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Abstract
The technology. Internet of Things comes from Machine-to-Machine technology. The practical implementation of Internet of Things could be possible thanks to technological advance of three main interdependent sectors. The first one relates to the progress reached in hardware development, in the last decade, which made possible manufacturing mini-computers at very low cost. The second one is the installation of such “intelligent” devices to almost every physical thing which, then, becomes a “smart thing” accessible by single address. The  third sector is the implementation of nodes in Internet network to which “smart things” are connected and through which they can communicate among them and with humans.

The management. As “smart things”, the objects develop simple performances like sensing, storing and transmitting a limited amount of information. The management of the system,  necessary to turn Internet of Things into a service opportunity, involves three providers:1. Manufacturers of devices, 2. Infrastructure suppliers, 3. Retailers to consumers. Manufacturers should pay attention to the devices they offer as to possibly face their obsolescence in the future. Companies which provide network infrastructures are in the best position to profit from the expansion of Internet of Things. Retailers might create significant changes in the market as they may attract customers interest.

The market.  The main condition to access Internet of Things is to be connected to Internet network: then, as first approach, the potential IOT market is measured by the number of Internet users. In practice, since the possible applications provided by Internet of Things are unlimited, the behaviour of industry and social sectors may consistently affect the national demand. When consumers belong to residential sector, economic conditions, age (young and old people), real needs can modulate  the access to IOT. As well, for consumers belonging to industry, while the access to IOT helps creating new  business, there are factors in the market that may reduce (prices, tax rates, new products, obsolescence of service) the use of services.

The cost analysis. The main variables involved when providing the Internet of Things service, are: firstly, the investment necessary to provide the mini-computers, to install them into the things, to supply the nodes to the network. Second is the estimate of annual costs to run the service (labour, maintenance, others). Third is the evaluation of expected revenue. Because of the complexity of IOT, there are no statistics from which to derive investment and annual costs. Instead, together with the estimate of sector experts, data available concern the number of devices connected to Internet, their unit cost, the potential market (historical and forecast), the possible estimate revenue (historical and forecast).

The feasibility. There are many ways to value a project and to decide whether it is feasible. Given the enormous number of IOT services offered to the market, to each service might be attached a single project involving a limited sector of the market. The variables necessary and sufficient to carry out a study of feasibility are: the initial investment (mini-computer, smart things, network), the annual costs to run the service (labour, maintenance, others), the revenue expectation. The difference among investment, cost and revenue gives the Cash-Flow: its Net Present Value is then compared with a reference data (current interest rate, for instance) as to orient decision. Some theoretical Case-Studies illustrate how to use the Cash-Flow Model and how to optimize economic decisions over a project.




[bookmark: _Toc414475875]1.The Internet of Things (IOT): definition
The Internet of Things assumes that almost every physical thing in the world can be provided with an intelligent device and can exchange basic information with other intelligent things. The information are transmitted over a dedicated network to which all things are connected.

The technological progress made in hardware computers (the reduction of size, of production cost and of energy consumption), made the manufacturers able to produce very small computers at a very low cost. The devices have the characteristics and the performance of a computer and are sufficiently small as to be built-in into an object. The objects, treated in this way, become “smart” because they can develop simple actions like sensing, storing, transmitting.

Internet of Things is a complex system based on a number of smart devices which are connected to the Internet network: the basic data collected by intelligent objects, through their sensors,  are tested, transformed into information and transmitted across the network. The process provides knowledge of the events, surrounding the device, which can be routed either to other devices or to human beings.

The general concept of a network of smart devices has been discusses, already in 1982 when the first internet connected appliance was realized. A first definition of Internet of Things, as “The computer of the 21st Century”, comes back to 1991; in 1994 the concept of Internet of Things was described as “[moving] small packets of data to a large set of nodes, so as to integrate and automate everything from home appliances to entire factories” (IEEE \Spectrum). The term “Internet of Things” was proposed in 1999 by Kevin Ashton and is still in use today. 

[bookmark: _Toc409456276][bookmark: _Toc414475876]1.1 –Machine-to-Machine(M-to-M) technology
Machine-to-Machine technology defines the capacity of both wireless and wired smart devices to communicate with other devices of the same type. The system is combining telephony and computing: this could be possible thank to the intuition of Theodore G. Paraskevakos who, in 1968, after several attempts and experiments, succeeded to make possible for a called telephone to recognize the caller’s telephone number. The process became feasible when the connected telephones got built-in intelligence. After 1971 until1977 Paraskevakos tried to extend such remote metering reading to the sector of electrical services.

