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The wide use of renewables has changed the energy scenario in recent years, and the European Directive 2010/31/EU on
Nearly Zero Energy Buildings (NZEBs) is going to be the driver of an even more radical shift. The building is going

to be transformed into an energy generation system, and its design should consider not only the traditional design
aspects, but the energy aspect, too. In particular, in the present paper two main issues will be addressed: the design
of NZEBs with a special focus on PV and the broad concept of “smartness” with a focus on the role of the PV
technology. Finally, some new research issues will be proposed as new topics to be investigated towards a smart

city vision
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he wide use of renewables has changed the ener-

gy scenario in recent years, and the European Di-
rective 2010/31/EU on Nearly Zero Energy Buildings is
going to be the driver of an even more radical shift.
According to this Directive, a Nearly Zero Energy bu-
ilding is a high performance building, that generates
the energy it needs by using renewables on site or
nearby.! From this perspective, the building is going
to be transformed into an energy generation system,
and its design should consider not only the traditional
design aspects, but the energy aspect, too. This means
designing the devices able to generate the energy the
building needs for functioning, together with the buil-
ding itself.
One consequence of these likely changes is that the
conventional, centralised energy system is going to be
replaced by a “web” of energy systems. Such a web
corresponds, in a way, to the pattern of the city itself
(the buildings being the future energy generating sy-
stems themselves). This new condition requires further
investigation at least on two aspects: the energy web
has to be properly managed so as to ensure a good

performance of the energy grid, and significant energy
savings; designing the physical form of the city shall
consider the use of renewables in its domain.

What is the role of Photovoltaics (PV), what are the new
research needs we should face in the next years?

This paper tries to give some first possible answers to
these questions.

In particular, firstly some issues related to the design
of Nearly (or Net) Zero Energy Buildings will be ad-
dressed, with a special focus on PV. Secondly, the broad
concept of “smartness” is addressed with a focus on the
role of the PV technology. Finally, some new research
issues will be proposed as new topics to be investiga-
ted towards a smart city vision.
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Photovoltaics and Net Zero Energy Buildings:
towards a smart vision

Building Integration of Photovoltaics

A Building Integrated Photovoltaic system (BIPV) is a
system where photovoltaic modules are arranged into
a technological envelope sub-system and can repla-
ce the traditional elements of the building envelope.
These systems are generally mentioned as “BIPV”. If
the modules do not replace envelope components, but
they are only “added” on the envelope, the systems
can be defined as “Building Attached” or “Building
Added”, and mentioned as “BAPV”.

This distinction, commonly shared in the international
PV scientific community, was also proposed by the Ita-
lian feed-in tariff, since the third edition of the so cal-
led “Conto Energia”, which assigns the highest tariff
to systems where special innovative PV components
suitable for building integration are used.

Therefore, when the solar system is integrated in the
building envelope (as roof covering, facade cladding,
sun shading, balcony fence...), it must properly take
over the functions and associated constraints of the en-
velope elements it is replacing (constructive/functional
quality), while preserving the global design quality of
the building (formal quality).

ENEA has been participating in the work of the Interna-
tional Energy Agency (IEA), Solar Heating and Cooling
(SHC) Task 41 “Solar Energy and Architecture” (May
2009-April 2012), that aimed to improve the awareness
of the designers in using solar components conceived
as building elements, so as to focus on the energy per-
formance and on the architectural quality, too. Some of
the following considerations come from the results of
the work carried out in the framework of Task 41.2

In the following, some functional and constructive aspects
of the integration of PV in buildings are presented.

