliances?
4) For consumers who choose to purchase more efficient appliances, what impact do direct
rebound rates have when choosing an appliance?

5.1.3 Methodology
The methodology to be employed across this use case is defined in detail in the following section.
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5.1.3.1 Participants
A large representative sample will be recruited for the present study. To ensure representation of
participant groups who have been underrepresented in past analyses individuals who are elderly or low
income will be actively sought to participate. Representation from the various resident types will also be
sought, including home owners, tenants and landlords. More broadly, efforts will be made to ensure that
the sample is representative of the population as a whole to ensure generalisability of findings. Efforts to
ensure representation of different cultures and sub-populations will also be made to ensure differences
across groups can be accurately captured.
Recruitment: Fulsome discussion of the efforts undertaken to support participant recruitment will be
presented in D3.1. Purposive sampling methods will be used to ensure both large and representative
samples are obtained. To ensure that participant groups are reflective of population socio-demographic
factors, recent country census data and Eurostat reports will be used to inform participant distributions
across these factors. To support the inclusion of participant groups who may be more difficult to reach,
such as those who are elderly or low income, key strategic partnerships will be developed. For those who
are elderly this may take the form of local and regional support organisations, residential homes, active
age groups and day or support services. For those who are low income efforts will be made to develop
strategic relationships with local and regional support organisations and community groups in low income
areas. The use of incentives is also being considered to support the participation of those not motivated
by environmental concerns (e.g. individuals may choose to participate for the incentive, even if they do
not care for environmental matters). This will aid in ensuring representation of the views of the population
at large.

5.1.3.2 Measures
A survey will be developed to examine the impact of a number of specific factors on the decision to
purchase energy efficient appliances. This survey will consist of a discrete choice experiment to determine
the impact of the salience of factors such as financial information (purchase price, operating cost), risk
reduction, energy discounts and loans on implicit discount rates for home appliances. Detailed description
of some measures which may be included are outlined below. It should be noted that final measures
employed within this use case will be determined from the findings of D1.2 which seeks to examine the
available measures related to the areas of financial literacy, environmental literacy and energy
consumption. Recommendations from D1.2. on best measures for each of these areas will be considered.
As such, specific measures to be included within the survey will be determined based upon this analysis
and may vary from those presented below.
Socio-demographic information: This will include the age, income, resident type (i.e. owner, landlord or
tenant) monthly disposable income, household constituents (number of children and adults), marital and
employment status.
Residence characteristics: This will include information on the type of residence (apartment, house etc.),
number of bedrooms, location (urban, rural etc.), energy rating (if known), monthly energy bill (if
known), duration in current residence, and plans to relocate.
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Appliance Factors: To determine respondent choices in sourcing an appliance and awareness of appliance
energy use a number of questions will be asked (see Table 11). Participants will be asked if they own
common household appliances, such as a refrigerator, washing machine, dishwasher amongst others. For
those that they own, questions will be asked pertaining to source of purchase, age of appliance and
perceived lifespan. Participants will also be asked if they know the energy rating of the appliance.
Table 11 - Appliance Related Questions

Measure

Questions

Response Choice

Appliances
owned

Which of the following appliances do you own?

Refrigerator
Washing machine
Dish washer
Stove
Microwave
…

Last Appliance
Bought

What was the most recent appliance you purchased?

Refrigerator
Washing machine
Oven/Other

Appliance
Source

Think of the last appliance you purchased, where did you
purchase it from?

Wholesaler
Contractor
Builder
Online store
Large chain store
Small local store
Other

Perceived
Lifespan
Appliance

of

For each of the following appliances, please estimate when you
would seek to replace them?
Refrigerator
Washing machine
Oven/Other

2-5 years
5-10 years
10-14 years
15 years +
When it breaks.
After unsuccessful repair.

