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ARTICLE INFO ABSTRACT
Handling Editor: Huihe Qiu Thermal insulation plasters have become the focus of attention in the building sector. Among the
Keywords: most important reasons for this is the high thermal energy losses of the buildings. Since con-
Thermal insulation plaster ventional briquettes used in buildings allow high heat transfer, the construction industries are
External wall insulation looking for alternative insulation ways with low cost and high thermal efficiency. The use of
U-value insulation plasters is becoming popular due to the high cost and installation of insulation ma-
Energy-efficient retrofit terials such as Expanded Polystyrene (EPS), which is among the alternative ways. Therefore, in
Co-heating test this study, the novel insulation plaster (NIP) developed in contrast to traditional insulation

plasters is tested on conventional briquettes in different thicknesses. On considering the total heat
transfer coefficient (U-value), it is understood that whilst the conventional briquette has the
highest value with approximately 5.5 W/m?K, the briquette with 2-2 NIP thickness has the lowest
value with a value of almost 2.86 W/m?K. As a result of the tests, the total heat transfer coefficient
of the briquette with 1-1 NIP thickness is observed to have an improvement of nearly 22.5%
compared to conventional briquettes, while a progress of approximately 36.4% is seen in bri-
quettes with 2-1 NIP thickness. In addition, it is revealed that the best mitigation in the overall
heat transfer coefficient is about 47.9% in briquettes with 2-2 NIP thickness. It is also figured out
that NIP has additional thermal durability thanks to the dead air pores and boron minerals in its
internal structure.

1. Introduction

Recently, with the emergence of global economic crises and the gradual decrease of non-renewable energy resources, it has gained
great importance to use energy sparingly [1]. Looking back forty years ago, energy demand increased by almost 1.8% per year, ac-
counting for practically 58% of total energy by 2050 [2]. The construction sector accounts for approximately 32% of the total energy
consumption worldwide [3]. In general, multi-storey buildings lose about 40% of their heat from the exterior wall, about 30% from the
windows, approximately 7% from the roof, practically 6% from the basements and finally, the remaining 17% from air leaks [4]. The
fact that 40% of the heat losses of the buildings are from the outer wall indicates that the buildings should be strengthened or
reconstructed with a building envelope that is more resistant to heat loss. In addition, energy losses can be reduced by using thermal
insulation in buildings and thus, energy savings can be achieved. Among the most significant reasons for using insulation are to reduce
energy costs visibly and to minimise energy losses and thus to achieve energy efficiencys; it is seen that its use has become a necessity
rather than a choice [5].

Plaster used in building structures is known as one of the oldest materials. Plaster, discovered about 9000 years ago [6], can be used
as thermal insulation by mixing with various components as well as providing a holistic visuality [7], and it is still up to date due to its
low cost. Since plaster gives positive results in terms of physical and chemical aspects, it has been used in building construction for
many years. Recently, the preference of plasters has been increasing in new buildings, especially in building restoration works [8,9],
thanks to LWAs (Light Weight Aggregates) like cork, clay, perlite etc. that grow in their thermal properties and their price performance
[10]. Nowadays, various studies are carried out by using different LWAs, such as herbal [11-13], and mineral [14-16], in order to
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possess a good thermal performance.

Bianco et al. [8] have investigated the thermal properties of a historical house by adding a new type of heat-insulating plaster added
to the maize waste products to the wall layer to reduce the heating load. In situ measurements are made by keeping the house interior
temperature constant at 23°C. According to the result, the thermal conductivity of the new insulation plaster is within the limits of
0.08-0.13 W/mK. This result has shown that approximately 20-40% more energy consumption can be observed if conventional plaster
is covered instead of trial. Fenoglio et al. [17] have examined the thermal conductivity, by adding perlite at two different percentages
to the lime-based thermal insulation plaster. As a result, a surface covered with a 25% perlite has a value of 0.118 W/mK, when applied
to a similar surface with 40% perlite, it has a value of 0.059 W/mK. This shows that the increase in perlite ratio has a profound effect on
heat conduction up to merely 40%. Selvaranjan et al. [18] have investigated the thermal comfort of the residents of two similarly sized
houses by coating the walls of one house with rice husk ash (RHA)-based insulation plaster and the other with conventional plaster, and
the result has shown that RHA-based insulation plaster is better. Additionally, with 10% RHA-based mortar to be poured into the
plaster, the thermal conductivity value is 0.58 W/mK with a decrease of approximately 28% compared to the conventional mortar. It is
also understood that it absorbs greenhouse gas emissions by about 14%. Schuss et al. [19] have calculated the U-value from a building
wall with gypsum plaster and brick wall envelope using in situ measurement technique. They are able to find the U-value of 1.25
W/mK by covering 25 cm bricks with 2 cm thick plaster on each side of the surfaces. The thermal conductivity values are shown in
Table 1.

