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ABSTRACT

There are many ways to solve thermal on buildings, such as the installation of horizontal and vertical sun-shading
devices on four-direction facades. However, rooftops are often ignored. In low-rise to high-rise buildings’ rooftop, there are
leftover places exposed to solar heat radiation all day. Some rooftop places are equipped with polymer thermal roof
insulation, and some are even without outer thermal insulation. The research aims to find a solution to diminish the horizontal
thermal radiation by using eco-friendly material, pumice, as an outer thermal insulation. Exploiting method was used on one
roof model as a conventional rooftop (without outer insulation), and another as a modified rooftop model covered with
pumice. Couple HOBO data logger U12-012 temperature sensors were used to measure rooftop surface temperatures and
room model temperatures. Results show that the thermal radiation were blocked efficiently: 26°C on pumice covered rooftop.
It saved 8.4°C room temperature.
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INTRODUCTION Many shops or office houses have a big leftover
place on the rooftop which are exposed to solar
radiation every day, month and year. Each flat or
tilted outer concrete rooftop built responds to and
usually three to four-story buildings: the first and suffers from climate zones, thermal roofs, and solar

second floor are used for business, while the thirdand ~ Ifadiance, affecting room temperature beneath the

mostly shop-houses are used for business purposes  diance in the tropical zone (Surabaya 7° 17°-21”) on
only. The rooftop of shop-houses are mostly concrete  the roof is greater than vertical solar irradiance on the
constructed horizontally, and built without any  fagade. By using online solar irradiance calculator that
external insulation layers on the rooftops. The rooftop  collected solar insolation data for 22 years on all cities
space is usually a storage of water tanks and outdoor  around the world, we could obtain the solar insolation
air conditioning units with leftover spaces (empty  data for all directions and time (http:/www.solar-
spaces), see figure 1 A. electricityhandbook.com/solar-calculator.html). Based
on the solar irradiance calculator, the average amount
of solar insolation from January to July ranges from
4.68 to 4.98 kWh/m?day, and fluctuates from 5.48 to
5.97 KWh/m?/day from July to November except in
December (4.9 kwh/m?/day) (see figure 2). The
yearly average of solar insulation is 4.71 KWh/m? per
day on solar-calculator, meanwhile the result from the
solar insolation experiment was 5.1 kWh/m? per day
(figure 4) (Mintorogo, 2009). If one shop house’s
dimension is 5 meter x 20 meter, then the flat rooftop
will be 100 m? This means 510 kWh/day of thermal
solar insulation affects the room thermal beneath the
rooftop. This phenomena would be different if the
solar insulation hit the Photovoltaic panels (PV) laid
on the flat rooftop which attracts photons and releases
Fig. 1. Hori(zo)ntal Rooftops (A & C), (Sh)op/Office electrons in the form of electric current (renewable

House Facade (B) energy) (Carl, 2014).

Over the last decades due to the high demand,
small shops and office spaces have been built quickly
in the urban and suburban areas of Surabaya. They are
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Surabaya
Average Solar Insolation
figures

Measured in kWh/m“/day onto a
horizontal surface:

Jan Feb Mar Apr May Jun

469 475 4.87 492 487 468
Jul Aug Sep Oct MNov Dec
498 548 597 5.85 521 4.90

Fig. 2. Digital Solar Irradiance of the Average Horizontal
Solar Insolation in Surabaya per-day (kWh/m#/day)
(Source: http://solarelectricityhandbook.com/solar-irradiance.
html)

Surabaya
Average Solar Insolation
figures

n Measured in kWh/m?/day onto a
vertical surface:

Jan Feb Mar Apr May Jun
230 199 1.81 254 330 361

Jul Aug Sep Oct Nov Dec
3.66 317 228 1.99 2.40 2.49
Fig. 3. Digital Solar Irradiance of the Average Vertical
Solar Insolation in Surabaya per-day (kWh/m?/day)
(Source: http://solarelectricityhandbook.com/solar-irradiance.
html)

Jan Feb Mar Apr May Jun

4.18 393 415 4 45 44 45
Jul Aug Sep Oct Nov Dec
4.85 5.38 583 5.78 5.0 4.13

Fig. 4. Measured In-situ Solar Irradiance of the Average
Horizontal Solar Insolation in Surabaya per-day (KWh/m?/
day) (Source: Mintorogo, 2009)

The research objective is to look for eco-
friendly, sustainable insulation that can be applied to
outdoor rooftop insulation and keep our environment
clean and free of chemical substances. Celik (2016)
stated that pumice has its physical volcanic evolution:
permeable and low thermal conductivity that has
better thermal solution for roof insulation. A roof
insulation can be made by building up roofing
membranes made of hot-tar, single-ply, polyurethane
substances, asphalt, and bitumen. However, those are
not natural insulation materials, which means they are
not environmentally-friendly (See figure 5A & 5B).
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Fig. 5. Applying Hot-Tar on Insulation Membranes
(A), Constructed Built Up Roofing (BUR) (B).
(Source: google.com)

MATERIALS AND METHOD
Materials

Pumice grains are used as outdoor eco-insulation
on horizontal flat concrete in this research. Pumice is
very light and porous, it is a natural igneous rock that
is formed from glassy volcanic eruption lava which
solidifies, and is an easy adsorbent matter to water
and air (Kitis et al., 2007). Typically, pumice is light-
coloured and non-crystalline. Figure 6A shows
pumice obtained from Lombok’s (Eastern Indonesia)
Mountain areas. The size ranges from 3 cm to 6 cm
(figure 6B). The porosity of Pumice reaches 90% of
its body. Pumice also floats on water (Ismail et al.,
2014).

