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ANNEX 1: TECHNICAL REPORT 
 

1. Preface 
 

In Apulia, but more generally in all Italy, there is a management problem of the immense cultural and 

architectural heritage inherited; many of the main monuments turn out to be hardly usable to users, 

despite the efforts made by the various governmental organizations, as they are poor in terms of services 

and due to the presence of obsolete installations exposed to various risk conditions. The possibility of 

incorporating equipment and systems capable of providing the required services becomes difficult for 

historic buildings subject to various types of constraints (see Cultural Heritage and Landscape Code, 

Article 10 of Law No. 137 of July 6, 2002). The need to preserve historic buildings and make them 

usable by the greatest number of users is not only a cultural need, but also an economic and 

developmental one.  

Over time and as technology advances, there emerges the need to strike a delicate balance between 

preserving the past and achieving the future. This is especially true when it comes to electrical 

installations within historic monuments. 

Preserving the character of historic buildings is of fundamental importance, as they offer a glimpse into 

a place's past and remind us of the cultural and architectural achievements of past eras. When it comes 

to electrical installations, the challenge lies precisely in seamlessly integrating modern technology while 

respecting the integrity and authenticity of these structures. One of the main characteristics of electrical 

installations for historic monuments is to ensure minimal visual impact. Electrical and lighting 

installations must be incorporated into the architecture while preserving the original aesthetics of the 

building. For example, in large ballrooms or ornate theaters, modern lighting fixtures can be carefully 

installed to provide adequate illumination while maintaining the ambiance of the space. 

This research activity starts with a series of electrical components for power and signal distribution 

(double-sided conductive flat tapes and/or consisting of optical fibers) that can be applied directly on 

the wall cladding without affecting the walls and will be aimed at developing a complete power supply 

and communication system that can support an IoT sensor application.  The integration of smart 

technologies can also play a significant role in balancing modern needs and historic preservation. Using 

smart sensors and automation systems, energy consumption can be optimized, ensuring that lights and 

electrical equipment are used only when needed. 

The project includes an initial design phase of a multi-sensor capable of monitoring multiple variables 

and providing a number of preventive indications related to fire hazards, crowding, pathogens, seismic 

events, and crimes against artistic heritage. This multi-sensor will be able to be equipped with 

accelerometers, displacement transducers, occupancy sensors, humidity and temperature sensors, 

intrusion detectors, seismic detectors with analysis of the intensity of shock, change in inclination or a 

datum related to progressive structural failure, etc., and will be useful in safely managing historic 

buildings while preserving their historical and architectural value and ensuring their usability. Particular 

attention will be paid to the fire-fighting system that will be based on automatic detection of fire 

principles with the support of a communication system optimized to collect data from various sensors 

and prepared to activate all implementation systems to safeguard users, operators and environments. 

The high fire resistance of power and communication systems based on conductive tapes and their 

redundant use will make the level of safety of such a firefighting system high. In these environments, 

the use of fiber-optic transmission will be able to ensure broadband communication capacity over which 
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images, videos and large volumes of data can also travel to serve users on totems dedicated for the 

purpose.  

The control of the level of healthiness of the air and the body temperature of the users is of importance, 

particularly at this time of Covid19 emergency. Another critical element of the environments subject to 

innovation in the project is the level of brightness; the optimization of lighting in the environment sees 

in conflict the needs of fruition with those of conservation of the works, as light radiation is a primary 

agent of degradation of the materials, which, if exposed to light in a prolonged manner or with 

inadequate lighting, can suffer irreversible alterations. For this reason, in the project special attention 

will be paid to the implementation of a infra-red and ultraviolet radiation dosimeter aimed at preserving 

paintings, frescoes, manuscripts etc. from degradation resulting from radiation, but also from molds, 

which are sensitive to such radiation and in particular historical (and naturalistic environments such as 

caves) can cause significant damage to the heritage. For the optimization of room lighting, reference 

will be made to regulatory guidelines and standards on the prevention of photo-induced damage in 

museum environments, bearing in mind that the current situation at the level of standardization of criteria 

and procedures is in full evolution. These guidelines and standards include, as an example, the Technical 

Specification CEN/TS 16163:2014 “Conservation of Cultural Heritage - Guidelines and procedures for 

choosing appropriate lighting for indoor exhibitions,” published in 2014 and implemented in the same 

year by UNI. The simultaneous measurement of infrared and ultraviolet and that of other parameters 

obtainable from the multi-sensor will also allow for the optimization of the exposure of objects in 

relation to air conditions, crowding and energy consumption. 

2. Smart monitoring of cultural heritage buildings 
According to a U.S. Department of Energy report, buildings consume 41 percent of total energy in the 

United States [Cantin et al., 2012; Sbci, 2019]. Optimal control of building environmental variables, 

such as temperature, humidity, light, etc., has a significant impact on indoor environmental quality and 

building energy efficiency. Such control usually depends on a series of sensors that connect the built 

environment with lighting and heating, ventilation, and air conditioning (HVAC) systems [Dong et al., 

2019].  

On the one hand, lighting and HVAC systems consume 70 percent of the energy used in commercial 

office buildings [Boonekamp, 2007; Pérez-Lombard et al., 2008; Nguyen and Aiello, 2013]. In addition, 

the built environment consumes a lot of energy from nonrenewable energy sources, which are 

responsible for the production of major global warming gases, such as carbon dioxide, sulfur dioxide, 

and nitrogen dioxide [Boonekamp, 2007; Sheikhi et al., 2016]. Therefore, it is important to reduce 

energy consumption in the built environment. On the other hand, energy consumption in the built 

environment is directly related to occupant behavior in the building. Therefore, occupancy information 

in the building environment is an important parameter for efficient energy use. In order to understand 

the behavior pattern of occupants in the built environment, different types of sensors have been used 

[Andersen, 2015]. Sensor information helps to analyze occupants' behavior and occupancy patterns and 

thermal and visual preferences, which facilitate the building automation system to create better control 

of energy use and indoor environment quality. 

In addition, the productivity and health of occupants are highly influenced by indoor environmental 

quality [Navada et al., 2013; Choi, 2016]. Maintaining the optimal comfort zone is critical for the built 

environment. For example, if the indoor environment is too cold, the occupant experiences laziness and 

discomfort, and the coldness is responsible for some health problems, which affect the occupant's 

working mind and gradually reduce productivity [Wyon, 2004]. Therefore, it is important to maintain a 

good thermal environment condition in buildings. The lighting condition in the office building is also 

an important factor for occupant productivity [Choi, 2016]. According to human physiology, daylight is 
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more suitable for better occupant productivity than artificial lights. According to the American Society 

of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) standard 90.1 on occupant visual 

comfort, a lighting intensity of 500 lx should be maintained for the workspace within an office building 

[Gentile et al., 2016]. 

Previous research studies show that it is critical to understand occupant presence and feedback of indoor 

environmental conditions based on individual thermal and visual comfort. In many previous research 

studies [Yeom et al., 2017], occupant presence is determined using various indoor sensors. Analysis of 

thermal comfort in the indoor environment generally uses temperature, humidity and air velocity 

sensors. In addition, wearable sensors are used to measure individual thermal comfort preferences. 

Mobile pupillometric sensors and photo sensors are used to better perceive individual visual comfort. 

To enable better monitoring and control of indoor air quality, sensors for volatile organic compounds, 

particulate matter, and CO2 have been implemented . 

Cultural heritage structures (e.g., ancient palaces, museums, etc.) are specific objects that must meet 

very strict requirements for internal operating conditions (e.g., indoor environment and security 

conditions). Inadequate conditions of the indoor environment (mainly values and fluctuations in 

temperature and relative humidity) and irregular situations (e.g., inappropriate use of facilities such as 

theft or extreme conditions such as earthquakes) in such facilities can deteriorate or even destroy 

collected artifacts. [Ferdyn-Grygierek, 2014]. Typical collections such as wood, papers and skins (or 

even structural elements) are particularly sensitive to high levels of temperature and relative humidity. 

UNI10829:1999 states that the ranges of optimal air temperature and relative humidity values for 

ethnographic collections are 19-24 °C and 45-60%, respectively, while the optimal values for painting 

collections are 19-24 °C for temperature and 40-55% for humidity. The temperature and humidity ranges 

are also suggested in the literature. Based on different sources, van Schijndel [Schijndel et al., 2008] 

lists the required ranges of temperature and relative humidity in exhibition rooms: relative humidity 

between 40 and 50 percent or between 48 and 55 percent, relative humidity change less than 3 percent 

per day; air temperature between 16 and 18 °C, temperature change less than 2 K/h. As for paper storage 

conditions, the following values are recommended: 45-60% for relative humidity and 20 °C for average 

temperature. Other authors [Mueller, 2013; Papadopoulos et al., 2003] recommend that humidity 

fluctuations should not exceed ±5%RH, and temperature fluctuations ±3 K of the adopted value. 

Temperature and humidity fluctuations should be slow, not quick and of short duration, because they 

have a devastating impact on the condition of exposed objects, especially those sensitive to humidity 

fluctuations. In addition, several safety aspects must also be considered, both with regard to artworks 

and visitors. 

In order to provide a better understanding of the above descriptions, indoor environment monitoring 

requirements can be divided into categories, where some categories may be needed for a certain type of 

environment, as below: 

 

2.1. General requirements of the indoor environment 
 

The health and productivity of occupants and the safe conditions of valuable elements in the indoor 

environment depend on indoor environmental quality (IEQ). Detailed occupancy information in the 

building environment improves energy conservation, thermal comfort, and indoor air quality. 

Thermostats, smart meters, CO2 and heart rate sensors are used to detect the thermal environmental 

quality of the living space. A better understanding of occupants' perception of indoor environmental 

quality helps occupants become more productive and healthier. At the same time, analyzing occupant 
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behavior patterns using occupancy sensors helps improve energy conservation in the built environment 

[Navada et al., 2013; Choi, 2016; Jin et al., 2018]. 

Sensors are widely used in Building Energy and Comfort Management (BECM). The goal of BECM is 

to monitor, analyze and optimize building energy consumption and achieve better indoor environmental 

quality by using different sensors [Ekwevugbe et al., 2012; Tetlow et al., 2014]. The main application 

of sensors in buildings is to optimize energy consumption, achieving better thermal, visual, and indoor 

air quality comfort, as well as reporting irregular hazard situations. 

 

2.2. Lighting requirements 
 

Indoor environment management in museums mainly includes temperature, humidity, air quality and 

lighting [Lucchi, 2018; Tan and Dang, 2022]. Simply, as an essential factor for the preservation and 

display of artifacts, the lighting environment of museums is very special and complex, as it must take 

into account the interaction between materials and light. Collected artifacts can be divided into two 

categories, namely insensitive and sensitive to light to varying degrees. Relevant museum lighting 

standards consistently show that [157-2004, RP-30-17, GB/T 23863-2009], some pigments, paper, silk, 

canvas, etc. are important components of light-sensitive exhibits such as paintings, which are the main 

research objects of this paper.  

In light of the value and high light sensitivity of paintings, it is crucial to take into account lighting 

deterioration based on lighting parameters, including the SPD of light sources, spectral absorption 

response characteristics of irradiated material, irradiance and irradiance time. The spectral composition 

of light sources in museums is mainly concentrated in visible light, with a small amount of UV and IR 

radiation that must be minimized. Moreover, visible light is not only an important factor affecting 

visitors' sense of experience, but is also a known cause of deterioration in the illumination of paintings, 

especially for their typically highly light-sensitive materials, such as some pigments, silk, paper, etc. 

Table 1 shows the illuminance and exposure limits for museum paintings recommended by various 

standards. 

 

Table 1: Illuminance and exposure limits for museum paintings recommended by various standards. 

Item Lighting (lx) Exposure (lx-h/y) References 

Paper substrate 
50 15000 CIE 2004 

50 50000 GB/T 23863-2009 

Silk substrate 
50 15000 CIE 2004 

50 50000 GB/T 23863-2009 

 

The CIE standard "CIE S 008/E-2001 (ISO 8995:2002) - Lighting of Indoor Work Places" specifies 

lighting requirements for indoor workplaces to enable people to perform visual tasks efficiently, 

comfortably and safely throughout the work period. The standard provides a table of interiors (areas), 

tasks and activities, with specifications for lighting, glare limitation and color quality, as can be seen in 

Table 2. However, it treats the museum as an interior of an entertainment venue while providing a note 

that reads, "Lighting to meet exposure requirements, protect from radiation effects." It indicates to 

consult the " Museum Lighting Guide." 
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Table 2: Activity schedule of interiors (areas) with specification of illuminance, glare limitation and color quality. 

