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THERMO-SMART: smart 
thermostat for smart cities  
 

Executive summary 

Unlike private houses  - where the idea of the thermostat is efficiently 
applied - environments or buildings open to the public do not provide 
specific solutions for comfort management in accordance with usersǯ 
needs. In many cases, the indoor comfort parameters are not 
appropriately controlled thus generating discrepancies between the 
needs of the users and the actions taken to meet them. In addition, 
this also leads to excessive energy consumptions that could be 
avoided through a specific optimization. Homify project has the aim 
to provide feasible solutions for the control and monitoring of the 
comfort level in the academic environment, a public space where the 
problem of indoor comfort is particularly important.  

This is done through the creation of correlations of subjective and 
objective data, related respectively to the personal comfort sensation 
of the users and to the physical parameters of the environment.  
Subjective data are gathered from the users through a dedicated 
interface, while objective data are collected from an electronic board 
equipped with temperature, humidity, light, carbon dioxide and 
particulate sensors. Through the application of data analysis 
techniques performed in a Cloud server on the obtained data, the 
Homify concept provides customized control of the actuators of the 
HVAC system, specific suggestions to the users and complete reports 
to the management personnel. To verify the feasibility of this project,  
two prototypes were installed in Politecnico di Milano. 

In this way, the Homify project provides not only the opportunity to 
control the objective parameters of an indoor environment to 
optimize the average global comfort of the users, but supplies also an 
efficient solution for the management of public spaces and for the 
reduction of the energetic consumption. 
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With the increasing interest in smart spaces and infrastructures, modern homes 
and private environments more in general are being equipped with autonomous 
systems that enhance residentsǯ comfort and liveabilityǤ In particular, 
infrastructures able to govern and control specific comfort parameters and 
power consumption are fundamental for this purpose. These systems are 
designed to improve comfort while minimizing the energy consumed for heating 
and cooling. On the other hand, there are not similar solutions for public 
buildings where typically control systems tend not to be tailored to the needs 
and comfort perception of people using shared spaces. This can become a 
problem for people that tend to spend a lot of their time in public spaces, such as 
offices or universities, while it is not actually an issue in places where they spend 
short time periods. There is then a growing need to realize smart infrastructures 
on a city level preserving comfort conditions for users, while controlling costs for 
changing indoor parameters. In particular, university presents a great problem in 
terms of indoor comfort. This led the Homify team to design such a complex 
system in an academic environment: from sensors to actuators, from user 
interface to data analysis. The team developed a prototype employing off the 
shelf sensors, so as to reduce initial costs. The chosen sensors are: temperature, 
humidity, light, carbon dioxide and particulate. In order to address all the 
different users, the team chose a very simple method: asking them directly 
specific information to estimate their comfort level. Specifically, the system can 
test the whole comfort level of indoor space through a short questionnaire 
submitted to the users. Therefore, a suitable user interface is designed: a mobile 
app that interacts with the users. It is simple and intuitive to use and it allows 
users to monitor all the relevant parameters, to receive customized suggestions, 
to understand the energy-saving profile proposed by the system and to react 
appropriately. Moreover, the objective data coming from the selected sensors are 
used in combination with the subjective comfort evaluations to control the 
buildings actuators and to implement complex decision-making algorithms, in 
order to optimize the global comfort of the users. The data collected and 
elaborated are also at the basis of a web app that allows the system owner to 
optimize the management, control and maintenance of the building rooms, 
through fault detection, predictive maintenance and continuous improvement. As 
proof of concept, the Homify team developed a first application of this system in 
the university environment. In the Emilio Gatti conference room in Politecnico di 
Milano, a simple prototype, embedding temperature, humidity, light, CO2 and 
particulate sensor, was installed. In parallel with the gathering of sensors 
measures, usersǯ comfort evaluation were collected through simple 
questionnaires accessible from QR codes that can be found on stickers applied on 
each desk inside the room. These data were analyzed obtaining correlations 
between the sensors themselves, in order to optimize device costs, and between 
subjective and objective results, that are those used to generate control signals 
for actuators and personal suggestions. 
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Riccardo Baccetti 
He deepened the issue of the practical applicability of the project concept into 
real public spaces dealing with feasibility and cost optimization. He coordinated 
the group work leading to a successful cooperation. 

Luisa Cavallaro 
She contributed to the definition of the project solution leading the analysis of 
the usersǯ requirementsǤ Luisa also developed the app interfaces and took care of 
the graphic design aspect.  

Andrea Comino 
He deepened the data science aspect of the project addressing preliminary data 
analysis and machine learning techniques. Moreover, he studied the possible 
optimization of the prototype. 

Simone Dartizio 
He worked at the creation of the control system and actuators model, helping 
also in the prototype building. He studied further evolutions of the project in the 
smart city context.  

Francesca Madonini 
She coordinated the building of the prototype dealing with the choice of sensors, 
the welding of cable connections and installation issues. She also followed its 
practical implementation.  

Tommaso Alessandro Negretti 
He studied the subjective comfort evaluation creating an effective tool to collect 
them. Moreover, he organized the implementation of the prototype at Politecnico 
di Milano.  

Dejan Pejovski  
He focused on the definition of the state-of-the-art allowing the team to develop 
an innovative own concept solution. Dejan also followed the analysis of needs 
and requirements and helped in building and installing the prototype. 

 

The increasing number of smart technologies implemented in modern buildings 
generates numerous problems in their connection and management. This new 
trend is a consequence of the complexity of our contemporary societies, where 
conflicting needs and constraints of various natures require unconventional 
solutions.  

As a main project goal stands creating a concept of a smart thermostat which is 
primarily aimed at optimizing the comfort level of the people present in the 
specific indoor environment, i.e., the users. To identify the actual situation of the 
userǯs well-being, which is defined by the temperature, humidity, air quality and 
lighting of the space occupied, two major information are necessary: what are the 
present values of all these parameters and how they are actually perceived by the 
users. Therefore, creating a model and a prototype of a sensor unit able to collect 
data on indoor parameters (temperature, humidity, CO2, noise, lighting) is 
essential. By leveraging the existing user technologies (for example, the social 
media) personal comfort level sensation should be estimated. To do so, 
innovative ways of interaction with the existing widespread technologies are 
required in obtaining information about the users in a non-invasive way. The 
integration of data from various types and sources should enable mapping of the 
physical buildings, modelling of the heating and cooling systems, control of the 
energy consumption and improving personal comfort. All of the above is to be 
scaled on a smart city level. 
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A smart programmable thermostat can communicate with the Inter-/Intranet via 
a wired/wireless network [1]. Commercially available devices can exchange and 
store data and they can integrate with the existing Heating, Ventilation and Air 
Conditioning systems. Some of their most common features are: presetting 
desired temperature schedule, activation based on motion and voice detection, 
geolocation, energy-saving reports, etc. [2], [3]. These devices, although quite 
expensive, perform well in individual households. When it comes to public 
spaces, occupied by large number of people with various comfort preferences 
and numerous system operating conditions, such as universities, hospitals, 
offices, etc., a complete, all-inclusive solution does not exist. Issues such as 
accessibility, user interface choice, identification of ǲglobally sharedǳ comfort 
level are open for discussion. Network security and authorization are concerned 
as well, since no standards for this particular technology exist [4]. Installing such 
smart devices in public buildings with hundreds of rooms is a costly investment, 
especially if it comes as part of a renovation plan. The solution for all the above-
listed problems makes sense only if it can interact with the users: obtaining 
subjective information which would be used to define control system outputs 
and giving feedback to the user in terms of suggestions and notifications. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Understanding the 
problem 

Figure 3. The first prototype of the thermostat installed in Emilio Gatti Conference room. 
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Each of the questionable aspects when a smart thermostat is to be implemented 
in a public environment can be solved in several ways. Collecting data about 
personal comfort is possible through filling in a short questionnaire which opens 
after scanning a QR code or which comes as part of a mobile application. Another 
option for userǯs interface is placing a touch screen at the entrance of each room, 
so that people are allowed to give their feedback. Instead of buying expensive 
thermostats, it is recommended to build a unit with embedded sensor which can 
measure all the relevant parameters and send the data wirelessly to a storage 
memory. Estimating the number of people present in a room can be done by 
implementing a presence sensor, or by asking the people in the questionnaire to 
report the number of occupants. Once the data are gathered and processed, some 
actions need to be taken in order to improve the userǯs well-being. A completely 
automated control can be implemented, or semi-automated in collaboration with 
the users, who can open/close the windows, turn off/on the lights, etc. Having a 
detailed picture of the situation in all the available rooms in the building in 
advance is for sure very useful for the person in order to help him choose the 
most suitable environment. 

  

Exploring the 
opportunities 

Figure 4. Homepage of Homify mobile app. 
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Homify is a complex system able to take into account usersǯ feedback in order to 
adjust their comfort level inside the building monitored. It concerns all the 
aspects related to personal comfort sensation, such as temperature, air quality, 
lighting and noise, in creating a complete well-being of the occupants. 

 

The basic operation principle of the entire Homify solution relies on the 
collection of two data sets: objective and subjective. The former one is created by 
smart sensors integrated on a single unit placed inside the environment under 
observation, including air temperature, relative humidity, CO2 concentration and 
light intensity sensors. The latter data series is generated by the users: each 
person present in the room fills in a simple questionnaire via a mobile 
application, answering questions related to his own sensation about the same 
parameters. All the data collected are sent and stored on the Cloud, where their 
processing occurs through a series of statistical analyses. The final processing 
aim is identifying corrective measures to be undertaken on the control systems 
to improve general personal comfort. Homify provides outputs to three different 
clusters of receivers:  

Ȉ Technical systems and equipment; 

Ȉ End-users ȋroomǯs occupantsȌ; 

Ȉ Maintenance and cleaning personnel. 

All the equipment connected to the control unit receives signals sent to their 
actuators aimed at adjusting the indoor comfort. Most of these control signals are 
applied to the HVAC system for thermal conditioning and the Air Handling Unit. 
Stand-by function is available as well. 

Homify prepares a set of information to be displayed on the smartphone on each 
end-userǤ With the dedicated mobile application, buildingǯs occupants have on 
disposal information about the present conditions of the environment. This 
solution generates suggestions to the users related to their personalized comfort, 
which are obtained through a comparison between userǯs answers on the 
questionnaire and the global comfort level. Extra information is given through 
real-time noise and occupancy level maps, lessons schedule, etc. 

Malfunctioning signalization and average room occupancy are sent to a web 
application to improve maintenance and room cleaning strategies. Energy saving 
reports are generated on certain time intervals. 

Homify is capable of improving userǯs comfort, reducing energy consumption and 
upgrading the concept of ordinary maintenance. The main concept value lies in 
its real-time analysis and response, based on data collected from various sources 
and direct interaction with the users. Homify can be installed in semi-private and 
public environments which proves the solutionǯs scalabilityǤ 

 

 

Generating a solution 

Figure 5. Homify's system concept. 
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ZEGODI	
	

Executive	summary	

The	ZEGODI	project	involved	the	analysis	of	the	goods	display	sector:	
these	are	marketing	tools	that	you	can	find	in	stores	and	that	help	to	
highlight	 promotion.	 The	 main	 issue	 is	 that	 environmental	 and	
economic	 impact	 of	 goods	 displays	 is	 strongly	 underestimated	 both	
by	 companies	 and	 stores.	 Thus,	 P&G,	 our	 industrial	 partner	 in	 the	
project,	asked	us	to	quantify	the	problem	and	find	a	systemic	solution	
that	could	improve	the	sector.	

We	first	started	by	estimating	the	amount	of	displays	produced	both	
by	P&G	and	overall	 in	 Italy.	After	various	 interviews	we	estimated	a	
total	of	17.5	million	displays	per	year	in	Italy.	

The	 next	 step	 was	 to	 understand	 the	 environmental	 impact	 of	
displays	 as	 of	 now:	 in	 order	 to	 do	 so	 we	 made	 a	 Life-Cycle	
Assessment,	 a	 tool	 that	 calculates	 all	 the	 pollutants	 created	 in	 a	
product	 life-cycle.	 We	 discovered	 that	 currently	 most	 displays	 are	
made	of	recyclable	materials,	but	they	are	not	recycled	by	stores	due	
to	 long	 disassembly	 times:	 displays	 are	 designed	 to	 impress	 the	
customer	 more	 than	 to	 be	 easily	 handled.	 Correct	 recycling	 would	
bring	their	national	environmental	impact	from	13	to	5	million	kg	of	
CO2.		

We	then	proceeded	with	our	solution.	First,	we	improved	the	highest	
selling	 P&G	 display	 in	 order	 to	 make	 its	 disassembly	 easier:	 we	
removed	redundant	plastic	rivets	and	replaced	them	with	cardboard	
joints,	cutting	both	disassembly	times	and	economic	costs	(with	up	to	
200.000€	of	savings	yearly).	Then,	we	designed	a	checklist	 in	which	
display	producers	can	 test	 their	displays	performance.	The	checklist	
controls	 both	 environmental	 impact	 and	 features	 that	 can	 reduce	
handling	disadvantages	for	store	clerks.	The	aim	is	for	big	companies	
like	P&G	to	only	adopt	displays	that	have	high	performance	scores.		

Finally,	 we	 tested	 our	 solution	 with	 a	 theoretical	 pilot	 with	 Coop,	
investigating	the	effects	of	our	solution	on	their	stores:	if	adopted	by	
all	display	producers,	time	savings	and	better	recycling	would	result	
in	590.000€	of	yearly	savings.		
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Much	has	been	said	about	the	need	for	societies	to	reduce	resource	consumption.	
Recent	 estimates	 of	 human	 appropriation	 of	 the	 net	 primary	 productivity	 of	
nature	range	from	20%	to	34%;	there	is	continued	extraction	of	virgin	minerals	
and	 ores	 due	 to	 linear	 material	 use	 patterns;	 moreover,	 energy	 inputs	 are	
predominantly	 supplied	by	non-renewable	 fossil	 resources.	 Increasing	 resource	
consumption	has	brought	with	 it	 the	global	rise	of	a	middle	class;	however,	 this	
has	 also	 led	 to	 an	 increasing	waste	 generation.	These	 events	have	 continued	 in	
lockstep	with	 economic	 growth	 since	 the	 dawn	 of	 the	 industrial	 age.	 One	 such	
challenge	is	the	conservation	of	natural	resources,	defined	as	the	minimization	of	
consumption	 of	 renewable	 or	 non-renewable	 resources.	 Resource	 conservation	
may	be	 achieved	 through	waste	 prevention,	waste	 reuse	 or	 recovery.	 The	main	
phases	of	the	projects	were	as	follow:		

-	 State	 of	 the	 art	 analysis	 regarding	 the	 current	 sales	model	 and	 processes	 for	
goods	displays;		

-	 Interactions	with	multiple	counterparts	representing	the	‘end	to	end’,	such	as:	

•	the	packing	material	suppliers	for	the	displays;	

•	 the	 different	 Procter	 &	 Gamble	 (P&G)	 key	 resources	 (Sales	 Department,	
Customization	Operation	team);	

•	the	Customers;	

•	the	3rd	Party	Logistic	for	the	Integrated	Ecological	solutions.	

-	 Development	of	a	Life	Cycle	Assessment	(LCA)	in	order	to	identify	the	potential	
environmental	benefits;		

-	 Creation	of	a	tool	to	assess	the	‘sustainability’	level	of	goods	displays;	

-	 Assessment	of	project	feasibility	through	the	development	of	a	theoretical	pilot;		

-	 Design	 a	 solution	 (technical	 and	 process	 solution)	 with	 multiple	 decision	
makers;	

-	 Development	of	a	marketing	campaign	to	promote	the	proposed	solution.	

Therefore,	the	main	results	of	the	project	were:	

-	 the	definition	of	a	circular	supply-chain	for	the	goods-displays	and	the	process	
to	assess	its	sustainability;	

-	 the	identification	of	a	suitable	goods	display	structure.	

	

	

Due	to	the	complexity	of	the	project,	the	skills	we	applied	were	various.	Indeed,	
in	order	 to	 satisfy	 all	 the	 stakeholders,	 it	 has	been	necessary	 to	merge	Product	
Design	with	Environment	Evaluation	and	Management	skills.	The	first	ones	have	
been	used	to	find	the	optimal	display,	the	second	one	to	assess	the	impact	of	our	
protocol	on	the	environment	and	the	last	one	to	build	a	business	case	and	prove	
the	feasibility.	
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The	Point	of	Purchase	sector	is	not	strategically	important	for	all	the	actors	of	its	
value	 chain:	 consumer	 goods	Companies,	 displays’	manufacturers,	 retailers	 and	
recyclers.	For	this	reason,	the	first	moral	goal	that	we	decided	to	accomplish	is	to	
shed	a	light	upon	this	topic	showing	the	economic	and	environmental	impact	that	
a	careful	attention	on	POP	Display	can	lead.		

The	project	has	to	accomplish	several	goals	that	cover	all	 the	matters	regarding	
displays.	These	goals	are:	

•	 Identification	 of	 the	 parameters	 that	 determine	 the	 sustainability	 of	 a	
goods	display,	based	on	the	EU	and	Italian	current	regulations;	

•	Definition	of	a	solution	 in	 terms	of	product	design	and/or	process	which	
could	satisfy	the	needs	of	the	stakeholders	described	above;	

•	 Evaluation	 of	 the	 identified	 solutions	 in	 terms	 of	 environmental	 and	
marketing	impact.	

Due	 to	 the	 complexity	 of	 these	 objectives,	 the	 project	 has	 been	 organized	 in	
several	milestones	that	all	together	result	in	the	project	scope:	

1.	 Market	 Size	 Estimate:	 calculation	 of	 the	 total	 number	 of	 displays	
circulating	in	Italy	per	year;	

2.	 Estimate	 the	 Environmental	 Impact	 through	 a	 LCA	 by	 comparing	 a	 bad	
waste	management	with	a	virtuous	one;	

3.	 Create	 a	 software	 that	 evaluates	 the	 display	 compliance	 to	 our	 green	
strategy;	

4.	 Create	 a	 POP	 Display	 compliant	 with	 our	 strategy	 and	 a	 set	 of	 use	
specification	easily	replicable	by	all	value	chain	actors.	

5.	Test	the	effectiveness	of	solution	performing	a	business	case	in	store;	

6.	Finalize	the	project	by	creating	a	marketing	campaign	that	promotes	the	
benefits	for	all	the	stakeholders.		

	

	

The	Fast	Moving	Consumer	Goods	 (FMCG)	companies	 face	one	of	 their	greatest	
battles	within	stores.	The	Point-of-sale	goods	displays	are	a	powerful	marketing	
tool	to	stand	out	from	the	crowd.	Therefore,	they	need	to	be	replaced	every	two	
weeks	 approximately.	 This	 is	 in	 contrast	with	 the	 increasing	 concern	 regarding	
resources	 constraints	 and	 soil	 contamination.	 In	 fact,	 most	 of	 the	 temporary	
displays	 at	 the	 end	 of	 their	 lives	 are	 thrown	 away	 in	 the	 generic	 bin,	 without	
separating	 the	 different	 materials	 to	 allow	 recycling.	 This	 activity	 should	 be	
performed	by	 the	 store	 operators,	who	usually	 skip	 this	 operation	 blaming	 the	
difficulty	of	disassembly.	On	 the	other	hand,	 the	goods	displays	producers	have	
no	 incentive	 to	 reduce	 the	 complexity	 of	 their	 products	 and	 need	 to	 fulfill	 the	
marketing	requests	in	terms	of	attractiveness	and	appealing	to	the	customers.		

The	 environmental	 regulation	 is	 becoming	 stricter	 and	 stricter,	 although	 no	
specific	law	exists	for	the	goods-displays	production	and	disposal	so	far.	However,	
the	gap	 is	expected	 to	be	 filled	 in	 the	near	 future.	Moreover,	 countries	 typically	
buying	 wastes	 from	 European	 countries,	 i.e.	 China	 and	 India,	 are	 reducing	 the	
level	of	impurity	accepted	in	the	recycled	material.	As	a	result,	the	quality	of	the	
waste	 should	 be	 as	 pure	 as	 possible,	 leading	 to	 the	 need	 for	 a	 more	 effective	
recycling	system.	

The	actors	of	the	goods-displays	supply	chain	should	be	prepared	to	these	types	
of	disruption	in	the	market.	

The	sector	of	POS	displays	is	usually	not	seen	as	strategic	by	the	goods	producers	
and	 the	GDO.	As	 a	matter	of	 fact,	 there	 is	no	 comprehensive	 case	 study	on	 this	
topic	in	the	literature	in	Italy.	

Goal	

Understanding	the	
problem	
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The	 Zegodi	 project	 made	 for	 the	 first	 time	 an	 estimation	 of	 the	 problem.	 The	
study	obtained	a	number	equal	to	17	million	for	the	number	of	temporary	goods	
displays	produced	per	year	in	Italy.	

	

	

Due	to	the	lack	of	a	standard	process	end	to	end	and	big	room	for	improvement,	
the	team	explored	several	opportunities	to	find	the	best	solution	suitable	for	this	
business	and	environmental	case.		

First,	we	faced	the	choice	between	reuse	and	recycle.	On	one	hand,	reuse	would	
have	 had	 higher	 impact	 allowing	 a	 reduction	 from	 5	 to	 3	 million	 kg	 of	 CO2,	
compared	to	recycling,	but	on	the	other,	the	setbacks	were	many:	limited	material	
choice,	reduced	appeal	and	attractiveness.		

In	this	context,	different	stakeholders	and	departments	had	very	divergent	points	
of	view	and	demands.	On	one	side	the	need	of	addressing	the	problem,	reducing	
CO2	 emissions	 and	 wastes	 leading	 to	 better	 results	 both	 economically	 and	
environmentally	 speaking.	 On	 the	 other	 side,	 in	many	 cases	 goods	 displays	 are	
still	 perceived	 only	 as	 marketing	 tools	 and	 their	 production	 is	 totally	 design	
oriented.		

Therefore,	even	if	at	the	beginning	we	wanted	to	focus	on	the	radical	solution	of	
reuse,	 we	 decided	 to	 start	 step	 by	 step,	 bringing	 added	 value	 with	 a	 recycle	
oriented	solution.		

In	the	end,	we	agreed,	under	advice	of	our	tutors,	that	this	was	the	right	direction	
for	 our	 project;	 today’s	 society	 is	 not	 ready	 yet	 for	 such	 a	 strong	 change	 of	
paradigm	 and	 a	 big	 improvement	 can	 be	 already	 achieved	 with	 the	 usage	 of	
certain	solutions.	

	

	

The	first	big	achievement	is	that,	like	never	before,	the	issue	has	been	addressed	
and	quantified.	Indeed,	the	team	made	an	estimation	of	17	million	of	temporary	
goods	 displays	 produced	 per	 year	 just	 in	 the	 Italian	 market	 (6,470,000	 km	
travelled	 by	 car,	 or	 12,940,000	 usages	 of	 the	 dishwasher).Therefore,	 it	 can	 be	
easily	understood	that	 the	amount	 is	massive	and	that	 the	problem	needs	to	be	
managed	quickly	and	wisely.	

For	the	first	time	in	literature,	the	impact	of	the	goods	displays	supply	chain	has	
been	estimated	in	CO2	equivalent,	thanks	to	the	usage	of	Life	Cycle	Assessment.	
By	the	examination	of	different	situations	and	case	studies,	we	found	out	that	the	
majority	 of	 goods	 displays	 used	 in	 our	 country	 are	 built	 with	 recyclable	
materials,	 but	 that	 in	 the	 end	 they	 are	 not	 recycled	 because	 of	 long	 time	 of	
disassemble	and	wrong	habits.	Thanks	to	the	LCA	tool,	it	was	estimated	that,	if	all	
the	displays	were	recycled,	their	impact	would	decrease	from	13	to	5	million	kg	
of	CO2	produced.	

