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Abstract
The Brazilian Government developed Standardized
Preschool Designs (SPDs) to guarantee children's access
to preschools. Phase Change Material (PCM) application
might be a possible strategy to address thermal comfort.
This study assesses the impact of PCM application on
thermal comfort. Through computational simulations,
three PCMs were evaluated in four different applications
in an SPD in two Brazilian climatic zones. The
ASHRAE Standard 55-2017 Adaptive Model was used
as a reference. Results demonstrated that PCM
applications are effective to increase thermal comfort.
Thicker PCM layers with 5cm applied on the external
walls had the best thermal performance in both climatic
zones.
Key Innovations

● Assessment of the PCM’s application impact on
improving thermal comfort in SPDs.

● The phase change material application in
buildings was evaluated through computational
simulation.

● An SPD was evaluated in two different climatic
zones in Brazil.

● The PCM application showed to be efficient in
increasing the thermal comfort period.

Practical Implications
To correctly simulate PCMs on EnergyPlus, the
PhaseChangeHysteresis tool shall be used. Also, the
ConductionFiniteDifference heat transfer algorithm shall
be specified within the HeatBalanceAlgorithm object in
the simulation software. Furthermore, a 0.3
discretization constant value and 60 timesteps per hour
must be adopted to obtain more precise results.

Introduction
Thermal comfort in school environments is essential for
the learning process and its occupants’ well-being. The
high density in classrooms might influence the indoor air
quality and thermal comfort, causing adversities for the
occupant’s health, while these effects are intensified
among children due to their hypersensibility to higher
temperatures (Alfano et al., 2013).

During the last decade, researchers are giving more
relevance to the adaptive methodology, according to
Singh et al. (2019). The occupants' possibility to control
the internal environment and its adaptation offers a
response to the external climate before its effects are felt
inside (Kowaltowski, 2011). However, there is not
always the possibility for adaptation in the case of
children in a classroom. The lack of available adaptative
opportunities among the students might increase thermal
dissatisfaction (Al-Khatri et al., 2020).
Passive strategies for heating and cooling are desired
alternatives to artificial HVAC systems. One of many
strategies to help maintain occupants’ thermal comfort is
thermal energy storage by latent heat, increasing the
thermal inertia of the building’s envelope and reducing
the thermal amplitude inside the building. The PCM
application is a possible strategy that can dynamically
increase the building’s thermal inertia.
Standardized designs in different climatic zones
In Brazil, the use of standardized designs in the public
sector decreases costs and time spent with design and
construction and eases the licitation processes. Schools,
hospitals, community centers, and other public
institutions frequently adopt standardized designs to
comply with needs and established activities
(Kowaltowski, 2011). The Proinfância Program is an
example since SPDs were developed to guarantee access
for children of 0 to 6 years old to public education
throughout Brazil.
The Brazilian territory can be classified in 8 climatic
zones, according to the national standard NBR 15220
(ABNT, 2005). Each climatic zone has specific
characteristics and demands distinct constructive
strategies for obtaining adequate thermal performance in
buildings. Therefore, standardized designs usually might
not be the best solution to different climatic zones, since
buildings might present different thermal performance in
distinct zones. According to the Brazilian Ministry of
Education, more than 5600 preschools based on the four
types of SPDs had already been built or were in the
phase of construction since the beginning of the program
(Brasil, 2018). However, recent researches point out
inadequacies in the SPDs towards thermal comfort.
Babick and Torres (2017) evaluated the thermal comfort
of the former design from the Proinfância Program. The
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authors endorse the importance of flexibility of building
envelope materials, the use of shading elements, and the
adoption of a specific SPD for each climatic zone.
Quintana et al. (2017) studied the thermal comfort from
the two most recent SPDs - Types 1 and 2 - in the
climatic zone 2 - through the adaptive model. The results
indicate an inadequate thermal comfort level and that the
most significant discomfort is related to heat. Based on
the thermal evaluation, the authors could propose
measures for improving thermal comfort, showing the
importance of the SPDs being adapted to the local
climate.
Application of PCM in different climatic zones
Studies demonstrate the potential of PCM application in
different ways. Considering that PCMs can retain a
significant amount of energy during physical state
change, these materials might help maintain thermal
comfort and decrease energy consumption in buildings.
In the literature, it is possible to find PCM applications’
researches in concrete (Cabeza et al., 2017); mortars
(Cunha et al., 2018); plasterboards (Schossig et al. 2005;
Darkwa et al., 2006; Shilei et al., 2006; Lai et al., 2010);
PVC panels (Ahmad, 2006); ceramic blocks and bricks
(Silva et al., 2012; Kong et al., 2013; Castell et al., 2010;
Pons, Stanescu, 2017); steel frame walls (Mandilaras et
al., 2013); wood frame walls (Lee et al., 2015); even
translucent materials (Kalnæs; Jelle, 2015).
The use of PCM technology to maintain thermal comfort
and reduce energy consumption in buildings has been
studied in regions with distinct climates throughout the
world. The efficiency and the selection of PCMs, are
highly dependent on the climate where they are applied.
As stated in the review by Saffari et al. (2017),
researchers found very different results regarding
thermal amplitude reduction and energy saving in
different climates.
The Brazilian climatic zones investigated in this paper
correspond to equatorial, tropical and subtropical
climates, according to Köppen-Geiger’s classification.
Lei et al. (2016) have studied the application of PCMs in
buildings in tropical climates through numerical
simulations. The results show that PCMs might
effectively reduce the heat gains throughout the year,
indicating significant benefits on the PCM application in
the tropics compared to other regions where PCMs are
efficient only in specific seasons.
Alam et al. (2014) investigated the PCM application in
six different Australian climates. They verified that the
PCM had worked efficiently in different periods of the
year in different cities. PCMs with higher melting points
resulted in a more significant fluctuation in the average
temperature during the summer than PCMs with lower
melting points, which were more effective during the
winter. The authors also highlight that the PCM’s
effectiveness is strongly dependent on local climate,
showing that it is not effective in cities with humid and
warm climates, like at Darwin, where the temperature
does not decrease enough throughout the year to solidify
the PCM.