Miskinis et al. [20] have compared the effect of sound value and any thermal change by covering a rock wool-filled surface with
plaster and Expanded Polystyrene (EPS). It increases the sound insulation from 3 dB to 7 dB even though it does not make any changes
in the thermal insulation in both cases. Considering the sound insulation with EPS, a negligible change is observed. Charai et al. [21]
have investigated the effectiveness of ordinary plaster by adding hemp fibre in various proportions into the plaster, as well as its effect
when used with hemp. Their result are presented in Table 2.

Dylewski et al. [22] investigate whether coating the exterior building mortar with thermal insulation plaster has an advantage over
covering it with cement plaster. The result shows that bims granule plaster and EPS plaster have much smaller thermal conductivity
values than cement plaster. The thermal conductivity values of the bims granule plaster, cement plaster, and EPS plaster are reported
as to be 0.068 W/mK, 0.93 W/mK, and 0.07 W/mK, respectively. Krsti et al. [23] have compared the theoretical and measured U-value
of 2 types of the building envelope by using the co-heating test method. The result is illustrated in Table 3.

Rashad et al. [24] have studied whether a thermal insulation plaster can be made from cementitious materials. The bonding process
with gypsum or cement without using any LWA and foaming agent is succeeded. In this study, eight different types of plaster are used.
Data gathered show that thermal insulation plaster can be obtained without using any foamer and LWAs. Topcu et al. [25] have
calculated the thermal conductivity coefficient of a perlite brick with a ratio of 30%. According to the result, whilst the thermal
conductivity of a typical brick is 0.47 W/mK, the coefficient of the brick formed by adding perlite is calculated as 0.22 W/mK, and it is
concluded that the perlite brick can be a much better insulation material compared to the standard brick. Al-Naghi et al. [26] attempt
to examine the thermal performance comparison by using a combination of autoclaved aerated concrete block (ACC), thermal insu-
lating plaster, reflective coating and standard hollow concrete block (HCB). The materials and thicknesses used in the test sample of the
envelope are given in Table 4.

The study is carried out in two test chambers with similar characteristics, and data is collected with thermal sensors in the summer
months. As a result, it is recorded that standard hollow concrete block and ACC wall samples are 2.03 and 0.38 W/m?K, respectively.
Fantucci et al. [27] have applied on three different samples of thermal insulation plaster such as vegetal-based plaster (VBP),
perlite-based plaster (PBP), and aerogel-based plaster (ABP) aggregates. VBP, PBP, and ABP are tested for 19 days, four days, and more
than 30 days, respectively. While the calculated U-value of VBP and PBP are 0.56 W/m?K and 0.80 W/m?K separately, the measured
U-value of ABP is 0.42 W/m?K.

Today, thermal insulating plasters are becoming necessary in buildings thanks to their low cost and significantly effective insu-
lation. In this experimental research, four briquettes with the relatively the same properties are used, and thermal insulation plasters
with different thicknesses are coated on the inner and outer surfaces of these briquettes by mixing them with the mortar method. The
briquettes are coated with thermal insulating plaster with inner-outer thicknesses of 0-0, 1-1, 2-1 and 2-2, respectively. After these
preparations are completed, they are placed in the hot box so that there is no leakage. An electrical heater is located inside the box in
order to create a temperature difference between indoor and outdoor environments. T-type thermocouples are used to measure the
inner and outer surface temperatures of the briquettes, and a highly sensitive sensor is used to determine the heat flux. Co-heating
testing procedure is applied to the test rig. The aim of the experimental work is to examine the effect of insulation plasters with
different thicknesses on the thermal insulation properties of conventional briquettes and to find the comparative U-values after
enhancement.