The cellular Machine-to-Machine communication industry emerged in 1995; its expansion was possible tanks to the reduction in the size of transmitters and the manufacture of “smart” chips which, once connected to telephone network, permitted the exchange of information. The full chain of Machine-to-Machine process involves: a smart card (identification module), a sensor (intelligent device) to measure events (temperature, location) that are transmitted, through a network (wireless or wired), to a software program that translates the recorded event into information. 

[bookmark: _Toc414475877]1.2 – From Machine-to-Machine to Internet of Things
The Machine-to-Machine communication has moved, over time, from a one-to-one connection into a multiple connection among devices  thanks to the expansion of IP networks across the world and to the reduction of power and time necessary to exchangeinformation. Today, Machine-to-Machine data modules are extremely sophisticated and bring several benefits to industry and business in general as it has a wide range of applications such as industrial automation, logistics, smart cities, health, defence. The multipoint connectivity improved either the kind of services offered and their quality.

 Gradually, once Machine-to-Machine system could provide more than the basic connectivity, it showed a significant convergence towards the Internet of Things. The raise, over time, of new business and social needs changed the original market demand: the interconnection among people and with physical things gradually became an integral part of social, business and human activity.

[bookmark: _Toc414475878]2.How Internet of Things works
The working process involved by the Internet of Things is based upon three different levels which interact among them to collect, transmit and interpret basic information coming from “smart objects”.   

The first layer is the sensing level. It consists of a wide variety of smart sensors which can size different content and format of events for which they are designed. Each sensor is a source of information: data are collected in real time and with the frequency necessary to keep information updating.
The second layer is the communication level. The basic information collected are transferred to other smart nodes through a network which integrates various wireless and wired networks: the information collected are transferred to the nodes of network by higher order computing devices which perform particular duty tasks (routing, switching, data processing).
The third and last layer is the application level. The Internet of Things can have a wide range of applications: from environment monitoring (air or water quality, atmospheric or soil conditions, energy consumption, home automation systems) to industrial management (bridges, railway, manufacturing process), healthcare (medical systems) and transport systems.

[bookmark: _Toc414475879]2.1 - Unique addressability of Things
In the Internet of Things, the intelligent objects are addressed and controlled via Internet. They would behave like normal Internet nodes: they have an IP address and use the Internet Protocol for communicating with other smart objects and network nodes. Integration with Internet implies that smart devices utilize a unique identification address. In this way, the objects can be  located, accessed and checked while collecting data from terminal devices and by aggregating that information across the network. 

The use the Internet Protocol for communicating with other smart objects and network nodes might help increasing the existing functionality of Internet of Things such as data transport and network management. Excluding the address IPv4 because of its limited address space (4,3 billion unique addresses), objects in the Internet of Things will have to use IPv6 to accommodate the extremely large address space required (more than 50 billion unique address-128-bit addresses). The future of the Internet of Things will be supported by IPv6 so this Protocol will have an important place in the implementation of IOT.

[bookmark: _Toc414475880]2.2 – The Radio Frequency Identification (RFID)
Identification and location of objects (few meters distance) can be obtained using the microchip RFID (Radio Frequency Identification): it can communicate wirelessly with smart devices attached to the objects. The two devices interact to each other and send a signal to the network nodes for further elaboration.

At the end of the 1990, RFID technology was restricted to simple applications (animal identification, vehicle control): its cost and its limited capacity to storage information was constraining its application and its expansion. Since then, however, the field of application of RFID did increase significantly: the development of RFID over recent years is reflected not only in technical progress but also in cost reductions and standardization. 


[bookmark: _Toc414475881]3. Approach to the cost of Internet of Things
Internet of Things is composed by an enormous number of services, each one of which involves, in principle, an economic analysis before being introduced in the market. Offer and demand should be balanced per service or group of services according to the events to check and to measure. Because of that it is difficult to get a global estimate of the investment necessary to provide and manage the IOT services. For Providers, one of the most important market factor, framing IOT services, is the life duration (obsolescence) of devices operated and of the favour the service itself has to customers. A short life means that the devices should be replaced and, in this case, it might not provide sufficient income, over time, to balance the starting investment and the relevant expenses. Any model adopted to evaluate the feasibility of a project should be based on the variables necessary and sufficient to give reliable conclusions: reliable and appropriate data may help very much the analysis. In case of lack of data, a model sufficiently flexible should be adopted that can be operated with a limited number of variables.

