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Summary

This deliverable D3.3. provides objective and subjective parameters in a metrics table to validate
the effectiveness and acceptance of Eco-Bot as an energy saving tool in the business and
residential sector. The basis for the metrics is the Key Performance Indicators (KPIs) as stated in
the proposal (Section 1.1 and Section 2.1.). Furthermore, literature research and input from all the
project partners fed into the development of additional parameters evaluating the multi-facet
performance of Eco-Bot. The present version is an update of the deliverable following the project
review in April 2019.
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Executive summar

This deliverable D3.3 provides objective and subjective parameters in a metrics table to
validate the effectiveness and acceptance of Eco-Bot as an energy saving tool in the
business and residential sector. The basis for the metrics is the Key Performance Indicators
(KPIs) as stated in the proposal (Section 1.1 and Section 2.1.). Furthermore, literature
research and input from all the project partners fed into the development of additional
parameters evaluating the multi-facet performance of Eco-Bot. The present version is an
update of the deliverable following the project review in April 2019.

The metrics are composed of five sub evaluation metrics, namely the Behavioural model
evaluation metrics, the NILM evaluation metrics, the Chatbot evaluation metrics, the Eco-Bot
impact metrics and the Pilot specific metrics. There is a total of 38 parameters, which are
presented in overview tables, indicating the respective reference number and giving more
information, such as the parameter description, unit of evaluation, measurement method,
time frame of evaluation and of presentation of the results, further utilization of results and
linkage to the DoWs KPlIs and targets, as well as adapted and/or additionally created targets.

VI
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1. Introduction

This deliverable presents the metrics developed to evaluate the effectiveness and
acceptance of Eco-Bot as an energy saving tool in the business and residential sector. It will
set the basis to evaluate theoretical, technical, economic and environmental aspects of the
project.

The evaluation that will be performed within the three pilots of WP5 will assess the quality of
Eco-Bot, the thoroughness of the theoretical framework, the performance of the technical
aspects and also the success in terms of engaging users and achieving energy savings. This
evaluation will be invaluable in improving Eco-Bot and create the basis for future projects
building on the knowledge gained and lessons learned. It will also feed into the exploitation
activities in WP7 and provide helpful information/ input for the communication and
dissemination activities toward the end of the project under WP6.

This deliverable is structured as follows: Chapter 2 presents the aim of this deliverable,
Chapter 3 the methodology and Chapter 4 the Eco-Bot evaluation metrics. Within Chapter 4
each group of parameters (sub-metric) has its own sub-chapters giving more information on
the provenance and relevance of the respective parameters. Finally, Chapter 5 gives an
outlook on the further enabled group level evaluations/statistics.

2. Aim of this deliverable

The aim of this deliverable is to define the evaluation metrics, i.e. operationalize the KPIs of
Section 1.1. and Section 2.1. in the DoW and decompose the different aspects of Eco-Bot to
identify further parameters. This is undertaken to evaluate crucial aspects of the project
based on the outcomes of the three pilots:

1) Residential consumers of Estabanell in Spain (B2C):
Estabanell is an electricity provider (utility). This use case will demonstrate how delivering

personalized information on appliance-level and relevant energy efficiency tips can affect the
behaviour of utility customers. Estabenell has set up a separate webpage for eco-bot, where
the user can login, register and reach the bot.

2) Residential consumers of Senercon/co2online in Germany (B2B2C):
Senercon, together with co2online, reaches residential energy consumers directly via its

energy monitoring software. The consumers can register an energy savings account, in order
to track their energy use. Eco-bot will be integrated directly into the energy monitoring
software iIESA.

3) Facility/Energy managers of Dexma in Spain and the United Kingdom (B2B):
Dexma is a building energy management system provider in Spain. It is a leading European

Software-as-a-Service platform focused on energy efficiency with over 260 active partners
(building managers / energy managers). Eco-bot will be integrated directly into the energy
monitoring software DEXCELL.

This deliverable is the basis for the evaluation to be performed in WP5 and serves as valuable
source of information for WP6 and WP?7.

D3.3 Metrics to validate eco-bot engagement actions and proposed measures 1
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3. Methodology

The aim of this deliverable is to identify relevant parameters to evaluate the effectiveness
and acceptance of Eco-Bot as a personalized virtual energy assistant.

The deliverable is founded on three pillars:
1) Operationalization of the KPIs (Section 1.1. and Section 2.1 in the DoW)

2) Input by the consortium: Each partner gave input and feedback on the parameters that
correspond to their field of expertise. Accordingly, KAT was mainly involved in the
establishment of the parameters that evaluate the behavioural model, USTRAT in the ones
that evaluate the NILM and itemized billing services, ERRA, RISA and PLEGMA in the ones
that evaluate the chatbot itself and the pilots (DEXMA; EYPESA and SEN) in the ones
regarding the impact of the Eco-Bot on an individual and group level.

3) Literature research on chatbot evaluation metrics.

In the beginning, the KPIs (Section 1.1. and Section 2.1. of the proposal) were
operationalized in a first draft!. Further information on each parameter was provided through
additional information, such as a clear definition, unit of measurement and evaluation along
with examples/clarifications and targets, if specified in the proposal. This was done to ensure
the comprehensibility of the metrics.

Establishment of the five sub evaluation metrics

Eco-Bot builds on the behavioral model that was created, the energy analytics and
disaggregation algorithms that were performed and the chat-bot that was designed.
Accordingly, three sub evaluation metrics were established to account for the theoretical
and technical framework of Eco-Bot, namely:

¢ the Behavioural model evaluation metrics, consisting of 2 Parameters (P1 — P2)
¢ the NILM evaluation metrics, consisting of five parameters (P3-P7)
¢ and the Chatbot evaluation metrics, consisting of 15 Parameters

Two sub metrics were created to assess the impact/ the outcome of Eco-Bot, namely:

e the Eco-Bot impact evaluation metrics, consisting of 9 Parameters

! Please note that KPI_1.1: The number of policies, strategies, scientific papers and energy efficiency models
examined together with the number of identified factors relevant for creating the model of customer behaviour for
Eco-Bot purposes and KPI_2.1: Number of target groups (segments) successfully identified within the use cases
and mapped on the behavioural model that was identified as the most relevant for Eco-Bot, from Section 1.1. of
the DoW were operationalized in the taxonomy related parameters. They will, however, only appear in the annex,
since the creation of the taxonomy preceded D3.3. (see D2.3 and D3.2).

D3.3 Metrics to validate eco-bot engagement actions and proposed measures 2
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e the Pilot specific evaluation metrics, consisting of 7 Parameters

Choosing an adequate evaluation tool

When completing the work on the metrics, it was crucial to identify the right tool and timeframe
for each measurement. In close cooperation with each partner regarding their respective field
of expertise, the unit of measurement and evaluation, as well as the tool (how to measure)
and time frame were defined. Keeping in mind that the user should not be discouraged by
having to answer too many questions at once, we used balanced tools. Questions will be
asked via a user survey (more detailed explanation will be given in D5.1), feedback
mechanisms of the bot itself and other means of evaluation, such as data analysis of the
backend. This practical task resulted in the final refinement of the metrics.

4. The Eco-Bot evaluation metrics

This chapter presents each of the five sub metrics and the respective parameters. More
information on the provenance and relevance of the parameters is given. Each parameter is
presented in an overview table to enhance intelligibility and readability of the Evaluation
metrics. The structure of the overview table is always the same. The header names the
parameter and attributes a reference number to it (e.g. P1), the parameter is described in the
first row and the second row indicates the unit, in which the parameter will be evaluated. The
third row outlines the measurement method and the fourth row specifies the time of
evaluation, followed by the fifth row indicating the time of presentation of the evaluation
results. Rows six and seven demonstrate the relevance of the parameter by giving insights
into the further utilization of the results and indicating the linkage to the DoW’s KPIs and
targets. The last row indicates adapted and/or additionally created targets.

4.1 The Behavioural model evaluation metrics

This section presents the metrics that will evaluate the behavioural model (as described in
D3.2.) and the usefulness of the tailored recommendations given by Eco-Bot. There are a
few KPIs that relate to the thoroughness of the preparation of the model, which were
operationalized in parameters and can be found in the annex. Given that the model and the
recommendations were already established in the work steps preceding D3.3 (see D2.3 and
D3.2.), the focus of this deliverable lies on the evaluation of the recommendations and the
accuracy of the classification model (i.e. correct allocation of users to the segments).

The first parameter P1, assesses the usefulness of the recommendations.

D3.3 Metrics to validate eco-bot engagement actions and proposed measures 3
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Table 1: P1 - Recommendations usefulness

P1 - Recommendations usefulness

Parameter Description This indicator expresses the percentage of recommendations found useful by the
users.

Unit %

Measurement Method After receiving a recommendation, each user will be asked by the bot to evaluate
its usefulness. (Recommendations that users have already implemented before
they obtained it via the bot and are commented with: "l have already implemented
it"; are evaluated as useful, as well.) If the user indicates a recommendation as
not useful, he/she will be asked by the bot to identify the reason through the
selection of one of the following options:

"l used a similar solution™;
"l do not like it";

"It limits my comfort";

e "Not applicable".

Those responses will be recorded and used to improve (optimize) the
recommendations during the assessment/evaluation phase.

The following scale will be adopted:

— Under 30% of recommendations found wuseful: prepared
recommendations are unsuitable and thus the entire recommendation
set should be changed.

—  31-60% of recommendations found useful: The set of recommendations
should be significantly changed e.g. by removing unnecessary
recommendations, proposing new solutions and better adapting them to
individual segments.

-  61-80% of recommendations found useful: Selected recommendations
from the set will be rephrased and/or more specified.

—  Above 80% of recommendations found useful: The recommendations
remain unchanged.

Time of evaluation It will be monitored on an ongoing basis, starting from the small-scale validation
phase (M26-M28) and until the completion of the pilot phase (M40). The evaluation
results will be recorded in three different phases: a) at the end of the small-scale
validation (M28), b) in the middle of the pilots (M34), and c) at the end of the pilots
(M40). The preliminary evaluation that will take place after the completion of the
3-month small-scale validation will allow a first refinement of the
recommendations if found necessary, and according to the evaluation results that
will be available after the first 6 months of the demonstration activities of WP5
(M34), a more comprehensive assessment will take place, so as to improve
recommendations — if needed — for the second half of the demonstration activities.
The overall assessment will take place after the completion of the pilots (M40).

Presentation The results of the small-scale validation and of the first 6 months of the pilot, the
evaluation results following analysis and re-modelling will be documented in D3.4 (M43). The final
evaluation results will be presented in D5.5 (M43).

WISROGERGENC IR As outlined above, according to the percentage of recommendations found useful
[T e IR (I =1l by the users, the recommendations per segment will be improved and further
utilization of results refined (WP3), and the Eco-Bot system will be updated accordingly (WP4) so as
to provide the users with the refined recommendations during the second half of
the demonstration activities (WP5).

Exploitation (WP7)/Dissemination (WP6):

This will be used for exploitation purposes of the Eco-Bot and will be valuable for
the dissemination activities of Eco-Bot.

D3.3 Metrics to validate eco-bot engagement actions and proposed measures 4
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Moreover it will be useful for similar future projects to build on the experience.

Linkage to DoW’s KPIs [\[egl=
and targets

AGETI I G eI A EI[\Al Eco-Bot users found more than 60% of recommendations useful
created targets

The second parameter assess the accuracy of the statistical model. The statistical
classification model classifies users into five main segments.

Table 2: P2 - Accuracy of the classification model

P2 — Accuracy of the classification model

Parameter Description This indicator evaluates the quality of the classification model. It measures the
percentage of correct predictions made by the classification model. The term
“correct prediction” means that it is identical to the actual segment the user belongs
to.

Unit %

Measurement Method Users will be asked to respond to an extended survey, which will also include the
10 initial questions that were selected for the classification model. Based on the
results of the survey, a set of data will be created, and each user will be assigned
to his/her actual behavioural type (identified by the answers to segmenting
questions), which will be treated as the ground truth.

The accuracy of the classification model will be evaluated by comparing the user’s
behavioural type obtained from the classification model with the ground truth and it
is defined as the percentage of the correct classification model predictions, i.e. the
number of correct predictions (segment allocations of users) made by the
classification model divided by the total number of predictions made.

Users will be asked to respond to the extended survey again after the completion of
the first pilot phase, thus allowing the overall assessment of the final classification
model at the end of the project. It should be noted that the above described
measurement plan, apart from the evaluation of the model’s accuracy, enables also
the identification of potential transition of users to different segments in the course
of the project.

An extensive and more detailed explanation of the measurement method can be
found in D3.2. Chapter 7.