Fig. 6. Stand-alone Igneous Rock of Pumice; light and dark
color (A), Pumices in Blocks (B). (Source: https:/imaw.
google.com/search?g=pumice&tbm=)

Experimental Models

There were two experimental models: 1) one
model (bare rooftop) was as a reference: fundamental
state, no insulations applied. 2) The other model
(modified rooftop) was filled with pumice as an outer
eco insulation (see figure 7A and B). Both models


https://www.chaffeeroofing.com/type-of-roof-systems/bur-built-of-up-roof-system/
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measured the temperatures: 1). the reference rooftop
surface temperature and the room model temperature.
2) The pumice rooftop surface temperature and the
pumice rooftop room temperature (figure 7C).

Fig. 7. Two Experimental Models (A), Pumice Rooftop
(One model) (B), Measured Room Model (C)

Both models had the same dimension: 1) The
room models were 1 m x 1 m x 1 m. 2) The flat
rooftop was 0.2 m in height. 3) The bottom model
was lifted 0.5 m from the ground (avoid reflected roof
thermal). 4) Styrofoam sheets with 0.02 m thickness
were used to cover all sides of the experimental model
including the interior and the bottom part. 5) Cement
boards (Kalsi board) with 4 mm thickness were used
to cover all sides of the measured models. 6) Finally,
aluminium foil sheets were pasted on all sides of the
experimental models (figure 8A).

Measured Tools

Measured tools were from ONSET-USA,
HOBO Data Logger U12-012, and thermocouple
probe. 4 units of Data Loggers were used to record the
surface and room model temperatures. One unit
HOBO data logger measured the surface rooftop
temperature (thermocouple probe), and another
measured room model temperature with an attached
sensor on Hobo tool (figure 8A & 8B).

Methods

The research is an experimental in situ on the
seventh floor of the horizontal flat concrete rooftop at
Petra Christian University. Two types of rooftop

models (conventional and covered pumice) were
measured at the same time that running for months.
Several significant thermal data were obtained -
thermal in critical months like in June (less thermal on
rooftops due to position of the sun on Northern 23.5°)
and September/October (the hottest month due to
position of the sun above the equator). The results of
the thermal were: 1) conventional model roof surface
temperature and room temperature. 2) covered-
pumice model roof surface temperature and room
temperature.

Kalsi Floor 2 em

Hollow 4x4 cm

Kdsi Board 1cm
Airspaces
Aluminium Foil
Styrofam 2 em

E Kalsi Board 4 mm

* * SQeel structure

Styroam 2 cm

HOBO Sensor HIZ
HOBO Sensor HIZ

(B)

Fig. 8. Experimental Model dimension (A), Measured Tool
(Hobo Data Logger U12-012 and Thermocouple Probe) (B)

RESULTS AND DISCUSSIONS

With pumice as outer insulation sheltered on
rooftop, the room temperature must be cut down
several degrees Celsius. Table 1 shows the roof
surface temperature on bare rooftop during June 2018
reached 48.9°C at noon. The rooftop surface
temperature can be cut down by 23.5°C by putting
pumice with 0.015 m thickness on top of the flat roof.
By cooling down the roof surface temperature to
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23.5°C, room thermal on pumice model was cooled
down by 6.4°C (see table 2). Table 1 also shows that
from 11am to 1 pm the rooftop surface temperature at
reference model increased by 3°C (45.9 to 48.9°C).
Meanwhile, the roof surface temperature covered
with pumice materials increased by 1.4°C merely, and
roof surface thermal remains stable throughout the
day (morning-evening-night). The rooftop surface
temperature with pumice decreased by 3.4°C from 6
pm to 5 am. Meanwhile, the surface temperature at
reference model started to decrease by 4.7°C from 6
pm to 5 am. Conventional roof surface (no materials
on the rooftop) releases stored thermal on the roof
faster than the pumice roof (preventing thermal
outflow) during the night (cool night radiation).
However, pumice roof achieves better thermal load
on rooftop during the day (lower and stable thermal
loads) (table 1 & 2). The released rooftop thermal
load at pumice roof was -2.3°C (table 1) and -1.2°C
(table 2) at room temperature at 6 am with
comparison to conventional rooftop. Overall, the
average thermal performance on pumice rooftop was
4.1°C, and the average room thermal accomplishment
was 1°C.