Area  

Lighting 

maintained 

(lx) 

Unified glare 

limitation 

Minimum 

color 

rendering 

index 

Notes 

Places of entertainment 

Museum 

(general) 
300 19 80 

Appropriate illumination for 

exposure needs, protection 

from radiation effects.  
Notes: Illumination and its distribution over work areas and the surrounding area have an important impact on the speed, 

safety, and comfort with which a person perceives and performs the visual task. The glare discomfort rating of the illumination 

system should be determined using the CIE Unified Glare Rating (UGR) tabular method. Finally, color rendering (up to 100%) 

is an index related to both visual performance and the feeling of comfort and well-being that colors in the environment of 

objects and human skin are rendered naturally, correctly, and such that people appear attractive and healthy. 

As important as the exhibitions in museums are, visitors are essential elements, which is reflected in the 

fact that they are not only the ones who appreciate the exhibits, but also the social base on which 

museums depend for their survival (i.e., lighting quality). Therefore, it is necessary to accurately 

establish the model of lighting quality of paintings from the above parameters. According to the Code 

for the Lighting Design of Museums (hereinafter Code) [GB/T 23863-2009], the correlated color 

temperature (CCT) of light sources for paintings should be below 3300 K. Finally, lighting energy-

saving research complies with the requirements of sustainable museum development when it does not 

harm paintings and meets their lighting quality. For lighting energy saving, existing strategies focus on 

lamp replacement and control, especially LEDs and their intelligent spectrum control and dimming 

system. 

Based on previous specifications, the international standard EN 12464-1 specifies only general lighting 

for museums. For passage and waiting areas, >300 lx with a color rendering value of Ra≥80 is required. 

However, Re≥95 is more suitable for evaluating high color rendering qualities. Regarding the lighting 

of exhibition spaces, the standard has this specific condition: ''The lighting is determined by the 

requirements of the exhibition.'' It is therefore up to the system operator to determine what quality of 

lighting should be present. 

2.3. Anti-theft monitoring 
 

The most popular anti-theft technology is the burglar alarm, which has been applied in various sectors. 

In the financial sector, such as banks, ATMs and other places, the installation of burglar alarm devices 

can minimize the occurrence of criminal cases such as theft. Traditional anti-theft products commonly 

used are infrared microwave detectors, glass break detectors, microwave target motion detectors, and 

magnetic door detectors [Liu et al., 2019]. However, innovative sensors can be used to provide other 

indications, such as light, CO2 , pressure, humidity, temperature, and 6-axis sensors. Each individual 

sensor, in addition to its function in the daily monitoring routine, can provide additional indications of 

the unusual and unexpected change in environmental parameters during the night, caused by illegal entry 

or activity, which can be translated into theft situations.  

 

2.4. Outdoor and indoor fires 
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Developments in sensor-based technologies assume an important role in preventive fire detection to 

minimize the consequences. Previous detection technologies relied mainly on particle-activated 'point 

sensors'. These were based on heat, gas, flame, smoke and other important fire characteristics [Gaur et 

al, 2019; 2020]. They are activated when particles reach the sensor body from the fire source, which 

causes some delay in their responses. They work remarkably for flame and smoke detection in small 

rooms of a building, but they are not suitable for large, open spaces. Because particles have to traverse 

a longer path to reach the sensor. Flames and smoke have certain static and dynamic characteristics, 

such as color and motion respectively. Point sensors do not use these important characteristics to detect 

fire [Celik, 2010]. The task of firefighting becomes easier if information about the location of flames 

and smoke, their severity, height, growth, direction, etc. is known. Such multidimensional information 

is not possible with point sensors [Arthur, 2018]. However, for smaller spatial locations, these are the 

low-cost options to detect smoke and flames and can be used for multisensor systems in a 

complementary way. Therefore, a clear distinction must be made between open and indoor monitoring 

in order to specify the most appropriate sensor. However, additional sensors used in the environmental 

indicator can be used to provide additional information that can be integrated with classical fire detection 

technologies, such as UV sensors and pressure sensors. In addition, others such as 6-axis sensors can be 

used to monitor specific elements (e.g., the deformation of specific structural elements during a fire). 

 

2.5. Some special situations (ex: Castellana Grotte). 
 

Additional requirements may be expected in a particular environment, as in the case of the Castellana 

Grotte, which are a geological and speleological site of primary importance for Puglia and Italy. Caves 

are living and continuous places; they are a very delicate and valuable habitat that must be known and 

managed scientifically. Several problems occur in such a delicate environment, starting with 

lampenflora (the green that appears around so-called 'hot' light sources). Another aspect that needs to be 

taken into consideration, especially during the busiest periods, are the groups of tourists in the cave. In 

fact, it often happens that visitors are not respectful. In addition, visitors breathe and, depending on the 

number, their contribution should be able to compensate and not overpower the balance of the caves. 

 

2.6. Objectives and organization of the text 
 

In light of these requirements, the following chapters aim to provide flexible solutions related to the 

electrical systems of cultural heritage structures and operating conditions based on the highlighted 

problems. In addition, the main requirements of the multi-sensor to keep the operating conditions under 

control are defined. Finally, the action commands and flowchart of collected data and related actions 

during operation are discussed, and some commercial solutions of specific low-cost sensors are reported. 

In particular, Chapter 3 provides an integrated solution for electrical systems in cultural heritage 

facilities that involve the use of flat tapes. This solution can be integrated with a specific lighting system, 

shown in Chapter 4. This is a lighting option suitable for various facilities, including museums, taking 

into account the sensitivity requirements of artworks. Chapters 5 and 6 provide additional answers for 

ensuring healthy operating conditions (such as air quality and temperature). In relation to flat electrical 

tapes, a flexible push-button (via radio) technology that does not cause damage to historic structures is 

proposed in Chapter 7. Chapter 8 discusses the specifics of indoor monitoring requirements for museums 

and other significant cultural heritage facilities. Chapters 9 and 10 discuss data collection and processing 

and actions to consider, respectively. Chapter 11 briefly presents some low-cost commercial sensor 
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solutions that could be adopted in the multi-sensor presented above. Finally, Chapter 12 outlines 

possible future developments. 

 

3. Next-Tape: Flat tapes that can be applied on masonry facing 

without affecting walls for power and signal distribution 
 

Next-Tape is an innovative ultra-flat double-sided electrical tape that is set to revolutionize the electrical 

connection industry. It is a deeply innovative, safe and efficient ultra-flat electrical tape, only 0.25/0.31 

mm thick, which sticks to the wall and becomes invisible with shaving and painting. It installs flawlessly 

in new and existing construction, in architecturally listed buildings, in places with higher fire hazards, 

and finally in temporary installations. 

The tape is the key element behind all the development presented in this paper, which can integrate with 

other components and technologies, including multi-sensor. 

 

 
Figure 1: Indicative comparison of tape thickness with finger size 

 

3.1. Tape components 
 

A flat, adhesive, folding, flame-resistant electric tape in continuity of planting for as much as two hours 

at 850 °C, of variable thickness, which provides maximum flexibility of use thanks to the quick adhesive 

application system, which does not involve cutting into walls. So, it is intended to offer an ideal solution 

for churches, museums and buildings subject to architectural constraints. 

The tape consists of very thin strips of electrolytic copper, with 99% purity, placed between two sheets 

of polypropylene-based insulating material. The copper tape remains encapsulated between the two 

insulating sheets, bonded using appropriate adhesives that ensure durability and adhesiveness such that 

no air pockets are created within it during installation and during its functional life. 
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The heat dissipation capacity of the tape is about 20 times higher than that of a traditional conductor 

(Comparison of a cable and Next-Tape of 1.5 mm2 maintaining AC usage and considering the skin 

effect) because the tape, being a flat surface, dissipates heat faster than a traditional cable. 

The thickness can be 0.25 or 0.31 mm, while the width can vary from 25 to 75 mm, depending on the 

number of conductors constituting the tape. 

The multi-conductor flat tape consists of the following parts: 

• conductors (single-conductor or multi-conductor) ultra-flat electrolytically annealed copper, 

characterized by remarkable ductility and flexibility; 

• two polypropylene films between which copper is bonded by glue developed through years of 

research, with electrical and mechanical characteristics unique to date. 

The tape is best suited for the implementation of the following installations: 

▪ Integration of lighting systems 

▪ Security installations 

▪ Home automation systems 

▪ KNX installations 

▪ Audio systems 

▪ Air conditioning systems 

 

Table 3: The available tapes 

Name Photos Details 

Energy Tapes 

NM2BT15 

(C/P) 

 

• 2 x 1.5 mm2 tracks 

• Total tape width 50 mm Thickness 0.25 mm 

• Current capacity 13.5 A 

NM3BT15 

(C/P) 

 

• 3 x 1.5 mm2 tracks 

• Total tape width 75 mm Thickness 0.25 mm 

• Current capacity 13.5 A 

NM2BT25 

(C/P) 

 

• 2 tracks of 2.25 mm2 

• Total tape width 50 mm Thickness 0.31 mm 

• Current capacity 20.25 A 
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NM3BT25 

(C/P) 

 

• 3 tracks of 2.25 mm2 

• Total tape width 75 mm Thickness 0.31 mm 

• Current capacity 20.25 A 

 

 

 

 

Note: Energy and data tapes are offered in both customer (C) and professional (P); in both design and 

structural versions with fiberglass cloth reinforcement. The product can be packaged in box 

(1/2.5/5/10/15/25 meters), and/or roll (10/15/25/50/100/150 meters). 

 

 

 

 

 

 

 

 

Special Tapes 

AUDIO 

GOLD 

 

- 

FIBER 

FTTH 

 

- 

Bus Tapes 

M2BT05 

(C/P) 

 

• C/P) 

• 2 x 0.5 mm2 tracks 

• Total tape width 25 mm Thickness 0.25 mm 

• Current carrying capacity 4.5 A 

NM4BT05 

(C/P) 

 

• 4 x 0.5 mm2 tracks 

• Total tape width 50 mm Thickness 0.25 mm 

• Current carrying capacity 4.5 A 
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NM2BT25C105 

(C/P) 

 

• 2 tracks of 2.25 mm2 + 1 track of 0.5 mm2 Total 

tape width 75 mm 

• Thickness 0.31 mm 

• Current capacity 20.15 + 4.5 A 

NM2BT15C205  

(C/P) 

 

• 2 tracks of 2.25 mm2 + 2 tracks of 0.5 mm2 Total 

tape width 75 mm 

• Thickness 0.31 mm 

• Current capacity 20.15 + 4.5 A 

 

 

 

Table 4: Modes of application 

 

1. Outline the wall to adjust the placement of the Next-Tape. 

2. For a perfect application of the Next-Tape tape, it is recommended 

to pass a coat of Primer, to remove dust remains. 

 

3. You may use the spatula to best spread the Next-Tape tape on the 

wall. 

 

4. Cover Next-Tape with the plaster holder net*. 

5. Cover Next-Tape with crack cover tape*. 
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6. Pass one or two coats of color. 

*Below 2.5 m, adhesive polycarbonate protective tape NPP10_8 should be installed. 

 

 

 

3.2. Construction, technical and use characteristics of electric tape 
(Further details can be found in Appendix 4.) 

• Power line consisting of a strip type NM3BT15 (3x1.5 mm2) (phase-neutral-PE). 

• Electrolytic red copper conductor, 99% pure, consisting of 3 continuous copper strips of 0.10 

mm or 0.15 mm thickness, the width of which is a function of the conductor cross section. 

• Construction form: flat strip of total thickness (tape + insulation) 0.25 mm or 0.35 mm, 

depending on section. 

• Maximum tensile effort (useful in web unwinding stages): 50 N/mm2 

• Conditions of use: installations for power systems, both AC and DC, use for special systems 

(auxiliary systems, home automation, KNX, etc.). 

• After the tape has been laid, it is possible to plaster and paint the walls affected by the 

intervention. Adhesive underfloor installation (tiles, parquet, carpeting, etc.) is also provided, 

which will be ensured by the use of the structural tarpaulin version of the tape. 

• Insulation consisting of two transparent PP (polypropylene) films that, imprison copper plates 

in a controlled manner. The polypropylene films are double-sided, with water-based acrylic-

type glue. Coverage of the films is achieved with bisiliconed paper. 

• At the beginning and end of the strip, and at intermediate positions-during the processing cycle-

marking the phase conductor, neutral conductor, protective conductor (ground symbol:  ) in 

the middle position. 

• Adaptation in place to CPR regulation (EU 305/ 2011) Cca - s1b - d1 - a1 (Fire risk level: 

medium). 

• Type of installation: the tape should be bonded to surfaces (concrete, masonry, plasterboard; 

wooden or metal walls) 

• The entire tape suite-data and energy-is also offered in the extension line, which is useful for 

making temporary circuits, both customer and professional, non-adhesive. 

