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Acronyms

CAPEX Capital expenditures

DSS Decision Support System

GIM GreenSoul Information Model

GS GreenSoul

GST GreenSoul-ed Things

GWP Global Warming Potential

HVAC Heating, ventilation, and air conditioning

ICc Interactive Coaster

IcT Information and Communication Technologies
IR Individual Reminders

KPI Key Performance Indicator

LCA Life Cycle Assessment

OPEX OPerating EXpenditure

Pl Post-its

ROI Return on Investment

SP Smart Plugs

TCO Total cost of ownership

™ Trans theoretical Model of Behaviour Change
umMmbD Universal Monitoring Device
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Abstract

This deliverable contains a description of the overall evaluation of the solution deployed in
socio-economic terms.

This deliverable contains the end results of the social and economic impact of the solution
constructed in GreenSoul, including the evaluation of the social and economic impact of the

GreenSoul solution.
Previous deliverables D6.4. Evaluation Social and Economic
Impact report
D6.1: KPIs for the validation of the Final values of the KPIs of the project

GreenSoul behavioural models

D6.3 Validation of the behavioural model Complementary information about the
and the persuasion and reaction results of the project in terms of economic
mechanisms and social impact
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Changes History

VERSION DATE DESCRIPTION
vl 16/12/2019 First draft
v2 29/03/2020 Corrections
PAGES
REVIEWERS’ FEEDBACK DESCRIPTION OF CHANGES
MODIFIED
The report uses three scenarios to examine the
cost effectiveness of the solution. The text should
. The note was added and a new
acknowledge that the lack of statistically )
L . . content was added to Section 3.1
significant results from the pilot sites means that 7 and 26 o R
) . . . providing a justification for the
these data cannot be used directly in this analysis. . .
. o . scenarios build
The basis of the best, realistic and worse scenarios
should be justified more fully.
The target values for each KPI should be included
in the table of the executive summary. Also the
‘effect size of the treatments’ should show which .
o o . A new column was added with the
values are statistically significant. If a value is not o
L o 8 and 32 objectives of the KPls and removed
significant then the values calculated from this in o
non-significant results
the rest of the table (for example cost) should not
be presented. This also applies to table 8 in the
main text.
. ) ) The description of the KPI Time
Also, please clarify the meaning of the final three o .
. 7 inside defined comfort
rows of the table (% time inside etc). .
temperature has been improved
There is a crucial word missing (added in CAPS
below) from the summary of the worst scenario . .
- ] The sentences have been simplified
(page 6): “in these scenarios any treatment as 7 . .
. . . to ease its understanding
complex as the ones described on this project
should NOT be deployed.”
Some language is not clear eg “smoothly useless” —
final paragraph exec summary, page 7. “unitary
. . , . Several The typos were corrected
earrings.” Section 2.1.3 page 13; “a 24 Likert-type
guestions pertaining to a questionnaire” page 18
As the lifetime of the system is unknown and it is
not therefore possible to calculate the Total cost
of ownership please delete this from text and All references to the TCO and
tables. (section 2.1, page 11) and the results Several Decommissioning Cost have been
(section 4.1 on page 25 —with Cost of Ownership in deleted
first year. Also please delete the decommissioning
costs as these the life cycle is not analysed.
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Please provide operational costs (OPEX) separate

The values are provided

from the economic value of energy savings), Tables 5to 7
o o . desegregated
combining them is misleading.
There is a typographic error in the equation at the
bottom of page 14. It should read “this value is 15 The formula was corrected
multiplied by (1-0.7105) / 0.7105” NOT 0.07105
Please provide some justification for the
statement “Halving the energy consumption of the
equipment deployed seem feasible”. What is the 28 A justification was provided.
basis for this? (Interventions on the energy
consumption of the devices deployed, page 27)
As the “expected values are useless”(page 30) . .
. This information has been deleted
please delete tables 6 and 7 and associated text.
Section 3.3 does not add value, please delete. It was deleted in the final version
We have explained that this was
In Section 3.4.1 please clarify what does “look at related to the time and frequency
GS feedback” mean employees devoted to the
GreenSoul intervention.
In section 3.4 please add data and analysis on the A new section (3.4.1.2) has been
frequency with which users responded to prompts added towards presenting these
from GS and how this changed over time. results.
Please add a glossary for abbreviations eg UMD Done at the beginning of this
and GIM (page 24), IR, GST, DSS (page 25) document
We have explained the origin of
) y these changes . When we stated
In section 3.4.1.1 please say what the “Structural . .
. o that this had a negative effect on
changes in UDEUSTO and ALLIA pilot” were and . .
) . . the project. Specifically, the
why they should have “negatively influence the .
. number of people using the ICs at
usage of ICs in the months of October and .
Y the end of the project decreased
November of the year 2019
compared to the usual number of
IC’s units active.
On page 36 please replace Bilbao with the pilot
site name for consistency and ease of 39 Corrected
understanding.
Please refer to figure 12 In section 3.4.3.1, figure
13 in section 3.4.3.2 and figs 14, 15 and 16 in Done
3.4.3.3
L . . The final statement in 3.4.3.1 has
Please justify the final statement in 3.4.3.1 further . . .
. . been further explained, including
— it does not seem to follow from the preceding .
an extra figure to support the
text and numbers. ]
respective context.
The conclusions should include information on the .
. . . Added a comment on the results in
behaviour of the project relative to KPls and what
56 terms of KPIs and a note related to

some possible reasons for non-significant
performance could be.

the significant of the results.
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Executive Summary

In order to decide the suitability of the actions carried out and produce design-insights and
best practices, an assessment of the socio-economic impact of the results of the intervention
was carried out. The assessment made is based on the Life Cycle thinking and comprises not
only economic, but also environmental and social impacts.

Given that the results of the Randomized Control Trial carried out in the project were mostly
inconclusive in almost all pilots (see Deliverable D6.3), it is not possible to directly assess the
techno-economic impact of the solutions using real data from the pilot phase. To overcome
this situation, three scenarios were constructed that generalize the technological and social
environment seen in the pilots:

o REALISTIC scenario: this scenario takes the values of the parameters as approximated
as possible to the results from the data collected from the pilots and surveys held. In
particular:

O The initial mean energy consumption per day and user was set to 3 kWh/day.
O The reduction on energy consumption per treatment was set at 10%.

O Areliability of 99%.

O 20 users per treatment (80 users in total).

This scenario represent the typical conditions found in a “mean building” that wants
to deploy the GreenSoul solution. The data used is relative similar to our largest
deployment (UDEUSTO) but is almost twice energy efficient per user than the typical
public office building from Europe in order to stress the solution.

® BEST case scenario: this scenario takes the values of the parameters to a very good
starting situation that made the solution as appealing as possible. In particular:

O The initial mean energy consumption per day and user was set to 4.25
kWh/day.

O The reduction on energy consumption per treatment was set at 50 %.

O Achieving a reliability of 99.9% with a cheap solution would make this solution
particularly interesting for large deployments.

o 100 users per treatment (400 users in total).

This is a large deployment but continues to be feasible with the technology developed
at the project. In fact, this way, the cost of the shared infrastructure is better paid off
and would increase the sustainability (overall economically) of the solution. Please
note that the energy consumption is similar to the most efficient buildings and
correspond to a quite large building.

Dissemination Level: PU D6.3 Pilot Execution 7
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e WAORST case scenario: in contrast, this scenario takes the values of the parameters to
the values that made the solution not very appealing. In particular:

O Theinitial mean energy consumption per day and user was set to 1.5 kWh/day.
This set the initial potential savings quite challenging.

O The reduction on energy consumption per treatment was set to 5% due to the
fact that the energy consumption is already low and all the low hanging fruit
will be already taken.

o Achieving a reliability of 99% is a must for every commercial solution, so this
value will be left without modification as in the realistic scenario.

o 10 users per treatment (40 users in total).

This is a small deployment typical for an SME in a very high energy efficient building
(almost 4 times more efficient that the mean building). Please note that in this case
the shared infrastructure is paid off among very few people rendering the solution not
very appealing market-wise.

Under these scenarios, the conclusion we met are as follows:

e The WORST scenario will never recover the investments from an economic and
environmental perspective. Therefore, under the hypothesis set in this scenario,
treatments as complex as the ones described on this project should not be deployed.

e Under the hypothesis of the BEST scenario any energy efficiency intervention is
profitable. In fact, the results of the project shows that a ROI of 1 year could be
achievable if the right conditions are met.

e Finally, under the REALISTIC scenario the profitability can only be achievable if the
energy consumption and reliability of the solution is improved.

Finally, 6 KPIs have been selected in Deliverable D6.1 to monitor the progress of the project.

Energy Savings: Amount of energy (electricity + heating) saved during the pilot

Savings: Amount of money saved due to the of the energy (electricity + heating) saved
during the pilot

Greenhouse Gas Emission Reduction: Amount of GHG that have not been emitted
due to the energy (electricity + heating) saved during the pilot

Number of actions proposed by the system: Number of actions proposed by the
GreenSoul-ed that are accepted by the users

End user complaints: Amount of complaints received (bugs or user support)

Time inside defined comfort temperature: Percentage of time the temperature inside
the building is between the different comfort temperature thresholds (Poor 16 < x <
27 °C, Average 18 < x < 25 2C and Outstanding 22 < x < 24 2C)

The final value of these KPIs can be observed in the next table (significant results in bold):

Dissemination Level: PU D6.3 Pilot Execution 8
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TARGET ALLIA UDEUSTO MPH SEVILLE WEIZ ECOL TOTAL
Mean Energy Consumption per day and
- 4.25 3.61 1.54 3.22 194 0.59 3.00
person (kWh/day and person)
Number of persons -- 45 118.70 25 59 15 35 298
Effect Size of the treatments (%) 15-30 | -22.32 7.05 -64.65 1593 17.03 - 6.46
Cost of energy (€/kWh) - 0.1266 0.1098 0.1059 0.1098 0.1011 0.1266 0.2159
GHG emissions energy mix (kg COeq/kWh) -- 0.5890 0.3430 0.8100 0.3430 0.2110 0.5890 0.444
Energy Savings (MWh) -- -- - 3.33 - - - -
Savings (k€) - - - 0.35 - - - -
Greenhouse Gas Emission Reduction (tCO3) - - - 2.69 - - - -
Actions proposed by the DSS (per month) 30-60  24-30 40-46  310-350 24-30 - - -
Informative Notifications proposed by the DSS
30-60 105-110 285-317 148-152 140-145 - - -
(per month)
End user complaints (per month) 10-30 See Section 3.3
[poor] 100 96.05 91.46 97.00 95.92
% time inside [expected] comfort temperature 75 - 61.51 45.52 85.27 -- 77.96 -
[outstanding] 75 33.22 19.80  52.87 52.24

Finally, the social impact has been studied with several focus groups. The main conclusion

achieved from these discussions were that the interactive treatments were effective during

the first two months and then, they slowly became useless for the purpose they were

designed for (whereas it is important knowing that participants kept doing green actions for

the only reason of having an Interactive Coaster in their work desk). Moreover, the users liked

the approach taken by the DSS and GST treatments, still they would have liked to have a more

proactive system that reminded them of their mistakes in real time instead of a visualization.