The building envelope has to fulfil a wide and complex
set of protection and regulation functions, requiring
the use of different structures and components (opa-
que/semi-transparent elements, monolithic/multilayer
structures, composed of fixed/mobile parts,...). The
integration of solar modules in the envelope system
should then be studied very carefully, to preserve/en-
sure the standard envelope functions and the durability
of the whole.
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The multifunctional use of solar elements taking over
one or more envelope functions may require an extra
effort to building designers, calling, for instance, for
some modifications in the original design of the collec-
tor, in the way it is mounted or by restraining its use in
some parts of the building. On the other hand, it brings
the major advantages of a global cost reduction and an
enhanced architectural quality of the integration.
In addition to the functional compatibility, it is impor-
tant to ensure that the new multifunctional envelope sy-
stem meets all building construction standards:
the collector load should be correctly transferred to
the load-bearing structure through appropriate fixing;
the collector should withstand fire and weather wear
and tear;
the system should resist wind load and impact, and
should be safe in case of damage;
risks of theft and/or damage related to vandalism
should be evaluated and appropriate measures taken;
the fixing should avoid thermal bridges and the global
U value of the wall should not be negatively affected;
vapor transfer through the wall should avoid conden-
sation layers, and allow the wall to dry correctly.
Besides these standard building construction con-
straints, the integration of solar systems implies other
issues resulting from specific solar technology attribu-
tes, i.e. electric cabling and the high temperatures of
some modules:
the electric cabling of PV should be studied to avoid
shock hazards and short circuits, and measures
should be taken to avoid fire;
envelope materials in contact with the solar modules
should withstand their high working temperature;
fixing details and jointing should make the expan-
sions of the collector materials compatible with those
of the other envelope materials;
safety issues should be considered for collectors
within users’ reach to avoid burning or shock hazards
(ground floor, window and balcony surrounding ...).
As seen, integrating the new function “solar collection”
into the building envelope requires an understanding
of where (opaque parts, transparent parts, fixed/mobi-
le elements), how, and which collectors can be made
compatible with the other envelope elements, mate-
rials, and functions.



Each technology or sub-technology has different im-
plementation possibilities in different parts of the en-
velope.®
All the system characteristics affecting the building ap-
pearance (i.e. system formal characteristics) should be
coherent with the overall building design:
the position and dimension of collector field(s) have to
be coherent with the architectural composition of the
whole building (not just within the related fagade);
collector visible material(s) surface texture(s) and
colour(s) should be compatible with the other bu-
ilding skin materials, colours and textures they are
interacting with;
module size and shape have to be compatible with
the building composition grid and with the various
dimensions of the other facade elements;
jointing types must be carefully considered while
choosing the product, as different jointing types un-
derline the modular grid of the system differently in
relation to the building.
Clearly, mastering all characteristics of an integrated
PV system from both the perspectives of energy pro-
duction and building design is not an easy task. The
formal characteristics of the system are strongly de-
pendent on the specific solar technology, which im-
poses the core components of the solar modules, with
their specific shapes and materials.
The more flexibility can be offered within these impo-
sed forms and materials, the more chances for a suc-
cessful integration. The actual flexibility of solar mo-
dules (hereinafter referred to as “integrability”) is the
guarantee for a satisfying integration of PV.4

The Use of Photovoltaics in Net Zero Energy Buildings
The recast of the European Directive 2010/31/EU esta-
blishes that starting from the end of 2020 all new bu-
ildings will have to be Nearly Zero Energy Buildings
(Nearly ZEBs).

As already said in the introduction, according to this Di-
rective, Nearly Zero-Energy Building means a building
that has a very low yearly energy consumption, which
can be achieved by both highest energy efficiency and
energy from renewable sources, which shall be on-site
or nearby.

This definition is wide enough to leave room for many

definitions of what a Nearly (or Net) Zero Energy Buil-
ding is and the way it can be designed. On this topic,
ENEA has been participating in the work of the Interna-
tional Energy Agency (IEA), Solar Heating and Cooling
(SHC) and Energy in Buildings and Communities (EBC)
Task 40-Annex 52 “Towards Net Zero Energy Solar Buil-
dings” (October 2008-September 2013). Some of the fol-
lowing considerations come from the results of the work
carried out in the framework of the Task 40-Annex 52.5
Generally speaking, the term ZEB (Zero Energy Buil-
ding) identifies a residential or commercial building
that reduces its energy needs thanks to efficient energy
gains and that supplies the resulting low energy de-
mand through renewable energy sources, in order to
reach a Zero Energy Balance between annual energy
consumptions and energy supply.

Only by decreasing energy consumptions is a path to-
wards a Zero Energy Balance possible and, moreover,
without the grid it would be very difficult. Hence, the
term “Net” is introduced in order to highlight on the
connection between the building and the energy grid
because, for the wide mass of ordinary buildings, the
ZEB self-supplied by renewable cannot represent the
model of the future.

