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Abstract

Depleting non-renewable resources and global warming motivated researchers to focus
on passive cooling solutions to minimize the internal temperature of buildings. The
benefits of using stacked coir mat and perlite in wet and dry conditions are tested for their
cooling capacity compared to green roofs are explored in this research work. The
benefits are quantified in terms of heat flow and temperature variations in a field ex-
periment, and they are compared to a conventional bare roof in a tropical region in the
Indian subcontinent (8.9142°N, 76.632°E). The heat transfer to the inside of the roof for
dry coir mat paved, stacked coir mat and perlite bed, stacked wet coir mat and wet perlite
bed, and extensive green roof system with coir mat as retaining layer are reduced by
38.43%, 63.21%, 55.3% and 56.97% respectively. This study evaluated the evaporative
cooling capacity of wet coir mat and wet perlite, which have given almost near cooling
capacity of green roof for 24 h. Considering its low maintenance and low initial cost, the
usage of the stacked coir fibre mat with perlite shows a compatible reduction in heat
transfer through the roof slab as that of the green roof. The coir insulation with perlite
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will undoubtedly reduce the energy requirement for heating ventilation and air condi-
tioning (HVAC) systems to a greater extent.
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Coir fibre mat, green roof, perlite, heat mitigation, natural fibres, heat retaining capacity

Introduction

Sustainable building technology has been gaining importance due to its wide range of
benefits like less energy, low maintenance, higher design flexibility and improved air
quality. Sustainable buildings can be achieved using natural materials to absorb less heat
and low reflectivity. With the expansion of urban areas, plants and surrounding flora will
ultimately be replaced with materials with high thermal conductivity and low reflection
ratios. These materials absorb solar radiation tremendously during the daytime and release
stored heat during the evening. In large cities, the temperature in the city’s heart is higher
in the late evening than in its outskirts (the suburbs). This phenomenon is called Urban
Heat Island (UHI) effect.' Green plants can reduce the carbon dioxide level in the at-
mosphere and alter the temperature around them (micro climate) by their ability of
evapotranspiration. Studies proved that the green roof could reduce the urban heat island
effect (UHI), increase the roof’s life, reduce noise and air pollution, increase the aesthetic
impact, and mitigate stormwater runoff.> ® The green roofs are specific and unique to
climatic conditions since the vegetation must tolerate extreme weather fluctuations,
drought tolerance, and high winds.”*® In previous studies, the thermal performance of the
green roof varies by several parameters like plant species, substrate and local climatic
zones.” It is reported that during a life cycle analysis of a green roof, a 10—15% loss will be
incurred due to the maintenance, watering, caring by weed killing and nutrient addition to
the green roof.'’

Aditya et al.'" reviewed the effect of various insulation materials on energy con-
servation in buildings. Increasing the building skin’s thermal resistance can reduce energy
consumption for heating or cooling. Certain materials, such as Vacuum insulated panels,
Phase change materials with appreciable thermal characteristics, can be used as building
envelopes in different parts of the building to enhance thermal comfort."?

Coconut fibre composites have gained popularity as a thermal insulator over concrete
due to their effectiveness in reducing heat transfer into the room, low density and
abundance in tropical regions. India and Srilanka together meet 90% Of the coir product
requirement all over the world. Since they are natural, coir mats are promising, imparting
evaporation and insulation compared to conventional roof insulations and play a vital role
in the total roof energy balance.'>'” Due to their porosity and hygroscopic nature,'®' the
coir mats have significant potential to act as a building envelope for decreasing the
temperature fluctuation, cooling and heating requirements. It effectively reduced inside
room temperature from 2.8°C to 3.1°C.%° It is theoretically proved that the layering
position of coconut fibre over the roof slab is the best position to reduce the heat transfer
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into the room.?" A thermal lag of three and half hours and a reduction in temperature
fluctuations of 40% were observed when coconut fibre is incorporated in precast fer-
rocement roofing channel components.”” Reflective paints, roof gardens, light-coloured
outer surfaces, and window treatments are some preferred solutions to minimize the heat
load of the building; Portland cement, coarse aggregate, fine aggregate, coconut fibres and
water can be used as a composite concrete to appreciably improve the properties such as
hardness, tensile strength and torsion.'’