In the same vein, participants missed a mechanism that provides explicit energy digests of

their performance (either on the mobile app or in the email).
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1. Introduction

This deliverable contains an assessment of the socio-economic impact of the results of the
intervention carried out in order to decide the suitability of the actions and produce design-
insights and best practices. The main objective is to assess if the solution paid off for itself
from an economic, environmental or social perspective. To this end, a Life Cycle thinking
assessment is carried out comprising not only economic, but also environmental and social
impacts. The next sections detailed the methodology followed for the estimation of the
impacts of every category and the results of applying it to the interventions in the 6 pilots.
Using the information from this assessment, results from the KPIs of the project and the KPIs
requested by the European Commission are provided.

Dissemination Level: PU D6.3 Pilot Execution 12
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2. Methodology

A sustainability analysis of the cost of the solution is going to be made in order to assess
several of the KPIs required by the project and by the European Commision. In particular, the
CAPEX and OPEX and Environmental Impact of the solution will be assessed. To this end, three
different questionnaires were deployed to the different stakeholders and end-users to assess
the different impact of the project in economic, environmental and social terms.

Annex A shows the spreadsheet used to perform the calculations needed to estimate the
these values. Values from the spreadsheet have been taken from different sources:

® Source A: Estimation from direct measurements from the different components
deployed. This is the preferred source of information.

e Source B: For some of the components that we do not have direct measurements,
every pilot leader has been asked to send an estimation. This is the second preferred
source of information.

e Source C: Finally, for some of the variables, the values have been taken from the
literature or from internet searches as the pilot leaders do not have proper data to
estimate it.

The next sections will include a description of the instruments used and a description of the
stakeholders consulted.

2.1 CAPEX

The CAPEX of a product includes all “one time” costs associated with the purchase and
installation of the solution. In this case, CAPEX of the different interventions is composed of:

® Purchase costs: This quantity contains the costs of acquiring the required devices
needed to perform the different treatments. In this case, the value comes from the
invoices charged to the pilots for them (A) except for the components that have been
manufactured by partners specifically for the project. For these cases, estimations of
the probable costs after its industrialization will be provided (B). The purchase cost
will be the sum of the number of units times the retail price unitary costs.

e Installation cost: This quantity contains the installation cost of the devices including
setup and configuration. It is calculated with an estimation of the mean time spent to
install it on the pilots (B) times the hourly rate of the staff (B) providing the installation
service times the number of devices to be installed.

The total CAPEX cost of the solution will be the sum of the two previous quantities.

Dissemination Level: PU D6.3 Pilot Execution 13
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2.2 OPEX

The OPEX of a product measures the “running costs” associated with keeping the product
providing the service. In this case, the OPEX of the different interventions is composed of:

e Energy consumed costs: This quantity measures the mean amount of energy used by
every device deployed on a day (A). The total cost will be the number of units times
the mean energy consumed per day times the number of days times the mean cost
for non-residential users during 2018 of the electricity for the EU-28%. Please note that
direct measurements of the energy consumption have only been carried out in
UDEUSTO to retrieve the energy consumption of the different components but it
should be quite similar in the rest of the pilots.

e Energy Saved costs: This quantity measures the mean amount of energy saved by
every treatment on a day. The total savings will be the number of units times the mean
energy saved per day times the number of days times the mean cost for non-
residential users during 2018 of the electricity at the european level. Please note that
the mean energy saved cost is the results of the behaviour changes produced by the
different treatments and as such will be only provided per treatment (no per device).
Moreover, it is possible that a treatment induces more energy, so this value could be
negative. For a discussion of the amount of energy saved per treatment, please see
Deliverable D6.3.

e Maintenance needed: This quantity measures the maintenance costs that every
treatment has during the project. It is calculated as the number of interventions
carried out times the mean costs of them. This value presents a lot of problems. We
have asked the pilot leaders about the amount of actions carried out (B) and we have
data of the number of malfunctions produced by the equipment (A) (see Deliverable
D5.4 for details) but the numbers do not completely agree. On the one hand, the data
shows that 20% of the working days a device has 0 or null energy consumption
suggesting a malfunction. Nevertheless, these problems come in bursts of devices,
whose solution is just a reboot of the system that mostly takes a couple of minutes.
To this end, it is assumed that 99% of the devices times the number of days deployed
a 5 minutes intervention is needed. This value is a compromise value between the
measured malfunctions and the reported maintenance needs from the pilots.

e Productivity balance: The interventions carried out have produced a small variation
in the productivity of the workers primarily due to the “distractions” that the
interventions are caused. To this end, a survey among the end users has been
deployed to estimate the amount of time spent interacting with the different devices
deployed at the pilots (B). Moreover, direct measurements on a test subject in a lab

1 Eurostat. Electricity price statistics. Accessed on the 20/09/2019. https://ec.europa.eu/eurostat/statistics-
explained/index.php/Electricity price statistics
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environment have been carried out (A) (see Section 3.4 for details). As before, as there
has been disparities between the data reported and the data measured, it has been
decided to take the data measured as valid even as most probably is not completely
representative of the amount of time used by the pilots. The final costs for this
category will be the number of devices times the amount of days of the pilot times the
time spent interacting with these devices times the mean salary rate of the employees.

The total CAPEX cost of the solution will be the sum of the energy consumed plus the
maintenance costs plus the productivity costs minus the energy saved.

2.3 Environmental impact

The measurement of the environmental impact is normally conducted in H2020 projects by
only assessing the abatement of emissions related to the Global Warming Potential (GWP).
Nevertheless, as the actions in the projects produce new devices that have produced
emissions in its manufacturing it is needed to check that the reduction of emissions produced
by the interventions at least cover the emissions made by the manufacturing and use of these
devices. To this end, we will assess only the GWP impact category and conduct a simplified
Life Cycle Assessment (LCA)? based on a similar analysis carried out in the literature.

As all devices considered in GreenSoul could be considered as miniaturized computers without
screen, we will look for LCA made for similar products. Teehan, P., & Kandlikar, M. (2012)3
analyze 11 LCAs made for this type of computers in the literature and conclude that the GWP
of this type of computers is mainly due to the emissions made by the generation of the energy
used both in the use phase and in the manufacturing process. In particular, these two phases
account for more than 98% of the overall energy consumption during the life cycle of the
product and 95% of the impacts. The exact distributions of both, the energy and emissions,
among the two phases depends mainly on the country where the computers are built and
used. In order to simplify the assessment, we have assumed that all contribution to the GWP
comes from the energy consumption and that the devices have been built and used in
countries with the same energy mix.

In particular, we will use the emissions from mean EU-28 for 2013 (last year published) from
the Default Emission Factors proposed by the Covenant of Mayors* under the LCA method of
estimation. Moreover, we will assume the following distributions of energy consumption
among the different phases: 71.05% for the use phase, 27.02% for the manufacturing phase

2 Klopffer, W., & Grahl, B. (2014). Life cycle assessment (LCA): a guide to best practice. John Wiley & Sons.

3 Teehan, P., & Kandlikar, M. (2012). Sources of variation in life cycle assessments of desktop computers. Journal
of Industrial Ecology, 16, S182-5194.

4 Koffi, B., Cerutti, A., Duerr, M., lancu, A., Kona, A., & Janssens-Maenhout, G. (2017). Com Default Emission
Factors for the Member States of the European Union. Available online: http://data.europa.eu/89h/jrc-com-ef-

comw-ef-2017
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and 1.93% for the rest of phases (transport and decommissioning). Please note that this
corresponds to the mean values observed by Teehan, P., & Kandlikar, M. (2012).

To estimate the environmental impact, first it is estimated the impact from the use phase u.
To this end, the number of devices is multiplied by the amount of energy consumed by device
by day by the amount of days by the emissions from the energy mix. Then, to assess the
impact for the rest of phases o, this value is multiplied by (1-0.7105) / 0.7105. This formula
comes from working out the system of equations:

0.7105t = u
u+o=t
where t denotes the total emissions, o the emissions from the rest of phases and u the
emissions during the use phase.

Next, we estimate the amount of emissions saved by the intervention. To this end we multiply
the number of devices by the amount of energy saved by device by day by the amount of days
by the emissions from the energy mix. Finally, to achieve the overall environmental impact
result, we just use the second identity from the previous equation.

Please note that the impact associated for the decommissioning stage of the devices is the
most relevant for other categories, especially for the Human Toxicity Potential, but we are
not considering them in this report.

2.4 Social impact

To assess the social impact we have performed a set evaluations with the users of different
pilot buildings. In the following we describe these methodological approaches using mixed
methods, including qualitative and quantitative approaches and data triangulation, whereby
data are collected using a variety of methods from different sources.

2.4.1 Questions related to the behaviour change and energy awareness

These well also part of the PRE and POST pilot surveys. We provided the outcomes of these
societal constructs taking the dataset as a whole and differentiating according to the city and
the treatment the employees in different pilots were subjected to. In that way, we were able
to assess where the GS approach had an impact and which were the mechanisms that
triggered such a change. Specifically, our interest in the social impact laid in the following
constructs:

The intentions to behave in favor of the environment through the Transtheoretical
model (TTM)>, the confidence the people have on technology to solve all

> Prochaska, J. O., & DiClemente, C. C. (1982). Transtheoretical therapy: toward a more integrative model of
change. Psychotherapy: theory, research & practice, 19(3), 276.
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environmental problems® and, finally, the barriers end-users encounter hindering
them to behave energy efficiently”:2.

In the following we explain these constructs to later provide the results in Section 3.4.

TTM takes into account several states of change when modifying a behaviour:
precontemplation, contemplation, preparation, action, maintenance and termination.
Although this model involves complementary constructs, the “Stages of Change” set the basis
of the framework, offering a key dimension to locate the user in a longitudinal position of the
behaviour change process. In this study we relied on Tribble’s short version of the TTM who
transformed the original questionnaire to address sustainable behaviours®. In this short
version, the stages of change are classified as:

e Pre-contemplation stage generally either deny or do not realize they have a problem,
and thus they have no intention to change their behaviour in the next six months.

e Those in the Contemplation stage may recognize that they should change, but they
are still ambivalent about doing so. Participants in this stage recognize that they
should change, have weighed the costs and benefits, and are beginning to formulate
plans for changing their behaviour.

e |nthe Action stage, participants have actually begun to change their behaviour.

With these three sub-constructs we can as well evaluate the overall intentions for behavior
change. Thus, we can understand whether a set of users had maintenance, progress or
relapse the stage of change. Fig. 1 helps to understand the TTM.

6 Milfont, T. L., & Duckitt, J. (2010). The environmental attitudes inventory: A valid and reliable measure to assess
the structure of environmental attitudes. Journal of environmental psychology, 30(1), 80-94.

7 Kollmuss, A., & Agyeman, J. (2002). Mind the gap: why do people act environmentally and what are the barriers
to pro-environmental behavior?. Environmental education research, 8(3), 239-260.

