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Abstract

The energy demand for maintaining the required thermal comfort in the building is always an increasing trend. The use of
an air conditioner in the building for providing thermal comfort consumes more energy, and it leads to negative environ-
mental impacts. Thermal energy storage (TES) systems are essential to reduce energy consumption in the building. The
phase change material (PCM)-based TES in the building has attracted attention in the recent years. In the PCM-based TES
system, the heat energy gained during daytime is absorbed by the PCM and the stored energy is released during the night
time. The objective of the work is to control the room temperature fluctuations by incorporating PCM in the building roof.
The experiments are conducted in two identical model buildings: one is constructed with the implementation of PCM, and
another one is constructed without the implementation of PCM in the building roof. It has been observed that the tempera-
ture fluctuations in the building are reduced by the use of PCM in the roof. The average peak temperature rise is reduced
about 1-2 °C in the building with PCM incorporation in the roof, and thus, the energy required for maintaining the thermal
comfort of the room is greatly reduced.

Keywords Energy storage building - Thermal comfort in buildings - Room temperature fluctuation control - Phase change
material - Green building

Introduction an air conditioner is an increasing trend of about 12% in
every year for commercial applications. In order to reduce

The energy consumption to maintain the thermal comfort  energy consumption in the buildings, several methods have

in the building is always increasing in trend. As per Inter-
national Energy Agency (IEA) report, the energy consump-
tion in the building sector is almost 40% of the total energy
consumption rate. Particularly in India, the selling rate of
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tried and out of which the thermal energy storage (TES) in
the building has proved the best ever practice. The thermal
energy storage using phase change materials (PCMs) pro-
vides high heat storage capacity, i.e., high energy density
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almost at constant temperature [1-5]. The constant tempera-
ture in the room can be maintained by imposing PCM in the
building roof or walls. The thermal comfort in the buildings
with TES technology is achieved in two ways: one is with
passive cooling, and another one is with active cooling. The
passive cooling in the building with TES technologies is
carried out by imposing PCM in the roof and in the walls
without any external air circulation devices. The passive
cooling technology may be preferred though it has a less
cooling effect compared to the active cooling method since
the energy consumption on external aid is neglected [6-8].
The thermal comfort of PCM-integrated building depends
on the melting temperature of PCM, location of the building
and physical properties of constructional materials.
Several studies are carried out in the buildings with the
implementation of PCM both experimentally and numeri-
cally [9-13]. The experimental study conducted by Tyagi
et al. [14] reported that the use of PCM-based technology
in the building has a capacity to match the energy demand
and supply. Yew et al. [15] calculated heat transfer through
PCM-integrated building roof with the insulation coating
and observed the reduction in the heat gain in the room.
Zalba et al. [16] gave the consolidated report from those who
have done theoretical and mathematical analyses; the author
mentioned merits of using enthalpy method to calculate the
energy stored and released during PCM melting and solidifi-
cation process. Pasupathy et al. [17] investigated the effect of
the thermal performance of the building by the incorporation
of PCM in the roof. The results show that the performance
of the system has been improved by increasing PCM layer
thickness and also the room temperature fluctuations are
greatly reduced. Gobinath et al. [18] reported that the use of
PCM in the roof reduces the average peak temperature rise
in the building. In India, most of the researches in the build-
ing have been carried out with paraffin wax as PCM, since
it has high latent heat value and chemically stable [19, 20].
The detailed literature survey reveals that the use of PCM
in the building roof can reduce the heat load and tempera-
ture fluctuations in the room. Moreover, no studies have
been done with polyethylene glycol MW 600 as PCM in
the building roof; this could be an alternative to paraffin
wax PCM. The present work is intended to control the room
temperature fluctuations by the implementation of new PCM
polyethylene glycol MW 600 in the building roof, and also
the comparison has been made between with and without the
implementation of PCM in the building roof.

