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Human factor and energy efficiency in buildings:
motivating end-users behavioural change

Verena Barthelmes!", Valentina Fabi''! | Stefano Corgnati“], Valentina Serra''™?!

1 Energy Department, Politecnico di Torino, Corso Duca degli Abruzzi 24, Torino
2 AiCARR, Via Melchiorre Gioia 168, Milano

Abstract. Energy efficiency in buildings does not only rely on efficient tech-
nical solutions and design of the building features, but is also highly dependent
on how occupants decide to set their comfort criteria, as well as on their energy-
related and environmental lifestyles. In this perspective, raising user awareness
among occupants by training them to adopt a more “green” and energy-friendly
behaviour has become a crucial aspect for reaching energy efficiency goals in
buildings. Motivating occupants to change their behaviour can become a chal-
lenging task, especially if they are expected to internalize and adopt the new
behaviour on a long term. This means that information and feedback provided
to the occupants must be stimulating, easy to understand, and easy to adopt in
the daily routine. In this context, first methodological progresses are here pre-
sented within an European project, designed to raise user awareness, reduce en-
ergy consumptions and improve health and IEQ conditions in different typolo-
gies of demonstration case studies by providing combined feedback on energy,
indoor environmental quality, and health. In particular, this paper presents one
out of five MOBISTYLE demonstration testbeds — a residence hotel - located in
central Turin (IT). In detail, this paper describes the setup of a tailored en-
gagement campaign for hotel apartments and the reception area. Based on se-
lected monitored variables, user-friendly feedback was defined to provide the
users with real-time information on energy use and environmental quality, as
well as guidance on how to save energy and optimize consumption profiles
while creating an acceptably comfortable and healthy indoor environment.

Keywords: Behavioural change, energy use, residence hotel.

1 Introduction

Human interactions with the building systems and envelope have a significant im-
pact on the energy efficiency and indoor environmental quality in buildings. It is well
known that occupant’s behaviour is a factor that affects building energy performances
[1;2;3;4].

The way building components and systems are used accounts for substantial uncer-
tainty over a building’s energy use and occupants’ comfort. In the field of persuasive
technology, various innovative systems have been realized to motivate people to
change their behaviour in a more sustainable way [5; 6; 7]. For example, ambient



displays can provide users with their real-time energy consumption, serious games
might educate people on saving energy in an enjoyable manner, and mobile or web
applications may provide virtual rewards based on user’s sustainability performances.

Menezes [8] argued that the knowledge of the “unregulated energy use” could im-
prove to reduce the performance gap between predicted and actual energy use.

ASHRAE Standard 90.1 [9] defines “regulated” components of energy use such as
energy use for heating, cooling, ventilation, interior lighting, hot water, and a few
other end uses. But there is a multitude of “unregulated” energy uses within the build-
ing that are not addressed by the standard. For example, in office environment, “regu-
lated” energy use patterns and impact within the building stock is generally well un-
derstood, while the impact of “unregulated” energy use [10], such as small power and
desktop equipment, on energy consumption is not clear. “Unregulated” energy use is
highly affected by occupant behaviour. Kawamoto [11] reported that desktop equip-
ment energy use could be reduced up to 43% in an average working day. Further-
more, Mulville [10] confirmed that many employees did not switch off the desktop
equipment at the end of the day, reporting that in US only 44% of computers and 32%
of monitors were switched off after working hours. In UK up to 60% of employees do
not turn off monitors. The reported studies demonstrated then that there is further
space of research on understanding the unregulated energy use offering a significant
potential for saving energy. Since unregulated energy use accounts for 73-88% of
total equipment energy use [11], behavioural change programs could help on reducing
energy consumption.

As Staddon [12] stated, academic research aims at directly assessing the energy
savings due to behavioural change initiatives.

Perceived behavioural control is a central item in the Theory of Planned Behaviour
defined by Ajzen [13] and it was demonstrated to be effective in the commercial sec-
tor [8; 14]. In particular, the study from Menezes [8] reported this factor having a
major impact with respect to social norms and attitudes. Other studies demonstrated
that social norms and feedback containing social comparison are effective triggers for
promoting behaviour change in the working environment [15; 16; 17]. Social norms
could be defined as behaviours admitted as “the norm” within a certain group of peo-
ple [14]. Furthermore, social comparison or peer comparison is constituted in the
human being to assess opinions and capacities.