Energy rating of
appliances

If you are aware, what energy rating are your current
appliances?
Refrigerator
Washing machine

A
B
….
G

Oven/Other
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Energy related financial literacy: As per use case four, the methodology use by Trotta et al [45] will be
used to determine Energy Related Financial Literacy. Each of financial literacy, energy literacy and lifetime
cost will be considered in turn.
Behavioural intention and attitude: As per use case four, Behavioural Intention, or the willingness of
respondents to change their energy related behaviour will be examined using the measure determined
by Wang et al., [47]. More detail on this measure is presented in Table 6 above (Section 4.1.3.2).
Environmental literacy: As per use case four, questions pertaining to environmental literacy will also be
included within the survey.
Discount rate: To determine participant implicit discount rate an open ended discounting question based
on those used by Houston [72], Newell and Siimaki [73] and adapted by Damigos et al., [55] will be used.
Open-ended questions (see Table 12) will be used to allow participants the opportunity to respond more
freely, and allows for some discussion of factors impacting responses given.
Table 12 - Discount Rate Questions

Measure
Implicit
Discount
[73]

Discount
[55]

Rate

Rate

Questions

Response Choice

How much would you be willing to pay for a €10 reduction in
annual operating cost of an appliance?

Open ended

How long it should take for annual operating-cost savings to
offset or pay back the price markup of an energy-efficient
appliance?

Open ended

Suppose you could buy and install a new refrigerator with a life
expectancy of 10 years. You can decide between two models
whose unique distinction relies on their energy efficiency level:
a standard one and an efficient one that costs {50; 100; 150}
euro more but can generate a reduction in your future electricity
bills. How much would you have to save in your electricity bill
approximately per year during the next 10 years in order to pay
for the additional {50; 100; 150} Euros?

(Number)

If you chose “I don’t know” why?

I don’t believe that the
energy-efficient
refrigerator will reduce my
electricity costs.
I’m not too concerned
about
reducing
my
electricity costs.
I don t́ know how to
calculate future electricity
savings.
Other:____

Don’t know

Rebound effect: Research suggests that consumer behaviour (i.e. settings used, frequency of use, and
stand-by time) often negates the positive effects of purchasing energy efficient appliances. To address
this some questions pertaining to the likelihood of rebound effects will be asked prior to and following
the discrete choice experiment. Prior to the discrete choice experiment a question to establish the settings
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participants presently use on their washing machine will be asked. Following their final choice within the
discrete choice analysis, participants will be asked what settings they would anticipate using on the
machine they have chosen. By comparing the anticipated settings to be used with the new appliance
against the settings required to achieve the advertised energy rating and associated operating cost
savings, the potential impacts of a rebound effect can be examined.

5.1.3.3 Tools
Survey: A short survey consisting of the measures outlined above will be conducted prior to the serious
game to determine respondent energy related financial literacy, behavioural intention, environmental
literacy, discount rate, rebound and socio-demographic factors. Specific measures will be determined in
line with the recommendations of D1.2 ‘Behavioural Biases And Financial Literacy’.
Follow-up survey: A short survey will be circulated to participants between six to twelve months following
participation to determine actual behaviour in opportunities that may have emerged. This survey will
consist of a series of questions which will seek to establish whether the participant had an opportunity to
purchase a new appliance and the choices made.
Discrete choice experiment: The discrete choice experiment consists of a series of decision points across
which the user is tasked with choosing a new appliance. While participants will be shown one specific
appliance, should sufficient participants be recruited, different appliances may be included such as a
refrigerator, washing machine or oven. This would allow for comparison of discount rates across appliance
types. To start, participants are asked to imagine they need to purchase a specific appliance and are
provided with some options to choose from (see Figure 15 below). Each of the options presented will
include information on common features for that appliance, energy use and a minimum price. For
example, if choosing a washing machine information on capacity, spin speed, quick wash time and the
ability to pause the wash would likely be included. To determine the features of most importance to
respondents, core features will be systematically manipulated across options presented, with all bar one
core feature held steady. By allowing participants to identify those core features of most importance the
impact of a hypothetical bias is hoped to be lessened through increasing the realism of the choice.

