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Abstract

This article reports the results of a study carried out to evaluate the infl uence of wood-cement-steatite partitions on the thermal performance of a small building. The 
interior walls of two identical 2.0  2.5  3.0 m experimental wooden frame huts (tiny houses, with one door and one window), designed and built following the National 
Building Code of Canada, were covered with standard gypsum boards in one case (GB hut) and a combination of gypsum boards and wood-cement-steatite panels in 
the other case (WCSP hut). The thermal behavior of both huts, located on the campus of Laval University, in Québec (QC), Canada was monitored over a testing period 
extending from mid-march to the fi rst week of July 2019. Depending on the moment during that period (cold weather, mild weather) and the characteristics being evaluated, 
the temperature inside the huts was conditioned or not with an electric heater. The following parameters were recorded: outdoor temperature, the temperature inside the 
two huts, and, when applicable, their electricity consumption. In cold weather, the wood-cement-steatite panels contributed to reducing the electricity consumption by 
5.2% over that of the reference GB hut. In mild weather, wood-cement-steatite panels were found to improve the comfort inside the test hut by leveling off the temperature 
variations, with reductions ranging from 0.3 °C to 3.8 °C. Both the differences in electricity consumption and indoor temperature variations were determined to be 
statistically signifi cant, with p - values inferior to 0.005. The results generated in this part of the study further strengthen the potential of WCSP as a real alternative to 
gypsum boards for drywall partitioning in residential and commercial buildings. In addition to their many advantageous constructive properties, such as water resistance, 
fl exural strength, screw withdrawal resistance, and fi re resistance, the improvements they could yield in energy effi  ciency and thermal comfort make it a quite promising 
partitioning option.
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Introduction

Gypsum boards (GB), commonly referred to as drywall, are 
widely used for interior walls and ceilings in North America [1], 
both in residential and commercial buildings. The core material 
of these boards is a sulfate mineral composed of calcium 
sulfate in the form of dehydrated crystals, typically extruded 
between thick sheets of facer and backer paper [2]. Because of 
its widespread use, GB waste disposal is a growing problem in 
the construction industry. In Canada, more than half a million 
tons of GB waste is generated annually [3]. According to many 
studies on the characterization of construction and demolition 
(C&D) debris in Canada, GB waste accounts for about 9% (in 
weight) of the total construction and demolition C&D waste 

streams [4]. GB decomposition increases the sulfate content 
in the landfi ll leachate and contaminates the surface water and 
groundwater. Excessive concentration of sulfate has a serious 
impact on drinking water systems and supply [5].

As part of a global effort towards a reduction of C&D 
waste disposal, various research efforts have been devoted 
to the recycling and reuse of gypsum [2,6], but also towards 
substitutes for GB [7]. In a study by Vu, et al. [8], wood-
cement-steatite panels (WCSP) were shown to provide quite 
an interesting alternative to gypsum boards. Indeed, this study 
has shown that the formed surface of WCSP containing 15% of 
steatite powder (SP) is comparable in quality to the GB paper 
facer, owing notably to the settling of SP at the bottom of the 
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cement-SP-water mixture was cast one at a time in the same 
450×330×14 mm wooden mold, closed with a lid after pouring, 
and held in place by C-clamps. The wet mixture was poured into 
the mold, the surface was leveled off with a wood screed, and 
the lid was fi nally secured in place. Using the pressure of the 
lid, the panel thickness was reduced to 13 mm. The hardened 
panels were stripped from the mold at the age of 3 days and 
then stored in a conditioning chamber at 23 °C and 60% R.H. 
for 28 days. The panels were then cut with a 5 mm wide saw 
blade to meet the required design dimension at the time of the 
installation (Figure 1). Panels varying from 230 mm to 300 mm 
in width and 300 mm to 440 mm in length were used to build 
internal walls in the experimental hut.

Gyp sum boards: The GB used on a comparative basis in 
this study is manufactured by Georgia-Pacifi c and distributed 
under the commercial name ToughRock®. It is usually used in 
new building constructions or renovation work as a wall or 
ceiling covering material. The panels used in this study were 
1/2″ (12.7 mm) thick.

