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Description

Field of the invention

[0001] The present invention relates to a dynamic in-
sulation wall assembly and a method for automatically
controlling one or more airflows in a dynamic insulation
wall interposed between a confined indoor environment
of a building and the outdoor environment.

Prior art

[0002] Conventionally, buildings consist of a partially
opaque and partially transparent envelope, which has
the purpose to define the geometry of the same buildings
and to mitigate the outdoor climatic conditions, thus en-
suring the comfort conditions required by the occupants
of the confined environments, thanks also to the contri-
bution of heating and cooling systems. Additionally, these
environments require adequate air changes in order to
ensure adequate hygienic and sanitary conditions.
[0003] The energy required to maintain the indoor ther-
mal conditions imposed by the user depends, among oth-
er things, on the heat exchange through a building en-
velope (conduction losses) and the heat load related to
the ventilation of the environments (ventilation losses)
necessary to ensure proper hygiene conditions in the
presence of people. At the same boundary conditions
(internal and external temperature), the heat exchange
conditions through the building envelope depend on the
heat resistance of the envelope structures, whereas the
heat load conditions related to ventilation of the environ-
ments depend on the air flow rates and the inlet temper-
ature thereof.

[0004] Inordertolimitthe energy requirements for win-
ter and summer air conditioning of buildings, the common
(or conventional) practice is to reduce conduction losses
by increasing the heat resistance of the building enve-
lope, e.g. by installing layers of insulating material (by
way of example, the external thermal insulation is con-
sidered). Here and hereinafter, "conventional" behaviour
is defined as that manifested by buildings in which con-
duction losses are simply reduced by increasing the heat
resistance of the walls, regardless of the use of ventila-
tion, air conditioning or similar systems. The heat resist-
ance of the conventional envelope, and of the materials
that constitute it, is an inherent and invariable character-
istic thereof and affects the thermal power exchanged
through the same envelope as a result of a given tem-
perature difference between the inside and outside.
[0005] For locations characterised by cold winters,
high heat resistance will always result in a better per-
formance thereof.

[0006] Conversely, during the summer period, when it
is necessary to effectively dispose of the heat present in
the confined environments (as a result of people, equip-
ment, radiation entering from windows), the high heat
resistance of a building envelope can result in greater
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loads on the air-conditioning system and, consequently,
an increase in energy demand. In common practice,
strategies such as shading are implemented to decrease
the heat load resulting from the solar gain (screens, sun-
shades, vertical or horizontal overhangs, ventilated
walls, etc.).

[0007] Asfarasventilationlossesare concerned, there
are two commonly adopted practices: in many residential
buildings, the air exchange is left to the manual opening
of windows and doors by the users (natural ventilation),
renouncing the control of air flow rates which depend on
external wind conditions and many other factors, and of
the inlet temperature, which will always be equal to the
external air. In other habitable buildings, air changes are
achieved as a result of a centralised mechanical ventila-
tion system capable of adjusting flow rates depending on
design conditions and of mitigating the inlet temperature
as a result of a heat recovery unit.

[0008] Italian and international regulations have
aligned in setting strict limits as regards both the thermal
transmittances of the envelope and the efficiency of heat
recovery units in controlled mechanical ventilation sys-
tems, in order to decrease the heat demand in the winter
period, and as regards the decrease of solar gains in the
summer period. Thermal transmittances, which may be
set by current legislation and technical regulations, are
characterised by fixed and invariable limits, which de-
scribe the performance of the envelope solution.

[0009] On the other hand, as far as ventilation is con-
cerned, it should be noted that the air entering the con-
fined environments is not only that related to natural or
mechanical ventilation, but may be due to parasitic infil-
tration over which the users have no control (e.g., air
entering through joints between walls and windows or as
a result ofimperfect air-tightness of windows and doors).
The common practice is that of trying to mitigate this phe-
nomenon as much as possible, by improving the air tight-
ness of the envelope as a whole, and quantifying its per-
formance through measurements of the "blower door
test" type typically adopted for passive houses.

[0010] However, it should be borne in mind that this
approach, in the case of buildings with only natural ven-
tilation (without installation of a controlled mechanical
ventilation system), can result in healthiness problems
of indoor environments: as the users are not capable of
adequately controlling the entering air flow rates (e.g.,
by opening windows), these may not be sufficient to dis-
pose of indoor pollutants or water vapour (especially in
environments such as kitchens, bathrooms and bed-
rooms), thus causing the formation of interstitial conden-
sation or condensation on inner surfaces.

[0011] It can further be observed that the ventilation
as a result of the opening of windows and doors does
not allow any filtering of the air fed into the rooms of the
building, which, particularly in urban context, will bring
therewith fine and ultra-fine particulates that are harmful
to health.