Marin et al. (2016) studied the possibility of reducing
energy consumption and thermal amplitude with PCMs
in buildings with light envelopes in many cities
worldwide with distinct climates. The authors found a
positive effect from the PCM used in all cities, except
Kuala Lumpur and Singapore, both located in tropical
zones. Also, there is limited potential in snowy regions.
Pons and Stanescu (2017), in consonance with the last
cited authors, investigated the possible energy
consumption reduction from the PCM application allied
with three different strategies for thermal comfort
maintenance, considering a commercial room in all 8
brazilian climatic zones. The PCM was implemented
with different thickness for each climate zone only in the
north-faced wall; the others were considered adiabatic.
The results showed that in 5 of the 8 climatic zones (1 to
5) the PCM application can decrease energy
consumption.
Based on the mentioned researchers, it is possible to
conclude that PCMs with higher melting points will be
more effective in warmer climate zones, and PCMs with
lower melting points will perform better in colder
climate zones. Also, some PCMs will present difficulties
in completing their full thermal cycles in more humid
and warmer climates, showing reduced effectiveness on
thermal comfort maintenance. Research indicates the
necessity of further PCM application studies in different
climatic zones.
The adoption of PCMs might promote thermal comfort
levels’ improvement in the Brazilian SPDs and reduce
energy consumption in other public buildings.
Considering that more than 5600 SPDs are built
throughout Brazil, the improvement of thermal comfort
levels can impact many children’s lives and save a
significant amount of energy.
Therefore, this study aims to assess the PCMs
applications’ impact on SPD's thermal comfort levels
from the Proinfância Program in two different Brazilian
climatic zones.
Methods
Study Object
The SPD Type 2, from the Proinfância Program, was
chosen due to its wide implantation throughout the
country. More than 600 SPD Type 2 were already built
or were being built in 25 Brazilian states from 2014 to
2017 (Brasil, 2018). Type 2 original design (without
PCM) was compared to a Type 2 modified design, with
PCM applied to the envelope.
Climatic Zones
For a wider amplitude of the study about PCM
application’s impact, the SPD was assessed in two
different Brazilian climatic zones: zone 1 (subtropical
climate with mild summer and cold winter) and zone 8
(tropical and equatorial climate with high temperatures
during the year). One representative city from each
climatic zone was selected based on the population:
Curitiba (zone 1) and Rio de Janeiro (zone 8).
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Thermal Comfort Assessment
The preschool rooms are naturally ventilated since the
Proinfância Program does not provide financial support
for HVAC systems’ acquisition. Therefore, the Adaptive
Model, from Standard 55 (ASHRAE, 2017), was
adopted to assess thermal comfort. The Adaptive Model
equations allow calculating minimum and maximum
indoor operative temperatures, with 80% acceptability
limits.
Through numerical simulations executed with
EnergyPlus, version 9.4.0, it was possible to obtain the
operative temperatures from the original SPD’s
long-standing rooms (without PCM) and the SPD’s
long-standing rooms with the PCM application in two
selected climatic zones. The resultant operative
temperatures were then compared with the indoor
operative temperature limits from the Adaptive Model,
as previously commented. Hence, it is possible to obtain
the period in thermal discomfort conditions throughout
the preschool year for each PCM application described
in the next topic. A spreadsheet software was used to
manipulate the .csv files from each of the simulations.
PCM Selection
The PCM selection includes aspects based on
thermophysical properties (melting temperature, thermal
conductivity, specific heat and latent heat, volume
variation during phase transition, thermal cycles,
congruent fusion, density); chemical (toxicity,
flammability, corrosiveness, stability); economic (cost,
commercially availability) and environmental (impact,
recycling possibilities). Thermo-physical and chemical
properties were mainly taken into consideration during
this study.
Climatic characteristics of the building’s location
represent significant influence when choosing an
adequate PCM. The 2017 (reference year) average
temperatures for Curitiba and Rio de Janeiro were
obtained through Energy Plus simulations, using the
climatic files from both cities (type TMY). The files
have climatic data from Curitiba and Rio de Janeiro’s
cities and were made available by Instituto Nacional de
Meteorologia (INMET). In order to maintain the
standardized project profile, both cities' 2017 averages
were considered as the PCM melting temperature limits,
taking its range and the range’s third part to select 3
melting temperatures within the limits.

