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RESEARCH and EXPERIMENTATION

ABSTRACT 

According to the European Strategy Energy Technology (SET) Plan, the resident-user engagement 
into the national energy strategy is pivotal to the project as it is considered to be one of the most 
important challenges. The Italian Minister of Economic Development and ENEA has entered into 
a Programme Agreement for the execution of the research and development lines of General 
Interest for the National Electricity System. In particular, as part of the “Development of an 
integrated model of the Urban Smart District” a Smart Home network experimentation has been 
carried out in Centocelle, in the south-eastern outskirt of Rome. 

This project aims to develop a replicable model able to monitor energy consumption, indoor 
comfort degree and safety in residential buildings. Then raw data are transmitted to a higher level 
ICT platform where they are analysed and aggregated to provide the user and the community with 
a series of constructive and valuable feedback. All this information can shed light on the user’s 
behaviour patterns and what ought to be improved to increase their energy awareness. The heart 
of the system is the Energy Box (EB) that allows to control all the devices (sensors and actuators) 
and to transform each and every home into an active node of a smart network. It lets the user share 
data and information with the outside world as well as to increase residents’ sense of involvement 
and belonging to the community, providing them with new forms of interaction. In perspective, 
the system architecture aims to transform each user from a mere consumer into an active 
participant in the energy market, able to control demand (demand-side management). Finally, the 
brand-new home digital infrastructure is paving the way to a series of additional services, such as 
assisted living and home security.

1. Introduction

Growing awareness of the world’s energy scarcity and 
environmental issues has introduced new conditions 
within the energy system.  An emblematic example is an 
electrical system, which, in the future, will have to 
accommodate a share of production much greater than 
today. This issue poses new challenges to the power 
generation system and end-user energy consumption 
behaviour. The current trend points to the direction of 
changing the network to manage future challenges, such 
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as energy storage availability and flexibility, and as well 
as improving the balance between energy production 
and consumption. Also it is thought to support the tran-
sition towards Zero Energy Emission Districts (ZEED) 
in the near future [1]. As a result of this development, a 
large number of programmes have been implemented in 
Europe and the World over. The first generation of these 
projects was focused on technology and electrical grids, 
while social and behavioural issues were overruled or 
not sufficiently detailed. In recent years, as several case 
studies have shown, behavioural supporting measures 
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guidelines for more efficient and energy-aware behaviour. 
SHN enables the exchange process between homes and 
the Aggregator to manage user flexibility and bench-
marking. 

Nowadays, Smart Home market and particularly IoT 
is constantly growing (185 million Euros, + 23% com-
pared to 2015) [6] but, until now, it has been mainly 
driven by security issues, despite technology rapid prog-
ress promises to make more features available in the 
near future [7].

Smart homes use technologies like smart thermostats, 
appliances, and lighting to enhance residents’ comfort and 
convenience in their homes. These technologies connect 
to one another through home wireless networks and to the 
larger world through the Internet. Using software, sensors, 
and other hardware, they monitor and control the home’s 
systems and allow residents to access them when they are 
away. The heart of the system is the Energy Box (EB) that 
continuously collects data on energy performance. It can 
communicate wirelessly with other devices installed at 
home through standard and open communication proto-
cols and acts as a gateway for the information transfer to 
the external I-cloud via WiFi and/or Ethernet. The con-
nection architecture is described in the following figure. 

The smart toolkit is made up of sensors that adopt a 
single communication protocol, Z-Wave, for monitoring 
electricity consumption and indoor comfort. They can 
also control some thermal and electrical utilities. In par-
ticular, the following devices have been installed as 
shown in figure 2: 

• Electric Smart Meter, installed in the apartment 
electrical panel underneath the general switch 
for monitoring the overall apartment electricity 
consumption;

• Smart Switch for monitoring consumption and 
controlling air conditioners; 

• Smart Plug for monitoring and controlling 
several electrical devices (e.g. appliances);  

proved valuable to make users feel more involved in the 
project and help them gain an advantage in terms of 
energy savings. 

For this purpose, in December 2015 the public 
 consultation process was dedicated to the 2nd Energy 
Union Research, Innovation and Competitiveness 
common priority, for “facilitating the participation of 
consumers in the energy transition through smart grids, 
smart home appliances, smart cities, and home automa-
tion systems” [2].