[0012] DE 3546455A1 describes a building equipped



3 EP 4 361 517 A1 4

with a centralised mechanical ventilation system that
takes external air from the north-facing walls and expels
indoor air from the south-facing walls. The operation of
the system described in this document is essentially fo-
cused on the behaviour of the same system in the winter
season. No mention is made of the possibility that the
layers of the various walls are crossed by air flow rates,
nor regarding the direction and flow rates of the airflows
entering or exiting the building as climatic conditions
change, such as e.g. during the summer season. There-
fore, some criticalities inherently present in commonly
adopted constructive practice can be summarised as fol-
lows:

- in buildings characterised by natural ventilation
(highly common in the residential sector), it is not
possible to have any real control over ventilation
losses, as there is no effective way, through the
opening of windows and doors only, to modulate the
entering air flow rates, to control their temperature
and to reduce the concentration of dust therein, re-
sulting in risks of overloading the air-conditioning
systems, discomfort due to the temperatures and
poor healthiness of the confined environments;

- inbuildings characterised by mechanical ventilation,
the systems are generally of the centralised type and
their operation is at the service of significant portions
of the buildings and depends on daily planning, re-
gardless of whether or not the rooms are actually
occupied by persons and whether or not air change
in the room is actually necessary;

- eveninthe case of mechanical ventilation, the direc-
tion and speed of the air flow rates for air-permeable
walls are not controlled.

Summary of the invention

[0013] That being said, the task of the present inven-
tion is to provide a dynamic insulation wall assembly
which allows to reduce the drawbacks highlighted so far
for buildings built according to the known art.

[0014] Within the scope of this task, an object of the
present invention is to provide a dynamic insulation wall
assembly interposed between an indoor environment of
a building and the outdoor environment, that allows effi-
cient control of one or more airflows in the dynamic in-
sulation wall.

[0015] Anotherobjectof the presentinvention is to pro-
vide a dynamic insulation wall assembly and a method
of controlling airflows that is versatile and, therefore, ca-
pable of resorting to dynamic or conventional behaviour
depending on the instantaneous conditions.

[0016] Anotherobjectof the presentinvention is to pro-
vide a dynamic insulation wall assembly which allows to
limit energy consumption for optimal air conditioning of
an indoor environment.

[0017] Yetanother object of the present invention is to
provide a dynamic insulation wall assembly that allows
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to effectively limit particulates harmful to health to enter
an indoor environment.

[0018] A further object of the present invention is to
provide a method for automatically controlling one or
more airflows, both in terms of speed, direction and flow
rates of the airflows, in a dynamic insulation wall inter-
posed between an indoor environment of a building and
the outdoor environment.

[0019] These and other objects are achieved by the
present invention which concerns dynamic insulation
wallassembly according to claim 1. Further peculiar char-
acteristics of the present invention are set forth in the
respective dependent claims.

[0020] A dynamic insulation wall assembly is adapted
to make air-permeable walls interposed between an in-
door environment of a building and the outdoor environ-
ment, e.g., constituting a building envelope.

[0021] The assembly comprises at least one wall hav-
ing an inner air cavity delimited externally by at least one
intermediate layer of air-permeable material and, inter-
nally, by a layer of air-impermeable material.

[0022] In an embodiment of the present invention, the
dynamic insulation wall assembly comprises a ventilation
unit equipped with a programmable control device to au-
tomatically control an airflow atleastin the inner air cavity.
The ventilation unit comprises at least one primary chan-
nel directly connecting the ventilation unit with the out-
door environment and at least one secondary channel
connecting the ventilation unit with the inner air cavity or
the outdoor environment.

[0023] In particular, the ventilation unit comprises a
damper for controlling the airflows, which is arranged be-
tween the extraction and supply channels and the prima-
ry and secondary channels. A bypass channel is con-
nected to the secondary channel and at least one damper
is arranged between the secondary channel and the by-
pass channel to direct the airflows of the secondary chan-
nel, in a mutually excluding way, into the inner air cavity
or directly into the outdoor environment.

[0024] The control damper is equipped with a motor-
ised actuator controlled by the programmable control de-
vice to selectively put in fluid communication the indoor
environment with the inner air cavity or with the environ-
ment outside the wall.

[0025] Here and hereinafter, the term "supply channel”
should be understood as a channel for the inflow of air
into an indoor environment and the term "extraction chan-
nel" should be understood as a channel for taking an
airflow from an indoor environment. Additionally, the term
"primary channel" should be understood as a channel
directly connecting the ventilation unit with the outdoor
environment and the term "secondary channel" should
be understood as a channel that can indirectly, or directly,
connect the ventilation unit with the outdoor environment
through the inner air cavity and the air-permeable walls.
[0026] In an embodiment of the present invention, the
dynamic insulation wall assembly may further comprise
an outer air cavity delimited externally by an outer layer
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of air-permeable material and, internally, by the at least
one intermediate layer of air-permeable material.
[0027] The wall can be formed, for example, by a plu-
rality of modules juxtaposed in mutual contact, each of
which has the outer air cavity and the inner air cavity in
fluid communication with the respective outer air cavities
and the respective inner air cavities of the adjacent mod-
ules. For example, the ventilation unit can be embedded,
for example, in at least one of the modules or it can be
a separate unit from the modules. At least one heat re-
covery unit may be connected between the supply chan-
nel and the extraction channel, or a heat exchanger in
any case between the supply airflows and the extraction
airflows along the respective channels.