Table 1: Detailed temperatures
Description Temperature (°C)

Rio de Janeiro’s Average 24.12
Curitiba’s Average 17.57

Range 6.55
Interval (one third) 2.18

Melting Temperature 1 18.66
Melting Temperature 2 20.85
Melting Temperature 3 23.03

In this study, the macroencapsulation application was
considered, due to the preservation of PCM’s properties
(smaller-scale applications alter material characteristics,
generally) and their consolidation for manufacturers.

After comparing the studies from Veerakumar and
Sreekumar (2016), Cui et al. (2017), Pons and Stanescu
(2017), and considering the previously mentioned
properties, three PCMs were selected  (Table 2):

Table 2: Selected PCMs.
PCM Composition Peak Melting Point

RT18HC Organic 18°C
SP21EK Inorganic 21°C

PureTemp23 Organic 23°C

The information from both RT18HC and SP21EK was
acquired from Rubitherm while for PureTemp23, the
data was retrieved from PureTemp.
PCM Application
The PCMs were applied to the external walls or the roof
(Fig. 1). Each PCM was assessed with two different
thicknesses - 2.5 cm and 5 cm - resulting in 12
simulations for each climatic zone. The PCM is applied
as the second layer on wall and roof surfaces from the
inside to the outside, and it is protected by another
internal layer. The PCM application in the roof could
also be used in a preschool retrofit, without breaking any
envelope materials, and while the building is in
operation.

Figure 1: Roof application (left); Exterior wall
application (right)

PCM Simulation
The EnergyPlus’ PhaseChangeHysteresis tool was
selected to perform PCM simulations. This tool can
simulate the thermal hysteresis’ behavior from phase
change, constituted by cycles of melting and
solidification processes. This behavior is essential for
energy performance and material durability, which has a
limited number of cycles. The tool requires information
from both physical states of the PCM (liquid and solid),
and this data was obtained with the manufacturers.
According to the datasheets, the table below gathers the
PCM’s properties used in the simulations.

