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1 ABSTRACT

According to the European Strategy Energy Techno(&ET) Plan, the resident-user engagement into the
national energy strategy is pivotal, as reportedhieyChallenge 1st: “Active consumer is at the reeof the
energy system”. The ltalian Ministry of Economicvempment and ENEA have entered into a Program
Agreement for the execution of the research aneldpment lines of General Interest for the National
Electricity System. In particular, as part of tHaeVvelopment of an integrated model of the Urban rEma
District” project. An experimental demonstration @fSmart Home network is being carried out in the
Centocelle district of Rome and called “Smart Habsmtocelle”.

The project was developed in an informal settlemesiich shares a common background with likewise
urban settings, such as a lack of public transportaconvenience or enjoyable public spaces andagee
quality housing, whereas people who adhered t@tbject have a medium-high education level and gdov
to be sensitive to alternative and more sustainafdegy sources.

Our research has examined the deployment prograds so far, gathering and analysing all the infoiona
to assess how the project applications could affestous quality-of-life dimensions: safety, health
environmental quality and personal comfort peragptsocial connectedness and the cost of livingyab
all.

Keywaords: holistic approasch, quality of life, higgthnologies, proactive users, smart home network

2 CURRENT STATE OF TECHNOLOGY AND RESEARCH IMPROVEMEN TS

2.1 Introduction

In the framework of the Electric System ResearchgfRam supported by the Ministry of Economic
Development, ENEA is carrying out a project for whefinition of a replicable model of Smart Homes
Network (SHN).

Currently, the Smart Home market and particulady Is constantly growing (185 million Euros, + 23%
compared to 2015) [1] but, until now, it has beeainty driven by the issue of security, despite texbgy
rapid progress promises to make available morenaore features [2].

Moreover, producers, insurance companies, utilaies OTT (Over The Top) have shown great attertbon
the Smart Home project; for instance, Google whi Nest thermostat or Amazon with Alexa. The eofry
such big companies has increased consumers’ coofida the connected home. [1]

Our project aims to develop a replicable model IdNSvhich will be able to monitor energy consumption
the degree of comfort and safety in residentialdngs and will then to transmit raw data to a leigtevel

ICT platform which will analyse and aggregate itoyding the user and the community with a series o
constructive and valuable feedback which may slgitt lon their usage patterns and what ought to be
improved to increase their energy awareness.

Although the usersare entirely free to choose hogvwahether to interact with the technology, thedfiseck
they are given can guide them through a path ofvtirmf energy consciousness to cut down on thd fina
energy consumption, both electric and thermal. d@sithanks to the SHN system, it is feasible apsh
innovative housing solutions and to integrate fioms in order to reduce final energy consumption
providing traditional services, such as safety saclrity control or assisted living, as well as enpersonal
innovative services.
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The system architecture is presented and desdrib®&dction 2.2, while the Smart home toolkit isatiémed
in Section 2.2.1. Section 3 focuses on the chosghineroughoodfrom an architectural point of viewhile
Section 3.2 deals with user’'s engagement; lastigti®n 3.2.1 depicts the feedback and servicesigedy
Finally, in section 4 the conclusions are preserfsedtion 5 is for the references.

2.2 Design of the system architecture

The design of the SHN system is based on speeifjsirements, which the identified technologicalisohs
are able to provide, namely use of standard andh @oenmunication protocols, in addition to wireless
devices usage, easy to install and fairly cheap.

The system architecture comprises two differengleva)building and b)aggregator. Each level ineiased
with a particular component to which precise fumasi and services are assigned.

At the single dwelling level (a), the system cadhie Energy Box (EB) that collects data from tbesers’
network installed at home; this methodhasproveletoraluable to control some devices and it aces #k
communication gateway between the smart home anddfgregator. The user can interact with the EB via
PC or smartphone through appropriate communicatiterfaces that allow to control and manage the
systems inside the home (web-service, smartphopg).aphe upper level, namely the Aggregator, cdsisis
of an ICT platform able to collect, aggregate andlgse all the data taken from the home networktand
provide the users with a series of constructivelbaek. The system itself allows for simple manag#raad
remote data viewing.

Both the ICT platform and EB were developed by ENEgearch lab in collaboration with Apio [3]. ThB E
can integrate sensors with different communicatmotocols (Z Wave, EnOcean, etc.), it can also
implement rules for home management, chart thelsrefi each device, create apps and additionalcesvi
to be offered. It is synchronised with the aggregab that the users can monitor and control theine
remotely having the same interface used when coimgeo it through the domestic Wi-Fi.