[0028] The programmable control device can receive
signals from various temperature and relative humidity
sensors, such as e.g.:

- atleast one temperature and relative humidity sen-
sor placed outside the wall;

- atleast one temperature and relative humidity sen-
sor placed in the outer air cavity of the wall;

- atleast one temperature and relative humidity sen-
sor placed in the inner air cavity of the wall; and

- atleast one temperature and relative humidity sen-
sor placed in the indoor environment.

[0029] In an embodiment, at least one supply filter is
arranged along the supply channel between the control
damper of the airflows and the heat recovery unit, and
at least one extraction filter is arranged along the extrac-
tion channel between the indoor environment and the
heat recovery unit.

[0030] The programmable control device can further
receive signals from a plurality of differential manome-
ters, including:

- at least one differential manometer to measure the
pressure differences between the inner air cavity and
outer air cavity, or between the inner air cavity and
the outer environment;

- at least one differential manometer to measure the
pressure differences upstream and downstream of
the supply filter, with reference to the supply airflow,
along the supply channel;

- at least one differential manometer to measure the
pressure differences upstream and downstream of
the extraction filter, with reference to the extraction
airflow, along the extraction channel;

- at least one differential manometer to measure the
pressure differences upstream of the supply filter
and downstream of the supply fan, with reference to
the supply airflow, along the supply channel; and

- at least one differential manometer to measure the
pressure differences upstream of the extraction filter
and downstream of the extraction fan, with reference
to the extraction airflow, along the extraction chan-
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nel.

[0031] The programmable control device can further
receive signals from other sensors, such as e.g. at least
one first sensor of volatile organic compounds placed in
the outdoor environment. The signals from the indoor
environment can instead be produced by at least one
second sensor of volatile organic compounds, by at least
one carbon dioxide sensor, by at least one surface tem-
perature sensor of at least one wall of the indoor envi-
ronment and at least one room thermostat that can be
manually set by a user.

[0032] The wall assembly may possibly also comprise
a shading system that includes a solar radiation screen
controlled by an actuator depending on a signal emitted
by an irradiation sensor and sent to the programmable
control device.

[0033] The presentinvention further relates to a meth-
od for automatically controlling one or more airflows in a
dynamic insulation wall interposed between an indoor
environment of a building and the outdoor environment.
The method comprises the steps of:

- providing at least one wall having an inner air cavity
delimited externally by at least one intermediate lay-
er of air-permeable material and, internally, by a lay-
er of air-impermeable material. The wall further com-
prises an outer layer of air-permeable material
placed outside the intermediate layer of air-perme-
able material;

- providing a ventilation unit equipped with a program-
mable control device to automatically control a sup-
ply fan and/or an extraction fan which are adapted
to generate an airflow at least in the inner air cavity,
wherein the ventilation unit comprises at least one
supply channel supplying an airflow to the indoor en-
vironment, atleast one extraction channel extracting
an airflow from the indoor environment, at least one
primary channel directly connecting the ventilation
unit with the outdoor environment, at least one sec-
ondary channel connecting the ventilation unit with
the inner air cavity or the outdoor environment, and
one airflow control damper arranged along the ex-
traction and supply channels;

- activating the ventilation unit to supply the air taken
from the outdoor environment to the indoor environ-
ment, and either directly expelling the air extracted
from the indoor environment to the outdoor environ-
ment or expelling the air extracted from the indoor
environment through the inner air cavity and/or
through the layers of air-permeable materials to the
outdoor environment.

[0034] In an embodiment of the method according to
the invention, the control damper is activated to connect
the extraction channel with the primary channel or the
secondary channel in a mutually excluding way, and to
connect the supply channel with the primary channel or



7 EP 4 361 517 A1 8

the secondary channel in a mutually excluding way.
[0035] This way, itis possible to feed the air taken from
the outdoor environment through the inner air cavity to
the indoor environment, so that the supply air flow rate
transversely crosses the atleast one air-permeable layer,
and directly expel the air extracted from the indoor envi-
ronment to the outdoor environment. Similarly, it is pos-
sible to feed the air taken directly from the outdoor envi-
ronment to the indoor environment and to expel the air
extracted from the indoor environment to the outdoor en-
vironment through the inner air cavity so that the air flow
rate being expelled transversely crosses the at least one
air-permeable layer. The advantages of thermal and me-
chanical interaction between the airflows and the solid
matrix of the permeable layers are exploited.

