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p?ntribution Of Dark Brown Pakis-Stem To
Mitigate Thermal Solar Irradiation Of A Heated
Environment

Danny Santoso Mintorogo

Abstract

In th-e era of global warming issues areal most happening every time and
day in many countries, one of the possible way to apply brown and white-
pakis blocks as high-albedo heat insulation in the urban cities is on the flat
concrete rooftops. The brown-pakis blocks will absorb much incoming
global solar irradiation and emit less longwave solar heat to space; in
contrast, the white-pakis blocks could not only handle well the incoming
solar irradiation but it also lessens the outgoing longwave solar irradiance
by simply emiting much irradiation to atmosphere and performing as
insulator to the flat concrete rooftop. This research is concentrated on the
ability of brown Pakis-stem blocks to reflect less outgoing solar irradiation
to space, to absorb and to emit as much possible of longwave solar heat
irradiation. The results of brown Pakis-stem blocks are proved to reflect an
average 18.2 W.m compare to white Pakis blocks 71.7 W.m of outgoing
global solar irradiance to atmosphere. The average surface bottom
temperature of one-piece brown-Pakis block is 34.8°C compare to 33.9°C
white-Pakis block. The contribution of brown-Pakis blocks lessen the over
heated environment, and act as solar irradiation controller and temporary

container.

Keywords o .
Brown Pakis-Stem Blocks, Thermal Solar Radiation, Heated Environment

L Introduction

volve many items such as saving cooling loads energies,

. . ) - healthy built environment,
installing greenary rooftops, exploring natural regomces for c':omfortable Ithy bui

applyiﬂgg I%:ssiver}clooling I;trategies, and condu_ctmg daylighting as chn?tfoftgllr; 121;'(11]5“051:;3[?232
urban heat island in central business and dwelling zones that cause un; e L
living domains in a town. Beam of short wavelength solar heat ;sjun ra nla elementsponce e
constantly 1,433 W.m™, and it will be scattered and reflected by many

Sustainable architecture buildings in
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atmosphere, like water vapour, air molecule, smoke, cloud and the earth surfaces [5], Reflecteq
shortwave irradiation and emitted longwave heat energy from the earth to the atmosphere always
cause the atmosphere heating up; the atmosphere heating up phenomenon are depended on the
emission of longwave irradiation heat energy from all surface of materials and degrees of reflection
of irradiation on light material colour which is regularly called albedo [7]. The lighter the materiy
colours are, the higher the solar irradiance is reflected, and the darker the material colours are, the
lower albedo will be reflected to the space. Darker material will absorb more longwave ener
irradiance that causes warmer surface, and longwave heat thermal energy will be emitted less to the
atmosphere. Table 1 gives an image of albedo percentages of many surfaces that can be used op
buildings and the urban built environment to reduce thermal heat irradiance. Besides albedo one of
the factors causing great demand of energy in air conditioning buidlings is the impacted high
intensity of solar heat sun irradiation during the daytime that pierces through opaque-walls, curtain-
glass walls, windows, and roofs in any tropical climate region around the world. According to
Nazar et al. (2003) roofs on single buildings donate almost 36,7% of solar heat irradiation into the
buildings. Moreover there is up to 50% of solar thermal radiation that comes from flat rooftop [35].
The flat rooftops and curtain-glass facades will receive and reflex solar heat thermal radiant to urban
environment. Table 2 shows the flat concrete rooftop received hourly average of horizontal global
solar irradiation of 383 W.m™ on dry season and 340 W.m™ on wet season in year 2007. The highest
impacted global horizontal solar irradiance is about 978 W.m™ at 11 am on October 31, 2008. And
' high horizontal global solar irradiation concentration happened in the year 2008 [2].

