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Abstract

In tropical countries rooftop greenery is more sympathetic to the prevailing climate
and provide comfortable indoor environment. This paper analysis the above hypothesis
at the 10 storied residential apartment in Universiti Teknologi Malaysia (UTM). The
analysis of actual performance of the rooftop greenery can provide the information on
effectiveness of applying on contemporary houses for tropical climate in Malaysia.
Imperial studies have been performed an internal and external roof surface temperature
and air temperature were measured for a period of three days in two phase. The first
phase of measurement was carried out when the rooftop was empty. After the rooftop
greenery were built then the second phase of measurement was conducted. Expected
findings of the research is the green rooftop will tends to experience lower surface
temperature then the original exposed roof surface. So this research work will provide
an introduction or preliminary guide line for thermally responsive architecture on the
basis of thermal performance of the rooftop greenery system. Temperature is the main
criteria of human comfort. To provide an indoor comfort environment by the rooftop
greening of building is more appropriate in tropical climate of Malaysia.
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1. Introduction

Green is unity, a symbolic implication, a deep significance within our present
realm of reality. It has moved beyond being just another band on the color
spectrum and is now an all-encompassing attitude, a common consciousness,
a global movement. Green is about finding a balance between growth, waste,
sustenance, resources and limits, which is what the notion of sustainability
1s all about. If we cannot sustain ourselves with what we have, what we
produce, what we throw out; how we do it, when we do it and ultimately,
why we do it, then we will no doubt perish. If we cannot sustain ourselves, and
lest we forget, we have only ourselves to blame for our own problems and
predicaments, then it is almost certain nature - the other side in the equation
- will eventually not bother anymore. All along, nature has supported us and
has created its own balances and its own methods to deal with our excesses
but lately, there have been very visible signs which suggest it is simply getting
tired of being, well, and good natured (Krishnan, 2005).

There are three major groups of problem for sustainability such as
population growth, depletion of resource and atmospheric pollution. The
common denominator of items depletion of resource and atmospheric
pollution, this is energy. CO2 emissions are largely caused by energy use,
thus the best measure of CO2 emissions, therefore sustainability, is energy
demand. Thisis closely linked to the problem of diminishing sources of energy.
According to S.V. Szokolay, 2008 the problem can attack from two directions:

1. Reduce energy demands of buildings
2. Substitute renewable sources of energy as far as possible

Furthermore, the Malaysia energy centre estimate that CO2 emissions per
capita, from the energy sector increased 45% from 1994-to 2005 (Mustapa,
issue 0021). However, more than 40% of the energy consumed can be
reduced if energy efficiency is practiced and sustainable technologies are
applied to building. Because In 2002, 44% of the total energy used in the
residential sector in Malaysia was in the form of electricity (Zain-Ahmed,
2008a). In Malaysian residential housing sector, the housing stock is made
up of terrace house (61%), apartment (27%) and detached (12%). More than
70% of the detached houses are air-conditioned while 62% terrace house and
36% apartments are air-conditioned (Kubota, 2006). These air conditioners
have been installed mainly in their master bedroom (94%), other bedroom
52%, living room 29% and dining room 5% (Kubota, 2008). The current
trends indicate that the bigger houses tend to be air conditioned than the
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smaller houses and further suggest that the purchasing power of occupants
is proportional to the installed air conditioner. These air conditioners have
been installed mainly in their master bedroom (94%), other bedroom 52%,
living room 29% and dining room 5% (Kubota, 2008). Thus it is important
to find passive cooling mean that can reduce the demand of air conditioning
in this hot-humid tropical climate of Malaysia. The main purpose of this
study is to determine passive cooling strategies for residential building in
Malaysia. The purpose of the study is to examine the cooling effect of green
roof as a passive cooling method in the high rise residential apartment in
Malaysia. Since most of the cities in this region hot-humid climate all the
year round, it is particularly important to develop passive cooling in order
to reduce energy demand caused by the growing use of air-conditioners.
However, there is uncertainty on the usefulness of green roof in cooling and
maintaining comfort temperature throughout day and night in hot-humid
tropical climate of Malaysia. This paper presents the field measurements
which compare the temperature cooling effect of green roof and original
exposed roof surface. These findings lead to a discussion on the potential of
indoor air temperature reduction by applying green roof and reducing the
effect of Urban Heat Island (UHI) and Global warming in urban areas.

1.2 Aim and Objective

The aim is to improve the indoor environment for better living quality
and to reduce the energy consumptions. The objective of this research is
therefore to explore the thermal performance of rooftop garden in hot-humid
tropical climate in Malaysia. Through such field measurement, it is desirable
to find out the answers of the following questions:

1. Howmuchreductionofroofsurfacetemperaturecausedbyrooftop garden?
2. Whatisthequantity ofreductionofsolarheatgaincausedbyrooftop garden?