In particular, the electric grid connection offers a signi-
ficant advantage because of the possibility to exchange
electricity. This solution allows to overcome the limits
of the current generation of storage technologies that
have no long term storage of energy in situ. As a conse-
quence, the connection with the energy grid is allowed
and necessary both for picking-up the energy and also
to sent non-used energy.® This is the main reason why
to consider the Net Zero Energy Buildings (NetZEBs).
The first step to achieve the NetZEB goal is the reduc-
tion of the energy demand by means of passive solu-
tions and energy efficiency and, of course, using sustai-
nable materials for its construction. The second step is
represented by the generation of the energy required
by users thanks to the renewable energy systems (RES).
In order to create a univocal and standardised calculating
method of energy balancing, some criteria should be con-
sidered and chosen: Building system and balance bounda-
ry; Weighting system; Period and type of balance.”

The concept of “boundary” seems to be very relevant
with regard to the use of energy systems.
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The balance boundary defines both the physical
boundary of the project which is part of the energy
balance consideration (single building, cluster of bu-
ildings) and the generation sectors, that clarify which
renewable energy options are considered and how.
A broad frame (e.g. cluster of buildings) implies a
synergy between several buildings, which are not ne-
cessarily NetZEBs as singles but as a whole: buildings
with a positive energy balance can compensate such
ones with negative balances.
This approach is possible in the case of new buildings
and district design (Figure 1), and is particularly suited
for projects on existing buildings or districts (Figure 2).
In particular, in the case of interventions on existing bu-
ildings in “dense” cities, where the surfaces for placing
the energy generating systems are limited, very often
a single building cannot reach the NetZEB balance on
its own. Generally, the energy demand is high (obsole-
te envelopes or vertical buildings with high density of
energy consumption), compared to the available sur-
faces for solar systems, and the effect of shadow limits
the use of the envelope surfaces very much.
In relation to a NetZEB design, the possible renewable
supply options are:
in the building physical footprint (e.g. PV on a buil-
ding roof);
on-site renewables (e.g. PV on roofs of a parking lot
or small-scale wind turbines);
and:
nearby renewables (e.g. systems close by financed
by the building owner or user, such as shared CHPP);
off-site renewables for on-site use (e.g. biomass);
purchased “green” energy from contracts, off-site
wind turbines (electricity) or CHPPs (electricity, heat
and cold).
The focus for the design of NetZEBs (to reduce the use
of new land) should be conceiving the building along
with its energy balance. It implies that the energy ge-
neration should be in the building property, which me-
ans any arrays that could be located in the building
footprint or on-site.
If PV is the only energy technology used, then there is
a strong relationship between the architectural form of
the building and the energy choices. For instance, if we
take into account a small residential unit and imagine
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Net Zero Energy Buildings Cluster / new settlements.
Plus energy settlement in Freiburg (Germany), design:
Rolf Disch. The Plus Energy Settlement in Freiburg is
an example where the zero energy balance is achieved
in the frame of an estate. Some of the 59 built terrace
houses have a positive primary energy balance, others
a negative one. The average is clearly positive. The
efficient row houses are covered with 3150 m? of roof
top integrated PV generators. The heat is supplied by
district heating. The efficiency of the houses bases on
the Passive House concept and a consequent (urban)
planning for shadow-free south orientation, position
and shape of the buildings
Source: Rolf Disch

Renovated district in Bad Aibling (Germany), design:
Schankula-Architekten. New buildings generate an
energy surplus to compensate negative balances of
refurbished former military accommodation buildings
from the 1930s. ST and PV areas differ significantly
from each other. In the shown example, heat is fed into
the local heating grid of the settlements by means of
2000 m? of ST collectors

Source: Schankula-Architekten




GG CAPA (2003), Matosinhos (Portugal), design:
Cannata&Fernandes. The PV generator is shaped as
a sloped plane that characterizes the image of the
building
Source: A. Scognamiglio

to optimize tilt and and azimuth angles of a PV collec-
tor, then the result is a sloped PV plane placed on the
building (Figure 3).8

Actually, in most cases where the building is taller than
one or two floors, the repertoire of solutions for PV is
broader and more complex.