Table 1
Thermal conductivity values of the samples in the test field [19].
Material k (W/m?K) Thickness (mm)
Gypsum plaster 0.2 15
Brick wall 0.4 250
Lime cement plaster 0.8 20
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Table 2

Thermal properties of hemp-plaster composites [21].
Fibre Content (%) Thermal Conductivity (W/mK)
0 0.531 + 0.001
2 0.485 + 0.001
4 0.441 + 0.003
6 0.364 + 0.001

Table 3

Theoretical and Co-heating test results [23].
Wall material Theoretical U-value (W/m?K) Measured U-value (W/m?K)
Plaster (2 cm) + Concrete block with recycled brick aggregate (12 cm) 1.96 1.96
Plaster (2 cm) + Hollow brick with integrated rock wool insulation (25 cm) 0.28 0.40

Table 4

Material properties used for the test [26].
Materials Thickness (mm) k (W/mK)
HCB 200 0.52
ACC 200 0.16
Cement mortar and plaster 10 0.72
Thermal insulating plaster 15 0.06
Acrylic paint 0.15 0.20
Reflective coating 3 0.03

2. Material and method

2.1. Thermophysical and material properties of novel insulation plaster

The Novel Insulation Plaster (NIP) is produced according to TSE EN 13501-1 standards and has A-1 class certificate. It is prepared
according to international standards in heat, water and sound insulation as well as extremely vital fire insulation. It can withstand up to
about 1000 °C for 3 h. It does not contain carcinogenic substances and has an entirely natural structure. It also has the ability to
breathe. It has a structure that can prevent formations such as moisture, mold, and fungus that may occur in buildings. In this research,
NIP, which has the patent for the first use of the boron mine in Turkey, is used. The technical specifications of the novel insulation
plaster used are given in Table 5.

Fig. 1 indicates that the NIP is produced before hydration from expanded perlite, boron mineral colemanite in a small amount,
polymer fibre, and binder. Perlite layers widened in the form of plates are observed, and also products expanding in the form of
burgeons on these plates. The structure has many cavities and amorphous forms with polymer fibres in the voids.

In Fig. 2(a), the EDS image of the NIP is seen, whille in Fig. 2(b), there is an image of the elements in the NIP, which can be
understood by spectral analysis. Abundant expanded perlite microplates are observed. SiO2 covers a significant part of its content in
the NIP of the chemical composition. The chemical composition of the NIP also includes Al,03, CaO, and Fe;03. Although the boron
mineral is present in the NIP, it is not visible in the spectral analysis because it is in tiny amounts.

When the internal structure of the NIP used in the experiment is examined, it is understood that there are many expanded perlite
structures, as shown in Fig. 3(a). When this expanded perlite is examined more closely, it is thought that the dead air pores formed, as
shown in Fig. 3(b) can be associated with thermal insulation.

2.2. Preparation of the test sample

Round-shaped concrete blocks made of sand, gravel, cement, and water and used as building and concrete wall materials, are called
briquettes. The briquettes are a construction material commonly used in the Anatolian lands of Turkey. The U-value is high due to the
relative conductivity rate when the briquette is not covered with any insulation. Therefore, its widespread use especially in Anatolian
building stock does not indicate that it has good thermal properties. The high U-value of the briquette brings about unwanted heat

Table 5

Technical characteristics of the NIP.
Density 950 + 50 kg/m®
Thermal Conductivity 0.13 W/mK
Compressive Strength CSII 2.448 N/mm?>
Bond Strength 0.50 N/mm?
Water Absorption W2 0.188 kg/m*min®>
Fire Resistance A-1
Sound Absorption 15 dB
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Fig. 1. The image of the NIP before hydrated.

losses due to the aggregates used, which means more energy consumption and higher costs. Hence, existing briquettes need to be
reinforced with environmentally friendly, non-toxic, and sustainable insulation. In addition to these, coating with NIP, which is light
and has good insulating properties, will provide both a more attractive appearance and better thermal resistance, and this will add
potential to different areas of use.

The preparation is started by adding 20 L of water to NIP weighing 20 kg and mixing it for about 5 min until a homogeneous
structure is obtained. After the mortar process is completed, it is checked whether there is a problem affecting the insulation on the
surface. Then the inner and outer surfaces of the briquettes are covered with 1-1, 2-1 and 2-2 thicknesses with the help of molds and left
them to dry for a sufficient time. The images in Fig. 4 show the application phase of the NIP, respectively.

