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TESTING AND COMPARISON OF AN

ACTIVE DRY WALL WITH PCM AGAINST A
TRADITIONAL DRY WALL IN A RELEVANT

OPERATIONAL ENVIRONMENT

Abstract

As the building stock plays an essential role in meeting Europe’s cli-
mate target, suitable strategies are necessary for the sector transition.
This paper compares two dry-multi-layer walls characterized by dif-
ferent compositions: one applies heat reflective insulation with Phase
Change Materials (PCM), while the second uses traditional glass wool
batt. The experimental tests were conducted in a retrofitted building, the
VELUXIlab, a multi-testing laboratory located at Politecnico di Milano
University (Italy), as one of the main outputs of the TEPORE proj-
ect granted by the Lombardy Region. The temperatures and Heat Flux
were measured through sensors between the inner and outer surfaces
of the traditional wall (Dry Wall) and the false-wall with PCM (Active
Dry Wall). The goal was to compare the two technologies evaluating
the performance during daytime and nighttime in the winter season.
Outcomes showed the advantages of the PCM application on space
heating energy needs, revealing that their integration into the false-wall
decreases the temperature by 1°C for a 30-40% thermal savings in the
building envelope heat losses per week during cold seasons compared
to the traditional wall. The study reveals that the PCM layer reduced
the peak Heat Flux by 2.67 W/m? during the accumulation and release
period.

Keywords

PCM, Dry construction technology, Energy efficiency, Thermal inertia,
Sensors.
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The European Parliament and the Council’s request for
highly efficient buildings [1] regard not only the near-ze-
ro annual balance between produced and absorbed ener-
gy (NZEB) [2] but also the reduction of life-cycle-relat-
ed greenhouse gas emissions [3]. Indeed, almost 40% of
in-home energy use is due to occupants’ interaction with
the building’s systems [4, 5], generating an enormous
amount of environmental impact [6, 7]. In this perspec-

96

tive, the adoption of Phase Changing Materials, mainly
in lightweight technology [8], can be a suitable “car-
bon-effective” investment to refurbish existing build-
ings [9] or new constructions [10]. Even though the
buying price of PCM is relevant, it has been observed
that the payback cycle of the system is efficient thanks
to the cost of energy saved [11] by lowering the cooling
and heating demand. In active systems, the PCM is a
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possible heating peak load shifting strategy for build-
ings to achieve indoor thermal comfort, especially for
applications to existing buildings to improve the current
installation’s performance [12]. On the one hand, aux-
iliary studies on dynamic energy simulation show that
construction solutions with PCMs can cut consumption
by flattening the indoor temperature fluctuations and
reducing/shifting the load peak [11] due to the heating
store capacity of the material (artificial inertia). On the
other hand, the monitoring campaign on indoor envi-
ronmental quality metrics and energy consumption of a
building designed with PCM and installed in the second
story of the west unit [13] shows that the installation of
PCM had a positive effect on thermal comfort, reducing
the estimated annual overheating hours from about 400
to 200 and that has a significant impact on the building’s
energy consumption.

Some other research [14] demonstrated that a suitable
storage system capable of accommodating the thermal
loads arising within the room during the daytime, a 5
cm layer of microencapsulated PCM (25% by weight of
the ceiling material) and gypsum in a ceiling panel are
sufficient to maintain a comfortable room temperature
in standard office buildings [15]. The addition of a PCM
layer to building walls [16] shows that: (i) the PCM-in-
tegrated walls are advantageous mostly in moderate cli-
mates and when the daily temperature swings should be
favorable to permit free ambient cooling/heating; (ii) the
transition temperature of the PCM should be optimized
to enhance the utilization of the PCM; (iii) the location
of the PCM in the wall should be tweaked so that the
layer can interact with both the exterior as well as the
interior environments. A further study [17] highlighted
that incorporating PCMs in buildings’ walls, floors, and
ceilings can significantly release load management. In-
deed, PCM can offer a higher storage capacity [18] as-
sociated with the latent heat of the phase change, accu-
mulating and discharging heat and cold on-demand, and
controlling humidity in various applications. Additional-
ly, different parameters may influence the performance
of PCM, as the location of the PCM layer embedded in
walls and the environmental conditions [19] affect the
thermal proprieties, as the absorption and release of la-
tent heat can radically change. The study reports that
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PCM with a transition temperature of 22-24°C, located
in the middle of the wall, reduces the annual heat gain by
3.5%-47.2% and the annual heat loss by -2.8% and 8.3%,
depending on the location considered in this reference
study using USA climate [16].