Coir mat has many heat-mitigating characteristics and can be used as a building skin
capable of blocking the heat during daytime and liberating heat during nighttime. The heat
blocking during daytime and heat liberation during wee hours are separately studied for
the cases of coir mat and its combinations. The results are compared with the green roof
case to check whether it is an alternative for the weight of the green roof, watering,
maintenance and heat liberation in the wee hours. This experimental research compares
green roofs, stacked coir mats, and perlite for their heat mitigation capacity. In the case of
green roofs, evapotranspiration is the main reason for its cooling effect. This study tries to
impart the vapourization technique to coir mat by wetting with highly hygroscopic perlite,
which is very lightweight and eco-friendly.

Materials and method

Heat flux calculation over the coir mat and coir mat with perlite under wet (saturated) and
dry conditions is challenging due to its roughness, porosity and dynamic behaviour of the
climatic conditions. The temperature distribution in the coir mat is also different due to
varying environmental parameters. The experiments were conducted on a coir mat kept
over one out of two cubicles (1.4 m x 1.14 m x 1.5 m) constructed over a four-storied
building at TKM Engineering College campus in South India [8.9142 N, 76.6320 E]. The
details of the standard roof slab made of Re-inforced Cement Concrete (RCC) constructed
over the cubicle are given in Table 1.

The following methodology was adopted in which two cubicles were made for the
experiment, out of which one cubicle’s roof is kept bare and the other with a different type
of insulation. The doors are provided on both cubicles to access sensors, inspection etc.
Since cubicles are identical, what all the changes happen in one cubicle will happen for

Table I. Details of roof slab IS: 456-2000.%

Area (L x B) l4mx1.14m

Compressive strength 20 MPa

Mixing ratio of cement: Sand: Aggregate I:1.5:3

Diameter of the iron rods 8 mm

Mesh size 100 mm x 100 mm

Thickness of slab 100 mm

The thickness of the slab, including 120 mm (10 mm thickness on top and bottom

plastering surface)
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other also. This ensure that the heat transfer through the walls and due to ventilation are
canceled out and all the variations that happen in these cubicles are due to the change in
roof insulation. T-type thermocouples having an accuracy of 0.1 C are used for tem-
perature measurements. They are placed on both sides of the roof surface by chipping
some plaster and grouting cement. Heat flux sensor is fixed on the inner roof of the bare
and testing roof to measure the heat flux coming through the roof. Weather data is
obtained from a weather station installed in the vicinity of the experimental area. The
details of instruments used for experiments are given in the Table 2.

The top of the cubicle roof is taken as the test section having a dimension of 1.4 m x
1.14 m,*** and is kept exposed to maximum solar radiation. The interference of shade is
eliminated since the experimental set-up (Figure 1(a)) is at the top of a 4-story building. A
plastic skin sheet of 40 microns is kept over the roof slab to act as a waterproof membrane
under all configurations. Perlite is selected due to its low thermal conductivity, water

Table 2. Instruments used and data obtained.

S|
No Description (Make) Data obtained (Accuracy) Photograph

| DAQ Agilent-32992A * Temperature (0.1)
* Heat flux (2%)

2 Heat flux sensor HFS 4 (Omega) * Heat flux (1%)

3 Thermocouple T type * Temperature (£0.1 C)
4 Weather station WS-2902A * Solar radiation (+3%)
(ambient weather) * Wind velocity (0.1 m/s)

* Humidity (1%)
* Outdoor temperature (0.1 C)
* Indoor temperature (0.1 C)
* Rainfall (I mm)
* Wind direction
5 Thermal property analyzer (KD2  + Thermal conductivity (ASTM-
Pro) D 5930-09)
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Figure |. (a) Two identical cubicles for the experiment (b) Experiment with dry coir mat (c)
Experiment with coir mat and perlite (d) Experiment with Green roof.