Time of evaluation Evaluation of the classification model will take place after the first half of the
validation activities of WP5 is completed (M34), so as to revise the classification
model — if needed — and to release an updated Eco-Bot version for the remaining
part of the pilot phase. The overall assessment of the final classification model will
take place after the completion of the pilot phase (M40-43).

Presentation The first evaluation results (after the first 6 months of the pilot) will be documented
evaluation results in D3.4 (M43) and the final evaluation results will be presented in D5.5 (M43).

WESROGERGERCHINERIIN If the model turns out to be weak (i.e. less than 80% classification accuracy) it will
ICE RN REL R Ul [Tl be revised (WP3). Then it is also likely that the questions, which the model will
utilization of results indicate as the most important, will have to be adapted, and the Eco-Bot system will

D3.3 Metrics to validate eco-bot engagement actions and proposed measures 5
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P2 — Accuracy of the classification model

be updated accordingly (WP4) so as to incorporate the revised classification model
for the remaining part of the demonstration activities (WP5).

Exploitation (WP7)/Dissemination (WP6):

The results will be used for exploitation purposes of the Eco-Bot and will be valuable
for the dissemination activities of Eco-Bot.

Moreover it will be useful for similar future projects to build on the experience.

Linkage to DoW’s KPIs [falelals}
and targets

AGETI I @I EIWAl The classification error should not exceed 20%, or equivalently, the classification
created targets agreement between the true behavioural type (determined using clustering
methods) and the segments to which the users have been assigned by the
classification model is not less than 80%.

4.2 The NILM evaluation metrics

This section presents the metrics that will evaluate the NILM and effectiveness and
performance of the itemized billing service. This is part of the theoretical and technical
framework of Eco-Bot. Evaluation is used to ensure feedback reliability and to maintain
consumer trust in NILM results when it regards reasonable estimation of their appliance
consumption estimation. The NILM evaluation metric is composed of five parameters. The
presented parameters all constitute operationalization’s of the KPIs in the DoW. The following
overview tables present each of the parameters. More detailed information and the evaluation
can be found in D4.2.

Table 3: P3 — Accuracy and limitations of state-of-the-art NILM algorithms at low smart-meter
data sampling rates on real datasets at scale

P3 — Accuracy and limitations of state-of-the-art NILM algorithms at low smart-

meter data sampling rates on real datasets at scale

Parameter Description This parameter measures, qualitatively, the effectiveness and performance of the
disaggregation algorithms, and represents the outcome of the literature review in
terms of accuracy and implementation to evaluate applicability of state-of-the-art
appliance specific disaggregation models to Eco-Bot pilots

Unit String (qualitative recommendations)

Measurement Method A peer-reviewed literature research focusing on NILM approaches suggested for
low to very low rate disaggregation will identify detailed recommendations for NILM
solutions relevant for the Eco-Bot pilots.

Time of evaluation Task 4.2

Presentation e}l D4.2
evaluation results

D3.3 Metrics to validate eco-bot engagement actions and proposed measures 6
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WPs that th Its will The results of this study will impact selection or new development of the NILM
S that the resuits wi algorithm suitable for the pilots in WP4. Furthermore, the outcomes will indirectly

fe?q 14D and S further influence the implementation of NILM algorithms for demonstration phases in
utilization of results WP5

(WhVET [T I L)\ (G B From Section 1.1. of the DoW
and targets

KPI_4.1: Accuracy and limitations of state-of-the-art Non-Intrusive Appliance Load
Monitoring (NILM) algorithms at low smart-meter data sampling rates on real
datasets at scale

Adapted or additionally Nl
created targets

Table 4: P4 — Practicality, scalability and near real-time suite of NILM algorithms that yield
accurate appliance-specific disaggregation, with little to no training, robust to appliance
heterogeneity

P4 — Practicality, scalability and near real-time suite of NILM algorithms that yield
accurate appliance-specific disaggregation, with little to no training, robust to

appliance heterogeneity

Parameter Description This parameter measures the specific implementation aspects of the selected
NILM algorithms, i.e., ability of the algorithm to be run at scale on multiple buildings
with no a priori training on that particular building’s smart meter data, and ability to
be run in near real-time for quick response via the bot.

Unit String (qualitative recommendations)

Measurement Method The choice of residential and commercial NILM algorithms, following outcomes of
KPI_4.1, are evaluated for scalability and ability to provide a result in near real-
time using information provided by all three Eco-Bot pilots and historical

representative pilot data (if available) and publicly available datasets

Time of evaluation Task 4.2

Presentation D4.2

evaluation results

The result of this study will directly influence the implementation of NILM

WPs that the results will algorithms (WP4) for demonstration phases in WP5.

feed into and further
utilization of results

From Section 1.1. of the DoW:

and targets

KPI_4.2: Practicality, scalability and near real-time suite of NILM algorithms that
yield accurate appliance-specific disaggregation, with little to no training, robust to
appliance heterogeneity

Adapted or additionally [ENeJalS]

created targets

Linkage to DoW’s KPIs
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Table 5: P5 — Accuracy in estimated energy consumption

P5 — Accuracy in estimated energy consumption

Parameter Description This parameter measures the accuracy in estimated energy consumption
compared to the actual one (referred to as consumption accuracy).

Unit %

Measurement Method By means of a statistical estimation accuracy metric the consumption accuracy is
measured by comparing estimated appliance-level electricity consumption with the
true consumption (obtained via submetering).

Time of evaluation Given that consumption accuracy can be calculated only if submetering is
available, for the residential pilots — where submetering is not available — the
consumption accuracy results will be produced — in the context of Task 4.2 — using
publicly available datasets. For the commercial pilot, submetering data is available
in historical data and during field testing, therefore consumption accuracy will be
evaluated not only in the context of Task 4.2, but also in the small-scale validation
of Task 4.5 and in the validation activities of WP5.

Specifically, this parameter will be evaluated (where submetering is available) in
four different phases: a) during Task 4.2, b) at the end of the small-scale validation,
c) in the middle of the pilots, and d) at the end of the pilots.

Presentation The evaluation results that will be produced in the context of Task 4.2 will be
evaluation results documented in D4.2, the small-scale validation results will be documented in D4.5
(M28) and the pilot results will be documented in D5.5 (M43).

The result of this study will determine the accuracy of the NILM algorithm for
particular appliances and pilots and lessons learned will influence the Updated
Front-/Back-End Platform ready for the demonstration activities V1 in D4.5 and
similarly Updated Front-/Back-End Platform ready for the demonstration activities
V2 in D4.6 to be used in WP5.

WPs that the results will
feed into and further
utilization of results

(W] CTe IR M T\ WACT (L 3 From Section 1.1. of the DoW:

and targets KPI_4.4: Quality of new energy feedback and itemized billing practices based on

energy disaggregation and integrating user feedback into NILM algorithm design

Target: More than 80% accuracy in estimating energy disaggregated consumption
patterns

aXoF-Told=To o] a-To e IIATliEUNAM NONe. Targets as specified in the DoW (see above)
created targets

Table 6: P6 — Learning performance of NILM algorithms with regard to appliance signatures
from user feedback

P6 — Learning performance of NILM algorithms with regard to appliance signatures
from user feedback

Parameter Description This parameter measures the accuracy in appliance detection (referred to as
classification accuracy)

Unit %

Measurement Method By means of a statistical estimation accuracy metric, appliance detection or
classification accuracy will be obtained by asking participants, via the bot, when
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they used an appliance and comparing when NILM estimated they used the
appliance.

Time of evaluation Given that classification accuracy can be calculated only if submetering or other
means of ground truth (e.g. time diary) are available, for the residential pilots —
where submetering is not available — the classification accuracy results will be
produced during the small-scale validation and the pilot phase by comparing the
users’ feedback in the time diary with the NILM-estimated use of appliances. In
Task 4.2, submetering is available for estimating classification accuracy for
residential pilots using public datasets. For the commercial pilot, submetering data
is available in historical data and during field testing, therefore classification
accuracy will be evaluated not only in the context of Task 4.2, but also in the small-
scale validation of Task 4.5 and in the validation activities of WP5.

Specifically, this parameter will be evaluated (where submetering or time diary —
i.e. an alternative means of ground truth — is available) in four different phases: a)
during Task 4.2, b) at the end of the small-scale validation (M28), c) in the middle
of the pilots (M34), and d) at the end of the pilots (M40).

Presentation The evaluation results that will be produced in the context of Task 4.2 will be
evaluation results documented in D4.2, the small-scale validation results will be documented in D4.5
(M28) and the pilot results will be documented in D5.5 (M43).

WEERUERGERCIICRAVII The result of this study will determine the accuracy of the NILM algorithm for
(T (=T e IR (Vs =1 particular appliances and pilots and lessons learned will influence the Updated
utilization of results Front-/Back-End Platform ready for the demonstration activities V1 in D4.5 and
similarly Updated Front-/Back-End Platform ready for the demonstration activities
V2 in D4.6 to be used in WP5.

(BT [ 30 (D LI A | From Section 1.1. of the DoW:

and t t . . . :
natargets KPI_4.3: Learning performance of NILM algorithms with regard to appliance

signatures from user feedback.

Lo ETod(=To eI @E=T e NAIIE\A NONe, since it is a subjective measurement for residential pilots where submetering
created targets is not available and is based on the participant’s ability to recall exactly all
instances of all appliances that were run. It is a non-subjective parameter for
commercial buildings, where submetering is available.

Table 7: P7 — Quality of new energy feedback and itemized billing practices based on energy
disaggregation and integrating user feedback into NILM algorithm design

P7 — Quality of new energy feedback and itemized billing practices based on energy

disaggregation and integrating user feedback into NILM algorithm design

Parameter Description This parameter presents the assessment of suitability of time-diary and gathering
user-feedback to replace submetering for the purposes of validation of
classification accuracy: that is, suitability of user feedback for estimating
detection/classification accuracy vs. submetering which is not practical at scale
(i.e. since the reliability of participant’s recall of when they ran an appliance is
uncertain, this is also evaluated based on how often they respond and how
accurate their response is).

String (qualitative recommendations) or % consumption accuracy (if submetering
is available, i.e., in the case of commercial pilots)
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Measurement Method Classification accuracy and consumption accuracy

Time of evaluation Small-scale pilots

Presentation D4.5.
evaluation results

WIBOGEIRGERCHINERYIIN Detailed recommendations for NILM algorithm implementation and quality of user
NI IR VG-I feedback for evaluation of NILM performance that will directly influence the
utilization of results Updated Front-/Back-End Platform ready for the demonstration activities V2 in
D4.6

(Wl eTo[sIn ol 0 1)\ AT (A B From Section 1.1. of the DoW:

and targets KPI_4.4: Quality of new energy feedback and itemized billing practices based on

energy disaggregation and integrating user feedback into NILM algorithm design

Target: More than 80% accuracy in estimating energy disaggregated consumption
patterns

LGCETl(=To oIl e NI VWA None. Targets as specified in the DoW (see above).
created targets

4.3 The Chatbot evaluation metrics

This section presents the metrics that will be measured in order to evaluate the chatbot. It
should be noted that although a growing body of literature has suggested a number of
approaches for the evaluation of chatbots, evaluation standards in this field have not yet been
established and it is still quite difficult to find approaches that have been widely accepted and
adopted. Therefore, this chapter is more extensive, presenting a technical literature
discussion and more details on the provenance and relevance of the chosen parameters.

Several existing chatbot evaluation frameworks are based on standards originally defined for
use in software or web applications, generalising the metrics tested in different types of
systems and overlooking the increasingly complex developments in the field of chatbots
(Kaleem et al. 2016). Indicatively, such frameworks include the Software Usability
Measurement Inventory (SUMI)?, which is strongly focused on graphical user interface, and
System Usability Scale (SUS)?3, which is a simple ten-item Likert scale focusing on the
perceived ease of use and learnability of using a system. The SUS has been used for the
evaluation of conversational systems (Hoque et al. 2013; DeVault et al. 2014), however
certain items included in the questionnaire do not fit well in the chatbot domain and,
additionally, it does not address sufficiently other aspects that are of importance to chatbots,
e.g. user experience.

There is a general consensus that usability is of critical importance in chatbots; no matter
how important functionality is, without usability the system will not be given the chance to
demonstrate functionality (Kaleem et al. 2016). Therefore, besides quality and efficiency
metrics, subjective tests must also take place in order to be able to assess the impact of the

2 http://sumi.uxp.ie/
3 https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
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chatbot’s capabilities on user satisfaction and to get a valuable insight on both its
shortcomings and advantages.