Table 1. Surface Albedo as a Decimal Albedo and as a Percentage
‘ (Source: http://education.gsfc.nasa.gov)

’ Asphalt | <0.10 ‘ <10%
Water (overhead Sun)  [0.03-0.05 | 3-5%

| Forest [0.050.10 5%-10%
[soﬂ [o.nmo | 11-20%
| Grass |020.023 | 20-25%
| sand 020030 | 2030%
[Evagxem vegetation | 0.31-0.40 | 31-40%
Developed terrain 0.510.71 51-70%
(concrete, buildmgs etr.) ' ‘

] Water (sun near horizon) [ 0.50-0.80 | 50-80%
[ Thick doud [0.70-080 | 70-80%
[Fresh snowiice [070-085 | 70-85% o

Table 2. Hourly Average Dry and Wet Seasons Horizontal Global Solar Irradiance in Surabaya-

Indonesia per year 2007,2008,2009 =
| Dry Seasons Rainy Seasons
2007 2008 2009 2007 2008 2009
[ MAY 335 369 292 JANUARY 349 327 306
JUNE 316 360 337 ' PEBRUARY 335 255 268
JuLy 352 382 357 MARCH 280 297 339
AUGUST 408 414 34 APRIL 363 357 37
SEPTEMBER 443 | 415 409 . NOVEMBER 408 304 344
OCTOBER 446 | 440 424 DECEMBER 306 271 42
Monthy Average 383 397 367 Monthly Average 340 302 4____?_%2.—-—-

(Source: Surabaya-Indonesia, 2008)
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Mcar;:h;}: E}zzflcﬁ rg:tr:OanStraf&es an average of hourly vertical global solar irradiation based on
Sumz yd Aehey round 198 W/m~ on eastern side of the building, then 191 W/m®, 171
W/m’ an m" respectively from northen, western, and southern hemisphere [2] ,

Table 3. Hourly Average Vertical Global Solar Iradiatiance in Surabaya per year 2007

MONTHS VERTICAL VERTICAL VERTICAL VERTICAL

NORTH SOUTH EAST WEST
JANUARY 109 190 205 148
PEBRUARY 207 147 178 143
MARCH 123 103 174 138
APRIL 184 86 191 157
MAY 264 76 187 171
JUNE 285 73 189 150
JULY 321 75 196 182
AUGUST 269 81 225 212
SEPTEMBER 186 98 238 232
OCTOBER 115 131 215 205
NOVEMBER 116 196 213 174
DECEMBER 113 172 162 142
Howtly Average 191 119 193 171

(Source: Surabaya-Indonesia, 2008)

All the sun’s ray along with high intensity of solar heat irradiation will produce thermal heat on a
surfaces that are absorbed or reflected by building rooftops, facades, pedestrians, street materials,
and trees. Absorbed global solar irradiation coming to the earth will increase the outer surface
temperatures of all surface materials by action of reflected and absorbed; on the building rooftops
from around 30 to 40°C [1]. Figure 1 shows the earth’s radiation budget where the earth is always
trying to balance the received short wavelengths of sun solar radiation by absorbing, reflecting back
and emitting part of irradiations to the space. Meanwhile the ambient air temperature in atmosphere
increases due to the emitted longwave energy from the earth’s or other materials. The lighter and
harder a surface material is, the higher the emitted longwave energy bounced back to the
atmosphere and the earth. The urban heat island effect is due to soaring reflected air temperatures
that is coming from many ligher and harder urban features and building surfaces. The surrounding

built environment is lacking in absobing or
surface materials like parks with big trees

has low level of emitted longwave energy features and
and green lawn, dark soil, wooden-pedestrian way and

greenary rooftops as well as low-emitting longwave energy of pakis-stem blocks as rooftop cover
material. Based on Surabaya’s weather station report that yearly average of outdqor maximum
temperature and minimum temperature in October 2008 are 33.9°C and 22.1°C respectively [8].

EARTH'S ENERGY BUDGET

Reflected by Rellected Reflected from
I, atmosphere by douds  earth’s surface
6% 20% 1%

Radiated to space
" incommng - from couds and
solar energy : atmosphere

Absorbed by
atmosphere 16% “Radialed
e d drectly
to space
from earth

(Source: Science-edu, 2012)
Figure 1 Earth’s Energy Budget Scheme



!