Experimental
Two model building units are constructed with identical

dimensions (I mXx 1 mXx 1.25 m) and identical construc-
tional features. One model unit is constructed with the
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implementation of PCM in the roof, and another one is
constructed without PCM in the roof; both units are made
by concrete roofs, and the walls are made with hollow
bricks. The selection of PCM depends on the temperature
of the room to be maintained and also a high heat storage
capacity. The polyethylene glycol MW 600 is chosen as
PCM which is chemically stable and biologically safe. This
PCM has a low melting temperature around 27-30 °C and
has the high latent heat of fusion 148 kJ kg~!. The PCM
has high energy storage density and provides a high cool-
ing energy to the building with less volume. The proper-
ties of polyethylene glycol MW 600 are shown in Table 1.
The PCMs are encapsulated in the rectangular-shaped
aluminium container of 15 numbers, and each has dimen-
sions of 0.1 m X 0.1 m X 0.03 m. These encapsulated PCM
containers are arranged in the middle of the concrete slab.
The PCM-integrated building roof thickness has three lay-
ers; the top and bottom layers are concrete layers with the
thickness of 5 cm each, and middle layer is a PCM layer
with the thickness of 3 cm. The layout of the model build-
ing with the implementation of PCM in the roof is shown
in Fig. 1. The grade I RTD thermocouple of 10 in num-
bers is used to measure the temperature fluctuations in the
room. The selected thermocouple has a measuring range of
20 °C to 125 °C, and the permissible error is+ 0.5 °C. The
temperatures from both model building units are recorded
by data logger Agilent 32970A with specific software. The
temperatures recorded for every 30 min are accounted to
calculate temperature fluctuations and heat energy gained
in the room. During the daytime, the PCMs present in
the building roof absorb energy from surroundings and
change its phase from solid to liquid, i.e., charging process
of PCM. During night time, the surrounding temperature
is lesser than the melting temperature of PCM and it is
observed that the PCM releases heat to the surrounding
and changes its phase from liquid to solid, i.e., discharg-
ing process of PCM. The readings are taken in the month
of May, and both model buildings are located in Chennai,
India. The average temperature variations are accounted

Table 1 Properties of polyethylene glycol MW 600 PCM

Property Value References

Melting/freezing Temperature/°C  25-28
Specific heat/kJ kg™! °C~! 2.135
Thermal 0.53 (liquid)

conductivity/W m~! K™ 0.85 (solid)
1126 (liquid) Zalba et al. [16]
1232 (solid)
Heat of fusion/kJ kg™ 148

Gopinath et al. [18]
Gopinath et al. [18]
Zalba et al. [16]

Density/kg m~>

Zalba et al. [16]
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Fig.1 PCM-integrated building
roof
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for to calculate room temperature fluctuations and heat
gain in the room.

Results and discussion

The model buildings are situated in Chennai, India, and
the readings are taken in the month of May. The average
temperature variations for 24 h are considered to compare
the temperature fluctuations and heat gain in the model
buildings. Also, the average ambient conditions are con-
sidered for the comparison between the two buildings. The
average ambient conditions are shown in Table 2.

The factors that influence the heat gain in the building
are depended on the climate zone, the size of the build-
ing, the orientation, the age of the building, the number of
occupants, the activities of occupants, the wind speed, and
most importantly solar intensity value at that particular
location. The model buildings are built according to the
guidelines of the Bureau of Energy Efficiency (BEE), Gov-
ernment of India, using the prescribed materials. Chennai
City is located in the hot and humid climate zone with
13.0827° N and 80.2707° E, respectively, latitude and lon-
gitude. The ambient temperature is mostly influenced by
the solar intensity values.

Figure 2 shows the variation of ambient air temperature
with respect to the solar intensity values and the time. It is
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seen that the variation in the ambient temperature is about
4.5 °C with an increase in solar intensity value from 600 to
920 W m~2 during the interval 9.30 h to 13.00 h. Accord-
ing to BEE’s guidelines, to provide thermal comfort in the
room, the 1 °C increase in ambient temperature requires
6% of electricity. It is obvious that the constant room tem-
perature would minimize the need for energy and therefore
the implementation of PCM in the buildings could provide
the solution to the above-mentioned problem.