[0036] According to an embodiment of the present in-
vention, a bypass channel is connected to the secondary
channel and at least one damper is arranged between
the secondary channel and the bypass channel to direct
the airflows of the secondary channel, in a mutually ex-
cluding way, into the inner air cavity or directly into the
outdoor environment.

[0037] By operating the damper to direct the airflow to
the bypass channel, it is possible to extract air from the
indoor environment and expel it directly to the outdoor
environment, whereas the air supplied to the indoor en-
vironment can be fed directly from the outdoor environ-
ment. In this case, the wall assembly behaves conven-
tionally. In the method according to the presentinvention,
the wall may further comprise an outer air cavity delimited
externally by the outer layer of air-permeable material
and internally by the intermediate layer of air-permeable
material.

[0038] According to a possible embodiment of the
method, a supply airflow is generated by the supply fan
and an extraction airflow by the extraction fan. The indoor
environment can be placed selectively in fluid communi-
cation with the inner air cavity of the wall or with the en-
vironment outside the wall.

[0039] The ventilation unit can be controlled as supply
and/or extraction depending on various conditions, e.g.
depending on temperature and relative humidity condi-
tions of the outdoor environment and the indoor environ-
ment, and/or depending on the pressure differences be-
tween the inner air cavity and the outer air cavity, or de-
pending on the pressure differences between the inner
air cavity and the outdoor environment, and/or depending
on the solar radiation detected in the outdoor environ-
ment, and/or depending on the concentration of carbon
dioxide and/or volatile organic compounds in the indoor
environment, and/or depending on the presence of peo-
ple in the indoor environment.

Brief description of the drawings

[0040] Further characteristics and advantages of the
present invention will be more evident from the following
description, made for illustration purposes only and with-
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out limitation, referring to the accompanying drawings,
in which:

- Figure 1 is a diagram of a wall assembly according
to an embodiment of the present invention;

- Figure 2 is a simplified diagram depicting a first op-
erating mode of a wall assembly according to an em-
bodiment of the present invention;

- Figure2Ais asimplified diagram of the wall assembly
of Figure 1 in the operating mode of Figure 2;

- Figure 2B is a simplified diagram of airflows in the
first operating mode of Figure 2;

- Figure 3 is a simplified diagram depicting a second
operating mode of a wall assembly according to an
embodiment of the present invention;

- Figure 3Ais asimplified diagram of the wall assembly
of Figure 1 in the operating mode of Figure 3;

- Figure 3B is a simplified diagram of the airflows in
the second operating mode of Figure 3;

- Figure 4 is a simplified diagram depicting a further
operating mode of a wall assembly according to an
embodiment of the present invention;

- Figure4Aisasimplified diagram of the wall assembly
of Figure 1 in the operating mode of Figure 4; and

- Figure 4B is a simplified diagram of the airflows in
the second operating mode of Figure 4.

Detailed description

[0041] Figure 1 shows the diagram of a dynamic insu-
lation wall assembly, in which a wall 1 is interposed be-
tween an indoor environment | of a building and the out-
door environment E.

[0042] Inthe embodiment shown here and hereinafter,
the wall 1 has an outer air cavity 20 and an inner air cavity
40, which are separated from each other by at least one
intermediate layer 30 of air-permeable material. The out-
er air cavity 20 is delimited externally by an outer layer
10 of air-permeable material and the inner air cavity 40
is delimited internally by a layer 60 of air-impermeable
material.

[0043] The dynamicinsulation wall assembly of Figure
1 particularly comprises a ventilation unit 100 equipped
with a programmable control device, identified in Figure
1 by the sign CPU, to automatically control an airflow in
the inner air cavity 40 and, possibly and indirectly, in the
outer air cavity 20.

[0044] The wall 1 can be formed, for example, by a
plurality of modules juxtaposed in mutual contact, each
of which has the outer air cavity 20 and the inner air cavity
40 in fluid communication with the respective outer air
cavities 20 and the respective inner air cavities 40 of the
adjacent modules. The ventilation unit 100 can thus be
embedded in at least one of the modules.

[0045] The ventilation unit 100 comprises in particular
at least one supply channel 45 of an airflow to the indoor
environment I. A supply fan V1 is arranged along the
supply channel 45. The ventilation unit 100 further com-
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prises at least one extraction channel 25 of an airflow,
along which an extraction fan V2 is arranged, which takes
the air from the indoor environment .

[0046] Along the extraction 25 and supply 45 channels,
a control damper is arranged, which is denoted in Figure
1 by the sign SC, which allows to direct the airflows of
the extraction 25 and supply 45 channels. The control
damper SC is equipped with a motorised actuator MS
controlled by the programmable control device CPU, to
selectively put in fluid communication the indoor environ-
ment | with the inner air cavity 40 or with the environment
E outside the wall 1.