Table 3: Important PCMs properties.
Property Units RT18HC SP21EK PureTemp23

Melting Range °C 17-19 22-23 23.2-23.6
Main Peak °C 18 22 23.4
Congealing

Range °C 19-17 21-19 23.2-23.6

Main Peak °C 17 21 23.4
Latent Heat kJ/kg 230 140 201

Specific Heat
(solid) kJ/(kg.K) 2 2 1.84

Specific Heat
(liquid) kJ/(kg.K) 2 2 1.99

Density (solid) kg/m³ 880 1500 830
Density (liquid) kg/m³ 770 1400 910
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Thermal
Conductivity

(solid)
W/(m.K) 0.2 0.5 0.25

Thermal
Conductivity

(liquid)
W/(m.K) 0.2 0.5 0.15

Besides, a specific heat transfer algorithm is required to
simulate thermal hysteresis. According to Al-Janabi and
Kavgic (2019), the ConductionFiniteDifference option
shall be chosen for the HeatBalanceAlgorithm algorithm,
which also needs a discretization constant configuration.
It will modify each material nodes’ number, depending
on its width. In consonance with the same authors, the
fully implicit scheme for the algorithm was selected, as
well as the “TARP” algorithm for the indoor convective
heat transfer, and the “DOE-2”, for the outdoors.
Tabares-Velasco, Christensen and Bianchi (2012)
verified that using 0.3 for the discretization constant and
60 timesteps per hour, resulted in more precise results. In
this way, these values were adopted in this study.
PCM Behavior
When applying the conduction finite differences method
as the heat transfer algorithm, as commented previously,
the surfaces are discretized based on their thermal and
geometrical properties. It is applied to assess the PCM
behavior on each surface. It is possible to choose a node
within the PCM to obtain the phase change state as an
output variable - a continuous value ranging from -2 to
2. Although this scale is not explained in the
EnergyPlus’ manuals, it is possible to obtain the node
temperature and infer about the node’s physical state,
which might be liquid (-2), solid (2) and changing phase
(any value in between). Each PCM application’s middle
node was selected and analyzed to clarify its behavior.
Similar to the thermal comfort assessment, the .csv files
were manipulated with a spreadsheet software.
Thermal Model
All Type 2’s construction materials have been identified,
characterized, and assigned to a three-dimensional
thermal model. The information regarding the SPD is
available on the FNDE website (BRASIL, 2017).
Climatic files from Curitiba and Rio de Janeiro’s were
used. Only the long-standing rooms were evaluated and
those are highlighted in Fig. 2.

Figure 2: Buildings schematic plan

Materials’ physical and dimensional properties, such as
thickness (t), thermal conductivity (κ), density (ρ), and
specific heat (c) were extracted from the NBR 15220-2
standard (ABNT, 2005). Since this standard does not list
PIR (polyisocyanurate) information, its properties were
obtained from commercial catalogs (Table 4).
Table 4: Materials’ physical and dimensional properties.

Material t
(m)

κ
(W/(m.K))

ρ
(kg/m³)

C

(J/(kg.K))
Ceramic

block 9x19x39 0.019 0.9 1600 920

Ceramic
block 14x19x39 0.0249 0.9 1600 920

Internal Mortar
Coating 0.03 1.15 2000 1000

External Mortar
Coating 0.03 1.15 2000 1000

Plaster 0.016 0.35 900 870
Steel 0.005 55 7800 460
Rigid

Polyisocyanurate
Foam

0.03 0.02 40 1400

Ceramic floor 0.0075 1.05 2000 920
Vinyl floor 0.002 0.2 1300 460
Concrete 0.1 1.75 2200 1000
Ground 0.5 0.52 1700 840

The ground temperatures during the year were calculated
using the EnergyPlus’ Slab Tool. The results were used
to model dynamic ground temperatures during the year.
The schedules consider the preschool’s regular
occupation period: Monday to Friday from 7 A.M. to 6
P.M. and from February 1 to December 21, except for
holidays when preschool remains closed.
The preschool building might support 188 children,
between 0 and 6 years old, plus teachers and employees.
It is not easy to assign a metabolic rate to children aged 0
to 6 years, as there will be times when children will be
doing some recreational activity, sleeping, watching a
movie, drawing and painting. Therefore, the metabolic
rate considered for children is an average of the different
activities that they can perform. The ASHRAE Standard
55 (ASHRAE, 2017) shows metabolic rates only for
adults during typical office tasks. However, this standard
establishes that those metabolic rates might be applied to
children in a classroom environment. Hence, children's
metabolic rate was set to 1.0 met (or 60 W/m²), and for
teachers and employees was set to 1.2 met (or 70 W/m²).
The number of occupants is presented in the table below.
The thermal loads from lighting and equipment for
long-standing rooms were established according to the
electrical design provided by FNDE (Brasil, 2013), and
presented in Table 5.