2.2.1 The Smart Home toolkit in detail

These research activities [4] have led to [5] aseemoolkit for the home energy management, taking
account as benchmark a 6 rooms house of aboutdu@res meters, equipped with an independent heating
system, as shown in Figure 1.

In order to monitor the general building electsicitonsumption, the project entails the usage giexific
sensor called Energy Meter (EM). Installed diredtito the electrical panel of each monitored dwaglli
through an amperometric clamp, it makes it viableneasure the electrical energy consumption intiesl.
Moreover, it is powered by the electrical panekheaut any need for other power supply. It was asduo
monitor the photovoltaic systems’ energy production

Another gadget of the smart sensor toolkit is thear$ plug connected to the outlet and used for the
measurement and control of the electric load. Mwimy the consumption of homedevices via smartplag
also useful for the disaggregation of electricignsumption data from the aggregate data provided by
eachEM.As far as the measurement of electriclaadss decided to monitor a more controllable amain
electrical power supplied to home devices such slsing machines, dishwashers, tumble dryers andrwate
heaters, as they are the key to running DemanddRespservices. In addition, continuous loads, sash
refrigerators and ovens, have been monitored tlitéde data disaggregation and to unfold usag¢epat
Smart plugs installation, however, was quite a lehgke, asmodern kitchen appliances are often not
easilyaccessible.

In order to monitor theair conditioners split-systenergy consumption, especially for summer coplang
switch was installedin order to measure and cathieadlectric switch load.

The smart valves, installed on each radiator, lhgeask of regulating the room temperature acogrth
the level of comfort chosen by the user. Unlike ditianal valves, the new onesare able
toindependentlymaintain a constant temperaturedhn eoom. This allows using the heating only wieréd
when needed. Furthermore, thanks to the schedfulimgfion implemented at the EB level, it is possitd
vary these temperatures according to the time agdtithe week for each environment.

The contact sensors detect the opening/closingoofsdor windows by sending a changing signal to the
wireless network. This sensor can turn off the ihgatooling system in the house when a window is
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detectedas “open”. Furthermore, all this informat@an be used to turn on burglar control or to Enab
security strategies if in place.

Smart meter:
gas/electricity

presence
indoor

plug:
Appliance

Fig. 1: System architecture.

Eventually, a multi-sensory device was installadegrating three different functions: motion deitmat
temperature and light sensor (luminance).

This kind of sensorswas positioned in each room tey can be used for security, intruderdetection,
automation and energy management.All the sensersaaailable on the market and they are wireless,
therefore they do not require any wiring duringatiation.

The described toolkit is being tested in a pilatndastration carried out in the Centocelle distoicRome,
wherethe experimentation was divided into sevdnabps. In order to ensure citizens' involvemengtimgs
were organized in the district in each phase optiogect:

« Project presentation and adherence by filling enapplication form;

« A quick energy auditof all the buildings includedthe research programme;
»  House plan drawings with sensors installed;

. SH toolkits delivery and sensors installation;

«  Start of experimentation and instruction manuaveey;

«  System operation check and periodical evaluaticesiuilts.

3 CENTOCELLE NEIGHBOURHOOD AND USERS’ ENGAGEMENT

3.1 Introduction

As above mentioned the smart home project was dpedlin the Centocelle district, as shown in Fign2
the south-east outskirts of Rome, within the oatetorway belt. The core of this suburb was desigpra
built during the 20s-30s decade. The actual neigittmnd as it is today is the result of the inclasa a
previous urban sprawl during the decade 60s -7d=n Ehough is located between via Casilina on tutls
and via Prenestina on the north, not so far fraam&s city centre, it shares a common backgrourtial wi
likewise roman urban settings, such as a lack bfiptransportation convenience or enjoyable pubfiaces
and an average standard quality housing.As a &inpaople who adhered to the project have a medium
high education level and proved to be sensitivalternative and more sustainable energy sourcesh Su
peculiarity has made it the eligible venue whetbasimulation is being carried out. Furthermohe, asers’
enthusiasm is vital to trigger the leap and turrtimgm from a mere user into a promoter of the tekdgy
itself, enlarging the perspective from a small sagd to a larger one.
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Fig. 2: Rome city map and Centocelle district zoam i

The issues that this research is aimed to tackigotiatand alone, but are part of a wider contexta small
community is only a single part of a larger cityigtproject research presents a unique approach to
investigating the key factors to build not onlyraast homes network but a larger and more compleartsm
community. Among the project goals are the engagewwiepeople who chose to take an active part byit
arousing their technology awareness.