Investigations showed that feedback and feedforward interventions methods
achieved up to 20% energy savings in buildings [18]. In their studies, Fischer [19]
demonstrated that occupants could be influenced in making choices by feedback in-
formation learning about consequences of their past actions. Matthies [20] reported
the same result applying feedforward information (i.e. educating users before they
take actions). Receiving this kind of information, people have an idea of the conse-
quences of their possible actions on comfort and on energy consumption; thus, they
could choose to perform (or to not perform) them. In this way, occupants are empow-
ered to interact with the built environment in a more conscious way. Moreover, users
learn about the control opportunities in their working area, increasing their perception
of control on the surrounding environment and by consequence their comfort percep-
tion.



Moreover, scientists and practitioners, experts not only in the health sector, recog-
nized and demonstrated that holistic environmental conditions play a significant effect
on building occupants’ health, although the general public has only recently started to
understand the effect that this relationship can have on their day-to-day lives and
well-being [21; 22].

In this context, first methodological progresses within the HORIZON 2020
MOBISTYLE project “Motivating end-users behavioural change by combined ICT
based tools and modular information services on energy use, indoor environment,
health and lifestyle” (grant agreement No. 723032) [23] are presented. The main goal
of this project is to increase user awareness in order to reduce energy consumptions
and improve health and IEQ conditions. The project will be tested in different typolo-
gies of demonstration case studies (residences, university, offices, health care, hotel)
by applying a holistic approach to the engagement campaign. In particular, users will
be provided with combined feedback on energy, indoor environmental quality, and
health.

The purpose of the demonstration case is to illustrate and demonstrate the approach
and methodologies proposed by the project. From there, the developed and derived
ICT tools and services can be assessed. Case studies will furthermore be aimed at
providing answers to the following questions:

+ parameters that should be monitored, how the information should be presented;

+ drivers and motivators influencing user behaviour;

+ effects of user behaviour on energy consumption and indoor environment;

* methods and approaches for creating awareness and a long term behavioural
change in users.

In particular, this paper focuses on the application of the MOBISTYLE approach
to one out of five MOBISTYLE demonstration testbeds — a residence hotel located in
central Turin (IT). This residence hotel is an urban long-term residence hotel that
aims at achieving the nZEH (nearly Zero Energy Hotel) target and therefore repre-
sents a suitable testbed for demonstrating how energy efficiency can be further im-
proved by transferring knowledge and tailored advices to building occupants. In this
case study, specific challenges include defining tailored feedback for different end
users of the hotel, such as hotel guests, but also the hotel management, receptionists,
and cleaning staff. A tailored monitoring and engagement campaign was set up in
four residential hotel apartments and the reception area. The monitoring campaign is
based on continuous measurements of indoor environmental variables (indoor air
temperature, relative humidity, CO, concentration), electricity consumptions of do-
mestic appliances (washing machine, dishwasher, microwave, TV), and behavioural
patterns (e.g. window opening/closings, thermostat regulation, occupancy). Based on
these selected monitored variables, user-friendly Key Performance Indicators (KPIs)
were defined to provide the hotel guests and hotel staff/management with real-time
information on energy use and environmental quality, as well as guidance on how to
save energy and optimize consumption profiles while creating an acceptably comfort-
able and healthy indoor environment.



2 Behavioural change strategies

Changing behaviour of individuals as a strategy for saving energy has been on the
agenda for many decades. Significant progress has been made in assessing behaviour-
al strategies, but yet there is still much more to do.

Since the 1970s, many researchers from various fields have studied how feedback on
energy use impacts residential consumer understanding and behaviour [24, 25, 26].
Studies involving informative billing and periodic feedback have realized energy
savings between 10 and 20%. On average, these studies found that real-time energy
feedback resulted in overall energy savings of 10-15% [24, 25, 26]. It is assumed,
based on theory and field research, that if residential consumers had more detailed
and/or frequent information about their consumption, they would both better under-
stand their energy use patterns and be able to change them effectively.