It is quite obvious that when using only PV, expanding
the energy balance boundary beyond the building
physical footprint is necessary in many cases, when
the energy demand is high compared to the available
building surfaces for solar caption (e. g.: buildings in
dense cities, retrofitting buildings). This option, now
considered mainly as a technical issue, should be con-
sidered in the future as a part of the building’s design,
or rather, of the landscape design. By appropriate choi-
ces, in fact, it is possible to design, for instance, a solar
strand detached from the building (on-site), but concei-
ved as a part of the landscape (Figure 4).°

From Building Integrated Photovoltaics to Net Zero Energy
Clusters

From this short summary about the NetZEBs design
and the related issues, it is clear that the use of re-
newables is certainly one of the most interesting ele-

[T On-site energy generation as a part of the landscape
design. The Solar Strand, Buffalo University Campus,
Buffalo (US), 2011. Design: Walter Hood, Hood Design.
The solar array powers the existing dormitory of the
Campus. The PV modules on the ground are arranged
according to a DNA pattern. They give form to a public
space in a direct functional and visual relationship with
the buildings of the campus
Picture ©2012 University at Buffalo

ments to be investigated from the design perspective.
In particular, to summarize the previous considerations,
research carried out in the recent years on NetZEBs
shows that achieving a NetZE balance on the scale of a
single building is only possible when the energy con-
sumption of the building is low enough and its morpho-
logy allows for the optimal integration of energy gene-
ration systems.

The analysis of the case studies collected in the fra-
mework of the IEA-SHC-EBC Task 40 shows that in most
cases the Net ZEBs are “detached” buildings, with a
maximum of 2 storeys.

In contrast to this “standard” morphological solution
for NetZEBs, in many cases (especially renovation),
due to the morphologies of buildings or cities (lack of
sufficient available surface for solar technologies, high
energy consumption, poor quality of the envelopes,
preservation rules), it is not possible to achieve a NetZE
balance within the building envelope. Yet, if the ener-
gy balance boundary is enlarged to the cluster scale,
the NetZE balance can still be achieved, considering
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that buildings can have positive, zero, or negative ba-
lance, and that the sum of their energy generations or
requests can be zero.

As a consequence, an enlargement of perspective is ne-
cessary, which considers the energy balance boundary
on a broader scale. This means looking at the building
not only as a single building, but as a part of a wider
system of buildings (Cluster), which itself is part of an
even wider system (i.e. the city or the landscape). The-
se considerations lead to the concept of Net Zero Ener-
gy Clusters, complex systems of buildings and users,
interacting with a smart grid, able to achieve the Net
Zero Energy balance all together (Figure 5).

Hence, from an energy point of view, as well as from a
design point of view, a main challenge in the near futu-
re will be approaching the issue of achieving a NetZE
balance on the community scale.

The above proposed enlargement of perspective is
quite important in terms of need for new research in
the field of solar energy design, and PV in particular.
The reason for this is that, till now, the use of solar
technologies in buildings was not strictly related to the
building energy balance. Therefore, it has been mainly
approached from a technological point of view, in
terms of “integration” or “addition” (i.e.: BIPV-Building
Integrated Photovoltaics or BAPV-Building Attached/
Added Photovoltaics), and of aesthetical performance.
The domain of investigation was the building envelo-
pe. This kind of approach seems to be not sufficient
anymore to envision all the ways energy generating
systems can be used in relation to a building and its
energy balance, and further investigation on the use of
PV on site is required.10

With regard to this new research need, last May 2013 the
International Energy Agency (IEA), in the framework
of the Solar Heating and Cooling Programme (SHC),
launched a new task, named Task 51, “Solar Energy
in Urban Planning”, ending by April 2017.!! Its scope
includes solar energy issues related to: 1. New urban
area development; 2. Existing urban area development;
3. Sensitive/protected landscapes (solar fields).

ENEA is participating in this new task with a special
focus on landscapes, having as a background the work
carried out in previous IEA activities, as well as on the
occasion of relevant international scientific events.12
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[EE0TTYE Concept for a cluster of Net Zero Energy buildings,
interacting in a Net Zero Energy Community
Source: A. Scognamiglio

Photovoltaics and the Net Zero Energy Clusters
Scenario

The realisation of NetZEBs, and even more of NetZECs,
requires the development of suitable devices able to
guarantee data exchanges between energy production
and consumers, in order to adequately manage the re-
ceived information to make decisions on consequent
actions. A promising system might be a master/slave
architecture, characterised by a unique building cen-
tralised controller (master), and some microcontrollers
(slaves), placed in correspondence of every single
source or each load.

In such scenario, PV technology can play an important
role!3-14, In fact, at the moment, distributed PV plant
architectures are arising. They are characterised by N,
series and parallel organised, PV generators controlled
by means of modules dedicated DC-DC or DC-AC mi-
crocontrollers!'5-1¢ placed in the junction box or near it,
on the module back. Such devices are called Distribu-
ted Maximum Power Point Tracking (DMPPT) conver-
ters or PV Power Optimiser.