Table 3. Properties of coir mat (IS: 12,503 (parts 1-6) 1988).%

Designation

Type

Coir mat thickness

Size

Diameter of the strand

Density (p)

Thermal conductivity (k)
Porosity

Water absorption capacity

Picks per decimeter

Ends per decimeter

Dry mass

Wet mass

Size of pores

Equivalent thermal conductivity with air in void spaces (k.)
Thermal conductivity of wet mat

SK I, Bleached

Woven

~9.4 mm

1.4 mxl.14m

~0.4 mm

1200 kg/m®

0.05 W/mK (ASTM-D 5930-09)
24.7%

112% (1S:15868 (part 4))
30

20

2.35 kg/m?

4.98 kg/m?

2 mm -5 mm

0.043 W/mK

0.201 W/mK
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Table 4. Properties of perlite.”’

Orrigin Aerated volcanic rock

Toxicity Non-toxic

Density(p) 105 kg/m3

Thermal conductivity (dry) 0.018 W/mK (ASTM-D 5930-09)
Thermal conductivity (wet) 0.053 W/mK (ASTM-D 5930-09)
Water absorbtion capacity 200—400%

Thickness of layer 30 mm

holding capacity, and eco-friendly nature. The properties of coir mat and perlite are given
in Tables 3 and 4, respectively.

The heat gain through the four sidewalls is prevented by insulating them with 50 mm
thick extruded polystyrene panels (k =0.027 W/mK). Doors are provided at the northern
side of the cubicle to have accessibility to sensors, temperature probes, and inspection.

In solid parts (coconut fibre mat and RCC slab), the primary mode of heat transfer is
conduction. Above the coconut fibre mat, the solar radiation, radiation exchange between
surroundings and convection with ambient air has to be considered (25)

&T
o axz

kc = hambt(Tambt - Tcoir) + Ecoir0 (T4

sky T:oir) + awi"S -L (1)

In the equation (1) first term on the right-hand side gives heat transfer by convection,
the second term gives the heat transfer by radiation, the third term gives heat transmitted
through solar radiation, and the last one gives latent heat of vaporization. The heat
exchange through the green roof is more complicated, however is estimated that around
60% of the cooling effect during solar hours is due to evapotranspiration and approx-
imately 20% by convection (29).

The four types of insulation selected to study the heat mitigation capacity are shown in
Figure 1. For each insulation skin, the experiment is conducted for 3 days, and readings are
taken at an interval of 1 h. The parameters measured are i) Heat flux through the bare roof; ii)
Heat flux through the insulated roof, iii) Internal surface temperature of the bare roof, iv) Internal
surface temperature of the insulated roof, and also the mentioned weather data.

Details of different insulation

The different insulation and the combinations used for the experimental studies are
discussed in the following sections.

Case — I: Dry coir mat versus Bare roof. The thermal conductivity of dry coir fibre is
determined using the thermal property analyzer KD2 Pro (ASTM-D 5930-09). A coir mat
in the dry condition is laid over the roof of one of the cubicles, as shown in Figure 1(a).
Thermocouples are placed at the coir mat, roof interfaces, and over the coir mat for



TS et al. 7

temperature measurements. Since the coir mat has porosity, the effective thermal con-
ductivity (k.) is calculated by equation (2).

ke =Ko + (1 — bk @)

Were k, and k. are the thermal conductivity of air and coir. Void space in the coir mat
for finding the porosity is calculated by taking the ratio of the difference between dry mass
and wet mass of the coir mat (mass t of water in wet coir mat) to the density of water
(1000 kg/m3). Then the porosity of the coir mat is found by the equation (3).

