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Abstract: academics, practitioners and governments are paying growing attention to the Internet of Things 
paradigm, and to its potential impact on companies, public administrations and society. However, there is still 
little clarity on the state of the art of IoT applications, the benefits enabled and the expected market 
evolution. This paper aims to provide a contribution in this sense by presenting a classification of the main 
application fields and a structured methodology to measure how much current projects are close to the IoT 
paradigm. Then, the proposed metric is applied to 165 IoT projects launched in Italy in recent years, thus 
providing a detailed picture of the Italian application scenario.  
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1. Introduction  

The “Internet of Things” (IoT) describes a road already 
taken in the human and technological development in 
which - through the Internet and its future developments 
- potentially every object of our everyday life acquires a 
unique identity in the digital world. The IoT paradigm is 
attracting growing interest from governments, companies 
and researchers: the US National Intelligent Council (SRI 
Consulting Business Intelligence, 2008) has included the 
Internet of Things among the six disruptive civil 
technologies with potential impacts on US interests 
through the year 2025, and the Commission of the 
European Communities has launched in 2009 an action 
plan and a strategic Research roadmap for realising the 
IoT (European Commission, 2009; CERP-IoT, 2010). 
Moreover, companies and universities are promoting new 
organisations to foster the development of the IoT (e.g. 
the Internet of Things Council) and the related standards 
(e.g. the IPSO Alliance, the Zigbee Alliance).  

Despite its origins dating back to the beginning of the 
century, when the Auto-Id Center of the Massachusetts 
Institute of Technology (later renamed Auto-Id Labs) 
used this expression to refer to the opportunities enabled 
by Radio Frequency Identification (RFID), the IoT 
paradigm is not yet mature. In the last decade, it has 
grown - from a technological perspective - to include new 
Machine to Machine (M2M) applications and wireless 
networks of sensors and actuators, which allow the 
connection of the physical world to the digital one. 
However, there is still little clarity on the state of the art of 
IoT applications, the benefits enabled and the expected 
market evolution. In response to this lack of clarity the 
School of Management of Politecnico di Milano, in 
collaboration with the Department of Electronics and 
Informatics, launched an Observatory on the Internet of 
Things in 2011 to investigate the main issues related to the 
IoT and to foster its adoption in Italy. A selection of 

results achieved during the Research project is presented 
in this paper. 

The paper is organised as follows. Section 2 proposes a 
definition of IoT grounded in the literature. After 
introducing the objectives and methodology in Section 3, 
Section 4 presents a taxonomy of IoT applications. Then, 
Section 5 introduces a metric to evaluate the IoT projects, 
whereas Section 6 describes the IoT applicative scenario 
in Italy. In the end, Section 7 draws some conclusions and 
suggests future research paths. 

2. Internet of Things: definitions 

The availability of numerous definitions of Internet of 
Things within the research community demonstrates the 
strong interest in this issue and the vivacity of the debates 
on it. However, by browsing the literature an interested 
reader might experience significant complexity in 
understanding the actual meaning of IoT, and the social, 
economic and technical implications of its full 
deployment.  

The IoT concept was first introduced by Mark Weiser - a 
researcher at Xeros Parc in Palo Alto, California - over 
two decades ago through his theory on ubiquitous 
computing. Although he did not refer to it as IoT, he 
already had the vision of hidden technologies able to 
interconnect machines and facilitate people’s work 
through information sharing (Weiser, 1991). A decade 
after Weiser’s intuition, the topic was again brought up at 
the Massachusetts Institute of Technology (MIT), and 
specifically by the Auto-ID Center. Founded in 1999, this 
group was working in the field of networked Radio 
Frequency Identification (RFID) and emerging sensing 
technologies. Their vision was to create a “Smart World”, 
i.e. an intelligent infrastructure linking objects, 
information and people through the computer network 
(Brock, 2001). However, although representing a major 
pillar for the development of the IoT, RFID is not the 