Table 1. Roof Surface Temperature Differences (June
2018)

Reference Model ~ Pumice Model ~ Temperature
Time Surface Surface Differences
°C °C °C
6 22.6 24.8 -2.3
7 238 24.6 -0.8
8 26.2 24.3 20
9 30.4 24.4 6.0
10 39.8 22.6 17.3
11 45.9 24.0 21.9
12 489 25.4 235
13 48.1 26.4 21.8
14 44.4 26.7 17.7
15 38.7 26.8 11.9
16 319 26.7 5.2
17 26.6 26.3 0.4
18 24.6 25.8 -1.2
19 235 25.4 -1.9
20 23.0 25.1 2.1
21 22.8 24.7 -1.9
22 22.4 24.4 -2.0
23 22.0 24.2 2.2
24 218 239 2.1
1 213 237 2.3
2 20.9 233 -2.5
3 20.6 231 -2.5
4 20.4 22.8 2.3
5 19.9 22.4 -2.5
Average 28.8 24.7 4.1
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Table 2. Room Temperature Differences (June 2018)

Reference Model Pumice Model Temperature
Time Room Room Differences

°C °C °C

6 27 249 -1.2
7 24.0 249 -0.8
8 259 5.7 02
9 295 21.3 21
10 303 264 39
1 332 218 5.4
12 3.2 288 6.4
13 359 24 6.5
14 35.0 25 55
15 329 29.2 37
16 0.7 287 20
i 284 219 05
18 26.6 210 -0.4
19 25.6 26.3 -0.7
20 249 58 -0.9
21 245 53 -0.9
2 24.2 5.0 -0.8
2 238 4.7 -0.8
24 235 243 -0.9
1 21 240 -0.9
2 26 236 -1.0
3 23 233 -1.0
4 219 29 -1.0
5 216 27 -1.0
Average 21.1 26.1 1.0

Table 3 shows the heat of reference roof
model at 11 o’clock reached the highest
temperature at 53.5°C in September due to the
high concentration of solar radiation on the flat
surface. As a comparison, the highest roof tem-
perature of of the reference model rooftop in
June 2018 was only 48.9°C at noon (table 1). So,
there was 4.6°C flat rooftop heat flux difference
due to the position of the sun in June and
September (table 1 & 3).

When the rooftop was covered with pumice
layers resulted in lower roof temperature by
27.4°C, meanwhile the rooftop temperature of
the reference rooftop model was 53.5°C at 11
am. Consequently, it demonstrates that pumice-
layered rooftop could decrease huge thermal by
26.1°C (11 am), 22.5° (12 noon), 23.5° (1 pm),
19.5° (2 pm), 17.2° (3 pm), 10.3°C (4 pm)
respectively. In addition, the pumice-layered
rooftop gradually began to lose small amount of
stored roof heat to the cool sky (after sun-set) at
6 pm to 6 am (the next morning). The pumice
rooftop lost less heat to conventional rooftop by
about 3°C.
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Table 3. Roof Surface Temperature Differences
(September 2018)

) Reference Model ~ Pumice Model Temperature
Time Temperature Temperature Differences
(*C) (*C) (°C)
6 209 234 2.5
7 23 24 1.1
8 253 239 14
9 301 250 5.1
10 46.9 2.3 206
1 535 214 26.1
2 50.5 280 25
13 51.8 283 235
14 41 286 195
15 458 286 17.2
16 387 284 10.3
7 312 81 32
18 214 216 -0.2
19 5.8 21.2 14
20 2.4 210 2.6
21 24.1 26.6 2.6
2 22 6.3 3.1
23 229 259 2.9
0 24 5.4 -3.0
1 2.7 5.0 -3.3
2 210 24.6 -3.6
3 27 4.1 25
4 213 238 2.5
5 205 235 -3.0
Average 30.9 26.1 4.8

Table 4. Room Temperature Differences (September 2018)

) Reference Room  Pumice Room Temperature
Time Temperature ~ Temperature Differences
(°C) () (°C)
6 235 25.0 -1.5
7 238 24.8 -1.0
8 26.6 25.7 0.9
9 318 28.0 39
10 36.5 30.4 6.1
1 40.3 2.4 7.9
12 421 37 8.4
13 423 344 7.9
14 43 345 6.8
15 381 33.7 4.4
16 354 2.7 2.7
17 325 3L7 0.9
18 304 30.8 0.5
19 28.9 29.9 -1.0
20 280 28.9 -1.0
21 213 28.3 -1.0
2 26.6 21.8 -1.2
23 259 27.4 -1.5
0 25.3 26.9 -1.6
1 24.9 26.4 -1.4
2 244 25.9 -1.5
3 238 254 -1.6
4 23.2 24.9 -1.7
5 22.9 245 -1.6
Average 30.2 28.9 13

CONCLUSION

The results show that in June or even September
(the hottest month), a rooftop covered with pumice as
an outer insulation on flat roof can affectively
decrease more room thermal by 6.5° to 8.4°C during
the daytime compared to conventional flat bare
rooftop (rooftop without insulation). Nevertheless,
conventional rooftop will release roof mass thermal
faster compared to the pumice rooftop, about 5°C
during the night-time. Because of pumice very porous
structure, the stored heat radiation can be released
every second. Pumice layer on the top of the flat
leftover roof sustained stable average thermal rooftop
of around 26°C (an average temperature) during the
day and room temperature of 29°C at night-time in
September 2018.
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