Two main conclusions can be drawn from a broad group of studies.

Van Houwelingen and Van Raaij [27] outlined three main functions of feedback:

* Feedback has a learning function: users learn about the connection between the
amount of energy they use and the energy consuming behaviour;

» Habit formation: users put the information they have learnt into practice and may
develop a change in a routine habit;

* Internalisation of behaviour: when people develop new habits after a while they
change their attitudes to suit that new behaviour.

The design and the exploitation of behavioural change programs related to the energy
use reduction can differ greatly when applied to residential or to office occupants
[20]. Households have a direct connection between their actions and their energy
monthly cost. In office buildings, energy savings campaigns are generally defined at
the top level of the organisation, and there is not a direct relationship with individual
workers benefits. Workers’ motivation to engage in energy efficiency behaviours at
workplace is therefore complex and must rely on corporate and social responsibility
objectives and reinforcing social norms. Moreover, the nature of competition between
individual colleagues or different offices could be a more influential driver than fi-
nancial gain. There are also some reasons suggested in the reviewed literature as to
why people's attitudes are different at home compared to the workplace [1;28]. For
instance, at home users are isolated from others. In the workplace, different norms
apply. In tertiary sector, behavioural-based strategies can become critical, since the
effects of the energy saving is not directly paid back to the employees. For this rea-
son, the financial motivation is not an effective trigger such as in the residential sec-
tor.

Further research is still needed to investigate motivations in the office environments
and how to use them for promoting energy efficient behaviours in offices.

The approach used in MOBISTYLE is human- or people-centred. This approach fo-
cuses on actual needs of the users and attempts to include their habits, practices, ideas,
desires in new products and services with the main goal to change their behaviour and
save energy in buildings. Many scientists and public health practitioners recognize
that environmental conditions have an effect on health, but the general public has only
recently come to understand that this causal relationship affects their day-to-day lives.



Besides thermal conditions it is well known that indoor air quality is also strongly
linked to human health.

This holistic approach is addressed to develop an effective methodology that com-
bines together three main research areas related to the occupants (i.e. energy, indoor
environmental quality and health) to gain new insights on the way people perform
actions in the surrounding built environment. To stimulate users to perform more
conscious actions, a combination of data collection, data analysis and elaboration, and
tailored information should be provided.

As a first step, the proposed methodology relies on a data collection to investigate the
operation of users on energy systems through behaviour-related data (including objec-
tive monitoring of the building and subjective data collection from the occupants).
Then, data analysis and elaboration to depict human behaviour (related to energy,
comfort, health) through user data (both wearable sensors and surveys, for example
monitoring human presence and practices thanks to anthropological studies) allow for
obtaining performance indicators. Finally, energy savings and the improvement of
indoor environmental conditions and occupants’ health and wellbeing are achieved by
integrating behavioural communication strategies (awareness campaign).

The tailored information campaign should rely on simple and immediate information
using different communication methods in order to be understood by the selected
users and achieve an effective knowledge transfer. For this reason, different feedback
typologies and strategies should developed to best suit the case studies. In the follow-
ing, the methodology of MOBYSTYLE project is presented applied to a case study.

3 Case study description

A residence hotel, an urban hotel located in a central area of Turin, is the Italian
demonstration case (Fig. 1).

Fig. 1. Views of the case study.



This case study presents a very traditional structure since the building was built at
the beginning of 20™ century with load bearing masonry walls. The building is heated
by two condensing boilers powered by natural gas, also used for Domestic Hot Water
(DHW) production. A chiller (cooling capacity 97 kW) is installed for the cooling
system. Two-pipes fan coil units, placed in the false ceiling, are the terminals of the
heating and cooling system (except radiators inside bathrooms). At present, the build-
ing does not have mechanical ventilation system (except for exhaust air systems in
bathrooms and kitchens) and it does not a use any on-site renewable energy source.

3.1 Monitoring campaign

The application of MOBISTYLE approach will be carried out in selected apart-
ments and in the reception of the residence hotel. All the guestrooms are comparable
to small apartments in terms of internal layout and equipment as the hotel business
mainly relies on guests’ long-term stays.