Comparative thermal properties: The thermal properties 
of the gypsum boards and wood-steatite-cement panels 
tested in the present study are summarized in Table 1. Further 
information and material characterization data can be found 
elsewhere [8].

Test  facility

Expe rimental huts: In a previous study on biosourced 
phase change materials [13], two identical test huts, 2.0 m (D) 
× 2.5 m (W) × and 3.0 m (H) in size, were designed and built 
in 2018-2019 on the campus of Laval University, Québec (QC), 
Canada, under the National Building Code of Canada (Figure 
2A). The wall construction shown in Figure 2B is a common 
design for a medium-high insulation building in Eastern 
Canada. Each hut had one window and one door, located on the 
south and west sides respectively. The window was equipped 
with low-emissivity double glass to minimize the amount of 
ultraviolet and infrared light, which comes through the glass, 
without affecting the amount of light entering the huts. Rigid 
polystyrene boards were installed on the inner side of the door 
to increase the insulation of the huts.

mold. Furthermore, WCSP can be easily cut with a handsaw and 
installed in the same way as gypsum boards. In comparison 
with GB, they have higher water resistance, fl exural strength 
properties, screw withdrawal resistance, and fi re resistance. 
Wood-cement-steatite panels can be classifi ed as a non-
fl ashover and non-fl ame-spread material. In addition to these 
advantages, the designed wood-cement-steatite panels have 
34% more thermal mass than GB. In a global context where, 
on the one hand, energy supplies are becoming increasingly 
uncertain and, on the other hand, the need for reducing the 
carbon footprint keeps getting more urgent, all constructive 
ways to reduce our consumption of energy must be evaluated. 
In buildings, the thermal mass plays an important role in the 
storage of heat energy. Which impacts the indoor temperature, 
power needs, and occupants’ comfort [9]. Various studies have 
been carried out given reducing the heating and cooling energy 
consumption through optimization of the building thermal 
mass [10,11] or evaluating the infl uence of thermal mass on 
the thermal behavior of individual components such as exterior 
walls [12], interior walls [13], and the whole building envelope 
[14]. With appropriate use, WCSP panels can improve the 
building’s thermal mass and thus leading to increased energy 
effi ciency. Studies on building thermal inertia generally tend 
to conclude that additional thermal inertia in a building can 
increase the occupants’ comfort and reduce energy demand 
[11]. The study reported in this paper aimed at assessing 
whether WCSP panels could store solar energy during the 
day and release it at night, thus reducing electric heating 
consumption in a typical lightweight wood-frame building 
exposed to the Canadian climate. The performance of WCSP 
panels and GB was assessed in experimental huts located in 
Québec (QC), Canada, from the coldest days of spring (March 
2019) to the warmest days of summer (July 2019). 

Experimental

Materials

Wood-cement-steatite panels: The wood-cement-
steatite mixture used in this investigation was designed in a 
previous investigation with the intent of meeting the general 
requirements for gypsum panels and minimizing the portland 
cement content, notably through the use of steatite powder as 
a fi ller [8]. The wood-cement-steatite proportions by weight 
were 0.35–0.85–0.15.

The air-dried wood particles selected for the study are 
produced from white spruce (Picea glauca [Moench] Voss) trees 
harvested at the Petawawa Research Forest in Mattawa (ON), 
Canada. It was refi ned with a Pallmann PSKM 300 double-
stream ring refi ner. It was then sieved to keep the particles 
ranging from 1.0 mm to 3.2 mm in size.

CSA type 10 (GU) portland cement was used as a primary 
binder. Steatite powder is obtained as a by-product of soapstone 
processing and disposed of as waste in large quantities. It was 
supplied by a natural stone quarrier located in Québec (QC), 
Canada.

After mixing in an ordinary mortar mixer, each wood-

Figure 1: Wood–cement-steatite panel cut with a table saw (5 mm wide blade).

Table 1: Thermal properties of GB and WCSP determined in accordance with ASTM 
C1784 [8].