Although the literature shows many studies related to
the PCM effectiveness measurement, only some studies
compare their efficiency by analyzing data from case
studies instead of digital/theoretical models. Therefore,
the need to further investigate the PCM application with
a work aiming to compare the behavior of two real false-
wall, one with PCM, to assess their inertial capacity in
heating mode. The intention is to support the ecological
transition to a more sustainable — and ethical — approach
to buildings by estimating the amount of energy savings
thanks to the combined use of sensors and a thermo-
graphic survey. This double method of analysis looks at
meliorating not only the quality of life and integrity of
buildings but also that of individuals according to climat-
ic zones and comfort requirements.

Accordingly, the obtained results for the winter sea-
son could be examined and verified in further develop-
ment for the summer season, where the artificial inertia
capacity of Phase Changing Materials allows for flat-
tening the temperature peak around noon and releasing
stored heating during the night.

2. METHODS

The present paper aims to compare two types of portions
of multi-layer technology false-walls — the first is called
Active Dry Wall with a layer of phase change materials
(PCMs) between the gypsum boards, and the second is
a traditional Dry Wall [20]. They were installed as two
portions of counter wall in VELUXIab, a Politecnico di
Milano test building. This work is part of the TEPORE
project, a research project supported by the Lombardy
region (Italy) that evaluates the application of innovative
envelope technology based on the heat sink effect [21] in
efficient and intelligent buildings under heating through
a sensor-based upgrade approach [22]. The selected tech-
nologies were chosen because of their market diffusion
as a standard dry wall solution to compare with an effi-

cient PCM layer composition among materials furnished
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by the project partners. The comparison between various
building components and products is carried out through
their on-field performance by checking, monitoring, ana-
lyzing, and optimizing the energy consumption and com-
fort in heating mode.

Several sensors were installed between the false-
walls to detect the surface temperature and heat flow.
Realizing two sensor walls with different stratigraphy al-
lows for verifying their efficiency by an on-site survey of
a data series derived in a digital environment. The smart
control technique is applied to enhance and monitor their
performance and make them cost-effective [12] from the
sustainable design perspective, i.e., BIM 6D [23].

The research evaluates PCM’s energy performance
for 69 days within a test facility building to observe the
winter seasons’ behavior compared to traditional dry
wall technological solutions [14, 21]. The progress en-
sured by the data collected is crucial to understanding the
material’s behavior in different climate conditions (rainy,
cloudy, and clear sky), the humidity of the environment
and the radiation level as a parameter of influence for the
artificial inertia performance. The survey was taken from
24th November 2018 until 1st February 2019. The results
are reported both in a medium-term perspective (Section
3.3. Weekly Analysis: 24th—30th November), with a daily
focus (Section 3.2. Daily Analysis) and on-the-spot com-
parison, as expected behavior of the technology during
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the winter period (Section 3.4. Weekly Comparison of
Active Dry Wall and Traditional Dry Wall). Parallelly,
on the 6th and 12th of November 2018, a thermograph-
ic survey (Section 3.1. Thermographic Survey) analyzed
the surface temperature of the wall to check and com-
pare results with analytical data from sensors (Section

3.5. Temperature Section Analysis).

2.1. COMPONENTS FEATURES

The energy performances of the two dry wall technolo-
gies (Active Dry Wall and Dry Wall) are compared using
the monitoring data collected by sensors. In particular,
sensors are inserted into different layers of the two false-
walls installed on the existing building envelope, as de-
scribed in Section 2.2 Experimental setup. The stratigra-

phies of the two false-walls are:

e Active Dry Wall: plasterboard, PCM sachets,
plasterboard, reflective honeycomb thermal insu-
lation, air cavity, thermal reflective insulation;

e Dry Wall: plasterboard, air cavity, plasterboard,
glass wool insulation, air cavity, thermal reflective

insulation.