Community engagement is essential for building arsity. Smart cities have been depicted so faader,
friendlier and greener as a result of a combinatiba growing human, infrastructure, and entrepueaé
capital[6]. Initiatives in smart cities are intewld® promote community and citizen engagement. &eke
indicates that community and civic engagementasedly related to the development of smart cities[gir
long-term benefits have been not only linked toghbancement of community engagement, but alsieeto t
increase in the sense of belonging to a commu@ityating local networks of community members faster
climate where more people are willing to work todvargoal[8].Smart community-based initiatives, like
one being carried out in the Centocelle districtyeh been intended not only to turn people into more
conscious tech-users but to foster social inclusiod deal with local challenges, as they promote th
sustainability of provided services[9].

Setting up a smart city involves that people am bhilding blocks of a thriving community and their
participation in itsbottom-up activities shapes tlegree of an engaged community and pave the way in
taking the next steps toward a more sustainable afdiving. If engaged, they can advocate to madve t
vision forward and make sure their communitiesracge prepared to withstand climate-related riskhéen
near future, because people shape the future afra rasilient city made for them to live and flalriin and

not a plain city of things, even if smart things.

3.2 Users' engagement

Before the experimentation started, users askednformation about any risks to health and privacy
protection. In this regard, it has been clearlycgpl that the sensors could not pose any hemlkis as they
use a wireless communication protocol created amsigded primarily for home automation, whose
operating frequency is 868.4 MHz. The use of tlisdallows the user to have no interference witterot
systems such as Wi-Fi and Bluetooth, both operatinge 2.4 GHz band (as well as the Zig-Bee praljoc
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The Z-Wave standard has a greater ability to dtwssvalls of buildings compared to the Wi-Fi onel éinis
skill makes transmission safer and more efficiBatsides, the low power, also due to the reducedl fttaw,
ensures that the solution is not dangerous forlpdualth.

As far as the user's privacy, data from homes bellacquired anonymously and then aggregated for the
definition of KPIs. Therefore, no user will be abie access any information about each other. The
comparison between users will also take place uskig. Eventually, the data will be analyzed fatistic
purposes and not assigned to third parties. Theteecontrol can only be carried out by the houseeyw
who can choose whether or not to use the devigestescontrol function such as a smart plug or smart
valve, but in no case, the implementation entaisihvolvement of third parties.

During the first phase of experimentation, tharks team of psychologists and sociologists, a sufi@]
were conducted to detect the acceptability of theiement installed in the demonstration by the siser
involved in the Experimental Group (GS) experiméataand potential users (Control Group, GC), dingll

in the same neighbourhood. To this end, a questicmmas administered including open-ended andedlos
ended questions and standardized questionnair§4$)26] used to investigate perceived social supps
an aspect that affects the adoption of sustair@ddtaviours in general and therefore also on thepability

of the technologies itself.

The results of the survey show that Smart techryoil®@ccepted both by those who have benefited trem
experimentation and by those who have only imagfngtion.

The GS Family Units have shown enthusiasm, advamredosals for improvement and even raised
criticism based on the direct experience of smachnology. On the other hand, the interlocutorshef
Control Group have shown their expectations regardhis technology, based on their current needs.
Despite the GS has replied that the technologynbasavoured a greater sensitivity towards envirental
issues and has not helped to change their hatits, the comparison between the consumption momitore
during the experimentation and the consumptionhef firevious year as detected by the energy bitls, a
average saving of 8% on electricity consumption alagerved, a symptom that, despite not being perdei
the change occurred, not only in the most energyghufamilies.

2 2017 m2018
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Fig.3: A comparison of monthly average consumptéfale and after the experimentation

This kind of analysis was useful to identify theshappropriate methodology and type of communicétioo
put energy information across to end users in a@éncrease their awareness and facilitate thetiamo of
more energy-efficient behaviours. Greater sengjtivias detected in terms of cost reduction, in,fanergy
savings have been quantified in € rather than inhK¥®urthermore, it is quite helpful to improve thes
and cons ofa feedback system (with relative peuag@nd cognitive reinforcements) for the daily rgye
consumption'susageto be modified. To this end,users were provided with monthly feedback in which
previous results are summarisedin comparison Wetohes of other participants in the experimentatio

The feedback showed a fairly sensitive improvenpesifivelyevaluated. As a result, the userswerergiv
the chance to personalise the domestic environmedtadditional services, such as smart home, smart
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health and smart wellness, which will encouragaigrecompliance with smart consumption. They cdn se
up integrated or convergent paid services with rothedia, generating added value for the providastly,
they will be able to converge with social media dhdrefore encourage greater integration of therGma
Community.