8 Reddy, B. S. (2013). Barriers and drivers to energy efficiency—A new taxonomical approach. Energy Conversion
and Management, 74, 403-416.

% Sarah L. Tribble. Environmental Readiness to Change Questionnaire Adapted from: Forsberg, Halldin, and
Wennberg (2003). In Promoting Environmentally Responsible Behaviors Using Motivational Interviewing
Techniques. Honors Projects. Paper 124.
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Figure 1: The stages of change according to the TTM.

The role of automation and ICT has been widely examined from a cognitive point of view in
several scenarios!®1%12 |n the majority of these fields, the studied phenomena is associated
with the implications of complacency or dilution of responsibility due to ICT in relation to
everyday routines at home or at work. A prominent example is the role it plays in critical
systems such as aviation®3. Reviewing the body of research in loT and automation, we found
several approaches that rely on loT to automate tasks and processes'4'>'6. However, is still
difficult to find field studies that address the effects or societal impacts of loT-mediated
automation beyond trust and security concerns’*819.20 Thys, the majority of scholars report
evidence on how humans can trust in automated systems but not the effects of such trust

10 R, Parasuraman and D. H. Manzey. 2010. Complacency and bias in human use of automation: An attentional
integration. Human factors 52, 3 (2010), 381-410

11 J. Nuamah and Younho Seong. 2017. Human machine interface in the Internet of Things (IoT). In 2017 12th
System of Systems Engineering Conference (SoSE) . IEEE, 1-6.

12 Christopher D Wickens, Benjamin A Clegg, Alex Z Vieane, and Angelia L Sebok. 2015. Complacency and
automation bias in the use of imperfect automation. Human factors 57, 5 (2015), 728-739

13 Charles E Billings. 2018. Aviation automation: The search for a human-centered approach. CRC Press

14 Haider Tarish Haider, Ong Hang See, and Wilfried EImenreich. 2016. A review of residential demand response
of smart grid. Renewable and Sustainable Energy Reviews 59 (2016), 166—178.

15 M Victoria Moreno, Antonio F Skarmeta, Luc Dufour, Dominique Genoud, and Antonio J Jara. 2015. Exploiting
loT-based sensed data in smart buildings to model its energy consumption. In 2015 IEEE International
Conference on Communications (ICC). IEEE, 698703

16 p pavithra and Ranjith Balakrishnan. 2015. loT based monitoring and control system for home automation. In
2015 global conference on communication technologies (GCCT). IEEE, 169-173

e Tigist Abera, N Asokan, Lucas Davi, Farinaz Koushanfar, Andrew Paverd, AhmadReza Sadeghi, and Gene
Tsudik. 2016. Things, trouble, trust: on building trust in loT systems. In Proceedings of the 53rd ADAC. ACM, 121.
18 pg| Varga, Sandor Plosz, Gabor Soos, and Csaba Hegedus. 2017. Security threats and issues in automation loT.
In 2017 IEEE 13th International Workshop on Factory Communication Systems (WFCS). IEEE, 1-6.

19 ). Nuamah and Younho Seong. 2017. Human machine interface in the Internet of Things (IoT). In 2017 12th
System of Systems Engineering Conference (SoSE). IEEE, 1-6.

20 Enrico Costanza, Joel E Fischer, James A Colley, Tom Rodden, Sarvapali D Ramchurn, and Nicholas R Jennings.

2014. Doing the laundry with agents: a field trial of a future smart energy system in the home. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems. ACM, 813-822.
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entail in the long term or in other contexts of use when the automation disappears.
Interestingly, the majority of current proposals to address global warming partly rely on loT
(e.g. demand response with smart-grids?>?2 or occupancy-driven energy management
systems?3) and, in general, these are well perceived by users almost without objection??.
However, it is interesting to note some technological paradoxes in this context. Technology
has a leading role as a solution but sometimes it is also part of the problem (e.g. technological
artifacts conceived towards energy efficiency that do not really compensate during their lives
the greenhouse gases emitted to produce them). Moreover, enhancements on energy
efficiency can provoke increased demand for energy services or even misuse of them. In the
same vein, over-reliance on automation and technology may bring undesired effects to pro-
environmental behaviour and reduce the personal responsibility for action2>26,

Given that trust, generally, is a complex concept that is related to, yet not completely
analogous with, confidence. In this study we followed the definition given by Madsen, M., &
Gregor, S. (2000)?’:

“Human-computer trust is defined to be the extent to which a user is confident in, and
willing to act on the basis of the recommendations, actions, and decisions of an
artificially intelligent decision aid”.

Specifically, we took into consideration the (counter)effects and the overall faith or trust in
cutting-edge technology as a solution for all environmental current and future problems to
examine how GS treatments fostered user pro-environmental behaviour. To this aim, we
focused on appliances that over-consume energy due to standby or those which are not
usually switched off (e.g. PC, monitors or laptops). In essence, to assess the degree in which
users rely on technology (ICT or automation) we extracted specific questions from a 24 Likert-

21 Haider Tarish Haider, Ong Hang See, and Wilfried Elmenreich. 2016. A review of residential demand response
of smart grid. Renewable and Sustainable Energy Reviews 59 (2016), 166—178.

22 Enrico Costanza, Joel E Fischer, James A Colley, Tom Rodden, Sarvapali D Ramchurn, and Nicholas R Jennings.
2014. Doing the laundry with agents: a field trial of a future smart energy system in the home. In Proceedings of
the SIGCHI Conference on Human Factors in Computing Systems. ACM, 813-822.

23 \1 Victoria Moreno, Antonio F Skarmeta, Luc Dufour, Dominique Genoud, and Antonio J Jara. 2015. Exploiting
loT-based sensed data in smart buildings to model its energy consumption. In 2015 IEEE International
Conference on Communications (ICC) . IEEE, 698—703.

24 pedro Ponce, Kenneth Polasko, and Arturo Molina. 2016. End user perceptions toward smart grid technology:
Acceptance, adoption, risks, and trust. Renewable and Sustainable Energy Reviews 60 (2016), 587-598.

25 Niamh Murtagh, Birgitta Gatersleben, Laura Cowen, and David Uzzell. 2015. Does perception of automation
undermine pro-environmental behaviour? Findings from three everyday settings. J. of Environmental Psychology
42 (2015), 139-148

26 Casado-Manisilla, D., Garaizar, P., & Lépez-de-Ipifia, D. (2019, October). User Involvement Matters: The Side-
Effects of Automated Smart Objects in Pro-environmental Behaviour. In Proceedings of the 9th International
Conference on the Internet of Things (p. 23). ACM.

27 Madsen, M., & Gregor, S. (2000, December). Measuring human-computer trust. In 11th australasian
conference on information systems (Vol. 53, pp. 6-8).
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type items from a questionnaire that evaluates the pro-environmental attitudes
(Environmental Attitudes Inventory (EAI))?%. In this inventory several sub-scales are
measured, one of them the confidence in technology as a means to solve all environmental
issues in the future. A sample of related questions in this subscale of the EAl inventory are:

e Science and technology will eventually solve our problems with pollution,
overpopulation and diminishing resources.
Modern science will solve our environmental problems.

® (R) We cannot keep counting on science and technology to solve our environmental
problems.

There are many studies in the body of literature that address barriers and drivers towards
pro-environmental behaviour. In these articles, the distinctions and the hierarchy between
the different inuential factors are to some extent arbitrary. Just as an example, Kollmuss et
al.?® distinguished between the following factors: demographic factors, external factors (e.g.
institutional, economic, social, and cultural factors) and internal factors (e.g. motivation,
environmental knowledge, awareness, values, attitudes, emotion, locus of control,
responsibilities, and priorities). In our research, we investigated three different factors:

e Absentmindedness (internal factors)
e® Lack of Awareness (internal factors)
e Discouragement about work-peers (external factors)

Furthermore, we explored if demographic factors also played a role in these barriers as we
provided a detailed analysis by the different cities of the GS pilots.

2.4.2 Direct questions to the end users as part of the post treatment survey

The GS pilot end-users were given 7 questions/statements to answer/assess regarding the
GreenSoul tools deployed on premises, namely:

e Awards in a gamified manner can help me be more energy efficient at work

e Visualisation of my energy performance either directly (through an app) or indirectly
(through the Interactive Coasters) makes me more aware and active in terms of energy
efficiency.

e | prefer smart equipment and ICT solutions that make me more energy efficient than
analog strategies (e.g. posters or post-its)

28 7_L. Milfont and J. Duckitt. 2007. A brief version of the environmental attitudes inventory. (2007)

29 Kollmuss, A., & Agyeman, J. (2002). Mind the gap: why do people act environmentally and what are the
barriers to pro-environmental behavior?. Environmental education research, 8(3), 239-260.
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e How often do they check feedback from the GreenSoul components?

e Do you think that energy reduction has been achieved thanks to the GreenSoul
feedback you received?

e Do you think that the energy-awareness has been enhanced thanks to the GreenSoul
feedback you received?

e Do you think that the GreenSoul project has been effective to the purpose of reducing
your energy consumption?

By doing so, the perception of the end-users in terms of the GreenSoul tools was to be
assessed. At this point we need to highlight the fact that for the last part, CERTH/ITI was
excluded from the responses as not GS technologies have been used by this pilot.

2.4.3 Focus groups with some of the employees and participants.

The focus group method is a generic research technique used to obtain qualitative data. Focus
groups are defined by Rabiee3° as 'a series of well-planned discussions intended to elicit
participants' perceptions and interests in a given area of knowledge, all in an assertive,
relaxed and non-judgmental environment'. The same authors emphasize that focus groups
are a very relevant technique because:

e they combine semi-structured interviews with open questions, which offers a
narrative about the topic studied;

e they are sessions in which observation plays a fundamental role on the part of the
person moderating the session, since they establish dynamics that a recorder cannot
pick up (e.g., body language); and

e the information that was not previously planned in the script can be obtained thanks
to the debates that arise during the sessions.

In addition to focus groups, other techniques for obtaining qualitative data can be found in
the body of literature on qualitative research: personal interviews, surveys or observation.
What is essential at the time of selecting one of them among the different options, is to assess
which of the techniques allows us to extract data closer to the objectives we wish to achieve.
Furthermore, it is important to take into account the temporal and economic cost associated
with each technique. Having assessed these premises, we decided to apply the focus group
technique for the following reasons:

e Thefocus group technique allowed us to reach several members of each group studied
in a single session. Therefore, the time cost associated with this methodology is much
lower than that of personal interviews.

30 Rabiee, F. (2004). Focus-group interview and data analysis. Proceedings of the nutrition society, 63(4), 655-
660.
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e Confronting the impressions of several people who have been exposed to the same
task or experimental condition and therefore, feeding the debate among the
participants, makes the focus group a more enriching strategy as far as the
information obtained is concerned. In this respect, the personal interview, even
though it may be semi-structured, loses the essence of gathering the collective
experience. Similarly, mere observation does not provide us with information on the
users' perception of the interaction received.

In order to evaluate the follow up of some of the treatments (specifically the GST and ALL
treatments), a series of focus groups were carried out in UDEUSTO pilot. Specifically, in
December 2018, in March 2019 and at the end of the post-pilot phase in November 2019.