Property GB WCSP
Thermal capacity (kJ/kg. K) 970 1338

Specifi c heat (kJ/m³. K) 679 910
Thermal conductivity (W/m. K) 0.32 0.12
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The window/fl oor surface ratio of the huts was 55.6% and 
designed to promote solar health gains. In comparison, for 
typical thermally passive houses in Canada, the window/fl oor 
ratio can reach up to 25% [15]. Moreover, in most residential 
buildings, window coverings are generally installed. When 
covered with GB, the test hut walls had a thermal resistance 
of 3.5 RSI (K·m2/W) [13]. The exterior wood siding thermal 
resistance was not considered, because the air gap behind it is 
naturally ventilated. The fl oors and ceilings, which were made 
with 250 mm high, fi berglass-insulated wooden I-beams, had 
a thermal resistance of 5.6 RSI  (K·m2/W) [13]. 

The inside dimensions of the huts were 2.06 m (D) × 1.55 
m (W) ×and 2.26 m (H). For the present study, the interior 
walls of one hut were covered solely with GB, while the inner 
walls of the other hut were covered in part (42%) with WCSP 
panels, and the remainder with GB. In the latter, the WCSP 
panels were located on the walls facing the hut window in the 
south direction. Table 2 shows the respective wall surface areas 
covered by GB and WCSP panels compared to the total interior 
(fl oor, ceiling, and walls) and drywall surface areas. Apart from 
the drywall layout, both huts were designed and equipped in 
the same way.

Testing equipment and instrumentation: Each  test hut 
was equipped with a 500 W/120 V electric baseboard heater 
controlled by a programmable thermostat. In an occupied 
building, the interior air is mixed by forced ventilation and by 
the occupants’ movements. A small fan (100 mm diameter) 
was provided in each hut to simulate this and to avoid air 
temperature stratifi cation. For summer period testing, the 
heating was turned off and a standard domestic fan with an 
airfl ow of 119 m3/h was added. During preliminary experiments, 
temperature sensors installed in the huts at various heights 
confi rmed air stratifi cation. Therefore, additional small fans 
were added. The electrical power consumption of these fans 
was considered in the global energy balance to assess the 
performance of the panels. The dry-bulb temperature was 
measured with a Kimo PT100 sensor and recorded using a Kimo 
Ami 310 data logger. The temperature was recorded every fi ve 
minutes. Electrical power consumption used for heating was 
measured using a Floureon TS-836US electric energy meter. 
As automatic data logging was not possible with the latter, 
readings of the electrical heating consumption were taken and 
recorded once a day during the experiments.

Meth odology

The  thermal behavior of the two huts, with and without 
WCSP, was compared over an extended period (March to July 
2019) to comprise both cold and warm weather conditions. 
The outside temperature data were obtained from Historical 
Climate Data found on the website of the Government of 
Canada [16], for the weather station located on the campus of 
the university (lat.: 46 °46’49.000” N; long.: 71 °17’15.000” 
W). Heating was essentially used from March to May. In the 
May to July period, ventilation (119 m3/h) was on all day long 
to homogenize the temperature inside the hut. Various data 
were collected daily, notably the maximum temperature and 
average diurnal temperature (from 8:00 to 20:00), which are 
the most important in this study. From March until the end of 
May, the heating set point was kept at 20 °C days and nights. 
The electrical power consumption data were recorded daily at 
10:00.

To compare their thermal behavior in similar conditions, 
preliminary tests had been conducted for 14 days in the 
two test huts with the inner walls covered with gypsum 
boards only (before replacing some of the gypsum boards 
with wood-cement-steatite panels in one of them for the 
experimental program). The test data recorded for both huts 
were satisfactorily close, with a daily maximum temperature 
difference of 0.2 °C. The electrical heating power consumption 
records over the 14-d period were also compared and the data 
revealed a slight difference of the order of 1.8% (0.02 kWh) 
between the two huts. A correction factor of 1.8% was thus 
applied for the multiple-day consumption data that will be 
presented thereafter in this paper. The correction factor was 
not applied when considering the consumption of a single day, 
since the former was calculated using data averaged over two 
weeks.