Literature suggests performing evaluation of chatbots by distributing a questionnaire to the
users so as to capture their subjective assessment of the chatbot, as well as to examine the
user-chatbot conversations and to combine the two evaluation methodologies (Silvervarg &
Jonsson 2011). Rauschenberger et al. (2013) propose a framework to measure user
experience and software quality in interactive software applications through the User
Evaluation Questionnaire (UEQ)*. They state that the evaluation of interactive software
quality falls into two distinct categories, i.e. pragmatic quality and hedonic quality. Pragmatic
quality refers to task-oriented quality like task completion effectiveness and efficiency, while
hedonic quality refers to non-task related aspects like aesthetic impressions and user
stimulation.

Subijective aspects like user satisfaction are usually evaluated by using questionnaires with
Likert-type scale questions, while objective metrics can be measured through records and
logs of the user’s conversations with the chatbot. These objective metrics can be captured in
two different phases: a) during the course of a lab usability testing, where the user is asked
to perform a set of predefined tasks, enabling the performance evaluation of the chatbot in
terms of effectiveness, efficiency and satisfaction in a specified context of use, and b) during
user-chatbot interaction in real conditions, gaining insight into utility and usability aspects that
enables system fine-tuning and optimisation. There is a general consensus in the literature
that the effectiveness of a chatbot system should be evaluated through a combination of
subjective and objective measures, which ensures that not only the chatbot’s functionality is
assessed, but also the usability from the user’s perspective is captured (Kaleem et al. 2016;
Rauschenberger et al. 2013).

As mentioned above, though, there is a lack of chatbot evaluation standards, so there is no
widely-adopted framework that can be followed to derive the individual metrics that should
be tested in order to perform chatbot evaluation. Radziwill & Benton (2017) reviewed chatbot
evaluation literature and presented a summary of quality attributes falling under efficiency,
effectiveness and satisfaction categories. Other researchers followed different approaches
and emphasised on chatbot-specific quality attributes. Indicatively, Jain et al. (2018) focused
on conversational intelligence, which refers to the quality of the conversation over and
beyond mere functionality; it focuses on the chatbot’'s understanding of the input text and
how it handles failures to understanding user’s text. A chatbot should ideally have “human-
like” conversational capabilities, including intra-session context preservation, understanding
of negative statements, admitting failure, and ability to ask questions to engage the user in a
meaningful conversation, along with helping the user complete the task. Kuligowska (2015)
also focused on the above attributes, indicating the importance of examining the
conversational abilities, language skills and context sensitiveness of a chatbot. According to
Kuligowska, the biggest challenge in designing a chatbot architecture is inventing the
mechanism of dialogue context detection, which makes the chatbot keeping pace with a
constantly changing topic of conversation. Language skills and context sensitiveness require

4 https://www.ueg-online.org/
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the integration of conversational behaviours, such as giving feedback, taking turn, and
repairing of dialogue.

The parameters that will be assessed in order to evaluate Eco-Bot were defined by combining
different approaches and attributes suggested in chatbot evaluation literature. Our evaluation
framework includes both subjective and objective measures. Users will be asked after the
completion of the pilot to fill in a user experience questionnaire, which will enable the
assessment of both user satisfaction and the usability from the user’s perspective. This
guestionnaire will also be given to test users that will participate in the lab usability testing
before Eco-Bot’s release to end-users, and will be also filled in by the users that will test Eco-
Bot during the small-scale validation phase. Besides the subjective feedback, Eco-Bot will be
evaluated in terms of objective metrics that will enable the assessment of its performance,
users’ engagement and retention, as well as usage patterns, thus facilitating system
refinement and optimisation. The following subsections present in detail the metrics that were
selected to be measured so as to evaluate Eco-Bot.

4.3.1 The User experience related parameters

User experience is an important aspect in the evaluation of conversational interfaces;
however, there is still no consensus in the literature on the definition and evaluation of user
experience (Law et al. 2009; Bargas-Avila & Hornbzek 2011). Particularly in the
conversational systems literature, the concept of user experience and its relationship with
usability is controversial; user experience has been variably defined as: usability, an aspect
going beyond usability, an aspect of usability, user satisfaction, and a combination of ease
of use, overall feeling and user satisfaction (Kocaballi et al. 2018). Despite the large
deviations in the definition, the main tendency nowadays is to consider user experience as a
design and evaluation factor that captures usability as part of it and is closely related with
user satisfaction.

There are several questionnaires that have been suggested in the literature for the evaluation
of conversational interfaces, including — among others — the AttrakDiff, the Subjective
Assessment of Speech System Interfaces (SASSI), the Speech User Interface Service
Quality (SUISQ), the Mean Opinion Scale (MOS), and the Paradigm for Dialogue Evaluation
System (PARADISE). Kocaballi et al. (2018) examined in detail a number of questionnaires
including the above and concluded that there is no questionnaire providing sufficient
coverage across all user experience dimensions. They recommended, if feasible, to use a
combination of multiple questionnaires, in order to obtain a more complete assessment that
covers a larger range of user experience dimensions rather than focusing on a particular one.

Research has shown that in order to be able to measure the user experience and satisfaction,
it is necessary to consider both pragmatic and hedonic aspects (Rauschenberger et al. 2013).
Pragmatic quality refers to the perceived ability to support the achievement of “do-goals”, to
provide an effective, efficient and easy to use means to perform a task; it focuses on the
utility and usability aspects. Hedonic quality, on the other hand, refers to the product’s
perceived ability to support the achievement of “be-goals” and to support stimulation
(Hassenzahl, 2008). Considering both pragmatic and hedonic quality aspects is the
underlying idea of the User Experience Questionnaire (UEQ), in which user experience is
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conceived as the overall impression of a user when he/she interacts with a product (Laugwitz
et al. 2008). The UEQ contains 6 scales with 26 items and evaluates attractiveness,
pragmatic quality aspects (perspicuity, efficiency, dependability) and hedonic quality aspects
(stimulation, novelty). A number of studies have used the UEQ for evaluation of chatbots
(Stefanidi et al. 2019, Valtolina et al. 2018).

The questionnaire that the Eco-Bot users will be asked to fill in after the completion of the
pilot phase is based partially on certain attributes evaluated by the UEQ, which are of
relevance to Eco-Bot. Our questionnaire examines also additional parameters that are more
focused on the chatbot, so as to enable valuable insight into the way the user perceives Eco-
Bot’s chat interface, usefulness, and conversational intelligence. The parameters that have
been selected to be evaluated in this context, have been defined by combining a number of
metrics proposed in the chatbot performance and usability aspects literature (Jain et al. 2018;
Kuligowska 2015; Radziwill & Benton 2017). The questionnaire is completed by three
parameters that aim to capture the generic experience of the user after testing Eco-Bot. The
generic user experience has no specific focus on any user experience aspects; it refers to a
general impression or sentiment of the overall use or experience with the system (Bargas-
Avila & Hornbaek 2011).

Details on the approach to be followed for evaluating the user experience with Eco-Bot, as
well as the parameters addressed by the questionnaire, are given in the following tables.

Table 8: P8 - User experience

P8 — User experience

Parameter Description User experience involves both pragmatic and hedonic quality aspects; pragmatic
quality aspects are typical usability aspects, i.e. efficiency, perspicuity,
dependability, while hedonic ones are related to the way the user perceives the
system in terms of stimulation and novelty. User experience involves also the
perceived quality from the user’s perspective as regards the chat interface and
conversational intelligence of the chatbot, as well as indicates user acceptability
and satisfaction. Feedback on user experience will enable the qualitative
assessment of the Eco-Bot system based on subjective evaluation from the users.

Unit %

Measurement Method A user experience questionnaire will be given to the users after the completion of
the pilot; this questionnaire will also be filled in by the participants of the small-scale
validation at the end of this phase. Users will be asked to give feedback on
perceived quality in parameters related to efficiency, perspicuity, dependability,
stimulation, novelty, chat interface, conversational intelligence, and generic user
experience.

Time of evaluation Three phases are foreseen: a) at the end of the small-scale validation, b) in the
middle of the pilots, and c) at the end of the pilots.

Presentation G}l D4.5 and D5.5
evaluation results

\WIECROGERGENCHIIICAVII System Development (WPA4): this indicator is useful for evaluating user experience
T N-Ta[o IR (VI [=Igl \vith Eco-Bot in terms of usability and user satisfaction, and will enable system
utilization of results evaluation, refinement and optimisation.

Dissemination (WP6): It will also be useful for the dissemination activities of Eco-
Bot.
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Linkage to
KPIsand targets

Adapted or additionally

created targets

DoW'’s

From Section 1.1. of the DoW:

KPI_3.1: User Acceptability indicators of the chat-bot delivered.

Target: More than 85% user acceptability of the proposed ICT tools for the users
to be engaged based on the market segmentation.

P8 — User experience

2017).

Based on the DoW, the target for user experience and satisfaction would be:
Average value of the users’ scores in all questions of the 5-point Likert scale > 4.25

It should be noted that there are no available data in the literature w.r.t the
acceptability of chatbots in the energy domain. Literature suggests that due to the
large deviations recorded in different domains, the comparison of chatbots of
different markets is not meaningful, and instead proposes that the targets should
be that a) the newer versions of a chatbot are enhanced in terms of the monitored
parameters and b) the user prefers using the chatbot instead of the existing
channels it aims to replace (Discover.Bot 2019; Debecker 2017; Yao 2017; Merritt

The following table presents which parameters and how they will be evaluated through the
user experience questionnaire:

Efficiency

Table 9: User Experience Questionnaire

Is it possible to use Eco-Bot quickly and
efficiently?

PRAGMATIC QUALITY ASPECTS

3 pairs of adjectives (slow/fast,
inefficient/efficient, impractical/practical)
measured on the 5-point Likert-type scale

Perspicuity

Is it easy to get familiar with Eco-Bot? Is it
easy to learn how to use it?

3 pairs of adjectives (clear/confusing,
difficult  to learn/easy  to learn,
complicated/easy) measured on the 5-
point Likert-type scale

Dependability

Stimulation

Do you feel that Eco-Bot is reliable and
trustworthy? Is the interaction secure and
predictable?

Is it interesting and exciting to use Eco-
Bot? Do you feel motivated to use it
further?

HEDONIC QUALITY ASPECTS

3 pairs of adjectives
(unpredictable/predictable, not
secure/secure, unreliable/reliable)

measured on the 5-point Likert-type scale

3 pairs of adjectives (boring/exciting, not
interesting/interesting, demotivating/
motivating) measured on the 5-point
Likert-type scale

Novelty

Chat Interface

Is Eco-Bot creative and inventive?

How do you rate Eco-Bot’s visual look?

CHATBOT-SPECIFIC ASPECTS

2 pairs of adjectives (dull/creative,
uninventive/inventive) measured on the 5-
point Likert-type scale

5-point Likert-type scale of 1 (Very Poor)
to 5 (Very Good)
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Does the user interface look organised?

1 pair of adjectives (cluttered/organised)
measured on the 5-point Likert-type scale

Usefulness

A chatbot in the energy efficiency domain
is useful.

Eco-Bot outperforms its existing
alternatives (website, app, customer
service line, search engines) by offering
diverse and/or enhanced functionalities.
Eco-Bot covers the use cases | am
interested in

5-point  Likert-type scale  (Strongly
Disagree — Somewhat Disagree — Neither
Agree nor Disagree — Somewhat Agree —
Strongly Agree)

Which are the Eco-Bot features you are
most interested in? (multiple choices

possible)

o Energy saving recommendations

o Information on total energy
consumption

o Information on appliance level
consumption

o Comparison of consumption for
different periods

o  Customer-service information
(contract, guidelines on how to
change contact details etc.)

o Monitoring of energy efficiency
goals

o High/low consumption days

o Alerts on high consumption

o  Monitoring of energy saving
events

o Other (please specify) ...

Multiple choices possible and free text.

What other functionalities would you like
Eco-Bot to offer?

Open-ended question (free text)

Conversational
Intelligence

Overall
Satisfaction

Eco-Bot understands the input text.
Eco-Bot interprets commands accurately.
Eco-Bot executes requested tasks.
Eco-Bot is able to retain conversational
context (maintain themed discussion) and
follow up on a query.

5-point  Likert-type scale  (Strongly
Disagree — Somewhat Disagree — Neither
Agree nor Disagree — Somewhat Agree —
Strongly Agree)

GENERIC USER EXPERIENCE

How would you rate your overall satisfaction with
Eco-Bot on a scale of 1 (Very Poor) to 5 (Very
Good)?

5-point Likert-type scale of 1 (Very Poor)
to 5 (Very Good)

Future Use

How likely is it that you will use Eco-Bot in the
future?

5-point Likert-type scale of 1 (Not at all
likely) to 5 (Extremely likely)

Net Promoter
Scale (NPS)

How likely is it that you would recommend Eco-
Bot to a friend or colleague?