[bookmark: _Toc414475882]3.1- Distributed network
The optimization of resource consumption is one of the most interesting sector for the implementation of Internet of Things. Sensors and automatic control systems, built-in the objects around us, let measure different variables that help saving waste of scarce resources (gas and electricity for instance).
This situation became worth of attention for, at least, two reasons: the increase of population, living in urban areas, that request more and more services, and the trend in developing countries to adopt, gradually, the consumption attitudes of developed nations.
An interesting solution to reduce the management costs of IOT network is to create a centre in the network and to connect devices on the edge. The structure may perform much better than in case of connecting individual smart devices: it can link together every device at the edge of the network to form an integrated, distributed service.

[bookmark: _Toc414475883]3.2 – The cost of devices
Because of the great variety of applications associated with the events, the “smart sensors” do not, usually, have a standard model as a reference: they have the capacity of addressing any event. Nevertheless, since the Internet of Things involve manufacturers and industries, a standardization might reduce the cost of technology and ensures more efficiency in production. 
The cost of sensing components are also dropping to become more affordable. A reduction of cost is expected between  15% and 30% from 2010 to 2015.

	Components
	2010 cost $
	2015 cost $

	Processor (microcontroller chip)
	1,00
	0,85

	Sensor (temperature)
	1,00
	0,75

	Sensor (vibration)
	1,50
	1,00

	Energy source
	2,50
	2,00



[bookmark: _Toc414475884]3.3 – The investors and the Internet of Things
The connected devices which are offered today to the market have to meet a sophisticated demand. The marketing strategy used by Companies in to differentiate their offer as to catch as many consumers as possible. Once the base connectivity is assured, the subsequent expansion involves cameras, car sensor, healthcare etc: the new interconnected  physical objects might generate additional revenue.
The investors that are involved by the provision of Internet of Things are: 1. Device manufacturers; 2. Providers of infrastructure;  3. Retailers.

Manufacturers. For manufacturers, producing and selling more device units might not assure additional profit, in many cases: since smart objects cost more, to catch the attention and the favour of market the offer should be oriented on the applications that can capture more demand.
An possible saving, in terms of cost and complexity, is when the number of devices manufactured are not provided for a single application: in other words, fewer models are manufactured and their function and their capacity is differentiated by the software built-in.

Infrastructure Providers. Companies that provide the network are in the best position as to recover sufficient profit without having to face difficulties. Whether the smart devices can take action by themselves, then network services will be available for as long as the devices are in place.

Retailers. The retailers might, potentially, create significant changes in the market demand. At present, the best success that retail had, pushing  technological evolution, involves the e-commerce. The shopping on line reached almost 15% of the total retail business. With inexpensive sensors installed in the stores, it is now very easy to catch client behaviour letting them to assume information on the products (objects, clothes) they are willing to buy.

[bookmark: _Toc414475885]4. Internet of Things: applications
To have a vision of The Internet of Things and to understand how complex it may appear from economic point of view, reference is made to a number of important applications. IOT finds application in almost every sector of our daily life. A concise list of applications and of the fields involved may describe the enormous number of services already available. 

Monitoring environment. Under this application IOT uses appropriate sensors to check air or water quality, atmospheric or soil conditions, and include, as well, wildlife control. Warning systems can also be used by emergency services (earthquake).

[bookmark: _Toc409456267]Managing infrastructure. Urban and rural infrastructures are taken under control: like bridges, railway tracks, farms. The objective of IOT infrastructure is to monitor events or changes in structural conditions that can compromise safety and increase risk.
[bookmark: _Toc409456268]
Industry application. IOT contributes significantly to the control and management of manufacturing processes. The IOT smart systems help optimizing manufacturing of new products, dynamic response to product demand, and consistent reduction in cost and time for the production.

[bookmark: _Toc409456269]Energy Management. IOT devices can be integrated into many devices for measuring the energy consuming (switches, power outlet, bulbs, television, etc). The devices can communicate either with the supplying company (to balance power generation/supply) and with the consumers (control of consumption).