Sustainability in Built Environment I

— -
-
\

L

:-.

-

|

A
o
¥

¥

;

i

C

Figure 2. Town-Houses and Shop-Houses on Business-Street Zones

Surabaya is the second largest city in Indonesia, with the latitude of 7° 17-21" South. From year
1995 till now, a lot of business places are needed to be built. Middle-class businessmen or presetting
business firms can’t afford to rent office spaces on high-rise buildings. Therefore, single-houses,
town-houses, shop-houses, and even dwellings along the main streets become favorite placeces to
do business. Figure 2 exhibits a lot of new towns, shops, and office-houses built to two or three
stories with majority of flat bare concrete rooftops of around 5,900 m?’ at Putro Agung’s business
zone (A), Klampis Jaya central business district 31,00 m? (B), Manyar Kertoarjo's business-zone
12,400 m® (C), as well as Galaxy’s Shops, offices and houses 24,000 m? (D). All these flat bare
concrete rooftops are not insulated on top or beneath the concrete roof decks. Less greenary
rooftops and high trees are planted along the business zone street. Concrete-block pavings are
dominantly covered to walk-ways, and street-ways are built up of dark-asphalt. Could one imagine
how much watt per square meters of out-going solar heat irradiance from these materials will
bounce back to the built-up areas, and how much air temperatures of thermal conduction.
convection and irradiation will add up to the urban-business heat island?

By applying rows of pieces of Pakis blocks on top of the flat bare concrete rooftops mainly 3
external enveronmental friendly roof thermal insulation, the reflected solar heat irradiation to built-
environment will be controlled. Pakis blocks will absorb much of these solar heat irradianon w0
prevent too much heat reflected to the environment. What are the pakis-stem blocks” Generally
knowledge of pakis-stem blocks are commonly sold by orchid flower shoppers, and flower userns
always attach the orchid on top of Pakis blocks. These Pakis blocks come from Pakis trees which
could be found in the tropical forest; the Pakis tree’s stems are then sliced o pieces of Pakis
blocks.

Figure 3, Pakis Trees, Pakis-Stem Blocks, and Orchid on Pakis Block
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Blocks

p - . e
akis Blocks are sold in different sizes in the market; as shown in A & B (fig. 4). Pakis . t
n we

smal! Size (4A) in 1 m® will have 33.3 blocks and weigh 3.2 kgs for dry pakis blocks: \
Conflllron, small size pakis blocks in 1 square meter have weight of 7.3 kgs. Meanwhile for big size
pakis (fig. 4B), | square meter will contain 20.83 blocks, and the weight 5.2 kgs (dry condition),
and 7.4 kgs (wet condition).

A

Figure 4. Pakis-stem-Block Variances

2. Literature Review

Many researchers and scholars have researched and come up with many applications of block to
diminish the impact and reflection solar heat irradiance to room thermal and urban heat built-
environment from flat concrete rooftops and many elements around the built environment. The
applicantions are: green roofs or rooftop gardens, cool roofs (built-up roofing), and double roofs [3].

2.1 Green Roofs or Roof Gardens

Green roofs or Rooftop gardens have two kinds of greenery roof systems that are extensive and
intensive green roofs. Extensive green roof characteristic is not to design for public excess, it is
merely for aesthetic and ecological environment proposes, low-cost due to lightweight construction,
low maintenance, thin layer of soil. and smaller vegetation (merely bushes). Contradictory to
oxtensive green roofs, intensive green roofs are designed for public excess-way or roof garden-
playground on rooftop parking buildings, high plants (scrubs or trees), thick substrate, heavyweight

construction, and high maintenance [9,3].