[0047] A heat recovery unit (or exchanger) RC is fur-
ther arranged along the extraction 25 and supply 45 chan-
nels between the supply and extraction airflows along
the respective channels 45 and 25.

[0048] The control damper SC is interposed between
the extraction 25 and supply 45 channels and a pair of
channels, here and hereinafter denoted as primary chan-
nel 75 and secondary channel 85. The embodiment of
Figure 1 further depicts a bypass channel 54 along the
secondary channel 85, which bypasses the wall 1 and
then the inner air cavity 40, and makes the assembly
work conventionally. The assembly preferably comprises
adamper 95 controlled e.g. by the programmable control
device CPU, to divert the entire air flow rate to the bypass
channel 54 in a mutually exclusive way, where necessary
(and, therefore, directly to the outdoor environment E),
or to the inner air cavity 40. The wall assembly according
to the embodiment of Figure 1 comprises a plurality of
temperature and relative humidity sensors denoted in
Figure 1 by the signs TUR, to TUR,, which send signals
to the programmable control device 100. In particular,
there are: at least one temperature and relative humidity
sensor TUR, placed outside the wall 1; at least one tem-
perature and relative humidity sensor TUR, placed in the
outer air cavity 20 of the wall 1; at least one temperature
and relative humidity sensor TUR placed in the inner air
cavity 40 of the wall 1; and at least one temperature and
relative humidity sensor TUR, placed in the indoor envi-
ronment I.

[0049] At least one supply filter, denoted by the sign
FMin Figure 1, is arranged along the supply channel 45
between the control damper SC of the airflows and the
heat recovery unit RC. An extraction filter, denoted in
Figure 1 by the sign FE, is arranged along the extraction
channel 25 between the indoor environment | and the
heat recovery unit RC. In the embodiment shown in Fig-
ure 1, the wall assembly further comprises a plurality of
differential manometers denoted in Figure 1 by the signs
AP to APg, which send signals to the programmable con-
trol device CPU.

[0050] In particular, there are: at least one differential
manometer AP, to measure the pressure differences be-
tween the outer air cavity 20 and the inner air cavity 40,
or between the inner air cavity 40 and the outdoor envi-
ronment E; at least one differential manometer AP, to
measure the pressure differences upstream and down-
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stream of the supply filter FM, with reference to the supply
airflow, along the supply channel 45; at least one differ-
ential manometer AP5 to measure the pressure differ-
ences upstream and downstream of the extraction filter
FE, with reference to the extraction airflow along the ex-
traction channel 25; at least one differential manometer
AP, to measure the pressure differences upstream of the
supply filter FM and downstream of the supply fan V1,
with reference to the supply airflow along the supply
channel 45; and at least one differential manometer AP
to measure the pressure differences upstream of the ex-
traction filter FE and downstream of the extraction fan
V2, with reference to the extraction airflow along the ex-
traction channel 25.

[0051] Further sensors are provided in the embodi-
ment of Figure 1. In the outdoor environment E, for ex-
ample, anirradiation sensor SR may be provided, as well
as a first sensor of volatile organic compounds denoted
by the sign VOC,; at least one second sensor of volatile
organic compounds denoted by the sign VOC, is ar-
ranged in the indoor environment |. In the same indoor
environment, |, a carbon dioxide sensor denoted by the
sign CO,, a room thermostat denoted by the sign TS, in
addition to at least one surface temperature sensor T5
of at least one wall of the indoor environment |, are also
arranged. All these sensors VOC,, VOC, and CO,, as
well as the room thermostat TS, send signals to the pro-
grammable control device CPU to which they are con-
nected. Further sensors, although not explicitly shown in
Figure 1, can be provided in the indoor environment |,
such as e.g. an occupancy sensor that allows to detect
whether or not people are present in the indoor environ-
ment |.

[0052] In the embodiment of Figure 1, a shading sys-
temis further shown that includes a solar radiation screen
5 controlled by an actuator MO depending on a signal
emitted by the irradiation sensor SR and sent to the pro-
grammable control device CPU.

[0053] Further components of the wall assembly de-
picted in Figure 1 may consist, e.g., of a thermo-hygro-
metric air treatment circuit 46 placed along the supply
channel 45 and embedded in the ventilation unit 100, and
a fan coil 47 installed in the indoor environment | and
connected to the supply channel 45. The airflow can also
be conveyed to a zone air handling unit (also known by
the acronym A.H.U.).

[0054] Figures 2, 2A and 2B depict a first operating
mode of the wall assembly according to the present in-
vention.