The main thermal properties of the wall materials are
reported in Table 1.

Width x . . Specific Heat Thermal
Item Height T"Ef,‘"‘::';ss &‘;’}ﬂg) Capacity  conductivity Quantity
(mm) (3/kgK) (W/mK)
Laths for fixing Multi- } } _ 2
Reflective Insulation 40 x 2,000 15 ol
Metal frame G 75 B - = 7.4m
40 x 2,000 )
Gypsum board 1,200 x 2,500 12.5 680 1,000 0.21 10 m?
Thin Multi-Reflective 2
Insulation 1,220 x 2,000 - 20 1,450 0.04 5m
Honeycomb By
o 550 x 2,000 100 9 2,300 0.033 2m
Glass wool 550 x 2,000 75 21 1,030 0.33 2 m?
Solbi_dnsotgte 0.93
PCM 124 x 122 12.5 14,000 ! 6 sachets
Liquid state 7
2,000 0.75

Tab. 1. Material items referred to Dry Wall and Active Dry Wall installed on the south side of the east wing of VELUXIab. Characteristics of Thermal
Capacity and Thermal Conductivity of PCM in the solid and the liquid state.
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Specifically, thermo-reflective insulation is multi-re-
flective thin insulation based on sheep wool, airtight and
watertight. It is positioned to detach the two false-walls
from the effect of the external closure behind them. In par-
ticular, it preserves results from direct radiation affecting
the west wall during the afternoon and avoids heat loss
from inside to outside during the night. The honeycomb
isulation ensures winter and summer thermal insulation,
acoustic insulation, and airtightness of buildings. The
glass wool is used for thermo-acoustic insulation of walls,
false-walls and false ceilings made with the dry system.
Finally, the PCM used is a commercial solution (ClimSel
C210©) in salt hydrate-based material in aluminum pack-
ets. Its main components are sodium sulphate, water, and
additives. The starting melting temperature range is be-
tween 21°C (solid) and 26°C (liquid); the latent heat of
fusion is 134 kJ/kg for a liquid density of 1.4 kg/I.

The internal false-walls were positioned in contact with
the existing vertical closure, detaching the two walls by in-
serting thin reflective insulation using a galvanized light-
weight metal frame with C studs and a U transom to contain
the insulation. Different insulation layers characterize the
systems because of their diverse behavior: the thermo-re-
flective insulation has no inertial performance, provided by
the PCM sachets, while the traditional Dry Wall provides
it through the glass wool. The two systems are selected be-
cause they are two conventional dry wall layers available
on the market with comparable thermal transmittance.

The two walls are mainly differentiated by the pres-
ence of a layer of Phase-Change Material in the Active
Dry Wall between two layers of plasterboard, whereas
the traditional Dry Wall has an air cavity. The hydrate
salt materials accumulate significant amounts of heat
while maintaining a constant temperature during the
transition phase (between 21°C and 26°C for the PCM
material adopted: sodium sulphate, Na, SO,-10H,0).

The two walls’ comparative performance analysis is
based on the PCM characteristic to exploit the cycles of
heat release and heat absorption, allowing the regulation
of the thermal condition of indoor environments during
the heating time. The material allows heat flow while
maintaining the same physical state. The material allows
heat flow while maintaining the same physical state. The

material starts its phase transition during its melting tem-
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perature, maintaining a constant temperature until the
transition is complete when the heating flux restarts. The
heating flux can be considered positive during the day
when PCM stores heating by absorbing it from external
radiation and negative during the night when the heating
absorbed is released. The capability to store thermal en-
ergy related to phase transitions, allowing a temporary
accumulation of thermal energy at a higher temperature
and its release at a lower [21], can be described as “arti-
ficial inertia” [24]. According to the comfort temperature
setup, the melting temperature of PCM is 21°C, although
the inner temperature and the PCM surface temperature
can be higher because of their location. The salt-hydrate
superficial temperature can come up to 26°C in the win-
ter because they are affected by direct sun radiation from
the south window. The temperature can continue to in-
crease once the transition to the liquid state is complete.
The comparative analysis of the performance [25] of
the two walls in the facility building of VELUXIlab, fo-
cuses primarily on the monitoring process through “sens-
ing”. The sensorization of walls is functional to collect
data through the surface temperature and heat flow of the
two technologies in the inner and outermost layers. As
the building’s nature is an office, comfort temperature is
settled at the 20-26°C range and a working schedule of
8:00—-18:00. During the winter season, the outside tem-
perature float between -5°C and 10°C, with 2°C-7°C of

average temperature in December.