#general
22| £12 | % 0 | Anuncios para todala empresa y cuestiones de trabajo

GS-DeustoTesti... © /i
Thursday, January 17th
Za Jump to... me alegro que te venga mejor ahora

@ Adriin Nufez-Marcos 141 Ph

Threads 4 A mi también me parecia ayer que el consumo era superior sin ninglin motivo aparente, porque consumi mas que el dia anterior estando menas tiempo.

Channels Friday, January 18th

idiez 408 M
vale, acaba de pasarme a rojo

cuando pasa a rojo vibra con ganas, por todo lo que no ha vibrado antes xd

solo que, en vez de que la progress bar esa siga en rojo, se me ha puesto todo el circulo en rojo
Wednesday, January 30th

Mikel Emaldi o:21 Am
Hola, por aqui no nos conecta el IC
) Alvaro Muro 9:22 A
" 4 Aqui si esta conectado
# general
Ane Irizar Arrieta 025 am
Kaixo! Le echamos un vistazo, gracias por la informacién!!
Direct Messages H enrlque.sanz 5:4< piv
Ami me sigue sin funcionar

Mikel Emaldi .42 pr
idem

E Dieguich 5:45 P11
Hola

Si estamos en caida en nuestro ala

Mikel Emaldi .45 pr
Hala! (chiste malo)

[ ] 7 ast repl ths a
o 2replies Last reply 11 months ago

E Dieguich 3:45 P
Parece ser que el router se ha rebooteado a valores de fabrica
Y hasta que no hagamos alguna configuracion de static assigments...no funciena

Mikel Emaldi 545 pr
Ah, igual por eso antes el portatil se me ha conectado a la red Lynksis no se qué xDDD

E Dieguich :46 pr
Exacto

Figure 2: Slack channel to dynamize the focus groups

The participants were recruited voluntarily. We first created with them a private Slack channel
(see Fig. 2) where we asked some questions to participants (N=10) and we sparked the
discussion in the collective channel (#general). The majority of the questions were related to
the following dimensions: “Interaction”, “Attachment/confidence”, “Mediator/Emotion”,
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“Context”, and “Behavior”. Those dimensions were extracted from a previous study of some
of the GS participants3'3? (see Fig. 3).

Use- context

Behaviour . .
Relationship between the
. Attachment
augmented device and people
Confidence
Interaction to reduce energy waste.

Emotion Mediator

Figure 3: Dimensions related to energy efficiency at work

Then, in the physical meetings, we tried to deepen over the actual facts that make them
change an everyday behaviour or address which kind of strategy would work better for them.
Two researchers transcribed to text the audio recorded in each of the groups interviewed. No
translation software was used for the transcription.

31 Casado-Mansilla, D., Garaizar, P., & Lopez-de-lpina, D. (2018, June). Design-insights for Devising Persuasive
loT Devices for Sustainability in the Workplace. In 2018 Global Internet of Things Summit (GloTS) (pp. 1-6). IEEE.
32 Irizar-Arrieta, A., Casado-Mansilla, D., Garaizar, P.,Lopez-de-Ipifia, D., and Retegi, A (January, 2020). “User
perspectives in the Design of Interactive Everyday Objects for Sustainable Behaviour” In International Journal of
Human-Computer Studies. https://doi.org/10.1016/j.ijhcs.2019.102393
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3. Results

The following sections provide a summary of the main results of the assessment and a
discussion of how we have used these values to complete the KPIs from the project and for
the European Commission

3.1 Life Cycle thinking assessment of the sustainability of the solution

Given that the results of the Randomized Control Trial carried out in the project were mostly
inconclusive in almost all pilots (see Deliverable D6.3), it is not possible to directly assess the
techno-economic impact of the solutions using real data from the pilot phase. To overcome
this situation, three scenarios were constructed that generalize the main parameters that
drive the economic costs. Namely, it was modified:

the mean initial energy consumption per user and day,
the percentage of reduction on energy consumption due to the treatments,
the reliability of the solution (measured in up-time), and

the amount of users per pilot.

In order to build these scenarios, the “mean pilot building” was built. According to the EU
Buildings Observatory33 the Total Floor Area and the Number of Office can be seen in Table
1. This table shows the latest data available (2013) for the countries were the pilots were held.
Unfortunately, the database does not contain data from Austria for any year. From that data
it is possible to calculate the Mean Floor Surface per Office. It can be seen that the Average
Floor per Offices is around 325 m? pero office. Now, according to several sources34, the typical
amount of space per user in a office building range from 4.5 to 14 m? per user this main that
the Average Number of Users per Office range from 73 to 23.

Total Floor Area  Number of Average Floor Average Number of

of Offices Offices per Office Users per Office
Mm? thousand m?/office persons/office
Spain 97 283 343 77 24
United Kingdom 129 446 290 65 20
Greece 16 48 343 77 24
AVERAGE 325 73 23

Table 1: KPIs of office buildings

33 https://ec.europa.eu/energy/topics/energy-efficiency/energy-efficient-buildings/eu-bso en
34 see for example
https://www.ucl.ac.uk/estates/sites/estates/files/ucl space standards guidlines v2-181002.pdf
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According to the Global Energy Assessment project3, the distribution of energy consumption
inside a building can be found in Table 2. The pilots carried out does not measure all of the
Energy Services considered in this table. It seems like we are considering like the 60% of the
total energy consumption of office buildings.

Energy Service % of Energy Considered in the Pilots

Lighting 21 Yes
Space Heating 16 No
Space Cooling 14 No

Ventilation 9 Yes
Refrigeration 7 No
Electronics 4 Yes
Water Heating 4 No
Computers 4 Yes
Cooking 1 Yes
Other 20 Yes

% of Energy Considered in -

the Pilots
Table 2: Distribution of energy consumed per energy service
Now, according to the Odyssee-Mure initiative, the Average Energy Consumption per User
can be found in Table 3. Applying the reduction factor due to the energy services measured
in the project, we obtain that the average energy consumed per user at the pilots should be
around 7.52 kWh per user per day.

Average Energy Consumed per
Average Energy

User for the Energy Services

Consumed per User
P considered in the Pilots

kWh/user/day kWh/user/day
Spain 13.99 8.25
United Kingdom 8.78 5.18
Austria 11.04 6.51
Greece 17.21 10.16
AVERAGE 12.75 7.52

Table 3: Energy consumption of buildings

35 Urge-Vorsatz, D., Eyre, N., Graham, P., Harvey, D., Hertwich, E., Jiang, Y., . .. Jochem, E. (2012). Energy End-
Use: Buildings. In Global Energy Assessment Writing Team (Author), Global Energy Assessment: Toward a
Sustainable Future (pp. 649-760). Cambridge: Cambridge University Press. doi:10.1017/CB09780511793677.016
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Taking into consideration the previous information, 3 scenarios have been built:

o REALISTIC scenario: this scenario takes the values of the parameters as approximated
as possible to the results from the data collected from the pilots and surveys held. In
particular:

O The initial mean energy consumption per day and user was set to 3 kWh/day
rounded from 3.003 kWh/day obtained during the experimental phase as the
mean for all pilots result during the baseline. Please note that the energy
measured by the smart plugs (thus individually controlled by the end users) is
a 10 % of this figure (~0.3 kWh/day).

o The reduction on energy consumption per treatment was set on 10% rounded
from 6.46% obtained as the average reduction of the energy consumption of
the pilots during the individual phase. Please note that this is an average of
significant and non-significative results, so it should be taken with extra care.

o a reliability of 99% quite increased over the 80% reliability measured at the
pilot. Please note that the experimental phases were carried out with
prototypes hardly tested so an 80% of up-time could be considered a huge
success. A reliability of 99% for a commercial product could be considered as
a precondition before the solution could be qualified as TRL9, so it is a safe
hypothesis.

O 20 users per treatment (80 users in total).

This scenario represent the typical conditions found in a “mean building” that wants
to deploy the GreenSoul solution. The data used is relative similar to our largest
deployment (UDEUSTO) but is almost twice energy efficient per user than the typical
public office building from Europe in order to stress the solution.

® BEST case scenario: this scenario takes the values of the parameters to a very good
starting situation that makes the solution as appealing as possible. In particular:

o The initial mean energy consumption per day and user was set to 4.25
kWh/day. The value was taken from ALLIA, the pilot that has the worst energy
consumption per capita of the project3®.

0 The reduction on energy consumption per treatment was set at 50% rounded
from 49% obtained as the mean reduction of the energy consumption of MPH
during the individual phase, as before, the best reductions found. Please note
that, as in the REALISTIC scenario, this is an average of significant and non-
significative results, so it should be taken with extra care.

36 This value was probably due to a better zonification of the measurement device that is able to capture more
energy services.
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o Achieving a reliability of 99.9% with a cheap solution would make this solution
particularly interesting for large deployments.
O 100 users per treatment (400 users in total).

This is a large deployment but continues to be feasible with the technology developed
at the project. In fact, this way, the cost of the shared infrastructure is better paid off
and would increase the sustainability (overall economically) of the solution. Please
note that the energy consumption is similar to the most efficient buildings and
correspond to a quite large building.

WORST case scenario: in contrast, this scenario takes the values of the parameters to
the values that made the solution not very appealing. In particular:

O Theinitial mean energy consumption per day and user was set to 1.5 kWh/day.
This value was taken from MPH were the best energy consumption per capita
were found?’. This set the initial potential savings quite challenging.

o The reduction in energy consumption per treatment was set on 5% due to the
fact that the energy consumption is already low and all the low hanging fruit
will be already taken.

o Achieving a reliability of 99% is a must for every commercial solution, so this
value will be left without modification as in the real scenario.

o 10 users per treatment (40 users in total).

This is a small deployment typical for an SME in a very high energy efficient building
(almost 4 times more efficient that the mean building). Please note that in this case
the shared infrastructure is paid off among very few people rendering the solution not
very appealing market-wise.

The rest of parameters were fixed for the three scenarios:

Components included in the solution: all components of the solution have been
considered and grouped into two categories: the shared infrastructure needed to run
a pilot and the components needed for every treatment. In particular, the
classification is:

o Shared: Smart Plugs for shared equipment (SP), UMDs for general
measurements, Computer for the GIM and WeSave (could be the same or
different), Routers and raspberry Pi for retrieving the information from the SP
and the annual fee for the GIM and WeSave.

o IR: Posters and SP.

O GST: Interactive Coasters (IC) and SP.

37 This v
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o DSS: Computer for the APP and DSS (could be the same used for the GIM and
WeSave or different), APP and DSS Licences, SP, Smart Phones, Sensors and
Smart Lighting System.

O ALL: All previous one.

e Purchase and installation costs: the values were taken from purcharment orders from
the pilots or final prices to external parties of the equipment provided by the partners
of the consortium. Two exceptions were made for IC and Smart Lighting as these are
prototypes developed during the project. Estimated costs of final selling prices were
made from the actual costs of the prototypes.

e Installation times: mean values from the installation used on the different pilots were
used. Please note that the learning curve was taken into consideration and have only
taken into consideration the latter installations.

e Hourly rates: different hourly rates for different staff are needed. Mean values from
Spain were used. Please note that this is one of the most volatile values and should be
updated for a tailored analysis.

e Energy cost and energy mix: the energy cost and the energy mix was taken from the
mean EU-28 as explained in Section 2.