[bookmark: _Toc409456270]Medical and Healthcare Systems. Through IOT devices the health of citizens can be monitored remotely (blood pressure, heart monitors, pacemakers, hearing aids). Further, special sensors can also be equipped to monitor the health and general well-being of senior citizens.

[bookmark: _Toc409456271]Building and Home Automation. In this case, IOT devices are used to control the mechanical, electrical and electronic systems used in various kind of buildings (public, private, industrial, residential). Further, at home lighting, heating, ventilation, air conditioning, appliances can be monitored.

[bookmark: _Toc409456272]Transport Systems. Application of the IOT can be extended to the transportation systems (vehicle, infrastructure). The application can enable communication from and to vehicles, traffic and vehicles control, parking, safety and road assistance.

Internet of Things does not provide a unique service but a great variety of services and facilities each one of them satisfying a particular objective. When accessing Internet of Things the same subscriber may have more than one service.
The demand for Internet of Things is fundamentally driven by two main sectors of market: residential and business customers. These two groups of potential consumers are the impulsive forces for the technological development in the world. From a residential’ perspective, a number of end users are looking for new things: new applications will enable the lifestyle of the future. From a business perspective, enterprises are continuously looking for solutions that improve productivity and efficiency.
[bookmark: _Toc409456278]
[bookmark: _Toc414475886]4.1  IOT’s Impact on Residential Consumers
As it was said, the location of human being is, today, no longer an obstacle either for the connection to IOT and for the access to information. For a new generation of consumers, the manufacturers have to revise the performance of existing objects to make them more useful through Internet connectivity. Many application interesting to residential consumers might be, for example, the monitoring of diseases, the weather forecasts, contacts with social networks, video, etc. The new technology changed, as well, the consumers’ behaviour when shopping. In this sector, the possibility of checking products characteristics, performance and ratings gives to people the power of basing their purchase decision after having collected sufficient information.

When estimating which level of access this market sector might have to Internet of Things, it is worth to consider and analyze at least three main factors that might affect the demand: income, age, area of living. The distribution of income (upper, medium, low) is an important factor: for instance,  it may happen  that, even if the cost of services appears to be affordable, there might be expenses which have better priority. Among non-technical challenges, the population is aging; old people are, to some extent, reluctant to change behaviour and attitudes and they may keep appreciating old thinking. Young people, on the contrary, easily accept the new technology and are enthusiast to use it without thinking to their privacy. Again, people living in urban centre may have more interest, or need, to access Internet of Things rather than people living in the country side.

[bookmark: _Toc409283930][bookmark: _Toc409456280][bookmark: _Toc414475887]4.2- IOT’s impact on Business Customers
In very general terms, the main interest, in the business sector, involves production chains, commercial activity and provision of  services. It is important, from business point of view, that services provided should have sufficient life as to secure an economic return which can, at least, balance investment and expenses originally faced.  There are, nevertheless, a number of factors that may change the operating framework: prices, tax rates, new products, marketing campaigns. Business customers have, in this cases, to adapt their production as to possibly re-balance the original economic advantage.

It is interesting to note that a relatively small reduction in the production costs may lead to a consistent economic saving. It is accepted that an increase of 1% in productivity might provide an economic growth a gain of about 25% of current per capita GDP. The significant impact  of Internet on the economy as a whole has been changing the business activity, in all sectors from agriculture to industry. Again, as it happen when new technologies enter the production activity, the Internet can push industries to update their organization and to stimulate new models and innovations. 

[bookmark: _Toc414475888]5. Internet of Things: potential market
The necessary requirement to access to Internet of Things is to be already connected to the Internet network. The Internet users represent the maximum number of subscribers that can be connected to Internet of Things. With reference to the market aggregate (residential, business), mentioned above, and  their respective behaviour the actual number of consumers in the market is expected to be lower than the maximum. Nevertheless, as a  first glance, it could be interesting to use the potential demand to get a first approach to the existing Internet Users, to their trend over time and to their rate of penetration to total population. The situation shown in the following table covers the period 2004-2014.