Tested on intensive roof garden landscaping on low-rise commercial building, the maximum hard
surface temperature (without soil and plants) at 2 pm is §7°C; the maximum bare soil surface
temperature is 42°C. With the presence of vegetation that is totally dependent on the Leave Area
Index (LAI), higher temperature will happen on meagre .fohages and lower temperature on intense
ones. The maximum temperature on all kinds of vegetation under foliages is about 36°C; and the

. - =0
maximum soil temperature with plants is 26.5°C [9].

ive rooftop garden. the maximum temperature on metal roof is 60° — 70°C. By providing
n. the maximum temperature below the dense plants is 35.1°C. But the metal roof
line effect at night among the other roof materials. Moreover metal roof is
gnd has a low maintenance factor.

With extens :
plants or vegetatio
has the faster €00
lightweight structure
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2.3 Coolroofs

980 at Davis, California. This system uses concrete roof
lation panels in water; th'e water is then pumped over
the insulation during the night in order to have longwave sky radiation c‘;)vtgtf]fi the(:l water. The
cooling water temperature could be around 1-2°K above the average ambient , and the ceilling
temperature (exposed concrete) would have about 2°'K over the water tempcraturfe [ft]. An indoor
temperature of 25°C would be obtained with the maximum gutdoor temperature of 37°C during the
daytime; the water pond temperature will fluctuate a round 5°C [4].

Cool roof was invented by Dick Bourne il.] 1
as roof pond with impermeable floating insu

2.4 Bittumen Roll Roofing Sheet

Single-ply Rubber Membrane Roofing. (EPDM): Ethylene Propyl§n§ Diene Poly Meth)flene is
applied to flat rooftop concrete to give great protection to solar radlanop through roof. It is great
rubber roofing sheet but it is not an environment friendly insulation material (fig. 5).

1
. |
|

5 1
| it
LR U
Erergy-savng

EPD K
outperforms & 7i

(Source: Science-edu, 2012)
Figure 5. Applying Single-ply Rubber Membrane Roofing. (EPDM)

3. Methodology

The research is an experimental works conducted at Petra Christian University, Surabaya-Indonesia
on two-story flat concrete rooftop building. The global solar irradiation data were recorded hourly
and were taken at least 2 to 3 days or more respectively and simultaneously on rooftop with digital

data logger and pyranometer of HOBO. Series of row and column of 3-layer to 5-layer thick pakis

blocks are laid down on bare concrete rooftop acting as a insulator to diminish thermal heat into a
room.

3.1 The scheme

Three unit of pyranorpeters are used (o have a figure of global solar irradiance intensity; one unit is
measured for the horizontal global solar irradiation, and two unit D)’ranor‘nctem ' t?f\ned over to
measure the reflected global solar irradiation (albedo) from different material all'&li l ey rooftop
i CIa.SS'C dark blue glass, grey paving blocks, wooden l;locl(( Sl wn gsroi}l! yumen
board and white pakis blocks; meanwhile one flipped pyranon;cter is contilluolls?y;],aced,there to

measure the brown pakis blocks respectivel rde

: y. In order to know it ius emission of
longwave heat energy from brown Pakis blocks and white Pakis b:e i?gr]e‘e S emls’?; have
coolder surface)(fig. 6). ks (Ughier wolonr 50
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The ref] i
with ected global solar irradiation measurements were taken 1o compare to brown-pakis blocks
other materials

Was me respectively; each measurement with different material to brown-pakis blocks
o 1asured between two to three days period. The major measurement on this research is to
1OW much the white-pakis blocks reflect outgoing global solar irradiation to the space

Cnvironment than the brown-pakis blocks.
|
l ' [
F

Pyranometer Horizontal {
(measured Global Solar rmadatance) |

Pyvisnometer
{measured Reflected
Global Solar Imadualance)

* Grey Concrete I
" Stopsol Glass Pyranometer

" Grey Paving Block sured Reflected
* Wood Blocks (measured Raflecte

al s Irmdatance) i
* Yumen Board Global Solar Irmdmtanca) !