only enabling technology; Near Field Communication 
(NFC), Wireless Sensors (and Actuators) Networks 
(WSN) and cellular Machine to Machine (M2M) also stand 
at the forefront of the technologies driving this vision. 
This issue was clearly pointed out by the definition of the 
US-National Intelligence Council (US-NIC), in which IoT 
refers to “the general idea of things, especially everyday 
objects, that are readable, recognisable, locatable, 
addressable, and/or controllable via the Internet - whether 
via RFID, wireless LAN, wide-area network, or other 
means” (SRI Consulting Business Intelligence, 2008). 
Prior to this in 2005, the International 
Telecommunication Union (ITU) also provided a 
definition of the IoT which considered the augmentation 
of “everyday object” capabilities, but underlined as well 
the need for a network able to seamlessly include every 
object (ITU, 2005). This first set of definitions emphasises 
the new capabilities of the objects, and is often referred to 
as the “Things oriented vision”. Conversely, some 
scholars put the emphasis on the communication between 
objects; this latter approach, often referred to as the 
“Internet oriented vision”, identifies the communication 
as the primary development direction, thus focusing on 
what enables the interaction through the network (Atzori 
et al., 2010). In this regard, the IPSO (IP for Smart 
Objects) Alliance - leading organisation in the promotion 
of the use of the Internet Protocol for communication 
between small objects - focuses its efforts on simplifying 
the current IP in order to fit it to every type of object and 
make the objects identifiable and accessible independently 
from location and time. A definition attempting to 
integrate these two visions is the one provided by the EU 
Project CASAGRAS (Coordination And Support Action 
for Global RFID-related Activities and Standardisation) 
consortium. This definition assumes that IoT will be built 
upon the existing Internet communication infrastructure, 
and considers technologies for connection, automatic 
identification and data collection which enable the 
integration of objects in the Internet of Things (www.iot-
casagras.org).  
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Weiser   X  X X 

Auto-ID 
Center 

X  X    

ITU X X X   X 

IPSO 
Alliance 

X X  X  X 

CASAGRAS X X X X X X 

US-NIC X X X X  X 

Table 1. Focus of the IoT definitions 

The definitions provided in literature address the IoT 
concept under different perspectives, which can be 
classified as follows (cf. Table 1): 

 Unique identification of objects; 

 Communication between objects; 

 Connection between physical and digital words; 

 Connection to the Internet; 

 Systems autonomy (reduced need for humans); 

 Information generation (knowledge creation through 
the great amount of data generated). 

In this paper, a definition grounded in the literature and 
attempting to consider both “Things oriented” and 
“Internet oriented” visions will be used. Specifically, it is 
recognised that the essence of the Internet of Things 
paradigm relies on both smart objects and smart 
networks. 

An object is defined as smart when it possesses one or 
more of the following functionalities: 

 Self-awareness, i.e. identification (the possession of a 
unique digital identifier, always required), localisation 
(the ability to know its own location) and diagnostics 
(the ability to monitore internal parameters and be 
aware of its correct functioning); 

 Interaction with the surrounding environment, i.e. 
sensing (measuring state variables, e.g. pressure, 
temperature), metering (measuring flows, e.g. 
electricity, water, heat, or gas consumption), and 
actuation (executing commands derived by remote 
controllers or by self-processing capabilities); 

 Data processing, i.e. the elaboration of the primitive 
data collected (e.g. filtering, conversions) and the 
extraction of useful information; 

 Communication with other smart objects and with 
central acquisition systems. 

The intelligence underlying IoT applications is not only 
embedded in smart objects, but it penetrates the very 
essence of the network connecting them. By focusing on 
the factors that enabled the Internet success, some 
properties of IoT smart networks can be outlined: 

 Standardisation and openness, i.e. the use of open 
standards for those application layers interfacing with 
the physical world (i.e. tags and sensors), for the 
communication between nodes and with the network. 
Besides the economic benefits derived from 
interoperability, the use of open standards is essential 
to simplifying and accelerating the development of 
the application layers mentioned above; 

 Data and object accessibility. A significant portion of the 
internet value is enhanced by the public availability of 
information. In the same way, an enabling factor of 
the IoT is represented by the possibility of having 
access to the collected data for the widest number of 
users, stakeholders and developers. However, data 
availability represents only a first step: the full 
deployment of the IoT paradigm requires every single 



object, not only object-related stored data, to be 
directly accessible, through its IP address (or similar), 
without the mediation of a dedicated service; 

 Multi-functionality. Derived from the previous two 
classes of properties, this feature exhibits the full 
potential of IoT, since a network built for a specific 
objective should be open and available for additional 
purposes. For example, the infrastructure installed in 
a city for traffic monitoring could be used to connect 
sensors to monitor crowds during major events. 