  

The electrical/physical/environmental characteristics and fire resistance of the electrical tape are given 

in the following tables: 
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Table 5: Electrical and physical characteristics of electrical tape 

Properties Value Note 

Rated voltage U0 450 V - 

Rated voltage U 750 V - 

Rated voltage Um 1000 V - 

Current density 9 A/mm2 AT +25 °C (T )amb 

Test voltage 5000 V - 

Breaking tension 16000 V 
Bari Polytechnic 

Insulation Test 

Maximum operating temperature: +85 °C - 

Minimum operating temperature: -10 °C - 

 

 

 

Table 6: Environmental characteristics 

Properties Value Note 

Storage and transportation temperature -10 °C to +50 °C - 

Ambient temperature during installation +5 °C to +55 °C  

Maximum relative humidity 100% AT Tamb  =25 °C: 

95% AT Tamb  =20 °C: 

Maximum altitude of use 5000 m  

 

Table 7: Fire resistance 

Properties Duration Temperature Note 

Fire resistance in 

continuity 
77 minutes 

983 °C 

(on non-REI wall) 
LAPI TEST* 

Fire resistance in 

continuity 
120 minutes 

850 °C 

(on non-REI wall) 
LAPI TEST* 

The tapes have passed the tests required by current standards about meeting the criteria of "FIRE 

RESISTANCE" and "NO FLAME PROPAGATION." 
CEI - EN - 60332/1 - 1; CEI - EN - 60332/1 - 2; CEI - EN - 69332/1 - 1 and CEI - EN - 69332/1 - 2. 

Emission of toxic and opaque fumes below the maximum limits allowed by the EU regulation - 

305/2011 p 

* Further details can be found in Annex 3 

The tape meets all major European certifications (insulation test, operating voltage test, fire resistance 

test, and flame non-propagation test) declaring its full compliance with safety standards. Further tests 

are currently being conducted by the Bari Polytechnic University and the joint TÜV certifying body. 

 

Table 8: Corresponding standards and tests 

Norma Year Details 

IEC EN 50565-1 

(IEC 20-40/1) 
2015 

Electrical Cables - Guide to the use of cables with rated voltage not 

exceeding 450/750 V /Uo/U). 
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Part 1: General Criteria. The standard provides guidelines to help 

installers, wiring designers and end users understand the characteristics 

of power cables with rated voltages not exceeding 450/750 V (Uo/U) 

or equivalent DC voltages 

CEI EN 50525-1 

(IEC 20-107/1) 
2011 

Electric cables - Guide to the use of cables with rated voltage not 

exceeding 450/750 V /Uo/U). Part 1: General criteria 

Part 1: "General Requirements"-the standard provides general 

requirements for rigid and flexible cables with Uo/U voltage up to 

450/750 V AC used in power systems and with domestic and industrial 

equipment 

IEC EN 50396 

CEI 20-84 
2007 Non-electrical test methods for low-voltage energy cables 

IEC EN 60332-2 2006 Testing of electrical and optical cables under fire conditions 

IEC EN 60332-2 

(IEC 20-35/2) 
2006 Testing of electrical and fiber optic cables under fire conditions 

IEC EN 60228 

(IEC 20-29) 
2006 

"Insulated cable conductors" 

the standard specifies nominal cross-sections between 0.5 mm2 and 

2500 mm2 for use in electric cable conductors and includes 

requirements for the diameter and number of wires and their electrical 

resistance values 

CEI EN 50395 

CEI 20-80 
2006 Electrical test methods for low-voltage power cables. 

IEC 20-22 2006 Fire non-propagation test procedures and requirements 

IEC EN 60332-2 2006 Testing of electrical and optical cables under fire conditions 

IEC EN 60332-2 

(IEC 20-35/2) 
2006 Testing of electrical and fiber optic cables under fire conditions 

CEI EN60332-1-2:2006  

CEI EN60332-1-1:2006 

EN60332-1-2:2004 

EN60332-1-1:2004 

2004 

2006 
Test for non-propagation of flame on a single insulated conductor or 

cable. 

CEI EN 60332-1-3 2004 
Testing of electrical and fiber optic cables under fire conditions. 

Part 1-1: Test for vertical flame propagation on a single insulated 

conductor or cable. Procedure for determining drops or ignited pieces. 

IEC EN 60811-4 

(CEI 20-34/1-4) 
2005 

Test methods for insulating and sheathing materials of electrical cables 

Part 1: Test methods for general applications 

Section 4: Low temperature testing 

CEI EN 60811-4-1 

(CEI 20-34/4-1) 
2005 

Test methods for insulating and sheathing materials of electrical cables 

Common test methods 

Part 4-1: Specific methods for polyethylene compounds and 

of polypropylene 

CEI EN 60811-4-2 

(CEI 20-34/4-2) 
2005 

Test methods for insulating and sheathing materials of electrical and 

optical cables. Common test methods 

Part 4-2: Specific methods for polyethylene compounds and 

of polypropylene 

IEC 60331-31 2002 
Testing for electrical cables under fire conditions-Circuit integrity. 

Part 3-1: Procedures and requirements for behavior in the presence of 

mechanical shock - Cables with a rated voltage not exceeding 0.6/1 kv 

CEI EN 61034-2.2006 

CEI EN 61034-1.2006 

EN 61034-2:2005 

EN61034-1:2005 

2002 
Measurement of smoke density of burning cables under defined 

conditions. 

CEI EN 60811-1-1 

(CEI 20-34/1-1) 
2001 

Test methods for insulating and sheathing materials of electrical cables. 

Part 1: Test methods for general applications. 

CEI EN 60811-1-2 

(CEI 20-34/1-2) 
2001 

Test methods for insulating and sheathing materials of electrical cables. 

Part 1: Test methods for general applications. 
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Section 2: Accelerated aging treatments. 

CEI EN 60811-1-3 

(CEI 20-34/1-3) 
2001 

Test methods for insulating and sheathing materials of electrical cables. 

Part 1: Test methods for general applications. 

EN 50268 - 2 

(EN 61034-2) 

IEC 20-37/3-1 

2000 
"Common test methods for cables under fire conditions. 

Measurement of smoke density of cables burning under defined 

conditions" Part 2: Test procedures 

EN 50200 

(IEC 20-36) 
2000 

Test method for fire resistance of small unprotected cables for their use 

in emergency circuits 

EN 60754 

(IEC 20-37/7) 
2000 

Measurement of the amount of toxic gases emitted during cable 

combustion 

CEI EN 50305.2003 

EN 50305:2002 

BS EN 50305:2002 

2000 Cables having special requirements under fire conditions Test methods 

CEI EN 50267-2-

1:1999 

CEI EN 50267-1:1999 

EN50267-2-1:1998 

EN50267-1:1998 

1998 

1999 

Amount of hydrogen halide gas 

Part 1-1: Test for vertical flame propagation on a single insulated 

conductor or cable 

EN1364-1 ed.1999 

UNI EN 1363-1: 1999 
1999 

Determination of fire resistance of an unloaded wall. 

Symmetry partition wall made of standard plasterboard sheets with 

"Energy Tape" electrical conductors applied inside. The tape passed the 

test with a fire resistance of 77 min. at the temperature of 983 °C with 

a standard wall (not REI) 

 

3.3. Finishing and connection possibilities 
 

The tape gives the possibility to be finished in 3 different ways, depending on one's application 

requirements: with simple crack-covering tape for direct wall painting (3); with plaster netting (2) for 

wall smoothing (and subsequent painting); or with a protective film (1)-mandatory below 2.5 m for LV 

(220 V) application-perfect, for example, for floor application. 
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Figure 2: Three modes of tape finishing 

 

 

The connectors are specially designed to allow easy and perfect connection to the traditional power 

line. The Connector Kit consists of a tape holder foil, 1 crimped 20 cm wire, 1 connector, 2 supports. 
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Figure 3: Next connectors 

 

3.4. Benefits 
 

Ease of installation 

Next-Tape is presented as a revolutionary solution because it is installed by simply attaching it to the 

wall or floor, thanks to the very high strength glue (3.2 N/cm). It is capable of solving every problem of 

machining, renovation, breaking through walls for traces while reducing installation time, by 15 times 

compared to traditional systems. 

 
Figure 4: Easy installation with bendability 

 

 

Versatility of use 
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Next-Tape adapts to all kinds of surfaces. It can be placed on concrete walls, on wood paneling, on 

plasterboard sheets, behind baseboards, under floors. 

Next-Tape adapts perfectly to unexpected changes in plant design. 

 
Figure 5: Location of the tape on structural and nonstructural elements. 

Thickness and impact resistance 

The low thickness (0.25 ÷ 0.31 mm) makes the electrical tape invisible after painting, resulting in a very 

good aesthetic solution without compromising its resistance to impact, compression, and blows from 

blunt objects (IEC 60331 - 31:2002). 

 
Figure 6: Example of tape invisibility after painting 

 

Security 
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The tape has passed all safety tests in laboratories of the Accredia circuit, which declares its full 

compliance with standards. Next-Tape has DNV certificate C554958 (certifies that the products bearing 

it meet the safety requirements set by EU directives. Such products can circulate freely in EU countries). 

 
Figure 7: Next-Tape has the DNV certificate C554958 

New and existing construction 

Next-Tape proves efficient for both public and private buildings. 

It boasts of very high flexibility of use as it ensures that the plant can be expanded without having to 

perform machining. 

 
Figure 8: Example of tape adaptability for existing buildings 

 

Places at greatest risk of fire 
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The tape is a solution for environments with higher fire risk, as it prevents the spread of flame, smoke 

and toxic gases. Installed on a plasterboard wall and subjected to a destructive test with an ultrafast 

curve, the flat electrical tape achieved a result in plant continuity of 77 minutes, before the collapse of 

the entire structure, at a temperature of 983°C. 

 
Figure 9: Example of tape adaptability in environments with higher fire risk 

Historical environments 

Flat electrical tape is proposed as a solution for the implementation of installations in structures subject 

to architectural constraints and the control of the Superintendence of Cultural Heritage (churches, 

museums, historical buildings, etc.) 

 
Figure 10: Example of tape adaptability in buildings subject to architectural constraints or the control of the 

Superintendence of Cultural Heritage 

Temporary set-ups 
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Flat electrical tape is an ideal system to facilitate the installation of electrical systems in temporary 

structures that are set up for occasional events such as: fairs, conventions, concerts, etc. 

 
Figure 11: Example of tape adaptability for temporary set-ups 

3.5. Security 
 

Next-Tape has DNV certificate C554958 (certifies that the products having it meet the safety 

requirements set by EU directives. Such products can circulate freely in EU countries). 
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3.6. Adaptability to cultural heritage buildings and museums 
 

This chapter provides an overall comparison between traditional cables and the innovative Next-Tape, 

evaluating the following aspects: 1- the social utility of Next-Tape; 2- the advantages from the structural 

point of view; 3- the mode of implementation; 4- the ecological impact; 5- the applications of Next -

tape in different sectors; 6- the advantages from the environmental point of view; and 7- the economic 

factor. 

 

Social utility  

The tape presents itself as a solution for solving efficiency and data and energy supply problems, such 

as bringing power to private (new and existing homes) and public (Hospitals, commercial premises, 

industries) buildings, but also and especially for efficiency in all buildings subject to Architectural 

Constraints, as well as Churches and Museums, because the Next-Tape laying system allows to 

safeguard frescoes, paintings, masonry and valuable structures, delivering a safe and performing electro-

lighting system both from the energy and application point of view. 

 
Figure 12: Adaptability of flat tapes to buildings of various types 

Benefits from a structural point of view 

With the development of household appliances first and with home automation later, there has been an 

adaptation that has resulted in a gradual increase in the complexity of systems; so much so that in a 

contemporary home we count an average of about 2.5/3 kilometers of AC electrical cables, and 5/600 
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meters of piping. The former create electromagnetic fields, while the latter cause: structural weakening 

of walls, loss of acoustic and energy class. In addition, the use of conduits (under-track or off-track), 

make homes vulnerable to the circulation of toxic combustion emissions (the leading cause of death in 

case of fire). 

With the flat tape it is possible to realize an equivalent installation with about 200 meters of tape, without 

the use of conduits and with a limited use of under-track piping, resulting more efficient, both in 

reference to risk classes (fire, structural, seismic, acoustic, energy, etc.), and in the preservation of 

masonry in the case of constrained buildings (historical, artistic, of complex structure). Installation time 

and environmental impact are reduced to the essentials, as highlighted below in the environmental and 

economic comparison of the tape. In addition, the system will also be able to offer greater security even 

in reference to electromagnetic fields, especially through the use of 48 VDC energy networks and 

electromagnetism-free FTTH data networks. 

The flat strip concept grants great freedom of use through an electrical system that is no longer static 

but modular, scalable and efficient, offering maximum flexibility and living comfort. More generally, 

the system easily responds to a wide variety of site requirements, to the point of being able to offer 

(double-loop) wiring of an entire housing unit, deferring to the end customer the benefit of choosing, 

with the help of the designer, the exact location of outlets (data and energy), and light points. The concept 

is designed with a layer of gypsum wall (gypsum board), so the modification involves only a cut in the 

drywall layer and the doweling of the necessary item. 

Comparison of traditional and Next-Tape circuits 

This section presents a comparison, in terms of installation, between a traditional power line, consisting 

of three FS17 conductors (3x1x1.5 mm2), and a power line consisting of Next-Tape NM3BT15 tape. 