2.3. Co-heating test

A co-heating test is a trustworthy method to assess heat loss with a unit of W/K (both fabric and background ventilation) applied to
an unused building [28]. Even though countries have been researching the co-heating test method since 1970 [29], it still needs an
international standard [30]. In a standardized co-heating test, the indoor environment should be kept up to 25 °C with a
temperature-controlled electrical heater until thermal equilibrium is reached, and the test takes about 2-4 weeks. In addition, the
inside and outside temperature differences should be at least 10 °C [31]. Co-heating test is used not only for external walls but also for
thermal performance analysis of windows and airtightness assessment [32-37]. Another essential part of information about the
co-heating test is that when uses in conjunction with other techniques, such as thermal imaging and heat flux measurement, it makes its
accuracy seem more comfortable. The co-heating test can be reduced to smaller sizes for use in a laboratory setting, creating a basically
artificial building environment as shown in Fig. 5(a, b) prepared by virtually. The analyses of the laboratory-based experimental
co-heating test are performed in a zone consisting of an adiabatic hot box and an environmental chamber, as shown in Fig. 5(c).
Frankly, such a co-heating test which is carried out in a laboratory medium, aims to be a pioneer study in verifying the suitable NIP for
the construction industry. In such an experiment, the inside of the hot box is increased up to 25 °C with an electrical heater and the
temperature control unit is used to keep the inner at constant whilst the outdoor temperature is adjusted with the air conditioner in
accordance with the temperature difference specified in the standards. T-type thermocouples used in experimental research are
connected to a data logger, and temperature values are calculated. On the other hand, the heat fluxes are related to the highly
vulnerable data logger, which receives data every 5 s. The test is supported by a thermal imaging camera in order to reach a more
reliable consensus, as shown in Fig. 5(d).

Thermal imaging testing is one method/analyse that advocates co-heating testing. It is associated with the extent of the
improvement in the thermal behaviour of the building before and after retrofitting. For example, sometimes, after reinforcement,
undesirable situations such as cold spots and hot spots may occur on facades, corners, and joints, where columns and beams meet.
Therefore, the thermal imaging test is of vital importance of having information about such undesirable events.

2.4. Uncertainty analysis

In accordance with Coleman and Steele [38], the total uncertainty is calculated by:
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Fig. 4. a) Image of the mortar preparation stage, b) Image of the test sample placed in the mold, ¢) Image of the step of coating the test sample with NIP, d) The final
image of the test samples after waiting for sufficient time.

1
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Q: Size to measure
X: Variable affecting measurement
W: Uncertainty of the independent variable
Data needed in uncertainty analysis:
Tin = 25 °C, Tex = 11.5 °C, AT = (25 — 11.5)°C = 13.5 °C, Uncertainty of thermocouples: 0.25
Uncertainty of heat flux: 0.03
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The overall uncertainty was calculated as 1.85%.

3. Results and discussion

As a result of the studies on conventional briquettes, the average thermal conductivity value is calculated as 0.8 W/mK [39].
According to the experimental test result, the traditional briquette k-value is 0.82 W/mK. It is understood that the difference among the
values is due to factors such as density and weight between the briquettes used. Fig. 6 graphically illustrates the check of reference and
experimental data.
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I 0-0 Briquette
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Fig. 5. a) Representative view of the test room from the outside environment, b) Cross-sectional view of the inside of the hot box, c) Real view of the test room from
the outside, d) Thermal imaging representation.