Resu lts and discussion

Thermal behavior of the huts in cold weather condi-
tions

Heat loss response of the test huts: In the fi rst experiments, 
the impact of the drywall boards upon the heat loss rate of 
each test hut was assessed over a 48-h period. Both huts were 
fi rst heated to 32 °C and maintained at this temperature for 12 

  

(A) (B) 

Figure 2: Experimental huts (A) – Installation on Laval University campus (B) Wall cross-section details. 
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hours, with the window covered by a dark canvas to eliminate 
solar heating inside (Figure 3A). The heater was turned off 
automatically by a timer after 12 hours. The temperature 
inside the huts was then recorded over a 48-h period, with 
no electrical and limited solar heating. The results show that 
the inside temperature of the WCSP hut decreased more slowly 
than that of the GB hut (Figure 3B). This tends to indicate 
that the WCSP panels are more effi cient in storing heat and 
reradiating it when the surrounding temperature decreases. 
The difference between the inside temperatures recorded in the 
two huts reached a maximum of 3.8 °C during the transitory 
period. During the second day, the temperature in both huts 
slightly increased due to solar heating, although the outside 
temperature remained lower than the inside temperature 
throughout the test period.

Ther mal response of the huts with solar heating only: 
After the heat loss experiments, the dark canvas covering the 
windows (Figure 3A) was removed. Both huts were then heated 
to 30 °C and maintained at this temperature for 12 hours to 
ensure stable conditions inside. At that moment, the heater 
was turned off automatically by the timer, and the temperature 
inside the huts was recorded continuously (frequency: 
5 minutes). 

Cold weather thermal response during a sunny day: The 
evolution of temperature inside the huts during a late winter 
day (2019/03/19) is shown in Figure 4. During that specifi c day, 
the GB hut and the WCSP hut reached maximum temperatures 
of 32.7 °C and 30.6 °C respectively. This result shows that the 
WCSP panels are more effective in reducing daily high inside 
temperature peaks in the hut. Similarly, during night time, the 

temperature decrease inside the WCSP hut was lower than in 
the GB hut. The minimum temperatures of the GB and WCSP 
huts reached 0.6 °C and 4.3 °C, respectively. The observed lower 
cooling rate can presumably be attributed to the WCSP panels 
greater heat release overnight. Over the 36-hour monitoring 
period, the temperature amplitude in the GB reached 32.1 
°C, while it was limited to 26.3 °C in the WCSP hut. With a 
reduction in the daily amplitude of this order (18%), bearing in 
mind that more than half of the interior walls of that hut were 
covered with GB, WCSP appears to carry interesting potential 
given enhancing the building comfort characteristics.

Cold weather thermal response during an overcast day: 
The evolution of temperature in the huts for a late winter 
cloudy day (2019/03/15) is shown in Figure 5. During that 
specifi c day, the indoor temperature differential between the 
two huts was not as signifi cant as in. Both reached a maximum 
temperature of 18.5 °C, almost at the same time. Then, the 
inside temperature in the gypsum board hut decreased slightly 
faster than that of the WCSP hut. The results show that the 
limited solar energy available during a cloudy winter day did 
not allow the WCSP hut to store much heat, which explains 
the smaller temperature difference experienced this time in 
comparison with that of the GB hut. This result tends to confi rm 
that the benefi cial infl uence of the WCSP panels is related to 
the variations in weather conditions, with its capacity to store 
and release energy.

Ther mal behavior of the test huts with solar and electrical 
heating: In t his phase of the experiments, electrical heating 
was turned on in each hut during a period of 65 days extending 
from March 31 to June 04, 2019, with the set point kept at 20 °C 
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day and night. The monitoring period can be subdivided into 
two subsets, corresponding essentially to April and May. In 
April, the average temperature recorded on the test site was 2.8 
°C (avg. max./min: 6.3 °C/-0.6 °C), while in May, it increased 
to 9.9 °C (avg. max./min: 14.7 °C/5.1 °C).