Table 4 contains a summary of the main properties of the three scenarios.

Initial consumption Reduction. of Reliability # users per

per day and user consumption treatment
REAL 3 kWh/day 10% 99% 20
BEST 4.25 kwWh/day 50% 99.9% 100
WORST 0.6 kWh/day 10% 99% 10

Table 4: Summary of the scenarios characteristics and their results

Table 5 contains the results of the economic assessment in terms of CAPEX, OPEX, Savings
and Environmental Impact for the three scenarios. As can be seen, only in the BEST scenario
the running costs are lower than the savings (with an impressive ROl of 2 years), so the
investments can be returned and the solution does have economic sense to be implemented.
Please note that the BEST scenario is most probably highly favourable to implement Energy
Efficiency measures in general and the GreenSoul solution in particular. On the other hand,
given the actual rather restrictive hypothesis, it is not justified from an economic point of view
for the implementation of the solution. Nevertheless, from the environmental point of view,
on the BEST and REAL scenarios the environmental impact is negative (namely, the solution
has actually avoided the emission of CO,) and makes environmental sense.

CAPEX (€) OPEX (€) Savings (€) Environmental (kg COzeq)
REAL 13436.90€ 3826.65€ 1097.09€ -2 618.95 kgCO2
BEST 32666.23€ 14144.80€ 38845.56€ -133 747.73 kgCO2
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WORST 11033.23€ 2194.69¢€ 140.71 € 419.57 kgCO2
Table 5: Summary of the results for every scenario

Analyzing the intermediate results, it could be seen that one of the reasons that made the
REAL scenario not profitable is the balance in the productivity. Even such a short amount of
time spent every day adds up to be a lot of money at the end of the year. Table 6 shows the
results assuming that the productivity does not changed with respect to the business as usual
scenario. Namely, that the potential time used by the treatments is offsetted by the increase
in productivity due to improvements in comfort or psychological well being, on the one side,
or for introducing a Pomodoro32 (or similar) methodology to boost productivity, on the other
side. In this case, under the BEST scenario an outstanding ROI of 1 years is present but the
REAL scenario continues to be non-profitable (but for very little).

Envi I (k
CAPEX (€) OPEX (€) Savings (€) nvironmental (kg

CO2eq)
REAL 13436.90€ 131354€ 1097.09¢€ -2 618.95 kgC0O2
BEST 32666.23€ 1579.22€ 38845.56 € -133 747.73 kgCO2
WORST 11033.23€ 938.14¢€ 140.71 € 419.57 kgCO2

Table 6: Summary of the results for every scenario without productivity

Now, taken a look at the components, it is clear that the use of Smart Plugs and UMDs are
redundant as both measure the energy consumption but at different resolution. As for the
running of the system in a production environment, the information from the Smart Plugs
would be quite useless, Table 7 presents the results of the three scenarios removing the need
to deploy Smart Plugs. Please note that this tables also consider the hypothesis of no
difference in productivity. In this scenario, the environmental impact has greatly be reduced
in all cases but the REAL scenario continues to not be profitable.

CAPEX (€) OPEX (€) Savings (€) Environmental (kg CO2eq)

REAL |10,831.90€ 118556€ 1097.09€ -3,258.21 kgCO2
BEST [22,99457€ 1100.57€ 38845.56¢€ -136,138.74 kgCO2
WORST | 9,311.57€  854.00 € 140.71 € -670.35 kgCO2

Table 7: Summary of the results for every scenario using UMD for measurement

In the next paragraph we will assess several potential modifications to the architecture or
devices in order to make profitable the REAL scenario:

38 https://en.wikipedia.org/wiki/Pomodoro_Technique This technique aims at split the working time on several
slots. First, decide and select the task to perform; second, full-focus task execution during 25-30 mins, and; third,
5 mins of break (a.k.a. procrastination) and then go to step 2 again.
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e Intervention on the prices: For example, a potential strategy could be to eliminate
licenses and fees and reduce the price of the UMDs. Nevertheless, this would greatly
improve the CAPEX of the REAL scenario to 5 131.90 € (a 62 % reduction). Removing
the yearly fees over the GIM, DSS and WeSave would render the solution profitable
with a ROI of around 14 years. Please note that this intervention does make sense on
a collective treatment deployment, under an individual treatment deployment the
technological deployments consumes more energy than the gains via the reduction of
energy so any intervention on the prices will make this solution profitable.

e Interventions on the energy consumption of the devices deployed: Most of the
infrastructure deployed to perform the treatments are of-the-self solutions or early
prototypes not optimized for energy efficiency. Halving the energy consumption of
the equipment deployed (SP, UMDs, Computer for the GIM, WeSave, DSS and APP,
Smart Sensors and Smart Light)3° seem feasible without too much effort. In fact, the
computer used to host the GIM, WeSave, DSS and APP and part of the ancillary
systems used to retrieve the information was not only old and power hungry but also
redundant. Their use was justified in order to ease the deployment and reduce the
associated costs. This action would slightly improve the ROI to 12 years. Please note
that under this modification of the scenario an individual treatment deployment is
now self sustainable from an energy point of view but not from an economic point of
view.

e Interventions to increase the reliability: As in the previous case, even as some
components of the solution are of-the-self products, their integration continues to be
in a prototype form. It is then realistic to assume an increase on the reliability for a
commercial solution. Increasing the reliability to 99.9% would further improve the
ROI up to 5 years making the solution appealing to investors.

As can be seen, the REAL and WORST scenarios are quite tough due to the low reduction on
energy consumption that can be achieved. This is most probably due to the quite low initial
value of mean energy consumption that renders difficult to reduce energy consumption (see
Table 13 b) and d) of Deliverable D6.3 for this data). This seems to be the case from UDEUSTO,
ALLIA and SEVILLE where the mean value of energy consumption per day and user is near 0.3
kWh/day for the data collected by Smart Plugs (individual treatments) and 3 kWh/day for the
data collected by UMDs (collective treatments). Nevertheless, neither individual nor
collective treatments show consistent results on these pilots. WEIZ, on the other hand, is the
archetypal pilot in the WORST scenario: not only starts with the lowest mean energy
consumption of the pilots (0.2 kWh/day and user for individual loads and 1.9 kWh for
collective loads) but is also the smaller pilot. The combination of the two made this pilot the
most difficult and the results depicted in Deliverable D6.3 showed that. Finally, on the

39 please note that this has the same effect that increases the energy saved to 20 %.

Dissemination Level: PU D6.3 Pilot Execution 30



bl
Sioiiaonic:

0001000000100

010010110111001 12,

The Project is funded
by the European Union

GREENISOUL

opposite side is MPH. Not only they starts with a relative high mean energy consumption of
0.5 kWh/day and user for individual loads and 1.5 kWh/day and user for collective loads but
also they have also managed to reduce in a significant way their energy consumption (with
effect size reported above 30 % in all treatments) so this is probably the best example of a
BEST scenario. As MPH is the pilot building with the most public use, as a municipality
building, these results are even more promising for such types of tertiary buildings, revealing
quite an interesting margin of improvement for similar cases.

3.2 Results in terms of the KPIs of the project

This sections present the results of the project in terms of the KPIs defined in Deliverable
D6.1. The following 6 KPIs were selected after a co-creation activity using the Delphi
methodology were carried out among the partners of the consortium:

Energy Savings: Amount of energy (electricity + heating) saved during the pilot

e Savings: Amount of money saved due to the of the energy (electricity + heating) saved
during the pilot

e Greenhouse Gas Emission Reduction: Amount of GHG that have not been emitted
due to the energy (electricity + heating) saved during the pilot

e Number of actions proposed by the system: Number of actions proposed by the
GreenSoul-ed that are accepted by the users

e End user complaints: Amount of complaints received (bugs or user support)

e Timeinside defined comfort temperature: Percentage of time the temperature inside
the building is between the different comfort temperature thresholds (Poor 16 < x <
27 °C, Average 18 < x < 25 2C and Outstanding 22 < x < 24 2C)

Table 8 shows the set of target values defined for every KPI in percentage.

Poor Expected Outstanding
Energy Consumption X< 15% 15<x<30% x>30%
Costs of the Energy Consumption X< 15% 15<x<30% x>30%
Total Greenhouse Gas Emission x<15% 15<x<30% x>30%
Number of actions proposed by the DSS (per month) 0<x<30 30<x<60 x> 60
End user complaints (per month) x> 30 10<x<30 x< 10
Internal Temperature (all time inside this interval) 16<x<279 18<x<259C 22<x<24°C

Table 8: Objectives set for every KPIs in relative terms
Table 9 contains a summary of the main information from the pilots that will be used to
estimate the values of the KPIs of the project. The first important value is the effect size of
the treatments. This value is approximately the expected energy savings in percentage
(respectively the economic savings and GHG emissions reduction). It could be seen that all
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pilots have achieved a poor performance (significant results underlined) with several pilots
where we have even negative results (namely, an increase in the energy consumption). Please
see Deliverable D6.3 for details on this result. Then, to estimate the energy savings we will
simply multiply the mean energy consumption per day and person per the number of persons
in the pilot 365 days times the mean effect size measured at the pilot. These values come
from the results shown in Deliverable D6.3 and the description of the pilot made at
Deliverable D5.3. The result of this calculation could be seen in the row Energy Savings.

Savings and GHG emissions rows are the results of multiplying the Energy Savings row times
the corresponding national conversion factors that are in rows cost of energy and GHG
emissions of the energy mix. These values have been taken from Eurostat*®and the JRC*
respectively. Obviously, these KPIs obtain the same poor results as the Energy Savings. Only
values for significant results are provided.

As depicted in detail in Deliverable D3.9, the GreenSoul Decision Support System was
implemented to support two different levels of recommendations:

e the high level support system: where a few sensors are available and general
notification can be provided to the end-users (i.e. UDEUSTO, ALLIA and SEVILLE) and

o the lower level support system: where detail information per system in each office is
available and can be exploited for more elaborate recommendations (i.e. MPH and
WEIZ).

In the first case, actions provided were based on mainly estimated indoor/outdoor conditions,
and all other notifications were informative based on savings achieved or based on generic
tips for energy efficient behaviour. In the latter, actions per office information were extracted
and suggested to the end-users while evaluating the use of the office. As such, the number of
actions proposed by the system have been around 30-40 for the high level support system
and one magnitude higher for the low level support system per month. Accordingly, a few
hundred notifications have been generated (per month) as can be seen in Table 8. Again, due
to a catastrophic hard drive failure at the WEIZ pilot (before the completion of the pilot) it
was not possible to extract the respective KPls.

It was impossible to perform a quantitative assessment of the end users complaints as they
have been used as informal channels for complaining. Instead a qualitative assessment has
been made. The results could be seen at Deliverable D5.4 and Section 3.4 of this deliverable.