11-point Likert-type scale of 0 (Not at all
likely) to 10 (Extremely likely)
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4.3.2 Engagement and retention related parameters

According to the literature (Yao 2017; Merritt 2017), retention and engagement naturally vary
with bot category and, although many bots claim to provide utility to users beyond traditional
websites and apps, only a few actually convince users to stay engaged long enough.
According to llker Koksal of BotAnalytics®, nearly 40% of users stop talking to a bot after the
first message and another 25% quit using it after the second one. Additionally, daily and
monthly retention numbers are not impressive either, with daily rates lying between 1-2% and
monthly rates hardly exceeding 7%. Studies further support the above findings, by presenting
a significant decrease in the retention rate after the first month for chatbots across popular
platforms like Facebook and Slack (Merritt 2017). In general, just as is the case with mobile
apps, bots that naturally tie into a daily or weekly ritual see the best retention and engagement
numbers.

It is suggested in the literature (Debecker 2017; Yao 2017; Merritt 2017) that it does not make
sense to measure engagement by comparing the results with other chatbots in the market,
not only because it is difficult to find published reliable numbers for comparison, but mainly
because the engagement greatly varies with the category. Instead, it is considered as making
a lot more sense to benchmark a chatbot’'s engagement against the other channels that it
aims to replace. It should be noted that to the best of our knowledge, there are no relevant
retention data available in the energy efficiency domain.

The following tables present the parameters that will be monitored in order to assess the
engagement and retention of the users. These metrics were derived by examining and
combining different parameters that are suggested in papers and articles in the field (Neff
2019; AlMultiple 2019; Radziwill & Benton 2017; Newlands 2017; Discover.Bot 2019;
ChatbotPack 2019; Lee 2018; Merritt 2017; Yao 2017; Debecker 2017).

Table 10: P10 - Total users

P10 — Total users

Parameter Description This indicator defines the total number of Eco-Bot users during the 12-month period
of the demonstration activities of WP5.

Unit Number

Measurement Method The total number of users registered to the Eco-Bot system will be retrieved from
the Eco-Bot database.

Time of evaluation First month of the pilot (February 2020 — M29)

Presentation b}l D5.2 — D5.3 — D5.4 and also in D5.5
evaluation results

\WIECROGERGENCHVIICAVII System Development (WP4): It will be used as a reference for the engagement,
I T (o Ir-Tole IR (VIa (s l=T@8 retention and chatbot metrics.
utilization of results

5 https://botanalytics.co/
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P10 — Total users

Dissemination (WP6) / Exploitation (WP7): It will also be used for exploitation
purposes of the Eco-Bot and will be useful for the dissemination activities of Eco-
Bot.

(N ET I )l G CR There is no direct linkage to DoW'’s KPlIs, however, the number of users / buildings
and targets to be recruited for testing Eco-Bot per pilot are, according to the DoW, as follows:

EYPESA: 99 users (EYPESA aims to have 66 bot users, the rest of the users are
recruited so that they give consent that their data is used for comparison reasons).

SEC: 150 users
DEXMA: 20-30 buildings

Aol (=l eI @l iUV EYPESA: 99 pilot participants, 66 Eco-Bot users (33 users with 1-hour smart
created targets meters and 33 users with 1-min smart meters and a control group that will not use
Eco-Bot of 33 users)

SEC: 150 users (50 users with 10-sec smart meters and 100 users without smart
meters)

DEXMA: 7 users (Facility Managers) that will handle a minimum of 20 buildings
(hotels, supermarkets and restaurants)

*please note that these aren’t actually targets but rather the final number of
registered participants in the pilots

Table 11: P11 - Active users

P11 — Active users

Parameter Description Active users are defined as the people who log in to Eco-Bot and read a message
in a specific time frame (week, month, etc.).

Unit Number

Measurement Method The number of active users for different time frames will be extracted from the
users’ logins.

Time of evaluation This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation (M28), b) in the middle of the pilots (M34), and c)
at the end of the pilots (M40).

Presentation ()l The small-scale validation phase results will be documented in D4.5 (M28) and
evaluation results the pilot results (both 6-month and 12-month) will be documented in D5.5 (M43).

\WIECROGERGENCHIICANVII System  Development (WP4): this indicator is useful for monitoring user
[T« IR (Vg [SI@ cngagement and retention and, consequently, for system evaluation and fine-
utilization of results tuning.

Dissemination (WP6): it will also be used in the dissemination results.

Linkage to DoW’s KPIs [gN[elgl=
and targets

AGETo Il eI gL o [T i EVUNA Users that logged in Eco-Bot at least once every two months and at least 12 times
created targets in total during the 12-month pilot period > 80% of the total users.
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Table 12: P12 - Engaged users

P12 — Engaged users

Parameter Description Engaged users are defined as the people who interact with Eco-Bot, i.e. send a
message (either making an inquiry or responding to a message from Eco-Bot), in
a specific time frame (week, month, etc.).

It should be noted that we selected to use this term instead of “interactive users”,
as “engaged users” is the term widely used in the chatbot literature for the above
definition. Notwithstanding, this indicator should not be confused with the engaged
users who are — in Eco-Bot’s context — those users that shift towards more energy
efficiency behaviour through the use of Eco-Bot (despite the direct linkage between
the two, as users should be engaged with the system so as for them to be motivated
to engage to energy efficient behaviour). The users that changed their behaviour
thanks to Eco-Bot will be identified through other metrics (see P26).

Unit Number

Measurement Method The number of engaged users for different time frames will be extracted by
analysing the conversations.

Time of evaluation This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

Presentation )l The small-scale validation phase results will be documented in D4.5 (M28) and
evaluation results the pilot results (both 6-month and 12-month) will be documented in D5.5 (M43).

WESRUERGENCHIERTIM System Development (WP4): this indicator is useful for monitoring user
ICEC NI IR (Vs G-Il cngagement and retention and, consequently, for system evaluation and fine-
utilization of results tuning.

Dissemination (WP6): it will also be used in the dissemination results.

Linkage to DoW’s KPIs [INejlE]
and targets

FaXeF-Tolu=To o] a-Te N[ EUNAN Users that interacted with Eco-Bot at least once every two months and at least 12
created targets times in total during the 12-month pilot period > 80% of the total users.

Table 13: P13 - Retention rate

P13 — Retention rate

Parameter Description This indicator shows the percentage of users that returned to Eco-Bot within a
certain time period.

Unit Percentage

Measurement Method The percentage of users who returned to Eco-Bot within different time periods will
be calculated based on the analysis of the users’ logins. Daily, weekly and monthly
rates will be examined.

Time of evaluation This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
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P13 - Retention rate

end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

Presentation The small-scale validation phase results will be documented in D4.5 (M28) and the
evaluation results pilot results (both 6-month and 12-month) will be documented in D5.5 (M43).

WIRUEIRGERCI[ERWI System Development (WP4): this indicator is useful for monitoring user
IR« (Il STl cngagement and retention and, consequently, for system evaluation and fine-
utilization of results tuning.

Dissemination (WP6): it will also be used in the dissemination results.

Linkage to DoW’s KPIs [gN[elgls
and targets

LeETol(=To eI @=L Lo [ UM NO specific target value is defined. The aim of the indicator is to monitor the
created targets average frequency with which users return to Eco-Bot and how this frequency
changes with progress of time.

Table 14: P14 - Sessions per day

P14 — Sessions per day

eter Description This indicator shows the average number of total sessions per day.
Unit Number

Measurement Method The number of total sessions per day will be monitored on a daily basis through
the users’ logins and logouts.

Time of evaluation This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

Presentation The small-scale validation phase results will be documented in D4.5 (M28) and
evaluation results the pilot results (both 6-month and 12-month) will be documented in D5.5 (M43).

WEERGEIRGEENCETIERVII System Development (WP4): this indicator is useful for monitoring user
ICECREIIIETf IR IS I-Ia cngagement and retention and, consequently, for system evaluation and fine-
utilization of results tuning.

Dissemination (WP®6): it will also be used in the dissemination results.

Linkage to DoW’s KPIs  [EN[elgl=

G ETo Il Mo - o [T i EUNA NoO specific target value is defined.
created targets

Table 15: P15 - Sessions per user

P15 — Sessions per user

EINCEICTABI o[ o)ile sl This indicator shows the average number of total sessions per user.
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P15 — Sessions per user

Unit

Measurement Method

Time of evaluation

Presentation of
evaluation results

WPs that the results will
feed into and further
utilization of results

Linkage to DoW’s KPIs
and targets

Adapted or additionally
created targets

Parameter Description
Unit

Measurement Method

Time of evaluation

Presentation
evaluation results

WQPs that the results will
feed into and further
utilization of results

Linkage to DoW’s KPls
and targets

Adapted or additionally
created targets

Number

The average number of total sessions per user will be calculated based on the
logins and logouts of all users for the whole demonstration period.

This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

The small-scale validation phase results will be documented in D4.5 and the pilot
results (both 6-month and 12-month) will be documented in D5.5.

System Development (WP4): this indicator is useful for monitoring user
engagement and retention and, consequently, for system evaluation and fine-
tuning.

Dissemination (WP6): it will also be used in the dissemination results.

None

No specific target value is defined.

Table 16: P16 - Time per session

P16 — Time per session

The average duration of the sessions will be measured by dividing the whole
duration of all sessions by the number of total sessions.

This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and ¢) at the end of
the pilots.

The small-scale validation phase results will be documented in D4.5 and the pilot
results (both 6-month and 12-month) will be documented in D5.5

System Development (WP4): this indicator is useful for monitoring user
engagement and retention and, consequently, for system evaluation and fine-
tuning.

Dissemination (WP6): it will also be used in the dissemination results.

None

This is a metric useful for usage results analysis, but there is no specific target
related to it.

This metric gives a basic idea of usage and it is useful to measure it, however the
average session duration depends on a number of parameters, as e.g. the
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P16 — Time per session

complexity of the inquiry, the fact that if the user is satisfied, he/she may start a
second topic etc.

As a general rule of thumb, customer service related inquiries should not take long
to be answered, while, on the other hand, user-chatbot interactions aiming to
engage the user in certain routines (e.g. towards a more energy efficiency
behaviour) should be reflected in both high retention rates and sessions of longer
duration. This metric can give useful insight into engagement and usability by being
analysed in conjunction with the user’s intents.

Table 17: P17 - Messages per session

P17 — Messages per session

Parameter Description This indicator shows the average number of messages exchanged between the
user and the chatbot per session.

Unit Number

Measurement Method The average number of messages per session will be derived through analysis of
the conversations.

Time of evaluation This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

Presentation (oJl The small-scale validation phase results will be documented in D4.5 and the pilot
evaluation results results (both 6-month and 12-month) will be documented in D5.5

SR GEIRGEENCEVIERVII System Development (WP4): this indicator is useful for monitoring user
ICEC NI IR Vs I-I@ cngagement and retention and, consequently, for system evaluation and fine-
utilization of results tuning.

Dissemination (WP®6): it will also be used in the dissemination results.

Linkage to DoW’s KPIs [INejlE]
targets

LG ETTo eI @=L oI U This is a metric useful for usage results analysis, but there is no specific target
created targets related to it.

Table 18: P18 - Bot messages per session

P18 — Bot messages per session

Parameter Description This indicator shows the average number of messages sent by the chatbot in one
session.

Unit Number

Measurement Method The average number of bot messages per session will be derived through analysis
of the conversations.

Time of evaluation This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
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P18 — Bot messages per session

end of the small-scale validation, b) in the middle of the pilots, and c) at the end of

Presentation of

evaluation results

WPs that the results will
feed into and further
utilization of results

L|nkage to DoW’s KPIs
and targets

Adapted or additionally
created targets

Parameter Description

Unit

Measurement Method

Time of evaluation

Presentation
evaluation results

WPs that the results will
feed into and further
utilization of results

Linkage to DoW’s KPlIs
and targets

Adapted or additionally
created targets

D3.3 Metrics to validate eco-bot engagement actions and proposed measures

the pilots.

The small-scale validation phase results will be documented in D4.5 (M28) and the
pilot results (both 6-month and 12-month) will be documented in D5.5 (M43).

System Development (WP4): this indicator is useful for monitoring user
engagement and retention and, consequently, for system evaluation and fine-
tuning.

Dissemination (WP6): it will also be used in the dissemination results.

None

This is a metric useful for usage results analysis, but there is no specific target
related to it.

Table 19: P19 — In messages per session

P19 — In messages per session

This indicator shows the average number of messages sent by the user in one
session.

Number

The average number of in messages per session will be derived through analysis
of the conversations.

This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

The small-scale validation phase results will be documented in D4.5 (M28) and the
pilot results (both 6-month and 12-month) will be documented in D5.5 (M43).

System Development (WP4): this indicator is useful for monitoring user
engagement and retention and, consequently, for system evaluation and fine-
tuning.

Dissemination (WP®6): it will also be used in the dissemination results.

None

This is a metric useful for engagement and usage results analysis, but there is no
specific target related to it.