2.2. EXPERIMENTAL SETUP

The case study of this research, which is part of the TE-
PORE project in collaboration with Smart Living — an ini-
tiative to investigate technologies and products application
in home buildings — is VELUXIlab, a multi-test building of
the Politecnico di Milano at Bovisa Campus neighborhood
in the northern part of the city (Fig. 1). The false-wall was
installed against a portion of the west wall of the east wing of
the VELUXIab, near three roof windows that allow light to
enter and break down against the new construction (Fig. 2).

The data survey took place from 24th November 2018
until 1st February 2019 with a time step of 15 minutes.
It was functional to test the proper functioning of these

sensors and design the system of graphic representation
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~——Temp. 5

Surface Temperature @

Alr Temperature Q
Flux [ ]
PCM i}

Fig. 1. The 3D view of the east wing monitoring system: the Dry Wall, on the left side, and the Active Dry Wall, on the right one, installed on the

south side of the east wing of VELUXIab.

Dry Wall Active Dry Wall with PCM
r——— — — — — 1r - — — — — — 1
£ £
: g
Existing vertical closure ; o
§ &
58.4 - . 58.4
——— g —————
i ) i ===
. i
: ad b - =
55 4 55
p 122 L
© 050 ©
— i o
®:® © ® z8 T ®
©E Lo E
o @ a3 L
< EX EL 0t
S o PR
g £ E- G
®C 40X75X40 stud ©PCM piglets @ Heat reflective insulation
{type. Actis Hybris)
®Thermal reflective insulation @ Gypsum plasterboard Spacer slat
(type. Actis Trisolane)
Thermal insulation in glass wool Wooden batten

(type. Ekovetro Knauf)

4 Surface Temperature sensor LS|

s Temperature sensor GreenTeg

m— Surface Thermo-flowmeter LS|

—— Thermo-flowmeter and Surface Temperature sensor GreenTeg

Fig. 2. The horizontal section of the Dry Wall on the left side and the Active Dry Wall on the right one, installed on the south side of the east wing of

VELUXIab, highlighting the sensor’s location and the technology layers’ composition. The two false-walls are detached from the existing vertical
closure thanks to a vertical insulation layer (B) and the wooden batten (F).
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of the data collected. As described in Figure 2, the fully

sensorized wall was equipped with the following:

» five surface temperatures and two flow sensors:
LSI-LASTEM type (Temp.1 Dry Wall, Temp.2
PCM, Temp.3 Dry Wall, Temp.4 Dry Wall,
Temp.5 PCM, Flux6_Dry Wall, Flux7_PCM).

[The LSI-LASTEM features for Temperature
(T) and Heat Flux (HF) are, respectively: Op-
erational temperature range (°C), -50 to +70
(T), -30 to +70 (HF); Accuracy measurement,
+/-0.1°C (T), +/-5 kW/m? (HF); Resolution
sensors, 0.01°C (T)].

* two aerial temperatures and two flow and surface
temperature sensors: GreenTEG type (Temp.110_
Dry Wall, Flux.110_ PCM, Temp.108 Dry Wall,
Flux108 PCM, Temp.108int PCM, Temp.110int
PCM).

2: Application of the thermo-
reflective insulation

1: Installation of the first layer
of wooden laths
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[The GreenTEG features for combined Tem-
perature and Heat Flux are: Operational tem-
perature range (°C), -40 to +80; Accuracy
measurement, +/-0.1°C (T), +/-3 % (HF); Res-
olution sensors, 0.01°C (T), 0.09 W/m? (HF)].