Exploring	the	
opportunities	

Generating	a	solution	
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Furthermore,	a	product-based	solution	was	developed	to	simplify	goods	display	
already	used	in	P&G’	disassembly.	Indeed,	the	junctions	which	connect	the	footer	
to	the	body	of	the	display,	were	replaced	by	a	system	similar	to	pizza	cardboard	
holes.	 In	 this	 way,	 both	 the	 BOM	 of	 the	 display	 and	 the	 required	 time	 for	
disassemble	are	reduced,	promoting	displays	recycle	and	leading	up	to	200.000€	
of	savings	yearly.	
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Moreover,	the	team	designed	a	checklist	to	be	used	in	order	to	define	if	a	display	
can	 be	 considered	 sustainable	 or	 not.	 The	 criteria	 used	 have	 been	 elaborated	
together	 with	 our	 external	 partners,	 Eurodisplay	 and	 BozSei.	 The	 outcome	
allowed	 the	 company	 to	 assess	 all	 the	 displays	 in	 order	 to	 promote	 only	 the	
compliant	ones	 to	 the	NED	protocol	 (developed	by	Eurodisplay	with	 the	aim	of	
setting	a	standard	in	POP	displays’	recyclability).		
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In	 the	 end,	 the	 combination	 of	 our	 solutions	 and	 ideas	 can	 certainly	make	 the	
difference	 in	this	 field	and,	 to	prove	that,	 the	team	developed	a	theoretical	pilot	
with	COOP	Alleanza	3.0.	The	results	 show	that,	 if	 the	NED	protocol	would	have	
been	 applied	 to	 all	 the	 displays	 of	 this	 retailer,	 it	 could	 have	 saved	 590.000€	
yearly,	 plus	 advantages	 in	 terms	 of	 social	 and	 environmental	 awareness	 and	
corporate	responsibility.	
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iMAT:  
Digitalizing, democratising and empowering 
materials development via Artificial Intelligence  

Executive summary 

The development of new materials has been identified by the European Material 
Modelling Council (EMMC) [1] as one of the main innovation drivers for the 
European industry. This concerns also a focus on sustainability of energy storage 
solutions, where the usage of optimised materials can bring important results.  
However, decision making in R&D departments regarding material discovery 
requires considerable investments in terms of time and money. Material 
Modelling has been used to screen materials and focus the company’s efforts, 
but the required skills are usually not available. The figure of Translator has 
therefore been identified by the EMMC to bridge academic and industrial world 
but, due to the broad knowledge required for this purpose, the Translator cannot 
be an expert on each field therefore an aid is needed in the form of easily 
accessible information [2]. Due to the scarcity and incompleteness of existing 
databases, we decided to exploit the enormous amount of scientific literature as 
source of data to provide insights. These, information is however unstructured 
and need to be extracted and transformed in structured data such as databases 
and graphs. This process needs to be almost fully automatic and for this purpose 
Natural Language Processing (NPL) techniques can be applied. NPL is a branch 
of Artificial Intelligence used to process and analyse human language data. Its 
application to scientific literature is however challenging due to several limiting 
factors such as scientific language and data format. Even if some studies have 
been performed in the field, no fully comprehensive process pipeline from data 
recollection to extracted data structuring is available on the market. We decided 
to develop this pipeline on a real case study, the usage of zeolites in thermal 
storage, but constructing it in a way not to require any in-depth programming 
expertise, also to assure the adaptability of the process to different case studies. 
To do so we exploited also the collaboration with IBM Research [3], including 
several their tools. Our model is now able to autonomously recognise useful data 
in zeolites literature. We can then interrogate these data to have highlights about 
their distribution over relevant axis and emerging trends. Facing a new research 
topic, it is now possible to adapt this process and screen the existing literature to 
have important insights on how to better address efforts and resources. The 
pivotal difference and main value in our process is that it adopts and applies a 
set of simple and easily available tools, requiring no hard skills, and it leads the 
user throughout the whole process. It becomes then an important asset for future 
researches as the starting point for the construction of a new model, based on 
different topics and literature, which can be applied by users who are not 
familiar with Artificial Intelligence and NPL techniques. 
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MATERIALS  
RESEARCH  
MACHINE LEARNING  
TRANSLATOR 

Fig. 1 - Concept of the process 
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The rapid evolution of contemporary technologies requires continuous development of 
novel and/or improved materials. In this context, materials modelling techniques and 
numerical simulations can serve as powerful means to accelerate industrial innovation, 
alleviating time consumption and costs of tailored experimental procedures. Thanks to 
the always increasing computational power available, simulations for material 
screening have the possibility to become everyday more intensive - see e.g. high-
throughput simulations. Notwithstanding, these techniques require proper modelling 
expertise, proper infrastructure and a considerable commitment. Apart from the 
modelling and simulation part, the generated (big) data outcome must then be properly 
interpreted and treated, to extract the most relevant information (mining) for the 
purpose. This is one of the reasons why, at least in the context of materials modelling - 
yet not only - development of proper data analysis and mining tools are assuming 
every day more and more importance, both in academia and industrial sector. These 
tools are more and more often landing towards the emerging field of artificial 
intelligence, term which now encompasses quite a large number of techniques and 
applications – e.g. machine learning. Apart from pure (simulation) data mining, these 
techniques have recently been applied to screen (i.e. mine) the information available in 
scientific literature in the form of text, using Natural Language Processing (NLP) 
techniques combined with machine learning. This approach represents an alternative 
approach to the generation and mining of big data from high-throughput numerical 
simulations and aims to take advantage of the huge amount of information which is 
already available in scientific papers. 
This project focuses on materials analysis in the abovementioned context about 
efficient data handling and its continuously growing importance for industrial 
innovation (e.g. industrial digitalization). This attitude perfectly fits the role of the 
Translators, which have been recently defined by the European Materials Modelling 
Council (EMMC, https://emmc.info) as professional profiles able to bridge industrial 
needs and state-of-the-art academic research to drive industrial innovation. The project 
has been finally shaped to focus on the application of state-of-the-art artificial 
intelligence (IBM Watson) for automatic literature screening and materials data 
extraction via NLP/ML to speed up properties’ assessment. The application case has 
been chosen to focus on the properties of materials for thermo-chemical heat storage 
(e.g. water adsorption on different zeolites), which is an active field of research due to 
its relevance to many industrial sectors, such as e.g. automotive and civil. The project 
consists of four main types of activities: (1) LEARN the basic technical concepts 
required to work in the context of data (NLP/ML in this case) for materials screening; 
(2) DEVELOP a proper machinery to implement the idea; (3) ANALYZE the outcome 
and assess the perspective impact; (4) CONVINCE the audience that the idea is 
valuable using proper communication channels. This project has benefited of the 
cooperation of the European Materials Modelling Council and of different academic 
and industrial partners to provide support and feedback on specific tasks. 

 
As Alta Scuola Politecnica is a program specifically designed to foster a multidisciplinary 
collaboration, our skillset was very various and required a precise organization. 
The main competences present in our group were related on one hand to Chemistry and 
Material Science (Material Modelling sub-team) and on the other hand to computer science 
and digital innovation (AI and Machine Learning sub-team). This formal division was 
meant to explore the interactions between the two main topics of the project: Artificial 
Intelligence and Material Modelling. The former group was assigned with the task of 
framing the research context within the structure required to handle it with a machine 
learning logic. The latter one was required to explore the existing programming tools 
which would be pertinent in building the actual model and develop new solutions. The 
distinction was, however, blurry since the cooperation of all members was required for 
several tasks. For instance, a precise knowledge of the chemical properties of materials is 
required to build and train a supervised machine learning model.  
The Communication Coordinator, thanks to her competencies in design and 
communication, covered the outreach and communication strategies, gathering and 
organising the outcomes from the rest of the group. The Team Controller was pivotal in 
keeping a connection within the different subunits of the team and sticking to the project 
schedule.  

Project description 
written by the 
Principal Academic 
Tutor

Team description by skill
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The main goal of the iMat project is to explore the possibilities of application to exploit 
emerging Artificial Intelligence algorithms to speed up research in the field of Material 
Modelling. Indeed, the EMMC also identifies the development of new materials as one of 
the main innovation drivers for the European industry, also from the point of view of 
sustainability. Therefore, great attention has been directed towards the screening of existing 
and hypothetical materials to have anticipating insights about the most promising 
directions and focus a company’s energies on a few attempts. In this context, the 
professional figure of the Translator has been identified with the aim of supporting and 
bridging between academic research and business necessities. However, in many cases 
Translators may not have a complete knowledge of the problem they are working on. An 
AI tool able to read and understand a large amount of scientific articles would be crucial to 
strengthen the role of the translator. Indeed, such an algorithm would speed up 
bibliographic research and allow to summarise a large amount of unstructured information 
into a simple structured database. Therefore,, at the beginning of this project we wanted to 
build a completely-automatized tool for the text-mining of quantitative information from 
scientific articles. 

 
Materials have marked the evolution of mankind since prehistoric times, naming the ages 
based on the dominant materials. Despite the fact that everything around us is made of 
materials, for almost the entire course of human history, the discovery of new materials 
was pursued as a sort of mystic art. Up to less a century ago this process involved a 
tremendous amount of trial-and-error and expensive testing. The traditional material 
discovery process is a tortuous path consisting of several steps. Generally, the time 
required from the formulation of the idea of a new material to its deployment is remarkably 
long: first of all, it requires skilled technicians to perform long and expensive experiments, 
that are necessary to get meaningful data. Secondly, the tests are carried out mainly with 
the aim of incrementally improving existing chemistries and already-well-established 
materials rather than with the idea of investigating completely new materials to assess their 
potential. However, modern advances in the understanding of the intrinsic physics provide 
a comprehensive framework to supervise the materials discovery process, laying the 
foundations of a new discipline called computational materials science. Materials 
modelling allows to optimize the scheduling of experimental activities, hence limiting 
expensive trial-and-error procedures. However, it requires highly specialized professional 
figures and high-performance-computing facilities. Hence, money and time consuming 
hard work is usually necessary to foster the research for innovative materials and this is an 
important limiting factor, especially for Small Medium Enterprises (SMEs) [4]. A 
completely different approach envisages the employment of Artificial Intelligence (AI) 
techniques to sift through the already huge amount of scientific articles and reports, 
assuming that the dataset under analysis embeds the intrinsic physics. Hence, the data-
driven approach could gather relevant insights and propose innovative molecular structures 
to be further investigated. However, the major part of useful data appears in the scientific 
literature in an unstructured form and a well-established methodology to arrange them in a 
database for data-mining purposes still does not exist. EMMC has identified the 
professional figure of the Translator to push materials innovation. Since the Translator does 
not have a specific knowledge on each case study he has to face, it is necessary for him to 
easily gather the various pieces of  information found in the scientific literature. Therefore, 
the development of a procedure to extract and organize data is of pivotal importance. A 
specific case study that is particularly relevant in the field of materials modeling  has been 
investigated during this project. To reach a low-carbon emission system, energy production 
from renewable sources is strongly promoted nowadays, but their intermittent nature 
threatens to limit their applicability. To tackle this issue, the development of an efficient 
Thermal Energy Storage System (TESS) is of fundamental importance[5]. In particular, the 
use of zeolites in sorption-based TESS represents an important current research topic. 
Hence, chemical and energy industrial realities could be strongly interested in a process 
that would allow them to screen the state-of-the-art knowledge  and that would manifest 
the best route to be followed for material innovation. 

 
The present work opens a wide range of opportunities to be exploited. For instance it 
allows to offer external institutions a tool based on Natural Language Processing to extract 
numerical data from scientific literature. Furthermore, regarding the EMMC objective to 
bridge research and industry, it corroborates the role of the Translator by complementing 
his work with a tool that can foster materials modelling. In addition the support and the 
supervision  of IBM guarantees to explore the potentialities of IBM Watson tools [6] and to 
gain precious insights on cutting edge Artificial Intelligence tools. Moreover,  the case 
study of Thermal Energy Storage allows to tackle one of the most promising challenge that 
the present world has to tackle: renewable energy. Finally the innovative process that is 
developed can be formalized in the publication of a scientific paper. 

Goal

Understanding the 
problem

Exploring the 
opportunities
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Fig. 2 - Extrapolated Ashby map comparing different zeolites over two relevant properties in TESS 
 

Fig. 3 - Preprocessing steps and model construction 

 
Our solution consists of a multistep process that exploits Artificial Intelligence and Natural 
Language processing to extrapolate structured data from unstructured information 
contained in scientific literature. Every year, around 2.5 millions of scientific articles are 
published and the development of an efficient automatic procedure of information 
extraction would make a major breakthrough in research, enhancing the connection 
between industry and academia.  

Our results demonstrate that text-mining methods based on machine learning can be 
exploited to translate a verbal unsystematic input into a well-organised quantitative output 
that can be easily visualised. We applied AI tools provided by IBM Watson to convert 
scientific papers from PDF format to plain text and to implement a model that analyses 
them sentence-by-sentence. Our model categorises words according to their meaning and 
identifies relevant relations between them. In this way, we were able to automatically 
recognise patterns in the text and extract quantitative information related to our case study: 
zeolitic materials. We concentrated on a list of zeolites and properties of interest and we 
collected the corresponding numerical values. The data were eventually used to create 
Ashby maps, an efficient visualisation technique that can support decision-making. 

 

[1] Council, E.M.M.:TheEMMCRoadMap2018forMaterialsModellingandInfor- 
matics, 2018 
[2] Council, E.M.M.:EMMCTranslatorsGuide.https://emmc.info/wp-content/ 
uploads/2017/12/TranslatorsGuide.pdf,2017. 
[3] IBM research.http://www.research.ibm.com/. 
[4] Commission, E.:SMEPerformanceReview.https://ec.europa.eu/growth/smes/ 
business-friendly-environment/performance-review_en,2018. 
[5] Dincer I.,R.A.: Thermal Energy Storage: Systems and Applications. Wiley,2011. 
[6] IBM Watson.https://www.ibm.com/watson/.
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The changing scenario in the residential energy market requires the 
energetic players of today to adopt innovative approaches for 
business to be still part of the competition tomorrow. Novel market 
opportunities need to be tested and the on-field validation can be 
prohibitive due to cost, time constraints and complexity of pilot 
projects.  

DAHEC (Data Analytics for Household Energy Consumption) project 
aims to analyse and validate novel market opportunities through 
virtual pilot projects fed with synthetic but realistic disaggregated 
consumption data, overcoming the obstacles of real pilot projects. 
The synthetic data are outputs of a simulator of households’ energy 
consumption, ad-hoc implemented during the project. The innovative 
path developed by DAHEC team makes the assessment of market 
opportunities feasible. Thanks to virtual pilot projects, Smart Bills for 
White Certificates as well as price-based and incentive-based 
Demand Response are evaluated to estimate stakeholders’ benefits.  

  

Ke� W��d� Energy market, Smart Bills, Demand Response, 
Simulator, Data analytics. 

 

 
Figure ͳ: Disaggregated energy consumption data 
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Figure Ϯ͗ Eǆample of behavioural simulation͘ 
DailǇ behaviour of a ϰͲmember familǇ͘  

Figure ϯ͗ Disaggregated consumption profile͘ 
Simulation of consumption profiles of ϭϬ thousands 
families͘ 

Figure ϰ͗ SǇstem validation͘ 
DAHEC average poǁer profile ;orangeͿ is compared ǁith 
other studies about real households͛ energǇ 
consumption ;blueͿ͘ 

Figure ϱ͗ Output of Smart Bills virtual pilot project͘ 
Final customers͛ savings and benefits for an average familǇ͘  

Figure ϲ͗ Design of priceͲbased Demand Response virtual pilot 
project͘ 

Figure ϳ͗ PreliminarǇ step of incentiveͲbased Demand Response 
virtual pilot project͘ 
Selection of the shiftable load for the average simulated familǇ͘ 
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DAHEC project aims at designing a feasible and ready to use solution to evaluate 
market opportunities in the energy sector. In this context, it aims at developing a 
software tool for Big Data analytics based on energy load profiles. 

The project starts from a market analysis that aims at identifying new data-
driven business opportunities by exploiting fine-grained information about the 
appliances’ energy consumption. From such analysis a set of stakeholders’ 
requirements arises, which underlines the necessity of the design and 
development of a simulator of residential energy consumption to evaluate the 
impact of market opportunities previously identified.  

The final outputs of the project are: 

ͳ. A set of requirements coming from an in-depth market analysis aiming 
at profiling the end-users based on their household energy consumption 
patterns. 

ʹ. A novel system architecture for Big Data Analytics to simulate end-users 
energy consumption profiles. 

͵. New market opportunities to foster new services in the electrical 
marketplace to be tested and validated in a virtual environment by 
exploiting the end-users energy consumption profiles. 

Different stakeholders can take advantages of the results of this project: 

x Energy companies can benefit from the output of the project to support 
their decision making, as a tool to evaluate new market opportunities, 
optimize planning activities of smart grid or support operational 
management. In addition, Energy utilities could profile consumers and 
offer personalized pricing policies. 

x Researchers can take advantage of these results for different research 
activities (e.g. compensate lack of consumption profile data and perform 
behavioural and energy studies of the population). 

x Policy makers can test novel services and control strategies for smart 
grid management and load balancing. 

 

DAHEC team is composed of two subgroups: the first one focused on the market 
analysis, the second one worked on the implementation of a households' energy 
consumption simulator. 

Milica Vojinovic ad Marco Teodori were in charge of the market analysis. Milica 
Vojinovic applied her knowledge in Management Engineering to the analysis of 
the market context and validation of the opportunities. Marco Teodori provided 
meaningful insights with his background as an Energy Engineer and supported 
the identification of viable market opportunities. 

Nicola Barletta, Ilaria Botticelli and Luca Colomba exploited their Computer 
Engineering and Data Science skills in the design and development of the 
software components required by the project. Alessandro Barilli and Celeste 
Principi, as Mathematical Engineers, provided fundamental support with their 
competencies in statistics and data modelling. Celeste Principi, as team leader, 
also supervised the coordination of the subgroups to achieve a cohesive result 
and cared of deadlines and deliveries. 

 

Energy market in the residential sector is evolving due to new European 
regulations and a stronger awareness towards sustainability. Novel market 
opportunities to address these issues have been investigated and energy players 
are considering some new business models. DAHEC project focuses on the 
residential energy sector, exploiting disaggregated consumption data, in order to 
identify innovative yet feasible market opportunities to tackle the change.  

The feasibility and profitability of market opportunities need to be assessed 
through pilot projects on a large scale. Actually, implementing pilot projects is 
not trivial: they require costly investment, they need to follow strict regulations 
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and people’s involvement implies privacy issues. Moreover, they can take time to 
be performed and in such a dynamic market, time cannot be wasted.  

In this context, DAHEC (Data Analytics for Household Energy Consumption) 
project aims to overcome the implementation impasse through virtual pilot 
projects fed with disaggregated consumption data. These data are generated by a 
simulator implemented ad hoc during the project to recreate a huge virtual 
population that resembles Italian families and to describe the energy 
consumption at device usage level during a potentially unlimited time span. 

 

The energy market in the residential sector has been changing in the last few 
years and it is expected to undergo a stronger change in the next future. The 
well-known higher penetration of renewable energies is challenging the energy 
producers and the electrical grid itself will require a disruptive innovation. At the 
same time, the market regulation is promoting the final part of the liberalization 
process: in Italy the market is expected to become totally free in ʹͲʹͲ, ending the 
Service of Greater Protection. 

In order to keep its competitiveness, a player in the energetic market will be 
required to deeply change its approach and business. Novel market opportunities 
have been investigated and some business models are already “on the table” of 
energy players. 

 

 
Figure ͺ: DAHEC path, from the canonical validation journey to an innovative simulative 
approach 

Figure ͻ: System architecture of the simulator 
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Implementing new strategies in the energy market has its barriers: the biggest 
one is that new market opportunities must be tested through pilot projects 
involving lots of households. The technologies to collect disaggregated 
households’ consumption data are mature but still at their early stage of 
diffusion, so the very large scale required to have a substantial output from the 
pilot projects can be difficult to obtain because they require costly investment 
and involve privacy issues. 

 

DAHEC project aims to analyse and validate novel market opportunities through 
virtual pilot projects, overcoming the already mentioned obstacles of real ones 
(see Figure ͺ: DAHEC path). Virtual pilot projects are fed with disaggregated 
consumption data generated by DAHEC simulator, which is implemented to 
recreate a huge virtual population and to describe its energetic consumption at 
device usage level by modelling heterogeneous families’ behaviours, ownership 
and usage of each type of appliance. 

Assuming the availability of the disaggregated household consumption data, 
DAHEC project identifies several market opportunities and evaluates them based 
on the market analysis and direct contacts with companies from the energy 
sector. The identified market opportunities are: Demand Response, Smart Bills 
for White Certificates, energy saving virtual assistant, Energy Service Companies 
(ESCos) for energy efficiency, Feedback on appliance performance, Property 
monitoring based on appliance usage and Data trading with third parties. The 
selection process is performed based on insights obtained during the Utility day, 
the most important event about Italian energy industry and its output is the 
selection of two business opportunities that are mutually compatible: Smart Bills 
for White Certificates and Demand Response. The Smart Bill opportunity 
foresees that the electricity retailers provide a detailed bill, enhanced by the 
appliances consumption, which results in energy savings with twofold benefits: 
lower bill for customers and revenues from Energy Efficiency Certificates (White 
Certificates) for energy utilities [ͳ]. Demand Response opportunity consists of 
price-based and incentive-based programs that motivate customers to shift a 
share of their consumption from the peak demand hours to off-peak periods, for 
which they receive financial benefits [ʹ].  

The selected market opportunities need to be tested for effectiveness through 
pilot projects. As already mentioned, DAHEC opts for designing virtual pilot 
projects fed virtual disaggregated consumption data that give details of 
consumption at device level. Taking inspiration from previous works [͵], DAHEC 
simulator is an unlimited source of disaggregated consumption load curves with 
a degree of complexity and diversity comparable to that guaranteed by a large-
scale pilot project. It considers four datasets as inputs. Three of them are ISTAT 
datasets: Time of Use (TOU) with data about families’ members and their daily 
diary of activities; Use of Energy (UOE) containing data about electrical 
appliances; Census, that provides a general overview of the Italian population 
with information concerning both the household and its members. The fourth 
input is a collection of load curves of real appliances. The system architecture is 
composed of three macro-modules (see Figure ͻ: System architecture of the 
simulator). The first one, called Time of Use workflow, is focused on modelling 
families’ behaviours. It splits families recorded in TOU in more than a hundred 
clusters with similar behaviours and it estimates one behavioural model for each 
of the clusters. Then, given a family of Census dataset, TOU-workflow assigns it to 
the cluster containing the families that show the most similar features, so that it 
results to be represented by the model of that cluster. The second macro-module, 
called Use of Energy workflow, is aimed at predicting appliances’ ownership and 
weekly usage. In this block, classifiers of the presence of appliances in the 
households and predictors of their usage frequencies are trained over UOE 
dataset. Then, given a household of Census dataset, it can be characterized by the 
list of appliances it owns and their weekly usage. The core macro-module of the 
system is the simulator itself. Given a family of Census dataset, the simulator 
takes as input the model of family (output of TOU-workflow), the information 
about presence and usage of appliances (output of UOE-workflow), and load 
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profiles of appliances. Then, it follows a step-by-step approach: every ͳͲ-minutes 
it simulates the behaviour of the family (see Figure ʹ: Example of behavioural 
simulation) and it translates it in terms of appliances usage (e.g. TV is working) 
or activation (e.g. begin of a washing machine cycle). Finally, appliances usage 
and activation are turned into consumption profiles exploiting their load profiles, 
eventually pre-processed by a load profile generator that enriches them with 
metadata about type of cycle and energy class label. 

The simulator is used to feed virtual pilot projects to evaluate the two most 
promising identified business models: Smart Bill and Demand Response. The 
pilot projects involve the simulation of disaggregated load curves of a sample of 
ͳͲͲͲͲ Italian families to get the overall energy consumption (see Figure ͵: 
Disaggregated consumption profile). An analysis of member-based and 
geographically based consumption is allowed by simulating a sample of ͳͲͲͲͲ 
families with ͳ, ʹ, ͵, Ͷ and ͷ members and distributed in North, Centre, South and 
Islands respectively. The resulting load curves are reliable in terms of shape and 
placement of peaks, since they shows consistency with the previously available 
studies [Ͷ, ͷ] on real consumption (see Figure Ͷ: System validation).  From the 
pilot projects, the Smart Bill shows convenience for target segment of families 
with ͵ and more members regardless of the geographic distribution starting 
from ͸͹€ of electricity bill savings for customers and ͳͷ€ worth of White 
Certificates for the service provider (see Figure ͷ: Output of Smart Bills virtual 
pilot project). The economic benefits of Demand Response are not convenient 
within the current market context. The price-based DR (see Figure ͸: Design of 
price-based DR virtual pilot project) creates up to ʹΨ savings on the energy 
component of the electricity bill, and the incentive-based program (see Figure ͹: 
Preliminary step of incentive-based DR virtual pilot project) brings ͻ€/year for 
the average household. The benefits will increase with the higher diffusion of 
shiftable loads (e.g. heat pumps, electric vehicles and smart appliances) and with 
the improved split of the overall system efficiency gains. 

