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Abstract— Climate change is a defining issue of our times. It 

has an influence on humans and the ecosystem because of 

variations in the earth's temperature and rainfall patterns. As 

people spend the majority of their time indoors, changes in the 

climate can affect the quality of the outdoor air that seeps into 

their surroundings and raises the temperature of the air. Even 

though passive cooling options are available to mitigate this 

issue, they have been shown to be insufficient to meet the 

anticipated need. To achieve the desired level of comfort, 

residents of the building must use active cooling systems. The 

widely available active cooling systems are vividly demonstrated 

to be unsustainable and energy-intensive.   Thus, this study aims 

to evaluate the use of energy-efficient and cost-effective 

techniques in a building by encouraging the use of natural 

materials, such as clay panels, to increase thermal mass and use 

hybrid ventilation techniques to reduce energy consumption. 

The results show the system's effective and efficient 

configuration of 36 panels and 3 fans to create a comfortable 

indoor living environment. 

Keywords—Thermal mass, Clay secondary walling, Indoor 
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I. INTRODUCTION 

When considering the tropical region, climatic factors 
remarkably affect the microclimate and indoor thermal 
comfort of a building. The amount of solar radiation received 
by the equatorial region is high, which roots an uncomfortable 
indoor environmental condition of buildings. Microclimate 
conditions such as air temperatures, air movement, humidity,  
radiant temperature and human physiological aspects need to 
be taken into account for achieving comfortable indoors[1]. 

Recent evolution activities related to urbanization, 
industrialization, etc., leads to the increasing levels of carbon 
dioxide (CO2) and warmer temperatures which cause a rise in 
outdoor airborne allergens that infiltrate indoors[2]. 
Considering that people spend 80% to 90% of their time 
indoors, the changes in current climate conditions can create 
an impact on the quality of the outdoors air which infiltrates 
into indoor environments, which creates uncertainty to 
occupants' health and productivity. 

Because of poor building design, most tropical developing 
countries are having difficulty establishing indoor thermal 
comfort in the absence of mechanical control. But adopting 
the mechanical controls cause high energy demand. Energy 
consumed in residential and commercial buildings increases 
by an average, electricity use grows faster than any other 

energy source, accounting for half of all household energy use 
by 2050[3]. 

Hence, the application of proper building design would be 
an effective alternative to attain the typical indoor thermal 
comfort state with a minimum energy stock [4]. For a proper 
building design to reduce the indoor heat, the alterations can 
be accounted on the building materials, building orientation, 
building envelop, openings, lighting and ventilation. 

For enlightening the thermal performance in building 
sectors, the building envelopes are considered to plays an 
important role, particularly the wall body needs to be 
managed, for achieving a high comfort level with less energy 
consumption [5]. 

A building's thermal mass impacts its ability to store heat 
energy, which has a significant impact on internal 
temperatures. The high mass wall has a time-shifting effect on 
peak temperatures in addition to dampening. Buildings and 
structures with high thermal mass are frequently hyped as 
desirable [6].  

Along with the thermal mass, thermal conductivity is 
likewise one of the important properties that affect the thermal 
performance of buildings. Zhang et al. (2014) concluded that 
a material with low thermal conductivity (<1 W/m k) 
improves a building’s thermal performance considerably [7]. 

The consideration of thermal mass effects shows that the 
thicker wall delays the heat transfer to the building interior. 
The double walling concepts which are blooming currently 
can also create the same scenario. Doubling the wall area with 
internal walling can increase the thermal mass of the building 
envelop. The double wall represents a relatively low-tech 
method of building energy-efficient walls with the use of low-
cost materials. 

With relevance to double-wall; Double Skin Facades 
(DSF) is an advisable method to reduce the indoor 
temperature, is described as a grouping of a traditional single 
skin facade that is doubled by a second layer with an air cavity 
in between [8].  

The gap between the two layers should be ventilated to 
decrease heat transfer by convection [9]. Li et al reported [10] 
that incorporation of the thermal mass of energy storage 
materials such as thermal control strategies and phase change 
materials have a huge impact in removing excess heat gains 
effectively in DSFs. 