The technology of materials and layers is defined as
“invisible” because of the high performance achieved in
small thicknesses. The use of multi-reflective materials
and the high thermal capacity of PCM turn the building
into “active” and even more “reactive” to external climatic
stimuli in a shorter time. The experiment is conducted by
creating two new false-wall portions instead of modifying
the existing vertical closure. Sensors installed in the smart
dry walls have constantly monitored the real performance
of the envelope-plant-interior environment system (indoor
comfort). The montage was carried out over the two half-
days on the 10th and 11th of July 2018 (Tab. 2).

A

4: Wrapping of steel frame
elements with thermo-
reflective insulation

3: Installation of the steel
frame with neoprene strips on
the floor and false ceiling

il

5: Laying of glass wool in the
left cavity and honeycomb
insulation in the right one

the heat-reflecting insulation
flaps

6: Fixing the plasterboard and 7. Installation of PCM insulation

8: Installation of the
plasterboard panels

with surface temperature and
heat flow sensors

Tab. 2. The installation phases with eight steps of the Dry Wall on the left flank and the Active Dry Wall on the right one, installed on the south

side of the east wing of VELUXlab.
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The two Dry Walls are identically sensorized (Tab.
2 phases 6, 7 and 8) to collect and retrieve data. Data
collected are analyzed from generic data (thermographic
survey) to specific (sensors analytical values) and from
the instantaneous moment to weekly behavior to extend
the results to the whole winter season. This approach fol-
lows incremental knowledge progress by understanding
the global effect of the PCM compared to a simple dry
wall at first with lower precision data coming from the
thermographic survey and then validating the results by
quantifying the effective benefits of heating flux savings
by the analytical sensor data collection.

Survey on the 06/12/2018

1: Dry Wall

a8
06/12/2018 - 12:

2: Active Dry Wall with PCM

TEMA: Technologies Engineering Materials Architecture
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3. RESULTS

3.1. THERMOGRAPHIC SURVEY

A thermographic survey campaign was conducted with
the support of a FLIR T400 thermal camera. This survey
aims to verify the thermal operation of the two technol-
ogies by observing the radiation emitted in the infrared
range of the electromagnetic spectrum. The external
temperature and weather conditions are collected by the
closest weather station located in the northern area of
Milan because of the influence of direct radiation and

environmental temperature on the results.

06/12/2018 - 16:00 |

06/12/2018 - 14:00

Boundary conditions Tout: 10.3 °C Tout: 11.9 °C Tout: 10.8 °C
Weather conditions: partially ~ Weather conditions: sunshiny ~ Weather conditions: sunshiny
overcast
Survey on the 11/12/2018

3: Dry Wall

11/12/2018 - 12:00
Tout: 12.8 °C

4: Active Dry Wall with PCM
Boundary conditions

Weather conditions: sunshiny

FLIR

11/12/2018 - 16:00

11/12/2018 - 16:00

Tout: 11.9°C
Weather conditions: sunshiny

11/12/2018 - 14:00

Tout: 13.3 °C
Weather conditions: sunshiny

Tab. 3. The thermographic survey performed from 06/12/2018 to 11/12/2018 on the Dry Wall on the left flank and the Active Dry Wall on the right

one, installed on the south side of the east wing of VELUXIab.

102
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The analysis was carried out simultaneously in three
hours steps (12:00, 14:00 and 16:00), selecting days
with similar weather conditions (sunshiny) to avoid the
influence of environmental and climatic conditions of
the place under analysis. The two chosen days are the
6th and the 11th of December (Tab. 3).

The results show a constant difference between the
surface temperature of the Dry Wall insulation and the
Active Dry Wall for both surveys: around 1°C higher
for the glass wool insulation due to PCM’s most sig-
nificant heat absorption by its phase change. In the first
survey (Tab. 3) on 6th December, the surface tempera-
tures of the PCM and the glass wool insulation are sim-
ilar (19.9°C and 20°C, respectively) because there is
no direct sunlight affecting the wall (partially overcast
weather conditions). In the second survey on 11th De-
cember, the initial delta at noon is higher (1.3°C, re-
sulting from 24.9°C of the Dry Wall and 23.6°C of the
Active Dry Wall) because of the radiation affecting the
false-wall throughout the morning.