3. Does the green roof change the urban heat island effect?

1.3 Scope

Green landscape or gardening will be a component of the building. For
understanding the thermal performance of rooftop greenery of buildings in
urban areas and to promotes it into the contemporary building as a thermal
comfort strategy for the modern design.
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1.4 Benefits of Rooftop Garden

1. Rooftop garden influences the microclimate of the building to provide
more comfort for occupants. It enhancing the natural image in the building
and provides an amenity space for residents. Adding identity and enhancing
the aesthetic appeal of a building and improvement of the micro-climate of
the surrounding outdoor environment.

2. With rapid urbanization, high concentrations of buildings create many
environmental issues, such as Urban Heat Island (UHI) effect. The UHI effect
1s started mainly due to the loss of green areas in the urban environment. Green
strategically placed around roofs can be considered as a complement of urban
greens. These are providing visual enhancement, air and noise control. Green
roof as a natural solution also contributes to the thermal benefits in buildings
and their surrounding environments. Greenery placed around buildings serves
to reduce the surface temperature through direct shading on hard surfaces. It
also provides cooling the ambient air through consuming solar heat gain for
transpiration and photosynthesis. The shaded surface also emits less long-
wave radiation due to lower surface temperature (Wong, 2002). All these will
contribute to less the energy consumption for cooling and mitigating UHI effect
in the urban environment.

3. A considerable body of research shows that contacts with nature and
viewing nature or participating in nature can generate positive and progressive
effects to human well being. The green nature provides many benefits to
human functioning and healthy life. The emotional and psychological benefits
of each human receive with the ability of simply viewing open greened
spaces. Some hospitals have reported that comparing patients recovering from
similar operations- those with views of landscaped courtyards required less
post-operative days, strong and medium level of painkillers and complained
less than patients who are looking at a bare brick wall. This appears to be one
of many benefits of the developing field known as “Horticultural Therapy”,
whereby patients gain exposure to living plants and thus they are able to remove
themselves from their injury (Green Roofs for Healthy Cities Website, 2001).

4. Canadian sources have calculated that, on an average, eleven square feet of
grass can remove one-half pound of air particles each year. This may not sound
like a lot, but consider how much material there is in a half pound of dust!
Furthermore, they calculated that sixteen square feet of grass could produce
enough oxygen to supply one human with his yearly need. These filtering
actions combined with the temperature reducing nature of plants will go a long
way in improving the air quality in urban centers. So the green rooftop is act
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as an air filter which combined with passive cooling means (Green Roofs for
Healthy Cities Website, 2001).

5. Additional benefits exit from rooftop gardens on the buildings are in the
form of insulation, use of lower energy expenses, and extended lifespan of
roofing materials. Fifteen inches of grass and growing medium can have the
same insulating effects as six inches of standard fiber building insulation. This
can save the building operating system and hundreds of dollars for cooling and
heating expenses. It has also been estimated that a roof top gardens can also
help to retain as much as fifty percent of the heat that is normally lost through
cold air movement across a typical roof (Kuhn, Monica, 2001). Finally, even
greater cost reductions which exist by the extended life span for the roofing
materials that do not experience as great a change in temperature due to the

protecting effects of the garden (Liu, 2001).

2. Literature Review

Researcher

Onmura et al (2001)

Methodology

Field measurement on a planted roof
in Japan

Findings

The surface temperature decrease of
around 30-60°C was observed on site

Onmura et al (2001)

Wind tunnel experiment and a
numerical calculation

Evaporative cooling effect of the green
roof was also confirmed

Niachou et al
(2001)

Field measurement of surface and
air temperature on a planted roof and
complemented by a mathematical
approach

Thermal properties of green roofs and
energy savings were examined

Elean Palomo Del

Mathematical analysis

Thermal behavior of green roofs

Barrio (1998

Wong, (2006 Field measurement Green roofs act as the insulation devices
rather than cooling the roofs

Ekaterini Calculation to examine the thermal Green roofs can contribute to the thermal

Eumorfopoulou behavior of planted roof performance of buildings but it cannot

(1998) replace the insulation layer

Researcher Methodology Findings

Onmura (1994 and | Field measurement on thermal Reduction in the local air temperature

2001) protection techniques of green roof near canopy thus reducing (4-5°C)the
incoming heat flux into the building

Del Barrio (1998) Prediction Worth mentioning on the works of

and Good (1990) thermal performance of green roofs
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Dominguez (1998); | Implementation of green roof in the Thermal behavior and effectiveness of
Lozano (1990); buildings vegetation covers with different average
Eumorfopoulou and absorption for solar radiation and
Aravantinos (2003); diffusive properties

Takakura (2000)

et al; Capelli et al

(1998)

Niachou et al Field investigation on green roof and Both indoor and outdoor thermal
(2001), mathematical approach properties are considered for thermal

performance of green roof.