This paper aims to describe ENEA Smart Home 
Model developed to increase awareness on energy-sav-
ing issues throughout the adoption of IoT technologies. 
Not only do smart technologies help people save energy, 
but they can also improve comfort and convenience at 
home by offering innovative services. It examines the 
experimentation of a smart home network, describing 
the technological solution and giving a brief outline of 
the methodology. Drawing from available studies, we 
estimate household energy savings relative to average 
energy consumption for each household. Additional 
research will improve these estimates in the next years. 
Furthermore, the experimentation was evaluated in 
terms of people’s satisfaction with the technology in use 
from a social and psychological point of view.

2. System technological infrastructure

Prior to the start of the experimentation, a study was 
conducted on the state of the art in order to define the 
necessary requirements and identify the best technolog-
ical solutions. The SNH system design is based on those 
requirements that the identified technological solutions 
are able to supply, i.e. the use of standard and open com-
munication protocols or the adoption of wireless devices, 
easy to install and quite inexpensive [3][4][5]. In collab-
oration with Apio company, ENEA has designed a Smart 
Home System and Aggregation platform [5] to provide 
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transmitted to a higher level platform where they are 
stored, analysed and aggregated. In coming years, 
efforts in data analytics to disaggregate smart technol-
ogy–generated data into meaningful, actionable findings 
will be also quite useful to streamline data processing. 
The goal is to reduce the final domestic energy con-
sumption leading users through a path of growth of 
energy awareness as well as offering additional services. 
In addition, the Smart Home infrastructure can enable 
the home user to demand response services. In perspec-
tive, users can modify their energy demand in response 
to requests from an Aggregator, receiving a reduction of 
the energy cost in return.

a. Energy Feedback
A dashboard was designed to provide users with valu-
able feedback [9]. It guides users towards more ener-

• Opening and closing sensors on doors and 
windows; 

• Integrated comfort/presence sensors for 
monitoring indoor temperature, brightness and 
user presences.

• Smart valve for monitoring and controlling the 
radiator set point. 

Each device matches a web-APP, accessible from a com-
puter or mobile phone, for real-time display of sensors’ 
acquired data. The web-app controls the actuators, such 
as the smart plug and smart valve.

3. Data Collection and Analyses 

This project aims to develop a system of SHN able to 
monitor energy consumption, the degree of comfort and 
safety in residential buildings. All acquired data are then 

Figure 1: Connection architecture
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• Estimated monthly electricity consumption for 
the date of access to the App in both kWh and €.

Each and every user may choose whether to compare 
their results with themselves or other participants. In the 
dashboard section called “My consumption”, for the 
chosen reference time interval, you can view:

• Daily energy consumption: using a bar chart 
showing the consumption in kWh and the costs 
in €, and comparing them with the average 
value, as to easily identify in which day or hour 
the higher consumption was recorded. It shows 
the user when and where their consumption is.

• Distribution of consumption among monitored 
household appliances. In this way, it is feasible 
to identify for which users the highest 
consumption is recorded and the respective 
incidences on the bill costs.

• Comparison of monthly consumption for the 
current year with the previous one. The comparison 
makes it possible to monitor whether there has 
been an improvement in the user’s behaviour or if 
there are savings compared to the previous year 
when no control system was going on.

gy-efficient behaviour  to help them better understand 
how much energy they are using in their daily activities. 
As users become more aware of their energy consump-
tion they can change their energy-related behaviour as 
well as shift their operation to off-peak hours when, for 
instance, there is higher availability of energy from 
renewable sources. As a result, residents who use feed-
back from these devices can further adjust their energy 
use, reducing their energy footprint. In fact, providing 
the user with information about their past and present 
energy consumption has the ambition of modify their 
behaviour. To support users during the process, technical 
vocabulary has been translated into terms easier to 
understand, such as cost or bill. Finally, a web-app was 
developed to give users real-time feedback and an over-
view of their energy consumptions [8].