[0055] With reference to Figure 2, fresh air is taken
from the outdoor environment E through the air-perme-
able outer layer 10, then crosses the outer air cavity 20
and the intermediate layer 30, which is also air permea-
ble, until reaching the inner air cavity 40. The ventilation
unit 100 then receives air from the inner air cavity 40 and
feeds it into the indoor environment | through the sec-
ondary channel 85 and the supply channel 45. The stale
air present in the indoor environment | is instead taken
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via the extraction channel 25 and the primary channel 75
and then directly expelled to the outdoor environment E.
[0056] Figure 2A schematically depicts the position of
the control damper SC of the airflows between the chan-
nels 25, 45, 75 and 85 in this first operating mode, and
Figure 2B schematically depicts the airflows exchanging
heat as they pass through the heat recovery unit RC.
[0057] This first operating mode is activated automat-
ically, e.g. in winter, when the temperature in the inner
air cavity 40is higher than that of the outdoor environment
E air, or in summer, when the temperature in the inner
air cavity 40 is lower than that of the air of the outdoor
environment E.

[0058] Figures 3, 3A and 3B depicta second operating
mode of the wall assembly according to the present in-
vention.

[0059] With reference to Figure 3, fresh air is taken
directly from the outdoor environment E and sent to the
indoor environment | via the primary channel 75 and the
supply channel 45. Stale air present in the indoor envi-
ronment | is fed into the inner air cavity 40 through the
extraction channel 25 and the secondary channel 85, and
is expelled to the outdoor environment E after crossing
the air-permeable intermediate layer 30, the air cavity 20
and the outer layer 10 which is also air permeable.
[0060] Figure 3A schematically depicts the position of
the control damper SC of the airflows between the chan-
nels 25, 45, 75 and 85 in this second operating mode,
and Figure 3B schematically depicts the airflows ex-
changing heat as they pass through the heat recovery
unit RC.

[0061] This second operating mode is automatically
activated, e.g., in winter, when the temperature in the
inner air cavity 40 is lower than that of the outdoor envi-
ronment air, or in summer, when the temperature in the
inner air cavity 40 is higher than that of the outdoor en-
vironment air.

[0062] Figures4,4A, and 4B depict a further operating
mode similar to that of Figures 3, 3A and 3B, in the case
where the wall assembly provides the bypass channel
54 and the damper 95 depicted in Figure 1. In this case,
the extraction and supply airflows bypass the wall 1 and
the wall assembly works conventionally. Similar to the
second operating mode, Figure 4A schematically depicts
the position of the control damper SC of the airflows be-
tween the channels 25, 45, 75 and 85 in this further op-
erating mode, and Figure 4B schematically depicts the
airflows exchanging heat as they pass through the heat
recovery unit RC.

[0063] Switching between the various operating
modes takes place automatically and does not only de-
pend on the season but also takes into account, e.g., the
temperatures measured by the various sensors shown
in Figure 1, such as the TUR;-TUR,, T5 sensors, and
the settings of the room thermostat TS.

[0064] The control logic described so far is provided
by way of example. For example, the programming of
the programmable control device CPU shall also take
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into accountthe intended use of the building, its structural
characteristics and the composition of the energy bal-
ance to be evaluated at the design step.

[0065] The air speed produced by V1 and V2 fans is
related, e.g., to the detections of relative humidity in the
indoor environment |, carbon dioxide concentration and
volatile organic compounds, as well as any occupancy
sensors for the presence of people in the indoor environ-
ment |. This way, the wall assembly according to the
present invention is capable of blocking the air circula-
tion, e.g., in the absence of people, and of modulating
the flow rate depending on the conditions of the indoor
environment |. This allows to find a value of the air speed
related to the activation of the fans V1 and/or V2.
[0066] The possible outdoor shading control system,
which includes the solar radiation screen 5 controlled by
the actuator MO depending on the signal emitted by the
irradiation sensor SR, is capable of raising and lowering
the blades of the screen 5, as well as manage its incli-
nation depending on the irradiation conditions detected
by the sensor SR.

[0067] In summary, the solution proposed by the
present invention involves the simultaneous use of the
walls of a building envelope as a mechanical ventilation,
heat recovery and anti-particulate filter system. This is
an embedded envelope-plant system, in which part of
the plant functions are delegated to the same wall, as
well as to the ventilation unit, thanks to some technolog-
ical measures and the use of porous and air-permeable
materials.

[0068] The advantages of a solution according to the
present invention are many, including:

- winter heat recovery: the external ventilation air is
pre-heated by convection in a heat recovery unit be-
fore being fed into the indoor environment, thus mit-
igating conduction heat losses of the wall;

- decrease in summer heat storage: indoor air is ex-
pelled through the wall when it is energetically con-
venient, in order to thermally discharge the inner
masses and offer greater thermal inertia during day-
time hours;

- reduction in energy demand for heating, cooling and
ventilation, compared to conventional building tech-
nologies;

- improvement of indoor air quality: the wall acts as a
high-efficiency anti-particulate filter for PM10 and
PM2.5, feeding air cleaner than the extracted air into
the environment;

- integration of the building-plant system: the enve-
lope becomes an integral part of the ventilation sys-
tem, thus allowing to reduce number and section of
the channels and, consequently, to reduce the costs
of installation and maintenance of these plant com-
ponents.