	Year
	Internet users
	Users growth
	Population
	Pop growth
	penetration

	2004
	910,06
	16,9%
	6435,71
	1,22%
	14,1%

	2005
	1029,72
	13,1%
	6514,09
	1,22%
	15,8%

	2006
	1157,50
	12,4%
	6593,23
	1,21%
	17,6%

	2007
	1373,04
	18,6%
	6673,11
	1,21%
	20,6%

	2008
	1562,07
	13,8%
	6753,65
	1,21%
	23,1%

	2009
	1752,33
	12,2%
	6834,72
	1,20%
	25,6%

	2010
	2034,26
	16,1&
	6916,18
	1,19%
	29,4%

	2011
	2272,46
	11,7%
	6998,00
	1,18%
	32,5%

	2012
	2511,62
	10,5%
	7080,07
	1,17%
	35,5%

	2013
	2712,24
	8,0%
	7162,12
	1,16%
	37,9%

	2014
	2925,25
	7,9%
	7243,78
	1,14%
	40,4%


(*) Internet users and Population in billion

At the year 2014, about 40% of world population has an Internet connection. The trend of penetration rate was approached (see Annex 1) by the continuous function of average means (two terms): the increase seems not to be so regular as it might appear. It shows that, in the years 2013 and 2014, the penetration rate slows down: this might suggest a trend to saturation and, consequently, a prudent approach when forecasting the real market for Internet of Things and a control of real data over next years before accepting the theoretical solution.

[bookmark: _Toc409456275][bookmark: _Toc414475889]6.Internet of Things: approach to actual Market 
[bookmark: _GoBack]Actual market means the number of subscribers that are connected to Internet and have access to Internet of Things. The implementation of Internet users over time was assumed (paragraph 4) to describe the potential IOT customers: relevant data represent the maximum number of IOT subscribers in the market. 

[bookmark: _Toc414475890]6.1 - Data collected
In absence of detailed and reliable data about the implementation of actual number of IOT subscribers over time, an approach to the real demand of Internet of Things and to its possible future expansion was made by using the estimate made by a number of research groups (among others: Intel, Cisco, Ericsson, McKinsey) and of sector experts. Data collected involve two variables of the market representative function: the number of smart devices connected to Internet network and the estimate of IOT revenue. Further reference was made to the experience of Ericsson Company which estimates that, in mature markets, the “customers will typically possess between 5-10 connected devices each”.

Intel forecasts 15 billion devices will be communicating over the network by the year 2015. Our IOT world is growing at a breathtaking pace –from 2 billion objects in 2006 to a project 200 billion by 2020.

Ericsson. The number of connected devices could reach more than 50 billion over the next decade. By 2020 3 billion subscribers are expected. They will possess between 5-10 connected devices each.

Markets & Markets. By 2017, the IOT communication market, public safety & security and retail are estimated to contribute maximum market share (16.8%), followed by consumer& residential, and IT & telecom (11.9% and 10.5%); industrial & commercial buildings 8.6%; health-care 7.7%. while, the energy & power, transportation, manufacturing and other vertical with a forecast data at 7.1%, 7.1%, 6,8%and 4.9% respectively. That makes a total of 81,4%.

[bookmark: _Toc414475891]6.2 – The estimate of IOT subscribers
The implementation of connected devices over time is summarized in Annex 2 together with relevant graphs which describe either the average trend and the confidence limits. According to what it was said about the market composition (different attitude of young and old people, business favour) the function describing the trend of IOT subscriber is expected to have two characteristics: the number of IOT subscribers should be lower than Internet users, the number of devices per subscriber ranges between 5 and 10. Over time (2008-2014) the two curves (Internet users-IOT subscribers) will get closer to each other.

The estimate number of IOT subscribers, the ratio of devices connected per Internet users and the ratio of devices connected per IOT subscribers, from 2008 to 2014, are given in the following Table.

	Years
	Connected
Devices
	Internet users potential IOT
	Devices per Internet users
	Estimate IOT
subscribers
	Devices per IOT subscriber

	2008
	9,47
	1,562
	6,06
	1,132
	8,37

	2009
	10,88 
	1,752
	6,21
	1,362
	7,99

	2010
	12,50 
	2,034
	6,15
	1,590
	7,86

	2011
	14,35 
	2,272
	6,32
	1,816
	7,90

	2012
	16,49
	2,511
	6,75
	2,039
	8,09

	2013
	18,94
	2,712
	6,98
	2,261
	8,38

	2014
	21,75
	2,925
	7,44
	2,481
	8,77


  (*) Connected devices, Internet users and IOT subscribers in billion

The implementation of Internet users is given in Annex 3 and is described by the following theoretical function (polynomial):

Y = -0,003*X2 + 0,258*X + 1,285 (years “X” expressed as 1,2,3,….)
The approach to the IOT subscribers was made under the hypothesis that IOT subscribers represents 72% of Internet users in 2008 and gradually increase up to 92% in 2020. Final result is given in Annex3: IOT users are described by the following theoretical function (polynomial):

Y = -0,001*X2 + 0,231*X + 0,904 (years “X” expressed as 1,2,3….)