For the purpose, consider an extension of an existing line in order to feed a new utility, such as an outlet 

or light point. 

 
Figure 13: Traditional line realization 

 

The necessary operations, in sequence, are: 
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Figure 14: Line realization with Next-Tape nm3bt15 

 

The following aspects basically emerge from the two procedures described: 

• Drastic reduction in lead time with flat tape: from tests conducted, the time required is 10 times 

less. 

• Absence of track opening on the wall, with no spoilage material. 

• The almost complete absence of track opening and closing results in a large reduction in the 

cost of landfilling waste material with a consequent reduction in CO2 released into the 

atmosphere. 

• No reduction in energy performance of the envelope. 

• No decrease in acoustic performance. 

• Reduced commitment of logistics for procurement of components and their delivery to points 

of use. 

• An electrical installation made with Next-Tape tape is eco-friendly. 

• Ease of the System for total and flexible scalability and mouldability of interventions in time 

and space. 
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Ecological impact 

 

The following comparison considers the production comparison of traditional power cables and Next-

Tape flat tape, both of which are deputed for the implementation of electrical systems in residential 

construction. For the comparison, a traditional line consisting of No. 3 single-pole conductors type FS17, 

in formation (3x1x1.5 mm2) (phase-neutral-PE) and the Next-Tape multi-pole tape type NM3BT15 

(3x1.5 mm2), (phase-neutral-PE) is considered. 

Table 9: Comparison between traditional production line and Next-Tape tape 

Traditional FS17 line (3x1x1.5 mm2 ) 

(PHASE - NEUTRAL - PE) 

Next-Tape NM3BT15 (3x1.5mm ) 2 

(PHASE - NEUTRAL - PE) 

Construction characteristics 

• Red copper flexible, consisting of thin wires 

• PVC (polyvinyl chloride) insulation 

• Circular construction shape 

• Core colors: black, brown, light blue, gray, 

red, white, orange, pink, turquoise, violet. 

• Maximum pulling effort: 50 N/mm2 

• Marking according to CPR regulation (EU 

305/2011) Cca-s3-d1-a3 

• Fire risk level: low 

• Conditions of use: to be installed within 

exposed, recessed piping or other similar 

closed systems. Installation in free air is not 

allowed. 

• A 99% pure electrolytic red copper conductor 

consisting of 3 continuous copper strips of 

0.10 or 0.15 mm thickness, the width of 

which is a function of the conductor cross 

section. 

• Construction form: flat strip of total thickness 

(strip + insulation) 0.25 or 0.31 mm, 

depending on section. 

• Maximum tensile stress (useful in web 

unwinding stages): 50 N/mm2 

• Fire risk level: medium 

• Type of installation: the tape should be 

bonded to surfaces (concrete, masonry, 

plasterboard; wooden or metal walls) 

• Insulation consisting of two transparent PP 

(polypropylene) films that, imprison copper 

plates in a controlled manner. The 

polypropylene films are double-sided, with 

water-based acrylic-type glue. Coverage of 

the films is achieved with bisiliconed paper. 

• At the beginning and end of the strip, and at 

intermediate positions-during the processing 

cycle-marking the phase conductor, neutral 

conductor, protective conductor (ground 

symbol) in the middle position. 

• Adaptation in place to the CPR regulation 

(EU 305/ 2011) Cca - s1b - d1 - a1 

• Conditions of use: installations for power 

systems, both AC and DC, use for special 

systems (auxiliary systems, home 

automation, KNX, etc.). 

• After the tape is laid, it is possible to plaster, 

shave and paint the walls affected by the 

intervention. Adhesive underfloor 

installation (tiles, parquet, carpet, etc.) is also 

planned, which will be ensured by the use of 

the structural tarpaulin version of the tape. 
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• The entire tape suite-data and energy-is also 

offered in the extension line, which is useful 

for making temporary circuits, both customer 

and professional, non-adhesive. 

Electrical and physical characteristics 

• Rated voltage U0 : 450 V 

• Rated voltage U: 750 V 

• Rated voltage Um : 1000 V 

• Test voltage: 3000 V 

• Maximum operating temperature: +70 °C 

• Maximum short circuit temperature: +160 °C 

• Minimum operating temperature: -10 °C 

allowed for free air installation. 

• Rated voltage U0 : 450V 

• Rated voltage U: 750V 

• Rated voltage Um : 1000V 

• Current density: 9 A/mm2 at +25 °C (Tamb) 

• Test voltage: 5,000V 

• Breaking voltage: 16,000V (Insulation test of 

Bari Polytechnic University) 

• Maximum operating temperature: +85 °C 

• Minimum operating temperature: -10 °C 

Comparison of copper-insulator weights 

• Single conductor copper weight: 14.4 g/m 

• Copper weight of the line: 43 g/m 

• Insulation weight (PVC) of single conductor: 

6.6 g/m 

• Line insulation weight: 20 g/m 

• Weight (copper + insulation) of the line: 63 

g/m 

• Weight of flexible tubing: 50 g/m-De = 20 

mm 

• Weight of the whole line (unipolar 

conductors = flexible PVC pipe) P = 63 + 50 

= 113 g. 

• Copper weight of the line: 43 g/m 

• PP tape weight of the line: 10 g/m (x2) = 20 

g 

• Weight of the whole line (copper + PP tape) 

P = 43 + 20 = 63 g 

Current flow rate Iz * 

• Iz = 15.37 A 

 

• Iz = 26.50 A 

• A flow rate about 72% higher than that 

provided by the line with FS17 conductors 
Weight** 

(Considering a typical, 100 m2, 5-room apartment, the technical indicators provide the following data). 

• Line length (F-N-PE): 190 m approx. 

• Copper weight: 43g/m x 190 m = 8,170 gr = 

8.17 kg 

• Line length (F-N-PE): 567 m approx. 

• Copper weight: 43 g/m x 567 m = 24,381 g = 

24.381Kg 
* Further details can be found in Annex 2 

** Weights listed vary by manufacturer. 

 

From the above data, it is clear that there is a copper saving of about 16 kg (conductors) in addition to 

about 39.6 kg of plastic material including the trace piping of the system, for the entire apartment, with 

significant benefits for the environment with a CO2 production saving of about 90% in relation to the 

Next-Tape product consumed. There is also a significant reduction in storage and logistics costs. 

The ecological advantages in terms of CO2 production are further amplified in the context of Next-Tape 

electrical circuit implementation, which, thanks to the flat and environmentally friendly laying system 

(Hive-Smart System), avoids traces in walls, related disposal charges (economic and environmental), 

ensuring extremely short laying times. 
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Table 10: Summary of the comparison between traditional production line and Next-Tape tape 

 Next-Tape FS17 cable 

Rated voltage U0 450 V 450 V 

Rated voltage U 750 V 750 V 

Rated voltage Um 1000 V 1000 V 

Test voltage 5000 V 3000 V 

Maximum operating 

temperature 

+85 °C +70 °C 

Maximum short circuit 

temperature 

+200 °C +160 °C 

Minimum operating 

temperature 

-10 °C -10 °C 

Copper line weight 43 g/m 43 g/m (14.4x3) 

Line insulation weight 20 g/m 70 g/m 

Total line weight 63 g/m 113 g/m (cable + sheath) 

 

Applications of Next-Tape in different sectors 

 

The applications of tape are the most varied in the residential sector and beyond. Suffice it to mention, 

by way of example, the sectors: 

• Museums 

• Cultural Heritage 

• Cinemas and Theaters 

• Fairs and traveling shows 

• Worship building 

• Motorhomes 

• Naval 

• Aerospace 

• Machine edge 

While as for the existing plant integration, it is the classic problem solving application, which allows the 

integration of a small part of the plant to an existing plant. 

 

 
 Figure 15: Example: integration of a light fixture from controlled light socket using flat tape. The integration is 

minimally invasive, quickly executed, and environmentally effective, with all the advantages mentioned. 
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Another aspect to consider is smart-nano grid integration. This application expresses the trend on which 

global markets have turned for the development of the home automation systems of the future, including 

those aimed at nZEB.  In such applications, it is expected that, for each home environment, there will 

be two perimeter energy rings (one upper and one lower), both made with the flat tape. 

 
 Figure 16: Two-ring system. 

This application is a clear demonstration of the flexibility of use and deployment of Next-Tape, with its 

great electrotechnical potential and simplicity of application for solving data and energy supply 

problems, capable of integrating and making efficient existing, and/or newly built, electrical systems. 

The Next-Tape system offers simple and efficient solutions also, and especially, for the realization of 

complex, integrated and cooperative high-tech electrical systems, thus positioning itself as the most 

effective point solution for the implementation and development of the electrical systems of the future. 

 
Figure 17: Various simple and efficient solutions for the realization of complex, integrated and cooperative high-tech 

electrical systems. 

 

Environmental benefits 
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One of the most high-performance applications of Next-Tape is the realization of a globally unique 

"hybrid" electrical system. The system involves, in one or more environments, the realization of two 

loops, one above 48 VDC , consisting of a 4-track tape (positive polarity, negative polarity) and data bus, 

deputed to the connection of the I/O boards that receive and transmit data from the connected sensors, 

as well as activate the outputs to the individual loads. The sensors will be of a different nature, depending 

on the design intent and the services required (illuminance sensors; shutter control; gas; CO2 ; anti-

flooding, etc.). The second ring, arranged at the bottom, at 230 VAC , deputed to power outlets of 

household appliances and general utilities. 

The informing, innovative concept is that the upper 48 VDC can be powered directly by photovoltaic 

modules, through charge controllers and energy storage batteries.  

Such a system is consistent with nZEB buildings, in which energy needs are provided independently, 

minimizing consumption and environmental impact. For nZEB buildings, the electrical system is only 

one aspect, which must be addressed along with other design considerations, such as: solar exposure, 

room layout, winter heating, summer cooling, controlled mechanical ventilation, programmed operation 

of appliances, etc. All these aspects can be controlled with the system having flat tape as its basis. 

 

 
Figure 18: Two-ring system. 

 

Regarding the average life cycle of electrical cables and tapes, there is, to date, no standard that 

determines the expiration of such cables. The average life of an electrical system is estimated to be about 

25 to 40 years, and is a function of several factors, including: 

• Laying characteristics 

• Employment currents 

• Criteria for protection 

• Load and overload regimes 

• Ground Faults 

• Short circuit regime 

• Fault dwell time 

• Characteristics of insulators 
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Aspects related to the design choices and guidance provided therein are, in addition, to be considered, 

including: 

• Suitability for service conditions. 

• Environmental severity of installation locations (kitchens, gas/diesel boiler rooms). 
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3.7. Case history 
 

Below are several case studies in the form of a graphic catalog.  

 

Swabian Castle in Bari 

 
Figure 19: Realization of power supply line for glass showcases, by Electrical tape NM2BTF15 with floor laying 
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Gozo, Rotunda, Church of St. John the Baptist 

 

 
Figure 20: Implementation of a lighting system for a statue placed in a niche in the church with Electrical Tapes 

NM2BT05 and NM2BT15 and Next-Light LEDs 

 

 



   

32 

 
Figure 21: Implementation of a lighting system for a statue placed in a niche in the church with Electrical Tapes 

NM2BT05 and NM2BT15 and Next-Light LEDs 
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Private apartment in the province of Bari 

 

 
 

 
Figure 22: Construction of a ceiling lighting system for a private apartment with NM4BT05 electrical tape. 
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VET S.r.l. 

 

 
Figure 23: Implementation of a ceiling lighting system for home automation, electrical and renewable energy company 

VET S.r.l. with Electrical Tape NM2BT15 
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Church in Andria (BAT) 

 

 
Figure 24: Implementation of a lighting system using NM3BT15 electrical tape in a church in Andria, Apulia, Italy. 
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Palace of Reason in Padua 

 

 
Figure 25: Implementation of the lighting system for "Under the Hall" at the Palace of Reason in Padua using 

NM3BT25 Electrical Tape and Next-Light LEDs. 
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Company in Matera 

 

 
Figure 26: Construction of the electrification system of a skylight with Next-Tape NM3BT15 for a vaulted room in 

Matera 
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4. Next-Light: Customizable lighting solution adaptable to 

museum needs 
 

Light gives shape and character to the spaces we live in, affects our emotions and well-being. With the 

Next-Light system, completely tailor-made lighting solutions can be studied, customizing length, shape, 

color and even mounting. 

The profiles of the supports are made of aluminum, which ensures dissipation of the heat produced by 

the strip-led lights. By means of appropriately designed electrical couplings and connectors, the various 

profiles can be joined together, thus ensuring continuity and diffusion along the length of the light 

 
Figure 27: Special alloy enables bending and twisting 

 

Application example: Next-Light Intreccio consists of three elements invisibly spliced together to cover 

about 11 meters of bar counter length. 

 

 
Figure 28: Applicability of Next-Light in commercial environments. 
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The profiles are designed to be adapted directly on site and take the desired shape.  