* Lawn - — {
* Soil : g :
* White Pakis Blocks ; ) "B |

HOBO U12 thermo sensor l Brown Pakis Blocks | HOBO0 U12 thermo sensor

0.25m

Figure 6.Ways of Measureing Reflected Global Solar Irradiation and Longwave Heat Energy

3.2 The Measuring Tools

Many kinds of “HOBO” (Onset Inc. products) measuring tools were used to obtain data in many
fields of the research; the intensity of global solar irradiation and the degree Celcius of long\»a\':e
heat irradiation absorbed. HOBO U12 external data logger has a mesurement range of temperature -
20° to 70°C, RH 5% to 95% with accuracy temperature of +- 0.35°C from 0 to 50°C, and RH +-
2.5% from 10 to 90%. The water/soil temperature sensors have a technical measurement range of
temperature -40 to 50°C in water, and -40 to 100°C in air with accuracy of +- 0.25° at 20°C. The
HOBO Micro Station data logger has a four sensors for multi-channel measurement at the same
time. It can be connected to a silicon Pyranometer smart sensor that has a technical measurement
range of global and direct irradiation of 0 to 1,280 W/m’, and the spectral range of 300 to 1100 nm
with angular accuracy of cosine corrected 0 to 80 degrees from vertical. The sensor resolution is
1.25 W/m’.

4. Results and Discussions

The reflected global solar irradiation to the atmosphere and the buit environment at different days
and time with different kinds of material surfaces are small compare o incoming horizontal global
and direct solar irradiation; particularly at 12 mmu.)'l'hc impacted incoming horizontal solar
irradiance are ranging from around 713 to 976 W.ny“. Fhe average solar irradiation values are
around 390 to 488 W.m-? in different other (iluys (Tables 3 to l_(])). When comparing average
reflected solar irradiation (albedo) of brown Pakis blocks (23.1 W.m™) to flat grey concrete rooftop
(75.3 W.m™?), the grey concrelc mu!'tup utln.hulcs reflected solar u‘radmtmnq to space more 52.2
W.m2 than brown pakis blocks did; it is 69% higher than brown pakis albedo (Table 4).

4

b
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al Global Solar Incoming and Reflected Irradiation

Table 4. Hourly Average Horizont
s . i ftop Concrete in Surabaya October 1-19, 2012

for Dark Brown Pakis and Roo
Oct. 1-19, 2012 Incoming Global

Reflected Irradiation Reflected Irradiation

Dark Brown Pakis Concrete

Irradation
Time (w/m’] (w/m’] [w/m?]
37.1 1.4 6.0
7 70.4 3.1 11.5
107.9 5.2 18.3
9 404.4 36.3 122.7
10 550.0 39.8 134.9
11 723.7 41.7 142.9
12 961.1 43.8 151.1
13 789.0 38.7 125.2
14 650.2 37.2 106.4
15 414.4 24.2 66.3
16 192.6 4.9 15.8
17 16.9 0.7 2.2
Average 409.8 23.1 75.3

Source: (Surabaya-Indonesia, 2012)

The average reflected solar irradiation of Stopsol classic dark blue glass (it is often used as curtain-
glaltss or lglrgc? mgldowg on the modern buildings) is 59.3 W.m%; it is 38.9 W.m™ larger reflected
solar irradiation then brown pakis blocks did, and th ' % hi 1
ek (Tablo s and the albedo is 66.6% higher than brown pakis

An average of §1 W.m'2 reflected global solar irradiation of grey paving blocks were recorded
outgoing solar irradiance to space like other reflected solar irradiations from many surface 'th?;
Fhe ‘t?ogndary of the atmosphere in the earth (fig.1). With contrast to avera z refle tSdWI I
lrradla.tl'on of brown pakis blocks had merely 20.2 W.m at particular days, the bg T(ie blsolz
can mitigate more 201% of reflected solar irradiation than the grey conzr;te-pa\rr(i)%n briickss t: (;he

living environment at very hot-daytime; )
& Table 12). ry hot-daytime; shaded outdoor temperature is 34.9°C at 13.00 pm (Table 6