Faggal [8] emphasises that the air exchange between the 
cavity and the environment is dependent on the conditions of 
wind pressure on the building’s skin, the stack effect and the 
discharge coefficient of the openings. According to Aouba et 
al., the cavity becomes hot during the night due to the high 
outside temperature, which raises the cooling load 
requirements [11]. 

Hashemi et al., analyzed the application of clay which has 
a high mass to secondary wall panels, can act as a heat buffer 
and a heat store, due to an increase in the thermal mass which 
directly impacts the air temperature indoors [9]. Clay is one of 
the world's most plentiful natural resources. It has provided 
humans with extremely important building materials since the 
dawn of humanity. Clay bricks are traditionally used to build 
walls; however, growing energy prices and related 
environmental issues such as excessive energy consumption, 
resource depletion, environmental degradation, and carbon 
dioxide emissions are some of the issues associated with them 
[12]. 

Due to its high thermal mass (1740 KJ/m³K) and high 
density (1500 to 2000 kg/m3) of earth bricks, it helps in 
controlling internal temperature. Halid et al. mentioned that 
fired clay bricks can be a sustainable solution for high thermal 
insulation because it has high thermal mass and also has a low 
thermal conductivity property that could help to control indoor 
air temperature [13]. 

Recently there are different types of clay materials are 
available in the building sector. Among them, an aerated, 
honeycomb-matrix, clay block walling methods which are 
generally called “Poro-therm”. According to Rajapaksha and 
Halwatura, the clay wall panels can act as a good thermal 
barrier to avoid outdoor heat by its thermal mass properties 
and are also considered as a decent heat absorber of indoor 
heat which could benefit as air cooling object similarly, these 
wall panels are suggested for buildings with energy craving 
and low maintenance and are also expected to provide an 
efficient cooling solution and also these wall panel systems 
are easy to maintain [14].. 

Finding emphasis, the ventilated walls are two kinds, one 
with natural ventilation with stack effect and the other forced 
ventilation in the cavity. But in the case of forced ventilation, 
it might take chances to increase the energy demand of the 
building, for these situations, it is advisable to adopt hybrid 
ventilation techniques. 

Since passive cooling methods are thought to be 
environmentally friendly, individuals frequently aim to utilize 
them, however they are ineffective. Furthermore, when it 
comes to large or metropolitan area construction, it is not 
always possible to take into account building orientations and 
techniques, as well as natural ventilation patterns. Therefore, 
active cooling techniques must be used. This will increase 
energy demand, expense, and long-term usage, which will 
lead to environmental damage. 

As a result, it is appropriate to utilize hybrid ventilation 
approaches, in which we can combine the impacts of active 
and passive ventilation techniques to create a sustainable 
indoor heat reduction model that can reduce the need for 
energy and cost. 

As stated, a proper indoor temperature can be achieved 
through adequate ventilation with filtration. Passive cooling is 
considered to be beneficial in the sustainable development of 
buildings [15]. Undoubtedly, the internal thermal comfort of 

buildings cannot be achieved using passive cooling mean 
alone [16]. It is calculated that by the year 2050 the average 
cooling energy demand of the commercial and residential 
buildings, will rise to 750 % and 275 % respectively [17].  

Gupta et al. stated that to increase electrical efficiency 
passive and/or hybrid cooling systems can be used for 
achieving desirable indoor thermal conditions [15]. Hybrid 
cooling implies both ventilation systems of mechanical and 
natural forces are combined to achieve a desired indoor 
environment. In the case of mechanical forces normally means 
fans, natural forces like wind and buoyancy through building 
openings [18]. 

The thermal behavior of the building could be related to 
the hybrid ventilation process and, these must be accounted 
for in the development of design methods and also need to 
include efficient iteration schemes and combining thermal 
simulation models with existing multizone airflow models 
will improve the estimate of the performance of hybrid 
ventilation substantially, the collective model will be capable 
of forecasting the yearly energy consumption for hybrid 
ventilation[19]. 

Simulation programs are necessary to test as many 
parameters as possible within a reasonable time [20]. 
According to Madhumathi et al [2], computer simulations help 
to examine the conditions that are not so far tested in reality 
and are helpful to conclude based on evaluations of diverse 
building systems. Many types of research [4] validate that 
building energy simulation tools aid efficient analysis of 
thermal performances of building envelopes under dynamic 
weather conditions and also help to predict its effects on 
energy balance and indoor thermal comfort. 