 
Figure 29: The Calender is the tool specifically designed to curve profiles and customize lamps making each project 

unique. 

Another special feature of the light is the special lens that covers and closes the holder. It is made of a 

special polymer and can be made in two versions: opal and transparent. This particular lens has the 

ability to expand the light up to 180 degrees, so much so that in some applications you can distinctly 

perceive the shadow of the holder cast on the wall and it has the ability to mold itself perfectly to the 

sinuous shapes of the light. 

 
Figure 30: Sinuous shape of light 

 

The quality of the light spectrum, with reference to the color rendering index, ensures a more natural 

color vision of illuminated objects. This includes:  
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• Uniform and balanced illumination, allowing the human eye to distinguish all elements without 

alteration of color qualities and without glare; 

• Modular dimming according to individual needs. 

 

 
Figure 31:LUX chart for lamp 

 

The profiles allow the insertion of PCBs, for radio control of lamps, via ENOCEAN/MQTT protocol.  

 
Figure 32: PCBs are adaptable to any DC lamp from 12 to 60 V DC 
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4.1. Led strip 
 

The strip-leds used, of 280 or 700 LEDs/meter, (3000, 4000, 6000 K) naturally diffuse the light in any 

room, making it more comfortable and without shadowy areas. 

Thanks to the special aluminum alloy profile, endless plays of bends and twists can be created, combined 

with different colors that make each lamp unique. 

The led strips are: 

1- Flexible Led Strip 280 led/mt for linear lighting with monochromatic LED. Adhesive tape on 

the back. High density of LEDs allows even illumination on all surfaces. 

 
Figure 33: Strip Led 280 led/mt 

 

2- Flexible Led Strip 700 led/mt for linear lighting with monochromatic LED. Adhesive tape on 

the back. High density of LEDs allows even illumination on all surfaces. 

 
Figure 34: Strip Led 700 led/mt 

 

3- Flexible Led Strip 60 led/mt for linear lighting with monochrome RGB LED. Adhesive tape 

on the back. Double cable header allows faster series connection. 

 
Figure 35: RGB LED 60 leds/mt. 

 

4.2. Light cutting 
Anodized aluminum profile suitable for installation on plasterboard to create play of light with multiple 

geometric shapes. 
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Figure 36: Details of the aluminum profile. 

 

 
Figure 37: Multiple geometric shapes of light 

 

4.3. Light profiles  
 

1- 1 SIDE - 2 SIDE: The special 1-2 Side by Next-Light allows a wide range of possibilities to 

get all the light you want. The profile is designed for 1-Side, top only, 1-Side, bottom only, or 

2-Side, top and bottom. Thanks to the lens, the light is expandable over 180°. The 1-2 Sides can 

be composed of dimmable and/or RGB LEDs. 
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Figure 38: 1 SIDE - 2 SIDE: Anodized aluminum profile suitable for suspension lights. 

 

 

 
Figure 39: Profile details 1 SIDE - 2 SIDE 

 

2- 3 SIDE: The Next-Light Taglio di Luce profile is very suitable for installation on plasterboard 

to create plays of light with multiple geometric shapes. The special 3 Side by Next-Light 

allows a wide range of possibilities to have as much light as you want. The profile is designed 

for 1-sided, 2-sided, or 3-sided lighting expandable over 180° thanks to the lens, dimmable 

and/or RGB. 

 
 

Figure 40: 3 SIDE: Anodized aluminum profile suitable for suspension lights. 

4.4. Case history 
 

Below are several case studies in the form of a graphic catalog.  
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Led staircase Valdagno 

 
 

 
Figures 41: An example of installation of Next-Light on the upper edge of the interior staircase - Valdagno (Province 

of Vicenza).  
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Lighting of a frescoed ceiling 

 

 
Figures 42: An example of Next-Light installation on a frescoed ceiling.  
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Ambiente di lavoro in ufficio 

 

      

      
Figures 43: An example of Next-Light installation on a frescoed ceiling.  
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5. Next-Air: Mechanical ventilation and environmental 

sanitation solution in indoor and museum environments 
 

Indoor pollution is a topical issue. Indoor air quality, in fact, is a key factor in healthiness and comfort 

for people. 

A study by the Ministry of Health points out that indoor air is up to 20 times more polluted than outdoor 

air, just consider the presence of mold, formaldehyde, VOCs (Volatile Organic Compounds) and the 

very high concentration of CO2 released into the air through breathing: an average of 22,000 breaths per 

day and 12,000 liters of air per individual, inevitably degrading the indoor air of each room. All this 

results in malaise, unhealthiness and reduced working capacity. 

Natural ventilation, by opening windows, is not always feasible, as well as energy-consuming. 

In low-energy buildings, the amount of energy lost through ventilation is no longer negligible, so much 

so that it is no longer possible to make a Class A building without air heat recovery. It can be said that 

a Class A building corresponds to a Class B building in which the ventilation system with high-

efficiency heat recovery has been added.  

In a building in zone E-F, where a heat recovery unit with an efficiency of more than 90% is installed, 

20-35 kWh/sq m per year is saved. With a climatic ventilation system, in a building with a high-

performance envelope, it is possible to achieve a reduction in plant and energy supply costs and an 

increase in the value of the building itself as well as the well-being of the people who reside in it.  

 

5.1. Air sanitation system 
 

Next-Air is based on a mechanical ventilation (VMC) and environmental sanitation system with the aim 

of meeting the need for comfort in indoor environments, ensuring the healthiness of the air we breathe. 

It is composed of modules that carry out different stages of air filtration 

The real innovation of the system lies in the unique cylindrical design of the ventilation device that 

allows easy integration with state-of-the-art bacterial disinfection technologies: 

• Ozonation system 

• UV-c LED rays 

• Silver filtration system 

The combination of the various stages makes it possible to maintain consistently optimal levels of indoor 

air quality by removing harmful compounds. There are no chemical additives, and the Silver filter has 

self-cleaning capabilities that extend its maintenance interval significantly. 
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Table 11: Solutions for proper air recirculation. 

Solution Effectiveness/Safety 

 

Natural ventilation 

(handled manually by opening 

windows) 
 

 

Centralized Controlled 

Mechanical Ventilation  

 

Distributed Controlled 

Mechanical Ventilation  

 

Controlled Point Mechanical 

Ventilation with Heat Recovery 

and Air Exchange NEXT-AIR 
 

 

Point-Source Controlled 

Mechanical Ventilation with 

Sanitization and Heat Recovery 

NEXT-AIR Plus 

(handled manually by opening 

windows) 

 

 

Controlled mechanical ventilation 

Next-Air is based on a decentralized or point mechanical ventilation system. There are two types of 

controlled mechanical ventilation: centralized and decentralized:  

• Centralized ventilation is characterized by a single core that pushes air flows into each room 

through ducts. This setup results in high installation costs, as each room must receive a duct, 

maintenance costs for periodic sanitization of the ducts, and a high energy impact (up to 4.8 

kWh/day). 

• Point ventilation, on the other hand, is designed to alternate short cycles of outdoor/indoor - 

indoor/outdoor ventilation for constant air recirculation, without affecting people's comfort, and 

with 5 times lower consumption than centralized. 

Sanitization and disinfection 
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During the outdoor/indoor ventilation cycles, the various sanitization phases intervene as follows: in the 

suction phase, a sensor measures the amount of dust, pollen and fine dust in the air, with the bacteria 

associated with it; the generator calibrates the ozone input according to the data received. If the 

environment is manned, the ozone input will be confined within the cylindrical unit, with the purpose 

of binding to suspended particles, which, thanks to the special electrostatic filter, will not be released 

into the environment. Therefore, there will be no ozone input into the environment when it is manned 

 

 
Figure 44: Sanitization and disinfection steps 

During disinfection, the ozone generator insufflates its maximum deliverable flow rate in an unmanned 

environment. It is preferable to carry out disinfection at night so that when work resumes, the ozone 

concentration is within safe limits. 

5.2. Technology 
Next-Air has a cylindrical design that easily integrates with state-of-the-art bacterial disinfection 

technologies. Given the delicate socioeconomic context worldwide, the World Health Organization 

recognizes that the only strategy apt to reduce the chances of infection lies in total disinfection of 

environments and surfaces in contact with "inhabitants." Disinfection is precisely a measure designed 

to reduce by killing, inactivation or removal/dilution, the greatest amount of microorganisms such as, 

bacteria, viruses, fungi, protozoa, spores, in order to control the risk of infection for people or 

contamination of objects or environments. The most suitable disinfection technologies that can be easily 

integrated with the ventilation system are as follows: 

 
Figure 45: Components of Next-Air 
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OPERATION 

Step 1: ozonation/ionization 

Ozone is a highly unstable natural gas composed of trivalent oxygen (3 oxygen atoms) with great 

oxidizing power. Chemical oxidation is the mechanism behind the degradation process that eliminates 

viruses, bacteria, pathogens and fungi, preventing their replication and spread. Ozone being unstable, a 

few minutes after use, is reduced to molecular oxygen, leaving no trace or chemical residue, unpleasant 

odor or stain on fabrics. Since ozone is heavier than air, it is able to penetrate fabrics and reach where 

other systems would disperse their disinfecting power; it has been calculated that by means of ozone, 

sanitizing values 2000 times higher than with traditional systems are obtained. 

In Italy, the Ministry of Health, with protocol No. 24482 of 31/07/1996, recognized the ozone 

sanitization system as a natural remedy for sterilizing environments contaminated with bacteria, viruses, 

spores, etc. and infested with mites and insects.  

Step 2: UV-c Led rays 

Germicidal UV-c rays avoid the use of invasive chemicals. Next-Air uses UV-c rays of wavelengths 

between 200 and 280 nm, which neutralize pathogens.  

Step 3: silver filter 

The heart of the system centers on the air exchanger with electrostatic filter, and heat recuperator, which, 

thanks to an electrostatic charge, attracts to itself and blocks on its surface the particles of dust, VOC, 

pollen, bacteria, etc., preventing their propagation in indoor environments. 

Under wet conditions, the pure silver filter emits AG2+ ion, which, by increasing the oxidative function 

triggered by ozone, fortifies the whole sanitization process, making the action of UV-c Led rays more 

punctual and precise. 

 

 (a) (b) (c)  
Figure 46: (a) ozonation; (b) UV-c Led; and (c) silver filter. 

 

The silver filter is equipped with appropriate sensor, which, by analyzing the attractiveness of the filter, 

transmits the need to regenerate it to the control board. In the indoor/outdoor phase, the control board 

will initiate the filter cleaning system by actuating piezoelectric transducers, without human 

intervention. The organic material, previously attracted and deposited on the filter surface, is subjected 

to a frequency of periodic oscillations such that it triggers the resonance of the material and its 

detachment from the surface. With this mode it will be possible to maintain the device very easily and 

quickly, thus lengthening the periodic intervals in which to provide for routine maintenance. 
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5.3. Goals and innovation 
 

The goal of the system is, in addition to sanitizing the air, to ensure a healthy and comfortable 

microclimate by providing the correct room temperature, adequate air recirculation, and controlled 

humidity. In addition, point-controlled mechanical ventilation (VMC) and air sanitization are integrated 

into a single system. 

The difference between the presented system and other traditional systems can be summarized as 

follows: 

1. Technological innovation: Next-Air exploits technologies, which are independent of each 

other, synergistic and complementary, with the aim of ensuring not only air healthiness, but also 

efficient thermal flow management and high living comfort. 

2. Adaptability: Next-Air can be integrated into various types of buildings, from public to private. 

3. Ease of installation: Thanks to the Next-Air tubular element, it is easy to install on walls of 

various thicknesses. In addition, it requires no traces on walls thanks to the use of the 

complementary NextTape by NIR system, the revolutionary adhesive flat electrical cable. 

4. Sustainability: Next-Air can also be powered at very low voltage (48 V DC) via a charge 

controller connected to a photovoltaic system as a primary source and from storage via batteries. 

5. Energy saving: Working in a timely manner in each environment due to its modularity, Next-

Air guarantees high performance and maximum energy efficiency with heat recovery. 

6. Maintenance: The structure is such that it allows plug-and-play simplified filter maintenance. 

5.4. Benefits 
 

The advantages of the system presented can be summarized into three groups according to the following 

objectives: 

I. Physical well-being and hygiene: 

1. Air exchange; 

2. Control of internal pollutants; 

3. Humidity control; 

4. Abatement of pollutants input from outside; 

5. Absence of drafts caused by opening windows; 

6. Reduction of harmful substances contained in furniture and paint. 

II.Living comfort: 

1. Absence of noise from opening windows; 

2. Elimination of the problem of mold on the walls; 

3. Elimination of odors; 

4. Silent operation; 

5. Application versatility; 

6. Compact plant size. 

III.Energy and cost savings: 

1. Reduced energy consumption due to heat recovery; 

2. Reduced costs resulting from the absence of canal works; 

3. Reduced heating and air conditioning costs; 

4. Increased property value due to higher energy performance; 

5. Low installation costs.  
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6. Next-Warm: Solution that can be integrated with flat tapes for 

heating in indoor and museum environments 
 

Next-Warm is an innovative, low-consumption underfloor heating system (a 48-volt radiant mat) that 

provides environmental comfort in total autonomy. It is powered by a simple power line. It is a Next-

Warm radiant system does not need large thicknesses and can also be built over an existing floor. 