Figure 6 shows in two graphs the daily and cumulative 
electricity consumption recorded for each test hut over 
the monitored period.T he  electricity consumption for both 
huts was signifi cantly higher in April than in May, which is 
consistent with the temperature data. In fact, from March 31 
to April 30, the WCSP and the GB huts consumed 74.7 kWh 
and 71.3 kWh, respectively, whereas from April 30 to June 4, 
the cumulative consumption was only 29.1 kWh and 27.1 kWh, 
respectively. The results show that the cumulative electricity 
consumption of the WCSP hut was lower than that of the GB 
hut by 4.6% in May, and 6.9% in June, for an average of 5.2% 

over the total monitoring period. When looking at the daily 
data, what is striking is that the daily consumption in the 
WCSP hut is always lower, for each and every day it has been 
recorded, without a single exception. Using a paired Student’s 
t-Test, the comparison of the sets of electricity consumption 
data collected for the two huts confi rms that the reduction in 
electricity consumption with the use of WCSP is statistically 
signifi cant, with a p - value inferior to 0.005.

Table 3 presents electricity consumption records for the 
GP and WCSP test hut together with relevant weather data 
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Figure 5: Thermal behavior of the huts during a cloudy late winter day (2019/03/15).
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Figure 6: Electricity consumption of the GP and WCSP test huts in cold weather conditions (A) – from March 30 to April 30, 2019 (B) – from April 30 
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 Table 2: Covering ratios of GB and WCSP inside the test huts.

Surface ratio
GB Hut WCSP Hut

WCSP GB WCSP GB
(GB or WCSP surface) / total interior hut surface 0 48% 21% 28%

(GB or WCSP surface) / total drywall surface 0 100% 42% 58%
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on different days in the spring of 2019. It can readily be seen 
that electricity consumption was more important during 
colder, cloudy days. This was the case for example on March 
31, April 1, 9, and 10. While a systematically lower electricity 
consumption is observed in the WCSP hut in comparison to 
that of the GB hut, it can further be observed that the difference 
is more signifi cant on sunny days. For instance, the WCSP hut 
consumed 18.0% less heating energy than the GB hut on April 
30, and 15.2% less on April 18. On cloudy, snowy, rainy, and 
stormy days, the WCSP panels had a less pronounced impact 
on the hut’s electricity consumption. In a study devoted to the 
effectiveness of phase-changing materials (PCM) embedded 
in the interior walls of the same test huts used in the present 
study, Mathis [13] observed a similar trend, with no signifi cant 
impact of the PCM’s on the huts thermal performance during 
cloudy days. It should be emphasized that these huts are 
experimental facilities and are notably characterized by a high 
percentage of total wall surface compared to the fl oor surface 
(Table 2). This situation leads to a higher energy consumption 
per fl oor surface area, in comparison with the usual fi gures for 
typical housing or commercial buildings.

Thermal behavior of the huts in mild weather condi-
tions 

During June, the average daily temperature in Quebec City 
is usually close to 18 °C and the use of electrical heating is no 
longer necessary. Therefore, the electrical heating devices were 
turned off and a standard domestic fan with an airfl ow of 119 
m3/h was installed in each test hut to homogenize the indoor 
temperature. The results of Figure 7 show that in the fi rst half 
of June, although a fan was used and the electrical heating 
was turned off, the temperature inside the GB and WCSP huts 
reached maximum values of 30.6 °C and 29.9 °C, respectively. 
During the second half of June and early July, the maxima 
recorded in each test hut were even higher, at 33.5 °C and 31.8 
°C, respectively.