The higher reduction of the outside temperature
from 13.3°C to 11.9°C accelerates the PCM inertial ca-
pacity reversion. It released the heat accumulated to the
internal environment, having a similar surface tempera-
ture to the Dry Wall (0.5°C of the delta at 16:00 on 11th
December instead of 1°C on 6th December).

3.2. DAILY ANALYSIS

The proposed analysis realized through fully sensorized
walls aims to estimate their energy performances. The
heat flow graphs measured on the Dry Wall (sensor
Flux6 Dry Wall in Fig. 3a) and the Active Dry Wall
with PCM (sensor Flux7 PCM in Fig. 3b) highlight the
effect of both walls from the radiation metrics (the blue
bar in the charts) as general behavior, with positive val-
ues when the sun is present. As a result of the solar ra-
diation intensity peak (6.53 W/m? at noon), the surface
temperature of the two walls (Temp.4 Dry Wall and
Temp.5 PCM) increases together with the inner tem-
perature, reaching the same temperature around 11:00
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(21.22°C and 21.24°C respectively for the Dry Wall
and the Active Dry Wall).

Instead, the different inertial capacity produces an ef-
fect on solar radiation: the Dry Wall closes the gap by
approaching the values between the inner air tempera-
ture and its surface temperature after the solar radiation
intensity peak (0.17°C at 15:00, 0.8% of the indoor tem-
perature), while the Active Dry Wall saves 0.88°C, that
is 4.1% of the inner temperature. This delta is constantly
maintained during the whole day (0.76°C as the daily
average value, around 3.8%), while the Dry Wall release
more energy during the night, having at midnight a delta
of 1.68°C (7.5% of the inner temperature), compared to
0.62°C (only 2.7% of losses) of the Active Dry Wall.

The difference between the delta daily average value
for PCM (1.28°C, 0.6% minor than the inner tempera-
ture) and Dry Wall (0.76°C, 3.5% lesser than the inter-
nal temperature) is 0.52°C. Therefore, it is 2.5 times
higher than the traditional solution, which reflects the
superior attenuation capacity of the artificial inertia of
the PCM material compared to the traditional one and
results in a higher surface temperature during the night,
levelling the peaks.

The Heat Flux analysis shows some delays between
the two solutions: the accumulation period of Dry Wall
starts at 6:00 (Fig. 3a), two hours before the PCM (8:00
in Fig. 3b), and finishes at 16:30, half an hour before
the active Dry Wall. The peaks also confirmed the de-
lay: PCM peak is 13.7 W/m? at 14:00, while the dry
false-wall is 11.1 W/m? at 13:00 with a delta of 2.6 W/
m? between the two maximum values. Comparing the
area under the curve, the PCM Heat Flux is 20-30%
higher in the accumulation period because of the delta
of peaks, despite 1.5 hours less of accumulation. The
trend is again confirmed during the night: the negative
peak is 1.9 W/m? for the dry false-wall at 19:00, while
the Active Dry Wall is -4.4 W/m? at 1:00. The discharg-
er phase (highlighted in blue) is 2.3 times higher for the
PCM due to its (artificial) inertial capacity. The global
heating energy transfer for a single day (30th Decem-

ber) results in a reduction of 40%.
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Fig. 3. The Daily Analysis (28/11/2018) realized. (a) The Heat Flux (sensor Flux6_Dry wall) and the Internal Surface Temperature (sensor Temp.4_
Dry wall) of the Dry Wall - related to Inner and Outer Temperature (Temp.IN/Temp.OUT) and the Solar Radiation. The surface temperature
(Temp.4_Dry wall) is close to the Inner Temperature peak at 15:00, while the discharger phase is relatively small compared to the accumulation
period. (b) The Heat Flux (sensor Flux7_PCM) and Internal Surface Temperature (sensor Temp.4_PCM) of the Active Dry Wall with PCM - related
to the Inner and Outer Temperature (Temp.IN/Temp.OUT) and the Solar Radiation. The surface temperature (Temp. 5_PCM) is constantly 0.9°C
lower than the Temp.IN, while the accumulation and the discharger phases are similar in embodied energy thanks to the heat sink effect of PCM
(artificial inertia).