3. Objectives and Methodology 

According to the definition of IoT that we have 
embraced, this paper aims to contribute in three ways: 

1. provide a taxonomy of the main areas of application 
of the Internet of Things; 

2. present an original quantitative method to evaluate 
how closely a project is aligned with the IoT 
paradigm (IoT consistency index). As a matter of 
fact, the IoT has been defined as “a road in the 
technological development”, and therefore it 
becomes essential to measure where current projects 
are along the path towards the full exploitation of the 
IoT potential; 

3. depict a comprehensive picture of the Italian 
application scenario. 

As the research was exploratory in nature, qualitative 
methods were deemed most appropriate (Eisenhardt, 
1989, Yin, 1994) and the multiple-case study was selected 
as the primary methodology. Specifically, 26 case studies 
were carried out in companies and public administrations 
which have recently launched one or more IoT projects in 
Italy (a total of 48 IoT projects were analysed). Semi-
structured interviews were used. The questionnaire was 
structured into five main sections (sections two to five 
should be filled in for every IoT project analysed): 

1. interviewee and company details; 

2. process redesign, i.e. how processes were modified 
after IoT introduction; 

3. technological solutions, i.e. hardware, software and 
communication technologies adopted; 

4. decision making process, i.e. the decision makers, 
their major objectives, and the perceived adoption 
barriers; 

5. investment profitability, i.e. ex-ante expectations vs.  
ex-post results in terms of costs and benefits.  

Each formal interview lasted between 45 and 120 minutes 
and was audiotaped. A written transcription of each 
interview was produced, for future reference. Moreover, 
additional sources of information (e.g. internal documents, 
information from technology providers) have been used 
to assure data triangulation (Eisenhardt, 1989).  

In addition to case studies, additional research 
methodologies were used in order to achieve the 
objectives.  

In order to gather more information regarding the state-
of-the-art application scenario in Italy, 117 additional 
projects launched by other 60 companies and public 
administrations were studied using secondary sources of 
information, i.e. papers, news, websites. Moreover, an 
online survey was submitted to the four Italian Mobile 
Network Operators and to 100 companies operating in 
the Italian IoT supply chain (e.g. modules vendors, 
software houses and system integrators). Specifically, the 
survey investigated the number of wireless modules 
installed in 2010 and 2011 for IoT projects and the IoT 
application field in which they were used. The survey had 
23 respondents (4 telecom operators and 19 other IoT 
companies, i.e. 22% response rate). 

Finally, eleven brainstorming meetings (Osborn, 1963) 
with company experts were organised during the research 
project (June 2011-March 2012) in order to share and 
discuss preliminary results. Managers of varying expertise 
from ten major companies joined the working group. 
They represented companies related to home automation 
(BTicino) and home appliances (Indesit Company), 
MNOs (Telecom Italia, Vodafone), module vendors (Telit 
Wireless Solutions), system integrators (Engineering, 
Exprivia, Italtel), solution providers (Minteos), software 
houses (Softec) and IoT adopters (Eni). 

4. Internet of Things application areas: a taxonomy 

This section provides a taxonomy of the major IoT 
application fields, grounded in the extensive empirical 
analysis. For the sake of clarity it is important to state that 
only the IoT perspective (i.e. new products and services 
enabled by the Internet of Things) is considered in this 
paper, although some fields are very broad in nature and 
therefore could be analysed by complementary points of 
view. 

 Smart Cities & Smart Environment, i.e. monitoring and 
managing the various elements within and 
surrounding a city, so as to improve quality of life, 
sustainability and competitiveness. IoT applications 
include public transportation (e.g. fleet management), 
traffic monitoring, lampposts management (e.g. 
energy saving, reduced maintenance costs),  waste 
management (e.g. automatic detection of the level of 
waste in every bin), entertainment (e.g. applications 
based on Near Field Communication technology to 
support the city tour), and environment monitoring 
(e.g. fire prevention in urban parks). 