The designers’ aim is to improve these system per-
formances by increasing efficiency and reliability and
reducing costs. Considering the efficiency aspect in
detail, any photovoltaic (PV) source shows a point of
its output V-I characteristic where the delivered power
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[ZEETYA Concept for a smart Net Zero Energy Cluster
Source: A. Scognamiglio

is maximum. In order to reach the maximum efficiency,
such Maximum Power Point (MPP), which changes as a
function of the irradiance level and of the temperature
of the panels, needs to be tracked continuously by mo-
difying the working conditions of the PV source (Maxi-
mum Power Point Tracking, MPPT). In order to obtain
“smart” PV generators, switching DC-DC converters is
commonly adopted to realise MPPT and to suitably link
PV sources to loads. When the irradiance level and/or
the temperature of panels change, the MPPT control cir-
cuit identifies the direction along which the MPP mo-
ves and it drives the right corrections of the duty-cycle
to allow the PV source to operate in the MPP. Factors
which heavily characterise the functionality of a MPPT
converter are the circuit topology!?18-1° of the power
stage and the used control technique for the MPP tra-
cking.

About the power-stage, the boost is the most commonly
used topology, due to its low cost and ease of design.
Other topologies can be used, such as the Cuk topo-
logy (i.e. buck-boost converter), which ensures more
flexibility in terms of the value of the output voltage,
and allows a better smoothing of the input current. Ho-
wever, it is more complex even from the design point
of view and is more expensive.

The converter power-stage plays a strong role on the

energetic efficiency: some converter topologies can
lead to better MPPT efficiency at the cost of lower in-
put-output conversion efficiency and therefore to a lo-
wer global efficiency of the system.

Main function of these devices is the Maximum Power
Point (MPP) tracking and it can be realised by different
technologies and strategies.

Thanks to its easy implementation and low costs, per-
turbative algorithms (Hill Climbing techniques) are ra-
ther widespread in low power applications. They are
essentially based on the Perturb and Observe (P&O)
method: the operating point is perturbed in a given
direction, then the corresponding variation of the po-
wer supplied by the PV source is monitored, and the
amplitude and the sign of the subsequent perturbation
of the operating point are decided on the basis of the
power variation. The P&O method can be slow and ea-
sily “confused” if the characteristic parameters of the
controller are not properly chosen. Other MPPT con-
trol techniques make use physical data measured on
the field, such as the irradiance level, the temperature,
the short circuit PV current, the open circuit PV volta-
ge, which are processed by means of Neural or Fuzzy
techniques. The MPPT control technique represents the
main conditioning element of the functionality of a PV
converter.

Since actually many DMPPT converters are commer-
cially available (by Tygo, SolarEdge, Sunvision, ST Mi-
croelectronics, Texas Instrument, etc.), they could re-
present promising solutions to realise NET-ZEBs slave
devices. In fact. nowadays, Power Optimisers are not
only able to implement the MPPT function, but also to
supply additional features, such as PV plant monitoring,
data acquisition and communication services, together
with fault diagnostic systems. Some PV power optimi-
sers are also equipped with protective systems to the
system safety enhancement. In addition, other innova-
tive functions could be introduced to improve the PV
module smartness. Furthermore, their communica-
tion system could be upgraded to permit information
exchanges between the single PV generator microcon-
troller and the building master one.

In that way, it is possible to have, at the same time, de-
tailed information about energy production and con-
sumption. With reference to the different loads placed
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in the building, the principal controller could also have
knowledge of particular energy demands. In fact, if the
master controller can have information about time and
quantity of energy demand relative to every building
load and it has production data, it can match them to-
gether or require grid additional resources to reach
the energy balance. This main controller can recognise
and suitably manage energy needs of uninterruptable
loads, or it can reschedule non-urgent consumptions.
As shown in Figure 6, so organised architectures are
basic elements of possible Net Zero Energy Clusters,
as well as of future Smart Cities and Smart Grids.

Summary and Conclusions

For years, the use of PV in buildings has been consi-
dered as a possible technical system for reducing the
electricity demand of buildings from the electric grid.
In such context, the main issue was how to install PV
without so much changing the aesthetical appearance
of the building. So, research and studies have been fo-
cused on the “integrability” and “acceptability” of PV in
order to realise satisfying PV systems, conceiving buil-
dings orientations and forms as unchangeable (optimal)
characteristics in order to avoid to miss energy from PV.
Such research on PV has offered the opportunity to
make PV suitable for a new scenario, represented
by Net Zero Energy Buildings (NetZEBs), due to the
technological knowledge that has been gained.