. Total void space in the coir mat
Porosity =

1
Geometrical volume of coir mat x100 )

Case — II: Dry coir mat with dry Perlite versus Bare roof. A dry coir mat with perlite is tested
for its heat mitigation capacity, in this case, Figure 1(b). Since dry perlite is very light in
weight, it will fly off even in a small breeze and it is installed beneath the coir mat. It is
very beneficial as a roof insulator since the slab’s weight will not increase too much by the
weight of perlite. The thickness of the perlite layer is approximately 30 mm, and the
thermal conductivity is determined by the thermal property analyzer KD2 Pro (ASTM-D
5930-09). The properties of the perlite are given in Table 4. Thermocouples are placed
over the coir mat, and heat flux sensors are fixed on the lower surface of the roof slab. All
the readings are taken as mentioned above.

Case- lll: Wet coir mat with wet perlite versus Bare roof. The effect of evaporative cooling on
heat propagation to the roof is investigated in this case. Since coir mat alone cannot retain
much water, perlite is selected by virtue of its light weight, hygroscopic and eco friendly
nature. A polyethylene skin of 40 microns thick is placed between the perlite bed and the
outer surface of the roof to avoid moisture absorption by the roof. During the peak solar
hours, i.e. 1 p.m., coir mat and perlite is wetted with 2.5 L of water. The evaporation of the
water absorbed by perlite is possible through the pores of the coir mat. The thermal
conductivity of perlite in wet and dry conditions is found according to ASTM-D 5930-09.
Thermal conductivity will be increased due to the wetting of perlite (Table 4).

Case — IV: Coir mat with green roof versus Bare roof. The combined effect of the green layer
over the coir mat (retaining layer) is investigated in this case. The parameters measured for
this case are the same as those of previous cases. A layer of coir mat is placed in the green
roof layer (Zoysiamatrella) as a retaining membrane to study the significance of additional
insulation to mitigate heat flow through the roof (Figure 1(d)). In the green roof, the root
barrier acts as a membrane to resist moisture absorption, decreasing the roof’s life. The
drainage layer is the barrier to sieve out the excess water. A retention medium helps to
retain the soil without going with water; here coir mat is used as a retention medium. The
growing medium (Soil) allows for growing the green layer supplying all the nutrients for
the green layer. Watering is done every evening at 6 p.m. with 2.5 L of water to avoid the
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Figure 2. Effect of solar radiation on inner roof temperature of room under different insulating
conditions.

wilting of plants. Green layer (with soil) is a commercial product which cost around
rupees 900/m?. Including other layers the cost of green roof amounts $26/m?.

Results and discussions

4. The solar radiation, ambient temperature and the inside roof temperature for 4 cases of
insulations along with the bare roof are plotted. One of the significant observations that
can be made from these graphs is the time lag in building inner roof temperature.
When peak hot hours outside is from 10:00 a.m. to 4:00 p.m., it shifts from 3:00 p.m.
to 10:00 p.m. when measured on the lower surface of the roof slab.

Changes in room inner roof temperature with solar radiation under different
insulating conditions

It is found that solar radiation is prominent from 10:00 a.m. to 5:00 p.m. in the tropical
warmth and humid region in the state of Kerala, South India. The ambient temperature of
the region went up to a maximum of about 35 C due to solar radiation. The solar radiation
is reaching a maximum of up to 850 W/m?.

Temperature variations of the experiments conducted for four insulation cases are
depicted in Figure 2. It is exciting to note that even though the maximum ambient
temperature is about 35°C, the roof slab surface temperature of the room has gone more
than 40°C for the case plotted for the bare roof. The maximum ambient temperature is at
1:00 p.m., whereas the maximum temperature observed within the inner roof is at
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Table 5. Effect of insulation on the maximum inner roof temperature.

Difference between maximum ambient

Sl Maximum temperature  temperature (35.3°C) and maximum inner
No. Cases of inner roof (°C) roof temperature (°C)
| Dry coir mat 36.67 -1.37
2 Stacked dry coir 3337 1.93
mat and dry
perlite
3 Stacked wet coir 32.13 3.7
mat and wet
perlite
4 Green roof 32.26 3.04
5 Bare roof 39.81 -4.51

7:00 p.m. This lag is due to the roof’s heat capacity, creating a substantial thermal
mass that stores and accumulates the heat.