As a general rule of thumb, if this number is particularly low, the usefulness of the
chatbot is questionable, as it might indicate that users prefer alternative ways to
address their inquiries, and/or that the chatbot failed to engage them (AlMultipe,
2019).
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4.3.3 Chatbot usability related parameters

The following tables present the parameters that will be monitored in order to gain insight into
the usability of the chatbot, assessing its efficiency and effectiveness performance as well as
its usage, thus enabling system refinement and optimisation. These metrics were derived by
examining parameters suggested in papers and articles in the field (Neff 2019; AlMultiple
2019; Radziwill & Benton 2017; Newlands 2017; Discover.Bot 2019; ChatbotPack 2019; Lee
2018).

Table 20: P20 — Topics Popularity Index

P20 — Topics Popularity Index

Parameter Description This parameter captures the overall trend in users’ preferred inquiries. It highlights
the most popular questions asked by the users, thus giving valuable insight into
the usability of the bot and enabling refinement, customisation as well as potential
identification of new use cases (features) to support.

Unit %

Measurement Method The inquiries in which the users are interested will be derived through analysis of
the conversations. The extracted intents will be ranked based on their popularity.
The popularity index (PI) of each intent will be calculated as follows:

Pl = (number of occurrences of the intent in all conversations) / (total number of
inquiries in all conversations)

Time of evaluation This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

Presentation The small-scale validation phase results will be documented in D4.5 and the pilot
evaluation results results (both 6-month and 12-month) will be documented in D5.5.

WESRUERGERCHIERY System Development (WP4): this parameter is useful for identifying the most
I (eIl IR (Vs (s I=I@8 popular inquiries and examine the way the bot treats them, enabling refinement
utilization of results and response effectiveness optimisation.

Exploitation (WP7)/Dissemination (WP6):

Users’ preferred inquiries will give valuable feedback in terms of exploitation and
will also be exploited in the dissemination activities of Eco-Bot.

Linkage to DoW’s KPIs [N[elgl=
and targets

AGETI s eI gL o Il EVNA This is a metric useful for usage results analysis, but there is no specific target
created targets related to it.

Table 21: P21 - Fall Back Rate (FBR)

P21 - Fall Back Rate (FBR)

Parameter Description ‘ Fall Back Rate is the percentage of times the chatbot fails to complete a task.

Unit %
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Measurement Method

Time of evaluation

Presentation of
evaluation results

WPs that the results will
feed into and further
utilization of results

Linkage to DoW’s KPIs
and targets

Adapted or additionally
created targets

Parameter Description

Unit

Measurement Method

Time of evaluation

Presentation of
evaluation results

WQPs that the results will
feed into and further
utilization of results

D3.3 Metrics to validate eco-bot engagement actions and proposed measures

P21 - Fall Back Rate (FBR)

Analysis of the conversations and examination of the unhandled/fallback intents
will take place so as to identify the cases that a specific task (inquiry) from the list
of predefined use cases (offered services) could not be completed.

FBR will be calculated as follows:

FBR = (number of times the chatbot failed to complete a task) / (total number of
inquiries) * 100%

This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

The small-scale validation phase results will be documented in D4.5 and the pilot
results (both 6-month and 12-month) will be documented in D5.5.

System Development (WP4): this parameter is useful for system refinement and
optimization.

Dissemination (WP®6): it will also be used in the dissemination results.

None

This is a metric useful for system refinement and optimization, but there is no
specific target related to it.

Table 22: P22 — Confusion triggers

P22 — Confusion triggers

This indicator defines the number of times that the chatbot fails to understand a
message or misinterprets a message. It is a helpful parameter for identifying how
and where the chatbot needs to be improved.

Number

Analysis of the conversations and examination of the unhandled/fallback intents
will take place so as to identify the confusion triggers. The confusion triggers will
be categorised per type: a) the chatbot cannot understand a message/inquiry; b)
the chatbot cannot understand the user’s response; c) the user sends an inquiry
that is beyond Eco-Bot’s remit; and d) the chatbot misinterprets a message.

This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

The small-scale validation phase results will be documented in D4.5 and the pilot
results (both 6-month and 12-month) will be documented in D5.5.

System Development (WP4): this parameter is useful for system refinement and
response effectiveness optimization.

Dissemination (WP®6): it will also be used in the dissemination results.
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P22 — Confusion triggers

Linkage to DoW’s KPIs
and targets

A ETol o el @l AUV This is a metric useful for system refinement and response effectiveness
created targets optimization, but there is no specific target related to it.

Table 23: P23 — Task completion time

P23 — Task completion time

Parameter Description This indicator shows the time that is needed in order for Eco-Bot to complete a task
successfully.

Unit Number

Measurement Method Analysis of the conversations and examination of the intents will take place so as
to calculate the time it takes for Eco-Bot to complete successfully a task (inquiry)
from the list of predefined use cases (offered services). As the time depends also
on the complexity of the inquiry, the task completion time will be monitored not only
as an average value taking into account all different completed tasks, but also the
average time needed for each of the tasks (intents) will be assessed.

Time of evaluation This parameter will be monitored throughout the small-scale validation phase and
the pilot. The evaluation results will be recorded in three different phases: a) at the
end of the small-scale validation, b) in the middle of the pilots, and c) at the end of
the pilots.

Presentation (sl The small-scale validation phase results will be documented in D4.5 and the pilot
evaluation results results (both 6-month and 12-month) will be documented in D5.5.

WESRUERGENCHINERYII System Development (WP4): this parameter is useful for system refinement and
feed into and further [feJelilaglF<=lilelgB

utilization of results . L Lo . . o
Dissemination (WP6): it will also be used in the dissemination results.

Linkage to DoW’s KPIs [N[elgl=
and targets

G ETl(To eI @l Lo [T UMM This is a metric useful for system refinement and optimization, but there is no
created targets specific target related to it.

4.3.4  Lab usability testing

This section presents a brief overview of the lab usability test that will take place in the context
of Task 4.4 in order to test and evaluate the system before its release for validation by end-
users in the forthcoming small-scale validation and pilot phases.

Lab usability tests measure a user’s ability to complete tasks; in a typical usability test, a user
is asked to perform a task or set of tasks using the tool in question. This enables a first
evaluation of the tool in terms of effectiveness, efficiency and satisfaction in a specified
context of use, and potential refinement/fine-tuning, before its first release for testing in real
conditions.
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During the lab usability testing that will take place in Task 4.4, test users will be asked to test
all the use cases (features) supported by Eco-Bot based on specific scenarios. The whole
procedure and the relevant metrics will be described in detail in D4.4. Indicatively, Eco-Bot
will be evaluated in terms of a) efficiency, b) dependability, ¢) conversational intelligence, and
d) user experience, as follows:

Table 24: Lab Usability Testing

LAB USABILITY TESTING

Efficiency Ability to respond fast and efficiently e  Check the Task Completion Time
e Check overall system responsiveness in
case of multiple concurrent requests

Dependability Availability (readiness for correct|e Check Fall Back Rate and Confusion
service) Triggers
Reliability  (continuity for correct|e  Check overall system responsiveness in
service) case of multiple concurrent requests
Conversational Eco-Bot understands the input text. e Run tests based on specific scenarios
Intelligence Eco-Bot interprets commands (e.g. “I want to know my total consumption
accurately. for yesterday” and after a while “What
Eco-Bot executes requested tasks. about two days ago?”)
Eco-Bot is able to retain conversational |®  Check Fall Back Rate and Confusion
context (maintain themed discussion) Triggers

and follow up on a query.

User Evaluation of the system in terms of |e  Test users will be asked to respond to the
Experience user experience user experience questionnaire after the
completion of the usability test.

4.4 The Eco-Bot impact evaluation metrics

This section presents the metrics that will evaluate the impact of Eco-Bot. The impact
concerns the energy saving actions, the environmental or green impact, the economic impact
and the awareness for the rebound effect.

4.4.1 Energy saving actions related parameters

The following parameters all constitute operationalizations of the KPIs of the DoW. An
additional parameter was created to distinguish between the residential application of Eco-
Bot and the commercial one. These parameters measure the behavioral changes and
investments of Eco-Bot users. Each of the parameters has a set target, either already
provided by the DoW or created based on possible/realistic scenarios. Two of the targets
have been adapted to the context of the pilot, and one target was additionally created for the
more optimistic expectations with regards to the behavioral change and investments that
commercial buildings will be affected by, thanks to Eco-Bot.
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Table 25: P25 - Total increase of energy savings by participating users

P25 - Total increase of energy savings by participating users

Parameter Description This indicator describes the percentage increase of energy savings achieved by
the Eco-Bot users after they used Eco-Bot. It compares the energy consumption
of the users before and after using Eco-Bot.

Unit %

Measurement Method The total energy consumption of the users during the 12 months of the pilot phase
will be compared to their total energy consumption of the corresponding reference
period before the pilot phase (baseline), so as to calculate the total increase of
energy savings in % achieved during the demonstration and validation phase.

The comparison of the energy consumptions before and during the use of Eco-
Bot and the resulting calculation of the energy savings will be performed by each
of the three pilots, which have at their disposal the previous energy consumptions
of their users.

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4

Presentation D5.5
evaluation results

WSS GEARGERCITICRANIII Exploitation (WP7)/Dissemination (WP6):
feed into and further

iTatfen o resulie This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot.

(M ETe 30 (oI 0T\ ACI (3 [t is linked to the following two KPIs of Section 1.1 of the DoW:

nd target . o :
a argets KPI_5.1: Overall decrease of energy consumption of participating user in per cent
KPI_5.2: Total increase of carried out energy saving actions by participating users

Target for both KPIs: energy savings of approx. 20%.

e EETo)t=To lo] ai-To [o [I{Te s U\ Adapted target for the duration of the project: 15%

Eralize gt Note: This target was adapted. This adapted target refers to the energy savings to be

achieved by the end of the pilot. 20% is the expected target after the end of the Eco-Bot
project.

Table 26: P26 - Users that made a change to save energy (behavioral change or investments)

P26 - Users that made a change to save energy (behavioural change or
investments)

Parameter Description This indicator describes how many users (in %) have made at least one change
to save energy after the use of Eco-Bot. This indicator takes into account changes
that were recommended by Eco-Bot (behavioural change or investments) as well
as other energy saving events performed by the user after they started using Eco-
Bot.

Unit %

Measurement Method The number of users that entered themselves an energy saving measure that
they implemented or that confirmed that they implemented an energy saving
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measure suggested by Eco-Bot are counted and put in relation to the total number
of Eco-Bot users.

Time of evaluation This parameter will be evaluated in two phases, i.e. in the middle of the pilots
(M34) and at the end of the pilots (M40).

Presentation o]l D5.5
evaluation results

WIESRGETRGENCEINCRWII Exploitation (WP7)/Dissemination (WP6):
feed into and further

utilization of results This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot.

(M1 ETe [N (oI 0L\ WA (S From Section 2.1 Expected impacts

nd target I . ) .
a argets KPI_3.2: Quantification of energy savings in sample due to behaviour change,

pre- and post- Eco-Bot feedback and interaction

Target: More than 30% of users will have changed their behaviour towards energy
efficiency in the selected measurable sample of the first phase

Ao EETo)(=To le] g-To [ [IN[eLs U\ A\ S specified in the DoW (see above)
created targets Resulting thus in a total of users of 64 users during the project, composed of:
EYPESA: 19 Users changed behaviour

SEN: 45 Users changed behaviour

Table 27: P27 — Consumers making monetary investments to save energy

P27 — Consumers making monetary investments to save energy

Parameter Description This parameter measures how many Eco-Bot users in % have made monetary
investments to save energy (e.g. purchase of energy efficient products, insulation,
etc.).

Unit %

Measurement Method The number of users who registered at least one investment/followed at least one
recommendation of Eco-Bot regarding investments is put into relation with the
total amount of Eco-Bot users.

Time of evaluation This parameter will be evaluated in two phases, i.e. in the middle of the pilots
(M34) and at the end of the pilots (M40).

Presentation D5.5
evaluation results

ISR OGEYRGEREINERWYII Exploitation (WP7)/Dissemination (WP6):
feed into and further

e e This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot.

()] Te IR (TN (U Bl From Section 2.1 Expected impacts

and targets . i - .
g Section 2.1: "KPI_1.2: Measuring the decisions of consumers with regards to

energy efficiency (e.g. purchase of higher energy efficiency products, use of
renewable energy sources, and tendency for “prosumer” attitude).
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Target: More than 15% of the total users have been routed towards more energy
efficient behaviour"

Ao ol C=To I @i-Te Lo [idels EUMAN Adapted target: 10% of users made energy efficiency investments

created targets . . .
9 Note this target has been adapted, because in the span of the pilot the

investments will most likely be limited to the purchase of higher efficiency
products. It is rather unlikely that in the short course of the pilot someone actually
becomes a prosumer, e.g. by having solar panels installed. However, users might
be routed towards more energy efficient behavior and thus gain interest or even
plan to become prosumers or to switch energy plans or providers to use more
renewable energy sources. This intent will be measured by P32.