Table 5: Occupants number and thermal loads
Long-standing

Room Students Teachers/
Employees

Equipments +
Lighting (W)

Administration - 2 128
Nursery 1 10 1 406
Nursery 2 16 1 406
Nursery 3 20 1 406

Kindergarten 1 and 2 24 (each) 1 (each) 534 (each)
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Natural ventilation was modeled using the
AirFlowNetwork tool considering the air temperature
difference between outdoor and indoor, ascending heat
convection and air velocity and direction. The selected
control mode was ASHRAE55Standard, which analyzes
the indoor temperatures verifying when thermal comfort
is achieved to control the doors and windows operation.
Results and Discussion
The results present the occupancy period outside thermal
comfort conditions. Each long-standing room’s
accumulated occupied period, in hours, was obtained to
express the Thermal Discomfort Period (TDP). In total,
48 simulations were performed, 24 for each climatic
zone (12 regarding thermal comfort and 12 regarding the
PCM physical state).
Climatic Zone 1 – Colder Zone
The TDP in the building located in Curitiba is presented
in Fig. 3. The yellow line shows the average percentage
of TDP, regarding the SPD without the PCM.

Figure 3: Average percentage of yearly TDP in
long-standing rooms (Curitiba)

The average relative reduction of the original SPD's TDP
is presented below (Fig 4). It shows a direct comparison
among the PCM applications in the SPD.

Figure 4: Average relative reduction of yearly TDP in
long-standing rooms (Curitiba)

As the coldest state capital in Brazil, Curitiba presented
an average annual dry bulb temperature of
approximately 17.57 °C. According to Sartori (2019), a
Proinfância Program’s SPD located in Curitiba shows
thermal discomfort mainly related to cold, during the fall
and winter months (April to August). In this study, the
SPD demonstrated the best thermal performance when a
5 cm thick SP21EK was applied to the external walls
(Fig.5) due to a larger area than the roof’s, indicating a
relative reduction of 45.7% in the TDP. Other
applications with the same PCM obtained relevant TDP

reductions: roof, 2.5 and 5 cm thick (30.3% and 37.4%)
and 2.5 cm thick in the external walls (33.3%).

Figure 5: Monthly relative reduction of the TDP in each
long-standing room. SP21EK applied to the external

walls, 5 cm thick (Curitiba)
The SP21EK peak melting point is 21°C, it has the
lowest latent heat capacity among the chosen PCMs (140
kJ/kg), and, also, it is the densest PCM, with a liquid
phase density of 1400 m³/kg, and 1500 m³/kg during the
solid phase. Furthermore, this material presents the
highest thermal conductivity, which is approximately 0.5
W/mK, while being the only inorganic PCM analyzed.
These thermal properties make the SP21EK change its
physical state significantly faster than the others, thus,
quickly completing full thermal hysteresis cycles.
In this application, the SP21EK behavior was assessed
using the phase change node’s state as an output
variable. Considering all long-standing rooms’ external
walls, the 5 cm thick PCM remained solid most of the
time, corresponding to 57.58% of the period. The
SP21EK remained liquid during 17.58% of the period
while 24.48% of it corresponds to the phase change
process.
Climatic Zone 8 – Warmer Zone
Fig. 6 presents the average percentage of the TDP, with
the yellow line showing the average percentage of TDP
regarding the SPD without the PCM.

Figure 6: Average percentage of yearly TDP in
long-standing rooms (Rio de Janeiro)

Fig. 7 represents the average relative reduction of the
TDP to the original SPD in a year. It shows a direct
comparison among the PCM applications in the SPD.
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Figure 7: Average relative reduction of yearly TDP in
long-standing rooms (Rio de Janeiro)

Rio de Janeiro’s simulation results (Fig. 6 and 7)
evidence the contrast to Curitiba’s. It is possible to
observe a similarity among all the PCMs’ impacts for
Rio de Janeiro. Sartori (2019) pointed out how the
Proinfância Program SPD Type 2 is better adequate to
warmer climates. Rio de Janeiro presents high
temperatures during the whole year, with a 24.12°C
yearly average dry bulb temperature. Hence, the SPD
already has acceptable thermal performance, maintaining
indoor thermal comfort throughout the year.
With 5 cm thick, SP21EK applied to the walls (Fig. 8)
and PureTemp23 applied to the roof (Fig. 9) presented
similar results. Both models achieved a TDP reduction
of about 45.75%. It is worth highlighting that the same
applications and PCMs, but 2.5 cm thick instead,
reduced the TDP by 41% (SP21EK) and 36.9%
(PureTemp23).
The broken lines in Fig. 8 and 9 indicate that an increase
in the TDP was detected in those months. However, no
TDP was detected previously when assessing the SPD
without the PCM. Thus, it is impossible to represent this
information in the graphs since they show a relative
reduction.