40 Eyrostat. Electricity prices for non-household consumers. https://ec.europa.eu/eurostat/statistics-
explained/index.php/Electricity price statistics#Electricity prices for non-household consumers

41 Koffi, B., Cerutti, A., Duerr, M., lancu, A., Kona, A., Janssens-Maenhout, G.. CoM Default Emission Factors
for the Member States of the European Union. JRC. https://data.europa.eu/euodp/en/data/dataset/jrc-com-
ef-comw-ef-2017
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Finally, an analysis of the values reported by the smart sensors deployed at the different pilots
shows that in any case the HVAC has been able to work inside the poor limits but this is not
probably due to actions of GreenSoul but due to the actual performance of the HVAC system.
In order to provide a more adequate description of the situation, we provide the distribution
of the time in every category (in %).

TARGET ALLIA UDEUSTO MPH  SEVILLE WEIZ ECOL TOTAL

Mean Energy Consumption per day and

person (kWh/day and person) 4.25 3.61 1.54 3.22 194 0.59 3.00
Number of persons -- 45 118.70 25 59 15 35 298
Effect Size of the treatments (%) 15-30 | -22.32 7.05 -64.65 1593 17.03 - 6.46
Cost of energy (€/kWh) - 0.1266  0.1098 0.1059 0.1098 0.1011 0.1266 0.2159
GHG emissions energy mix (kg CO,eq/kWh) - 0.5890  0.3430 0.8100 0.3430 0.2110 0.5890 0.444
Energy Savings (MWh) -- -- -- 3.33 -- - -- --
Savings (k€) -- -- -- 0.35 -- - -- --
Greenhouse Gas Emission Reduction (tCO3) - - - 2.69 - - - -

Actions proposed by the DSS (per month) 30-60  24-30 40-46  310-350 24-30 - - -

Informative notifications proposed by the DSS
30-60 105-110 285-317 148-152 140-145  -- - -
(per month)

End user complaints (per month) 10-30 See Section 3.3
[poor] 100 96.05 91.46 97.00 95.92
% time inside [expected] comfort temperature 75 -- 61.51 45.52 85.27 - 77.96 -
[outstanding] 75 33.22 19.80 52.87 52.24

Table 9: Results in terms of the KPIs of the project
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3.3 Results in terms of the Social Impact

As explained in Section 2.3, to assess the Social Impact of the GreenSoul project, several
surveys have been designed and shared with the end-users of the GreenSoul pilots. The
following sections contain the results of the application of these surveys to the pilot sites.
However, we start with the evaluation the users did about the frequency of the feedback
provided by GS as we understand that it is a moderating variable of other constructs.

3.3.1 GS Feedback

One of the first indicators towards assessing the effect of the GreenSoul solutions deployed
at pilot premises is the frequency with which end-users look at the GS feedback (Fig. 4). Thus,
the frequency employees reported to dedicate to the GreenSoul artifacts. As can be observed
in the figure, users prefer mid-term feedback rather than real time feedback. At least, the
time they reported to devote to the intervention is in line with the previous argument.
40.00%
30.00%
20.00%

10.00%

0.00%
2-3 daily daily 2-3 weekly weekly monthly

Figure 4: GS Feedback/Interaction frequency

When it comes to analyse the time devoted to the GS intervention, in Fig. 5 we can observe
how long term deployed pilots interacted with the tools weekly (in some more than once),
whereas the pilots that have been less operational (in terms of time) look at the GS feedback
in a long-term basis (more elapsed time between the observations). In overall, 58.75 % of
end-users checked their GS treatment once or more per week, 16.25 % looked at the feedback
once or more per day, and 25 % once or more per month (Fig. 5).

100.00% B DEUSTO
75.00% W WEEz
ECOLUTION
50.00% B SEVILLE
MPH
25.00% .
ll [ ALLIA
0.00%
2-3 daily daily 2-3 weekly weekly monthly

Figure 5: GS Feedback/interaction frequency per pilot
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3.3.1.1 GST and ALL (Interactive Coaster) usage

In order to provide an objective measure of the previous findings reported in a questionnaire,
this section analyzes the statistics related to the usage of the Interactive Coasters (ICs)*2. After
being introduced in December 2018, the use of the interactive resources of the ICs increases
until reaching its peak in January 2019, followed by a steady decline until March 2019 when
it stabilizes (please recall that we were monitoring the usage of the ICs. That is, we know when
people pushed the central button to get historic information, when users tilted the device or
when they plugged it in). Structural changes in UDEUSTO and ALLIA pilot negatively influenced
the usage of ICs in the months of October and November of the year 2019 (we can observe it
in Fig. 6). Specifically, in UDEUSTO a whole restructuring of the building and their employees
was done at the end of september and October. ALLIA’s pilot-site reduced their IC usage as
they had a change in the IT managers and those in charge of monitoring and helping with
technical issues were replaced by a new team at the end of the project. As we reported
absolute usage of the IC and not relative usage to the number of people still participating in
GS project, the slope of the curve diminished at the end. The impact was minimal as the
project was close to its end.

month (2018-2019)
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Figure 6: IC usage ‘history’

However there are two resources which the IC implemented that stand out for not following
this trend: “connected” and “get status”. Connection takes place each time an IC is
reconnected to the network or whenever the IC if it was flipped up again to wake it up.
‘Get_status’ on the other hand, takes following almost any other action because it is how the
IC receives what colours it should display (recall that the Edge devices are the ones
responsible to make these calculations). As can be observed in Fig. 7 and Fig. 8, these two

42 please recall that the IC is the device used under the GST and ALL treatments.
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resources have usage peaks in the time periods the ICs were being used the most (Fig. 6) or
when development involving the middleware services or network devices (such as routers)
were more active.

month (2018-2019)
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Figure 7: IC tilt usage
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Figure 8: IC connected usage

As a conclusion for this monitoring of the usage of the IC and how the people responded to
the interaction provided from the device, we provide a graph (Fig. 9) summarising the
previous findings.
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Figure 9: Number of times the central button of the IC was pushed to obtain the historical
information and the number of times it was flipped over.

3.4.1.2 DSS and ALL usage

In a similar manner, this section delivers some statistics regarding the user’s actions after
receiving a notification from the mobile app. After being introduced as a feature in the mobile
app in May 2019, the first month users were very keen to explore the new capabilities, which
however dropped significantly in the following months. In August, as it was expected, the use
of the mobile app was really low, although the new treatment stage (group-based feedback)
was just started, due to summer vacation. However, in September, the participation raised,
which leads to the assumption that end-users explored once more the app to see the
collective measures. Finally, in October, as some pilots have already been disengaged for
technical (i.e. WEIZ, ALLIA) or operational (i.e. UDEUSTO) reasons explained above, the overall
participation was quite limited.

Simply put, the first thing we observed is how many times the users checked their
consumption after a notification was received. Average values per pilot are presented in Fig.
10.
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Figure 10: Percentage of times the end-users checked the consumption graphs provided by
the mobile app after a notification was delivered

In addition, an interesting result was the number of times the people reacted to a prompt to
take action due to a notification. This is practically measured as a result occuring after a
notification including a suggestion to take action in the context is followed by such action
within a specific timeframe (i.e. a notification to close the lights due to nice weather is
followed by a light being closed within 10 seconds from the notification being received). As
such low information was only available in two pilots (i.e. WEIZ and MPH), and was practically
possible to be observed only for shared assets (Lights, HVAC, etc.), since we did not deploy
smart plugs per each personal device, the results are for the last 3 months of the pilot
execution and only for these two pilots as presented in Fig. 11. As one can understand from
the graph the results are quite low, which can be due to many causes such as wrong timing
(e.g. in MPH as public servants the user may have had to serve a “customer”), poor context,
or lack of a stronger incentive.

Dissemination Level: PU D6.3 Pilot Execution 38


Action#D2L_fig_ref_Percentage of times the end-users took an action after an 

4 The Project is funded
SOUL by the European Union

GREEN

50,00%

40,00%

30,00%

20,00%

10,00%

0,00%

Action Performed after an "Action” nofification received

Aug Sep Oct

Month 2019

Figure 11: Percentage of times the end-users took an action after an “Action” notification
was delivered during the collective treatment for MPH and WEIZ

3.3.2 Behavior Analysis

As was presented in Deliverable D6.3, two surveys were created taking into account both
socio-economic factors and energy-related aspects to better understand the human drivers
that could deliver a persuasion engine for improving occupant behavior at her/his working
environment. In this section, we focus on those questions related to evaluating the users’
behavior prior to the start of the experimental phase and at the end of the piloting.
Specifically, our interest in the social impact laid in the following constructs: The intentions to
behave in favor of the environment through the Transtheoretical model (TTM), the
confidence the people have on technology to solve all environmental problems, and finally,
the barriers end-users encounter hindering them to behave energy efficiently.

Pre-contemplation, Contemplation and Action sub-scales presented differences when
compared among all the pilots either in the PRE and POST questionnaires. Thus, we can state
the city where people live and work can be considered a dependent factor to understand how
people self-rated their stage of change according to TTM. According to the statistical results
reported in D6.3, we only found one difference between the responses of PRE and POST pilots
questionnaires when treating the dataset as a whole*? in the Precontemplation stage. In

43 Treating the dataset as a whole means not differentiating between city or treatment. That is, using all the
samples of the dataset.

Dissemination Level: PU D6.3 Pilot Execution 39



The Project is funded
by the European Union

general, at the end of the interventions of any nature (i.e. IR, GST, ALL or DSS) employees
were more aware about the potential actions to be done towards energy efficiency.

Furthermore, we deepened on the analysis looking at the individual results in each pilot (i.e.
comparing previous and post responses to the questionnaire in different cities)**. A summary
of the observations that were thoroughly addressed in D6.3:

e |n WEIZ and ALLIA the respondents change their Precontemplation stage towards
higher stages of consciousness.

e People in SEVILLE pilot increased their overall intentions to act in favor of the
environment.

e |n UDEUSTO employees reported to have improved their willingness to act in favour
of the environment in all the subscales (Precontemplation, contemplation and action).

It was also very relevant finding that the treatment the people were subjected to seemed to
be determinant to understand the fluctuations of how the scores were in these constructs.
Specifically, in Precontemplation and Action subscales, we found that people assigned to “No
treatment” (i.e. the control) reported to be in lower stages of the TTM than the people in
conditions DSS, IR and ALL. Both results were statistically significant and are promising giving
hints about how DSS, Pl and ALL worked in the right direction (i.e. enhancing the intentions
of the people to behave sustainably in the workplace).

In the POST questionnaire, Confidence in technology seemed to be a dependent and causal
factor of selecting one of the Top Ten Persuasive Principles. In this case, we found that the
factor of trust was mediator for three Persuasive Principles: Conditioning, Reciprocity and
Similarity (see Fig. 12). As this finding did not appear in the PRE questionnaire, we can
hypothesise that the change was due to the GS intervention. Thus, we can argue that it is
important to know the level of confidence in technology, if an intervention to change the
people's behavior was based on Conditioning, Reciprocity and Similarity principles. Thus, their
success or failure will partially depend on the level of confidence in technology of the end-
users

44 These analyses helped on the one side, to better understand where such statistical difference in
Precontemplation was more noticeable. On the other side, we were able to observe other differences in
behavioural constructs by doing this within pilot approach.
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Figure 12: Path Diagram of the Causal Model for the Confidence on Technology

It was also interesting to observe the differences in this construct among people with
technical background (UDEUSTO and ITI-CERTH and non technical, like SEVILLE or
ECOLUTION). The former two pilots reported higher trust in technology than the latter.
However, when thinking at civil servants level, MPH is by large the one with the highest
confidence in technology compared to SEVILLE and ECOLUTION.