The room temperature variations in the building without
the implementation of PCM in the roof are shown in Fig. 3.
It is seen that the room temperature varies with respect to
ambient conditions, and the temperature of room decreases
from O h to 8 h due to lesser ambient temperature and then
increases due to an increase in solar intensity. The average
peak temperature rise in the room has been noticed in the
time 16 h to 18 h due to the accumulation of heat in the room
from the surroundings.

It is noticed from Fig. 4 that the fluctuations in the room
temperature are very small and it is about 1-2 °C when the
PCM is implemented in the building roof. It reveals that the
PCM in the roof absorbs heat energy from the surroundings
and undergoes a phase transformation from solid to liquid
state during the daytime. This absorbed energy is released
during night time due to low ambient temperature than the
melting temperature of PCM which is about 29 °C. Thus,
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Table 2 Climatic data of Chennai, India

December

September October November

June July August

May

April

February March

January

Month

27
21

28

31

33
24

34
25

39 36 34
26 25

28

38
26

30 34
21

22

28

Maximum mean temperature/°C

22

23

21

Minimum mean temperature/°C

6.3

5.98
2.53

5.21

6.37
2.01

6.52
2.12

7.2 7.1

22

6.52
3.02

5.60
23

5.32

1.53

542
2.02

-1

Maximum mean wind speed/m s

1.53

1.84

-1

Minimum mean wind speed/m s

the constant room temperature is maintained due to the
incorporation of PCM in the building roof and the energy
demand for maintaining the thermal comfort in the room is
also reduced.

The variations in the room temperature between the
model buildings of PCM-integrated concrete roof and the
plain concrete roof are shown in Fig. 5. It is seen that the
temperature fluctuations in the PCM-integrated build-
ing are lesser than the building without PCM. Whereas
the PCM in the concrete is almost at a constant tempera-
ture, it undergoes a phase transformation from solid to
liquid in daytime and liquid to solid in the night time.
The rise in solar intensity value increases the atmos-
pheric temperature which increases the heat load in the
room. The implementation of PCM in the building roof
results in a reduction in the heat load and thus reduces the
energy consumption for maintaining the indoor thermal
condition.

The heat transfer Q between the surroundings and the
inner room air temperatures through the composite ceilings
is calculated based on the Fourier equation [21] as follows:

Q_ (To_Ti)
C(Lyb L b M
A(ho+Kl+K2+K3+hi>

where T, and T; are the outer room temperature and the inner
room temperature, respectively, L refers the thickness of the
individual layer of the composite concrete ceiling. Based
on the literature [22-25], the outer surface convective coef-
ficient &, and the inner surface convective coefficient 4; are
considered as 5 W m=2 K~! and 1 W m~2 K~!, respectively.
Figure 6 illustrates the heat flow of the rooms due to the
temperature difference between outer and inner surfaces. It
is noted that the average heat transfer rate from the room
with PCM and without PCM is 0.55 W and 0.09 W, respec-
tively. This is because the PCM maintains lower indoor tem-
perature in the room compared to room without PCM. It is
also noted that the heat flow of the room without PCM was
negative during the session 0—6 h and 21-24 h; this is due to
lower ambient temperature than room temperature. The heat
flow of the room without PCM increases with an increase
in solar irradiation values. The results obtained from the
experiments are in good agreement with the studies reported
by Pasupathy el al. [17], Reddy et al. [20] and Beemkumar
et al. [22].
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Fig.4 Room temperature vari- 34
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Conclusions

There are several studies in the building with a PCM-based
TES system, and all reveal that the fluctuations in the room
temperature are reduced with the implementation of PCM
in the building roof. In addition, the present work is aimed
to study the impact of room temperature fluctuations with
the implementation of new PCM polyethylene glycol 600 in
the building roof. The experiments are conducted in the two
identical model buildings: one is with PCM implemented
in the building roof, and another one is without using PCM
in the building roof. The results are shown that the imple-
mentation of PCM in the building roof reduces the average
peak temperature rise in the room and also reduces the fluc-
tuations of temperature in the room which is about 1-2 °C.
Based on the results, it is concluded that the reduction in
the temperature rise leads to a reduction in the heat load in
the room and provides more energy-saving opportunities in
order to maintain the required thermal comfort.
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