To the best of our knowledge, DAHEC is the first successful method for testing 
new market opportunities that can be adopted by energy market actors even 
before having the totality of data about the evolution of the market. 

 

 

[ͳ] K. Ehrhardt-Martinez, K. Donnelly, and J. Laitner, Advanced metering 
initiatives and residential feedback programs: a meta-review for household 
electricity-saving opportunities.  Ame�ica� C���cil f�� e�e�g�Ǧefficie�� ec���m�, 
ʹͲͳͲ. 

[ʹ] European Commission. Impact Assessment Study On Downstream Flexibility, 
Price Flexibility, Demand Response Smart Metering, ʹͲͳ͸. 

[͵] L. Bottaccioli, S. D. Cataldo, A. Acquaviva, and E. Patti, Realistic Multi-Scale 
Modelling of Household Electricity Behaviours, IEEE Acce��, ʹͲͳͺ. 

[Ͷ] S. Maggiore, Analisi di impatto dell’introduzione della tariffa bioraria 
obbligatoria, Ra������ Rice�ca di Si��ema, ʹͲͳʹ. 

[ͷ] A. D. Almeida, Residential monitoring to decrease energy use and carbon 
emissions in Europe, I��ellige�� E�e�g� E����e, vol. ͵Ͳ͵Ͳ, p. ʹͻͲ, ʹͲͲͺ. 
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SPACE ARCHITECTURE FOR 
EXTRAPLANETARY EXPLORATION 

 

Executive summary 

In an era of renewed interest in deep space exploration, the Space 
Architecture for Extraplanetary Exploration (SAEXE) project set the 
objective to provide an innovative yet feasible solution to allow 
manned exploration of Mars in the next years. The project addressed 
the design of a greenhouse for on-site food production on Mars, 
conceived to grant self-sufficiency to human-tended space missions, 
through the implementation of an optimized spiral design of the 
crops cultivation system. Moreover, the internal space of the module 
exploits innovative, human-oriented solutions to enhance mental and 
physical well-being of the crewmembers. 

The project is the result of a joint research and design effort between 
our group of Alta Scuola Politecnica (ASP) and a team of students 
from the Massachusetts Institute of Technology (MIT). The 
collaboration of the two teams led to a project awarded second place 
at 2019 NASA BIG Idea Challenge, to the peer reviewed conference 
paper ǲMars Gardenǣ an Engineered Greenhouse for a Sustainable 
Residence on Marsǳ [1], included in the proceedings of the 2019 AIAA 
Propulsion and Energy forum, and to a poster awarded among the 
top 5 best works at the 2019 International Conference on 
Environmental Systems (ICES). 

The proposed space habitat concept complements and integrates the 
Ice Home residential module designed by NASA [2], with an original 
greenhouse module creating a near closed-loop ecosystem. The 
proposed greenhouse combines three key elements: a hydroponic 
system for the cultivation of eight archetypes of plants; an internal 
helical layout that optimizes the usage of space; the exploitation of 
the same technological solutions chosen and adopted by NASA for the 
Mars Ice Home program, in order to guarantee full compatibility and 
efficient coupling with the existing module. The greenhouse is 
equipped with two spiral elements: an inner track for crops 
cultivation and an outer pathway for circulation and running. A 
functional and ergonomic workspace is located below the spiral at 
the bottom floor, while a relaxation space is arranged on top level.  

Key Words 

Space architecture; Mars; Hydroponic; Greenhouse; Self-sustainability. 

 

 

 

 

 

 

 

 

 

 
Rendered view of the proposed greenhouse module integrated with the 
NASA Ice Home. 
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Several decades after the first space age, there is renewed interest in space 
exploration and specifically in future human habitation far beyond the Earthǯs 
surface. NASA recently received funding with an ambitious target: to send a 
manned mission to Mars by the 2030s and allow for future human habitats and 
even cities. This challenging, multi-disciplinary problem requires expertise from 
a wide variety of fields including aerospace engineering, environmental 
engineering, social science, nuclear engineering, urban planning, design, 
architecture Ȃ and especially structural engineering. Unlike structural 
engineering for the built environment on Earth, there are virtually zero rules of 
thumb or design precedents to draw on for construction on Mars or the Moon. 
Project objectives include: (1) In Situ Resources Utilization for assessment and 
exploitation of construction materials and water; (2) energy sources and 
consumption: assessment of technologies; (3) system architecture and 
computational design methods for optimized architectural solutions; (4) 
construction autonomy of structures for unmanned missions that will survey 
current sites and start construction before human arrival; (5) integrated design 
solutions to solve psychological impact.  

When considering a permanent settlement on another planets, one of the crucial 
aspects involves the evaluation of the total life cycle of the structure. That is, 
taking a system from conception through retirement and disposition or the 
recycling of the system and its components. Many factors affecting system life 
cannot be predicted due to the nature of the Lunar/Martian environment and 
inability to realistically assess the system before it is built and utilized. Therefore, 
even if the challenges in space exploration are very peculiar, the colonization of 
satellites and planets could teach us to be wiser in our consumption of natural 
resources, pushing us to pursue efficiency and sustainability here on Earth. 

The team then joined a group of students from the Massachusetts Institute of 
Technology (MIT) for the 2019 NASA BIG Idea Challenge. The project was 
developed by a strict collaboration: the SAEXE team mostly handled the 
architectural design and the layout of the greenhouse module, while the MIT 
students focused on the systems engineering and ecology. 

Aldo Moccia | As the team controller, Aldo supervised the collaboration with the 
MIT and handled the development and the presentation of the technical paper. 
He also exploited his architectural expertise in the design of the deployment and 
the structure of the module. 
 
Jana Lukic | As interior designer, Jana focused on the design of the tailored 
flexible furniture for the workplace and the relaxation area of the greenhouse. 
She also managed the visualization of the project with renders and videos.  
 
Fabio Maffìa | Fabio supported the managing activity of Aldo through a careful 
work breakdown analysis, while handling the design of the general layout of the 
module and the deployment system. He also supported Jana with the 
visualization of the project.   
 
Samuele Sciarretta | As an architect, Samuele managed the complex detailing of 
the spiral hydroponic system, also providing a crisp visualization of the 
deployment phases and the technical drawings of the greenhouse. He also 
handled the advanced research phase and the project budget. 
 

The module is conceived to grant a higher level of self-sufficiency to human 
missions to Mars through on-site food production, to increase mission feasibility 
and safety, as well as to safeguard the psychological and physical well-being of 
the astronauts during a long-term stay in space. Structures and systems are 
designed to survive each phase of deep space travel, from launch to landing and 
deployment, while also providing maximum functionality for mission operations. 
Mass, loads, energy and resources consumption are minimized to reduce reliance 
from Earth and fully support a long-term mission. The design is developed 
through the application of principles of Ecology, Architecture and Systems 
Engineering. 
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Ecology  

Sustaining human life on Mars means providing reliable and complete nutrition 
to the crew of astronauts. Therefore, the plants to be harvested in the 
greenhouse must fulfil nutritional requirements, provide steady yield rates, and 
stay healthy. The crops must provide a balanced diet with an average of 2,700 
calories per person per day [3]. Plant health is also of vital importance and, while 
it cannot be guaranteed, must be maximized with respect to both Mars micro-
gravity [4,5] and the spread of disease. Moreover, the growing system itself 
needs to assure crops grow efficiently and reliably and must be space efficient, in 
order to maximize productivity and minimize material delivery from Earth. 
Finally, a balance between human labour and automation to complete tasks must 
be sought; a more automated system reduces the labour requirements of the 
astronauts but increases system complexity. 

Architecture  

The key drivers of the design of space architecture are structural needs, 
functional needs and human needs. In a low-pressure environment, vertical loads 
become minor constraints compared to internal pressure loads, especially when 
an inflatable structure is used. Therefore, the shape of space modules needs to be 
optimized to best carry perpendicular loads. Additionally, the internal layout of 
the greenhouse must be arranged to host as many crops as possible, while also 
allowing room for a recreational area to provide mental health benefits for the 
crew. The entire structure must also be designed for compression and expansion 
in order to match a limited rocket fairing space. Finally, the selection of materials 
for the interior must consider each materialǯs versatilityǡ durabilityǡ strength to 
weight ratio, cost, and precedent in space use. 

Systems Engineering  

Three primary drivers lead the proposed design of systems: environmental 
control system, efficient resource utilization and risk mitigation. The 
environmental control and life support system, the tailored and original 
architecture designed for human well-being, and the adoption of automation 
technologies to enhance cultivation productivity make the greenhouse a physical 
and psychological healthy environment, realize a functional and ergonomic 
workplace, ease the intervention of the crewmembers, and foster human-
machine integration. Sizing, supply, power demand, recycling and multipurpose 
systems are optimized to ensure an efficient use of the available resources. To 
mitigate the risk associated with malfunctioning and disruption, systems are 
designed to be multi-functional and integrated to achieve redundancy for all the 
critical functions. 

In recent years, a renewed interest in Mars colonization, channelled into a variety 
of programs developed and supported by worldwide private and public space 
agencies, is boosting the effort for the exploration of the Red Planet through both 
unmanned and manned missions [6ȐǤ NASAǯs Mars Exploration program and 
Journey to Mars vision [7], ESAǯs Aurora program ȏ8], the Starship / Superheavy 
System by SpaceX [9] stand out as the largest and most ambitious of ongoing 
plans, including and forecasting multiple steps of technological and scientific 
development. The lack of sustainability in proposed extra-planetary dwellings is 
one of the key aspects preventing the feasibility of space exploration: reliance on 
Earth supply for sustenance and maintenance needs implies too high risks and 
too low sustainability for the purpose of deep space exploration missions. When 
focusing on the human exploration of Mars, In Situ Resource Utilization (ISRU) 
can grant the needed self-sustainability and self-sufficiency of a mission system, 
with astronauts relying on the use of local resources such as water, air, nutrients 
and light as the basis for on-site energy and food production. The colonization of 
Mars opens up a broad spectrum of opportunities for the development of novel 
technological solutions to support human life in unconventional environments: 
solutions that might also be adopted for a more sustainable and safe life on Earth. 
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Cross section of the greenhouse module. 

 

Axonometric detail of the hydroponic system and the trays. 

 

The key criteria that drove the choice among different design alternatives relate 
to the overall module efficiency and the crew well-being. At the matter of fact, 
these objectives translate into design search directions towards higher crop 
productivity to guarantee food supply to the crew, lower ratios of occupied space 
over available volumes to allow for a better comfort of the crew, and system 
redundancy to guarantee a reliable implementation of all the critical functions. In 
response to Ecology driven requirements, the hydroponic technology is 
identified as the most appropriate among the alternatives because it is a well-
established and reliable technology used on Earth.  

In response to the architecture-related requirements, our design permits to 
optimize surfaces and volume distribution in the deployed configuration, while 
minimizing the weight and the space occupied in the packed configuration. In 
response to the requirements related to the functioning and integration of 
systems and equipment, energy production, supply and distribution constitute a 
critical aspect. For our greenhouse concept, nuclear power is preferred over 
solar power for its better performance in guaranteeing production continuity, 
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independently on day-night cycles and external environmental conditions; in 
addition, nuclear discourses require less maintenance interventions. 

 

The greenhouse is designed to integrate the NASA Ice Home prototype with a 
complementary food production module. The habitat implements a novel closed-
loop hydroponic system to provide food support for a long-term extraplanetary 
mission. Its architecture is centred around an elegant and purposeful spiral. The 
harvesting process starts at the bottom floor of the module, where plants are 
seeded and germinate. Seedlings are then lifted to the top floor of the module 
through an elevator, they are transplanted into trays and placed on a helical 
track, that spirals back to the bottom floor. During their life-cycle, crops slowly 
slide down the spiral, reaching the ground floor of the module once they reach 
their maturity. At this stage they are ready to be harvested. The heights between 
levels of the spiral increase as one moves down from top to bottom, in order to 
match the growth of plants and thus maximize vertical space. 

The greenhouse is stowable in a standard rocket fairing and can autonomously 
deploy to a larger configuration able to produce enough food to meet 100% of 
the astronautsǯ nutritional needsǤ The module is designed to minimize the risks 
of structural and energetic failure, as well as plants disease spreading with 
redundant systems and simplicity. The greenhouse is also conceived to minimize 
labour and maximize production. 
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      Executive summary 

The tourism industry is undergoing a deep transformation due to 
new and different activities that people are willing to perform.  This 
trend is called experiential tourism, since travellers are increasingly 
organizing their holidays looking for an occasion to try and discover 
something new, rather than a full week relax. Nevertheless, relax is 
not completely excluded and it can be turned into a new experience. 
Any entrepreneur or company interested in investing in hospitality 
service must be aware of this tendency; as a matter of fact, 
experiences should be perceived also inside the accommodation and 
several studies (Booking, ISTAT, Osservatorio del Turismo) have 
demonstrated how traditional hotel are no longer so much in 
demand. 

 Well-aware of the current change, the project has been focused on 
developing a service aimed at answering to these needs, called Le�ǯSe�, 
in collaboration with LAM Ambiente, an Italian company producing 
wooden accommodations.  The service aims at providing the 
businessman with an experiential structure. The development of the 
service has been articulated in two levels:  

x The first focused on the methodological process through 
which the client is addressed and the dwellings are designed; 

x The second was about the technological design of the 
module. 

The cutting-edge methodology thought to manage the whole building 
process is the core of Le�ǯSe�, since it represents the innovative 
proposal which permits to stand out among various competitors. The 
owner requirements are collected by means of an online 
questionnaire, the flow-chart, by which he describes the basic 
information, such as the number of hosts or the location. These are 
the input data for the matrix, a decision-making tool containing all 
the possible solutions for each part of the module, selectable by 
simply clicking on the corresponding icon: the project is so designed 
piece-by-piece. Such a systematic management leads to provide the 
client with high-quality solutions in a short period of time. 

The units, in line with the value proposition of LAM Ambiente, have 
to respect the key word of sustainability, generating an 
environmental impact as low as possible. This has been possible by 
using nearly fully recyclable materials to ensure high energy 
performance, together with the use of Renewable Energy Sources 
(RES) to satisfy the energy needs of the unit. 

Moreover, the team developed the minimalistic idea in its 
accommodation: every unit has been designed to collect the higher 
number of experiences in the minimum space, since them must be 
moved, avoiding the use of special transport to reduce the cost, 
already prefabricated from LAM Ambiente headquarter to the 
building site. Finally, all the accommodation have been designed to 
ensure the accessibility also to disabled people, making Le�ǯSe� a 
promoter of social inclusion. 
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Drawings of the dwelling designed for the city environment, as an example of the final layout. Experiences and possible 

modifications selectable by the client are shown.
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The De SEED Italy project for the Alta Scuola Politecnica was born from the 
selection of the group SEED Italy (Sustainable & Efficient Energy Design) as a 
competitor in the international challenge, for universities, on solar architecture, 
called Solar Decathlon Europe 2019, which was held nearby Budapest last July. 
The SDE19 competition is about the design and construction of a small 
residential solar-powered tiny house, that has to compete against 15 other 
houses, from all over Europe and beyond, through 10 contests (Architecture, 
Market Potential, Engineering Communications, Innovation, Water, Health & 
Comfort, Appliances, Home Life, Energy). 

 
The team with the academic and the external tutors in LAM Ambiente headquarter. 

The ASP team's students were supposed to support the SEED Italy team in the 
competition, exploring the design aspects of the solar energy module related to 
water: production and consumption but, above all, possible recycling in a strong 
sustainability logic. Unfortunately, due to organizational problems with the host 
country and economic issues related to the cost of participation, in February 
2019, after almost a year of work, the SEED Italy team had to withdraw from the 
competition. Although the ASP team of students was already working on the 
aforementioned aspects, in the absence of a really built module their project 
would not have met the ASP program's concrete and validity requirements for 
the productive world.  

 Thanks to the resourcefulness of the ASP students, the support of external tutors 
and LAM Ambiente company, involved since the initial project's phases, a new 
topic was identified that could recover part of the work previously produced for 
the international competition but which at the same time, it could constitute an 
interesting development from the point of view of the implementation of the 
LAM business plan. The new project revolves around two key moments, two 
intensive workshops that saw the involvement of different stakeholders. The first 
at La Bella Vite in Carpeneto, where the external tutor Paolo Scoglio had already 
designed and built small modules for experiential tourism in the vineyard , and 
where the students of the ASP team, in addition to experiencing first-hand, were 
able to measure the modules and analyse them from the point of view of the 
energy consumption and their thermo-hygrometric performances, forming a 
cognitive framework of the critical aspects and possibilities, useful for the design 
of the original modules. The second workshop was organized at the LAM 
Ambiente company (AR), allowing the team to deal with the concrete problems 
that real production entails. Here is how the "De SEED Italy for Let 'Set" was 
born, starting from the idea of the small residential module, with low 
environmental impact, however declined for a particular tourist function, that is 
the experiential tourism in heterogeneous environmental contexts (city, seaside 
and mountain). 

 

The Le�ǯSe� team was originally formed by eight students, but subsequently 
reduced to the following seven members: 

Anna Brazzini: With her architectural skills she contributed to design the 
accommodation for the  seaside environment, as well as to cluster possible users 
and to study the structure of the unit. 
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Federica Caruso: With her expertise on web design and client relationship, she 
worked on designing the website interface to address the entrepreneur, helping 
in the development of the flow-chart, studying all his interactions with the 
company. 

Aleksandra Cheremuchina [Team leader]: With her architectural skills she 
contributed to design the accommodation for the city environment and to 
transcript all the projects in BIM language for the Configurator platform. 

Elia Lupo: With his expertise on stratigraphy and sustainable materials he 
developed and verified the unit envelope for each environment and the 
connection between two modules, designing also the mountain accommodation. 

Ilaria Martarelli: With her architectural-constructive ability she contributed to 
design the accommodation for the seaside environment, as well as to analyse the 
connection between modules and the  transportation constraints. 

Francesca Meineri: With her architectural expertise she contributed to design 
the accommodation for the city environment and she led the development and 
the design of the decision-making matrix on which the Configurator is based. 

Stefano Viti [Team Controller]: With his energy engineering skills he 
contributed to the climate classification of the three environments and to design 
the equipment and services to satisfy the dwelling energy needs, as well as their 
integration. 

 

The Le�ǯSe� project aims at drawing the next frontier of experiential tourism, a 
brand-new concept that emphasizes the emotions and the discoveries of a 
journey. Since the experience of the tourist must begin with a suitable 
accomodation, consistent with his needs, Le�ǯSe� is a completely new approach in 
this field both for travellers and businessmen: 

1. The latter can start or improve his activity by simply setting the features 
of the site and of the desired experience: 

2. The tourist will find the perfect solution in terms of experiential 
accommodation: the tiny units are full of every needed comfort 
implemented by a basic experience and a deep contact with nature. 

In this design framework, accessibility to disabled people has been always a 
must, also to overcome social barriers.  

 
The team while prototyping its solutions in LAM Ambiente manufacturing department. 

 

For a long time, tourism has been conceived as a standard product for masses, 
since holiday was seen only has an opportunity to take a break from the daily 
routine. Nowadays, people needs are undergoing a drastic change and this old 
concept is disappearing, giving way to a new trend denotated by richness in 
experience and interaction with tradition. Holidays are so understood an 
occasion of enrichment and tourists want to come back home with the memory 
of a journey that has left a mark inside them. One of the occasion to enjoy such 
experiences is surely when staying inside the chosen accommodations. 

Goal 
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Therefore, firms designing them must know these new needs and propose 
suitable solution. 

As the engagement of LAM Ambiente in the field of tourism is recent, they are not 
currently proposing solution to answer to the growing phenomenon of 
experiential travels. Thus, the team has been required to design suitable 
hospitality services to improve the catalogue of LAM Ambiente. Among the most 
challenging requests, that of space surely stands out: modules have to be 
completely prefabricated within the manufacturing department and be 
transported directly on the building site without the use of exceptional transport, 
as other companies currently do. In addition, every module must ensure the 
accessibility to disabled people, requiring so more space, and logically be 
comfortable for hosts. Satisfying together all these needs has been for sure the 
hardest challenge of the project. 

Furthermore, LAM Ambiente is a milestone in the wooden structure sector and it 
has made sustainability one of its strength. Accommodations must embody this 
value, having low energy request and being made of nearly fully recyclable 
materials. 

 
Masterplan of a possible hospitality service offered by Le�ǯSe� Ȃ City environment. 

 

In the recent years, several examples of tiny experiential houses, even if not 
necessarily designed for tourism, are becoming increasingly spread throughout 
the world. Moreover, pertinent tourism analyses have demonstrated that in Italy 
the sector develops around three main environments: mountain, seaside and city. 
In these locations, dwellings able to ensure a deep contact with nature, provided 
with beautiful glass façade for breath-taking views, are the new target of 
architects. Also where nature lacks by definition, such as in cities and urban 
areas, minimalistic units can be found, especially on existing rooftops, as 
representative of the new architectural trend called parasitism. In this 
framework, the team had the opportunity to get physically in touch with 
experiential hospitality services designed by the architect Paolo Scoglio, an 
expert in this field, performing a workshop inside one of his projects. 

Considering these examples as the state of the art of experiential tourism, the 
team has been required to design similar structures, for each one of the three 
environments. Nevertheless, limiting the project to the design of tiny, eco-
sustainable and prefabricated dwellings would have been too reductive. 
Therefore, since “building fastǳ has always been a must, the team developed a 
way to lead this concept to the extreme, trying to give to its final solution 
something more with respect to other competitors already active in the market. 

Exploring the 
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After all, the idea of Le�ǯSe� was born: the team decided to plan, alongside with 
the dwellings, a new way to address the entrepreneur and to fast design the 
accommodations. The service is thus based on an online platform able to collect 
the owner’s requirements, communicate them quickly to the architects and drive 
the latter in the project. On the other hand, several technological solutions have 
been explored to satisfy all the requests: different possibilities for the wall 
structure (X-Lam, Platform, Hybrid wood/steel), several ways to connect two 
modules (Dovetal joint, Hooks and screws) and various plants to ensure the 
internal comfort. The final solution has been always established by doing the best 
trade-off between performances and techno-economic feasibility. 

 

Having in mind all these needs and requirements, the team developed the Le�ǯSe� 
service by rooting it on an online Configurator, to offer a direct and effective 
communication between the client and the designers and a complete control over 
the process. This online interface is composed by two parts: the flow chart (front-
of-house) for the entrepreneur and the matrix (back-of-house) for the architects. 

 

 
Website layout where the flow chart starts (top) with a possible question (bottom). 

 

The first is a schematic questionnaire to collect the necessary information aimed 
at classifying the owner desires. Answering to some specific questions, the client 
who wants his experiential accommodations provides the architects with his 
needs and possibilities. He has to specify where he owns the location, if he has 
already an activity, the experience he wants to include and the number of hosts. 
The flow chart output will be a draft project of the required hospitality service, 
sent to the client by e-mail. 

The second step of the Configurator is the matrix, seen only by the designers. 
This decision-making tool helps to visualize all the technical elements of the 
dwelling, guiding the architect in the project. For each row (i.e. the three 
environments) and each column (i.e. the elements), every box of the matrix 
contains the possible solutions among which the designers have to choose the 
one that best meets the requirements. Therefore, when an element has been 
clicked, the BIM model of the dwelling starts to take shape, being it so built 
systematically step-by-step; the possibility to avoiding the drawings of each 
elements, as if even the design itself were already prefabricated, dramatically 
increases the speed of the process. 