To conclude the findings, Confidence in Technology depends on the treatment that we
applied in the GS project. The results reported the distribution of non confidence, confidence
and neutral was quite similar in “No Treatment” (i.e. control) and GST conditions. People that
were subjected to ALL (the treatment with higher instrumentation) relied more on technology
with only a low rate of people in this condition who did not rely on technology. Curiously,
people that were subjected to Individual reminders (Post-its) rely less on technology than the
others in a significant way. In summary, according to the data presented, the more ICT-based
interaction is provided, the higher the confidence in technology. On the opposite direction,
the statement “low ICT-based interventions, less reliance on technology” does hold. This
finding is sustained by another specific question of the questionnaire: Pilot users were asked
directly their preference of ICT solutions over analog strategies. Taking into account that GS
provided three ICT-based interventions vs. one Analog-based, the results reported that
64.29% agreed that they would support this choice, with only one fourth (24.29%) being
neutral, and just 11.49% being against it ( and Fig. 14).
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Figure 13: Results to "ICT solutions are preferable question"
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Figure 14: Results to "ICT solutions are preferable question" per pilot

This demonstrates acceptance that ICT solutions can be facilitators in more than one ways,
including energy efficiency at their work environment. A mobile app, can offer more than a
simple sign or a guideline, where a notification lifts in a manner one responsibility from the
user, as it acts as a reminder besides a persuasion mechanism. Hence, end-users are no longer
needed to be constantly aware of their energy-related performance since such means are
now available. The social extensions of this outcome vary significantly, as users can become
more efficient (consumption-wise and working-wise) as they relax of a modern burden that
requires them to consume less. Finally, an ICT-based decision making can further improve the
user's energy performance by identifying the proper timing and context for delivering the
notification, thus maximizing engagement while minimizing the above mentioned burden.

3.3.2.3 Barriers to Behave Energy-efficiently Results

As was thoroughly reported in D6.3, we overserved a very interesting finding in MPH related
to the barriers construct: None of participants in POST questionnaire reported that one of
them hurdles to behave energy efficiently were due to lack of knowledge “l am not sure about
what is a good energy practice so | do little or nothing” nor people were found to be
discouraged about peers “I am discouraged by the attitude of my colleagues and/or of the
management, so | do little or nothing”. The discouragement about peers as a barrier for
doing pro-environmental actions was quite low which demystified the idea that external
factors play one of the key roles on demotivating people at workplace®.

45 Kollmuss, A., & Agyeman, J. (2002). Mind the gap: why do people act environmentally and what are the
barriers to pro-environmental behavior?. Environmental education research, 8(3), 239-260.
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The main barrier they encountered after the end of the project was occasional
absentmindedness. This means that the GS effect was prominent. As a design-insight for
future interventions, after applying the GS effect it is important to provide frequent subtle
feedback for employees to not forget the pro-environmental action. Thus, after GS,
employees know what to do but they regularly forget to do an action in favour of the

environment.

3.3.3 Assessment of GreenSoul overall approach

In this section we introduce information as a descriptive analysis with charts related to the
users perceptions of the overall GreenSoul approach.

As shown in Fig. 15, when directly asked about the GreenSoul solution after the completion
of the pilot execution, around 38.6 % responded positively that gamification can aid towards
energy efficiency, 25.33 % were negative, whereas 36 % were neutral. It is quite interesting
that the UK pilots agreed the most on the use of gamification for improving energy efficiency,
followed by UDEUSTO. Even though as seen in the above analysis, MPH was the most effective
pilot, their response on this particular question was the most negative out of all the pilots,
including also a significant amount of empty responses.

As it has been proved?®, user groups that are engaged through gamification perform better in
terms of group cohesion and team results, hence the acceptance of such means, can further
improve not only energy efficiency as individual building occupants (micro-social), but also as
groups of users or even at organisational level (meso-social) through the discussion that
originates from competition, rewards, overall participation in “games”. In addition, another
interesting aspect of gamification is the concept of ownership over the results. By gaining

I"

points over “personal” or “collective” actions, the user is enabled as an active player in energy
efficient behaviour. Occupants in buildings of public use, mostly indifferent to energy use,
transform from “have to be energy efficient” into “want to be energy efficient”. Of course,
this is easier to monitor and evaluate through the existence of the point system, as well as

the ranking system.

46 Bilgin, C. U., & Gul, A. (2019). Investigating the Effectiveness of Gamification on Group Cohesion, Attitude,
and Academic Achievement in Collaborative Learning Environments. TechTrends, 1-13.
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Figure 15: Results for the question "Gamification can aid Energy Efficiency"

It is rather interesting that when we evaluated the previous statement per treatment (Fig.
16), the confirmation of the examined statement comes with 47.37% (DSS) and 45% (GST)
when examining each treatment separately, and only 33.33% (ALL - Agree and Strongly Agree)
when combining them. As expected, a low 26.67% (IR) where this was not into effect at all.
This allows us to come to the conclusion that most likely users interacted through GS-ed
things had the same effect as DSS to the users, even though in the former no gamification
was delivered to them. Nevertheless, since end-users socialize in the working environment,
we hypothesise that this result may be biased due to the knowledge sharing between the two
groups.
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Figure 16: Results for the question "Gamification can aid Energy Efficiency" per treatment
individually
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Following, a significant 69% agreed that visualisation of their performance can raise
awareness and make them more active in terms of energy efficiency. In fact, when
examining this question per treatment we’ve identified that the treatment with the highest
positive response is GST (77.78%), followed by ALL (68.18%), DSS (66.67%), and Pl (61.54%).
This result indicates that direct visualisation has higher impact to the end-users. These are
clearly depicted in Fig. 17.

Self-monitoring, self-influence and self-regulation have been found to have a direct effect on
the individual social behaviour, especially in the context of a community and vise versa (the
community social factors influence self-regulation and self-perception)*’. Energy-related
information is also included in this exchange, especially if we are to consider the key fact that
positive self-perception leads to a more healthy behaviour®®. Hence by promoting an
improved energy -related behavior and proving the visualisation to support its
achievement, especially through direct self-performance visualisation, the overall user
behaviour, beyond energy-related aspects, can be expected to improve.
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Figure 17: Results for the question "Visualisation of energy self-performance can raise
awareness"

Within the POST-survey deployed at the GS pilots, three very specific questions were asked
to the end-users:

® Do you think that the GreenSoul project has been effective for the purpose of reducing
your energy consumption?

® Do you think that energy reduction has been achieved thanks to the GreenSoul
feedback you received?

47 Bandura, A. (1991). Social cognitive theory of self-regulation. Organizational behavior and human decision
processes, 50(2), 248-287.

48 Van Cappellen, P., Rice, E. L., Catalino, L. I., & Fredrickson, B. L. (2018). Positive affective processes underlie
positive health behaviour change. Psychology & health, 33(1), 77-97.
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e Do you think that the energy-awareness has been enhanced thanks to the GreenSoul
feedback you received?

As this survey assesses the end-users perception, prior to the announcement of the results, it
is important to understand how they have experienced the GreenSoul project through these
responses. Hence, the 37.31 % that believe that the GreenSoul project has helped towards
reducing their individual energy consumption through the feedback received by the
GreenSoul channels, is quite important, as this presented actually believes it without having
it validated (Fig. 18).

Stronglydisagree  Disagree Neutral Agree Strongly agree N/A

Figure 18: Results for the question "Effectiveness in reducing user energy consumption"

Accordingly, when asked in general whether the GreenSoul project has been effective in
overall energy reduction, observing Figure 15, half of the respondents agreed (7.6 % strongly),
with only approximately 14% having a negative response to that, as presented in Fig. 19.
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Figure 19: Results for the question "Has energy reduction been achieved"

Finally, and in line with the above results, almost 60 % (59.42 %) agrees that the project has
raised awareness in energy efficiency related issues and challenges as can be observed in
Fig. 20.
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Figure 20: Results for the question "Has energy awareness been enhanced"
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3.3.4 Focus groups

In the following, we reported the main outcomes and insights from each of the focus group
sessions. At the end, we wrap up the results with an outlook to the behavioral impact.

In December 2018 we recruited 10 volunteers from UDEUSTO that had the Interactive Coaster
(IC) in their workstation either as part of GST or ALL treatment. On the one hand, the primary
intentions of the session were to evaluate the IC. On the other hand, explain to them the
purpose of the Slack channel (see Deliverable D5.4 for details). These were the reasons why
we only recruited people assigned to those interventions and not IR or DSS. However, we used
the three sessions to also grasp insights of the overall intention and functioning of the GS
interventions.

The initial findings from this session were:

e The functioning of the IC was found ambiguous by session’s participants. Some of
them did not know what to expect from the IC in terms of energy efficiency, others
were expecting an alarm-based system whenever non-green behaviours were
detected, and others reported effects on obtrusive feedback (overall vibration and
light intensity). These initial insights allowed to make all the group understand the
purpose of the IC and to list the green actions an employee can do to reduce the
energy consumption at workstation-level.

e \We observed that people used and reflected on the IC. Specifically, some participants
commented that they usually compare their current consumption with the previous
days finding occasional inconsistencies between their time at work and the final light
provided by the IC (green, yellow, orange, and red). Overall attendees argued that
they started to make minor green-changes such as switching off the monitor during
breaks for the sole fact of having the IC on top of their working tables. This resonates
with the Hawthrone effect (the behaviour of research participants is influenced by
observation and measurement)*®. However, this promising finding has to be
corroborated in the follow-up sessions.

e Finally, we found that the IC provoked discussion among peers in the vicinity. The main
purpose of the discussion was to find an agreement of the use and functioning of the
IC. Besides, people were curious about the colours of close neighbours as these were
used for comparative purposes.

The importance of organising a group session to discuss the interaction with a new device is
highlighted. Especially when its usage may be complex. In the sessions, advice, use cases,

49 Sedgwick, P., & Greenwood, N. (2015). Understanding the Hawthorne effect. Bmj, 351, h4672.
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practical examples and doubts were solved in a collective way. In the same way, we realize
that the proposed interaction with the IC was not the one desired by everyone®. However,
what was important from this first session, was to find that, in general, the IC had an effect
over employees not only for triggering them to do green actions, but also to spark
discussions among peers and to think over energy efficiency in a collective way. This finding
has to be compared with people assigned to the control condition to see if interactive ambient
feedback is more effective than static cues or the use of the mobile phone at work which is
not always in the visual field.