Figure 15 - Discrete choice analysis choice 1
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This choice is then used as a benchmark off of which to present more energy efficient options, which were
identical to the respondents initial choice except for seven attributes, namely energy rating, purchase
price, operating costs, loan cost and term, energy discount and extended warranty. Participants will be
given the opportunity to change their choice to one which has a higher energy rating, from the D of their
original choice to an A or B rating. See Figure 16 below for an example of the information presented at
choice two.

Figure 16 - Discrete choice analysis choice 2

To determine the impact of the salience of financial information, reduced risk, energy discounts, and
financial supports in the form of loans, on discount rates a discrete choice analysis will be used. Attributes
to be employed include purchase price, low cost loan, loan term, energy discount, extended warranty and
a control condition. A treatment condition will also be applied, wherein the salience of the operating cost
differences overtime will be made more salient. The attribute levels for each condition are presented in
Table 13.
Table 13 - Attribute levels for DCE

Attribute

Attribute
type

Energy
rating (A, B or
D)

Control

Levels

Research Question
A
B

What impact has energy ratings on willingness to
purchase a more efficient appliance?

D
Purchase
price

DCE

Original
10%

What impact has higher purchase prices on willingness
to purchase a more efficient appliance?

20%
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Low cost loan

DCE

1%
2%

Does a low cost loan impact willingness to purchase a
more efficient appliance?

5%
Loan term

DCE

6 months
1 year

Does a loan term impact discount rates i.e. changes
upfront cost?

18 months
Energy
discount

DCE

2%
5%

What impact has an energy discount on willingness to
purchase a more efficient appliance?

10%
Extended
warranty

DCE

1 year
2 years

What impact has an extended warranty on willingness to
purchase a more efficient appliance?

3 years
Operating
Costs

Treatment

Costs per month
Costs per year

Does the salience of operating costs impact willingness
to purchase a more efficient appliance?

Costs per 10 years

These attributes were selected to better understand the willingness to pay and implicit discounting rates
when purchasing energy efficient appliances. By including operating cost over time as a treatment
variable, the salience of the financial impact of decision making is increased, with the savings to be made
over time made more explicit. The inclusion of attributes related to loan interest rates and durations will
decrease the cost differential in the present (i.e. cost becomes monthly rather than a single payment).
The inclusion of this attribute will allow for analysis of this on willingness to pay and discounting rates.
The inclusion of an extended warranty will allow for an analysis of the impact of reduced risk, with
decreased risk of financial penalty should the appliance break soon after purchase. In contrast, the
inclusion of an energy discount will look at the impact of an additional gain on willingness to pay.
It is anticipated that due to the high number of conditions within this analysis a large number of
participants would be needed to support sufficiently powered statistical analysis. To reduce this risk, the
introduction of the treatment conditions will occur only should sufficient participants for past analyses be
obtained. Through this, we hope to ensure we have sufficiently powered samples while allowing space to
extend the analysis further if possible.

5.1.3.4 Procedure
A summary of the overall protocol for the present use case is presented in Figure 17.
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Figure 17 - Use Case 5 Procedure

1) User Design Focus Groups
Prior to launching the survey, user input into the design will be obtained to ensure it has good usability
for respondents. Focus groups will seek to examine the ease of use, clarity and time required to complete
the survey, in addition to seeking input into any important attributes or considerations omitted. Efforts
will be made to ensure that focus groups participants are representative of the broader populations and
sub-groups to ensure that the final survey best meets the needs of all groups.
2) Measures and Surveys finalised
Following completion of focus groups the experimental design and surveys will be updated to reflect any
necessary changes. The survey will then be launched and made available.
3) Survey
Upon selecting to participate in the present analysis, individuals will first be asked to give full informed
consent for participation. To support this an information sheet will be provided to participants to allow
them to understand what is being asked of them by participating.
4) Discrete Choice Experiment
Following attaining informed consent and completion of the survey of measures related to financial,
environmental and energy literacy amongst others, participants will complete the discrete choice
experiment.
5) Follow-up
Following completion of the discrete choice experiment, participants will have an option to share their
contact information to allow for the completion of a follow-up between six to twelve months later.
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5.1.4 Pilot Design