Generating a solution 
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On the other hand, the second level of Le�ǯSe� has been focused on developing 
some solutions to be inserted in the matrix database, especially those regarding 
the envelope, the connection and the energy plants, keeping in mind that the 
maximum external dimensions of each module to avoid special transport are 
3.25x2.50x3.25 meters. Defining a correct technology used to link two modules 
has been a challenge, since nodes tend to be thermal bridges. They are provided 
with hooks to facilitate the first attachment, so that after the touching frames are 
joint with screws. 

 
Matrix interface: choosing the best solution for each element (sides of the screen), the 

project is drawn in the center. 

Sustainability is translated into practice with high energy performances and Zero 
Energy Building (ZEB). The envelope chosen according to the climate constraints 
of each environment is always able to guarantee low heating and cooling 
demand; stratigraphies are made of a platform OSB system containing two cork 
insulation layers, where the climate is particularly harsh, or coupled with a 
thermo-reflective cavity to manage the radiation in hot climates. Finally, RES 
based plants were adopted when it came to design the energy system: all the 
needs are satisfied by an electrically driven heat pump fed by photvoltaic panels 
coupled with storage batteries; these devices have been inserted all in a small 
cupboard easily integrated outside the house, following again the minimalistic 
idea. The total independency of the module from fossil fuels brings to several 
tons of CO2 saved every year, like ZEBs do. 
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SMART CITY DIVA 
 

Executive summary 
 

Smart City DiVA is the project that led to the design and 
implementation of a dashboard for the city of Milan. City dashboards 
are among the digital tools that try to handle the complexity of 
smart cities, by displaying indicators about the urban performance 
and aiding people that are accountable for it, namely the 
Municipality and its cooperators, making the most profitable choices 
for the city’s wellbeing. In order to answer to the needs of our target 
(made by decision-makers and citizens) we developed two different 
platforms cooperating together: the first one is the actual dashboard 
that, together with visualizing the datasets, could also set up a 
forecast based on the available data, in order to provide support 
both for short term and long term decisions. The second platform is a 
mobile app, designed specially for citizens, that makes them create 
their “personal” dashboard, setting which kind of real time updates 
they want to receive about Milan’s transportations, services, events 
and so forth. 
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Smart City DiVA website 
allowing decision makers to 
monitor meaningful indi- cators 
and visual models describing the 
city perfor- mance, in order to act 
accordingly. 

 
 
 
 
 
 
 
 
 

Smart City DiVA app allowing 
citizens to receive useful 
information about the city in real 
time, and get updates about the 
topics they care more about. 
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The development of user interfaces in form of dashboards is becoming an emerging 
topic all around the world with the spreading of Smar City initiatives that promote 
pervasive data collection activities but did not show, yet, to be able to contribute to 
structured decision making processes, either top-down or bottom-up.The design 
of dashboards is a complex task due the cross-sectional skills required and to the 
heterogeneity of data sources. Competencies in data analytics, data visualization and 
communication, and web user interface design need to be integrated and applied for 
specific objectives including energy, environment, economics, transportation, buildings, 
etc. Smart City DiVA tried to face this contemporary and interesting challenge, 
developing a prototype of dashboard/platform built around the characteristics and the 
needs of Milano, one of the European cities at the forefront of the smart city initiatives. 
Data availability, privacy, quality and management issues have been encountered and 
overcome, as well as communication obstacle with public authorities and citizens about 
topics that are crucial for the city management but that imply many issues. The project 
required a high level of multi- and interdisciplinarity and forced the team members to 
continuously challenge themselves to interpret, understand, and propose innovative 
solutions for a nascent field of investigation and development. 

 
 
 
 

 
The team was made up by: 
-Tommaso Bianchi (Computer Science Engineering) 
-Laura Cappelli (Digital & Interaction Design) 
-Paolo Colusso (Mathematical Engineering) 
-Andrea Guzzetti (Architecture Built Environment Interiors) 
-Valerio Volpe (Mathematical Engineering) 

 
On the basis of the critical review and of the background of the people involved in the 
project, the team was organized in distinct groups in order to examine in depth the 
topic and to find innovative and better ways to deal with data analytics methodologies, 
API process and reuse, user interface design, KPIs definition, etc. Basically, two groups 
were created one for the data analytics part and one for the data visualization and user 
interface design part. 
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The ultimate purpouse of the project is providing Milan with a city dashboard, a 
platform aiding data visualization and analysis to monitor the city’s current situation, 
analyse its past performance, and predict what could be the possible consequences 
of the Municipality’s actions. Moreover, this tool could become an effective channel 
bridging the gap between the Municipality and citizens that, given the changes the city 
is undergoing, must be kept informed and always questioned about their needs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The first step we took was trying to understand how other cities approached a 
dashboard design process. We started by analysing other dashboards, both from Italian 
and foreign cities, in order to map which categories of information they displayed in the 
first place. We then compared these clusters of information with the current categories 
displayed on Open Data Milano, the main dataset source we had at hand. From this 
comparison, we built the first draft of the website structure, dividing the information in 
eight categories (Demographics, Economy, Energy, Environment, Governance, Services 
and Infrastructure, Mobility, and Urban planning).Afterwards, we carried out a usability 
analysis of three examples (Amsterdam, Florence, and Dublin). We focussed on these 
three dashboards because many of their characteristics are reflected in the majority of 
the other examples. That’s why we go as far as to say that most of the dashboards we 
saw have usability issues of some sort: they basically focus on technical efficiency, and 
on including as much data sources as possible, without verifying the actual usefulness 
of such information. Moreover, the dashboards we analysed were developed by teams 
with a single set of skills (computer scientists, geographers, architects...) and, given 
the complexity of such a platform, a multidisciplinary approach, like the one proposed 
by ASP, could be more effective. Therefore we agreed upon opposing the top-down 
approach proposed by other dashboards and embrace a bottom-up approach, with 
greater attention to users’ needs, the only force that must shape the dashboard. 
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Exploring 
Opportunities 

 
 
 
 
 
 
 
 
 
 
 
 
 

Generating a 
solution 

Before going any further into the project development, we really needed 
to have a clear idea about the target’s needs. The user analysis was 
possibly the most insightful phase of the whole process, since nothing 
compares to the confrontation with users when in need of ideas and 
inputs. We carried out interviews with the decision-makers while we 
involved citizens through interviews and an online survey. 
In this way, we understood that the decision-makers’ needs were far 
removed from the citizens’: the Municipality needs to look at 
performance indicators, based on a long-time perspective, and that’s 
what they want to communicate to citizens, in order to show the 
improvements they worked on. On the other hand, citizens are more 
drawn towards real time information, that they look for in order to live 
the city in the current moment. 

 
 
 
 
 

At this point, we started shaping the solution based on the users’ needs: we gradually 
understood that one platform was not enough to answer to all the requirements we 
set up to respect. We opted for an integrated solution made by two platforms (a 
web app and a mobile app) working together and connecting the two ends of the 
target, decision-makers and citizens.-The web platform is mainly targeted at 
decision-makers, that here can visualize the datasets they dispose of and use them to 
support decision making;-On the other hand, the app will provide citizens with real 
time information, displayed on a customized dashboard based on E015 APIs. 
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SPACE BUSINESS 4.0 
Executive summary 

Space Business 4.0 stems from the efforts made by the European Union 
for fostering innovation in the Space Sector. It is a technology-push 
project whose goal is to generate and validate a business model for a 
new startup operating in the Space Economy, leveraging the huge 
amount of satellite data produced in the Space sector. While in the past 
satellites were used almost exclusively for governmental applications, 
nowadays business customers represent the main revenue stream for 
most satellite-data-based companies. Available satellite images have 
variable spatial, spectral and temporal resolution. Therefore, they can 
be utilized for a wide spectrum of solutions, depending on the required 
precision level. In Phase 1 of the project three industries (Civil 
Engineering, Urban Management, Agriculture) were identified as the 
most promising ones. A business model was generated for each 
selected industry, starting from the most evident customer pains for 
each sector and then tackling these issues through the analysis of 
satellite data. The first business idea is a decision support system for 
smart cities based on Earth Observation (EO) data. The second is a 
web-based platform for optimizing market research in bidding 
processes for construction projects. The third is a multi-sided platform 
for the agricultural sector, removing information asymmetries along 
the agri-food supply chain. Subsequently, the concept selection phase 
had the goal to identify the most promising business model among the 
three generated, in order to proceed with its validation. In Phase 2 of 
the project the team focused on developing and validating the selected 
business model. Wapi is a multi-sided platform inspired by successful 
digital companies such as Facebook. Farmers receive free-of-charge 
technological consultancy based on the analysis of satellite images of 
their fields. They can have insights about irrigation, fertilization, pests 
and diseases, together with meteorological data and digital farm 
management tools. The choice of a free-of-charge business model 
allows to overcome economic barriers to adoption. The goal is to reach 
a critical mass of users and activate indirect network effects, attracting 
businesses interested in reliable and specific data about the 
agricultural sector. Thanks to a gamified and community-based user 
experience a prizing system encourages farmers to integrate this 
information with data about treatments, soil analyses and past 
performancesǤ Farmers benefit from Wapiǯs communit� as they can 
signal early symptoms of crop diseases (e.g. blight) to neighbors, thus 
favoring prevention. An active user base permits to produce more data 
for businesses on the other sides of the platform, but also to increase 
the quantit� of data given in input to Wapiǯs machine learning 
algorithms, with positive effects on the accuracy of the underlying 
mathematical and agronomic models. The business model has been 
validated by surveying 135 Italian farmers and by interviewing 
professionals from relevant customer groups. In the futureǡ Wapiǯs 
priority needs to be the construction of a solid network of farmers: 
only once there is a sufficiently wide and active community of users, 
profit-side customers (food-processing firms, insurances, etc.) will be 
willing to pay for our data. To achieve this goal, it is required to 
potentiate the team by adding ICT and agronomic competences. Initial 
investments can be covered with foundersǯ fundsǤ Howeverǡ to scale up 
quickly and gain large market shares it will be necessary to look for 
other forms of entrepreneurial finance such as Business Angels (the 
most likely), Equity Crowdfunding or Venture Capital.  

Key Words: “Spaceǳ, “Agricultureǳ, “Satelliteǳ, “Dataǳ 
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In the recent past, Europe has invested in the creation of satellite networks 
providing high-quality data for Earth Observation and navigation, through the 
Copernicus and Galileo programs. Furthermore, the presence of a growing number 
of players in the sector increases the availability of satellite data. However, these 
data are not yet exploited in their full capacity. 

Space Business 4.0 (SB4) stems from these baselines. SB4 has the goal to generate 
innovative business models based on satellite data. The team has been required to 
analyze the space ecosystem, highlight enabling and limiting factors for the creation 
of satellite-based business models, generate several innovative downstream 
applications, select the most promising, develop and validate it by interviewing 
prospective adopters. 

SB4 has been supported by leading external partners and stakeholders operating in 
the space sector. These are the Italian Space Agency (ASI), the Italian satellite system 
company D-Orbit and Maxq, a firm supporting the growth of startups and SMEs in 
the space sector. 

ASI and D-Orbit contributed to the project by outlining opportunities and limitations 
to the use of satellite data in downstream applications. Maxq actively supported the 
team in the development of the selected business models.  

The project generated three research papers, presented in the XXV International 
Congress of the Italian Association of Aeronautics and Astronautics: 

� ǲAnal�sis of Innovations in Earth Observation data exploitationǳ anal��es the 
evolution of EO-based startups, focusing on sectors of application and 
targeted customers. 

� ǲDeveloping and monitoring smart citiesǣ the potential of Earth Observation 
dataǳ provides policymakers with an overview on how satellite data can 
revolutionize the management of modern cities. 

� ǲPotential benefits of satellite data in precision agriculture: a comparative and 
empirical analysis of satellite-driven, IoT-driven and airborne-driven data-
based precision agriculture startupsǳ anal��es the ecos�stem of data-based 
service providers for agriculture, identifying critical success factors for 
business models exploiting satellite data in the primary sector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Part of the team at the International Congress of the Italian Association of Aeronautics and 
Astronautics (AIDAA) in Rome. From left to right: Luigi Mazzer, Lorenzo Piovani, Marijana 

Zora Kuzmanovic and prof. Franco Bernelli Zazzera. 

 

Project description 
written by the 
Principal Academic 
Tutor 

௿௺



Space Business 4.0ǯs main outcome is Wapiǡ a multi-sided platform democratizing 
access to technological tools for farmers. Wapi represents an innovative proposal 
for reducing inefficiencies along the agri-food supply chain, eliminating 
information as�mmetries and increasing productivit�Ǥ Wapiǯs business model has 
been validated by directly interviewing prospective users. With the feedback of 
potential adopters, a mock-up illustrating the functioning of the application has 
been realized. 

  

     The team consisted of seven members. Lorenzo Piovani was appointed as team 
leader. The rest of the team was divided into two sub-groups, Management and 
Technical team. Jelena, Zora and Luigi were members of the Management Team. 
They oversaw market research, business model design, development and 
validation. The Technical Team was composed by Gianluca, Marco and Giuliano. 
They studied the data available from satellites, analyzed the key roles in the space 
supply chain and were in charge of the technical feasibility analysis of the business 
models. 

 

Part of the team attending International Astronautical Congress in Bremen, Germany. From 
left to right: Jelena Petrovic, Lorenzo Piovani, M. Zora Kuzmanovic and Luigi Mazzer 

 

Due to the technology-push nature of the project, the project development was 
divided into two phases, with different goals.  
 
In phase 1, the team explored the opportunities created by the availability of 
satellite data, with the following milestones: 

1. Performing a state-of-the-art analysis of available satellite technologies 
(types of data, structure of the value chain, institutional actors involved)   

2. Analyzing the global ecosystem of satellite-based startups (sectors of 
application, type of business model, relevant customer categories) 

This preliminary analysis was the starting point for the generation of three 
innovative business models based on Earth Observation satellite data. 
 
The goal of the second phase was to select, develop and validate the most 
promising among the proposed concepts.  
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Space Economy is expected to grow up to $1 trillion by 2040. High-resolution 
satellite images (in particular multispectral and SAR images) are becoming 
increasingly accessible for a wide set of users. Practical applications of such data 
have demonstrated that satellites can deliver tangible benefits in several domains. 
Space is a privileged observation point to monitor what happens on our planet, 
therefore remotely-sensed data constitute a valuable support for decision makers. 
In recent years, institutional actors, such as ESA, NASA and other governmental 
agencies have developed numerous initiatives to foster innovation in this direction 
(e.g. Copernicus Programme). Furthermore, private actors (e.g. Planet, ICEYE, 
DigitalGlobe) have entered the Earth Observation domain, contributing to the 
growth of the industry in terms of spatial/temporal/spectral resolution and data 
accessibility. Nevertheless, the diffusion of EO-based business models is still 
concentrated on traditional sectors (e.g. emergency management, environmental 
preservation). Governmental agencies remain a major customer segments for most 
providers of satellite images. Even if B2B business models are acquiring increasing 
importance, their clients are almost exclusively large multinational enterprises. 
Business models targeting small businesses and end users have achieved low 
diffusion so far. 

 

We analyzed several sectors and their current challenges, to understand how 
satellite data could help solving such issues. We focused our attention on 
agriculture, civil engineering, mining, urban management, animal breeding, 
emergency management, advertising, logistics, naval transportation. Three 
promising industries (civil engineering, urban management, agriculture) were 
identified and three business models were generated: 

� Space City, a decision support system for smart cities based on Earth 
Observation data 

� WorldCon, a platform for market research optimization addressing 
construction companies bidding for projects in foreign markets  

� Wapi, a multi-sided platform reducing information asymmetries along 
the agri-food supply chain. 

Hence, we proceeded with the concept selection phase. First, selection criteria 
(economic, technological, organizational, social) were defined. Then, relevance 
weights were assigned to each dimension. Finally, after evaluating each 
alternative, the alternative with the highest total score Ȃ Wapi Ȃ was chosen. 
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Concept selection: weighted decision matrix.  
Legend: -2 (very low performances), -1 (low), 0 (medium), 1 (high), 2 (very high) 

Concept selection: weighted decision matrix.  
Legend: -2 (very low performances), -1 (low), 0 (medium), 1 (high), 2 (very high) 
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Through the analysis of satellite images, farmers can receive procedural 
recommendations for treatments such as irrigation, fertilization and pest 
detection. It is also possible to forecast not only timing, but also yield and quality 
of the crop. Operationally, satellite images are translated into indicators such as 
NDWI, Nitrogen indices and Phosphorus indices, respectively describing the 
conditions of a field in terms of hydric, nitrogen and phosphorus requirements. 
Then, the calculated index is compared to a desirable value, i.e. the optimal value 
of the indicator given the context in which the crop grows (e.g. climate, soil, variety 
of productǥȌǡ estimated experimentall�Ǥ Finall�ǡ deviations from the optimal value 
are translated into operational recommendations for the farmerǯs dail� activitiesǤ 
These methodologies have been developed since the early-1990s. Today, 
academicians unanimously agree on the economic and environmental benefits of 
satellite-driven precision agriculture. Nevertheless, the use of satellite images in 
agriculture remains limited to niche high-value-added applications and to large 
plantations in agriculturally advanced countries such as USA and Australia. The 
percentage of Italian fields cultivated with precision agriculture techniques 
amounts to less than 2%. 

The first step for generating a solution was to study the reasons for this scarce 
diffusion. The team carried out on-site interviews to farmers and distributed an 
online survey about the diffusion of technology in agriculture. Both the interviews 
and the survey confirmed academic findings on the topic: the scarce diffusion of 
technological tools for diagnostics in agriculture is largely due to economic 
barriers. 

Inspired by mainstream digital companies such as Instagram and Facebook, we 
decided to reverse the classical paradigm of precision agriculture services offered 
with SaaS business models. Therefore, we ideated Wapi. Wapi subsidizes farmers 
by providing free-of-charge precision agriculture services in exchange for data 
about their treatments. Thanks to these data, actors of the agri-food supply chain 
(generally, large established corporations with higher financial capabilities 
compared to farmers) can reduce information asymmetries that limit their 
profitability. In other words, Wapi solves productivity-related problems in 
agriculture by transferring the duty to pay from farmers to higher-budget actors 
of the industry. 

 
Wapiǣ schema�ic represen�a�ion of �he pla�formǯs f�nc�ioning 

A second requirement that emerged from interactions with prospective adopters 
is the need for simplicity and user-friendliness. Existing solutions are 
technologically complex and create low engagement. This highlighted the 
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necessity for new, gamified solutions fostering frequent users-app interactions 
and encouraging collaboration among farmers (e.g. pest alarms). 

Based on these requirements and thanks to the collaboration of experienced 
farmers (Società Agricola Stringa, Voghera (PV) and Società Agricola Dossena, 
Pieve Fissiraga (LO)), a mock-up was developed.  

To validate the business model, we needed to collect feedback from prospective 
customers, from both sides of the platform. First, the mock-up was tested with 
farmers. This phase was particularly useful as potential users proposed 
corrections to the original version of the mock-up according to their direct needs. 
Second, the business model was validated with prospective data purchasers by 
studying inefficiencies in the agri-food supply chains from the point of view of both 
food-processing companies (e.g. Mutti Spa, Vini Alois) and insurance firms 
(Assicurazioni Generali Spa). The validation phase verified the assumptions of the 
business model.  

 

Piovani, L. et al., ǲAnal�sis of Innovations in Earth Observation data exploitationǳ, 
2019. 

Mazzer, L. et al., ǲDeveloping and monitoring smart citiesǣ the potential of Earth 
Observation dataǳ, 2019. 

Piovani, L. et al., ǲPotential benefits of satellite data in precision agricultureǣ a 
comparative and empirical analysis of satellite-driven, IoT-driven and airborne-
driven data-based precision agriculture startupsǳǡ ʹͲͳͻ 
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NYMPHAEA (FM SEI) 
 

Executive summary 

Clean water scarcity is one of the main issues of our world, and it is 
listed among the UN SDG to be reached by 2030. It is particularly 
severe in Sub-Saharan Africa, the only region in the Earth in which 
the number of people without safely managed drinking water is 
increasing, especially in rural and isolated areas. 

Several technical solutions that want to bring water in isolated 
villages have been proposed, but they often missed two crucial 
requirements: they rely on specialized first-world technologies or 
supplies of chemicals/filters, which are hard to maintain, repair and 
resupply in such a context; they are not integrated and accepted in 
the community in which they are put. 

Nymphaea aims to address this problem using a cheap, low-tech 
solution, with the combination of a sand filter, to remove debris and 
heavy metals, and a parabolic solar concentrator, to heat up the water 
and purify it from microbiological contamination. This design 
requires no electric energy, no chemicals and no supplies for 
maintenance. The device has been mathematically modelled and a 
small prototype has been built, demonstrating the technical 
feasibility of the concept.  

Nymphaea is a community-level product, designed to produce 300 
l/d of clean water. Its objective is also to be easily introduced and 
adopted by the end users, the inhabitants of the villages. Creating a 
network of local entrepreneurs that sell the drinking water at a fair 
price in their communities, Nymphaea becomes a source of income 
and local development. 

 

Key Words 

water; local development; Africa; sustainability; social innovation 
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The lack of safely managed drinking water is a problem that still today affects 
about a third of world population. “Clean Water and Sanitation” is the ͸th UN 
Sustainable Development Goal, and in fact in almost all world’s continents the 
number of people affected by this situation is steadily decreasing. Only in Sub-
Saharan Africa the trend is reversed, due to the lack of proper solutions and the 
rising population. The problem is particularly harsh in the rural areas, where 
electricity is a scarce resource, the logistics is extremely complicated and hence 
the use of common first-world products or infrastructures is not effective at all.  
The people living in this context are estimated to be 200 million. 

The ASP Nymphaea (FM SEI) project has addressed this complicated topic by 
proposing a novel combination of two simple technologies and a new business 
approach, efficiently combining all the different academic backgrounds of the 
team members (Energy, Aeronautical, Industrial Production and Transport 
Engineering, and Architecture). Before doing this, they deeply analysed the 
environment of Sub-Saharan Africa, of its isolated, rural communities, and of the 
existing solutions to the problem of drinking water, also directly talking with 
many different stakeholders and actors with a direct experience in the field.  

A solution like the one proposed by Nymphaea can create a new last mile 
logistics paradigm for water supply in this scenario. As it is happening with 
renewable energy generation, it is possible to imagine infrastructures built at a 
very local level whose aim is to purify water, with water storage tanks that 
connect a plurality of these devices and deliver clean water where is needed. 

 

 

 

 

Silvia Cosentino: Engineering for Industrial Production @ Politecnico di Torino. 
Silvia mainly worked on the business model of our project and she was 
responsible for the communication with the stakeholders. 

Francesco Cuzzocrea: Civil Engineering with specialization in Transport 
Infrastructure @ Politecnico di Milano. Francesco was the Team Controller, and 
he took in charge the definition of the timeline of the project. He designed and 
made the project videos and website.  

Luca Galli: Building Architecture @ Politecnico di Milano. Luca had a major role 
in the prototyping phase and on the concept design of our project. He delivered 
the final pitch in the June 2019 Demo Day. 

Alessandro Innocenti: Energy Engineering @ Politecnico di Milano. Alessandro 
mainly studied the technical feasibility of Nymphaea, and he modelized the water 
production system to verify its consistency. He contributed to the prototyping 
phase. 

Lucia Miglietta: Architecture for Sustainable Design @ Politecnico di Torino. 
Lucia investigated the problem of drinking water in the world, and she focused 
on the relations between the project’s stakeholders. She was responsible for the 
visual communication of the project. 

Fabio Giovanni Parisi: Aeronautical Engineering @ Politecnico di Milano. Fabio 
reviewed the state of the art, comparing the various technologies. He carried out 
the market and competitor analysis. 
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The project started in June 2018, in collaboration with the School of 
Entrepreneurship & Innovation (SEI). Indeed, Pioneer is one of the main modules 
of the school that is dedicated to high tech and innovation. It is a 12-month 
experience which accompanied the team along a complete path of innovative 
product development: visioning, ideation, user validation, business feasibility, 
prototyping, presentation to an audience of investors, companies, entrepreneurs 
and partners. The aim of the program was to launch a startup idea, working with 
an entrepreneurial approach. The innovation theme pre-established in the 
program was the one of last mile logistics, which at the end was interpreted by 
our team as last mile water supply in developing countries and going towards a 
social innovation solution. The name of Nymphaea was chosen, inspired by the 
natural water purification properties of water lilies. 