Table 28: P28 — Commercial buildings (facilities) that were affected by a change to save
energy (behavioral change or investments)

P28 — Commercial buildings (facilities) that were affected by a change to save
energy (behavioural change or investments)

Parameter Description This indicator describes how many commercial buildings (facilities) (in %) were
affected by at least one change to save energy after the use of Eco-Bot. This
indicator takes into account changes that were recommended by Eco-Bot
(behavioural change or investments) as well as other energy saving events
registered independently of Eco-Bots recommendations.

Unit %

Measurement Method The number of commercial buildings (facilities) that were affected by at least one
energy saving measure are counted and put in relation to the total number of
commercial buildings (facilities).

Time of evaluation This parameter will be evaluated in two phases, i.e. in the middle of the pilots (M34)
and at the end of the pilots (M40).

Presentation D5.5
evaluation results

WESRGERGIENCINCRVIIE Exploitation (WP7)/Dissemination (WP6):
feed into and further

Taen 6 esulie This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot.

(B To I M I UCI L Il From Section 2.1 Expected impacts

dt t I . . .
and targets KPI_3.2: Quantification of energy savings in sample due to behaviour change, pre-

and post- Eco-bot feedback and interaction

Target: More than 30% of users will have changed their behaviour towards energy
efficiency in the selected measurable sample of the first phase

VAo =1 C=Io Mo I =T [o ILATe[a-UNYAM Adlapted target: 80% of the commercial buildings (facilities)

created targets . o . .
9 Assuming 20 participating facilities, this would mean that in a total of 16 facilities

energy saving measures were implemented in the course of the pilot

Note: The reason for the creation of the adapted target is that we expect
commercial businesses to be more likely to implement energy saving measures
than private households,
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Table 29: P29 - Implemented energy saving measures recommended by Eco-Bot

P29 - Implemented energy saving measures recommended by Eco-Bot

Parameter Description This indicator describes how many of the energy saving measures recommended
by Eco-Bot, the user implemented.

Unit Number

Measurement Method Eco-Bot asks a follow-up question after having given a recommendation to check
whether the user implemented the suggestion or not. The number of implemented
recommendations are counted.

Time of evaluation This parameter will be evaluated in two phases, i.e. in the middle of the pilots (M34)
and at the end of the pilots (M40).

Presentation D5.5
evaluation results

SRR GERGERC IRV Exploitation (WP7)/Dissemination (WP6):
feed into and further

uifezten 6 eaulie This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot.

(sl ETe [0 LM 0 L)W G Sl From Section 1.1.2. Project objectives

and targets

KPI 3.3: “Number of implemented energy saving measures recommended by the
chat-bot

LGETCT o @ LMW 640 Energy saving measures recommended by the chat-bot were
created targets implemented by residential users (pilot participants of EYPESA and SEN)

Calculation: Assuming that 30% of the residential users implemented at least one
energy saving measure (see P26) this means 64 users changed their behaviour in
the pilot. Further assuming that on average they will implement 10
recommendations proposed by the Eco-Bot in the course of the project, a total of
640 recommendations are implemented.

160 Energy saving measures recommended by the chat-bot affected
commercial buildings (participating facilities of the DEX pilot)

Calculation: Assuming that 80% of the commercial buildings (facilities) were
affected by at least one energy saving measure (see P28) this means 16 buildings
were affected by a change. Further assuming that on average buildings are
affected by 10 changes (implemented recommendations), a total of 160
recommendations are implemented.

4.4.2 Green impact related parameters

This section presents the green impact related parameters, i.e. the parameters that evaluate
the environmental impact of Eco-Bot. All parameters are operationalizations of the KPIs from
the DoW. To calculate the CO; emissions avoided, the average coefficient of carbon intensity
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was researched. The two residential pilots (EYPESA and SEN) resorted to the respective
country specific coefficient, while the business pilot (DEX) used a European average, given
that the buildings are located in different European countries. EYPESA identified the most
recent Spanish coefficient of carbon intensity according to a peer reviewed scientific article
(Moro/Lonza 2018). SEN identified the German the most recent coefficient of carbon intensity
from a publication of the German Federal Environment Agency (UBA 2018). DEX took the
most recent European average coefficient of carbon intensity as provided by the European
Environment Agency (EEA 2016). A target was created of the CO2 emissions avoided per
participating user based on the expected energy savings achieved in the course of the pilot.
All parameters have quantifiable targets. Each of the presented parameters also enables
group evaluations (see Chapter 5).

Table 30: P30 — Overall energy savings achieved (in MWh)

P30 - Overall energy savings achieved (in MWh)

Parameter Description This indicator quantifies the amount of energy (in MWh) that the users saved
throughout the Eco-Bot pilot.

Unit GWh

Measurement Method The total energy consumption of the users during the 12 months of the pilot phase
will be compared to their total energy consumption of the corresponding reference
period before the pilot phase (baseline), so as to calculate the total increase of
energy savings achieved (in MWh) during the demonstration and validation
phase.

The comparison of the energy consumptions before and during the use of Eco-
Bot and the resulting calculation of the energy savings will be performed by each
of the three pilots, which have at their disposal the previous energy consumptions
of their users.

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4

Presentation D5.5

evaluation results

WISESRGERGERCEINERII Exploitation (WP7)/Dissemination (WP6):
feed into and further

g This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot.

Linkage to DoW’s KPIs [ISfelnRSIloife]gledi

and targets KPI_1.4 (individual consumers SEC): Quantified GWh/year of energy savings

Target Value: 22.8 GWhlyear

KPI_1.5 (utility consumers EYPESA): Projected GWh/year of Energy savings
Target Value: 4.95 GWh/year

KPI_1.6 (energy managers DEXMA) Projected GWh/year of Energy savings
Target: 250 MWh/year

ool C=To Mol @Yo [e [id L1y EIAWAN A dapted targets for the pilot phase:

created targets SEC: 90 MWhlyear for electricity and 112.5 MWh/year for space heating

Calculation for electricity saving:
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= total electricity consumption of 150 German Eco Bot users: 150 users *
4 MWh/year = 600 MWh/year.

2> 15% energy consumption decrease: energy savings:
0,15*600MWh/year = 90 MWh/year

(Assumption that average electricity consumption per household in Germany
is 4MWhl/year.)

Calculation for space heating:

= Total heat energy consumption of 150 German Eco Bot users: 150
users*15MWh/year = 2250 MWh/year

= 5% energy consumption decrease: energy savings: 0,05*2250
MWhl/year = 112.5 MWh/year

(Assumption that average energy consumption for space heating of an
average 100 sgm per household consuming 150kWh/sgm: 15 MWhl/year)
EYPESA: 34,521 MWhl/year

Calculation and assumptions for energy saving:

= Aim to have 66 eco-bot users; Assuming that each user on average
consumes: 3487 kWh/year
(https://www.idae.es/uploads/documentos/documentos_Documentacio
n_Basica Residencial Unido c93da537.pdf), Assumption during the
pilot: 15% savings, After the pilot: 20% savings

= 3487 kWh/year*66 users*15% savings= 34521,3 kWh/year = 0,0345
GWhlyear

DEXMA: 1500 MWh/year (assuming 20 participating facilities)

Calculation and assumptions for energy saving:

= each participating facility will achieve 7500 kWh of energy savings
(20*7500 kWh= 1500MWh/year)

= (Assuming that 37500 kWh/year is the energy consumption for an
average building.)

Note: This target was adapted in accordance with a realistic scenario applicable to the scope
of the pilot. Taking into account the actual number of Eco-Bot users in the pilot (with the
DEXMA pilot of 7 Facility managers and around 20 participating facilities, the EYPESA pilot
with 66 households and SEN pilot with 150 households). Furthermore, contrary to the
projected impact that the DoW indicates, the adapted target will measure the actual
achieved energy savings in the course of the pilot.

Table 31: P31 - Average amount of avoided CO; emissions of each user

P31 - Average amount of avoided COz;emissions of each user

Parameter Description This indicator describes how much CO2 emissions have been reduced by each
user through the use of Eco-Bot.

Unit kg

Measurement Method Calculated by multiplying the energy consumption by the carbon intensity
coefficient of the electricity consumed, in the respective country.

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4

Presentation o]l D5.5
evaluation results
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WIESRGERGENCEINCRWII Exploitation (WP7)/Dissemination (WP6):
feed into and further

utilization of results This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot.

(Bl CT M (M LAV A Sl From 1.1.2. Project objectives
and targets

KPI_5.4: Average amount of avoided CO2 emissions in kg of each user

- il i hi :
Adapted or additionally Created target pilot based on energy savings achieved

created targets DEX: kg/kWh = 2 220 CO2 kg/year per participating facility

Calculation for electricity:

150 000 kWh (overall energy savings achieved) / 20 (participating facilities) = 7500 kWh
(energy savings achieved per facility)

7500 kWh (energy savings achieved per facility) x 0,296 kg CO2/kWh (European average
coefficient of carbon intensity per kwh) = 2 220 kg CO2/year per participating facility

EYPESA: 178,3 kg/year per user for electricity

Calculation for electricity:

34 521 kWhlyear (overall energy savings achieved) / 66 (participating households) = 523
kWh/year per household (rounded to one decimal place)

523 kWh (energy savings per household) x 0,341 kg CO2/kWh (Coefficient of carbon
intensity per kWh in Spain) = 178,3 kg CO2/year per household (rounded to one decimal
place)

SEN: 484.4 kglyear per user for electricity and 150kg/year user for space
heating

Calculation for electricity:

90 000 kWhlyear (overall energy savings achieved) / 150 (participating households) = 600
kWh/year per household

600 kWh (energy savings per household) x 4,474 kg CO2/kWh (Coefficient of carbon
intensity per kWh in Germany for electricity) = 484,4 kg CO2/year per household

Calculation for space heating:

112 500 MWhlyear for space heating/ 150 (participating households) = 750 kWh/year per
participating household

750 kWh (energy savings per household) x 0,2 (Coefficient of carbon intensity per kWh in
Germany for gas) = 150 kg CO2/year per household

Table 32: P32 -Turn to sustainable energy: Number of users interested in turning to
renewable/sustainable energy

P32 - Turn to sustainable energy: Number of users interested in turning to

renewable/sustainable energy

Parameter Description This indicator describes how many users (in %) are interested in turning to
renewable energy (e.g. by becoming a prosumer or changing energy plans or
provider etc.)

Unit %

Measurement Method Question in the user survey inquiring the interest of the users to turn to renewable
energy by one or multiple of the following options:

e switching to a green energy plan/provider
e producing/supporting renewable energy yourself e.g. by investing in
solar panels or investing in a windmill

Time of evaluation End of the pilot

Presentation b}l D5.5
evaluation results
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WWIEERGERGENCEIICRWII This will be used to grasp the potential further impact that Eco-Bot after the end
IITo Il o I-Ta [e IR (SIa s I=1@ Of the project. And how Eco-Bot can contribute to realize the energy transition.
utilization of results

(Rl TN o 0 oY\ ACI (Sl KP| from Section 2.1 Expected Impact:
and targets

KPI_1.2: Measuring the decisions of consumers with regards to energy efficiency
(e.g. purchase of higher energy efficiency products, use of renewable energy
sources, and tendency for “prosumer” attitude). Target: More than 15% of the
total users have been routed towards more energy efficient behaviour

Ao F:Tol =l I @F-To Lo [iM[e s EUIAYA NO new or adapted target (target stays 15%, as specified in the DoW).
created targets

4.4.3 Economic parameter

This section presents the economic parameter measuring the economic gain (EUR saved)
per participating household or facility. This parameter is an operationalization of a KPI from
the DoW. Targets for each pilot were created through a calculation based on the achieved
energy savings (P30).

(For Senercon, the prices for one kW/h for heating were taken from the internet comparison
portal (www.gasauskunft.de) and for electricity from the Federal Ministry for Economic Affairs
and Energy (https://www.bmwi.de/Redaktion/DE/Artikel/Energie/strompreise-
bestandteile.htm). EYPESA used their common tariff/price that their customers have.
DEXMA used the average European electricity price from  Eurostat
https://ec.europa.eu/eurostat/statistics-

explained/index.php/Electricity price_statistics#Electricity prices for household consumer

s.)

Table 33: P33 - Amount of money saved per household/facility

P33 - Amount of money saved per household/facility

Parameter Description This indicator describes how much money has been saved per participating
household/facility by the use of Eco-Bot.