You can use the system to heat apartments, public and industrial premises. In addition, Next-Warm is 

ideal for preventing snow and ice from settling on sidewalks, docks, garage access ramps, and the roofs 

of apartment buildings and factories. By producing heat by radiation Next-Warm spreads a natural 

warmth and, by not acting by convention and not causing air movement, it eliminates the circulation of 

dust and mites. 

 
Figure 47: Next-Warm does not need large thicknesses and can also be built over an existing floor 

 

The Next-Warm kit consists of electric heating membranes of different lengths combined with toroidal 

transformers with varying powers depending on the energy requirements of the area to be heated. 

Heating membranes ensure uniformity of heat distribution, speed of set-up, and, most importantly, 

comfort and safety. The membranes must be laid over a layer of insulation material (not provided in the 

kit).  

The Next-Warm heating membrane consists of a conductive element-which has been patented-coupled 

with multiple reinforcements, all protected by a polyester film. 

The current circulates through the fabric and, by the "joule" effect, is transformed into thermal energy. 

The membrane heats up and, by thermal conduction, releases heat to the screed in which it is immersed. 
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Figure 48: Current circulates in the tissue, transforming into thermal energy that results in heat release. 

Table 12: Characteristics of the Next-Warm system. 

Model Features 

Area 

from/to* 

(sqm) 

heatable 

*The heatable area 

varies depending on 

the degree of 

insulation of the 

building and the 

design outdoor 

temperature. 

 
Length 

mt. 
Watts 

Pot. 

W / sqm 
Volt  

JESS 20 L 20 

280 35 12 

4-10 420 55 15 

600 75 18 

JESS 30 L 30 

440 35 18 

6-12 660 55 23 

900 75 27 

JESS 40 L 40 

560 35 24 

8-20 880 55 31 

1200 75 36 

JESS 50 L 50 

700 35 30 

10-30 1100 55 39 

1500 75 45 

 

6.1. Sizing 
As with any heating system, before installing a system, the heat loss of the room to be heated must be 

calculated. 

The amount of mat to be installed depends on the dispersion and floor area of the room. A single model 

that can be sectioned as needed allows zero waste and installation in any condition and time frame.  
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The power of the system to be installed must be at least equal to the thermal calculation of the room. If 

it is not possible to install the required power in the room (too small floor area or if the recommended 

power per square meter is exceeded), a heating appliance must be installed to compensate for this 

deficiency. 

Within renovation or new construction projects, it is a system that, if well integrated, can provide real 

savings and greater thermal comfort.  

Since the aesthetic aspect also wants its share, it should also be emphasized that the customization 

solutions of panel finishing are many and well suited to all furnishing solutions and different styles of 

architectural environments. 

 

6.2. Innovation 
 

You can maintain the ideal temperature by heating or cooling only the rooms you want, with a daily or 

weekly schedule that you can change at any time. The comfort of an ideal temperature is combined with 

the advantage of energy saving. 

Control solutions enable the system to use web services for better remote management and control. In 

fact, with control solutions we are able to communicate with the Internet portal that offers the desired 

services in remote control. 

Next-Warm heating is the most suitable and the most innovative: always low temperature and high 

radiation, but most importantly aimed at both human and pet well-being. 

The use of heating bodies using infrared places these products at the top of heat exchange technology. 

Low temperature requires that heat exchange by radiation be provided by high surface areas and high 

emissivity coefficients in the infrared. 

6.3. Energy saving 
 

With the Next-Warm electric heating system, which has low thermal inertia and is self-modulating, it is 

possible to achieve outstanding performance results with extraordinary savings. You save immediately, 

compared to natural gas, oil or in installing a heat pump, in system and construction costs. You save 

during the year because there are no costs for maintenance, flue gas control, etc. 
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7. Next-Button: Radio button system without notching the walls 
 

It is an innovative wireless push-button system that, thanks to EnOcean technology, does not require 

electricity to be activated. The system takes advantage of wireless home automation with the proven 

and globally standardized EnOcean technology in the 868 MHz band. With the newly developed 

technique, simple learning of wireless sensors takes place, and functions in actuators without switches 

are clear. The learning of subsequent additional sensors takes place without manual access to the 

actuators, but only with the new wireless technique. Control and visualization take place via 

smartphones and tablets. 

With this innovative system, you no longer need to know where to put the switches to turn on the lights, 

nor the number, because you attach them where you want them and program them with the receiver at 

the central station. 

7.1. Features 
After the actuator is plugged into the socket and the supply voltage is connected, within two minutes the 

wireless control buttons can be learned in the actuator, each through presses on the button. If 

subsequently the learned actuator needs to be changed or sensors need to be added, it can be unlocked 

for this purpose. Dimmer actuators are set as universal dimmers by default and vary automatically 

according to the connected load with rising or falling phase cut-off. 

In several LED lamps, dimming should be greatly improved with rising phase cut.  

Next-T@p wireless switches reduce electrosmog with 100 times less high-frequency emission than 

conventional light switches. Low-frequency alternating fields are also greatly reduced through fewer 

power cables in the building. 

7.2. Versions 
 

The Next-T@p battery-free radio button is available in two versions: one with a rectangular plate and 

one with a square plate, from one or two programmable buttons. 

 

 

 
 

Figure 49: Two versions of the button: one with a rectangular plaque and one with a square plaque, from one or two 

programmable buttons 
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8. Common sensors in indoor monitoring 
 

There are numerous sensors used to understand the quality of the indoor environment and the level of 

satisfaction of individual occupants: 

8.1. Temperature and humidity sensors  
 

Humidity is the presence of water in the air. The amount of water vapor in the air can affect human well-

being and many industrial production processes. The presence of water vapor also affects physical, 

chemical, and biological processes. Temperature and humidity sensors are used to measure the 

characteristics of the indoor environment. Temperature and humidity sensors are widely available in the 

market with different quality, accuracy, and prices. For example, conventional temperature sensors may 

have an accuracy of less than ± 0.5 K [Sardini and Serpelloni, 2011]. However, more accurate 

temperature sensors (e.g., ± 0.1 K) are also available in the market [Cheng and Lee, 2016]. The sensor 

or instrument must be calibrated regularly to address drift and ensure stability. Humidity sensors work 

by detecting changes that alter electrical currents or air temperature. There are three basic types of 

humidity sensors: capacitive, resistive, and thermal. All three types can monitor very small changes in 

the atmosphere to calculate the humidity in the air. 

Thermostats are devices that measure the amount of heat or cold energy generated by an object or 

system. They allow any physical change in that temperature to be discovered or detected and produce 

an analog or digital output. A temperature sensor consists of two basic physical types: Contact 

temperature sensors and noncontact temperature sensors. Contact thermostat types require having 

physical contact with the sensed object and use conduction to monitor temperature changes. Non-contact 

thermostats use convection and radiation to monitor temperature changes. 

 

8.2. Light sensors  
 

A light sensor is a passive device that converts light energy into an electrical output signal. Light sensors 

are more commonly known as photoelectric devices or photosensors because they convert light energy 

(photons) into an electronic signal (electrons). Phototransistors, photoresistors and photodiodes are some 

of the most common types of light-intensity sensors. 

A light level sensor, the photometric sensor, is used to control the intensity of lighting fixtures, based 

on the availability of daylight in the built environment [Navada et al., 2013]. Optimal control of the 

lighting system with the photometric sensor significantly reduces electricity consumption while 

maintaining visual comfort. The fundamental problem with this photometric sensor is its placement in 

the built environment. If it is placed near a window, artificial light is dimmed according to the 

availability of natural light. In contrast, if the occupant stays a little far from the window, he or she may 

feel dissatisfied with the availability of natural light. The average illuminance value in an office building 

is 500 lx in the occupied zone and 300 lx in the unoccupied zone, according to ASHRAE Standard 90.1 

[Gentile et al., 2016]. In addition, other aspects such as color temperature ratio, glare, vertical to 

horizontal illuminance ratio, and light spectrum need to be considered for the control strategy with 

photometric sensors [Veitch et al., 2000; Pandharipande and Caicedo, 2015]. 

A phototransistor, on the other hand, uses the level of brightness it detects to determine how much 

current can flow through the circuit. Therefore, if the sensor is in a dark room, this allows only a small 
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amount of current flow. If it detects bright light, this allows a larger amount of current flow. A 

photoresistor is composed of cadmium sulfide, the resistance of which is highest when the sensor is in 

the dark. When the photoresistor is exposed to light, its resistance decreases in proportion to the light 

intensity. When interfaced with a circuit and balanced with a potentiometer, the change in light intensity 

will show up as a change in voltage. These sensors are simple, reliable and inexpensive, widely used to 

measure light intensity. 

 

8.3. CO2 sensors 
 

The CO2 sensor is used to recognize the presence of occupants in the monitored space by relating the 

presence and concentration of CO2 exhaled by humans [Nassif et al., 2012; Mumma et al., 2004; 

Emmerich and Persily, 2001]. The CO2 sensor measures the concentration of CO2 in the air in parts per 

million (PPM). It is a nonindividualized and explicit sensor and has been widely used in the HVAC 

industry for ventilation with CO2 demand control [Labeodan et al., 2015]. However, this sensor has 

some disadvantages for occupancy detection. The opening and closing of doors in offices and the 

variation of air flow rate of the HVAC system affect air mixing and CO2 concentration , thus generating 

false data on occupancy counting [Meyn et al., 2009]. One control strategy used for occupancy detection 

is the evaluation of the CO2 concentration in the return duct of the HVAC system [Nassif, 2012]. Both 

simulation-based studies and real field cases show that demand-controlled ventilation based on CO2 can 

offer energy savings of up to 60 percent compared to constant ventilation rate systems [Mysen et al., 

2005; Lin and Lau, 2014]. Finally, the same sensor helps detect a fire when it exceeds a predefined 

threshold value and can then trigger an alarm. 

 

8.4. VOC (Volatile Organic Compounds) Sensors. 
 

A VOC sensor detects the concentrations of gaseous materials inside a building, based on the reaction 

between the sensing material and the target gas concertation. Transducers are used to convert 

environmental changes into an electrical signal, which can analyze the quality of the indoor space [White 

et al., 2012]. [Brown et al., 1994] stated that the concentration of VOCs in a stable building is between 

5 and 50 μg/m3. 

The other type of VOC sensor, the solid-state sensor, is based on changes in the electrical properties of 

the semiconductor material [Ho, 2011]. Other types of VOC sensing systems are made with the micro-

electromechanical system (MEMS). This is a transducer connected to a microprocessor that operates 

based on internal environmental changes. The transducer responds to environmental changes and 

generates electrical pulses, which are converted into digital data by a microprocessor [Snyder et al., 

2013; Kumar et al., 2016]. MEMS come in different shapes and sizes and are made of micro-fabrics or 

optical or nanometer materials. 

 

8.5. UV sensors 
 

The UV sensor is basically a flame detector that works by detecting UV radiation at the point of ignition. 

Almost all fires emit UV radiation, so in case of a flame, the sensor would notice it and produce a series 
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of pulses that are converted by the detector electronics into an alarm output. The UV detector has 

advantages and disadvantages. Advantages of the UV detector include its high response speed and 

ability to respond to hydrocarbon, hydrogen, and metal fires. On the other hand, disadvantages of UV 

detectors include response to long-distance welds and the ability to respond to lightning, sparks, etc. 

Finally, it should be noted that UV detectors can be combined with IR infrared detectors into a single 

unit. The combined detector has a better ability to discard false alarms than the single UV or IR detector. 

The UV/IR flame detector has advantages and disadvantages. The advantages include high-speed 

response and no false alarms. In contrast, the disadvantages of the UV/IR flame detector are that it 

cannot be used for non-coal fires and that it can only detect fires that emit both UV/IR radiation, not 

individually. 

 

8.6. 6-axis sensors  
 

The 6-axis sensor consists of three standard axes (yaw, pitch and roll) and a 3-axis accelerometer. In 

total, the device has 6 axes. There are actually other 6-axis sensors that house the accelerometer and 

magnetometer and not the gyroscope. An accelerometer is an electromechanical device for measuring 

acceleration forces. These forces can be static such as the constant force of gravity, or dynamic, caused 

by motion or vibration of the accelerometer. 

The accelerometer can produce analog or digital outputs. Analog accelerometers output a DC voltage 

proportional to acceleration. For example, 2.5 V for 0 g, 2.6 V for 0.5 g, 2.7 V for 1 g.  The 6-axis sensor 

could be mainly used for earthquake detection and deformation/rotation of specific elements in fire. This 

device is usually deployed in the field of robotics for more advanced needs [Sertthin et al., 2010; Kim 

et al., 2018]. 