Y
T i B o gy panls semblng i s ok ratual o).
or wa i :
T ) : b j panels, ceiling panel ;
he average reflecting solar irradiation is quite high; reflected solargirlr)adieatsi’oin (?f 5;86&;0\?:/18:111%2:3?&6

mirrored to space, and it is 76% hi i i
n o higher of reflected solar irradiation than brown Pakis blocks (Table

Ideally i W W
ally small sizes of Wooden blocks can be used to cover pedestrian ways in the urb ith
e urban areas;

gtm((l)sphere in the city to soar during daytimltjl r[}r;?(;iritaﬁmtl lto the space environment, making (t¢
irradiatio . : - : unately th
n on wood-blocks is 71 W.m? meanwhile the br)(])wne szlff: gbeloc::fl‘(reﬂeCt;::;;l 8g 1(\):;21;_520:)3;
s are 18. -

October 2012. Then, 73.5
eT . » /3.3 percentanges of hj
space if it uses wood-blocks than Pakis blocklsg l(l"l:“;l;::l ;K)!ted ESaA ol hoacltion il e ufkie 2



Sustainability in Built Environment I e

T ; -
able 5. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation

f T
or Dark Brown Pakis and STOPSOL Classic Dark Blue Glass in Surabaya October 20-21, 2012
Oct. 20-21,2012  Incoming Global Reflected Irradiation Reflected irradiation
Solar Irradation Dark Brown Pakis STOPSOL Classic Dark Blue
Time [W/m?] (w/m?] [w/m’]
6 64.4 3.2 8.8
7 90.0 4.4 125
8 140.0 1.5 16.9
9 627.5 231 90.0
10 881.3 35.7 130.0
1 910.0 40.0 88.2
12 913.1 39.4 89.4
13 807.5 36.9 120.0
14 636.3 30.6 96.3
15 406.9 18.8 46.3
16 121.9 4.4 12.5
17 14.4 0.6 13
Average 467.8 20.4 59.3

Source: (Surabaya-Indonesia, 2012)

Table 6. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation
for Dark Brown Pakis and Grey Paving Block in Surabaya October 22-23, 2012

Oct. 22-23,2012  Incoming Global Reflected Irradiation Reflected Irradiation
Solar Irradation Dark Brown Pakis Grey Paving Block
Time [W/m’] (w/m’] [w/m’)
6 36.3 0.6 4.4
60.0 19 8.1
8 92.5 1.9 8.1
693.8 213 90.0
10 857.5 38.1 105.4
11 963.1 41.9 117.5
12 961.9 40.6 116.9
13 850.0 375 106.9
14 661.3 338 919
15 447.5 20.0 62.5
16 211.3 4.4 13.8
17 25.0 0.6 25
Average 488.3 20.2 61.0

Source: (Surabaya-Indonesia, 2012)

Table 7. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation
for Dark Brown Pakis and Yumen Board in Surabaya October 24-26, 2012

Oct. 24-26, 2012 Incoming Global Reflected Irradlation Reflected Irradlation
Solar Irradation Dark Brown Pakls Yumen Board
Time (w/m’) (w/m?] (w/m?]
6 36.1 15 6.1
7 66.1 2.7 11.0
8 98.1 4.4 16.9
9 671.5 289 128.5
10 892.7 36.5 164.0
11 952.3 39.8 168.1
12 976.9 40,2 170.2
13 875.2 394 155.2 |
14 681.0 32.7 124.0
15 457.3 18.1 74.8
16 123.5 4.4 19.4
17 16.9 0.6 2.7
Average 487.3 20.8 86.7

Source: (Surabaya-Indonesia, 2012)
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i lar Incoming and Reflected Irradiation
8. Hourly Average Horizontal Global Sq :
Tablefor D;J;Jkl érown P&:akis and Wood Blocks in Surabaya October 27-29, 2012

Oct. 27-29,2012  Incoming Global Reflected Irradiation Reflected irradiation
‘ Solar Irradatlon Dark Brown Pakis Wood BI:)cku
Time [W/m?) [w/m?) (W/m’]