Unit EUR

Measurement Method Calculation of energy savings in kWh x price of energy of the respective country
and region in EUR per kWh. Note in the SEN pilot the savings are also calculated
for space heating: the energy savings achieved in space heating x price of gas
in Germany.

Time of evaluation End of pilot

Presentation D5.5
evaluation results

WWESRHEIRGENCICRAYII Exploitation (WP7)/Dissemination (WP6):
feed into and further

illetian @ resulie This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot.

(B T I MDA UCI (Bl The importance of the economic gain is mentioned in the DoW however not linked
and targets to a specific KPI or target.
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selesiad or ackliemal DEX: 1125 EUR/year per facility

created targets Calculation for electricity savings:

150 000 kWh (overall energy savings achieved) / 20 (participating facilities) = 7500 kWh
7500 kWh (energy savings achieved per facility) x 0,12 EUR (average price of one kWh in
Europe) = 900 EUR

EYPESA: 78,45 EUR/year per household

Calculation for electricity savings: 34 521 kWh/year (overall energy savings achieved) / 66
(participating households) = approx. 523 kWh/year per household

523 kWh (energy savings per household) x 0,15 EUR (average price of one kWh in Spain)
=78, 45 EUR/year per household

SEN: 180 EUR/year per household for electricity (and 45 EUR/year per
household for space heating

Calculation for electricity:

90 000 kWhlyear (overall energy savings achieved) / 150 (participating households) = 600
kWh/year per household

600 kWh (energy savings per household) x 0,3 EUR (average price of one kWh in Germany)
=180 EUR/year per household

Calculation for space heating:

112 500 MWhlyear for space heating/ 150 (participating households) = 750 kWh/year per
participating household

750 kWh (energy savings per household) x 0,06 EUR (average price of one kWh in
Germany for gas) = 45 EUR/year per household

4.4.4 Rebound effect related parameter

This section presents the rebound effect related parameter. The rebound effect (i.e.
overcompensation of achieved energy savings through increased energy usage) is a
complex and multi-layered phenomenon. There are direct rebound effects, which are direct
changes in the product use (e.g. purchase a more energy efficient appliance but run it more
and longer) and indirect rebound effects (e.g. use the money saved from energy savings to
purchase a large plasma screen). While the existence of the rebound effect and its
importance have been demonstrated (Freire-Gonzalez 2017) it is very hard to quantify the
amplitude of the rebound effect. This is partly due to the fact, that it is hard to isolate the
rebound effect from other factors that increase energy demand (such as weather conditions
or economic growths). Therefore the projections regarding the amplitude of the rebound
effect vary widely across the studies (UBA 2014). For instance, Wang et al. (2016) suggest
that rebound effects in the residential electricity use in Beijing are between 46% and 56% in
the long-term. An evaluation of the magnitude of the rebound effect that occurred in the three
Eco-Bot pilots is beyond the scope of the project. However, tackling the rebound is within the
projects realm.

Eco-Bot tackles the rebound effect by making users aware of the existence and its effect and
gives information on how to avoid it, thus to act preventatively. Therefore, the following
parameter was created:
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Table 34: P34 — Sensibilization of the users for the rebound effect

P34 — Sensibilization of the users for the rebound effect

Parameter Description This parameter addresses the sensibilization and awareness for the rebound
effect among Eco-Bot users since the challenge is that users are often unaware
of this issue. When a user registered the purchase of a new appliance, Eco-Bot
will automatically inform the user about the risk of the occurrence of a rebound
effect and give recommendations on how to avoid it. Another message will be
sent two months after the purchase of a new appliance.

Unit %

Measurement Method User survey

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4

Presentation G}l D5.5
evaluation results

WS GERGENCEVISAMII Contribute the data to the research on the rebound effect.
feed into and further
utilization of results

EhQTCTER LM (LM The importance of the rebound effect is mentioned in the DoW however not linked
and targets to a specific KPI or target.

Ao E=To)(=To o] air-To [ [IA[eLs U\ 50%0 of users who received information on the rebound effect found it useful
created targets

4.5 Pilot specific evaluation metrics

This chapter presents the parameters that are specific to each of the pilots. Each sub chapter
presents the interest and expectations of a pilot. The parameters are logically connected to
some KPlIs of the DoW but do not have a direct link and do not constitute an operationalization
of the KPIs. These parameters were created upon the reviewers’ suggestion since their
evaluation will be valuable for further exploitation and dissemination of the Eco-Bot project.
The parameters have been suggested by the pilots.

45.1 EYPESA pilot specific parameters

This section presents the (B2C) pilot of residential users in Spain. Spain is among the
countries, that committed to perform a large-scale smart meter roll-out by 2020 or earlier
(EUR-lex 2014). In 2018, the country completed the smart meter roll out (Ledo 2018).
Consequently, all EYPESA customers have at least basic smart meters, transmitting data on
an hourly basis.

In this pilot there are three different groups of enrolled EYPESA customers. A group of 33
Eco-Bot users with the basic smart meter, a group of 33 Eco-Bot users with advanced smart
meters (transmitting data every minute) and a control group of 33 Non-Eco-Bot users. Having
these three groups allows EYPESA to compare the energy savings achieved and other
related outcomes (e.g. money saved, and CO, emissions avoided) among the different
groups. The comparison between users with an hourly meter and users with a minute meter
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helps to answer the critical questions: are users with a more detailed feedback thanks to the
minute meter more engaged? Do they save more energy? Or does it make little to no
difference? Answering these questions will be invaluable for the dissemination and future
energy saving projects with smart meters. Comparing the control group of non-Eco-Bot users
with the Eco-Bot users will provide information that goes beyond the comparison of the
energy consumption before and after the bot, since both groups are monitored in the same
time period with the same conditions. Consequently, EYPESA will be able to deduce which
percentage of the energy savings must be related to external factors that affected all pilot
participants across the three groups (such as weather conditions and economic situation).
This parameter will ensure the soundness of the scientific approach and help contextualize
the evaluation results in other parameters. Since it is merely a control there is no target
associated with it.

Table 35: P35 — EYPESA Energy savings achieved by users with basic smart meters
compared to users with advanced smart meters

P35 — EYPESA Energy savings achieved by users with basic smart meters compared
to users with advanced smart meters

Parameter Description This indicator quantitatively demonstrates the differences in energy savings
achieved by users with a basic smart meter (hourly data transmission) and with a
more advanced smart meter (data transmission per minute) in per cent. The
underlying hypothesis is that users with advanced smart meters have more detailed
insights in their energy consumption on an appliance level and thus achieve greater
energy savings then the basic smart meters.

Unit %

Measurement Method Total energy savings achieved in kWh are compared among the users with basic
and with advanced smart meters.

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4

Presentation (o]l D5.5 (M43)
evaluation results

WEERGEIRGENCSTINERIM Feed into the lessons learned (WP7) of the project and will be useful for similar
(T (o Ir-Te [e IR (VIa s I=T@ll fUtUre projects to build on the experience.

utilization of results . . . .
Furthermore, the difference in energy savings achieved between these two groups

can be translated into economic gain (how much money can be saved) and how
much CO2 can be avoided. This information is invaluable when consulting
customers on different smart meters. It will also show whether it is worth having the
more advanced meter or whether it suffices to have the standard smart meter.

Linkage to DoW’s KPlIs

None

Target None
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Table 36: P36 — EYPESA: Energy savings achieved by Eco-Bot users compared to the control
group of non-Eco-Bot users

P36 — EYPESA: Energy savings achieved by Eco-Bot users compared to the control group of
non-Eco-Bot users

EETEINGCICI@DEI o loi[oJgll This parameter compares the energy savings achieved by Eco-Bot user with the
energy savings achieved by the control group of non-Eco-Bot users to control for
context depended factors that have repercussions on the energy consumption such
as weather conditions or the economic situation.

Unit %

Measurement Method Total energy savings achieved in kwh are compared among the group of Eco-Bot
users and the control group of non-Eco-Bot users.

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4

Presentation (o]l D5.5 (M43)
evaluation results

\WISRGEIRGERCHI ISR Exploitation (WP7)/Dissemination (WP6):
feed into and further

uiiiezten 6 eaullie This will be used for exploitation purposes of the Eco-Bot and will be valuable for

the dissemination activities of Eco-Bot. It will show which percentage of energy
savings are linked to other external factors and not Eco-Bot. Thereby a scientifically
sound approach will be ensured.

Linkage to DoW’s KPIs None

Target None

Furthermore, EYPESA expects Eco-Bot to achieve high rates of user satisfaction (see P8),
so to ensure that Eco-Bot is an attractive additional service feature for EYPESA customer,
which would also be a good basis to enlarge the customer basis of EYPESA. Moreover,
EYPESA expects Eco-Bot to relieve the customer service. EYPESA would find Eco-Bot of
very high interest, if users were not referred to the customer service in more than 50% of
their Eco-Bot sessions.

Table 37: P37 — EPEYSA: Self Service Rate
P37 — EYPESA: Self Service Rate

Parameter Description % of sessions and % of inquiries that the bot was able to go through without
directing the user to the customer service office.

Unit %

Measurement Method % of conversations/inquiries where the user was not passed the customer service
contact

Number of conversations (inquiries) where the user was not passed to the customer
service contact (under any circumstance)/Total number of conversations (inquiries)

Time of evaluation The evaluation results will be recorded in three different phases: a) at the end of
the small-scale validation, b) in the middle of the pilots, and c) at the end of the
pilots.
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Presentation The small-scale validation phase results will be documented in D4.5 and the pilot
evaluation results results (both 6-month and 12-month) will be documented in D5.5 (M43)

\WISRGEIRGERCHIIERYIIM These results are interesting for further exploitation of Eco-Bot, and for evaluating
[ BT (o Rr-Tals IR (Vg s STl ECcO-Bot as a tool that could be interesting for customer support in the electricity
utilization of results sector.

Linkage to DoW’s KPlIs None

Target More than 50%

45.2 SEN pilot specific parameters

This section presents the (B2B2C) pilot of residential users in Germany. Germany is moving
slowly on the smart meter roll out since it figures among the countries where the cost-benefit-
analysis was negative or inconclusive (EUR-lex 2014). In 2016, Germany passed a
legislation (Messstellenbetreibergesetz, MsBG) to ensure large-scale smart meter roll-out in
Germany. However, the roll-out will not be completed before the end of the pilot in 2020
(Bundesnetzagentur 2019). Consequently, none of the SEN customers have a smart meter
to begin with and SEN will distribute 50 advanced smart meters (data transmission every 10
seconds) among the 150 Eco-Bot users. This allows SEN to compare smart meter users
versus non smart meter users and thus evaluate whether smart meter users achieve greater
energy savings than non-smart meter users. Such evaluations are invaluable when
consulting customers on smart meters, hence the following parameter was created:

Table 38: P38 — SEN Energy savings achieved by users with smart meters compared to users
without smart meters

P38 — SEN Energy savings achieved by users with smart meters compared to users

without smart meters

Parameter Description This indicator quantitatively demonstrates the differences in energy savings
achieved by users with and without smart meters. The underlying hypothesis is that
users with smart meters have insights in their energy consumption on an appliance
level and thus achieve greater energy savings then the ones without smart meters.

Unit %

Measurement Method Total energy savings achieved in kWh are compared among the users with and
without smart meters.

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4

Presentation D5.5 (M43)
evaluation results

\WIECRGEIRGENCHIIGSRAIIM Feed into the lessons learned (WP7) of the project and will be useful for similar
ICETo BT o I-Tals IR (Va1 [=T@M fUtUre projects to build on the experience.

utilization of results . : . .
Furthermore, the difference in energy savings achieved between these two groups

can be translated into economic gain (how much money can be saved) and avoided
CO2. This information is valuable when consulting customers on getting a smart
meter and how much money they could save and how much CO2 they could avoid.

Linkage to DoW’s KPls
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None

5% more savings

Furthermore, SEN defined what they want to achieve through Eco-Bot. Since the IESA
system relies on users to enter energy data and energy saving events, SEN hopes that Eco-
Bot motivates users to make more data entries to the system and created a respective
parameter with a target of a 15% increase of entries to the system. Moreover, the iIESA
system can evolve from an energy monitoring system to an energy advising system with
tailored recommendations. Eco-Bot could also foster a tighter link between SEN and their
customers by providing more information of the customers’ building and appliances and
suitable energy saving measures. In the same vein, Eco-Bot constitutes a modernization of
IESA: thanks to the NILM (see P3-P7), SEN can offer their customers precise information on
their energy consumption without high submeter costs. SEN is interested in their customer’s
perception of Eco-Bot as a new channel of communication. Consequently, a parameter has
been created to evaluate which of the three communication channels (hotline, user forum,
Eco-Bot) that SEN provides is the preferred one. The evaluation can be performed for all
Eco-Bot users in the SEN pilot, as well as along the lines of demographic criteria. Since SEN
is hoping to reach out and engage users that are underrepresented for now, such as female
and/or younger users, they can verify whether Eco-Bot was popular among this group of
users. SEN defined that if Eco-Bot was the preferred channel of communication for more
than 30% of the female or younger users (aged < 45) then it would be very interesting for
further exploitation. Eco-Bot could be rolled out to more customers of SEN or according to
the evaluation results to a specific group of customers. In addition, when Eco-Bot is revealed
as a popular communication channel, more tasks could be transferred to the realm of Eco-
Bot.