 

As reported by the United Nations, 3 out of 10 people in the world lack access to 
safely managed drinking water services. Besides the appalling consequences of 
this phenomenon in terms of diseases and deaths, the issue of sanitized water 
seriously impacts on the growth of developing countries. The hidden costs of 
polluted water are huge: thus, investing in water sanitation could produce a great 
economic return in these areas. For this reason, the United Nations have 
dedicated the sixth objective of the Sustainable Development Goals to the 
achievement of clean water and sanitation for all citizens of the world.  

While in most regions the number of people that lack access to improved water 
services has been decreasing in the last three decades, this figure has been rising 
in Sub-Saharan Africa. Most of the population in this region lives in rural areas, 
where water infrastructure is highly fragmented and inadequate, and electricity 
is not widely available. The issue of polluted water underlies the persistency of 
poverty in Sub-Saharan Africa and addressing the problem is the first step in 
kick-starting the socio-economic development of this region.  

Understanding the complicated stakeholders’ network related to this problem 
has been fundamental. The formulation of the needs and the requirements of 
these actors helped us in selecting the most suitable solutions for the technology, 
the design and the business model of Nymphaea. 
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Our idea is that development in Sub-Saharan countries must come from the 
empowerment of local communities. People should not just be passive users of 
the water sanitation device but should actively capture value from it. The 
business model of a startup that commercializes a device for cleaning water 
should be built on a strong ecosystem of customers and stakeholders deeply 
rooted in the territory. In our proposal, the relationship between the startup and 
local entrepreneurs of the Sub-Saharan region plays a crucial role.  

They rent one or more water sanitation devices at the price of a monthly 
subscription, that includes training and support from the startup team. Once 
learnt the basics to run and make the most of the product, the local entrepreneur 
leans on a village responsible for the operational management of the devices. The 
village responsibles are in charge of operating the devices within a rural 
community and selling the clean water produced to the inhabitants of the village. 
Due to the cost-effectiveness of Nymphaea, it is possible to sell water at a highly 
competitive price compared to other sellers in the region.  

The first beneficiaries are the people from rural areas, who do not only save 
money, but also time: instead of walking long distances to find a clean water 
source, it is possible for them to dedicate themselves to other valuables activities. 
On the other hand, village responsibles reap the benefits of water sales, by 
retaining a percentage on those. Finally, local entrepreneurs earn a profit on the 
sales performed by the village responsibles. Thus, Nymphaea will trigger a 
virtuous circle, by promoting health and generating wealth in local communities.  
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All these remarks have been the main drivers for the development of Nymphaea 
solution, a water sanitation device that has been designed to be implemented in 
remote regions of the world and to be run at a community level. Although other 
products have been developed with the same purpose and the same target, 
Nymphaea presents some features that considerably differentiate it from its 
competitors. First of all, the product does not need any electricity to work and is 
only powered by solar radiation. Moreover, it is built with low-tech and low-cost 
materials that do not require continuous maintenance, that do not require 
supplies and that guarantee the sustainability of the device throughout its life 
cycle.  

Nymphaea is able to remove debris and heavy metals from polluted water thanks 
to a sand filter. On top of this, the concentration of sunlight with a parabolic 
concentrator allow heating the water up to 75-80°C, and subsequently ensures 
the removal of microbiological contaminants from polluted water. The device is 
expected to produce on average about 300 l/day of drinkable water, therefore 
being suitable for serving the needs of a small rural community.  

The current configuration of the product, which presents compact dimensions 
and affordable costs, has been proved to reach the target production of clean 
water thanks to a feasibility study supported by mathematical models. 
Nevertheless, Nymphaea needs to be tested on field, not only from the technical 
point of view but also for what concerns the ecosystem of people that should be 
involved in the project. The validation of the product and business model should 
be achieved with a first pilot project.  

The pilot is scheduled in 2020 and will target Kenya, which is deemed to offer a 
favourable environment for the first implementation of the devices. Indeed, it is 
one of the developing countries with the highest spending power and most stable 
political situation. The field trial will last about one year and will allow to 
concretely assess the performance of the product and suggest ideas for further 
improvements. 
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Executive summary 

Thermal Ablation (TA) is a class of interventional techniques that 
deploy electromagnetic energy sources to treat malignant diseases by 
inducing thermal damage and, eventually, coagulation necrosis in 
tissues. Among similar techniques, laser thermal ablation (LTA) stands 
out as particularly promising due to a number of factors:  

x it can be used in combination with many different imaging 
systems (such as ultrasounds, computerized tomography and 
magnetic resonance);  

x the optic fibers can be designed to fit the double function of energy 
delivery and temperature sensing; 

x the probe it uses in order to reach the area to be ablated has a 
small diameter, that allows for its use also in tissues at high risk of 
damage; 

x it is economically convenient with respect to similar technologies. 

The main limitations of LTA, however, are the restricted dimensions of 
the area ablated with a single fiber and the technical complexity of 
manually inserting the probe.  

Theralight project aims at identifying a novel concept capable of 
overcoming the current LTA limitations.  

The solution entails the following aspects: 

x redesign of the probe handling system, to support surgeons during 
the insertion procedure to reach the tumor mass with the utmost 
accuracy; 

x research of alternative biocompatible materials for the probe, to 
further reduce the cost of the instrumentation and, consequently, 
facilitate its adoption in clinical practice. Due to its flexibility, 
transparency, and resistance, polycarbonate was selected as the 
most suitable material for the probe, while polypropylene well 
performs the functions associated to the handling; 

x introduction of alternative and sophisticated temperature 
monitoring techniques that could provide a more accurate 
feedback, in real time, on the outcome of the procedure. The 
fluorescence sensing and mapping system is demonstrated as a 
promising approach to the temperature monitoring in real time 
during LTA procedures; 

x design of Virtual Reality training systems for encouraging 
surgeons to adopt LTA (which is currently not as used as it should 
be). 

The ensemble of these solutions can breed a new generation of LTA 
tools that could become an important alternative to traditional 
surgical resection. 
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LTA is a powerful minimally-invasive treatment with high potential, but so far with 
limited clinical use for its novelty and the lack of tools for patient-specific 
treatment.  

With the aim of providing a contribution to help overcoming current limitations, 
THERALIGHT will analyze novel strategies for laser-based theranostric of cancer 
by combining patient-specific beam delivery solutions and advanced monitoring 
techniques. Following the design of an innovative LA system, lab tests with 
phantoms and ex-vivo trials will allow the team to validate the proposed solutions 
and to drive the possible workflow re-design. Then, the most promising solution 
will have the possibility to be tested in a practical environment to assess its impact 
in practical cases of tumor ablation. 

In more detail, the project will consist of five phases, with three of them partially 
overlapped: 

x Review of the state-of-the-art (All Ȃ M1-M3): analysis of the literature and of 
other ongoing research projects (e.g., European funded projects) to become 
familiar with laser ablation procedures. 

x Identification of requirements (Sub-team A Ȃ M4-M10): interaction with 
possible end-users (mainly surgeons) to identify the needs and to carry out 
preliminary assessments of the relevance (and acceptance) of the innovative 
aspects; definition of the regulatory framework for the medical device 
developed by the team. 

x Development of new prototypes (Sub-team B Ȃ M4-M10): study of the 
applicators that embed two different functions: laser light delivery and process 
outcome measurement (mainly through the evaluation of the temperature field 
during the LA procedure). Different light emission patterns and laser 
wavelengths will be investigated with the goal of adapting the shape and size 
of the treatment affected region to the tumor lesion. The measured 
temperature values will be processed and used to represent and visualize in 
real time the evolution of the ablation volume, with the aim to provide the 
clinician with a visual feedback of the LA outcome. The possible development 
of magnetic-resonance (MR) compliant needles to allow the percutaneous 
insertion of the applicators under MR procedures will be considered as well.  

x Preliminary lab tests (All Ȃ M7-M10): metrological assessment of the sensors, 
preliminary tests in tissue-mimicking phantoms, and validation of the platform 
for the real-time visualization of measured temperature values.  

x Final assessments (All Ȃ M11-M15): final ex-vivo and in-vivo trials to validate 
the devices and the workflow in simulated clinical scenario, data analysis, 
demonstration to end-users and survey to evaluate the usability of the tool, 
preparation of conclusive reports.  

 

Chiara Bregoli: her Biomedical Engineering expertise with a specialization in 
biomechanics she contributed with her skills in biomechanics and biomaterials 
analysis at the design of the LTA instrumentation, focusing both on deviceǯs 
structure and suitable materials research. 

Federica Buccino: with her Biomedical Engineering expertise with a 
specialization in biomechanics she contributed with her skills in biomechanics and 
biomaterials selection at the design of the instrumentation, both as morphology 
and as materials composition. 

Chiara Coletti: with her Biomedical Engineering expertise with a specialization in 
electronic technologies she contributed with her skills in signal and image 
processing and radiation physics at the research for temperature monitoring 
techniques, sensing and controlling principles and imaging. 

Chiara Di Vece: with her Biomedical Engineering expertise with a specialization 
in electronic technologies she contributed with her skills in signal and image 
processing, sensors and computer-aided surgery at the research for temperature 
monitoring techniques, sensing and controlling principles and virtual reality 
developments. 
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Davide Manzionna: with his Management Engineering expertise he contributed 
with his skills in product industrialization at the research for the product value 
and positioning inside its reference market, as well as the practical economic 
feasibility of the proposed solutions. 

Elena Hilary Rondoni: with her Biomedical Engineering expertise with a 
specialization in electronic technologies she contributed with her skills in 
biotechnology, radiation physics and medical imaging at the research for 
temperature monitoring techniques, sensing and controlling principles and 
imaging. 

Antonio Sindoni: thanks to his Mechanical Engineering expertise, he contributed 
with his skills in Designing for Additive Manufacturing and 3D printing 
optimization at studying new solutions for the main tools regarding LTA, realizing 
also the 3D functional prototypes of two different probes. 

Luca Viale: with his Mechanical Engineering expertise he contributed with his 
skills in design and automation at the design of the instrumentation, both as 
morphology and materials composition. 

 

THERALIGHT project aims at identifying a novel design concept capable of 
overcoming the current limitations in LTA and, as a result, promote its use for the 
minimally invasive treatment of lesions from solid tumors.  

The design of a theranostic tool, able to perform laser ablation of soft tissue with 
real-time process outcome monitoring capabilities, needs to be carried out 
following two parallel, but communicating, research lines, from the early state-of-
the-art study until the latest developments. As already seen in the team 
composition, the objective of this project must be pursued both in the field of 
electronic with the research for temperature monitoring techniques, sensing and 
controlling principles, and in the biomechanic one with the study of the design of 
the instrumentation, in terms of morphology and materials composition.  

The importance of these results is not limited to the external institutions involved 
in the project Ȃ actually, they can be considered more ǲsupport institutionsǳ than 
stakeholders Ȃ but they could give benefits to the entire society if a reduction of 
the mortality rate of very aggressive tumors (an example for all, pancreatic cancer) 
can be successfully achieved. Moreover, the developed procedure could even have 
a stronger impact as it could be extended to other fields of medicine, such as in the 
ablation of obstructed blood vessels, brain lesions, etc. 

 

“Those diseases which iron cannot cureǡ fire curesǳ. 

 

Hyppocratesǯ quote introduces the paradigma behind thermal ablation (TA) 
techniques. 

It refers to the destruction of tissue by extreme hyperthermia. The TA techniques 
have been introduced as alternatives to classic surgical resection only in the 
second half of 1900 and are still being developed. The working principle of this 
technology is to deploy electromagnetic energy sources, such as radiofrequencies, 
microwave or laser to induce thermal damage and, eventually, coagulation 
necrosis in tissues and treat malignant diseases.  

The key feature of TA is that it turns out to be a less invasive solution with respect 
to traditional surgery; in addition, sometimes, this is the only way to proceed when 
a traditional approach is not feasible to cure certain tumors. Indeed, TA can be 
performed using an open, laparoscopic, or endoscopic approach. Operation lasts 
about 10-30 minutes and, even if it is different from a classical surgical operation, 
anesthesia is generally used. For most cell types, necrosis occurs at temperatures 
below -40 °C or in excess of 60 °C. 
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Laser Thermal ablation (LTA), in particular, has the peculiarity of being MRI-
compatible, allowing also for temperature mapping, since energy is conveyed 
through optic fibers; it is economically convenient with respect to the other TA 
technologies and the small diameter of the probe allows for its use also in tissues 
at higher risk of damage. Furthermore, the fiber used to deliver the treating light 
can also be used to collect information on the temperature and, thus, combine 
therapeutic and diagnostic functionalities, unlike any other thermal ablation 
technology. The main limitation of LTA, however, are the restricted dimensions of 
the ablated area with a single fiber, due to the high absorption of light by body 
tissues, and the technical complexity in the manual insertion of the probe. These 
factors require the adoption of several strategies to facilitate the interventional 
procedure and increase energy penetration. 

 

 

 
 

 

Considering the strengths and weaknesses of LTA, the final goal is to make this 
treatment possible and affordable for a larger amount of people. In this project, in 
particular, the first phase has been dedicated to the analysis of the state-of-the-art 
in order to prepare a significative questionnaire to be given to the surgeons. The 
comprehension of the answers and the analysis of different suggestions, led to the 
second phase, more focused on the concept of the new device. The 3D prototype 
derives both from the surgeonsǯ observation and Theralight teamǯs researches and 
studies. This third phase is completed by the feasibility analysis which includes the 
research of the sensors and the materials and the analysis of different competitive 
techniques in order to make the proposal cutting-edge on the market. 

 

As mentioned before, starting from the researches related to the laser interaction 
with different human tissues, the need for water injection and mechanical 
guidance during the treatment to better control the process, we tried to 
understand in details the structural composition of the whole real systems with 
needles and probes as leading sub-systems, as shown in the figure below. 

Subsequently, the surveys given to the surgeons helped us to solve the main issues 
related to current laser ablation devices, to explore the foremost needs of the 
stakeholders and to translate them into specific requirements. The surveys aimed 
at collecting as much data as possible from previous experiences of surgeons, who 
have already performed interventions with laser ablation systems, in order to 

Exploring the 
opportunities 

ఀఁ



identify strengths and possible improvements to make this technique even more 
efficient and advanced. The opinions of the majority of the physicians focuses on 
the minimally invasiveness of the considered technique, on the reduction of the 
post-operative complications and of the convalescence period, on the higher 
tolerability, also in high-risk patients, and on the reduced dimensions of the probe 
(2,5 mm in diameter). However, what is perceived as a limiting factor for the 
diffusion of LTA practice, is basically the adoption of LTA by the hosting structure 
and the novelty of the technique, that implies the necessity to introduce more 
specific  - and expensive - training for LTA. 

 
Representation of the structural composition of the whole system. The needle and the probe 
are considered as leading sub-systems. 

 

 

According to the interviewed physicians, one aspect that turned out is the 
necessity for a LTA probe improvement: the reliability of the measurements and 
the completeness in monitoring temperature parameters seem to be the most 
urgent features to be revised. The necessity to perform a control on the 
distribution of the temperatures in the periphery of the ablation zone, in order to 
avoid damages on the contiguous vital structures, has been highlighted by most of 
the surgeons. Another relevant improvement should be performed in the 
reduction of probe fragility. For these reasons, a re-design of the LTA tool was 
performed. 

The selected price (economical requirements) for the whole LTA instrumentation 
should range from ͷͲͲ to ͳͲͲͲ ̀: this is one of the key parameters that must be 
considered in the implementation of an improved device since the commercialized 
ones are considered too expensive. 

 

Some issues and concerns have arisen from the study of surgeonsǯ opinions and 
LTA system components. The objective of this work is to tackle them, mainly from 
two different perspectives. The first one regards the research done in terms of best 
materials to be used for probe fabrication. They must respond to precise 
requirements dictated by mechanical properties that the device should present. 
Moreover, a new design for the handling portion of the probe itself is proposed. 
The second one focuses on the necessity of finding evermore precise 
implementations for the monitoring system. In particular, a novel solution, that 
uses fluorescence is proposed. According to the devices already available and the 
suggestions expressed by the interviewed surgeons, a transparent, quite flexible 
and resistant polymeric material may be the right choice for the probe. It is 
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possible to state that polycarbonate could be a good material for this purpose. For 
the same reasons, polypropylene with a possibility of an anti-slip silicone covering 
was chosen for the handling, in order to increase the manageability and to avoid 
uncomfortable surfaces. Moreover, regarding the handling, it turned out from the 
survey that many surgeons have complained about the absence of ergonomic 
features. This is the reason why the Theralight team have tried to generate a 
prototype through 3D printing able to give some useful indications. The type of 
prototype, shown in the figure below, is a conceptual one, i.e., only aimed at 
verifying the idea. Giving a brief description, the first is thinner with a tubular 
structure. On the other hand, the second allows surgeon to firmly keep the device 
inserting fingers in the two holes. The tubular handling could also be provided with 
a system able to customize and change the length of the fibers in order to fit 
perfectly the purpose for which it is using. 

 

 

 
Conceptual prototype of the handling portion of the probe generated through 3D printing. 
The first one on the left is thinner and presents a tabular structure, whereas the one on the 
right allows the surgeon to keep more firmly the device since he or she is able to insert the 
fingers in the holes. 

 

 

Regarding the sensors monitoring study, instead, the fluorescence sensing for 
laser ablation monitoring has proven to be a promising technique, even though it 
is at its primordial stages and it is still limited to experimental studies. Its main 
limitations are the background noise, caused by the tissues autofluorescence, and 
the photobleaching process, in which the emission is reduced due to chemical 
degradation of the fluorophores. For what concerns the noise, possible 
alternatives have been studied, such as the exploitation of the Förster resonance 
energy transfer mechanism to absorb the background emission, hence used as an 
excitation source. To deal with photobleaching, ratiometric measurements may be 
a possible solution. 

In conclusion, since LTA is not commonly carried out yet, also because the success 
of the intervention strongly depends on the skill level of the operator, it was 
suggested that virtual and augmented reality simulators could represent the key 
to progress, allowing trainees to be able to cope better and with less stress with 
the intraoperative situations of real life. These tools could be used to train the next 
generation of surgeons specialized in TA. 
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Examples of simulators that could be effective in order to train the next generation of 
surgeons specialized in TA. Virtual reality in particular could be useful for the development 
of surgical simulators in order to train and improve the acquisition of the necessary 
psychomotor skills. 

 

C. M. Pacella, G. Bizzarri, G. Francica, A. Bianchini, S. De Nuntis, S. Pacella, A. 
Crescenzi, S. Taccogna, G. Forlini, Z. Rossi, et al., Percutaneous laser ablation in the 
treatment of hepatocellular carcinoma with small tumors: Analysis of factors 
affecting the achievement of tumor necrosis, Journal of vascular and interventional 
radiology, vol. 16, no. 11, pp. 1447Ȃ1457, 2005. 

S. N. Goldberg, G. S. Gazelle, and P. R. Mueller, Thermal ablation therapy for focal 
malignancy: A unified approach to underlying principles, techniques, and diagnostic 
imaging guidance, American Journal of Roentgenology, vol. 174, no. 2, pp. 323Ȃ331, 
2000. 

D. J. Webb, M. Hathaway, D. A. Jackson, S. Jones, L. Zhang, and I. Bennion, First  
in-vivo trials of a fiber bragg grating based temperature profiling system, Journal of 
biomedical optics, vol. 5, no. 1, pp. 45Ȃ51, 2000. 

Main bibliographic 
references 

ఁ௺



 

Knowai 
 

Executive summary 

The need of saving and sharing knowledge is a hot topic from the 
start of mankind and internet has represented a breakthrough for its 
spread and relevance. It started as a simple tool to enable people to 
save and share information they considered valuable and now it is 
common to search online for retrieving information about any topic 
of interest. The need to save information in a structured and easily 
accessible way is present in any human context, from the personal 
environment (e.g. find a recipe) to the industrial context. Nowadays 
companies are still facing some issues in managing knowledge. 
 
The Knowai project was born from the cooperation of Alta Scuola 
Politecnica (ASP) with School of Entrepreneurship and Innovation 
(SEI): the purpose of the experience is the creation of a deep tech 
startup. After an initial period made of interviews, analysis and 
research, the team has decided to develop a system for industrial 
knowledge management.  
 
The main goal of Knowai project was to develop an innovative 
solution based on the use of Artificial Intelligence techniques that 
deals with the complex but challenging problems of knowledge 
digitalization and management in the industrial context. For this 
purpose, the developed MVP is configured as a hybrid solution 
between a Chatbot and a Knowledge Management System (KMS) and 
it has been realized for an application in assistance processes. 

 

Key Words 

Knowledge Management, Customers’ Assistance Process, Natural 
Language Processing (NLP). 
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Figure 1: Graphic representation of the working principles of the solution developed by the Knowai team.  
 The software aims to facilitate the identification and resolution of problems between the selling company and the 
 customer company using the knowledge extracted from the past communication flows.  
 Two software interfaces are shown here: the tab used by the expert (left) for having a conversation with the 
 operator that reported the symptom and the tab used by the operator himself (right) for answering to the questions. 
 The added value of the Knowai system is given by the fact that knowledge displayed in the interfaces is extracted 
 from previous exchanges of information.  
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Artificial Intelligence (AI) history started more than 50 years ago, but it has 
shown to the world its real capabilities only in last two decades.   
New applications are growing in any conceivable field and products based on 
image recognition or recommender systems have now reached several markets. 
Despite the fast diffusion of AI, there are still some sectors where few real 
solution are present, and one of this is the industrial knowledge management. 
Industry 4.0 revolution led all businesses to the production of tons of data 
regarding their processes but for the moment companies are focusing more in 
data collection rather than in data exploration. The latest AI developments 
enabled new tools that can disrupt the way we manage data and the kind of data 
we can manage. Natural Language Processing (NLP) progresses indeed open 
unexpected opportunity for processing “human generated data”, like documents 
and conversations, offering the chance to capture meaning behind words and so 
increase the possibility of comprehension.   
 
Knowai team worked to find a touching point between opportunities given by the 
usage of new technologies and market needs. Focusing on industrial processes, 
they analysed the way in which companies are attempting to manage their 
knowledge, trying to identify hidden criticalities. According to the results 
collected during the research phase, they attempted to develop a solution for the 
management of knowledge in the assistance process, which seemed to be the 
suitable entry point for approaching the issue. After a first phase focused on the 
product definition, the team faced the implementation challenge, developing a 
working Minimum Viable Product (MVP) and testing it in a real case scenario. 
Together with first technical results, the team managed also a product validation 
phase, aimed at understanding whether the developed solution could reach the 
market fit. This whole work helped them to identify which are the challenges 
hidden behind the development of a real deep tech product based on AI.  
 

 

The team is composed by seven engineering students, coming from the 
Politecnico di Milano (PoliMI) and Politecnico di Torino (PoliTO):  
 
Federico Betti, Computer Science and Engineering, PoliMI, Techno-economic 
Assessment, Application Development, Machine Learning Engineer.   
 
Marco Centurioni, Automation and Control Engineering, PoliMI, Strategy, 
Business Analysis, Business Model Development, Project Management.  
 
Alessio Colucci, Electronic Engineering, PoliTO, Application Development, 
Backend Development, Software Deployment.  
 
Domenico Ruben Pangallo, Biomedical Engineering, Team Controller, PoliTO, 
Economic Assessment, Competitor and Stakeholder Analysis, Market Analysis. 
 
Nicola Pivaro, Automation and Control Engineering, PoliMI, Strategy, Business 
Analysis, Business Model Development, Project Management.  
 
Alessandro Rosiello, Space Engineering, PoliMI, Competitor and Stakeholder 
Analysis, Market Analysis.  
 
Ivan Vrsajkov, Computer Science and Engineering, PoliMI, Application 
Development, Frontend Development (User Interface).   
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The objective of Knowai project was to develop an innovative solution based on 
the use of AI techniques that deals with the problem of knowledge digitalization 
and management in the industrial context.  
 