When insulating the roofs with dry coir mat, stacked coir mat and dry perlite, stacked
wet coir mat and wet perlite and green roof, the inside roof temperature has decreased
significantly in the same order. The maximum temperature under different insulating
conditions on the inner roof surface is shown in Table 5.

The maximum inner roof surface temperature value is compared with the maximum
ambient temperature experienced during the day. It is found that, except for the bare roof
and dry coir mat case, the inner roof is cooler than the ambient temperature for all the
selected insulations. The difference in ambient air temperature and bare roof for the
maximum possible conditions is about -4.51°C (a negative sign indicates that the inner
surface of the roof is hotter than the ambient). Upon insulating with dry coir mat, stacked
dry coir mat and dry perlite, stacked wet coir mat and wet perlite and green roof, the roof
becomes cooler, and the difference with ambient temperature decreases to -1.37°C,
1.93°C3.17°C and 3.04°C respectively.

The percentage reduction, which is the ratio of the difference between maxima of
ambient temperature & inner roof temperature to the maximum ambient temperature, is
high for the wet perlite with a coir mat. The bare roof has a negative value indicating that
the temperature inside the roof slab will be higher than the ambient temperature. The
green roof and wet perlite with coir mat have given about 8.63% and 8.98% reduction in
maximum temperature experienced inside the inner roof surface compared to the ambient
temperature. For the case of dry coir mat alone, it is 5.47%.

Heat flux to the room due to solar radiation for different insulations

The heat reduction under additional roof insulation compared to the bare roof is depicted
in Table 6. The period for which the insulation keeps the room’s inner roof temperature
below that of the bare roof is also determined and tabulated. Table 6 gives the cumulative
heat flux (heat transferred for 24 h across the roof) reduction compared to the bare roof and
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Table 6. Heat saving for different roof Insulations.

Time duration for insulated Decrease in heat flux

Heat mitigation

Type of roof temperature lower  compared to the bare roof potential compared
insulation than bare roof during 24 h (M)/m?/day)  with a bare roof. (%)
Dry coir mat 9:00 a.m. to 0:00 0.849 3843
(mid night) (15 h)
Stacked dry coir 11:00 a.m. to 5:00 a.m. 2.068 63.21
mat and dry (19 h)
perlite
Stacked wet coir 10:00 a.m. to 4:00 a.m. 1.85 55.3
mat and wet (18 h)
perlite
Green roof 10:00 a.m. to 4:00 a.m. 2.79 56.97
(18 h)
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Figure 3. Effect of solar radiation on heat flux into the room for different insulations.

period of cooler time. When a comparison is made with the coir mat paved roof (Case 1),
and when a perlite bed is installed between the roof slab and coir mat (Case 2), the overall
heat flux reduction is more than twice, as shown in Table 6. The heat reduction for an
average of 3 days is used to find the heat mitigation potential of the different insulation in
the four cases. From Table 6, it is clear that the heat reduction capacity increased
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Figure 4. Cumulative heat flux for a day (24 h) into the room for different insulating conditions.

significantly by associating perlite and coir mat to the roof surface. The porosity of the coir
mat and perlite has helped the roof diffuse the heat to the ambient air during the wee hours
of the day, reducing the heat flux in the case of coir mat and perlite. Though the
evapotranspiration of plants helps reduce heat during peak solar hours, the green layer acts
as the insulator for the roofs to reject heat to the atmosphere during the nighttime, i.e. the
green roof hinders the rejection of heat to ambient air. This is the reason for its small
cooling effect during late-night and early morning hours.

Though the peak temperature of the ambient air reaches its maximum around
1:00 p.m., the inner roof temperature for the bare roof, dry coir mat, stacked dry coir mat
and dry perlite, stacked wet coir mat and wet perlite, and green roof reaches its maxima at
7:00 p.m. Solar radiation data and the heat flux reaching into the room under different
insulating conditions are plotted in Figure 3. It may be noted that the positive value of heat
flux indicates that heat is transferred from the outside to the inside of the room, and the
period for which the value is negative shows heat losses from room to outside.