46.5 1.4 7.7

72.3 31 123

135.6 5.6 23.6

9 759.0 34.4 131.5

10 949.4 41.1 156.5

11 970.2 39.8 152.3

12 7723 315 119.8

13 525.2 23.5 83.5

14 540.2 26.0 88.1

15 391.9 14.8 60.6
16 115.6 32 12.7
17 22.7 0.6 3.5
Average 441.7 18.8 71.0

Source: (Surabaya-Indonesia, 2012)

Green rooftops at city buildings will lessen the urban heat island only if all the buildings are built
with grennary rooftops. Regrettably, the average reflected global solar irradiation of green lawn is
still 72.2% higher than brown pakis blocks. This phenomena is due to a higher reflected solar
irradiance of greenary lawn of 66.8 W.m™ than the brown pakis blocks of 18.6 W.m™ (Table 9).

Preferably if a built environment city has more parks and soft darker soil than grey concrete paving
blocks as pedestrian-ways and verhicle-ways, there will be more incoming global solar irradiation
absorbed to the earth than outgoing global solar irradiation to the space in the built environment. By
looking at table 9, where the average of global solar irradiation of dark-soil is closed to dark brown
pakis blocks of 18.2 W.m™; only 25.4% of reflected global solar irradiation of dark soil is higher
than brown pakis blocks (it is the smallest percentages among other reflected global solar

irradiations tested than pakis blocks). The 24.4 W.m?2 of outgoing global solar irradiance of dark
soil will be an added values to the built environment (Table 10).

Table 11 shows an average of reflected global solar irradiation both on P
different color Pakis; brown and white pigment on stem blocks. The brown
painted with water-base white wall paint. White surface will reflect more
irradiation but having lower surface temperature. A

irradiation is achieved by white Pakis-stem blocks: comparing to brown Pakis-stem blocks which
only reflect 23.8 W.m™. Reflected solar irradiation value on white-painted Pakis blocks is higher
66.8% than natural brown Pakis blocks colour (Table 11). How much longwave heat energy of
solar irradiation is absobed by Pakis in relation to different surface colour? Table 12 shows hourly
average one-piece bottom surface temperature of white and brown Pakis-stem blocks (thickness of 3
cm); both pakis blocks are having temperatures of over 40°C at noon till 15.00 pm. And white pakis
blocks have an average of 33.9°K with shaded outdoor temperature 31,1°K ; it is 0.9°K t emperature

diffgrence to brown-Pakis blocks at average thermal performance, At daytime performance, brown
ngls blocks _have an average 38.2°K, and 36.3°K for white Pakis blocks; so the temperature
difference during the daytime will be 1.9°K Meanwhile both Pakis blocks thermal performances at
nighttime will be even. Both white and brown-Pakis blocks have an average 31.4°K at the

nighttime. But temperature of brown-Pakis blocks becomes cooler after midaniohs Gl meming faster
than white-Pakis blocks (Table 12). €s cooler after midnight till morning

akis-stem blocks but
Pakis-stem blocks are

incoming global solar
n average of 71.7 W,m™ of global reflected solar
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f?)l:.llgg'kHO“ﬂ)’ AVG@ge Horizontal Global Solar Incoming and Reflected Irradiation
ark Brown Pakis and Green Lawn in Surabaya October 27-November 2, 2012

Oct.30-Nov.2, 2012 Incoming Global Reflected Irradiation Reflected Irradiation
Solar Irradation Dark Brown Pakls Green Lawn
Time (W/m] (W/m’] [w/m’]
46.0 1.6 7.2
7 9a4.7 1.4 153
8 1316 a.4 203
9 671.6 23.1 108.8
10 675.9 25.6 96.6
1 931.0 36.0 128.1
12 919.1 39.1 126.9
13 840.0 384 1219
14 700.6 33.8 108.8
15 332.8 12.5 50.3
16 168.1 3.5 15.3
17 17.8 0.6 2.2
Average 460.8 18.6 66.8

Source: (Surabaya-Indonesia, 2012)