The result of the market analysis and the study of the solutions actually present 
have been compared with the needs and requirements of companies (especially 
Italian SMEs). What emerged is the technological incapacity of the current 
solutions (KMSs, Chatbots, Ticketing software) to fully guarantee some 
fundamental features requested by the employees and consequently by the 
companies themselves. In particular, the industrial technical assistance appears 
to be one of the most mature application context for the introduction of tools for 
the management and sharing of knowledge. Therefore, Knowai team has decided 
to develop a technological solution designed specifically to manage this process.  
 
The aim of the product is to provide a platform that customers can use as a 
messaging service from which to extract information, save knowledge in a 
Knowledge Base (KB) and make everything available later on. In this regard, it is 
therefore configured as a hybrid solution between a chatbot and a KMS applied 
in the field of technical assistance and is characterized by the adoption of modern 
techniques of NLP and AI for saving hidden knowledge in a semi-structured 
information flow. In particular, the Knowai system aims to read, learn and 
broaden the knowledge base processing past communication flows (i.e. 
assistance requests). In this way, the trained KB can be used to provide advices 
to the expert who delivers assistance on the procedure for identifying and 
resolving the problem encountered by the operator of the customer company. 

 

 
                                  Figure 2: Knowai Team path from the launching of the Pioneer Programme 

 

 

The subject of knowledge management has always been a topic of interest, since 
good efficiency of any process is strongly dependent on the saving, sorting and 
accessing of useful information. For example, the last few years saw the birth of 
the concept of Industry 4.0. According to its basic principles, the future 
development of companies will depend mainly on the collection, management 
and analysis of data. Data are substantially numeric information, whose 
collection and processing generate well-known economic advantages. It is 
interesting to note that the data themselves are not profitable: value comes when 
people are able to take more aware actions in the light of the carried out 
analyses. The economic driver is not data, but rather knowledge that derives 
from it: successful companies are knowledge-driven and not simply data-driven.  
The last ten years opened a new historical period in which the theme of 
knowledge management has reached a new hype thanks to the great amount of 
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data that has been saved and thanks to the new technologies that have been 
developed. In the following points, an analysis about elements involved in the 
rise of need and interest for knowledge management is shown.  
 
The last 40 years of history have been mainly characterized by two factors for 
what concern industrial development: technology growth inside companies and 
Increment of technology growth rate.  
The first factor is related to the need of keeping competitive advantages which 
forced companies to study and develop new solutions, especially for what 
concern technical tools. One of the direct consequences of the tech growth is the 
increase of knowledge that companies have to manage to produce their specific 
products or services. It is evident that one of the needs is knowledge 
accessibility. This kind of issue is becoming more and more relevant in several 
industrial situations where the amount of knowledge involved in the processes is 
increasing month after month.  
The second factor is related to the fact that technology growth rate is increasing 
year after year: on the one side this brings direct advantages enabling new 
opportunities, but on the other side this peculiar transformation is showing to 
the world new scenarios where technology growth is so fast that people are 
struggling to keep pace. One of the most significant examples of this 
transformation is related to the automation processes.  

 

 

After acquiring a complete vision of the problem of knowledge management, 
both from the technical and the business sides, the team started exploring 
different possible solutions: the first ideas that came out were related to state-of-
the-art, like chatbots, digital manuals, ticketing systems and knowledge 
management systems. However, each of these current solutions is extremely 
focused only on a certain aspect.  
 
Chatbots are very good for interaction when the involved knowledge is limited, 
like in the case of a customer service application.  
Regarding digital manuals, instead, they are very useful because there is a lot of 
knowledge inside, but most of it is unstructured in terms of problem-solution 
occurrence, while being structured in terms of content. Consequently, it is very 
difficult to use in real life scenarios when a new problem shows up, requiring a 
different solution.  
Ticketing systems are widely used for support since they provide an easy way to 
categorize interactions: however, they do not extract knowledge from them, so 
they partially solve the problem of knowledge management.  
Finally, knowledge management systems (KMSs) are the most useful in managing 
knowledge, but their problem is they are not feasible for interaction with 
customers, thus knowledge has to be entered manually by experts. This process 
hinders the creation of a vast knowledge database, actually slowing down the 
whole process of knowledge management. An example in this direction is given 
by Maana, which aims to build a KMS and is currently gaining traction, thanks 
also to its being backed by powerhouses (e.g. Microsoft) that provide integration 
with their own management framework. Nonetheless it is still lacking the 
interaction with the customers.  
 
These are the different solutions which are currently used as state-of-the-art, but 
Knowai wants to put them all together to create a single system which is easily 
accessible but stores an enormous quantitative of structured knowledge, 
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obtained directly from the interactions between customers and operators, and 
enriched through other available data such as the one from sensors. 

 

 

As previously stated, the Knowai team decided to focus on the field of technical 
customer assistance. The information exchange between the operator, who is 
reporting an issue, and the expert, who is trying to find the root cause of it and fix 
it, contains unstructured knowledge that constitutes the expert's know-how. 
Therefore, the proposed solution is a product that is able to extract unstructured 
and hidden knowledge from a semi-structured information flow and utilize it in 
future uses.  
 
The conversation between the operator and the expert can be modelled as a 
process that begins with the symptom reported by the operator and continues 
with a sequence of questions and answers between the two subjects. In 
particular, the symptom is the way the problem is being manifested to the 
operator. The questions are then asked by the expert. The point of the 
conversation is to identify the actual problem and suggest a way to fix it.  
 
The main features of the product are the recommendation of the best suited 
questions and the prediction of the most likely problem based on the 
conversation up to that point. The algorithm tries to find the best possible 
sequence according to the probabilities assigned on the basis of previously 
encountered conversations, which represents the knowledge the product has 
collected so far.   
 

 
                  Figure 3: Growing of the Knowledge Base (KB) with the usage of the system. 

 
However, there are far too many possible questions an expert could ask the 
operator: the knowledge gathered can be too broad. This is why the symptom 
analysis by using NLP techniques is done in the beginning, to find the best entry 
point in the knowledge that will most likely lead to a correct prediction. 
Throughout the whole process, the experts can provide feedback to questions 
and state the correct outcome at the end of the process. This will be used by the 
product to learn and make better predictions in the future.  
The system as a whole is deployed on a server in order to be able to collect the 
knowledge in one single centralized database. In this way, knowledge can be 
shared among all experts of the same company. The users of the proposed 
solution access it through client applications that interact with the server. 
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                                             Figure 4: Operator Interface (used to report a new issue observed and to enter a 
                                                                         discussion with an expert, who will in turn identify the cause of the issue). 

 

 
                                                                     Figure 5:  System Knowledge Base Interface. It provides a more in-depth  
                                                                                        description of the current point in the problem identification  
                                                                                        process regarding the currently selected job. 
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OFFICEMOTION 
 

 Introduction: the office space and its current state 

 Despite places where people carried out intellectual tasks 
 always existed, the ǲofficeǳ i� an in�en�ion of �he 19th 
 century, which adapted to the organizational of  companies 
 along the 20th. The recent financial crisis and the 
 development of technologies changed the concept of work on 
 several levels mining the centrality of the office on the 
 economic scheme. People do not spend the same amount 
 of time on  the workplace anymore since  most activities do 
 not require a specific physical space to be performed and 
 the static idea of  offices is in crisis, giving space to new 
 concepts like desk sharing or hot desking. 

 

 Herman Miller Corporation 

 The partner of our project is Herman Miller, one of the major 
 companies for the design and production of office furniture 
 since  the beginning of the 20th century. It recently launched 
 on �he ma�ke� �he ǲLi�ing Officeǳǡ a ne� �e� of f��ni���e 
 �ho�ing �he com�an�ǯ� in�e�e�� in ada��ing �o ��e��ǯ  new 
 needs. 

 

 Design inspiration and background research: the 
 emotions 

 Offices used to be designed to host specific work tasks, but 
 since  that economic model is no longer valid so it is that 
 design thinking. The worker does not need a specific place to 
 be able to carry out an activity, so how can the office be a 
 place  where that activity can be executed better? The focus 
 of the design process needs to change from an activity-
 centered perspective to a user-oriented one.  

 P�od�c� de�ign ba�ed on ��e��ǯ emo�ions is a recent trend, 
 whose results proved to be effective and successful, 
 however the application in architecture and interior design 
 are still scarce.  

 User-oriented and emotion-driven design led to 
 Officemotion, introducing the study of emotions in the office 
 space, allowing the workers to find in the workplace the best 
 atmosphere to perform their tasks. 
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 Layouts design process 

  The design has been approached by breaking down the office 
 life to its fundamental activities. Each of them has been 
 subsequently associated to a set of positive and negative 
 emotions, deploying existing tools applied before only in 
 product design. The physical architectural elements have 
 been studied separately to arouse (or to avoid) the emotions 
 linked to each activity and then combined in the final layouts. 
 The furniture was selected among the catalogue of 
 Herman Miller and its partners.  

       

 Flexible application 

 The key aspect of the layouts is the interchangeability of 
 most  of them among each other by adding or removing some 
 of the elements composing the set. This leads to a great 
 flexibility of uses during the working hours of the week 
 overcoming the static of traditional offices. 

 The physical combination rules of the layouts transported 
 into an app and the fact that design of them deployed 
 recurrent elements will allow the re-arrangement of the 
 space according to managerial demands. 

 
 
 Key Words 

 Office, emotions, work, activity, design, worker. 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 

   Figure 1: OfficEmotion 
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In all the contexts, interactions between actors play a central role. When we think 
in terms of interactions, we tend to underestimate the size of interplays 
occurring between actors and the environment they are immersed in. This is true 
also when modelling spaces that harbour productivity, learning and creativity. 
Especially for service companies, working offices are going through a Deep 
transformation that is increasingly mixing production activities, learning spaces 
and creative oasis. 

We can observe that the design of working offices is increasingly taking into 
consideration how to transform the traditional concepts about space to better 
support diverse and heterogeneous interactions. We are convinced that art and 
beauty, together with technology, can be elements to be added in this process to 
permit the design of spaces that can sustain the different working activities but 
also inspire and sustain various emotions and emotional states. 

With the work of this project it will be possible to model spaces and furniture to 
sustain the different interactions required in contemporary workspaces. The 
main dimensions taken into consideration within this project will be strongly 
interdisciplinary. To design the offices of the future it will be fundamental to take 
into consideration all the following dimensions: the spatial places and the 
furniture to sustain interactions, learning and creativity; the emotional 
dimension to create spaces where emotions can be exploited and expanded; art 
and beauty to help reinforce the desired emotions and eventually mitigate 
negative ones; technology to create living spaces that can sense, adapt and 
transform themselves.  

 

 

The Officemotion team is composed by seven students from the fields of    
architecture, building engineering and design. To each component a specific role    
was assigned in order to develop a strategic topic: 

Adriano Aimar (MsC in Architecture, Politecnico di Torino) the                                 
management of the research on emotions and how they affect office work. 

Juan Pablo Alvarez Buitrago (MsC in Architecture, Politecnico di Milano) the 
complementary research on how to translate the research done into the  design 
phase. 

Elena Busoni (MsC in Architecture, Politecnico di Milano) the design and final 
detailing of the spaces designed. 

Francesca Calloni (Msc in Communication Design, Politecnico di Milano) the 
structure of the mobile app and the final communication strategy for the  project 
presentation. 

Maja Kopanja (Msc in Interior Design, Politecnico di Milano) the digital 
rendering and postproduction of the layouts designed. 

Luga Lagorio (Msc in Architecture, Politecnico di Torino) the planning of the 
clusters of layouts and their composition rules. 

Michele Maritano (Msc in Architectural and Building Engineering, Politecnico di 
Milano) the state of the art research and the economic and group  management 
regarding the workflow overview.
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The Officemotion project goal is to design a new concept of office space, in which 
the dimension of the emotions is added to the traditional values regarding office 
spaces. In order to make the office working experience more enjoyable by the 
worker as well as more productive for the employer, emotions are embedded 
into   the design. At the same time, flexibility and the possibility to rearrange the 
spaces on demand make it possible for the company boss to fill empty or vacant 
spaces into the office floor, e.g. open spaces. In this order, the paradigm of 
working in offices is transformed, from the use of fixed and unifunctional spaces 
to layouts with more than one purpose, where owners can earn space to develop 
the required functions, and also where users have different options to 
appropriate a space and make work time something more pleasant. 
 

     
 

 

Working is an almost daily activity that has been constantly thriving, showing 
specific lineaments along the story. The concept of a working space, since 19th 
century, has evolved according to different requirements by users as well as the 
perception of place and architecture in different periods of time. Factors of 
contemporary lifestyle such as technological revolutions have a great impact on 
the way people behave and deploy certain functions, and afterwards in the spatial 
configuration and interior design, which tends to embrace the concepts of 
flexibility and identity. 
 
 In this order, working spaces have evolved from an evangelist and individual 
model with confined spaces that pretended to insulate the worker from the 
context giving privacy and concentration, passing through the industrial and 
taylorist models where individual work is replaced by offices that host groups 
follo�ing a hie�a�ch�ǡ �o �he con�em�o�a�� ǲli��id officeǳǡ in �hich conce��� like 
hot desking or co-working represent the temporality of space configurations and 
the free share of information. There are new working spaces where, for a few 
days or even hours, collectives with different specialties can work together with 
simultaneous inputs to a same goal.  Therefore, human being has arrived to a new 
office concept where space and time compresses towards focusing in working 
efficiently as possible. 
 
However, despite of the big influence of technological devices in nowadays 
society, the design concept used in several offices seems quite distant from 
representing this evolution, and some outputs do not fulfill users´ requirements 
to perform in a comfortable environment. Apart from the fact that many 
companies just omit the contributions of contemporary lifestyle in daily´s tasks 
and deploy outdated models, there is still one element which is not taken into 
account when it comes to design and configure working places, quite important to 
ensure workers´ satisfaction at workplaces and efficiency at developing activities; 
this neglected element is emotions. There is the need to deeply analyze in parallel 
the most frequent activities at offices and so the emotions evoked by workers 
while carrying out them. If designers were capable to finely understand how 
emotions work in certain spaces and their semiotic relationship with 
architecture, those final outputs might be more accurate towards people´s 
performance at work. 
 
In this way, the commitment is to put users in the center of the design process, 
bringing out the precise elements that embody an atmosphere where the correct 
emotions can improve comfort, well-being and productivity to perform better. 
For this reason, offices must be rethought in the way that embrace working 
contemporary assets, and also meets not only capacity needs, but also the 
emotional ones.  
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Figure 2: Layout deployed for Analytical Work. 

 

 
Figure 3: Layout deployed for Formal Events. 

 

The positive aspect regarding contemporary office design and its relationship 
with workers´ emotional ambit is the plenty of tools to harness and exploit 
aiming at achieving a balance between productivity and wellness. Many 
tendencies and concepts in nowadays workplaces, as well as research documents 
about emotions and status, could be used in favor of finding the way emotions 
can influence a space or vice-versa and also to deploy layout options that can be 
easily applied in many offices to improve work quality. Workplaces are in 
constant transformation and seek for a robust structure that meets workers and 
bosses needs. In this order, the theoretical base and the final outputs made by the 
team can assess companies on how to materialize high quality offices that, by 
understanding and managing the emotions through flexible workplaces, are 
capable of reaching a scheme where production and enjoyment can be 
simultaneous and harmonic.  
 

Exploring the 
opportunities 

ం௽



 
 

The final solution consists in a set of workspace layouts that can be easily 
applicable and adaptable according to specific activities and workers´ 
requirements regarding them. To accomplish this, one of the main goals was to 
reach flexible and customizable working spaces, through a design methodology 
that improves the office settings that make it adjustable to different requirements 
around a certain activity. This methodology allows to find out the way an office 
can also adapt to different variations along functions ƴ development by using its 
own components and amenities, and consists in classifying different activities 
and their required elements in a spreadsheet that describes every layout per 
raw.  After a process of overlapping activities and emotions in this spreadsheet, 
the first ones were finally embedded in four main clusters (working, meeting, 
gathering, relaxing) according to the features and components shared by two or 
more activities, each one representing a physical layout. Inside these clusters a 
physical space can be easily transformed from one layout to another according to 
facts like the layout components, the number of people or gadgets required.  
 
According to the requirements established on the spreadsheet, the layouts are 
created following mainly the type of activity and the number of people, 
integrating the furniture pieces and accessories taken into account before, in 
order to complement the functions that happen inside. Whlie for some clusters 
like working or relaxing the furniture sets are simpler, consisting in some sitting 
elements and tables or desks where to put the different devices, plus some space 
delimiting elements such as partitions or greenery,for others (meeting and 
gathering) some other accessories like wardrobes and technological appliances 
take more importance; partitions and greenery have also stronger 
characteristics. 
 
Adaptability and interchangeability of the layouts is fundamental for a successful 
application of the Officemotion design concept to real offices. For this main 
reason came the choice to design a digital application intended to help the user 
(mainly boss and owners) arranging the open spaces and workplaces. Indeed 
these activities and layouts require spaces that could adapt to changing needs 
quickly. Through the OfficeMotion app the user can quickly and effectively 
manage the required changes of space, by the possibility of designing the starting 
layouts with the assessment of specialised designers of Herman Miller, buying the 
required furniture and appliances to execute what is designed, and rearranging 
those layouts when needed though the same app´s interface. 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: Layout designed for Eating. 
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[kitCHUN] 
 

Executive summary 

Dementia is considered to be the fastest-growing major disease in 
China. Currently, there are more than 9 million diagnosed cases. 
Forecasts show that, by 2050, this number is expected to surpass 40 
million patients. Moreover, the increase in the life expectancy of the 
Chinese from 40.8 years in 1955 to 75 years in 2013 and its predicted 
amelioration in the near future has shed the light on this issue. 

People with dementia (PwD) suffer from a decline in mental ability 
which can ultimately interfere with daily life. This will eventually 
result in the loss of autonom� in the personǯs life and the need for a 
caretaker or/and support system becomes inevitable. This also 
means extra costs and pressure on the families of PwD. 

The kitchen, being one of the most dangerous places in the house, can 
be off-limits for PwD. The project [kitCHUN] deals with providing 
PwD and the elderly with smart kitchen products that can improve 
their autonomy, increase safety, and provide their families with 
assistance and peace-of-mind while taking into consideration the 
cultural aspect of the Chinese society. 

The developed products are collectively part of the Balanced Living 
Integrated System for Seniors, or Bliss for short. The kit can be 
distinguished into the basic version and the Help upgrade. The basic 
kit includes: a transparent pot holder called Fire which prevents the 
person from being in direct contact with the flame; an easy storage 
system called Box which provides flexible and modular storage 
spaces; a device named Lotus, which is an air quality monitor that 
alerts the family in critical conditions; a DIY module that allows to 
control humidity called Drop. The Help upgrade consists of an anxiety 
detection camera, a set of LEDs that recreate a peaceful lighting and 
atmosphere (Drop+) and a system that implements Smell&Sound 
therapy (Lotus+). 
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[kitCHUN] Bliss system representation in a traditional Chinese kitchen 

 

Alessandra 
Angelucci, 
Politecnico di 
Milano 

 

Lucia Di Terlizzi, 
Politecnico di 
Milano 

 

PRINCIPAL ACADEMIC TUTOR 
Marco Trisciuoglio, Department of 
Architecture and Design, Politecnico 
di Torino 
 
ACADEMIC TUTORS 
Alessandro Biamonti, Department 
of Design, Politecnico di Milano 
Silvia Gramegna, Department of 
Design, Politecnico di Milano 
 
EXTERNAL TUTORS 
Bin Jiang, Nanjing University of 
Science and Technology  
Cheng Ma, LABIRD, Innovation, 
Research, Design, Nanjing 
 
TEAM MEMBERS 

Camilla Mascia, 
Politecnico di 
Torino 

 

Nour Saeed, 
Politecnico di 
Torino 

 

ంఁ



ంం



In this project, the design of the new intelligent kitchen home for aging society 
will be carried out to adapt to the characteristics of the new type of home-care 
for the elderly people in China and in Italy. We will face the daily needs of using 
kitchen for those older people who live alone or with form of disease, even brain 
disease (as Alzheimer). The target product should be intelligent, remotely 
assisted and based on the Internet, with the effective improvement on the 
structure and man-machine operation experience. 

The main contents include: intelligent cabinets, smart kitchen home products, 
smart aging product design. Working methods: Politecnico di Torino and 
Politecnico di Milano, ASP, together with Nanjing University of Science and 
Technology and Nanjing Forestry University, build a double project team for the 
main design. Relying on the production strength and market scale of Nanjing 
Wulian Sensing Technology Co. Ltd. and Nanjing Dongbang Taitai Furniture Co. 
Ltd., the design and development of smart kitchen home products will be carried 
out. Experts from these companies will assist in engineering design, and in 
designing of prototype, in production and in processing. The project includes: 
industrial design, electronic circuit design, mechanical structure design, 
information and interaction design and so on. During the project time, Chinese 
companies will be invited, as Huawei, Xiaomi, Alibaba, NetEase, Suning Appliance 
and other domestic companies to conduct joint workshop design, formulate 
workshop topics, and jointly plan the project with both Chinese and Italian 
professors and business experts. Both teams of graduate students conduct joint 
research, design and development. The completed prototype design can be 
completed in Nanjing and cooperated with Shenzhen HAX Innovation Accelerator 
for product incubation and internet crowdfunding and promotion. 

 

 

The ASP team for this project is composed of 4 members: 

- Alessandra Angelucci, a Biomedical Engineering student at Politecnico di Milano 

- Lucia Di Terlizzi, a Communication Design student at Politecnico di Milano 

-Camilla Mascia, an Architecture Construction City student at Politecnico di 
Torino 

- Nour Saeed, a Mechatronics Engineering student at Poltecnico di Torino  

Alessandra Angelucci was assigned as the Team Controller of the team whereas 
Lucia Di Terlizzi was appointed Communication Coordinator. 
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With the aging of the Chinese community, the problem of dementia becomes 
more evident. The main goal of this project is, by the use of technology, to 
provide the elderly and people with dementia with new means of home-care. 

The technology must also embrace the Chinese kitchen experience. The presence 
of wooden utensils and cutlery is very common in Chinese culture. Another 
important aspect in the Chinese cuisine is the visible flame. It should also be 
flexible and customizable. This is important as the system must be adjustable to 
the needs of each patient.  

 

 

Grasping the issue requires understanding the problems and needs of the elderly 
and PwD in general, and those of China in particular. Visits to Borgo Sostenibile 
in Figino have provided useful insights: in fact Grace, an Italian NGO, hosts there 
elderly with dementia in a controlled environment where they can become more 
autonomous and self-sufficient.  

Furthermore, a huge dissimilarity exists between European and East-Asian 
kitchens. This is an outcome of the differences in culture. In order to better 
understand the problem, one needs to be aware of the cultural aspects of the 
Chinese community. A visit to China during November 2018 allowed gaining 
insights on the Chinese culture.  

One important concept is the visible flame in the kitchen. In Chinese cooking, fire 
is used in the most traditional recipes and the elderly are used to see it clearly. 
However, this adds a risk factor especially for those with dementia. In order to 
allow for maximal autonomy, safety must be assured.  

Another important aspect is the size of the kitchen. In China, a small space is 
usually allocated to cooking and, unlike in western kitchens, there is no space for 
dining together, also because the kitchen space is made uncomfortable by the fire 
and smoke produced during the traditional cooking procedures. This leads to 
two main issues. The first one is the poor air quality due to the emissions that 
happen during the cooking process. The other is the lack of space in the kitchen. 
This can lead to mobility difficulties for the elderly. Thus, an air quality monitor 
is needed in order to keep track of internal air condition. Also, modular storage 
units and flexible workspaces must be included in the kitchens. 

 

An essential factor to take into consideration is the psychological one. Agitation 
and anxiety are two of the most difficult symptoms of ageing and dementia. 
Agitation and anxiety are characterized by various activities, such as wandering, 
repetitive and purposeless behavior, social inappropriate activities and 
physically and verbally aggressive and non-aggressive behaviors. Agitated people 
with dementia can harm themselves, their caregivers or other patients in a care 
facility. Automatic detection of anxiety can alert caregivers so that appropriate 
interventions are performed.  
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Lunch time at Hefei housing for elders (China) 

 

 
The team and the professors at Huawei (China) 

 

 

Various ideas were generated during team meetings and a workshop in China. 
Smart refrigeration systems, collapsible preparation platforms, water filtration 
systems and air monitoring were some of these ideas.  