Cumulative heat gain on the inner side of the roof in all four cases is plotted in Figure 4.
The average of heat mitigation potential, which is given in equation (4) along with their
bare roof cases, is given by

Average heat mitigation potential

(Heat flux through the bare roof @)

—Heat flux through the Insulated cases of the roof)
= x 100
Heat flux through the bare roof

The heat mitigation potential of wet perlite with coir mat is less than that of dry perlite
with coir mat owing to the increased heat capacity of moist perlite, which prevents heat
dissipation from the room to outside during the night. This is equivalent to the film of
water retained over the roof in a hot and humid condition. During the nighttime, the heat
dissipation to the ambient air by evaporative cooling is blocked by water’s increased
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Table 7. The flux reversal time from positive to the negative direction and vice versa.

Time at which heat Time at which heat Time duration for Time duration for

begins to transfer to begins to reject heat addition heat rejection

Case the roof from the roof (hours) (hours)
Dry coir mat 9:00 a.m. 8:00 p.m. I 13
Stacked dry coir 8:00 a.m. 8:00 p.m. 12 12

mat and dry

perlite
Stacked wet coir 9:00 a.m. 9:00 p.m. 12 12

mat and wet

perlite
Green roof 11:00 a.m. 10:00 p.m. 14 10

relative humidity and heat capacity.”® This effect is getting more prominent with the green
roof during the late-night and early morning hours.?*-*°

While observing the data for 24 hours, the heat transfer is bidirectional. When the
ambient temperature exceeds the room’s inner roof temperature, heat will be transferred
from outside through the roof to the room, and the flux is positive. However, due to the
large thermal mass, the room inner roof temperature will become more than the ambient
temperature, especially during the peak solar hours of the days, as understood from
Figure 2. However, it is observed that heat is transferred from the room to the ambient air;
therefore, the heat flux is negative.

It is also found that heat-saving for dry coir mat with dry perlite is greater than that of
green roof. The heat mitigation capacity of the green roof and wet perlite with coir mat is
less than that of dry perlite with coir mat. It is interesting to note that, against popular
belief, the heat mitigation potential of a green roof for a whole day is not appreciable
compared to the other cases. Generally, the heat will be transmitted from outside to inside
during the daytime. This occurs during the solar hours, and as time passes, i.e. during the
late-night and early morning hours, the heat will begin to transmit from room to ambient;
this is known as the flux reversal. Flux reversal time varies with different roof heat
insulation, as shown in Table 7. It has been found that the time of reversal of flux from
negative to positive (Heat is being added to the room side) is different for all four cases.
For perlite with a dry coir mat case, the period in which heat is added to the room is equal
to when the heat is rejected from the room. Usually, a more extended heat addition period
may be felt not as a good thing, but it is good because, with the help of insulation, room
temperature will be lower than the outside for a longer duration. Then only heat transfers
from the outside to the inside of the room (positive direction). In other words, the room
side is “cooler” than the outside for a more extended period.

Therefore, for a particular case, the period for which heat is added to the room is the
time duration for which the room is “cooler” than the outside, and the insulation system
that helps to keep the room “cooler” for a more extended period will be a better one. For
the case of dry perlite with coir mat insulation, the “cooler” period is for 12 h, and the
“hotter” period is for 12 h. The hotter and cooler times for wet perlite with coir mat cases
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Figure 6. Time duration of room inner roof temperature less than 29°C.

are 12 h and 12 h, respectively. The “cooler” time is 14 h for the Green roof, and the
“hotter” time is 10 h. Therefore, experiments show that out of the different insulation
options considered, a green roof is better with a favourable period of 14 h.