Table 10. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation
for Dark Brown Pakis and Dark Soil in Surabaya November 2-4, 2012

Nov.3-4, 2012 Incoming Global Reflected Irradiation Reflected Irradiation
Solar Irradation Dark Brown Pakis Dark Seil
Time (W/m?] [W/m’] (w/m’]
55.4 2.5 6.3
7 125.7 6.3 15.0
2144 11.3 113
9 389.4 213 20.7
10 647.5 30.0 363
11 919.4 40.0 56.3
12 860.0 37.5 525
13 500.7 24.4 32.5
14 408.2 20.0 26.9
15 479.4 219 30.7
16 781 31 4.4
17 9.4 0.6 0.6
Average 390.9 18.2 24.4

Source: (Surabaya-Indonesia, 2012)

Table 11. Hourly Average Horizontal Global Solar Incoming and Reflected Irradiation
for Dark Brown Pakis and White Pakis in Surabaya November 5-9, 2012

Nov.5-9, 2012 Incoming Global Reflected Irradiation Reflacted Irradiation
Solar Irradation Dark Brown Pakls Whita Pakis
Time (w/m’] [w/m’] (w/m?]
6 51.6 2.5 7.8
7 93.8 4.7 14.7
8 149.4 B.8 241
g 534.4 32.8 7131
10 740.3 416 141.3
11 670.6 34.1 123.8
12 815.6 43.8 148.4
13 649.7 39.1 120.6
14 575.6 403 109.7
15 389.4 29.4 10.6
16 167.2 7.5 23.5
17 213 1.3 3.4
Average 404.9 238 71.7

Source: (Surabaya-Indonesia, 2012)
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Table 12. Hourly Average Bottom Surface Temperatures of 3-cm Thick of
Dark Brown Pakis and White Pakis in Surabaya November 13-16, 2012

TIME shaded Outdoor ~ White Pakis Brown Pakis
1°cl [°cl [°cl

5 28.1 284 28.5
7 29.7 28.9 29.3
8 31.6 30.0 30.7
9 33.0 314 22
10 34.1 36.0 38.0
11 145 39.7 421
12 34.7 42.2 A5,
13 4.9 43.6 453
14 34.3 42.3 44.3
15 33.6 40.0 425
16 32.7 38.0 40.1
17 3.7 35.6 371
18 30.8 34.6 35.3
19 30.5 33.5 34.2
20 303 32.9 335
21 30.1 32.6 33.0
2 30.0 32.2 32.5
23 9.7 317 318
0 295 EJ L] 311
1 29.0 30.7 30.2
2 285 29.8 29.6
3 28.3 29.4 29.0
4 28.1 29.1 28.6
s 27.9 28.7 285
Average 31.1 33.9 348

Source: (Surabaya-Indonesia, 2012)

5. Conclusion

After analyzing the.average measurement results of global and direct reflected solar irradiation on
many surface.: materials, mainly the brown Pakis-stem blocks, some pieces of evidence on reflected
global solar irradiance can be drown. At first, the incoming global and direct solar irradiation will
be abgorbgd much by darker surfaces. Lighter surface materials will reflect as much as possibly
solar'1rrad1ance to space. This phenomenon—Ilighter surface material. will contribute to increase
the c1_ty temperature during the daytime; harder, lighter, and reﬂectéd city and building surface
materials can escalate atmospheric temperature. Secondly, the darker surface like brown Pﬁkis-stem
Ib;lo;ksbzibs;;beci.l;nuch of incoming solar irradiation and reflected less; as a matter of fact brown

akis bloc ; will emit more longwa\./e heat energy to space according to its thermal handling
cap;c:ttles (ft‘t ermgl lags). The only action to be done is to provide better external thermal insulation
on dg rooftops in order to prevent over heating through absorbed incoming longwave heat solar
irradiation. By doing all these, an over heated urban environment by many hardgsurfaces will be

alleviated simply applying brown Pakis-
i cntete plying brown Pakis-stem blocks to cover flat-rooftop buildings as thermal
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