The ratio of connected devices per Internet user moves from 6,06 in 2008 (year assumed as start for Internet of Things) to 7,44 in 2014. The same ratio calculated as connected devices per IOT subscribers moves from 8,37 in 2008 to 8,77 in 2014. 

[bookmark: _Toc414475892]7.The revenue generated by IOT
The technology, on which Internet of Things is based, helps very much reducing the cost of transferring information from one node to another: the lower is the human participation, the greater is the saving cost in the automatic interconnection. And this may take significant economies in production activity.

One of the examples produced to illustrate this concept, in practical terms, is the capacity of automatized accounting system of a company to limit the access of accountants to one time: once the clerk has introduced the necessary data, the system can use the data as often as required without any need of further interaction. Human errors can, in this way, be avoided and cost of relevant procedures reduced.

Possible data about IOT revenue come from Research Companies: the estimates do not appear to be sufficiently consistent as to support an accurate analysis. Data show a wide range of estimates:

Cisco predict that the IOT value at stake will be $14.4 trillion for companies and industries worldwide in the next decade. More specifically, over the next 10 years, the value at stake represents an opportunity to increase global corporate profits by about 21%.

McKinsey Global Institute. The potential economic impact of the Internet of Things is estimated to be $2.7 trillion per year by 2025. The largest impact among sized applications would be in health care and manufacturing. Across the health-care applications we analysed, Internet of Things technology could have an economic impact of $1.1 trillion to $2.5 trillion per year by 2025.

GSMA & Machina Research. In 2020, revenues from the sale of connected devices and services, and revenue from related services, will be worth US$ 2.5 trillion, US$ 1.2 trillion of which could be addressed by mobile operators.

Companies an Markets. The Internet of Things and Machine to Machine communication market  in 2011 was worth $44.0 billion, and is expected to grow $290.0 billion by 2017. It is expected to have an increasing CAGR OF 30.1% from 2012 to 2017.

Industry Research Gartner. Revealed that it had estimated the worldwide IOT technology market would accrue a value of around $1.9 trillion by 2020 and encompasses up to 26 billion individual devices. IOT product and service suppliers will generate incremental revenue exceeding $300 billion, mostly in services, in 2020.

VisionGain. Visiongain believes that 2014 will be a pivotal year and one of significant growth for the Internet of Things. As a consequence, Visiongain expects global Internet of Things revenue to reach $756.8 billion in 2014.

A bunch of things. According to one estimate, in four years the installed base of smart devices will have grown from 5 billion to 18 billion, with the majority considered to be part of the IOT. The total estimated market value at stake in the IOT is projected to increase from $1.2 trillion today to $14.4 trillion in 2020, according to a projection. 

[bookmark: _Toc414475893]7.1 – IOT expected revenue
A tentative to estimate the revenue produced, over time, by Internet of Things and to assess possible forecasts for the incoming years was made in Annex 2.
		
	Years
	IOT revenue
	IOT devices
	Revenue/device

	2009
	1,130
	12,47
	90,62

	2010
	1,350
	14,32
	94,27

	2011
	1,620
	16,44
	98,54

	2012
	1,930
	18,87
	102,28

	2013
	2,300
	21,66
	106,19

	2014
	2,750
	24,87
	110,57

	2015
	3,280
	28,54
	114,93



[bookmark: _Toc414475894]7.2 - The profit in the Internet of Things 
Profit is the main economic result that may catch the interest of Providers when planning a new project. Profit is, in general, defined as total revenue minus total expenses and is essential to judge the economic feasibility of a project: it may help decide the appropriate prices to charges to services produced.

Whether total income and expenses are reliable values,  calculating the profit is not difficult: it is only necessary to subtract expenses from income. The final value  represents the gross profit earned during the period chosen as reference. If the project provides a negative profit this means that, for the time period checked, more money was spent than earned. And this may happen either at the beginning of a project life and because of the obsolescence of service provided.