The flux reversal time happens differently for different cases of insulation over the
roof. After the wee hours, the heat flows to the room side. Based on the experiments
conducted, it has been found that for the case of dry coir mat roof and the combination of
wet perlite with coir mat, flux changes from negative to positive at 8:00 a.m. For the case
of dry coir mat, flux reverses from negative to positive from 9:00 a.m. onwards. The same
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thing happens for the green roof at 7:00 a.m. The flux reversal time from positive to
negative happens from 10:00 p.m. onwards for all the cases. The individual peak flux has
a typical hike pattern at 6:00 p.m. The minimum heat flux, i.e., the negative direction,
occurs during the morning around 6:00 a.m.

The heat flux reduction capability for a green roof'is 52.43% during the solar hours, as shown
in Figure 5. Dry coir mats have a heat mitigation potential of about 20.47% only. In the case of
dry perlite and coir mat, the heat mitigation potential during solar hours is 41.9% owing to its
double layer insulation of coir mat, perlite and porosity of both. Coir mat with wet perlite has
heat mitigation of 42.55% during solar hours. For the green roof, evapotranspiration brings the
cooling effect, but evaporation gives for cooling in the case of wet coir mats.

The time duration of the room’s inner roof temperature is less than 29°C, is shown in
Figure 6. In the case of dry coir mats, 6 h duration is below 29°C, and for the possibility of
dry coir mat with dry perlite insulation, it is 5 h duration. Green roofs have inner roof
temperatures below 29°C for 7 h.

The temperature has to be lower than the bare roof for any insulation case during the entire
solar time. In that sense, taking a datum as 29°C, the green roof is leading by 1 h, i.e. from
5 a.m. to 12 noon during solar radiation, as mentioned in Figure 6. However, wet perlite with a
coir mat keeps the inner roof temperature below 29°C from 3:00 a.m. onwards for 8 h.

The heat-retaining capability is studied by the capacity of the additional insulation to reject heat
from the ambient air compared to the heat added to the room. It is found by the equation (5). Heat
rejection will happen during the late-night and early moming hours, i.e. from 10:00 p.m. to 7:
00 a.m. It is clear from th figure that the heat retaining the ability for a green roof is 78.22% which
means that heat absorbed by the green roof contains it during the wee hours. This is due to the
emission of longwave radiation of vegetative parts during nighttime.*'~* Forth case of wet perlite
and wet coir mat, the heat retaining is 63.23% due to th high heat capacity of water. (Figure 7)

78.22

70 63.23

STACKED DRY STACKED WET
DRY COIR MAT COIR MAT AND COIR MAT AND GREEN ROOF

HEAT RETAINING POTENTIAL (%)

DRY PERLITE WET PERUTE
TYPE OF INSULATION

Figure 7. Heat retaining compared to the bare roof for different insulation.
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Table 8. Consolidated table for the heat saving capacity for 72 h.

Heat (J/m?)
SI' Type of insulation Net heat transferred Saving compared to
no. over the roof Added Rejected into the room the bare roof (%)
| Dry coir mat I.0IE+07 -6.04E+06 4.06E+06 3843
Bare roof I.36E+07 -6.98E+06 6.62E+06
2 Stacked dry coir mat 8.06E+06 -4.48E+06 3.58E+06 63.21
and perlite
Bare roof I.31E+07 -3.09E+06 |.00E+07
3 Stacked wet coir mat 7.10E+06 -2.61E+06 4.49E+06 553
and wet perlite
Bare roof |.22E+07 -2.18E+06 |.00E+07
4 Green roof 8.77E+06 -1.91E+06 6.86E+06 56.97
Bare roof |.85E+07 -2.51E+06 |.60E+07
Table 9. The experimental results at a glance.
Heat
retaining
Heat potential
Maximum mitigation  during wee Time duration
inner wall potential is hours Heat of roof inner
temperature compared compared mitigation Period for surface
Type of  difference to the bare to the bare potential roof temperature
insulation  with ambient roof during roof during compared temperature lower than
on the temperature  solar hours non-solar  to the bare below 29°C  bare roof
roof (%) (%) hours. (%) roof. (%)  (hours) (hours)
Dry coir -3.88 20.47 40.2 38.43 6 9:00 a.m. to
mat 0:00
(Midnight)
(15 h)
Stacked 5.47 41.9 44.41 63.21 5 11:00 am to
dry coir 5:00 am
mat and (19 h)
perlite
Stacked 8.98 42.55 63.43 55.3 8 10:00 a.m. to
wet 4:00 a.m.
coir (18 h)
mat and
wet
perlite
Green 8.63 52.43 78.22 56.97 7 10:00 a.m. to
roof 4:00 a.m.