8.7. Pressure sensors  
 

A pressure sensor is a device that senses pressure and converts it into an analog electrical signal whose 

magnitude depends on the applied pressure. Pressure is defined as the force per unit area that a fluid 

exerts on its surroundings. Since they convert pressure into an electrical signal, they are also called 

pressure transducers.  

Pressure sensors have been widely used in fields such as automobile, manufacturing, aviation, bio-

medical measurements, hydraulic measurements, air conditioning, etc. In instruments such as digital 

blood pressure monitoring devices, pressure sensors are needed to optimize them according to the 

patient's health and needs. Pressure sensors can be used in order to detect abnormal changes in pressure 

conditions in the indoor environment, which could indicate an irregular condition such as fires and 

earthquakes. 

 

9. Analysis of sensor data 
 

The acquisition of sensor data is the first step along the path to gather information from the built 

environment, and data analysis methods are necessary to realize the ultimate goals of using smart and 

advanced sensors in the built environment, reducing energy consumption and demand, creating 
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thermally and visually comfortable environments, and improving indoor air quality. The process of 

transforming sensor data into useful knowledge can be further divided into two stages: transformation 

of data into information and transformation of information into knowledge/actions [Dong et al., 2019] 

as shown in Figure 50 

The first phase involves the acquisition of data from all the sensors used. The second phase consists of 

various processes related to data synchronization when necessary (when the sampling rate is not equal, 

e.g., polynomial fitting of previous data to predict a missing number from a particular sensor). In 

addition, all logical comparisons of all calculations must be performed here with respect to health/safety 

conditions imposed by means of thresholds. Once this step is completed, the output must be transferred 

to the third and final step, where action must be taken based on certain settings related to each specified 

action (e.g., the fire alarm must be confirmed by 2-3 sensors to filter out false alarms from less reliable 

sensors). These actions can be taken mechanically to protect art collections or valuable objects, while 

an audio communication via microphone can be performed to alert building users and occupants to 

leave. 

One last thing to point out is that the general scheme above must be adapted to the details of each 

detection system. 

 

 

Figure 50: Typical process of sensor data analysis. 

 
 

 

  



   

60 

10. NIR multisensors 
 

The NIR structured cabling system involves the arrangement of 2 Next-Tape loops, the flat double-sided 

electrical tape, within the room being addressed: one at 48 V DC and one at 230 V AC. The top ring (48 

V DC) operates as an unbroken line consisting of a 4-wire backbone, two 2.25-mm power2 (positive and 

negative) and two 0.5-mm cross-section data bus wires2 . In the NIR design development, the 230V AC 

part of the power load is supplied only when there is demand. Without actual demand for the 230V AC 

load, the loop is not energized [NIR multi-sensor]. 

A special board can be attached directly to the Next-Tape, which takes voltage and bus and makes them 

available to the control electronics. 

The baseplate has several freely programmable inputs and outputs, such as: lights; shutter motor; point 

mechanical ventilation with heat recovery; and possible sterilization filters using anions or ozone-see 

Next-Air; inputs for magnetic contacts or shutter contacts, etc. 

 
Figure 51:special baseplate that can be attached directly to the Next-Tape. 

One part of the board is arranged to accommodate a special plug-in multisensor, patented and under 

development by NIR, in which there are 9 detection systems: 1) Light sensor; 2) UV sensor; 3) CO2 

sensor ; 4) Volatile Organic Compounds (VOC) sensor; 5) Barometric or Pressure sensor; 6) Humidity 

sensor; 7) Temperature sensor; 8) 6-axis sensor; and 9) Microphone/single audio frequency analysis 

(Fourier Transform). 

 
Figure 52: Simple diagram of the multisensor. 
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The interaction and analysis among the 9 technologies allows for predictivity of specific events such as: 

fire; theft; air quality and its interaction with Controlled Mechanical Ventilation (CMV); energy 

conservation; seismic hazard; and structural failure. 

The detection curve obtained by blending the information from individual technologies is much faster 

and more accurate than the techniques used to date. In addition, the individual technologies will be 

examined in real time by the centralized unit of the NIR System with a special artificial intelligence 

protocol that analyzes and responds in real time to the needs of the system. In addition to the interactions 

between technologies we also have the resulting command actions, which can be single or multiple. 

Example: gas blockage, water blockage, power failure, remote automatic warning. 

Command actions: 

1. Solenoid valve block control (e.g. Water, gas, technical gas, see safety logic special environments 

such as petrochemical), 

2. Current interruption, 

3. Local safety warning (e.g., audio messages for room evacuation, optical-acoustic activation, skylight 

actuation, smoke evacuation), 

4. External warning logics (e.g., 112-115-118), 

5. Deterrence logic (e.g. Smoke actuators, strobe effects, etc.), 

6. Energy saving/comfort logic (second channel of electronic meter, network desire), 

7. Management of energy from own renewable source/storage, 

8. Green towers management (shared energy). 

A simplified flow chart of the multi-sensor operation is presented in Figure 53. 
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Figure 53: Simplified flowchart of multisensor operation. 
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11. Commercial solutions available 
 

The market offers various commercial solutions. However, the final choice must be based on the technical 

requirements and the particularities of the space to be monitored. In addition, the economic factor is essential 

to the final decision. Table 13 1 lists some of the currently available choices. 

Table 13: Some choices available in the market. 

# Article Link 
Price 

(€) 

1 
GY-302 BH170 Light Intensity Sensor Brightness Sensor  

(3 pcs) 
urly.co.uk/3ydk9 13 

2 
Digital LTR390-UV Ultraviolet Sensor Module (C), Direct UV and 

Ambient Light Intensity Index Value Output, I2C Interface 
urly.co.uk/3ydkk 14 

3 
Paradisetronic.com GUVA-S12SD UV light sensor with analog output, 

3-5 V, 240-370 nm, e.g. Arduino 
urly.it/3ydkp 12.5 

4 
HUABAN 1PCS MQ-138 MQ138 Formaldehyde HCHO Gas Sensor 

Module for Volatile Organic Compounds (VOCs) with Alarm Light 
urly.co.uk/3ydks 51 

5 
ANGEEK GY-68 BMP180 Bosch Temperature Module Air Pressure 

Sensor Module Replace BMP085 for arduino (3 pcs) 
urly.it/3ydkw 10 

6 
BME680 Atmospheric Pressure Temperature Humidity Sensor 

Breakout for Arduino 
urly.co.uk/3ydkx 19 

7 
ARCELI 5 temperature sensors and humidity sensor, temperature 

sensors including cables, compatible with Arduino and Raspberry Pi 
urly.co.uk/3ydm1 11 

8 
HALJIA BMI160 Module 6DOF 6 - Angular velocity speed gyroscope 

+ gravity acceleration sensor 6 axis inertial motion sensor - purple 
urly.co.uk/3ydm3 9 

9 
Youmile 5-Pack High Sensitivity Audio Microphone Sensor Detection 

Module for Arduino AVR PIC 
urly.co.uk/3ydm5 9 

 

12. Potential future developments 
 

The previous chapters still need to be refined, and several changes may be necessary according to various 

technical difficulties and other urgent requirements. 

Future phases of this research might include:  

- Choose suitable sensors to build an initial prototype of the multisensory system under development.  

- Data correlation techniques: state-of-the-art study and analysis. 

- Possibility of data integration (Data fusion) and common applications with the current available data set. 

- Code development and validation.  
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Informazioni generali sulle prove 

Laboratorio Laboratorio multidisciplinare LabZERO del Politecnico di Bari 

Sede via G. Amendola, 132, 70126 Bari 

Obiettivo dei test Confronto di prestazioni elettriche di nastri elettrici biadesivi NEXT-Tape 
con quelle di cavi con sezione circolare equivalenti 

Produttore e committente NIR s.r.l. (Next Intelligent Research) 

viale De Laurentis, 29, 70124 Bari (Ba) 

Operatori 
Prof. Ing. Roberto SBRIZZAI, Dott. Ing. Sergio BRUNO, Dott. Ing. Giovanni 
GIANNOCCARO, Dott. Ing. Cosimo IURLARO, Dott. Ing. Carmine RODIO 

Responsabile Laboratorio Prof. Ing. Massimo La Scala: massimo.lascala@poliba.it 

Prodotti in prova Nastro elettrico biadesivo Next-Tape 

Modelli NM2BT05, NM2BT15, NM3BT15, NM2BT25, NM3BT25 

Tipo di test Simulazioni con utilizzo di software basato su FEM (Finite Element 
Method) per la valutazione di proprietà elettriche del nastro elettrico 
biadesivo Next-Tape e loro confronto con le stesse proprietà di cavi 
elettrici con sezione circolare equivalenti  

Data versione 2022.04.06 

Metodologia d’investigazione 

Per analizzare i vantaggi legati alla portata elettrica dei nastri NEXT-Tape ed effettuare un 

confronto con i cavi elettrici tradizionali a sezione circolare si è utilizzato un simulatore FEM in 

cui sono stati modellati i nastri in questione in varie tipologie di posa. Per poter definire i 

parametri di scambio termico legati al nastro e all’ambiente circostante la modellazione FEM del 

nastro e le sue variabili sono state validate in base ai risultati ottenuti in test di laboratorio 

riportati in un precedente report. Si è così ottenuto un prospetto generale dei vari valori di 

portata dei nastri nelle sue principali modalità di posa (“Portate per nastri NEXT-Tape”) e un 

confronto tra le stesse portate dei nastri NEXT-Tape e dei corrispondenti cavi con sezione 

circolare in aria libera (“Confronto di portate per nastri NEXT-Tape in aria libera”). 

Portate per nastri NEXT-Tape 

In Tabella 1 sono mostrati i valori di portata per i vari modelli di nastri NEXT-Tape in aria libera. I 

valori per altri materiali su cui è possibile installare i nastri sono riportati in Tabella 2 e, infine la 

tabella 3 presenta i valori di portata considerando l’applicazione dei nastri su/in cartongesso. La 
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variabilità dei valori di portata nelle diverse condizioni di posa è evidenziata anche dai grafici in 

Figura 1 e Figura 2. 

Tabella 1. Portate di nastri NEXT-Tape in aria libera a temperatura ambiente di 30°C. 

Sez. 
[mm2] 

Numero conduttori per nastro 

2 3 

Mod. IZ [A] Mod. IZ [A] 

0.5 NM2BT05 16.5 --- --- 

1.5 NM2BT15 43.4 NM3BT15 43.4 

2.25 NM2BT25 53.4 NM3BT25 54.7 

 

Tabella 2. Portate di nastri NEXT-Tape in differenti condizioni di posa a temperatura ambiente di 30°C. 

Sez. [mm2] Mod. 

Posa su acciaio Posa su legno Posa su muratura 

Numero conduttori per nastro 

2 3 2 3 2 3 

IZ [A] 

0.5 NM2BT05 14.9 --- 13.65 --- 11 --- 

1.5 
NM2BT15/ 
NM3BT15 

37.1 45.3 35.1 37.7 34.7 36.6 

2.25 
NM2BT25/ 
NM3BT25 

50.6 55.5 43 46.1 42.5 45 

 

Tabella 3. Portate di nastri NEXT-Tape in differenti condizioni di posa su/in cartongesso a temperatura ambiente di 30°C. 

Sez. [mm2] Mod. 

Nastro su Nastro tra due lastre in 

cartongesso 

2 3 2 3 

IZ [A] 

0.5 NM2BT05 14 --- 17.87 --- 

1.5 
NM2BT15/ 
NM3BT15 

35.6 39.6 41.6 48.8 

2.25 
NM2BT25/ 
NM3BT25 

43.7 48.4 51 54.3 

 

Le portate di corrente ottenute sono caratterizzate da valori elevati soprattutto rispetto a quelle 

relative a cavi tradizionali con sezione circolare come viene dimostrato nel seguente paragrafo 

per un’installazione in aria libera. 
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Figura 1. Confronto tra le portate dei nastri NEXT-Tape con 2 conduttori in diverse modalità di posa 

 

Figura 2. Confronto tra le portate dei nastri NEXT-Tape con 3 conduttori in diverse modalità di posa 

Confronto di portate per nastri NEXT-Tape in aria libera 

I nastri elettrici Next-Tape sono caratterizzati da una struttura che presenta una maggiore 

superficie laterale per ogni singolo conduttore rispetto a quella dei cavi con sezione circolare 

equivalente. Questo facilita la dispersione termica rispetto ai tradizionali cavi elettrici con 

sezione circolare permettendo di ottenere, a parità di corrente iniettata, il raggiungimento di 
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temperature più basse. Conseguentemente il valore di corrente iniettata nel nastro che, per 

effetto Joule lo surriscalda fino al raggiungimento della temperatura limite di integrità 

dell’isolante che ricopre il conduttore fissata pari a 80°C, assume valori maggiori nei nastri 

rispetto a quelli dei cavi come è possibile evincere nella Tabella 4 per metodologia di installazione 

in aria libera. Il valore limite di temperatura pari a 80°C per i nastri NEXT-Tape è stato fissato 

adottando un certo margine di sicurezza in quanto il materiale isolante dei nastri (polipropilene) 

è normalmente utilizzato fino a temperatura di 90°C senza presentare danneggiamenti. 