The selected apartments are two-room or three-room flats but with similar size (be-
tween 37 m® and 39 m’). The reception area has one entrance door and one window
with northwest exposure.

Figure 2 depicts types and locations of the sensors installed in the two apartment
typologies. In all apartments, measurements regarding energy consumption and in-
door environmental quality (IAQ) will be taken. In particular, the following parame-
ters will be gathered:

* indoor air temperature (T) [°C]: every 15 minutes;

* indoor relative humidity (RH) [%]: every 15 minutes;

+ indoor CO;, level (CO,) [ppm]: every 10 minutes;

* electricity consumption [kWh]: every 10 minutes;

* electricity power [W]: every 10 minutes.

To understand the mechanisms of occupants’ behaviours, it is necessary to monitor
the behaviour itself but also to determine the cause and effect relationships that be-
haviours have with energy consumption, indoor and outdoor environment, and the
occupants’ health status.

The types of behaviour analysed in this case study can be listed as follows:

* Occupancy;

* Thermostat adjustment;

* Window opening;

* Whitegoods or other electrical devices;

* Door opening.

Furthermore, the monitoring campaign will also be aimed at measuring Physical
activity (PA) in order to see if the PA pattern changes due to variability in the envi-
ronment (such as climate).

Outdoor conditions during the campaign will be established by third-party outdoor
data logging. Indeed, outdoor environmental variables, such as temperature, solar



radiation, relative humidity, wind speed/direction, will be acquired through an online
source. The monitoring campaign is currently ongoing and takes place for a period of
24 months, from March 2018 until March 2020 (both included).

Window
opening

Thermostat
adjustment

opening opening

(2) (b)
Fig. 2. Apartment typologies A (a) and B (b) and the monitored variables.

3.2  Awareness campaign

As MOBISTYLE demonstration in the residence hotel cannot be seen as a stand-
alone measure, it will be supported with continuous awareness measures, information,
and other feedback campaign activities for raising awareness around conscious energy
usage, healthy lifestyle and the importance of living in a healthy indoor environment.
Continuous interaction with all the building users of the residence hotel will be done
through a mixture of communication channels to raise awareness of all end-users in
the building (building manager, hotel guests, receptionists, cleaning staff). It is be-
lieved that their awareness will be increased even further when there is continuous
provision of information and through different channels.

The actors involved in the project include selected guests of the monitored apart-
ments and a focus group of users (6 participants). The focus group members will con-
tribute with their interviews and feedback before, during, and after the measurement
campaign as part of thick data collection, while the other hotel guests participating in
the project will contribute with the data measured during the observation and monitor-
ing period. It should be noted that the new and more aware behaviour encouraged at
the residence hotel might lead to energy savings also in other situations the users will
encounter in their everyday life. Furthermore, they may encourage other people to act
according to the MOBISTYLE objectives and therefore more people are becoming
aware (snow-ball effect).



Within the MOBISTYLE project, tailored information will be provided to the users
of the residence hotel according to specific needs and characteristics of the hotel envi-
ronment and occupants who interact with it (manager, guests, receptionists, cleaning
staff). A tailored program will introduce to the building users the holistic approach of
the project, its main objectives and the application at the case study. Furthermore, it
will be clearly explained how data protection and user privacy is ensured.

Furthermore, awareness campaigns will promote “temperature trainings” not only
as part of demonstrators but as a part of overall and healthy lifestyle and healthy age-
ing strategy. As example, users are educated that lowering down thermostat will not
just bring energy savings but can also contribute to their better well-being and meta-
bolic health. Moreover, it can be encouraged that users take stairs instead of an eleva-
tor as this does not only saves building’s electricity consumption but also is healthier
for them. Furthermore, the clever and conscious use of appliances (e.g. stand-by
mode) and lighting might help to reduce energy consumptions and can be an interest-
ing trigger for savings costs (manager), as well, next to reducing the environmental
impact of the activity.