Since the calculation necessary to find a business’s profit is very simple, the difficult part of the process depends from the availability of accurate revenue and expenses information. It seems useful to emphasize that as total expenses should be accounted the operating expenses (personnel, maintenance and operation of the service) as well as the expenses due to depreciation and amortization. Finally, when all other revenues and expenses have been accounted for, the last expenses that is usually subtracted from a business’ revenues on an income statement is its taxes

[bookmark: _Toc414475895]8. Compare the profitability of investments
When providing a service an initial investment is necessary for its production. Whether the service has to last for some year an additional annual expense should be counted as to manage and maintain the service efficient during its “life”. The expected return to this action is involving revenue during the full life of the service. The difference, per year, between revenue and the relevant total cost (investment + annual expenses) gives the “Cash Flow Budget”: if the difference is positive, the service shows a level of profitability which can be compared with the expectation of Provider. On the contrary, the project might be either abandoned or revised as to possibly provide acceptable positive results.

The model proposed to make this analysis is called “IRR” (Internal Rate of Return): it is the rate of discount at which the present value of all future cash flow equals the initial investment. That is: the net present value of costs of investment equals the net present value of the benefit. The higher the IRR of a project, the more desirable is to undertake the project. An investment is considered acceptable if its internal rate of return is greater than an established minimum acceptable rate of return or cost of capital.

The model is based upon three variables, estimated over a number of period N (years, months): the initial investment “C” (beginning of period), the annual expenses “E” (in principle not relevant), the expected revenue “R” (expected over the period), the estimated (wanted) Rate of Return “r”.
At a given year the difference (Rn –En-Cn) = CFn  makes the Cash Flow: the Cash which flow in and out of the project. The Internal Rate of Return (IRR) comes from the Net Present Value (NPV), calculated over the full period, as a function of the Rate of Return: a Rate of Return for which the NPV is zero is an Internal rate of Return.
NPV = ∑0N (CFn/(1+r)n) = 0

The IRR model is flexible and lets explore a number of solutions when checking and analysing alternatives to original market decisions. In the Annex 5 four possible case studies are presented in the attempt of offering the chance to get acquainted with the process. The unique variable available is the revenue at the world level: they come partly from historical statistics and party from forecast.

Table 1 – The first exercise covers  a period of 14 years (2007-2014): it might concern devices which can last for long time. The investment necessary is unknown and the IRR model should take to its measure. No annual expenses were considered. Only the function of revenue is available as it was indicated above.Under these conditions, the application of the function IRR (investment; revenue;0,1) gives, after having assigned different value to the investment, an Internal Rate of Return of 0%.  The final result is obtained for an investment of 52,58 trillion.A possible provisional conclusion is that, under the expected revenue, the capital of 52,58 trillion can exactly balance the Net Present Value of revenue.

Table 2 – The situation is the same as in Table 1. The period is of 14 years (2007-2020): again, the model concerns devices which can last for long time. No annual expenses were considered. Only the function of revenue is available as it was indicated above.  The investment of 52,58 trillion was reduced by 20%. The solution to which the model has to give an  answer is: “with respect to Table 1, how the Internal Rate of Return changes if, “coeteris paribus”, only 80% of original investment is used?”.
The response is given, again by the function IRR (investment; revenue;0,1): the reduction of initial investment gives an Internal Rate of Return of 2,5%. Compared to the final result obtained in Table 1, the project shows, already, an economic improvement. The revision of the investment will provide new solutions and new element of analysis.

Table 3 – The period Nwas reduced  to five years as to account for devices that have relative short life. In this case the Cash Flow covers the years from2015 to 2020. No annual expenses were considered. The function of revenue is limited at the same years. The question to which the model has to give an answer is: “what initial investment can be recovered over a short period of five years?”. To get an Internal Rate of Return of 0%, the function IRR (investment; revenue;0,1) gives an Investment of 34,40 trillion: over the period there will be balance between investment and Net Present Value of revenue.

Table 4– A further exercise concerns a re-calculation of Internal Rate of Return under the terms used in Table 3. In this case, the question to answer is: “what initial investment can be recovered over a short period of six years if tariffs are raised. The starting data are: N = 6(2015-2020); no annual expenses; tariffs and revenue were increased by 20%. To get an Internal Rate of Return of 0%, the function IRR (investment; revenue; 0,1) gives an investment of 46,0 trillion. Over the period
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