An experimental and simulation study was carried out by 
Chen et al. [21], The quantifiable electricity savings potential 
of daylighting as well as the impact of reducing artificial 
lighting on heating energy use were modelled using Energy 
Plus. It was found that the amount of energy used for heating 
increased as artificial lighting was decreased. 

This study uses the Design-Builder software which is 
considered to be a building modelling and simulation tool, 
With the incorporated Energy-Plus, this software has 
numerous features, namely modelling, optimization, 
evaluation, and study of environmental impacts [22]. 
Therefore, this software will be helpful for the evaluation of 
the energy and thermal performance of the research. 

II. MATERIAL AND METHODOLOGY 

A. Poro therm clay walling system 

Poro-therm clay walling system is a novel invention 
indoor cooling system developed as a solution for the indoor 
overheating problem in tropical countries. [14] The proposed 
system includes a set of thin ‘fired clay panels’ (component 
01) working together with a continuous positive ventilation 
supply (component 02). (Fig 1) passive cooling principles 
such as thermal mass effect, structural cooling, ventilative 
cooling etc. and the concept of hybrid cooling involves in this 
cooling system[23], [24].  

The secondary clay wall panels were arranged with the 
timber frame, with a 2-inch space between each, and were 
joined to the primary wall by a timber frame. The gab is two 
inches in size. Several experiments for various gab sizes led 
to the conclusion that it was the best. 



B. Description of the case study area 

 

 

To investigate the practical application of the above novel 
system and to assess its effectiveness, a real-scale prototype 
building was built at a location in Puttalam. located in 
Puttalam district in the latitude {N+/S-} 8.03 and longitude 
{E+/W-} 79.83 and elevation of 2m. The real scale model 
building was originally built to test the research, which is 7x9 
ft and 9ft in size, finished with a single pitch roof and having 
another pitched roof to cover the veranda area.  

The temperature in Puttalam varies little throughout the 
year; the average percentage of the sky covered by clouds 
experiences significant seasonal variation over the year and 
the average hourly wind speed in Puttalam experiences 
extreme seasonal variation over the year. These microclimatic 
factors assist to get a proper result. North and east-orientated 
buildings are considered to have a less direct solar direction 
towards the building envelope[1]. 

A smaller compactable dimension (7x9ft2 and 9ft) was 
selected for the prototype building as it is cost-effective for 
further development and easy to monitor and maintain 
throughout the process. 

Using the Graphtec GL840M midi Logger, real-time 
temperature data for both indoor and outdoor temperatures 
were gathered for 24 hours. Temperature probes were 
positioned all throughout the prototype construction, 
including near to walls, in the middle of the room, and not far 
from the ceiling. Concern was expressed as the average of 
these entire figures. In the initial data collection, the thermal 

behavior of the building interior was investigated without 
applying the cooling system and then the cooling system was 
applied and required data were collected. 

 The building materials used for the prototype building are 
similar to the most common materials used overall, such as 
masonry walls, polystyrene, asbestos and mud concrete.  

TABLE I.  BUILDING MATERIALS AND THEIR DIMENSION 

The secondary wall (Figs 1 and 3) is fixed two inches away 
from the primary wall. In terms of building measurements, the 
space between the primary and secondary walls was 
acceptable. A 1x1 ft2 hole in the wall is used to attach the DC 
Axial fan (80*80*25mm3), which has a maximum airflow rate 
of 23.89CFM, to the west wall (center). building with slender 
East and West facing facades. 

In order to better understand the poro-therm clay 
secondary walling system, this research models, calibrates, 
and simulates the indicated building changes that will reduce 
heat most effectively. 

C. Simulation study 

The simulation of the chosen building was conducted 
using Design Builder software (version 6.1.0.006). The model 
was initially created using measurements taken from the 
prototype building; it was then calibrated using hourly 
meteorological data from the Puttalam area. 

 

   

 Material Dimension 

Primary wall 

Masonry wall, with no 
plastering/finishing 

4.5 inches 
thickness 

Secondary 
wall panel 

Combination of red clay 50% and 
sawdust 50%, burnt clay bricks. 