The team went to Nanjing, China, to take part in a workshop at Nanjing 
University of Science and Technology in cooperation with Nanjing Forestry 
University and Southeast University. Visits to companies as Bigtime and BLUM 
helped to provide insights to kitchen design and ideas for several mechanisms. 
Other visits to Huawei and Wulian Sensors introduced the ICT world in China 
along with sensors technology available. 

In the end, three main project concepts were evaluated. The first one is a 
modular kitchen that is also customizable. The second is the redesign of the 
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Chinese kitchen. This solution is rigid with different components hidden inside 
the kitchen. The last one was an upgradable toolkit that contain several 
components which serve a purpose.  

Various criteria must be considered. Flexibility and customization are important 
as each patient is different from the other. Being traditional can help in the 
acceptance of the system. The system should also be simple to use and 
economically available to the end-user. In the end, the concept of developing a kit 
of tools was chosen because of its greater flexibility and affordability. 

 

In order to increase autonomy and safety for PwD, the toolkit approach has been 
employed. The overall system has been named Bliss, Balanced Living Integrated 
System for Seniors. People with early stages of dementia were considered as 
primary users for the system. However, patients of different stages can also 
benefit from the system.  

Bliss provides a basic kit and an upgraded kit.  

The basic kit contains four components: A transparent pot holder (Fire) provides 
safety while keeping the flame visible. A multifunctional easy storage system 
(Box) is also proposed as part of the basic kit. Extendable joints permit the 
change of the storage into a workbench and add ergonomics. The third 
component is an indoor air monitoring device which provides caregivers 
information on the internal air quality (Lotus). This devices has the shape of a 
lotus flower and is made of bamboo. A humidity control panel (Drop) is added to 
the kit. This panel also serves as a mental training exercise as this solution is a 
DYI solution. 

The upgraded kit, which introduces the Help function, includes an anxiety 
detection camera. The level of anxiety can be measured based on body 
movements and certain behaviors. The usage of an RGB-D camera can help in 
getting more information from the user and can be used in the dark. The same 
camera can be also used for fall detection. This camera can alert the caregivers 
and eventually intervene by activating other components of the upgraded kit. 
This kit incorporates a smell and sound diffuser (Lotus+) which uses sound and 
smell therapy to relax anxious PwD. Drop+ is another element of the Help kit: it 
consists of an upgrade of Drop which includes LEDs in order to perform light 
therapy to reduce anxiousness in PwD.  
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Waste management is a huge, capillary and established problem with which 
every inhabited cluster is concerned. 
Recently, recycling of waste has proved to be a good solution to give value 
back to a potentially consistent portion of produced waste, however each 
material requires a different process to be restored for reuse, hence the need 
for the differentiation of produced waste. 
However, the responsibility of differentiating waste is currently left to the per-
son producing the waste, which is not always willing to make any differentia-
WLRQ�RU�LV�QRW�DZDUH�RI�WKH�VSHFL¿F�GLIIHUHQWLDWLRQ�UXOHV�UHÀHFWLQJ�WKH�WHFKQLFDO�
needs of the recycling plants (e.g. a very common mistake in Italy is throwing 
non-packaging plastic like plastic toys in the plastic bins). 
Later differentiation in waste collection plants is possible but extremely slow 
and inaccurate as a manual job, and extremely complex and expensive to be 
automated.

As a solution to this problem within waste management, we propose to pro-
vide relatively cheap waste bins which can autonomously identify and segre-
gate different waste categories by leveraging on the most recent advances in 
FRPSXWHU�LPDJH�FODVVL¿FDWLRQ��
Such method would solve the current paradox of leaving the responsibility 
of correct differentiation of waste to waste producers who are only indirectly 
affected by the quality of their contribution, while collecting data about waste 
production at the same time. 
Collected data can themselves be used not only for data analytics about ge-
ographical consumption and waste production, with applications like waste 
ORJLVWLFV�RSWLPL]DWLRQ��EXW�WKH\�FDQ�DOVR�EH�XVHG�WR�LPSURYH�WKH�FODVVL¿FDWLRQ�
algorithm within every bin. 
Moreover, the hardware components required to build a bin with image based 
ZDVWH�FODVVL¿FDWLRQ�FDSDELOLWLHV�DUH�H[WUHPHO\�FKHDS��WKH�FRUH�HOHFWURQLFV�RQ�
our prototype are worth 50€ and they could be made cheaper), thus allowing 
for a competitive price over standard bins.

:DVWH�0DQDJHPHQW�_�&RPSXWHU�,PDJH�&ODVVL¿FDWLRQ�_�6PDUW�%LQ
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AR SEI Team at the Inaguration day of the Italian Tech Week, Turin, 28 June 2019.
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Team description by 
skill

Project description 
from the academic 
tutor.

The project was developed by the team within the SEI Pioneer program in partnership 
with ASP. The goal of designing, prototyping and testing an innovative robotic product 
was pursued exploiting the entrepreneurial   formation program, offered by SEI. During 
the project development, technical matters were successfully dealt with, together with 
start-up issues, like problem vision and ideation, lean startup methodology, customer 
GH¿QLWLRQ�DQG�PDUNHW�YDOLGDWLRQ�

The result is the development of the prototype of an innovative robotic waste bin 
(Sort-E), which can autonomously identify and separate different waste categories. The 
main strong point of the project from the technical point of view is the adoption of recent 
DSSURDFKHV�RI�FRPSXWHU�LPDJH�FODVVL¿FDWLRQ�IRU�WKH�ZDVWH�LGHQWL¿FDWLRQ��)URP�WKH�HQ-
trepreneurial side, the team has developed a solid structure for the work organization, 
suitable for exploiting the heterogeneous competencies of the members, and excellent 
presentation skills.

Future improvements of the current prototype have been already envisaged to enhance 
its potentialities and the application domain.

7KH�WHDP�LQFOXGHV�¿YH�PDVWHU�VWXGHQWV�IURP�WKH�8QLYHUVLWLHV�RI�3ROLWHFQLFR�GL�0LODQR�
and Politecnico di Torino.
First there is Elena Giaccone who is an student of architecture. Her contribution was 
fundamental to team as she is an expert in utilizing various CAD and design softwares, 
that were essential in the prototype design and assembly and all the presetations.�
She also has a strong passion for sustainability and green solutions that was a driving 
force for the team direction and vision.
Next we have Tomas Monopoli. He is an electrical engineer whose expertise were 
HVVHQWLDO�IRU�WKH�GLPHQVLRQLQJ�RI�%LQ�H¶V�PHFKDQLFDO�DQG�HOHFWULFDO�FRPSRQHQWV��+H�DOVR�
has a passion for the innovation market and the launching of sustainibility driven ventu-
UHV��7KLV�PDGH�KLP�H[WUHPHO\�YDOXDEOH�LQ�¿QGLQJ�FRQWDFWV�DQG�HQULFKLQJ�FRQQQHFWLRQV�
ZLWK�RWKHU�SOD\HUV�LQ�WKH�ILHOG�DQG�WKH�H[SHUWV�
Next we�KDYH Giulia Piccitto. She is an Architect with a very strong character and a 
lot to prove to herself and others. She has a strong desire to be successfull and 
recognized as a strong leader in the world of start-ups.
Finally we have Luca Cavalli. He is an ITC engineering with a master in Machine Lear-
ning Techniques. Thanks to his efforts it was possible to create the core of our product, 
i.e. the image recognition software. Everything “smart” about the bin was written by him.�
His technical council was also crucial for the design of the prototype.
Last but not least, Francesco Pignatone is a Master Student of Electrical Engineering.�
He has a strong passion for sustainability and green ventures that was important for the�
team vision and morale. He has a natural curiosity that was essential in the conception�
of the prototypes mechanical functioning and mechanisms.
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Understanding the 
problem

Nowadays only 31% of trash is differentiated worldwide. This is due to the fact that we 
are producing more and more waste, and we still don’t have the correct infrastructure 
system nor we educate people about how to perform waste separation correctly.

In Italy we reach a 53% of trash differentiation rate, meaning that the rest of waste, whi-
FK�LV���.�WRQV��LV�OHIW�LQ�ODQG¿OOV�RU�EXUQW�LQ�LQFLQHUDWRUV��WKLV�FRUUHVSRQGV�WR���.�H[WUD�
tonnes of CO2 released in the atmosphere every year. 
In 2017, the amount of municipal waste collected in Italy was almost 500 kilos per inha-
bitant. The largest quantities were collected in the Northeast (549 kg/inhabitant) and in 
the Centre (548 kg/inhabitant). Production was lower in the Northwest (482 kg/inhabi-
tant), the Islands (460 kg/inhabitant) and the South (444 kg/inhabitant).
In the Northeast, the highest percentage of separate waste collection was also found 
(66.6%, since it meets the target of 65% set by the regulations). It is slightly lower in the 
Northwest (62.3%). The levels of separate collection in the Centre (48.6%), the South 
(43.3%) and the Islands (26%) are very distant, although Sardinia exceeds 60%. 
In 2018, 85% of households declare to collect plastic and paper separately, 84% of glass 
and over 74% of aluminum.
However, not all of the differentiated waste can actually be recycled.

Thanks to household interest in the problem, the indoor differentiated waste collection 
contamination rate is generally under 30%, thus it produces good enough waste for 
recycling plants, however the contamination rate of trash collected in public spaces is 
often higher than 80%, which clearly makes the material unsuitable for actual recycling. 
The reason for this difference is mostly associated with user behaviour in public spaces, 
KRZHYHU�VRPHWLPHV� WKH� ODFN�RI�SURSHU� LQIUDVWUXFWXUHV�FDQ�SOD\�D�VLJQL¿FDQW� UROH� �OLNH�
inconsistencies on the category colors and differences in recycling rules).

Circo Massimo, Rome - The day after the Rolling Stones concert (2014).
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Exploring the 
opportunities

Recently the consolidated system has been improved with many gradual innovations to 
FXW�FRVWV�DQG�LPSURYH�HI¿FLHQF\�
One of the simplest tech innovations is having IoT connected bins with embedded level 
PRQLWRULQJ��WKDW�DOORZV�ORJLVWLFV�WR�NQRZ�WKH�¿OOLQJ�OHYHO�RI�HDFK�ELQ�WR�EHWWHU�RSWLPL]H�WKH�
routes over time while ensuring that bins are rarely full. 
$OWKRXJK�YHU\�VLPSOH��WKLV�VLPSOH�DGGLWLRQDO�PRQLWRULQJ�LQIRUPDWLRQ�FDQ�VDYH�D�VLJQL¿FDQW�
portion of the costs of logistics. The same principle has been applied to more all-around 
ELQ�PRQLWRULQJ�V\VWHPV�LQFOXGLQJ�¿UH�ULVN�GHWHFWLRQ��YLEUDWLRQV��RSHUDWRUV�SHUIRUPDQFHV��
and GPS location for movable bins and stealth detection. 
6RPHWLPHV�FRXSOHG�ZLWK�¿OOLQJ� OHYHO�PRQLWRULQJ��DQRWKHU�FRPPRQ�VPDOO� LQQRYDWLRQ� LV�
DGGLQJ�FRPSUHVVLRQ�WR�ELQV��LQFRPLQJ�ZDVWH�LV�FRPSUHVVHG�WR�UHGXFH�LWV�YROXPH�DQG�
increase the storage capacity of bins, at the cost of more complex mechanics and higher 
energy consumption. 
Compression, however, is limited to reducing air spaces without actually compressing 
the material itself, which would change its physical properties and make it unsuitable for 
recycling.

A further improvement to bins has been proposed more recently with the explosion of 
DUWL¿FLDO�LQWHOOLJHQFH�DSSOLFDWLRQV��ELQV�HTXLSSHG�ZLWK�H[WUD�VHQVRUV�WKDW�FDQ�KDYH�D�FOXH�
about the material are able to recognize the material of incoming waste through machine 
learning applied to all its sensor readings. 
The main advantage of these AI-based solutions is that the designer of the system does 
not need to explicitly model the sensor readings for different materials on incoming 
trash, which would be a very complex problem due to the unpredictable conditions of 
the trash thrown in, instead data-driven machine learning techniques can learn such 
statistical model directly from data. Therefore, these bins are able to additionally classify 
WUDVK�FDWHJRULHV�DXWRQRPRXVO\�ZLWKLQ�VRPH�OHYHO�RI�FRQ¿GHQFH�DQG�ZLWK�VRPH�DFFXUDF\�
that can ensure an average quality standard of collected trash.
AI based solutions have been also developed in a centralized framework, innovating in 
the waste sorting post-processing conventionally based on human labour. In particular, 
recent research on robotic manipulation and object recognition allowed proposing to 
substitute human sorters with robotic arms equipped with sensors to detect, locate and 
recognize individual objects in a waste stream. Available robotic solutions can be trained 
WR�SHUIRUP�GLIIHUHQW�VRUWLQJ�WDVNV��SURYLQJ�WR�EH�D�YHU\�ÀH[LEOH�VROXWLRQ�WR�WKH�SUREOHP��
while being much faster than humans and suitable for demanding sorting processes with  
sustained load.

Centralized solutions, however, must cope with the problem of physical waste separa-
WLRQ��LPSXULWLHV�LQ�ZDVWH�VWUHDPV�FDQ�EH�HQWDQJOHG��DQG�PXFK�PRUH�GLI¿FXOW�WR�EH�DFWXDO-
ly recognized and segregated with respect to localized single wastes. 
This entails an increased complexity, thus cost and time to market, for reduced perfor-
mances compared to decentralized solutions like smart bins. On the other side, light 
smart bins embedded with sensors for logistics optimization and risk prevention are not 
GLUHFWO\�IDFLQJ�WKH�FRUH�SUREOHP�RI�LQFRUUHFW�ZDVWH�GLIIHUHQWLDWLRQ��WKH\�FRQWULEXWH�WR�UH-
duce waste management costs but they do not increase the rate of effectively recyclable 
waste. As the increase in hardware complexity is much lower than the increase in actual 
YDOXH��ZH�¿QDOO\�DLP�DW�GHYHORSLQJ�D�VPDUW�ELQ�ZLWK�DXWRPDWLF�GLIIHUHQWLDWLRQ�FDSDELOLWLHV�
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Generating Solutions The development of our smart bin has been carried out in cycles, following the lean 
methodology, thus integrating different prototyping phases with potential users feedback 
collected at showcase events, producing variations on our concept each time. 
Every concept of ours has a common feature, which is our core value, the value propo-
VLWLRQ�ZH�ZDQWHG�WR�GHOLYHU��WKH�DELOLW\�WR�DXWRPDWLFDOO\�GLIIHUHQWLDWH�ZDVWH��

On the other hand, there are a lot of different possibilities concerning the hardware of 
our product and some potentially additional features. The main design variables that we 
considered around differentiation are bin mobility for autonomous waste logistics, which 
was discarded at this initial stage of development, trash buffering to reduce processing 
time between consecutive uses of the bin, which is important only when there can be 
high usage peaks, and separation mechanics, which entail many tradeoffs in volume, 
ZHLJKW��UHOLDELOLW\��HQHUJ\�HI¿FLHQF\�DQG�FRVW��

Following the lean methodology, we developed subsequently more advanced prototypes 
of our main concept based on feedbacks from the previous prototype at different events. 
,Q�SDUWLFXODU�ZH�GHYHORSHG�

1. ,GHD� GHPRQVWUDWRU�� WKH� ¿UVW� SURWRW\SH�� YHU\� VPDOO�� FKHDS� DQG� VLPSOL¿HG� WR� VKRZ�
WKH�LGHD�DW�WKH�¿UVW�'HPR�'D\����WK�1RYHPEHU�������WR�6(,�WXWRUV�DQG�SRVVLEOH�
investors of the sector.

2. )XOO�VL]HG�GHPRQVWUDWRU��DQ�LPSURYHG�YHUVLRQ�RI�WKH�¿UVW�SURWRW\SH��ZLWK�PRUH�UREXVW�
materials, improved look, faster processing of trash and realistic size. This was 
exposed at the Mini Maker Faire (4-5th May 2019) at Fablab Torino to have usability 
feedback and general suggestions from technology enthusiasts.

3. 093�IRU�8QLYHUVLWLHV��WKH�¿UVW�SURWRW\SH�PHDQW�WR�EH�DFWXDOO\�YLDEOH�IRU�D�VSHFL¿F�
FXVWRPHU��L�H��XQLYHUVLWLHV��,W�LV�WKH�¿UVW�OLQHDU�GHVLJQ�SURWRW\SH��DOORZLQJ�IRU�PXFK�
bigger storage. This was presented at the Torino Tech Week opening ceremony 
(24th June 2019) to possible investors in the sector.

Moment of prototyping, FabLab Torino, May 2019.
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Fly-By-Sensor system for Photovoltaic 
energy plant monitoring (FBS-PV)  
Executive summary 

Photovoltaic (PV) electricity generation represents one of very few 
renewable energy sources with the potential to grow to very large 
scale. In recent years, it has experienced a significant growth, 
becoming one of the most prominent clean sources in the energy 
challenge. In order to counteract the degradation the PV plants are 
prone to, an effective Operations and Maintenance (O&M) represent a 
key aspect. Although, over the past few years, physical inspection of 
the PV panels by human workforce has represented the state of the 
art, today inspections are carried out normally thanks to the use of 
UAV (Unmanned Aerial Vehicle). The increasing reliability in 
autopilots and the development of interfaces for mission planning 
have encouraged the spreading of automatic systems for the UAV 
flight. These systems can drastically reduce the workload for the 
human operator, which can concentrate on the quality of the images 
captured and the scheduling of maintenance operations. On the other 
hand, the meter-level uncertainty of the Global Navigation Satellite 
System (GNSS) used for navigation purposes, as well as possible 
imperfections in the map used to plan the flight, make automatic 
systems not reliable and robust enough for the high accuracy tracking 
of the PV lines.  

 

The FBS-PV concept regards the inclusion of on-board additional 
sensors to improve the UAVs' flight accuracy in trajectory during PV 
O&M procedures without the need of external compensation from 
human operators. Accuracy is guaranteed by the perfect overflight of 
the rows of photovoltaic panels thanks to the use of image vision-
based controllers. 
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Photovoltaic, Drone, Vision Control, Autonomous Flight 
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FBS-PV team participation at Dronitaly with Bruno Bajeli. 
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Nowadays, photovoltaic (PV) plant monitoring performed with unmanned aerial 
vehicle (UAV) technologies is growing in the operation and maintenance market for 
the capability to provide a low cost and effective tool in maintenance. In this context, 
innovative hybrid UAV platforms, especially in the light segment, can be used as an 
effective tool to perform accurate data acquisition in multidisciplinary application 
fields.  
In this frame, being able to improve the flight control system by means of sensors 
data and, consequently, to improve the image acquisition process, can be an 
important added value in the market: in fact, it can impact on the time required and 
especially on the quality of the provided service.  
The focus of the project is to develop an innovative fly-by-sensor system tailored for 
the PV monitoring application, receiving information about the flight from onboard 
sensors or by means of a wireless ground network or station. It is envisaged that 
control technologies beyond the state of the art in small-scale multirotor UAVs might 
be needed, specifically involving on-board planning/re-planning and optimization, 
possibly coupled with learning algorithms. The historical data can be profitably used 
as a first test set for the proposed system, while new data can be specifically 
acquired in new flights performed during the project period.  
 
The project can be composed in different phases in which the students acquire the 
relevant know-how and then can develop and test their own system. In particular 
the foreseen project phases are:  

x Analysis of the state of the art, both for what concerns the flight procedures 
and the fly-by-sensor technologies: in this phase the team can analyze how 
UAV flights are presently performed and can identify the current technical 
and commercial gaps. In parallel they can investigate the fly-by-sensors 
systems identifying what can be included in the system they will develop. 
Moreover, the different kind of existing sensors should be investigated in 
order to find the most appropriate for the specific UAV platform.  

x Development of an innovative system tailored on the application of PV plant 
monitoring. The system can include onboard sensors and on ground 
wireless sensors network. In this phase, the students can exploit the 
knowledge obtained in the previous stage and the support of the tutors to 
develop their own system.  

x Test of the proposed system, using simulation tools with the data available 
or using laboratory equipment. In this phase the students can further 
improve the developed system.  

x Possible on field test, performed if the results of the previous testing phase 
are satisfactory.  

 

Bruno Bajeli, project manager. His contribution consisted in work planning, time 
scheduling, meetings organization and documentation management, graphic 
design of project logo and promotional video 

Fausto Lizzio, worked on requirements and need analysis, stakeholders 
interview. 

Andrea Maiani, worked on problem definition, ideas generation, design of the 
solution. 

Antonio Marangi, worked on computer vision and graphics development, on field 
interviewer. 

Ivana Mirchevska, worked on state of the art, aerial camera analysis of PVs, final 
presentation. 

Giacomo Ornati, software developer. Worked on concept formulation, simulation     
setup, image processing and algorithm implementation. 

Massimo Perini, worked on project requirements, state of the art analysis, 
evaluation of alternatives and website development. 

Gabriele Roggi, software developer. His main activities regarded problem 
formulation and algorithm implementation with focus on the integration 
between vision and flight control laws. 
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This project aims to explore and ���d� inno�a�i�e ǲfl� b� �en�orǳ ����em� for 
Unmanned Aerial Systems (UASs) applied to energy plant monitoring with reference 
to photovoltaic power plant.  
The main objective of this project is to develop an innovative system capable of 
automatically create an optimized flight plan exploiting data coming from a proper 
set of sensors, placed on the aircraft or on a ground control station. 
The specific objectives of the project are:  

x Analyze the existing fly-by-sensors technologies identifying the specific 
advantages and the disadvantages;  

x On the basis of the state of the art, propose a specific system for the PV 
monitoring application;  

x Analyze the performance of the proposed system using historical data 
previously acquired or coming from new flights performed by the selected 
industrial partner with specific attention to the group needs;  

x Potential laboratory or in field testing of the proposed solution.  
  

 

At present, the maintenance of photovoltaic systems using UAVs can be divided into 
two categories: 

Manual flight: a pilot flies the drone in manual mode following it along the entire 
length of the photovoltaic plant. The images obtained are of excellent quality, but the 
time required to complete the operation is very long, so the costs are high. In 
addition, there is little repeatability of the photos as they are taken in manual mode. 

Automatic Flight: In this case the operator relies on the autopilot software for 
overflight. His task is simply to create a trajectory thanks to the software in the 
ground control computer. Compared to manual flight, the time required for flight 
operations, as well as costs, significantly decrease. However, the trajectory of the 
UAV is often incorrect or misaligned with respect to the PV line to track, leading to 
poor quality images. This is mainly due to three factors:  

1. Error in the positioning of waypoints during the mission planning phase 
2. Error due to incorrectly geotagged maps 
3. GNSS error during flight 

Our goal is therefore to try to obtain the quality of the images taken in manual mode 
but using automatic flights to limit the time and cost of maintenance operations. 

 

 
Mission planning in a ground station for automatic flight 
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To solve the mentioned problems of automatic flight, three possible solutions 
have been analyzed: 

1. Usage of RTK: Real-time kinematic (RTK) positioning is a satellite 
navigation technique used to enhance the precision of position data 
derived from satellite-based positioning systems. It relies on a reference 
station and is able to provide up to centimeter-level accuracy. Adopting 
this technology would only improve the accuracy of the GNSS feed but 
would not eliminate imperfections in the mapped positions of the 
panels and imprecision in the setup of waypoints. 

2. Image recognition with tag: Optical tags can be cheap passive devices 
located on ground or on the PV panels. Under the assumption of 
knowing the exact georeferenced position of these tags, the drone can 
exploit this information to reconstruct its position with respect to the 
panels themselves. This will lead to the correction of both GNSS and 
geotag error. However, this solution is characterized by a high 
invasiveness with respect to the plant since, before the actual 
maintenance operation, the plant must be suitably prepared through 
the installation of multiple devices. 