5.1.4.1 Phase 1: Usability Pilot
A pilot study will be conducted with a small representative sample. The intention of the pilot is to confirm
the usability of the survey and discrete choice experiment and determine if the burden placed on
participants is reasonable. Through increasing usability and decreasing participant burden reduced
attrition rates are anticipated. Further, by confirming the clarity of the measures included in the survey
we can ensure that respondents can understand and correctly interpret the questions posed.
Participants: A focus group of around 20-50 individuals will be convened using purposeful sampling, with
efforts made to ensure representation of various socio-economic groups (especially low income and
elderly).
Protocol: Participants will be invited to complete the survey and discrete choice experiment. Following
completion of the serious game participant feedback will be solicited using a short survey and/or group
or individual interviews. The survey will consist of both open and closed questions to allow respondents
the space to provide any input they feel necessary. Through this any usability concerns can be identified
and addressed prior to expanding recruitment for the study. Following this pilot, feedback will be
gathered, analysed and applied where possible to enhance the usability of the survey and discrete choice
experiment.

5.1.4.2 Phase 2: Study Recruitment and Launch
Within phase two full recruitment for the study, as outlined above, will be launched. Full details on
recruitment strategies are outlined in D3.1. A large representative sample will be sought, with individual
efforts made to recruit harder to reach populations, including those who are elderly or with low income.
Representation from the various resident types will also be sought, including homeowners, tenants, and
landlords. Informed consent will be obtained from all participants, with the voluntary nature of consent
and the right to withdraw emphasised. Efforts to ensure representation of the population as a whole will
be made so differences across groups can be accurately captured. Participant recruitment will be
conducted through academic institutions, organisations within the consortium and the projects social
media, website, and project platform. The use of incentives will also be considered to increase
participation both overall, and also for those not motivated by environmental concerns. This is hoped to
aid in ensuring representation of the views of the population at large. Efforts to ensure representation of
participants from across consortium member countries, socio-demographic characteristics and resident
types will be obtained.
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6. Conclusion
As the EVIDENT project seeks to increase understanding of the role of behavioural interventions to
support energy efficiency through a variety of experiments and quasi-experiments, significant effort is
needed to determine the most effective designs to support high quality, generalisable results. This
deliverable seeks to ensure that the methodologies employed across these use cases are well considered
by providing a detailed overview of the protocols to be employed. As such, detail on proposed research
questions, experimental designs, participant recruitment strategies, measures, ethics and quality factors
have been presented for each use case in turn. The methodologies presented in this deliverable will allow
the EVIDENT project to answer a number of key research questions pertaining to the role of behavioural
interventions on consumer energy behaviours. The natural field experiments, comprising of use cases one
“Estimate the importance of consumption feedback in residential users” and two “Estimate the relative
effectiveness of interventions like peer comparison feedback”, will allow for an analysis of the impacts of
self and peer consumption feedback on residential energy use. Through the use of HERs the impact of
crowd out effects on message framing will also be determined. Use case three “The role of big data in
assessing the impact of behavioural insights in energy consumption” will provide insight into the role of
machiene learning data-driven approaches when examining energy consumption. Comparisons between
traditional energy modelling using software and statistical approaches and more novel ML approaches
will be examined providing insight into the approaches which are most effective moving forward. Through
use case four “Relation of energy consumption behavioural biases with consumers’ financial literacy
level”, the impact of financial, energy and environmental literacy on consumers decisions to repair or
replace appliances across residence types will be determined. In addition, through consideration of past
research, this analysis will shed light on design strategies within energy consumption serious games to
best facilitate user engagement and learning. Finally, the proposed discrete choice experiment associated
with use case five “Exploit energy demand curves” will allow for analysis of personal, behavioural and
environmental factors on consumer implicit discount rates and willingness to pay for household
appliances. As such, it is clear that the methodologies employed across the various EVIDENT experiments
and quasi-experiments should significantly enhance our understanding of the role of behavioural insights
in energy consumption and will contribute to policy and scientific understanding.
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