(18 h)
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Heat retaining capability

(Cumulative heat flux added to insulated roof 5)
_ —Cumulative heat flux rejected from the insulated roof) <100

Cumulative heat flux added to insulated roof

Table 8 summarizes the overall performance of all four insulation cases. It is clear from
Table 8 that for 3 days (72 h), dry perlite with coir mat has a better heat mitigation
potential of 63.21%.

Heat rejection capacity is more significant for perlite and coir mat included insulation
than the green roof and is reflected in overall performance in all four cases. The heat
rejection capacity is more remarkable for wet perlite & coir mats and dry perlite & coir
mat insulation. This is reflected in their insulation capability’s overall heat mitigation
potential. Wet perlite with a coir mat has a heat mitigation potential of 55.3%, which is not
far behind a green roof of 56.97%. Interestingly heat mitigation is more significant for dry
coir mat with dry perlite with 63.21%. The main findings of the experimental results are
summarized in Table 9.

Considering the cost for installing the green roof, the green layer is commercially
available at a cost of rupees 900/m>. Other layers need to be installed as per the standard
established for green roof i. e retaining layer, drainage layer, root barrier etc. The cost of
installing the green roof as shown in Figure 1(d) is $26/m* (approximately). For the case
of stacked perlite and coir mat the cost of installation is $19/m” (approximately). In the
green roof, continuous monitoring of watering, weed killing and nutrient addition is
required for the entire life time that is not required for coir mat and perlite insulation.

Since the study is conducted in a hot and humid climate, response of the stacked coir
mat and perlite need to be explored in other climates. The humidity highly influences the
heat transfer characteristics of coir mat and perlite, especially in the wee hours. Other
textiles of natural origin can replace the coir mat.

Conclusions

An experimental study for the heat mitigation potential of stacked coir mat and perlite in
wet and dry conditions is done, and its results are compared with that of an extensive green
roof in a hot and humid climate. On evaluating an average heat flux coming through the
roof for 24 h, it is found that the heat mitigation capacity of a dry coir mat with dry perlite
(63.21%) is higher than that of a green roof (56.97%). When the experimental results are
analyzed in two phases, i.e. non-solar hours and solar hours, the heat flux reduction
capability for a green roof during solar hours is 52.43%. The wet coir mat with wet perlite
has heat mitigation of 42.55% during solar hours. During wee hours, the heat-retaining
capacity of a green roof is 78.22%, but for dry perlite with coir mat, it is only 44.1%, and
for stacked wet coir mat and perlite, it is 63.24%. In a wet condition of perlite and coir mat,
the slab’s temperature sustained below 29°C for 8 h and leads green roof' by 1 h. More over
cost of installing the green roof and its maintenance is very costlier than stacked coir mat
and perlite. When the whole day is concerned, stacked coir mat and perlite have
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appreciable heat reduction capability than the green roof or almost equal to it in the wet
case and can be indisputably recommended considering its low cost and easy maintenance
and eco-friendly nature.
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Appendix
Nomenclature

Specific heat capacity (J/kgK)

Thermal conductivity (W/mK)

Heat (W)

Solar radiation (W/m?)

Temperature (K)

Time (Hours)

Density (kg/m”)

Stephen Boltz man Constant (5.67 x 10 W/m?K*)
Solar absorption coefficient

Surface emissivity
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