 Smart Homes & Buildings, i.e. the transformation of 
current homes and buildings into intelligent and 
“sentient” facilities, able to sense the presence and 
needs of their occupants. Some examples of services 
enabled by IoT are: energy management (e.g. dynamic 
management of appliances to reduce energy 
consumption), comfort scenarios (e.g. combinations 
of temperature/light preferences), security (e.g. 
intrusion detection), safety (e.g. monitoring gas or 
water leakages, structural integrity), maintenance (e.g. 
monitoring air conditioners to react to – and possibly 



prevent – failures) and ambient assisted living (e.g. 
facilitating home living for the elderly or disabled). 

 Smart Metering & Smart Grid, i.e. connected meters to 
measure actual consumption data (electricity, gas, 
water, heat) and transmit them to central acquisition 
systems for proper billing; smart electricity grid to 
optimise the distribution and efficiently manage 
micro-generation, renewable resources and electric 
vehicles. 

 Smart Cars, i.e. vehicle localisation to provide new 
insurance models and geo-referenced information 
about road conditions and traffic conditions. The 
connection between vehicles and the surrounding 
infrastructure (e.g. guardrails, traffic lights) also 
enables the prevention and the timely detection of 
accidents.  

 eHealth, i.e. remote real-time patient monitoring in 
order to reduce hospitalisation needs, thus improving 
the patient’s quality of life and at the same time 
reducing healthcare costs. Other applications are 
related to patient localisation (e.g. patients affected by 
Alzheimer’s disease). 

 Smart Logistics, i.e. solutions for supply chain 
traceability, brand protection (anti-counterfeiting, 
prevention of grey markets), cold chain monitoring, 
fleet management (truck localisation and monitoring 
of its conditions), and safety and security within 
logistics facilities.   

 Smart Factories, i.e. the introduction of machines 
sensitive to the context in which they operate, able to 
detect information in real time and to inter-
communicate in order to take decisions; this allows 
the implementation of new models for production 
planning and resources optimisation.  

 Smart Asset Management, i.e. the remote management 
of valuable assets (e.g. medical devices, vending 
machines, plants) for asset monitoring, tracing, 
inventory management, fault detection and anti-
tampering. 

 Smart Agriculture, i.e. sensor networks to monitor 
micro-climate parameters to improve product quality 
and at the same time reduce water usage and 
environmental impact (e.g. pesticides).  

These numerous application fields have strong 
interconnections in terms of enabling technologies and 
final customers. Figure 1 attempts to illustrate some of 
these relations. A subset of four functionalities are 
considered (i.e. metering, sensing, localisation, 
diagnostics), and B2B customers are classified by industry.  

5. The IoT Consistency Index 

The IoT is an evolutionary paradigm, and therefore it is 
useful to define a metric to assess how much current 
projects are close to the true sense of Internet of Things 
described in Section 2.    
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Figure 1. IoT application fields classified by functionalities 
and customers 

The “IoT Consistency Index” (IoT CI) is meant to be a 
first semi-quantitative proposal in this direction. The IoT 
CI is applicable to all networks of smart objects in order 
to measure how much they are closely aligned with the 
IoT paradigm. The properties of the connected nodes are 
checked in order to verify whether they can be considered 
smart objects or not. Identification and communication 
functionalities must always be present, whereas the 
existence of other properties is related to the specific 
purpose. Then, the three classes of properties related to 
smart networks presented in Section 2 are used to 
calculate the index.  

With regard to standardisation and openness, the index 
considers the communication protocol used to “talk” with 
smart objects. By combining the level of standardisation 
(custom vs. standard) and openness (close vs. open), four 
classes can be defined, which provide different 
contributions to the CI. Specifically, the more we move 
from custom and close communication protocols to open 
and standard ones, the higher the positive contribution to 
the IoT CI (cf. Figure 2).  