1ftx1ft and 
1inches 
thickness 

Flat ceiling Polystyrene 
7ft x 9ft and 
0.5 inches 
thickness 

Roof Asbestos 
0.24 inches 
thickness 

Floor 
Mud concrete (mixture of extracted 
soil, gravel, sand and ordinary 
Portland cement) 

7ft x 9ft and 3 
inches 
thickness 

 

 

Fig 3. Application of secondary walling 
Fig  2. The real scale prototype building 

Fig  1. Poro therm clay walling system 
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Fig 4. Modeled prototype in design builder software 



  

As can be seen in Fig 6, the design-builder software was 
then used to input the building's actual building components. 
When doing so, the thermal properties of the building were 
taken into consideration (thermal conductivity, density and 
specific heat). Then, the Graphtec GL840M midi Logger was 
used to gather the building's air temperature data without 
installing the panels or a fan, and the data was calibrated using 
the actual air temperature data. 

The outcome of the building simulation and the physical 
data gathering findings are presented in the graph (Fig 7). 
Partial agreement between the data results is depicted in the 
graph (Fig 7).  

The simulation findings are almost in line with the data, 
validating that the indoor environment of the real building and 
the model behavior are correlated. It can be said that the 
prototype building and the actual model are synced to the 
same situation because they have been calibrated with one 
another.  

In a similar manner, the model was improved by including 
a secondary clay wall and a fan-powered wind source. The 
main zone was split into two zones, an indoor zone and a 
cavity zone, when the clay wall was inserted. Eight panels 
with two fans that offer positive ventilation at maximum speed 
in accordance with the instructions provided for the chosen fan 
model were set up for the calibration 

As it was objected to identifying the performance of the 
created system against the use of expensive and high-energy 
cooling systems, there are problems when installing the 
system (panels and fans) with an air conditioner in a real-
world setting. As a result, a model was created utilizing the 
design builder program and calibrated to the precise 
circumstances of the prototype building. 

This allows for the identification of the thermal or heat 
reduction obtained by the suggested system as well as the 
energy reduction accomplished by various panel layouts and 
airspeeds. To examine the system's ability to absorb or reduce 
energy and maintain the potential energy balance, a new 
operational mechanism was added to the system through the 
fan. Design Builder software was used to calculate the cooling 
load values over the course of the consideration period. 

For the calibration, the initial reading sets were gathered 
using an actual situation with 8 panels and 2 fans (Fig 8). 

Fig 9, illustrates the calibrated situation of the 8- panels, 
2-fans scenarios of both actual and modelled outputs. 

 

 

 

 

Fig 6. Construction data input in design builder 

Fig 8. After application of secondary walling for   8- panels, 2- fans 
scenario 

Fig 7. Without panel without fan; Calibrated graph 
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Fig 9. With 8 panels and 2 fans; calibrated graph 

22
24
26

28
30

32
34

7
:0

0
 A

M

9
:0

0
 A

M

1
1

:0
0

 A
M

1
:0

0
 P

M

3
:0

0
 P

M

5
:0

0
 P

M

7
:0

0
 P

M

9
:0

0
 P

M

1
1

:0
0

 P
M

1
:0

0
 A

M

3
:0

0
 A

M

5
:0

0
 A

M

In
d

o
o
r 

te
m

p
er

a
tu

re
(°

C
) 

Time

Wi t h  8  pa ne l s  a nd  2  f a ns ;  C a l i br a t e d  

g r a ph

Original data Design builder data

Fig 5. Visualize view of the developed model 



   After the calibration, it is possible to note that the model 
behaves exactly as it would in reality and to move on to other 
simulations. Concerning situations include those with 12 
panels and 3 fans (4:1), 24 panels and 3 fans (8:1), 36 panels 
and 3 fans (12:1), no panel and no fan, no panel and fan, and 
no panel. To examine the system's efficiency in terms of 
temperature reduction, scenarios with and without the system 
(panels and fan) were created. 

III. RESULTS AND ANALYSIS 

The simulation was conducted with consideration for 
different possible scenarios. The design-builder simulation 
analysis's output of the indoor air temperature values was 
plotted onto a graph for additional discussion. Before being 
used for the study in the 8-panel; 2-fan condition, the 
simulation model's output data had to be confirmed with the 
corresponding actual experimental data. 