When comparing the data on the graphs, the maximum 
and minimum daily temperatures inside the WCSP hut were 
most generally lower and higher, respectively, than in the 
GB hut exposed to the same conditions. Accordingly, the data 

Table 3: Comparative electricity consumption of the GP and WCSP test huts on different days during the spring of 2019.
Date Outdoor temperature Atmospheric conditions Comparative daily electricity consumption 

max. (°C) min. (°C) GB hut (kWh) WCSP hut (kWh) Difference (%)
March 31 3.1 -0.6 snowy, sunny 4.70 4.57 -2.7

April 1 -0.4 -6.4 cloudy 4.21 4.02 -5.0
April 2 5.3 -2.9 sunny 2.28 2.00 -13.8
April 5 0.9 -9.3 sunny 3.37 3.00 -12.3
April 9 -1.5 -3.4 snowy 4.90 4.88 -0.4

April 10 4.5 -3.5 snowy 4.09 4.02 -1.7
April 11 6.1 -2.9 sunny 1.77 1.61 -10.0
April 18 7.1 0.5 sunny 1.36 1.18 -15.2
April 24 3.5 1.5 rainy 2.62 2.61 -0.4
April 28 6.3 0.2 cloudy 3.14 3.11 -1.0
April 30 10.7 0.9 sunny 1.38 1.17 -18.0
May 5 18.2 3.6 rainy 0.41 0.40 -2.5

May 12 16.2 2.1 sunny 1.61 1.44 -11.8
May 22 19.9 5.0 sunny 1.00 0.88 -13.6

summarized in Table 4 shows that the daily temperature 
amplitude inside the GB hut was systematically higher than in 
the WCSP huts. During the period considered, the daily thermal 
variations inside the WCSP hut were 0.3°C to 3.8 °C less than in 
the GB huts, with an average of 1.5 °C. Using a paired Student’s 
t-Test, the difference is found to be statistically signifi cant, 
again with a p-value inferior to 0.005. This tends to confi rm 
that the wood-cement-steatite panels are more effective than 
gypsum boards in leveling out indoor temperature variations. 
Moreover, the collected data show that the use of WCSP 
effectively contributes to reducing overheating inside the test 
hut on hot summer days. Indeed, on days where the outdoor 
temperature exceeded 25 °C, the maximum daily temperatures 
recorded inside the WCSP hut were between 1 °C and 2 °C less 
than in the GB hut.

As found previously in colder weather, when looking 
closely at the data, it is found that the infl uence of WCSP is 
more pronounced on sunny days. For instance, on June 6, 9, 
12, 22, 24, 27, 28, and July 1-3, the difference between the daily 
temperature amplitude inside the two huts ranged between 
1.6 and 2.1 °C. Conversely, the results show that the difference 
between the inside temperature of the huts was minimal on 
rainy and cloudy days, such as on June 11, 14 to 16, 19, 20, and 
25. In these meteorological conditions, the difference in daily 
indoor temperature amplitude between the two huts varied 
from 0.3 °C to 1.4 °C.

Potential for further improvement in the thermal pro-
perties of WCSP

While the fi eld test results generated in the experimental 
huts confi rm the effectiveness of WCSP in improving both 
energy effi ciency and thermal comfort, there is certainly 
potential for more gains. First, it should be stressed that 
the wood-cement-steatite panels in the tested WCSP hut 
represented less than half of the interior walls, with 58% of 
the surface being covered with GB. The thermal performance 
would presumably have been even superior if the interior walls 
had been fully covered with WCSP.

Besides, the test program reported herein was carried out 
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Table 4: Daily temperature amplitudes in mild weather conditions without electrical heating from June 5 to July 4, 2019.
Date Outdoor temp. amplitude Atmospheric conditions Indoor temp. amplitude 

(°C) GB hut (°C) WCSP hut (°C) Difference (°C)
June 5 13.9 sunny 14.9 11.1 3.8
June 6 13.9 sunny 14.9 11.1 3.8
June 7 13.8 cloudy 15.5 13.8 1.7
June 8 14.3 cloudy 13.9 12.6 1.3
June 9 16.2 partially sunny 13.8 12 1.8