Type Judgement

Custom – closed 0

Standard – closed 0.33

Custom – open 0.67

Standard – open 1

Io
T

 

co
n

sisten
cy

-

+

 

Figure 2. IoT CI – standardisation and openness 

With regard to data and object accessibility, a user as opposed 
to a technological perspective was adopted. In fact, 
evidence from the brainstorming sessions showed that the 
specific technological choices were related to contingency 
issues (e.g. power consumption optimisation). Figure 3 
depicts the effect of this metric on the IoT CI. 

 

Type Judgement

No access 0

Access to database 0.25

Access to clusters of nodes 0.75

Access to individual nodes 1
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Figure 3. IoT CI – data and object accessibility 



Finally, the IoT CI is evaluated as the weighted sum of the 
three indicators.  

MFACSOCIIoT  _  (1) 

1   (2) 

where: 

 SO is the judgement assigned to standardisation and 
openness; 

 AC is the judgement assigned to data and object 
accessibility; 

 MF is the judgement assigned to multi-functionality; 

 α, β, γ are weights (min=0; max=1) assigned to the 
three variables. 

During the brainstorming sessions it was decided to assign 
the same weight (i.e. 0.33) to each of the three variables, 
since they were considered to have the same importance.  

6. IoT applications in Italy 

In order to depict the IoT application scenario in Italy, 
165 projects launched by 86 companies and public 
administrations have been individually analysed. For each 
of them, the IoT consistency index has been evaluated, 
and results have been grouped according to the 
application fields described in Section 4. It is important to 
notice that the CI is not a judgment on the interest in 
projects and related application areas, but it is a measure 
of the level of adherence to the IoT paradigm.  

A three-level qualitative evaluation of the maturity of each 
application area has also been derived from the empirical 
findings:  

 Maturity stage: technological solutions are available on 
the market, and their value has already been proved; 

 Experimental stage: technological solutions should still 
be finalised and/or the their value is not yet widely 
recognised; 

 Embryonic stage: the concept and technologies are still 
under definition, and there are only a few pilot 
projects and tests.  

Figure 4 summarises the results of the empirical analysis. 
As mature applications are concerned, the level of 
adoption has been assessed using the findings of both the 
case studies and the survey (cf. Section 3).  

The more established fields of application are those 
related to “simple” solutions, that only marginally reflect 
the features of the IoT paradigm. The main application 
areas here are surveillance (Smart Homes & Buildings, 
Smart City Smart & Environment), fleet management 
(Smart Logistics), traceability and maintenance of valuable 
assets (Smart Asset Management), and traffic monitoring 
through cameras or induction loops and localisation of 
vehicles used for public transport (Smart City & Smart 
City Environment). Noticeably, there are some mature 
application areas in which solutions more closing 

reflecting the IoT paradigm have already been adopted. 
This is the case of Smart Meters (electricity), home 
automation solutions for energy management and comfort 
scenarios (Smart Homes & Buildings), private vehicle 
localisation through GPS/GPRS boxes and recording of 
driving parameters for insurance purposes (Smart Cars).  

Some of these established applications are very 
widespread in Italy. At the end of December 2011, there 
were over 34 million smart electricity meters installed in 
Italy, communicating via PLC (Power Line Carrier). This 
represents the largest smart metering project launched 
worldwide. In addition, there were another 3.9 million 
additional objects interconnected via cellular networks, 
representing a 13% growth rate compared to 2010. Smart 
Cars represent 43% of the connected objects, and they 
usually provide data for insurance purposes and info-
mobility. Around 32% of GSM connected objects are 
related to Smart Metering (i.e. gateways which collect and 
communicate data from smart electric meters) and Smart 
Asset Management in the Utility industry (e.g. gas 
cylinders). Because of the Italian legislation regarding gas 
Smart Metering (ARG/GAS 155/08 and following 
regulations), strong growth is expected in the near future. 
Smart Homes & Buildings accounts for 10% of GSM 
connected objects, mainly related to surveillance and 
remote facility management (e.g. heating and cooling). On 
the contrary, the adoption of communication solutions 
other than the cellular one (e.g. wireless sensor networks) 
is still limited.  
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Figure 4. IoT in Italy – the application scenario 