- modulation of the behaviour of the building envelope:
the management of the airflows allows to pursue mit-
igation and adaptation strategies to different climatic
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conditions.

[0069] Various modifications may be made to the em-
bodiments described so far without departing from the
scope of the present invention. For example, embodi-
ments in which the outer air cavity 20 is not present may
be provided.

Claims

1. A dynamic insulation wall assembly to build air-per-
meable walls interposed between an indoor environ-
ment (l) of a building and the outdoor environment
(E), comprising at least one wall (1) having an inner
air cavity (40) delimited externally by at least one
intermediate layer (30) of air-permeable material and
internally by a layer (60) of air-impermeable material,
and a ventilation unit (100) equipped with a program-
mable control device (CPU) for automatically con-
trolling an airflow at least in said inner air cavity (40),
wherein said ventilation unit (100) comprises at least
one supply channel (45) of an airflow toward the in-
door environment (1), atleast one extraction channel
(25) of an airflow of the indoor environment (1), char-
acterised in that said ventilation unit (100) compris-
es at least one primary channel (75) directly con-
necting said ventilation unit (100) with the outdoor
environment (E) and at least one secondary channel
connecting said ventilation unit (100) with said inner
air cavity (40) or said outdoor environment (E),
wherein said ventilation unit (100) further comprises
a control damper (SC) of the airflows, which is ar-
ranged between said extraction (25) and supply (45)
channels and said primary (75) and secondary (85)
channels.

2. The wall assembly according to claim 1, wherein a
bypass channel (54) is connected to said secondary
channel (85) and wherein at least one damper (95)
is arranged between said secondary channel (85)
and said bypass channel (54) to direct the airflows
of said secondary channel (85), in a mutually exclud-
ing way, into said inner air cavity (40) or directly into
the outdoor environment (E).

3. Thewallassembly accordingto claim 1, further com-
prising an outer air cavity (20) delimited externally
by an outer layer (10) of air-permeable material and
internally by said at least one intermediate layer (30)
of air-permeable material.

4. Thewallassemblyaccordingto claim 3, wherein said
wall (1) is formed by a plurality of modules juxtaposed
in mutual contact, each of which has the outer air
cavity (20) and the inner air cavity (40) in fluid com-
munication with the respective outer air cavities (20)
and the respective inner air cavities (40) of the ad-
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jacent modules.

The wall assembly according to claim 1, wherein said
ventilation unit (100) comprises at least one supply
fan (V1) arranged along said supply channel (45)
and at least one extraction fan (V2) arranged along
said extraction channel (25).

The wall assembly according to claim 1, wherein said
control damper (SC) is equipped with a motorised
actuator (MS) controlled by said programmable con-
trol device (CPU), to selectively put in fluid commu-
nication the indoor environment (1) with said inner air
cavity (40) or with the outdoor environment (E).

The wall assembly according to claim 5, further com-
prising at least one heat recovery unit (RC) between
the supply airflows and the extraction airflows along
the respective channels (45) and (25).

The wall assembly according to claim 3, further com-
prising a plurality of temperature and relative humid-
ity sensors (TUR-TUR,) which send signals to said
programmable control device (CPU)and which com-
prise:

- at least one temperature and relative humidity
sensor (TUR,) placed outside said wall (1);

- at least one temperature and relative humidity
sensor (TUR,) placed in the outer air cavity (20)
of said wall (1);

- at least one temperature and relative humidity
sensor (TUR3) placed in the inner air cavity (40)
of said wall (1); and

- at least one temperature and relative humidity
sensor (TUR,) placed in said indoor environ-
ment (1).

The wall assembly according to any one of the pre-
ceding claims, wherein at least one supply filter (FM)
is arranged along said supply channel (45) between
said control damper (SC) of the airflows and said
heat recovery unit (RC) and at least one extraction
filter (FE) is arranged along said extraction channel
(25) between said indoor environment (I) and said
heat recovery unit (RC), and wherein the wall as-
sembly further comprises a plurality of differential
manometers (AP,-APg) which send signals to said
programmable control device (CPU)and which com-
prise:

- at least one differential manometer (AP) to
measure the pressure differences between said
inner air cavity (40) and said outer air cavity (20),
or between said inner air cavity (40) and said
outdoor environment (E);

- at least one differential manometer (AP,) to
measure the pressure differences upstreamand
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downstream of said supply filter (FM), with ref-
erence to the supply airflow, along said supply
channel (45);

- at least one differential manometer (AP3) to
measure the pressure differences upstream and
downstream of said extraction filter (FE), with
reference to the extraction airflow, along said
extraction channel (25);

- at least one differential manometer (AP,) to
measure the pressure differences upstream of
said supply filter (FM) and downstream of said
supply fan (V1), with reference to the supply air-
flow, along said supply channel (45); and

- at least one differential manometer (APg) to
measure the pressure differences upstream of
said extraction filter (FE) and downstream of
said extraction fan (V2), with reference to the
extraction airflow, along said extraction channel
(25).