As earlier introduced, NetZEBs can be envisioned as
a sort of systems in which architectural and technical
solutions work together to reach the net zero energy
goal and PV represents one of the fundamental renewa-
ble technology for achieving the NetZEB goal, thanks to
its potentialities in terms of integrability into the buil-
ding envelope, and the decreased costs. Thus, NetZEBs
morphology will likely be strongly influenced by the
need to install PV for reaching the net zero energy ba-
lance. This need leads to introduce energy aspects sin-
ce the first phase of NetZEBs design.

Hence, a first shift in the way PV is considered can be
conceived: from a “reducing electricity demand” role
for traditional buildings to a “design factor” in the new
perspective of NetZEBs, in order to reach the net zero
energy goal.
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However, as already mentioned above, in many cases
it can be necessary to calculate the net zero energy
balance beyond the building physical footprint consi-
dering a wider net zero energy balance at the cluster
level. This is due to the possible unfeasibility of net
zero energy balance for single NetZEBs (lack of availa-
ble building surfaces in dense city or in historical city
centres).

Hence, from the NetZEC perspective, it could be pos-
sible to design an urban pattern, reducing energy
consumptions due to a widespread ground use, such
as transports and energy carriage. Moreover, it is pos-
sible to place renewables in the whole cluster, such as
NetZEBs surfaces or suitable urban areas, in order to
supply energy for the entire cluster and reach the net
zero energy balance of the NetZEC.

Moreover, PV can represent the most suitable techno-
logy for connecting several NetZEBs and distributed
PV generators. This is thanks to the scalability of such
technology and, furthermore, to innovative PV mo-
dules. Indeed, innovative PV modules provided with
DMPPT converters can increase the efficiency of the
NetZEB PV system and can constitute a “slave/master”
architecture within the NetZEC. “Slave controllers” of
NetZEBs could exchange energy and information with
the “master controller” of the NetZEC grid (as shown
in Figure 6). Consequently, the NetZEC’s grid performs
as a smart grid able to efficiently manage electricity
amongst NetZEBs, solving the mismatch due to several
variable “energy behaviours” and to the energy gene-
ration in order to reach the net zero energy balance of
the whole cluster.

Thus, a second shift in the way PV is considered could
be envisioned: from PV as a “design factor” aimed to
realize NetZEBs, to PV as a “common thread” in the
NetZEC, able to create connection amongst NetZEBs
and the grid in order to reach the Net-ZEC goal.

The above mentioned organised urban patterns, desi-
gned thanks to a combination of Net-ZEBs, innovative
PV and grid, could allow for smart NetZECs. The latter
might be conceived as a part of the wide pattern of the
smart city.

Engineering research taking mainly into account the
energy aspects seems to be not sufficient per se to en-
sure the diffusion of ZEB models: in achieving the ZEB



target a major role should be played by architects and
designers, who are amongst the main actors of this re-
volutionary change. More precisely, since the form of
our buildings and cities might change radically due to
this new energy requirement, the way architects will
take up the challenge of designing ZEBs is crucial,
for architects are highly responsible of the form of the
city and of its symbolic meanings. In the near future,
buildings will be designed to need very little energy
(passive design strategies for energy efficiency), and
to integrate active surfaces (i.e. PV modules) for ge-
nerating energy. This approach requires a new way of
thinking, capable of using the energy we need as an
input for design.

The considerations already expressed on the potentia-
lities of PV in achieving the ZE balance suggest a very
simple architectural implication: PV is going to beco-
me an indispensable material for buildings, with the

consequence of being, in the near future, a very visible
part of the building composition.

Due to the mandatory request for buildings to achieve
the NetZE balance, if today PV plays a minor role in
the composition of the most of our building envelopes
— small surfaces —, in the near future it will have a main
role, as PV surfaces in buildings will likely become big-
ger and bigger. Research will be necessary also on the
use of PV on site, that means on solar fields, too.
Furthermore, the development of NetZEBs, NetZECs
and smart grid requires technology innovations. The
transition to smart systems suitably equipped to gene-
ration/consumption data exchange and management is
necessary to the aim of a correct resources/loads sche-
dule to reach the energy balance. Such devices are also
going to provide people and infrastructure safety and
protective services, thus leading to a change in the tra-
ditional concepts of building design and realisation. ®
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