Most of the application fields more aligned with the IoT 
full paradigm are still at an experimental or embryonic 
stage. As experimental applications are concerned, it can 
be observed that numerous pilot projects and tests have 
already been launched. A first experimental area is that of 
non-electric Smart Metering, in which adoption is driven 
by legislation. In fact, the Italian Authority for Electric 
Energy and Gas (AEEG, Autorità per l’Energia Elettrica e 
il gas) requires smart gas meters to be installed in more 
than 60% of Italian homes by 2018. Technological 
solutions are not yet ready, but this is not the main issue. 
The deep analysis performed during the research project 
has shown that very limited benefits compared with 
electric smart meters are expected. This is due to the 
different nature of the metered resource, consumption 



behaviour and market inherent characteristics. eHealth is 
another experimental application area. Although 
technologies for patient tele-monitoring have been 
available for years, projects are still quite limited in 
number and size. In this case, a crucial role is played by 
public administrations, which are burdened in providing 
adequate funds to support this innovation, despite 
potential positive returns for the entire country. Finally, 
the solutions based on RFID (Radio Frequency 
Identification) technology for supply chain management 
(Smart Logistics), although representing the first steps 
towards the concept of the Internet of Things (cf. 
Introduction), are still very limited in number and size. In 
fact, these solutions require strong collaboration between 
various supply chain members, who are reluctant, 
especially when costs and benefits are not equally 
distributed (Balocco et al., 2011). Some encouraging signs 
can be detected, with the launch of a few supply chain 
pilots in the consumer electronics and fashion industries. 

Eventually, there are many application fields, defined as 
embryonic, in which there are great expectations about 
IoT potential, and small-scale experiments have been 
launched in Italy to better define the concepts. Among 
these applications, the most advanced are those related to 
smart cities (e.g. traffic monitoring, smart lampposts), 
environment monitoring to detect – and possibly prevent 
– adverse events (e.g. bushfires, floods) and smart electric 
grids. 

5. Conclusions 

Despite the growing attention paid to the Internet of 
Things, there is still limited clarity on the matter. In this 
sense, the paper attempts to provide useful contributions 
for both researchers and practitioners. As the former are 
concerned, a metric to assess the consistency with the IoT 
paradigm has been detailed. When applied to the IoT 
projects launched in Italy, the current formulation of this 
metric - named IoT Consistency Index - proved to be a 
good compromise between rigour and usability. As for 
practitioners, on the one hand, companies belonging to 
the IoT supply chain (modules vendors, software houses 
and system integrators, MNOs) can gain useful 
information on the market maturity and better derive 
customer interests, therefore having the opportunity to 
better align their offer with market expectations and 
needs. On the other, the taxonomy of the IoT application 
areas and the picture of the state-of-the-art scenario can 
help potential adopters (i.e. companies, public 
administrations, final customers) better understand the 
IoT phenomenon, and the related opportunities. These 
two elements might foster the IoT adoption rate. 

The piece of research presented in this paper has some 
limitations, which should be faced by future research. 
Three main research lines may be outlined. First, the 
adoption level is currently measured in terms of number 
of connected objects. However, the estimation of the 
market value would provide additional information on the 
magnitude of the IoT phenomenon. Moreover, although 
IoT projects based on communication technologies other 
than GSM are still limited in number and scale, they are at 

the forefront of future IoT developments, and should be 
included in the evaluation to monitor their evolution. 
Second, interconnections between different IoT 
applications (cf. Figure 1) should be further investigated. 
For illustrative purposes, numerous IoT services can be 
enabled within a city (e.g. smart metering, traffic 
management, smart buildings, air quality monitoring, 
smart street lighting). In such a context, a smart urban 
infrastructure - shared among different services - intended 
to collect information from different distributed sensors 
would reduce the overall costs of realising smart cities, 
thereby facilitating the diffusion of value added services. 
Third, the analysis outlines the existence of some 
application areas in which the main adoption barrier is still 
the limited confidence in the benefits enabled by IoT 
solutions (e.g. Smart Homes & Buildings). In this regard, 
future research should better explore the benefits and 
costs related to the most promising IoT applications, thus 
helping organisations and consumers in their decision 
making process. 
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