Evidently, the system itself causes a decrease in the 
building's interior temperature (Fig 10). The building's real 
temperature is decreased by the thermal mass, cooling, and 
positive ventilation produced by the panels and fans. Above 
and below the ambient air temperature curve can be 
distinguished in the graph (Fig 10). When there is no panel or 
fan, the indoor temperature is greater than the outdoor 
temperature. When a panel or fan is present, the indoor. 
temperature is noticeably reduced even though it is still higher 
than the outdoor temperature. 

 However, when both of the components (panels and fans) 
work together, the inside temperature is significantly reduced 
and becomes lower than the outdoor temperature. All three 
curves below the ambient curve show the conditions under 
which the two cooling system components cooperate. Due to 
the effect of wind pressure, the panel with the highest number 
of fans out of the three has the best performance. 

In addition to the usage of the system in the prototype 
building the ventilation patterns and the temperature 
variations were obtained through the simulation process  
(Fig 11).  

 

A cooling load was attached to the system inside the cavity 
zone in accordance with the requirements of the system to be 
tangled with the actual situation. The results below were 
obtained when supplying a steady-state condition for the 
cooling needs in various ratios of events. The cooling load 
needed by the system can be used to define the amount of 
indoor heat absorbed. The cooling load in this situation refers 
to the rate at which heat is removed from the mixed stream of 
indoor and outdoor air to lower its temperature to the 
appropriate level. 

TABLE II.  COOLING LOAD FOR DIFFERENT SCENARIOS 

 
The panel arrangements were raised in a panel-to-fan ratio 

when positive ventilation was operating at its maximum force 
(4:1, 8:1,12:1). The design builder program was used to 
determine the cooling load figures as the panel size increased. 
The cooling load figures are presented in TABLE II and  
Fig 12. 

 Addressing (Fig 12), the cooling load required per square 
meter decreases as the area of secondary clay walling 
application is increased without changing the number of fans 
(it increases the indoor heat absorption). Although the figure 
suggests that the system setup is more appropriate in terms of 
lowering the temperature, the summary obtained through the 
calculation of the cooling load per square meter clearly 

 

 
Cooling load for different scenarios 

12-panels; 

3-fans 

24-panels; 

3-fans 

36-panels; 

3-fans 

Panel 
area(m2) 

1.12 2.23 3.35 

Cooling 
load(kW) 

0.85 0.86 0.86 

Cooling load 
for 1m2(kW) 

0.76 0.39 0.26 

  

Fig 10. Air temperature reduction; comparison- main outcome 
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Fig 12. Cooling load reduction 
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demonstrates that the 36-panel, 3-fan setup significantly 
lowers both cooling loads and temperature. 

As a result, the 36 panels and 3 fans configuration can be 
regarded as an effective and efficient way to conserve energy 
and reduce indoor heat. However, the 36-3 ratio, which uses 
the least amount of power, outperforms the other two panel-
fan configurations in terms of the system's life cycle cost and 
embodied energy. 

IV. DISSCUSION AND CONCLUTION 

The rising consequences of climate change have a direct 
impact on both interior and outdoor ambient temperature 
increases. Since most of our time is spent indoors, it is crucial 
to take the right precautions to reduce interior heat. Active 
cooling techniques, which are unsustainable and will have a 
high energy demand and negative environmental effects, are 
used to control the indoor heat.  

In order to lower indoor heat with the least amount of 
energy use, it is vital to make changes to the building 
materials, orientation, envelop, openings, lighting, and 
ventilation system. In hot and warm locations, high thermal 
mass materials are utilized to develop building envelopes, and 
walls are built thicker because they can absorb and store solar 
heat from the outside both directly and indirectly. 

 The application of a natural substance to the walling 
materials, such as clay, can have a profound effect on the 
environment around the building. When the application and 
hybrid ventilation work together, the temperature is 
dramatically lowered, and the expansion of the secondary 
walling area results in a reduction in the cooling load.  

The simulation in design builder software identifies the 
ideal configuration to lower the temperature, but the 
configurations differ significantly in terms of the amount of 
cooling required. The optimum setup ultimately took into 
account both effective and efficient ways to lower the indoor 
temperature. The system's use demonstrates obviously a 
significant drop in the indoor temperature and offers the 
inhabitants a comfortable living space. utilizing 
environmentally and energy-friendly, sustainable approaches. 
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