Figure 8: Monthly relative reduction of the TDP in
long-standing rooms. SP21EK applied to the external

walls, 5 cm thick (Rio de Janeiro)

Figure 9: Monthly relative reduction of the TDP in
long-standing rooms. PureTemp23 applied to the roof, 5

cm thick (Rio de Janeiro)
In Rio de Janeiro, considering all the external walls in
the long-standing rooms, the 5 cm thick SP21EK
remains as liquid 46.78% of the time; during 25.47% of
the period, the material was changing the physical state,
while remaining 27.75% as solid. The 2.5 cm thick
SP21EK SPD application obtained similar behaviors.
The organic PureTemp23 PCM has the lowest thermal
conductivity: 0.15 W/mK when solid and 0.25 W/mK
when liquid and its latent heat is 201 kJ/kg. Since it has a
high latent heat and a low thermal conductivity, and the
highest melting point, it takes longer to complete thermal
hysteresis cycles than other PCMs. Considering all the
long-standing rooms’ roofs, 5 cm thick PureTemp23
remained 46.90% of the time as a liquid, 16.59% as a
solid,and during 36.52% of the period the PCM was
going through phase change. The 2.5 cm thick
PureTemp23 SPD application obtained similar
behaviors.
Conclusion
Computational simulations for assessing the impact of
PCM applications on thermal comfort were executed
considering two representative cities from the two most
extreme climatic zones in Brazil - colder zone 1 and
warmer zone 8. Three PCMs with two different
thicknesses were selected and applied to an SPD’s
external walls and roof. The simulations considered the
preschool schedules, natural ventilation, and envelope
materials with and without the PCMs applications.
The PCM application in the Proinfânia Program’s Type 2
envelope demonstrated an effective thermal discomfort
period reduction. Regarding Curitiba, (zone 1), the
results have shown significant impacts toward thermal
comfort using the SP21EK PCM, with the second-lowest
peak melting point (at 21°C). The simulations showed a
45.70% TDP reduction relative to the original SPD Type
2, when the PCM is applied with a 5 cm thickness to the
external walls. The material demonstrated a significant
impact on thermal comfort during fall and winter,
demonstrating its potential usefulness in colder zones.
The different PCMs applications showed similar results
when considering Rio de Janeiro, the representative city
of climatic zone 8. The best thermal performance was
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achieved when a 5 cm thick SP21EK was applied to the
external walls, reducing the TDP by 45.8%.
PureTemp23, with the highest peak melting point (at
23°C), a 5 cm thick roof application presented a 45.7%
reduction in the TDP.
The PCM application to the external walls obtained
better results than when applied to the roof. However, it
is noteworthy that the roof application might be a more
practical alternative to adequate existing preschools,
while the PCMs installation on the walls is more suitable
for new constructions. Considering the ease of installing
PCMs on the roof, PureTemp23 seems to be more
suitable since it presented a significant TDP reduction
with 5cm when applied in climate zone 8.
Thicker PCMs applications (5 cm) obtained the best
results by reducing the TDP in both climatic zones.
However, the 2.5 cm thick SP21EK presented a
significant TDP reduction when applied to the wall,
possibly representing a better cost-benefit ratio than
using 5 cm thick PCMs. Proportionally, for both climatic
zones, PCMs with lower thickness presented better
results, which could represent lower costs in the building
total budget.
PCMs can reduce the TDP and improve the quality of
preschools’ internal environments. Future studies could
assess the PCM application's impact on thermal comfort
in other climatic zones. Besides, life-cycle assessment
studies regarding PCMs’ applications could be
performed, considering an economic perspective, and the
energy savings in air-conditioned buildings . Also, future
works could analyze PCM impacts in other public
buildings and typologies.
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