104



Vol. 9, No. 1 (2023)

3.3. WEEKLY ANALYSIS

The weekly analysis (Fig. 4) shows a close to zero Heat
Flux exchange for November 24th and 25th because the
office was not populated, with closed shadings prevent-
ing radiation from acting on the false-walls and a set-
point for the heating system of 17°C minimum. From
Monday 26th to Friday 30th, the general path described
is confirmed, showing a flux delay of 1 hour, a higher
accumulation capacity of 20-30% and a similar gap of
2.7 W/m? in the negative peak. The accumulation peak
shrinks when the radiation is lower: both are around 2 W/
m? lower on the 29th and 30th, while the heating release
is unrelated to the radiation path.

Besides, specific analysis for the portion of the wall
with PCM (Fig. 5) compares the Heat Fluxes measured
on the inner face of the plasterboard before the PCM
(sensor Flux110 PCM) and on the exposed surface in
the room after the PCM (sensor Flux7 PCM). The two
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surfaces have opposite Heat Flux curves due to the PCM
heat shield effect. In the morning, salt and paraffin col-
lect heat from the external surface — thanks to the direct
sunlight — oppositely, the PCM releases the stored heat
to the inner space during the night. The honeycomb re-
flecting insulation avoids heat loss to the external side,
directing it to the inner side and coming to zero flux.
The global accumulation flux is 4.5 times larger than
the discharger peaks; the proportion between the sunlight
hours (13.73 W/m? on the 28th) and the night release
(-4.31 W/m?) is also confirmed on the 27th, as highlight-
ed in the graph (Figure 5). On this day, the delta between
accumulation (+15.31 W/m?) and the release peak (-5.88
W/m?) is also higher (21.19 W/m?on the 27th; 19.44 W/
m? on the 28th) because of the high level of the outer
temperature (14.5°C on 27th and 12.3°C on 28th).
Similarly, the releasing period shows the same path:
the discharger delta at night (around 1:00) is about 4.71
W/m?on the 27th and 4.5 W/m?on the 28th, respectively,
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Fig. 4. The image shows the Heat Flux path during the week for the Dry Wall (Flux6_Dry Wall) and the Active Dry Wall with PCM (Flux7_PCM).
The Active Dry Wall heat flux follows the Radiation flow during the day: the accumulation peak is lower, and the radiation during cloudy days on

29/11/2018 and 30/11/2018.
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Fig. 5. The comparison of Heat Flux measured on the plasterboard behind the PCM (sensor Flux110_PCM) and the external surface of the Active
Dry Wall (sensor Flux7_PCM). Fluxes are inverted during the day and the night: the deep blue line displays the PCM absorption during the day and
its release during the night toward zero. The dotted line displays how the false-wall surface releases heat during the night.

4.5 and 4.32 times the accumulation. Regarding the ab-
solute value, the absorption peak (15.31 W/m? and 13.73
W/m?) and releasing peak (-5.88 W/m? and -5.71 W/m?)
proportion is 2.4 on both days, 27th and 28th, respec-
tively.

3.4. WEEKLY COMPARISON OF ACTIVE DRY
WALL AND TRADITIONAL DRY WALL

The overlapping of the two graphs previously analyzed
(Figs. 4, 5) supports the parallelism of the two opaque
envelope technology thermal hour-by-hour behavior per
week.

The comparison (Fig. 6) between the flux and tem-
perature measured on the Dry Wall (Flux6_Dry Wall and
Temp.4 Dry Wall) and the Active Dry Wall with PCM
(Flux7_PCM and Temp.4 PCM) highlights that the Ac-
tive Dry Wall works as a “solar collector with artificial
inertia”. The Active Dry Wall with PCM has a similar
surface temperature during the sun hour, while the Heat

Flux is considerably higher, with a zenith around 14:00
when the direct sunlight stops affecting the wall. From
this moment, there is a reversion in the Heat Flux, having
a negative peak at midnight: the heat stored during the
day is released during the night, allowing better indoor
comfort for the users, as shown by the 1°C higher surface
temperature for PCM false-wall.