The following set of information is provided within 
the App:

• Generic information: map position, house size 
and family unit composition;

• Weather conditions, external temperature 
compared with the average internal temperature, 
window opening percentage;

Table 1: User interface: My progress - Comparison with others
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The additional services offered are described below:
• Security – services which provide, when an end-

user is away, home detection or the break-in of 
the locking systems. The system is able to 
provide a warning notification to the end-user or 
third party specifically enabled; 

• Safety – services which monitor specific 
environmental parameters (smoke detectors, CO2, 
flood sensors, etc.) and to detect particular risk 
situations to prevent injuries and disasters;

• Assisted living - services to support vulnerability 
and to improve quality of life.

4. Experimental demonstration

Beginning in May 2018, pilot testing [10] of the Smart 
Homes network was started in Centocelle, a suburb in 
the south-eastern district of Rome [11]. During the 
recruitment phase, to reach out to a wider range of 
neighborhood inhabitants, a series of meetings were 
organized with active social groups. In addition, various 
multimedia tools were used to convey the project [12]. 
The table 2 below describes the characteristics of the 
apartments and users’ profile.

• In the section called “With others”,  
the consumptions of the selected time interval 
are compared with families similar by 
composition. In this case, the provided set of 
information is:

° Comparison with the average and the most 
efficient among similar users: the 
comparison is carried out in percentage. A 
comment follows that can be “Attention” 
you are consuming more than the average 
of similar users or, “Congratulations” if the 
consumption is lower. 

° Comparison between the consumption of 
household appliances of the single user 
with the users’ average consumption of the 
same category.

b. Additional services
From the very beginning home users were offered a 
bunch of additional services. Thanks to local processing 
capabilities, it looks feasible to manage situations of 
potential risk [9]. Incorporating heterogeneous data is 
vital to decision support, with a consequent reduction in 
costs and user satisfaction.

Table 2.Building typology and users’ profile

http://2.Building
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5. Results discussion

Data colleting method of electricity consumption made 
it feasible to verify the results of the experimentation in 
terms of families’ savings on electricity bills. The fol-
lowing graph shows the average monthly consumption 
and the percentage of savings. Results suggest that the 
average savings were about 10% for each household, 
even though the greater incidence was found in single or 
two-component families, where the effects of the indi-
vidual user lifestyle changes and habits are more 
 evident. 

Generally speaking, the results can be regarded as 
positive, especially considering that it is mainly due to a 
change in the users’ behaviour, given that no automatic 
control was on, not to mention the real-time feedback 
and competition naturally spreading among users. 
Furthermore, we carried out a comprehensive survey of 
technology user-friendliness. For this purpose users 
were given a questionnaire with the result that the tech-
nology in use has gained a widespread acceptance, even 
if improvements have been requested especially in terms 
of product customisation. To realise the full potential of 
smart technologies, consumer acceptance must evolve 
beyond early adopters [17], and reach the broader popu-
lation even if the survey showed that mounting cyber- 
security threats and breaches were one of the most 

During the trial period, 10 families spontaneously 
joined the project. At first, participants were given a 
questionnaire on the basis of which simulations were 
carried out. Results made it possible to estimate home 
consumption [13][14], to profile the type of user and 
allow evaluation and benchmarking. Simply comparing 
the actual bill electricity consumption and the estimated 
consumption based on the information provided by par-
ticipants, it was found that in most cases users consume 
more than it was expected, and this percentage was 
approximately 30%. This analysis, carried out even 
before the experiment started, confirmed the lack of 
awareness the majority of users involved in the trial 
 project had. Furthermore, the 2017 electricity bills 
related data, based on real consumptions, were then 
compared with the typical electricity consumption avail-
able in Italy, issued by the Electricity and Gas Energy 
Agency (AEEG)[15] and by the Italian Institute of 
Statistics (ISTAT)[16]. The comparison was carried out 
among homogeneous groups, i.e. families similar in 
terms of the number of components. This process has 
helped identify the most energy-consuming users and 
those in need of efficiency improvements. However, 
findings suggest that families involved in this experi-
mentation presented lower levels of energy consumption 
compared to the Italian average values,   as shown in the 
following graph. 

Graph 1: Comparison of real annual electricity consumption estimated by the user compared to the national average by type of family
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be taken into account when evaluating the energy perfor-
mance of any smart technology system.
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