3.2.1 Users' feedback and services provided

The SHN system main goal is to reduce the energguwaption, by increasing the user'sawareness uof the

consumption patterns and, at the same time, byriegstemote control and automation of some features
within the home. In addition, the Smart Home intirasture can enable the home user to demand respons
services: users can modify their energy demancespanse to requests from an Aggregator, receiving a
reduction of the energy cost in return.

Although the usersare entirely free to choose haw whether to interact with the technology, the
feedback[13] they are given can guide them thraugiath of growth of energy consciousness to cutndow
on the final energy consumption, both electric #@mefmal. The novelty of the project approach ig tha
startsbyengaging residentsfrom the outset througheetup and self-energy audits to design a ugsrely
interface and let them get started with a brand-temlinology and become more proactive users. laerda
familiarise the users with the technology in plaitesy were given additional services, in terms ok
security, assisted living and demand/response @ontr

Thanks to the responsive data processing the HBésta manage potential risk events. Technologyés
tool to make a city smarter, yet becoming a smigytis not only a goal, but a means to an end:ahire
point lies in responding more effectively and dyiatty to the needs and desires of residents, &speto
the most vulnerable people in our cities: eldechijdren and disabled people. The EB for instariceady
integrates a customised platform that allows thex tescheck on his vital signs thanks to the usanoéleven
sensors toolkit. Since the system shares the satedaice of the house energy management consbis, i
then easier to evaluate the health of those livirege. The ability to perform some routine examshie
comfort of your own home can have a strong impacp@ople's quality of life, as well as reducingtsder
both themselves and the healthcare system. Intfaetintegration of heterogeneous data is impoifian
decision support, with little impact on the installequipment and with a consequent reduction its G
better user acceptability.

The additional services offered to the user arerdzsd below:

»  security — services that provide home detectiotherbreak-in of the locking systems. The system is
able to provide the user or third party specificalhabled a warning notification;

- safety — services that monitor specific environrabparameters (smoke detectors, CO2, flood sensors,
etc.) and detect particular risk situations to preninjuries or potential pitfalls;

- assisted living - services to support vulnerabil@gymprove quality of life, to help people livirlgetter
and longer in their own homes, as long as posdihle[

The monitored data are transmitted in real timthéoaggregation cloud platform, where the "raw'adate
integrated and processed to obtain more informattwom 2018 on, two dashboards have been properly
implemented to display the acquired data and twigeoa different kind of feedback according to tyyge of
recipient:

- a user-friendly interface with constructive feedbamm household appliances plus general energy
consumption to motivate usersto have more effidiemaviour. Users can do:

0 a comparison with themselves, by monitoring thereramount of consumed energy and
consumptionbreakdown by single appliances.

0 checking their progress over time by contrastig ¢consumption of the current year with
the same of the previous one.
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Fig. 4: Aggregator user-friendly interface. Therusith themselves.

0 a comparison withother users: in this case theggnssnsumption analysis is carried out by
contrasting it with families similar by composition
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Fig. 5: Aggregator user-friendly interface. Therusih others.

4 CONCLUSION

The unfolding of technology and the developmendivérse applications demonstrates how it is posdibl
exploit the data collected from connected objedsxldsing their hidden and enormous potential. The
integration and processing of data from these @svian offer additional services to the user, wigich
beyond the simple energy management for which these thought. Therefore, we can assume that a
progressive growth of customised services offecetthé users will help themto live better in the éarnof
their own home. These services may concern not seburity but also, for instance, Assisted Living.
Furthermore, future developments will have to take account the users acceptance of these inmevati
systems.

By focusing on people collaboration on the projgmtomoters have shifted the focus from top-down
initiatives entrenched in a traditional hierarcbhybbttom-up ones in order to expand their creativdr this
reason, the solutions must be innovative and adammnd will aim to bring the users closer to new
technologies.

The participants in the experimentation appeareduseys who want to play an active role in the
management, even in the design process, in somes,aafssmart technology devices. These are usens wh
are familiar with technological equipment and whe iaclined to install smart home technology aglan it
does not bother but rather responds to the specd@ds of individuals and families. The demand for
personalization and integration with the domestigr®nment (smart home) seems to be the cleargsest.
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Communication as content and modality (sensoryytainane, web, voice, writing) should be left operat
wide range of possible options, each and everyashty the user. The frequency of communication is a
central factor for which one could consider a matlah of frequencies on different channels.

The survey results made it possible to evaluatefatye planning scenarios by referring to the poé and
reflections that emerged from the participants. Wik and the qualitative resources that emergetdims

of ideas and proposals for services improvementeaeithologies adopted, accepted or not and hydettes
as improbable, has allowed us to construct a fraorievof potential future actions regarding a more
personalised, integrative and easy technology fmismeeds that can be resolved through digitalstesi
living.
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