The wall assembly according to any one of the pre-
ceding claims, further comprising at least one first
sensor (VOC,) of volatile organic compounds which
is placed in the outdoor environment (E), atleast one
second sensor (VOC,) of volatile organic com-
pounds, at least one room thermostat (TS), at least
one surface temperature sensor (T5) of at least one
wall of said indoor environment (1) and at least one
sensor (CO,) of carbon dioxide which are placed in
said indoor environment (I), said sensors sending
signals to said programmable control device (CPU)
to which they are connected.

The wall assembly according to any one of the pre-
ceding claims, further comprising a shading system
that includes a solar radiation screen (5) controlled
by an actuator (MO) depending on a signal emitted
by an irradiation sensor (SR) and sent to said pro-
grammable control device (CPU).

A method for automatically controlling one or more
airflows in a dynamic insulation wall interposed be-
tween an indoor environment (I) of a building and
the outdoor environment (E), comprising the steps
of:

- providing at least one wall (1) having an inner
air cavity (40) delimited externally by atleastone
intermediate layer (30) of air-permeable mate-
rial and internally by a layer (60) of air-imperme-
able material, said wall (1) further comprising an
outerlayer (10) of air-permeable material placed
outside said intermediate layer (30) of air-per-
meable material;

- providing a ventilation unit (100) equipped with
a programmable control device (CPU) to auto-
matically control a supply fan (V1) and/or an ex-
traction fan (V2) which are adapted to generate
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13.

14.

15.

16.

an airflow at least in said inner air cavity (40),
wherein said ventilation unit (100) comprises at
least one supply channel (45) of an airflow to-
ward the indoor environment (1), atleast one ex-
traction channel (25) of an airflow from the in-
door environment (1), at least one primary chan-
nel (75) directly connecting said ventilation unit
(100) with the outdoor environment (E), at least
one secondary channel (85) connecting said
ventilation unit (100) with said inner air cavity
(40) or said outdoor environment (E), and a con-
trol damper (SC) of the airflows arranged along
said extraction (25) and supply (45) channels,
and wherein said ventilation unit (100) further
comprises a control damper (SC) of the airflows
arranged between said extraction (25) and sup-
ply (45) channels and said primary (75) and sec-
ondary (85) channels;

- activating said ventilation unit (100) to supply
the air taken from the outdoor environment to
said indoor environment (l) and to expel to the
outdoor environment (E) the air extracted from
said indoor environment (1), characterised by
comprising the step of:

- activating said control damper (SC) to con-
nect said extraction channel (25) with said
primary channel (75) or said secondary
channel (85) in a mutually excluding way
and to connect said supply channel (45) with
said primary channel (75) or said secondary
channel (85) in a mutually excluding way.

The method according to claim 12, wherein a bypass
channel (54)is connected to said secondary channel
(85) and wherein at least one damper (95) is ar-
ranged between said secondary channel (85) and
said bypass channel (54), further comprising the step
of activating said damper (95) to direct the airflows
of said secondary channel (85), in a mutually exclud-
ing way, into said air cavity (40) or directly into the
outdoor environment (E).

The method according to claim 12, further compris-
ing an outer air cavity (20) delimited externally by
said outer layer (10) of air-permeable material and
internally by said intermediate layer (30) of air-per-
meable material.

The method according to claim 12, wherein a supply
airflow is generated by said supply fan (V1) and an
extraction airflow is generated by said extraction fan
(V2), and wherein the indoor environment (1) is se-
lectively put in fluid communication with said inner
air cavity (40) of the wall (1) or with the outdoor en-
vironment (E) outside said wall (1).

The method according to claim 15, wherein said ven-
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tilation unit (100) is controlled as supply and/or ex-
traction depending on one or more of the following
conditions:

- temperature of the outdoor environment (E) %
and/or the indoor environment (1);

- relative humidity of the outdoor environment

(E) and/or of the indoor environment (l);

- pressure differences between said inner air
cavity (40) and said outer air cavity (20) and/or 70
said outdoor environment (E);

- solar radiation detected in said outdoor envi-
ronment (E);

- concentration of carbon dioxide and/or volatile
organic compounds in said indoor environment 75
(0}

- presence of people in the indoor environment
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