Tabella 4. Confronto di portate per cavi a sezione circolare equivalenti e nastri NEXT-Tape in aria libera a temperatura ambiente di 
30°C. 

 

La metodologia di installazione scelta per il confronto non è tipica per il nastro NEXT-Tape che 

presenta tipologie di installazione non comuni per cavi con sezione circolare, ma permette una 

valutazione più ampia e generale dei vantaggi dei nastri NEXT-Tape in termini di capacità di 

condurre corrente elettrica senza subire danneggiamenti della sua struttura. A parità di sezione 

i nastri presentano portate che vanno da circa 2 a 3 volte quelle dei cavi tradizionali 

rispettivamente con rivestimento isolante in PVC ed EPR. 

Nel momento in cui le condizioni ambientali in termini di temperatura cambiano, la capacità dei 

conduttori di trasmettere corrente varia e viene rappresentata attraverso i valori del fattore di 

correttivo k1 di portata che tiene conto di tale influenza. Come è possibile evincere dalla Tabella 

5 i nastri NEXT-Tape presentano fattori correttivi compresi tra quelli dei cavi isolati con EPR e 

quelli isolati con PVC (norma CEI-UNEL 35024/1). Per temperature ambientali inferiori a quella di 

riferimento di 30°C i valori di k1 sono migliori rispetto a quelli dei cavi isolati con EPR, per 

temperature maggiori superano quelli dei cavi isolati in PVC le cui prestazioni sono inferiori per 

alte temperature rispetto ai cavi isolati in EPR. 

Modalità di posa (norma 
CEI 64-8) 

Cavi con sezione circolare 

Nastri NEXT-Tape – 2 conduttori 
carichi su 

2 3 

Tipo di isolamento Portata [A] 

Sezione [mm2] 1,5 2,5 0,5 1,5 2,25 1,5 2,25 

Cavi/nastri in aria libera in 
posizione non a portata di 
mano 

PVC 
(polivinilcloruro) 

19,5 26 

16,5 43,4 53,4 43,4 54,7 
EPR 

(etilenepropilene) 
15,5 21 
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Tabella 5. Confronto tra le influenze della temperatura sui valori di portata per cavi a sezione circolare equivalenti e nastri NEXT-
Tape (fattore k1 valutato rispetto alla temperatura ambiente di riferimento di 30°C. 

 

 

 

 

 

 

 

 

 

 

 

Per installazioni di conduttori elettrici in fascio l’elevata superficie di contatto tra conduttori di 

diversi nastri sovrapposti e separati dai sottili strati di isolante in polipropilene (ogni lato dei 

nastri è ricoperto con uno spessore di circa 75 μm di polipropilene) non favorisce la dispersione 

termica e per questo, come è possibile evincere dalla Tabella 6, i nastri NEXT-Tape rispetto ai cavi 

con sezione circolare (norma CEI-UNEL 35024/1) presentano valori del fattore k2 inferiori. 

Tabella 6. Confronto tra le influenze dell’installazione in fasci sui valori di portata per cavi a sezione circolare equivalenti e nastri NEXT-
Tape (fattore k2). 

 

  

Temperatura ambiente [°C] 
Cavi con sezione circolare Nastri NEXT-Tape 

Tipo di isolamento Fattore k1 

0 
PVC --- 

1,26 
EPR --- 

10 
PVC 1,22 

1,18 
EPR 1,15 

20 
PVC 1,12 

1,10 
EPR 1,08 

40 
PVC 0,87 

0,89 
EPR 0,91 

Metodologia tipica di installazione 

Cavi con sezione circolare Nastri NEXT-Tape 

Numero conduttori in fascio 

1 2 3 1 2 3 

posa su pareti 1 0,85 0,79 1 0,71 0,61 
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Conclusioni 

In base ai risultati ottenuti è possibile affermare che la capacità di trasportare corrente elettrica 

da parte dei nastri NEXT-Tape risulta essere maggiore rispetto a cavi tradizionali con sezione 

circolare (a parità di sezione). I valori di portata per i nastri NEXT-Tape sono di circa 2-3 volte 

superiori a temperatura ambiente di 30°C. 

L’aumento o la riduzione dei valori di portata per temperature ambientali differenti da 30°C 

(fattore correttivo k1) è pressoché in linea con le comuni variazioni di portata nelle stesse 

condizioni per i cavi tradizionali. 

La variabilità in termini di riduzione di portata per installazioni in fascio è particolarmente 

marcata rispetto a quella dei cavi a sezione circolare: i nastri NEXT-Tape se usati in fascio risultano 

essere meno performanti rispetto al loro utilizzo singolo in termini di portata in confronto con i 

cavi tradizionali, a meno di eventuali innovazioni che possano ridurre tale effetto. 

In generale, comunque, le portate valutate per i nastri anche in presenza di differenti 

temperature ambientali rispetto a quella di riferimento di 30°C e in fascio risultano elevate se 

confrontate con quelle ottenibili per i cavi elettrici tradizionali. 
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DISPOSITIVI DI PROVA 

Dispositivo Costruttore Tipo di prova effettuata 

CEAST 9350 Drop Tower 

Torre a caduta di grave (Figura 1) 
Instron Prova d’urto a martello verticale 

 

 

 

 

Figura 1: dispositivo per prove d’urto a caduta verticale di grave (Instron CEAST 9350 Drop Tower). 
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PREMESSA 

In questo report sono presentati i risultati relativi alle prove d’urto normalizzate eseguite su 

singoli campioni di pellicola protettiva per nastri conduttori NIR e su nastri conduttori protetti dalla 

stessa pellicola. Le prove hanno lo scopo di determinare la capacità della pellicola di sopportare 

urti di severità specificata. In particolare, le prove sono utilizzate per dimostrare un livello 

accettabile di robustezza, nell’ambito della stima della sicurezza, in fase di utilizzo, di tale prodotto 

elettrotecnico. 

La prova d’urto consiste nell’applicare al campione un numero prescritto di urti, definiti dalla 

loro energia e applicati in direzione verticale. Per eseguire queste prove, è stato utilizzato il CEAST 

9350 Drop Tower dell’Instron (Figura 1), dispositivo con torre a caduta di grave. 

PROVE D’URTO 

Preparazione delle prove 

In fase di preparazione del test da effettuare sui provini di pellicola protettiva per nastri 

conduttori NIR, il campione di spessore 0,15 mm viene posizionato su un supporto a forma di 

corona circolare con diametro interno pari a Ø76 mm (Figura 2). Attraverso un sistema pneumatico, 

conforme alle indicazioni della norma ASTM D3763, si effettua “l’afferraggio” del provino (Figura 

3). Per le prove viene utilizzato un percussore emisferico di diametro pari a Ø12 mm. 

  

Figura 2: posizionamento del campione di pellicola protettiva per nastri conduttori NIR su un supporto 
a forma di corona circolare di un dispositivo di bloccaggio pneumatico. 
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Figura 3: campione di pellicola protettiva per nastri conduttori NIR “afferrato” dal dispositivo di 
bloccaggio pneumatico. 

Prove effettuate sulla sola pellicola protettiva 

I primi test sono stati effettuati a massa crescente (altezza di caduta costante) con valori di 

energia d’urto a partire da 1,00 J fino ad arrivare a 2,50 J con intervalli pari a 0,25 J. Un ultimo test 

con una maggiore severità (energia pari a 5 J) è stato effettuato ottenendo l’energia d’urto non 

variando la massa del grave, ma utilizzando un’altezza di caduta superiore (circa 5 volte maggiore). 

In Tabella 1 sono riportati i parametri di misura relativi alle prove effettuate, mentre in Figura 4 

sono visibili gli effetti degli impatti sui provini per energie crescenti. 

Tabella 1 – Parametri di misura dei primi test 

Energia (J) Massa (kg) Velocità (m/s) Altezza di caduta (mm) 

1,00 2,008 1,00 50,986 

1,25 2,508 1,00 50,986 

1,50 3,008 1,00 50,986 

1,75 3,508 1,00 50,986 

2,00 4,008 1,00 50,986 

2,25 4,508 1,00 50,986 

2,50 5,008 1,00 50,986 

5,00 2,008 1,00 253,547 
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Come è possibile notare dalle immagini dei provini in Figura 4, l’unico provino per cui si è 

ottenuta una perforazione è stato quello sottoposto ad un impatto con un’energia pari a 5 J 

ottenuta con un valore di velocità di impatto maggiore rispetto a quella con cui sono state eseguite 

tutte le altre prove ad energia inferiore. Per questo si è proseguito con un ulteriore test sulla sola 

pellicola con la velocità di impatto maggiore ed energia pari a 4,016 J (vedi Tabella 2). In tale prova, 

come visibile nelle immagini in Figura 5, si sono verificati sia casi di rottura che di non rottura della 

pellicola; per questo si assume il valore di energia pari a 4,016 J quale valore limite della pellicola. 

 

Figura 4: prove d’urto - effetti degli impatti sui provini per energie crescenti (1,00 J, 1,25 J, 1,50 J, 1,75 J, 
2,00 J, 2,25 J, 2,50 J, 5,00 J). 

Tabella 2 - Parametri di misura del test aggiuntivo a velocità di impatto superiore 
 

       

Figura 5: prove d’urto - effetti degli impatti sui provini per energia pari a 4,016 J. 

Prove effettuate sui cavi protetti da pellicola 

In considerazione del valore limite di energia d’urto, pari a 4,016 J, identificato 

precedentemente per la sola pellicola protettiva, le seguenti prove sono state effettuate con la 

stessa energia (stessi parametri riportati in Tabella 2), ma su provini ricavati da due diversi campioni 

di cavo rispettivamente con tre e due piste conduttive metalliche. Dal primo campione, nastro con 

le tre piste conduttive protette da pellicola (Figura 8) di lunghezza pari a 225 mm e spessore 

Energia (J) Massa (kg) Velocità (m/s) Altezza di caduta (mm) 

4,016 2,008 2,00 203,943 
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lievemente variabile nel range di valori 0,54  0,62 mm, a causa di un incollaggio della pellicola 

protettiva non perfetto, sono stati ricavati 2 provini S1 e S2 (Figura 9) ognuno di lunghezza pari a 

110 mm; dal secondo, nastro con due piste conduttive protette da pellicola (Figura 6) con lunghezza 

pari a 210 mm e spessore di 0,54 mm, sono stati ricavati 2 provini S3 e S4 (Figura 9) ognuno di 

lunghezza pari a 105 mm.  

 

Figura 6: campione per prova d’urto costituito da un nastro conduttivo NIR con tre piste protetto da 
pellicola. 

 

Figura 7: provini S1 e S2 per prova d’urto ricavati da campione costituito da un nastro conduttivo NIR 
con tre piste protetto da pellicola. 
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Figura 8: campione per prova d’urto costituito da un nastro conduttivo NIR con due piste protetto da 
pellicola. 

 

Figura 9: provini S3 e S4 per prova d’urto ricavati da campione costituito da un nastro conduttivo NIR 
con due piste protetto da pellicola. 

Per la prova effettuata sui provini S1 e S2 (punto d’impatto situato nella pista conduttiva 

centrale), a seguito di analisi visiva, il nastro centrale mostra un’evidente rottura, mentre la 

pellicola, benché deformata plasticamente, non mostra segni di penetrazione (Figura 10). 

Per la prova effettuata sui provini S3 e S4 (punto d’impatto situato nella zona tra le due piste) 

la pellicola e il nastro mostrano deformazioni plastiche permanenti, ma, a seguito di analisi visiva, 

non si sono riscontrati segni di penetrazione o rottura (Figura 11). 
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Figura 10: provini di nastro con tre piste conduttrici dopo l’impatto. 

       

Figura 11: provini di nastro con due piste conduttrici dopo l’impatto. 
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CONCLUSIONI 

Dai risultati ottenuti è possibile osservare che la pellicola protettiva per nastri conduttori NIR 

sia caratterizzata da una buona resistenza all’urto e presenti un’energia d’urto limite pari a circa 

4 J. Nel caso in cui un grave emisferico con un diametro di dimensioni di Ø12 mm circa colpisse un 

nastro conduttivo NIR protetto da tale pellicola nel centro di una pista metallica con tale energia 

limite, benché la pellicola sia in grado di resistere all’urto deformandosi plasticamente senza 

rotture, l’integrità del nastro conduttivo non verrebbe assicurata. Di contro, se la collisione 

avvenisse in una zona tra le piste conduttrici del nastro, la pellicola protettiva sarebbe in grado di 

difendere il nastro da rottura e presenterebbe soltanto una deformazione plastica. 
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