After two months of piloting, we meet again with the volunteers to evaluate the follow up
with the ALL and GST treatments. The main conclusions we extracted from this session were:

® People start to not use the devices for different reasons. Some people think that it
occupies precious space in the workstation, others do not want to see a light always
on continuously and others argue that it was useless for them. In the same vein, the
usage of the historic central button diminished dramatically as people were less
curious about their previous consumption because of getting use of the device.
Besides, the conversations among neighbours about the IC diminished accordingly.

e There is an overall perception that the IC is very simple on its own and more (digital)
information is necessary to understand the benefits of it in the daily routine. However,
people who also have the web/mobile app also think that this interface has to be
further developed to include better comparatives, differences on what is effective and
waste energy or seamlessly lookup of peaks and bad habits and explain the
consequences of the necessary energy usage.

o After these two months, the general feeling was that people have not changed
anything in their behaviour. However, some people reported to regularly switch off
the monitors during breaks, switching the PC off when they go home or even switch
the lights of the bathroom. There is an overall agreement that these actions were
reinforced when we circulate tips related to energy efficiency. But more importantly
was to find that the IC by its own helped to not forget to do these green actions
whereas the people assigned to IR did not report the same arguments. In fact 15%
more end-users agreed that the GST made them more aware and active than the PI.
Thus, the IC can be understood as a mechanism to subtly remember eco-practices in
contrast to post its or analog personal reminders that are quickly integrated in the
ecosystem reducing their energy impact in the short-term.

0 H. A. He, S. Greenberg, E. M. Huang, One size does not fit all: Applying the transtheoretical model to energy
feedback technology design, in CHI 10, ACM, 2010, pp. 927-936
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To sum up, the usage of the assigned treatments diminished importantly. The perception of

people is that the IC is quite simple and that more enhanced information is needed. People
assigned to DSS evaluated positively the mobile/web interface to obtain more accurate
information of their energy consumption. However, in general they missed triggers to alert
them when a wasteful energy practice is recognised (e.g. consume energy when the employee
is not sat in its workstation). The value offered by the IC remained on its ambient interaction
to make people aware that they should continue to do actions in favour of the environment.

3.3.4.3 Third session (21/11/2019)

In this last session we meet again with most of the volunteers (see Fig. 21) to evaluate the
GST and DSS treatments based on the causal model described in Fig. 3. Namely, Interaction,
Emotion / Mediator, Trust / Attachment, Use-context and Behaviour. We explained to the
participants the rationale of each dimension and asked them to evaluate the IC in relation to
them. To this aim, we printed in A3 format each dimension and provided volunteers with
colour stickers, post-its and colour pencils. They had 10 minutes to reflect over each
dimension annotation and tag them and other 10 mins for general discussion of the overall
interaction and the project.

Ceustorec,

Figure 22: Post its and paper material to reflect over the interactive flow to behavior change

The results from the general discussion confirmed the highlights of the second session:
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People do not use the IC for its purpose to make people aware of energy consumption.
Still, people insist on using the IC as a real coaster for pacing the mug over, and as a
subtle reminder for doing green-actions at the workplace.

People hesitate if the small green-actions they do really have an impact on the overall
energy consumption, overall, taking into account that they usually use intensive
energy devices for computing.

Participants missed explicit anchors to know if their green behaviour was enhancing
or worsening during the time. In the same vein, there was an agreement that the IC
energy performance would have been ameliorated with periodic performance digest
through e-mail or other e-channels.

Whereas volunteers rated positively the IC in the workplace, the majority think that
this can be also effective in a household context where families can collectively reflect
on energy consumption.

In the following set of pictures we show the the causal dimensions for behavior change

through the post-its information
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Figure 23: Post its and not
Emotion / Mediator,

aviour change: Interaction,
Attachment, Use-context and Behaviour

The most important finding was related to the ‘behaviour’ dimension. Almost all the
respondents and participants reported to have decreased dramatically to use the IC either for
a lack of space or because the information was repetitive. However, all the participants
explicitly stated that they do green-actions mostly because the IC remembered to do them.
Therefore, whereas we acknowledge that the IC design and interaction was not assessed very
positively, it makes a change in the people’s eco-mindset.

3.3.4.4 Slack group, Wrap-up and Behavioural Impact

After the development of the first focus group, we set-up a Slack platform with the
participants to open a direct communication channel with the recruited users. This platform
has two main purposes: 1) create a direct way to gather the spontaneous feedback of the
participants and 2) ask some open questions regarding the IC to follow-up the performance
of the device. These questions were provided in the first weeks, aiming at opening a
discussion about the IC. After this time, the platform was maintained open until the end of
the experimentation phase to let the participants a direct channel to communicate incidences
and other related issues.

The open questions gathered some answers that covered a variety of topics such as the
conversations about the energy efficiency, the use-context of the device, the awareness
about energy waste and effects of technology removal. In the following, we extract some
relevant quotes from the participants grouped by topics.

Conversations

e “We often compare who is more efficient looking at the colours displayed by the IC, or
if we have the same color to see who has the smaller circle. I've never heard about how
to be more efficient. Sometimes | kindly remember my peers to turn off screens.”
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“Well, it continues to generate some conversation, both about how it works and about
the consumption we each have, but, logically, much less than at the beginning. |
remember talking about it when | returned from vacation, but only for the rest of the
week. | guess we get used to them and just look at our own IC.”

“The first days the comments were mainly about the vibration, nowadays comments
are generated regarding the consumption of each one when we go to some post and
see the state of each IC”.

Use-context

“I think that if you are in a common area it could be interesting: because not only you
look, if someone tells you ‘remember to turn off the light, we are in orange’ can be
more effective”.

“At home, within a context of normal routine (getting up, going to the bathroom,
having breakfast) it could have a place, but | see it as something forced. | can't think
of any environment, outside of work, where the IC can be applicable in an effective
way”.

“Yes, for common spaces such as the interaction room, it might be a good idea to
realize if you can turn something off even if you haven't been using your...”

“And for the home, too”.

“I wouldn't mind having it at home, for example”.

“I don't think so, because | don't think the IC is helping me to save energy, since it
doesn't tell me what | can do about it”.

® “| think it makes more sense in spaces where you're on a continuous basis. So maybe
it would make sense at home but less in meeting rooms or public spaces”.

e “Yes, in private spaces such as the home | would also see it useful”.

Awareness

e “I'dsaylhaven't changed my behavior. Or at least | haven't been aware of it, | wouldn't
know if I've automatically changed something”.

e “Yes, yesterday my brother left the light on. Usually | don't say anything since it's for a
short time, but yesterday | said ‘turn off the lights’ and | turned it off. | associate it with
the IC, because | have 8h a day a device that reminds me of those things.

e “Well, yes, although | don't usually look at it much, it makes me remember and be
more aware of turning off lights, screens, computers...”

® “Yes, | think it influences my behaviour elsewhere and makes me more ‘sensitive’ to

energy waste”.

Technology removal
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® “Ithink | have adopted some easy habits, so | hope | don't change too much. Perhaps,
if my day-to-day life changes to a new place or new tasks, the lack of the IC could make
it harder for me to notice inefficiencies”.

e “Well, | don't know... | would like to think that at least | would keep the habits that |
have acquired, but maybe little by little if | don't have a reminder | would forget them”.

® “For example, | think I'm pretty much aware about turning off the screens. Today, for
example, | disconnected the IC to charge the headphones and even when | left |
remembered to turn them off... | think that if | finish getting used to it and | take the
habit, | would continue doing it with or without IC”.

From the quotes of participants we can extract a variety of insights. We discovered that the
IC was well accepted and easily adopted by the participants of the experiment. Nevertheless,
the initial attention decreased after the initials weeks. The awareness and adoption was
different for each participant. While some of them seemed to be happy to have a device to
help them, others felt it forced and unnecessary.

As the results of qualitative studies show, the IC helped to enhance the awareness about
energy efficiency in the participants. Besides, it reminded them to adopt and maintain
sustainable and green easy actions. Nevertheless, maybe due to its (intended) simplicity, after
the initial weeks the usage of the device decreased dramatically. Therefore, although the
positive insights and conclusions, still there is a gap to improve and motivate individuals
towards the need to adopt and maintain energy efficient practices and actions. An interesting
finding is that people do consider that the IC makes more sense in a collective environment
than for individual use.
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4. Conclusions

A comprehensive sustainability assessment in terms of economical, environmental and social
impacts have been carried out. The methodology follows a Life Cycle Thinking perspective
and User Centric Design. The main headlines of the results can be seen as follows:

e the solution is economically viable under the BEST escenario but most probably any
energy efficiency intervention would be. Under this escenarios, most probably the
optimum approach would be the implementation of IR treatment but monitoring the
progress just with a smart meter.

e under the WORST scenario the GreenSoul solution is not able to further improve the
already good starting point and should not be deployed to worsen the situation from
both the environmental and economic point of views.

e finally, under the REALISTIC scenario, it is necessary to achieve a reduction of the
energy consumed by the solution and improve the reliability of both the components
and their integration in order to be profitable. Moreover, this will make the solution
profitable for the end user but its marketability is complex as its price would need to
be very low and would be challenging to get profits.

e The GST and ALL treatments were overall effective during the initial two months. Then,
according to people’s perception they become useless and even annoying for the
simplicity of the approach. Thus, end-users liked the approach taken by the DSS and
GST but would like to have a more proactive system that alerts them of their mistakes
and explain how to correct them. Although this unpleasant experience, all the
volunteers that participated in the focus group as well as in the slack channel reported
to keep doing green actions because of the IC. More importantly, is that those green-
actions, overall switching off things, were on occasions extrapolated to other contexts
such as private households or other zones of the workplace where there is not an IC
(e.g. toilets). Those findings were relative to the GST and ALL treatments and not in IR
or DSS. Therefore, we can emphasise on the positive influence of ambient and tangible
information in contrast to analog feedback or feedback-by-request (mobile app).

e In general, it was not possible to assess the behaviour of the project in terms of the
KPIs of the project given the lack of significance of the results in the Randomized
Control Trial. Nevertheless, MPH pilot achieve significance and reduce their energy
consumption in an astonish 65 %. In terms of the KPIs of the projects this means a
reduction of 3.33 MWh of energy consumed, a 0.35 k€ less spent on energy and
avoiding the emission of 2.69 tCO..

e The most probably explanation to the lack of significance is the quality of the baseline
used. Given the difficulties found to build a proper and comparable baseline in all the
pilots, a compromise solution was needed to be taken (see Deliverable D6.3 for more
information). The end result is that the comparisons between the experimental phase
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and the baseline were noise and achieve results that do not overcome the significance
threshold.

® On the other hand, the DSS has performed as expected and have raised even more
notifications as expected reaching more than 20 actions proposed and sending more
than 100 notifications to users per month in all pilots were the DSS was active. On the
other hand, the HVAC system was barely able to to keep the temperature inside the
comfort range between the 40 % of the time in MPH to the 85 % in SEVILLE.
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A. Google Drive file used to perform the calculations

The form used to perform the calculation could be found in:

https://docs.google.com/spreadsheets/d/1VwdvmkTupGGVLik6RbGvBm3CODubamEEjWabf
LH1fm4/
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