Location, inner and outer temperature, relative hu-
midity, and radiation are the same for both technolo-
gies, and the results clearly show the reverse behavior
of the two false-walls: the Dry Wall with traditional
insulation causes higher temperature variation on the
external surface (Temp.4 Dry Wall) with lower flux
variation. At the same time, the Active Dry Wall with
PCM has a stable surface temperature (Temp.4 PCM)
delta of 1°C from the internal temperature by a more
extensive range in positive and negative heating flux
(20-30%). However, the weekly global heating energy
transfer of Active Dry Wall saves 29% thanks to artifi-
cial inertial technology.
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Fig. 6. The comparison of the Heat Flow (sensor Flux6_Dry Wall and Flux7_PCM) and Internal Surface Temperature (sensor Temp.4_ Dry Wall and
Temp.4_PCM) of the Dry Wall and the Active Dry Wall installed on the south side of the east wing of VELUXlab. The weekly sum of the accumula-
tion and the release of heating results is 18.1 W/m? lower for the Active Dry Wall one.

3.5. TEMPERATURE SECTION ANALYSIS of both technologies during the day (black dot line) and

The weekly comparison of the two technologies analy- night (red dot line). The comparison is on the level re-

ses the temperature trends section (Fig. 7) at every layer  corded at 14:00 on 26/11/2018 and 2:00 on 28/11/2018.
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Fig. 7. The temperature trends of the walls installed on the south side of the east wing of VELUXlab. The comparison of the measurements was
recorded at 14:00 (black dot line) and 2:00 (red dot line) on 28/11/2018 on the wall with the Dry false-wall (sensors Temp.1_Dry Wall, Temp.3_Dry
Wall, Temp.4_Dry Wall) and the Active Dry Wall with PCM addition (sensors Temp.110_PCM, Temp.108_PCM, Temp.2_PCM, Temp.4_PCM.
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On the left side, the surface temperature of the dry
wall is higher (+0.7°C) as well the one measured on the
second plasterboard (0.26°C); on the reverse, during the
night, the PCM shows a 20.66°C temperature, 1.11°C
more than the dry wall (19.55°C). Its artificial inertia
causes the temperature turnaround, having a higher tem-
perature on the thermo-reflective layer at night (17.62°C
against 16.75°C).

4. CONCLUSIONS

The theme addressed in this paper emphasizes the im-
portance of promoting research, development, innova-
tion, and the “home system” for achieving the EPBD
Directive 2010/31/EU request for NZEB buildings. The
research was developed within the TEPORE project,
performed at Velux Lab, a Politecnico di Milano test
building, analyzing PCM’s energy performance and ef-
ficiency concerning traditional Dry Wall technologies
for heating sink effect. The sensorization of the various
envelope layers has shown how Active Dry Walls with
PCM materials inside can accumulate considerable
heat during winter sunlight hours and release this heat
at night. This process leads to a weekly global heating
energy transfer saving of 29%, resulting in an energy
balance cost reduction. The thermal mitigation of the
heating peak around noon is 2.6 W/m? lower for the
PCM material due to the 20-30% higher heating flux
during the accumulation period, while the thermal peak
delay is one hour later than the Dry Wall.

Symmetrically, the discharger peak is 4.4 W/m?*: 2.3
times higher for PCM at night. Furthermore, the surface
temperature analysis shows a reduction of 1°C for PCM
Active Dry Wall compared to a glass wool insulation
Dry Wall due to the salt heating absorption by its phase
change, resulting in a higher environmental comfort for
users.

Subsequently, the results open a window to support
the meliorating of life and integrity of buildings and
individuals according to climatic zones and comfort re-
quirements. Thanks to the advantages of adding artifi-
cial inertia to an existing envelope, the performance can

be improved by shifting the heating peak load and flat-
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tening the indoor temperature. The meliorating of the
quality of a space concurs with the ecological transition
creating a context where also individuals increase their
quality of life, under the possibility of also reducing en-
ergy costs. However, some implications can be related
to the summer season, which this study did not verify,
even though artificial inertia could act as heating stor-
age during the day and as a radiator that releases heat
during the night. The summer behaviour can be verified
as further research development through advanced dig-
ital monitoring and predictive instruments in the per-
spective of cognitive buildings. It, together with a Life
Cycle Cost (LCC) analysis, can answer the question of
the more convenient solution from the construction and

management point of view.
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