3. Vision-based solution: A subsystem in the companion computer of the 
drones analyzes the real time video stream looking for errors in the 
flight plan caused by the GNSS and map inaccuracies and/or bad 
operator orders. Using a fly-by-sensor approach with only on-board 
devices makes this solution far more interesting for potential 
customersǣ �he� donǯ� ha�e �o place and remo�e m�l�iple �ag� e�er� 
time or buy expensive external devices. The drone should use the 
information provided by the camera to correct the operator input in 
order to follow precisely the PV panels rows. Clearly, as drawback, it is 
worth noting that the development of such an algorithm requires a high 
effort from the software and hardware architecture point of view. 
However, both GNSS accuracy and waypoints setup problems are solved 
using only technologies bundled with the drone, therefore leading to a 
more effective solution. 

Gabriele Roggi looking at the control station equipment during operations on the Lodi 
photovoltaic plant.  

 

The solution chosen is the third proposal. As previously mentioned, the 
development of an integrated algorithm on an UAV is a very delicate task. Bugs or 
wrong tuning of parameters can trigger hazardous behavior or induce crashes. To 
avoid such consequences, the software has been tested in a software-in-the-loop 
simulation environment for the open-source autopilot firmware PX4. It is 
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implemented using the Gazebo simulator and exploiting the Robotic Operating 
System (ROS) as an interface among the different architecture components. This 
simulator can replicate the entire UAV architecture, comprehensive of all the 
sensors, i.e., gyroscopes, accelerometers, range sensors, GNSS receivers and the 
camera the UAV is provided with. In this framework, the overall performance is 
appropriately quantified and compared with the state-of-the-art solution.    

The FBS-PV concept regards the inclusion of on-board additional sensorsǯ 
information to improve the UAVsǯ flight accuracy during PV O&M procedures 
without the need of external compensation from human operators. Among the 
sensors available, cameras have notably several advantages in terms of low weight, 
low power consumption and low price. Exploiting suitable techniques for image 
processing, these sensors can provide valuable information about the position and 
the attitude of the vehicle with respect to the target, in this case represented by the 
PV rows. 

The results have highlighted excellent characteristics in terms of accuracy and 
robustness, and the software has shown itself as a valuable tool for improving the 
performance of PV O&M tasks. In particular, the computer vision techniques used 
can estimate the position of the UAV with respect to the PV panel with an error 
lower than 50 cm. At the same time, the correction inputs sent to the drone makes 
it align to the PV panelsǯ rows with the same level of accuracy. 

 
Details of FCU and Companion computer on a real drone at Dronitaly  

 

[1] F. Grimaccia, M. Aghaei, M. Mussetta, S. Leva, P. Bellezza Quater, (2015), Planning 
for PV plant performance monitoring by means of unmanned aerial systems (UAS), 
DOI 10.1007/s40095-014-0149-6, Springer. 
 
[2] J. F. Canny, Finding edges and lines in images, Report AI-TR-720, MIT Artificial 
Intelligence Laboratory, Cambridge, MA, 1983. 
 
[3] P. P. Acharjya, R. Das, D. Ghoshal, Study and Comparison of Different Edge 
Detectors for Image Segmentation, Global Journal of Computer Science and 
Technology Graphics & Vision, Volume 12, Issue 13, 2012. 
 
[4] PX4, https://px4.io/. 
 
[5] MAVROS, http://wiki.ros.org/mavros.  

 
 
 

Main bibliographic 
references 

௺௺ఀ

https://px4.io/
http://wiki.ros.org/mavros


Light&SENSEable city - triLIGHT 
 

Executive summary 

Key Words 

Riccardo Ronzani

Satyesh Shanker 
Awasthi  

Lorenzo Granata

Maria Stella Lux

Jacopo Paganelli

Aurora Maggio

PRINCIPAL ACADEMIC TUTOR 
Maria Luisa Virginia Collina

ACADEMIC TUTOR 
Venanzio Arquilla

Laura Daglio

Maurizio Vrenna

EXTERNAL INSTITUTIONS 

EXTERNAL TUTOR 
Carlotta de Bevilacqua, 
Laura Pessoni,  
Fabio Zanola, 

TEAM MEMBERS 

light cities smarter
sensible multidisciplinary

innovative interactive urban system sustainable
socially

users’ economically
environmentally

beautiϐ��ation safer
modular ϐlexible

system of devices adaptable
triangular transparent unit

opaque frame

௺௺ఁ



�

௺௺ం



Project description 
written by the 
Principal Academic 
Tutor

Team description by 
skill

Light as smart energetic infrastructure
Tomorrow’s city is a key topic for innovation research. It is a junction between 
many issues concerning people’s lives: light, data transmission, mobility, safety 
and pollution, amongst others. Starting from an understanding of Light as a 
necessary infrastructure within the urban context, the course will aim to develop 
an innovative and sense-able network which, using energy in all its declinations, 
�������� ������� ���� ������ ϐ����Ǥ� ��� ���� ������ ������ ��� ��� ���� ������� ��� ����
SENSE-able city where different private and public actors share objectives and 
����������������Ǥ����������Ǧ������������������������������������������������������
city-ecosystem of the future, providing innovative services for urban spaces and 
their inhabitants. 
The course had three main goals: 

-        Creation of responsive and interactive spaces in an urban context 
where the threshold between indoor and outdoor is increasingly blurred 
and where the interactions between different actors of the city are more 
and more dynamic. 
-        Design of an open platform, starting from light, where smart spaces 
are increasingly related thanks to the technological settings which enable 
the interaction amongst people.
-        The emerged proposal is an applicable solution not only from a 
functional point of view, but also from an aesthetic, perceptive and social 
standpoint. It can be seen as a lighting eco-system, able to create a new 
generation of products in order to improve liveability in urban spaces, 
����� �� ����������� ���������� ��� ����������� ��� ϐ����� ���� ������Ǥ It starts 
������� ������ �������ǡ� ��� �� ����Ǧ�����ϐ��� �������ǡ� ���� ��� �������� ����
Incremental infrastructureǡ�ϐ����ǡ���������������������������������������
performances.

௺௻௹



�������������������� �������������� ����������������� ������ ���� �������� �������������
������������������������������������������������������������������������������������
�������������������������Ǥ��

���� �������� ����� ��� ������� ��� ����������ǡ� ������������ ������ ������� ����� �����
����������������������������������������ǡ���������ǣ�

Ǧ�Social Sustainability����������������������������������������������������������ǡ�
������������������������������������������������������������������������������������
������������Ǥ�����������������������������������������������������������������������
�������������������������������Ǥ��

Ǧ� Economic Sustainability� ���� �������� ����� ��� ��������� ���� ��������������
�����������ǡ� ������ ������� �� ����Ǧ����� ����� ��� ������������ ��������� �������
������Ǥ������������ǡ����������������������������������������������������ǡ�������������
��������������������������������������Ǥ��

Ǧ�Environmental Sustainability� ������������ ������� ����������������� ��������
���������������������������������������������������������������������������������
�����������Ǣ��������������������������������������������������������������������������
���������������������������Ǥ�

������������������������������������������������������������������������������
������ ��� ������� ���� ����� ��� ����������� ����� ����� ��������� ������������Ǥ� ����
������������������������������������������������������ǡ�����������������������������
������� ��� ��������� ���������� ��� ���� �������� ����������������� ��������� ��������
�����Ǥ�������������������������������������������������������������������������������ǡ�
�����������������������������������������������������������������������������������
�����������������ǡ�������������������������������������������������������������Ǥ�

�

�������������������������ǡ�����������������������������������������������������������
���������������ǡ��������������������ǡ�������ǡ������������������������������������
������������������������������������������������Ǥ������������������������������
���������������������������������������������������������������������������������������ǡ�
������������������������ǡ���������������ǡ�������������������������������������ǡ������
������������ǡ������������������������������������������������������������Ǥ�

�������������������������������������������Ǥ�������������������������������������
�� ������� ������������ ��� ��������� ����� ������ �������� �� �������� ����������� ����
������ǡ������������������������������������������������Ǥ����������������������ǡ�������
���������������������������������������������������������������ǣ����������������������
�����������������������������ǡ�����������������������������������������Ǥ�������������
��� �������� ��������� �������� ���� ����������� ������ �����������ǡ� ���� �������� ���
������ ����� ���� ����ǡ� ���� ���� ����� ������ ����� �������� ��� ����������Ǥ� 	��� ����
�������� ��� �� ������� ������ ����ǡ� �� ���������� ���� ������������ ���� ��� ������ ������ ��
����������������Ǥ������������������������������������������������������������ǡ�������
����������������������������������������������������ǡ�������������������������
������������������Ǧ�����������������������������ǡ������������������������� �������
���������������������������Ǥ�

���������������������ǲ�����������Ǧ���������ǳǡ������������������������������������
������������������������������ǡ����������������������������������������������������
�������������������������������ǯ������������������������������������������� ����
��������ǣ� ���� ���������� �������ǡ� ���������� ���� �������� ����� ����� ����� �������
������������������ǡ��������������������������������������������������������Ǥ����
�������������ǡ������������������������������������������������������ǡ������������
�����������������������������������ǡ��������������������������������Ǥ��

����������� ��� ����������� ���� ������� �������� ���������� ���� ���� ������ ��� ����
������������������������������������������������������Ǥ�����������������������������
��������������������������������������������������������������������������������
���������������������ǣ����������������������������������ǡ���������ǡ�������������������
����������������������ǡ�����������������������������������Ǥ��

�

Goal�

Understanding the 
problem�

௺௻௺



�
�����������������������������������������

�

�
������������������������������������������������������

�

�

������� �� ������� ������� ����� �������������������� ������ �������� ���� �������ǡ�
����������������������������������������������������������������������Ǥ����������
����������������������������������������������������ǡ������� ������������������
���������������������ǡ������������������������������������������������������������
�������������������������������������������������������������ǡ������������������
��������ǡ� ���� ������������ ���� ������������ ��� ���� �������Ǥ���� ������ �� ����������
�������������������������������������������������ǣ��Ǥ�Ǥ
Ǥ�Ǥ�Ǥ�ȋ����������������������

����������������������ȌǤ������������������������ǡ���������ǡ����������������������
�� ������ ��� ������� ��������� ���� �����ǡ� ������ ������� ������� ����� �������� ����
�������������������������������ǣ���������������������������������������������������
���������� ��������� ���������� ���� ��������� ���� ���� ��������Ǥ� �� ������ ������� ����
�������������������������������������������������������������������������������
���������Ǥ�

Exploring the 
opportunities�

NIGHTDAY

௺௻௻



 

�

���������������������������������������������������������������������������������
����������������������������������������������������������������������������������Ǥ�
�����������������������������������������������������ǡ�������������������������
�����������������������������������������������Ǥ�����������ǡ���������������������
���������������ǡ���������������������������������������������������������������Ǥ��

������������������������������������������������������������������������������������
���������������������������������������Ǥ����� ����������� ����������������������
���������������������������������������������ǡ���������������������������������������Ǥ�
���� ���� ������ ��� ���� ����� ��� ��� �������� ��������� ��� ����������� ���������������
�������� ��� ���� �������� ������ ����������� ���� ���� ��������� ��� ������Ǥ� ���
���������������� ��������������������������������ǡ������������������������������
������� ���� ���� ���� ������ ���� ���� ���������� ���� �����ǡ� ��� ��������� �� ���� ���
�����������������������������Ǥ��

�������������� ��������������� ��� ��������� ��� ������������� ������ ���� ���������
����������������������������������������������ǡ������������������������������������ǡ�
���������������������������������Ǥ���������������������������������������ǡ������������
����������������������������������������������������������������������Ǥ�

�������������������������������������������������������������������������ǡ�����������
��� ���� ���������� ��� ��������� ��������������ǡ� ����� ������� ���� ������������ ���
�������������������������������������������������������������������������������
��������������������������ǡ��������������������������������������������������������
����Ǥ�

��������������������������������������������������������������������������ǡ�������
�����������������������������������������������������������������������Ǥ�����ǡ�������
��������������������������� ��������������ǡ� �������������������������������������ǡ�
������ �������� ��� ����� ��� ������� ���������� ���� ��������������Ǥ� ���� ���������
���������ǡ�������������� ������������� ����������� ��� ���� ������������������ ���������
�����������������������������ǣ�����������������������������������������������������
����������������������������������������������������������������������������Ǥ�

�

���������������ǡ������������������ǡ�����������������ǡ�ʹͲͲͺǤ��

	�������������ǡ�����ǡ�������ǡ��������ǣ������±�����������Ö������������ǡ��������ǡ�������ǡ�
ʹͲͲͲ�

�������� �Ǥ�Ǥǡ� ��������ǡ� ������ǡ� ���� �������������� ��������������� ��� ������������
������� ���� ������ ��������� ��������ǡ� ���� ����������������� ͳͻǡ� ������ ͳͶͷǦͳ͸ͳǡ�
ͳͻͻͻ�

�����������ǡ� ����������ǡ����������� 
�����ǡ���������� ������� ������������� ����������
��������ǡ�����ʹͲͳ͸�

��������� ����������ǡ� ������������ 
������� ���� ��������� ������ǡ� ������� ���
��������ǣ� ����������ǡ� �������ǡ� ����� �������ǡ� ����� �Ǥʹ� Ǧ� ������ �����������ǡ�
��������������������ǡ���������ʹͲͳͳ�
�
����������� ����ǡ� � 
������� ����Ǧ����� ǡ� ������� ����� ����� ��� ����ǣ� ���� ��������� ���
�����������ǡ�������ǡ�ʹͲͳ͹�
�

Generating a solution�

Main bibliographic 
references�

௺௻௼



	

BE	SEI	|	Wiseair	
	

Executive	summary	

The	 SEI	 Bioengineering	 project	was	 born	 from	 a	 clear	 challenge:	 to	
find	an	application	on	the	market	of	an	innovative	technology	studied	
within	the	IIT,	the	microbial	fuel	cell	(MFC).	Microbial	Fuel	Cell	is	an	
electrochemical	 system	 able	 to	 generate	 electricity	 from	 the	
oxidation	of	organic	matter	present	 into	natural	environments,	such	
as	 in	 particular	 plants’	 soil.	 Despite	 its	 innovation	 potential,	 the	
technical	limitations	of	such	technology	(above	all	the	extremely	low	
achievable	power	rate)	still	obstruct	attempts	to	get	it	out	of	research	
centres	and	universities.	

	After	a	long	phase	of	research	and	ideation,	we	decided	to	overcome	
the	limits	by	leveraging	the	strengths	of	technology:	(i)	the	ability	to	
produce	energy	(albeit	little)	in	a	natural	and	continuous	way	(ii)	the	
possibility	 to	 integrate	 technology	 into	 a	 familiar	 and	 design	 object	
like	a	balcony	plant	pot.	This	is	how	Arianna	is	born.	Arianna	is	an	IoT	
balcony	pot,	that	exploits	the	energy	produced	by	an	integrated	MFC	
to	power	an	air	quality	sensor	hidden	inside.		

Arianna	was	our	way	of	applying	MFCs	to	one	of	the	biggest	problems	
facing	 cities	 today:	 urban	 air	 pollution.	 Taking	 advantage	 of	 the	
technology,	 we	 invented	 a	 stand-alone	 sensor,	 which	 requires	 no	
network	connections	or	batteries,	and	is	presented	as	an	object	close	
to	the	end	user.		

From	 this	 idea	was	born	 a	 first	 prototype	 and	 then	 a	 real	 company	
called	Wiseair.	Today,	Wiseair's	mission	is	to	create	hyperlocal	maps	
of	air	quality,	giving	urban	communities	of	problem-sensitive	citizens	
the	 opportunity	 to	 participate	 in	 the	 construction	 of	 capillary	
monitoring	infrastructures	by	simply	placing	a	vase	on	their	balcony.	
The	data	collected	by	hundreds	of	Ariannas	distributed	 in	our	cities	
will	 be	 the	 starting	 point	 to	 find	 the	most	 effective	 solutions	 in	 the	
fight	against	pollution,	promote	them	and	certify	their	impact.	
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The	project	 involves	 the	development	of	 the	 application	of	Microbial	Fuel	Cells	
(MFC)	 for	 the	 power	 supply	 of	 sensors	 with	 application	 in	 the	 field	 of	 air	
monitoring.	 Microbial	 Fuel	 Cells	 are	 a	 technology	 designed	 to	 allow	 the	
exploitation	 of	 the	 exoelectronic	 activity	 of	 bacteria	 for	 power	 and	 energy	
production.	 Energy	 production	 takes	 place	 directly	 using	 fuels	 which	 are	
naturally	 present	 in	 the	 soil	 and	 related	 with	 the	 plant	 metabolism:	 these	
systems	are	therefore	able	to	produce	energy	by	working	in	direct	contact	with	
the	roots	of	the	plants.	The	idea	of	the	team	is	to	exploit	this	energy	produced	for	
the	 supply,	 operation	 and	data	 transmission	of	 a	 sensor	 system	 for	monitoring	
air	 quality	 (in	 particular,	 particulate	 matter).	 The	 main	 focus	 of	 the	 project	 is	
product	 development,	 with	 a	 view	 to	 evolving	 the	MFC	 system	 towards	 a	 real	
application	able	to	penetrate	the	market	and	create	value.	
	

The	 project	 team	 is	 composed	 of	 six	 engineering	 students	 with	 highly	
heterogeneous	skills,	both	in	the	IT	and	in	the	industrial	domain:	

Fulvio	 Bambusi	 is	 a	 Computer	 Engineering	 student	 at	 Politecnico	 di	 Milano	
specialised	in	Big	Data	and	software	development.	
	
Paolo	 Barbato	 is	 an	 Energy	 Engineering	 student	 at	 Politecnico	 di	 Milano	
specialised	in	renewable	energy	and	system	modelling.	
	
Mateus	dos	Reis	Barone	is	a	Management	Engineering	student	at	Politecnico	di	
Torino	specialised	in	supply	chain	management	and	project	management.	
	
Carlo	 Alberto	 Gaetaniello	 is	 an	 Energy	 Engineering	 student	 at	 Politecnico	 di	
Milano	specialised	in	energy	management	and	efficiency.		
	
Giulio	 Matarazzo	 is	 a	 Chemical	 Engineering	 student	 at	 Politecnico	 di	 Torino	
specialised	in	innovation	processes	design	and	oil	&	gas	plant	design.	
	
Bernardita	 Stitic	 is	 a	 Electronic	 Engineering	 student	 at	 Politecnico	 di	 Torino	
specialised	in	microcontrollers	and	circuit	design.	
	
The	whole	team	is	characterised	by	a	strong	attitude	towards	entrepreneurship	
and	innovation	combined	with	solid	scientific	and	technical	skills.	
	

Microbial	Fuells	Cells,	with	a	TRL	between	3	and	4	(Moro,	et	al.,	2017),	is	still	an	
immature	technology	for	which	further	applied	research	must	be	carried	out	to	
overcome	 many	 technical	 limitations.	 Nevertheless,	 in	 such	 an	 early	 stage	 of	
development,	a	recognized	and	specific	need	is	required	capable	of	 fostering	its	
diffusion	 and	 industrial	 development	 and	 of	 attracting	 public	 and	 private	
stakeholders	and	investors.	

In	such	a	context,	the	project	focuses	on	the	following	two	main	objectives:	

-	Demonstrate	 the	 feasibility	 of	 electricity	 generation	 from	 plants	 with	 MFC	
technology	by	developing	a	small-scale	working	prototype;	

-	 Find	 and	 innovative	 and	 market-ready	 business	 idea	 leveraging	 on	 the	
potentialities	 of	 MFCs	 to	 push	 the	 technology	 out	 of	 the	 labs	 while	 solving	 an	
actual	problem.	

	

There	 are	 several	 technical	 limitations	 that	 make	 MFCs	 not	 competitive	 with	
other	 incumbent	 technologies.	 The	 first	 one	 is	 represented	 by	 the	 low	
conversion	 yield	 of	 the	 organic	 matter,	 which	 typically	 lies	 between	 1%	 and	
3%.	In	 addition	 to	 that,	 the	 lack	 of	 any	 relevant	 real-world	 use	 case	 has	
significantly	hindered	the	 industrial	development	of	 the	technology,	which	now	
is	 only	 studied	 and	 tested	 in	 lab-scale	 systems	 built	 for	 purely	 academic	
purposes.	The	low	reliability	and	stability	of	these	systems	and	their	high	cost	
are	the	main	obstacles	that,	combined	with	the	low	energy	output,	challenged	the	
team	throughout	the	entire	search	for	a	viable	solution.		
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Setup	and	Testing	of	the	bio-electrochemical	system	at	the	ChiLab	(research	centre	of	the	
IIT)	
	

	
Presentation	of	the	project	at	the	Party	for	Planet	event	in	Milan	

	

In	 the	 initial	 phases	 of	 the	 project	 we	 focused	 on	 a	 long	 research	 and	
classification	 work	 to	 understand	 what	 were	 the	 main	 applications	 currently	
feasible	for	Microbial	Fuel	Cell.	The	main	ones	we	found	were:	

Access	 to	 electricity	 in	 remote	 areas.	 Thanks	 to	MFC	 technology	 used	 as	 an	
energy	harvesting	technique,	we	are	able	to	produce	electric	energy	from	many	
renewable	 and	 largely	 available	 sources	 of	 organic	 matters	 like	 human	 and	
animals’	wastes,	soil,	water	etc.	.		

Exploring	the	
opportunities	
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Autonomous	 sensors.	 It	 is	 forecasted	 that	 autonomous	 sensors	 will	 replace	
battery-powered	 sensors	 in	 the	 next	 few	 years.	 	 In	 this	 context,	 due	 to	 their	
capability	 of	 continuously	 generating	 electric	 energy	 on-site,	 MFCs	 are	 a	 good	
potential	 candidate	 to	 overcome	 the	 old	 battery-centred	 paradigm	 and	 move	
towards	the	new	concept	of	self-powered	sensor.	
	
The	 design	 phase	 was	 conducted	 with	 the	 idea	 of	 finding	 an	 application	 that	
could	 overcome	 the	 limits	 of	 the	 Microbial	 Fuel	 Call,	 leveraging	 instead	 the	
strengths.	 For	 years,	 attempts	 were	 made	 to	 find	 industrial	 applications	 for	
MFCs,	such	as	energy	production,	but	with	poor	results	because	the	technology	is	
still	 too	 immature	 and	 offers	 poor	 performance.	We	 have	 therefore	 decided	 to	
focus	instead	on	the	energy	harvesting	sector	and	on	the	possibility	of	using	the	
energy	 produced	 by	 the	 MFC	 to	 power	 autonomous	 sensors	 that	 require	 low	
consumption.	We	have	produced	more	than	60	ideas,	classifying	them	based	on	
two	main	parameters:	value	to	the	customer	and	effort.	Thanks	to	this	analysis,	
we	find	a	great	potential	in	applying	MFC	in	the	field	of	air	pollution	monitoring	
	

In	 order	 to	 drive	 the	 design	 of	 our	 product	 we	 investigated	 the	 features	 that	
customers	appreciate	and	evaluate	the	most.	
We	 identified	 three	 main	 properties:	 	 low	 maintenance,	 data	 intensity	 and	
aesthetic	value.	 Via	 the	 case	 study	of	 smart	 citizens,	we	discovered	 that	users	
perceive	the	maintenance	of	sensors	as	a	low	value-added	activity,	hence	are	not	
eager	 to	 perform	 it.	 On	 the	 other	 hand,	 the	 market	 of	 air	 quality	 data	 is	
expanding,	 and	 so	 it	 is	 vital	 that	 the	 the	product	 produces	 a	 reliable	 stream	of	
information.	
Finally,	 in	order	to	easily	penetrate	the	market	and	spread	in	our	cities,	the	pot	
must	 be	 extremely	 appealing	 to	 the	 consumers.	 We	 decided	 to	 enforce	 this	
property	 by	 leveraging	 two	 different	 strategies.	 First,	 we	 gave	 our	 sensor	 a	
familiar	and	friendly	appearance.	Moreover,	we	created	a	community	to	motivate	
and	encourage	our	customers	and	to	promote	debate	on	the	theme	of	air	quality.	
As	 far	 as	 the	 low	 maintenance	 is	 concerned,	 we	 designed	 the	 circuit	 to	 be	
autonomous	 from	 the	 energy	 point	 of	 view,	 and	 we	 enabled	 wireless	
transmission	of	data	so	as	minimize	the	need	of	user	intervention.	Wireless,	real	
time	 transmission	 of	 data	 does	 also	 address	 the	 requirement	 of	 high	 data	
intensity.	
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