June 10 11 cloudy 13.3 12.1 1.2
June 11 7.2 rainy 6.7 6.4 0.3
June 12 14.9 sunny 15.7 13.9 1.8
June 13 10.5 rainy 10.7 9.3 1.4
June 14 6.4 rainy 8.5 7.6 0.9
June 15 6.6 rainy 5.7 4.9 0.8
June 16 6.7 cloudy 9.2 8.4 0.8
June 17 11.2 mostly cloudy 13.8 12.3 1.5
June 18 15.4 partially sunny 15.5 13.8 1.7
June 19 9.1 rainy 9.3 8.4 0.9
June 20 2.6 rainy 2.9 2.4 0.5
June 21 6.7 mostly cloudy 11.8 10.6 1.2
June 22 9.7 sunny 13.6 11.9 1.7
June 23 10.3 partially sunny 12.4 11.1 1.3
June 24 11.8 sunny 14 12.3 1.7
June 25 9.7 rainy 9.8 8.9 0.9
June 26 10.7 mostly cloudy 13.5 11.8 1.7
June 27 9.9 sunny 13 11.4 1.6
June 28 13 sunny 14.3 12.2 2.1
June 29 7.9 partially sunny 10.9 9.4 1.5
June 30 6.8 mostly cloudy 9.4 8.1 1.3
July 1 10.2 sunny 13.1 11.3 1.8
July 2 10.4 sunny 12.6 11 1.6
July 3 14.2 sunny 14.3 12.5 1.8
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Figure 7: Outdoor and indoor temperature data collected in mild weather conditions. without electrical heating (A) – from June 5 to June 20, 2019 
(B) – from June 20 to July 4, 2019.
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using a wood-cement-steatite mixture that was primarily 
optimized for other constructive properties, especially water 
resistance, fl exural strength, screw withdrawal resistance, and 
fi re resistance [8]. There is still some leverage for increasing 
the heat storage capacity of WCSP just by optimizing further 
the mixture design with the same recycled raw materials. This 
could come along with a reduction in CO2 impact, by replacing 
a fraction of the cement with supplementary-cementing 
material such as a natural pozzolan or calcined clay cement.

Another interesting avenue to consider is the use of 
embedded phase-changing materials (PCM’ July 2019). Several 
studies have been devoted recently to the development of gyp-
sum boards embodied with these materials for energy-effi cient 
buildings [17,18]. They could be exploited advantageously in 
WCSP, with even more leverage.

Conclusi on

This study aimed at assessing the infl uence of WCSP 
drywall on the thermal performance of a small building. In that 
quest, the evolution of temperature inside two instrumented 
timber-framed test huts, a reference one with all interior walls 
covered with gypsum boards and one with a portion of its 
walls covered instead with WCSP, was monitored in different 
seasonal weather conditions.

Temperature data recorded during the late winter days 
of 2019 while electrical heating was shut off show that the 
addition of WCSP improved the thermal performance of the 
hut over that of the reference GB hut. This results from the 
capacity of WCSP to store and release heat, which was observed 
to be more pronounced on sunny days. This translated into a 
higher energetic effi ciency of the hut, as shown by electricity 
consumption data collected over two months during the spring. 
Under the conditions of the study, the wood-cement-steatite 
panels contributed to reducing the electricity consumption 
by 5.2% over that of the reference GB hut, which was found 
to be statistically signifi cant (p - value < 0.005). During the 
monitoring period, the reduction reached up to 18% in a single 
day.

In mild  weather, wood-cement-steatite panels were found 
to improve the comfort inside the test hut by leveling off the 
temperature variations and reducing the overheating on hotter 
days. Indeed, over a one-month monitoring period without 
electrical heating or cooling, the daily temperature amplitude 
inside the WCSP hut was observed to be systematically lower 
than in the GB hut. The difference in daily inside temperature 
amplitudes between the two test huts ranged from 0.3 °C to 3.8 
°C and was determined to be statistically signifi cant (p -value 
< 0.005).

The results generated in this part of the study further 
strengthen the potential of WCSP as a real alternative to gypsum 
boards for drywall partitioning in residential and commercial 
buildings. In addition to their many advantageous constructive 
properties, such as water resistance, fl exural strength, screw 
withdrawal resistance, and fi re resistance, the improvements 
they could yield in energy effi ciency and thermal comfort 

make it a quite promising partitioning option. The next step 
will be to design and conduct long-term thermal effi ciency 
experiments and investigate the potential for tailoring WCSP’s 
thermal properties, notably with optimized mixture design and 
with the use of embedded phase-changing materials (PCM).
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