The project and its approach has been currently introduced to the hotel manager,
two receptionists and the cleaning staff. The hotel manager engages in an aware ener-
gy-related management of the building and seems highly motivated to implement the
MOBISTYLE strategies in the residence hotel to further improve the energy perfor-
mance of the building and to raise awareness among the hotel guests and staff - while
possibly optimizing their health and comfort conditions, as well. The hotel staff (re-
ceptionists and cleaning staff) generally seems to present a slightly lower level of
knowledge regarding energy-related topics and achieving energy savings for them
still seems to play a less important role, however, they appear very willing to learn
and to be actively involved in the project. Hotel guests have not been investigated so
far.

To benefit from the opportunity of collecting a large amount of data, the data inter-
pretation and, subsequently, the feedback provided to the users as part of the monitor-
ing campaign in the case study will be based on a combination of standards, meas-
urements, and relative comparisons between an established baseline and the individu-
al units in question.

Visualization of feedback and KPIs. The feedback to the users will be given in a
graphical form through an app on their mobile phones (see Errore. L'origine riferi-
mento non ¢ stata trovata.3).

Information regarding energy use is based on the overall electricity use in the
apartment and on the usage of single electrical appliances (depending on which appli-
ances are used in the specific apartments). Depending on the user's choice, feedback
can be based on data from the day before, the week before, the month before or the
current year. The generic profile for electricity consumption and appliances usage will
be developed using the energy consumption data collected during the initial monitor-
ing. The energy consumption data will be displayed to the end user in a graphical
form using three colour levels (green, orange and red). The relationship between col-



our levels and user consumption is based on the generic profile defined during
benchmarking and energy saving targets for the case study (energy saving of 16%).
Users must also have the possibility to read real-time consumption and historic rec-
ords.

Similarly to the representation of energy usage, the IEQ conditions are translated to
the user mainly through a graphical form that involves also in this case the use of
three levels of colour, depending on their trend with respect to threshold values de-
fined by the standards [29]. Historic records and real time values of temperature, CO,
level and relative humidity of the apartment should be provided for the end users.

A challenge of the MOBISTYLE project is that, next to feedback on energy use
and IEQ, the users will be able to visualize KPIs also related to health aspects, such as
the heart rate. Heart rate is the amount of contractions of the heart muscle in a certain
period of time and can be influenced easily by changes in environment or activity.

MobistyleAPP = | D¢ MobistyleAPp

[

15.01.2018-15.022018

Fig. 3. Example of feedback visualization (energy use) on a hypothetical applica-
tion.

4 Future steps

The experimentation is on-going and divided into three monitoring phases with
provision of different levels of feedback, where each of them have their own objec-
tives:

*  Benchmark definition: Monitoring phase without feedback provision to es-
tablish reference scenarios;

+  Feedback provision: Monitoring phase with feedback provision on energy,
IEQ and health;

*  Optimized feedback provision: Monitoring phase with optimized feedback
provision - this optimization is based on an intermediate evaluation that
measures the impact on performance and changes in user practices by differ-
ent feedback typologies.
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Currently, the experimentation in the case study has started with the benchmark
definition in March 2018. Feedback provision will start approximately in November
2018.

5 Conclusion

The aim of this paper was to describe first methodological progresses within the
HORIZON 2020 MOBISTYLE project “Motivating end-users behavioural change by
combined ICT based tools and modular information services on energy use, indoor
environment, health and lifestyle” (grant agreement No. 723032). This paper is aimed
at highlighting that for creating energetically sustainable and healthy environments at
“human scale” it is necessary to raise user awareness through an holistic approach. In
particular, this study underlines the necessity of applying a holistic approach to the
engagement campaign by providing combined feedback on energy, indoor environ-
mental quality, and health. In particular, this paper focused on the monitoring and
awareness campaign in the Italian testbed, a residence hotel in Northern Italy. Indeed,
this paper describes the setup and challenges of a tailored engagement campaign for
hotel apartments and the reception area. Based on selected monitored variables, user-
friendly feedback was defined to provide the users with real-time information on en-
ergy use and environmental quality, as well as guidance on how to save energy and
optimize consumption profiles while creating an acceptably comfortable and healthy
indoor environment.
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