According to the experimental analysis results, it is observed that the indoor and outdoor temperatures of 0-0 changed between
21.95°Cand 24.72°C, and 16.94 °C and 18.58 °C, individually, while the internal and external temperatures for 1-1 are between 24.04
°C and 25.4 °C, and 18.4 °C and 18.83 °C, respectively. On the other hand, it is seen that the inlet and outlet temperatures of 2-1 alter
between 24.77 °C and 26.1 °C, and 18.23 °C and 18.79 °C, separately, whilst the interior and exterior temperatures for 2-2 are between
24.92 °C and 26.04 °C, and 18.04 °C and 18.39 °C, severally. According to the results, the briquette with a thickness of 2-2 has the
highest internal temperature because the heat transfer is lower than the others due to the NIP thickness. Additionally, the briquette
structure with the highest temperature difference is calculated as 2-2. As for the heat flux values, it is obtained that they vary between
0.04 W/m? x 102 and 1.19 W/m? x 10 for 0-0, between 0.0024 W/m? x 102 and 1.13 W/m? x 1072 for 1-1, between 0.00764 W/m>
x 102 and 1.49 W/m? x 1072 for 2-1, and finally between 0.019 W/m? x 102 and 1.38 W/m? x 1072 for 2-2 one by one. Also, average
heat flux values are recorded as 0.32 W/m? x 102, 0.26 W/m? x 102, 0.24 W/m? x 102, and 0.21 W/m? x 1072 for 0-0, 1-1, 2-1, and
2-2, respectively. According to the experimental test results, the heat flux has the highest value of 0-0 in contrast to the temperature
because the heat transfer is higher than the others. Graphical drawings of all these values are shown in Fig. 7.
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Fig. 7. a) Inside temperature, outside temperature, and heat flux values of briquette 0-0, b) Briquette 1-1, c) Briquette 2-1, d) Briquette 2-2.

According to the test results, the total heat transfer coefficient values alter between 0.75 W/m?K and 21.71 W/m?K for 0-0,0.04 W/
m?K and 18.42 W/m?K for 1-1, 0.12 W/m?K and 22.24 W/m?K for 2-1, and 0.28 W/m?K and 19.35 W/m?K for 2-2. As a result of the
experiments, the average heat transfer coefficient values for 0-0, 1-1, 2-1, and 2-2 are calculated as 5.49 W/m?K, 4.26 W/m?K, 3.5 W/
m?K, and 2.86 W/m?K, respectively. As a result of the conventional briquette and NIP material being brought to a thickness of 2-2 with
the mortar method, the overall heat transfer coefficient of 2-2 is observed to be almost two times lower than the conventional
briquette. These values are obtained from high-precision heat flux. Values are acquired by connecting this heat flux sensor placed on
the inner surface of the briquette to the data logger and by transferring the data from the data logger to the computer. The individual U-
values of the test specimens are presented in Fig. 8.

In Fig. 9 above, it can be clearly observed that the average heat transfer coefficients of the test samples decrease proportionally
depending on the NIP thickness in the column chart. According to these results, a diminishment of about 22.53% is observed between
0-0 and 1-1. While there is a decrease of approximately 18.14% between 2-1 and 2-2, there is a reduction of nearly 17.85% between 1-1
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Fig. 8. a) U-value of briquette 0-0, b) Briquette 1-1, ¢) Briquette 2-1, d) Briquette 2-2.
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Fig. 9. Improvements in thermal insulation features of briquette through NIP.

and 2-1. On the other hand, the most striking mitigation ratio is around 47.9%, between 0-0 and 2-2. Thanks to this drastic reduction,
floor occupants are faced with lower costs. At the same time, it is anticipated that NIP, which is expected to develop in terms of trade,
will attract the attention of the building sector since it has positive features such as low cost, eco-friendly, and high energy efficiency.

4. Conclusion

This experimental research is carried out to observe the heat transfer effect of Novel Insulation Plaster (NIP) on the briquette, which
varies according to the 0-0, 1-1, 2-1 and 2-2 thicknesses. The proposed NIP has been tested under certain operating conditions by
means of temperature difference, and its parameters have been determined. The following bullet points can be obtained from the
experiment:

10
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e When looking inside the expanded perlite in its inner structure, it is observed that there are dead air pores, and it is understood that
the NIP has extra thermal resistance thanks to these pores.

e Whilst 0-0 is the lowest with a temperature difference of 5.82 °C, it is concluded that it is 2-2 with the highest temperature dif-
ference at 7.1 °C.

e According to the studies, the briquette with a thickness of 2-2 has the best overall heat transfer coefficient (U-value) with 2.86 W/
m?K.

e The NIP with a thickness of 2-2 has shown an improvement of nearly 49% compared to the conventional briquette.

o In further studies, a comprehensive theoretical and experimental study will be made on thermal efficiency improvements, acoustic
behaviour, and radiation effects with the combination of different building elements.
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