Table 39: P39 — SEN increase of energy saving events in percent entered into the iESA
system

P39 — SEN increase of energy saving events in percent entered into the iESA system

Parameter Description This indicator describes the increase in per cent of energy saving events entered
into the IESA system as result of using Eco-Bot.

Unit %

Measurement Method Total number of energy saving events entered by iESA users into the system within
the pilot phase divided by the total number of energy saving events entered by the
same users during a corresponding (annual) period before the pilot started
(multiplied by 100).

Note: users may also fill in energy saving measures that were not recommended
by the bot but as a result of raised awareness due to communication features of the
Eco-Bot system (less technical and easier to handle approach than the conventional
use of IESA)

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4
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Presentation D5.5 (M43)
evaluation results

\WISRGEIRGERCHIIERYIIM Feed into the lessons learned (WP7) of the project and will be useful for similar
[ETe I o I-Tals IR (a1 [ST@ fUtUre projects to build on the experience.
utilization of results

none

Linkage to DoW’s KPlIs

Target 15 % increase

Table 40: P40 — SEN Evaluation of Eco-Bot as channel of communication

P40 — SEN Evaluation of Eco-Bot as channel of communication

Parameter Description This quantitative indicator demonstrates which of the three possible communication
channels was preferred by the users (if applicable according to their segment or
demographics).

Unit %

Measurement Method Question in the user survey. All pilot participants are asked which channel of
communication they preferred/ found the most effective (Eco-Bot, the service
hotline or the user forum).

Time of evaluation After the completion of the demonstration activities of Tasks 5.2-5.4

Presentation D5.5 (M43)
evaluation results

WESRGEIRGERCEVIERYIIM I the user survey reveals that the bot is the preferred communication channel, it
[T =TT IR I (s I=T@ll could be rolled out to broader user group. Additionally, further tasks could be carried

utilization of results out by Eco-Bot, e.g. information on and testing of new features could be spread by
the bot.
. None
Linkage to DoW’s KPlIs
Target 30 % share of younger (< 45) and/or female users preferred Eco-Bot as a channel

of communication over the other options

4.5.3 DEX pilot specific parameters

Table 41: P41 — NPS comparison of “DEXCell EM with Eco-Bot” and “DEXCell EM without
Eco-Bot”

P41 - NPS comparison of “DEXCell EM with Eco-Bot” and “DEXCell EM without Eco-
Bot“

Parameter Description

This parameter compares the user’'s NPS rating of DEXCell EM with and without
Eco-Bot.

NPS is rated in a 0-10 scale where users rating:
e 91to 10 are promoters
e 7 and 8 are passives/indifferent
e 0to 6 are detractors
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Unit Number (%)

Measurement Method The Facility Manager (user) is regularly asked to give the NPS rating via DexCell
EM Service.

At the end of the pilot the FM/user will be asked to give the NPS rating for
“DexCell EM with Eco-Bot” through the following question in a user survey: How
likely is it that you would recommend “DEXCell EM with Eco-Bot” to a friend or
colleague?

This rating is compared with his previous NPS rating of “DEXCell EM without
Eco-Bot” to see the improvement or deterioration on the score.

Time of evaluation End of the pilot

Presentation O}l D 5.5 (M43)
evaluation results

WPs that the results will RNV
feed into and further
utilization of results

Linkage to DoW’s KPIs None

Target e More than 50% of users should give higher NPS rating for ‘DEXCell EM
with Eco-Bot’ than for ‘DEXCell EM without Eco-Bot’
e 50% are promoters of Eco-Bot (NPS 9 to 10)
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5 Enabled group level evaluations

While many of the parameters of the Eco-Bot impact evaluation metrics are geared towards
evaluation on an individual level and constitute the basis of Eco-Bot’s feedback to the user
(e.g. energy savings achieved, money saved, CO: avoided etc.) these parameters also
enable interesting group level evaluations.

These different groups can be the Eco-Bot segments®. In the business sector we can find out
which type of building (supermarkets, hotels or restaurants) were affected most by the
change. The evaluation can also be based on other groups than the segments. In the
business sector a comparison could be made between the different countries in which the
facilities are located. Likewise in the residential sector users could be grouped according to
one shared characteristic (e.g. climate setting, income range or their status as owner or
tenant). It would also be possible to compare the group of people from the EYPESA pilot with
the smart meter (transmitting data every minute) to the group of people from the SEN pilot
with the smart meter (transmitting data every 10 seconds) to see whether there are significant
differences when it comes to the energy savings and thus conclude whether it is worth it to
have the smart meter transmitting data every 10 seconds. Also a more exploratory approach
could be chosen: Instead of verifying hypothesis, the group statistics could be performed
accordingly to the situation of the data, which can be based on the answers of the following
possible questions:

- Can a group be identified that achieves the most energy savings?
- Can a group be identified that achieves the least energy savings?
- Can a group be identified that interacts the most with Eco-Bot?
- Can a group be identified that interacts the least with Eco-Bot?

Moreover, group level evaluations could allow to draw conclusions relevant for the further roll
out of Eco-Bot. For instance, if it turned out that the German households made more energy
savings than the Spanish households and a closer examination shows that this is related to
the fact that there is more electric heating in Germany and thus more energy saving potential
in heating (which has a big impact on energy consumption), the conclusion would be that
Eco-Bot might be of particular interest for Northern countries. Similarly, country based
comparisons could allow to create a more culturally sensitive Eco-Bot. It could be, for
example, that the evaluation shows that there are more behavioral changes carried out in
Spain and more investments carried out in Germany. Or a particular recommendation or type
of recommendation is popular in one or the other country and could thus in a more culturally
sensitive update of Eco-Bot be more extensive. (The latter would not be implemented within
the project duration but in a possible Eco-Bot 2.0).

6 Please note that the segmentation aims to allow Eco-Bot to provide tailored advice, thus focuses on
aspects like motivation and ability to enact change, rather than similar patterns of energy usage.
Therefore, considering other groups in the evaluation opens the door for further findings and
conclusions.
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ANNEX

P42 — Number of policies examined

Parameter Description

Unit
Measurement Method
Time of evaluation

Presentation of

evaluation results

further
on

Foreseen
actions based
evaluation results

Linkage to DoW’s KPIs
and targets

Result of evaluation

Parameter Description

Unit
Measurement Method
Time of evaluation

Presentation of

evaluation results

D3.3 Metrics to validate eco-bot engagement actions and proposed measures

This indicator shows the extensiveness of the preparatory work with regards to
existing policies (European Union Energy Policies, Policies regarding renewable
energy and energy efficiency and Energy Policies of IEA countries (mainly
between 2000 and 2018)) in order to create the model of customer behaviour for
Eco-Bot purposes.

Number

The number of policies that have been examined by KAT are counted.

D2.2

Annex of D3.3

None

From Section 1.1:

KPI_1.1: The number of policies, strategies, scientific papers and energy
efficiency models examined together with the number of identified factors
relevant for creating the model of customer behaviour for eco-bot purposes

Target: More than 100 energy efficiency models, research papers, projects,
policy guidelines are examined

(Note this target is an overall target for P42-P46)

500 different sources were analysed — including academic papers, books, policy
guidelines and technical reports involving online databases of scientific
research. More than 50 existing energy efficiency models were identified and
analysed.

P43—- Number of strategies examined

This indicator shows the extensiveness of the preparatory work with regards to
existing strategies (National Energy Strategies, EU White and Green Papers,
Action Plans, European directives, reports and roadmaps) in order to create the
model of customer behaviour for Eco-Bot purposes.

Number

The number of strategies that have been examined by KAT are counted.

D2.2

Annex of D 3.3
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Foreseen IU[alsl=I@ None

actions based
evaluation results

Linkage to DoW’s KPIs
and targets

Result of evaluation

on

KPI_1.1: The number of policies, strategies, scientific papers and energy
efficiency models examined together with the number of identified factors
relevant for creating the model of customer behaviour for eco-bot purposes

Target: More than 100 energy efficiency models, research papers, projects,
policy guidelines are examined

(Note this target is an overall target for P42-P46.)

500 different sources were analysed — including academic papers, books, policy
guidelines and technical reports involving online databases of scientific research.
More than 50 existing energy efficiency models were identified and analysed.

P44 — Number of scientific papers examined

Parameter Description This indicator shows the extent of the preparatory work with regard to the analysis

Unit

Measurement Method

Time of evaluation

Presentation
evaluation results

of various material sources - including scientific articles, books and technical
reports including online research databases (such as WoS and ScienceDirect).
In addition, it also refers to statistical data obtained from the following databases:
MURE, OECD, IRENA, EIA, Eurostat and GUS.

Annex of D3.3

Foreseen further [Nl

actions based
evaluation results

Linkage to DoW’s KPIs

Result of evaluation

on

KPI_1.1: The number of policies, strategies, scientific papers and energy
efficiency models examined together with the number of identified factors
relevant for creating the model of customer behaviour for eco-bot purposes

Target: More than 100 energy efficiency models, research papers, projects,
policy guidelines are examined

(Note this target is an overall target for P42-P46)

500 different sources were analysed — including academic papers, books,
policy guidelines and technical reports involving online databases of scientific
research. More than 50 existing energy efficiency models were identified and
analysed.
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Parameter Description

Unit

Measurement Method

Time of evaluation

Presentation of
evaluation results

Foreseen
actions based
evaluation results

further
on

Linkage to DoW’s KPIs
and targets

Result of evaluation

P45 — Number of energy efficiency models examined

This indicator shows the extensiveness of the preparatory work with regards to
existing energy efficiency models in order to create the model of customer
behaviour for Eco-Bot purposes.

Number

The number of energy efficiency models that have been reviewed by KAT are
counted.

D2.2

Annex of D3.3

None

KPI_1.1: The number of policies, strategies, scientific papers and energy
efficiency models examined together with the number of identified factors
relevant for creating the model of customer behaviour for eco-bot purposes

Target: More than 100 energy efficiency models, research papers, projects,
policy guidelines are examined

(Note this target is an overall target for P42-P46.)

500 different sources were analysed — including academic papers, books, policy
guidelines and technical reports involving online databases of scientific research.
More than 50 existing energy efficiency models were identified and analysed.

P46 — Number of identified factors relevant for creating the model of user

Parameter Description

Unit

Measurement Method

Time of evaluation

Presentation of
evaluation results

further
(o]

Foreseen
actions based
evaluation results

behaviour for Eco-Bot purposes

This indicator shows how many factors were identified as relevant for creating
the model of customer behaviour for Eco-Bot. These factors were derived from
the above mentioned work steps.

Number

The number of factors that have been identified as relevant for creating the model
of user behaviour by KAT are counted.

D2.2

Annex of D3.3

None

KPI_1.1: The number of policies, strategies, scientific papers and energy

Linkage to DoW’s KPls

D3.3 Metrics to validate eco-bot engagement actions and proposed measures

efficiency models examined together with the number of identified factors
relevant for creating the model of customer behaviour for eco-bot purposes
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Target: More than 100 energy efficiency models, research papers, projects,
policy guidelines are examined

(Note this target is an overall target for P42-P46.)

Result of evaluation 500 different sources were analysed — including academic papers, books, policy
guidelines and technical reports involving online databases of scientific research.
More than 50 existing energy efficiency models were identified and analysed.

P47 — Number of target groups (segments) successfully identified within the use
cases and mapped on the behavioural model that was identified as the most

relevant for Eco-Bot

Parameter Description This indicator measures how many segments were successfully identified and
mapped onto the behavioural model that was identified the most relevant for Eco-
Bot.

Unit Number

Measurement Method The number of target groups (segments) that were successfully identified (D 3.2)
and mapped onto the behavioural model as proposed in D 2.2. are counted.

Time of evaluation D2.3 and D3.2

Presentation o)l D3.2
evaluation results

Foreseen further [INIE
actions based on
evaluation results

(W] T[N (oM 0T\ WA (L Cl KPI_2.1: Number of target groups (segments) successfully identified within the
and targets use cases and mapped on the behavioural model that was identified as the most
relevant for Eco-Bot

Target: More than 40 clusters are created through Eco - Bot processing of the
pool of the collected data.

Result of evaluation 46, composed of 25 segments for residential households and 21 for commercial
facilities
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