Hoyano (1988 and | Experimental study Effect of rooftop lawn planting on
1994) thermal environment and also described
for climatologically uses of plants for
solar control and the efforts on the
thermal environment

Rakesh, 2005 Mathematical formulation Green roof provide a cooling potential

Wong (2002). Field measurement Thermal benefits of roof top garden

3. Methodology

The field measurement was carried out on a rooftop of a high-rise 10 storied
residential building in Malaysia. The field measurement was not influenced by
any shadows or reflected solar radiation since there are no high-rise buildings
around it. The extensive type of rooftop garden is organized by 50 nos. of pot
plants to cover the rooftop surface. Plants are arranged densely, the layout of the
rooftop garden shows in figure 1. Pot plants are used for this research because
it is easy to maintain, cost effective to construct, easy to drainage of rain water
from rooftop and less affects on the roof surface. All plants are selected base
on their density of foliage or leaf Area Index (LAI).
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Bare rooftop before Greenery Construction of Greenery Dense Greenery on rocftop

Figure 1: Bare roof top and roof top greenery
The field measurement were done in two phase. The first phase of
measurement was carried out when the roof top was empty, in the date of
26™ to 29" November, 2008. After the rooftop garden was built then the
second phase of the experiment was conducted, in the date of 30" November
to 2™ December. In this phase the field measurements were carried out on
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the same type of two roof top, one was bare roof and another was pot planted
greenery roof. Because the direct effect of green roof and bare roof within the
same condition of the outdoor ambient environment is wanted to compare.

The physical measurements were carried out using the temperature and
humidity data loggers and surface temperature data loggers. The temperature
and the relative humidity for both internal and external data were recorded at
every 15 minutes interval. The data were averaged for every hour to obtain
the hourly values. The positions and the measured variables of the data
loggers are described in table 1. The building was fully occupied by resident and
any mechanical cooling was not used during the field measurements period.
The instrumentations used in field measurements are summarized as follow.

1. Dickson Data Logger
2. Inferred ray gun data logger

3. Air temperature & Humidity sensor logger

Figure 2: Internal view of experimental room and entry of the room

Table 1: Description of data logger positions and measured variables installed at roof top of the tested
apartment in UTM.

SI no. Position and Description Measured variable

Rooftop surface under the green shade and without

green shade Rooftop surface temperature

2 Earth surface of the pot plants under the green Earth surface temperature

o I ili f
3 Indoor ceiling surface of the test room ndoor ceiling surface

temperature
Indoor air temperature and
4 Indoor space of the test room 1.5m from floor level . mperatu
relative humidity
. outdoor air temperature and
5 Outdoor environment 2m above the rooftop surface 4 peratu

relative humidity

K
Conference On Technology & Sustainability in the Built Environment ,( l

397



Thermal Performance of Rooftop Greenery system in Tropical Climate of Malaysia

2.1 Comfort zone for Malaysia

The analytical method of evaluating the comfort zone for Malaysia have been
studied by several authors (Rajeh, 1988, Jones, 1993), using the “Neutrality
Temperature”. This study uses the neutrality temperature as a base to determine
the thermal performance of the rooftop greenery system in topical climate of
Malaysia. In various studies, neutrality temperature is defined as the temperature
that gives a thermal experience neither warm nor cool, which is a state of “neutral”
or “comfortable”. It is the mid point of the comfort zone, as an average value
for many experimental subjects. According to Auliciems, A. and S. Szokolay
(1997) with the range of the comfort zone is taken as 5°C, thermal comfort
temperatures extends approximately about 2.5°C above and below the neutral
temperature. According to Szokolay comfort formula, the neutral temperature
needed to maintain at 26°C. With the width of the comfort zone taken to be 5°C
(Auliciems, A. and S. Szokolay, 1997), thermal comfort temperatures extends
approximately about 2.5°C above and below the neutral temperature. The neutral
temperature is 26°C in free running building; this neutral temperature is for
conditions without air movement. So the upper and lower limits of the comfort
zone would thenbe 28.5°Cand 23.5 °Crespectively. In this research evaluating
the comfort environment according to comfort zone is 23.5°C to 28.5°C.

2.2 Construction and Maintenance policy of the rooftop greenery

For tropical climate maximum month of the year on average rainfall occurs
almost everyday. February is the only dry month in the whole year. So for the
rooftop garden no need everyday maintenance and watering. From nature the
plants get enough water, air and sunlight for their growth. So nature gives all
prosperity to maintain the plants. Pots plants are densely arrange on rooftop,
shown in figure 3 .There are three to five half inch holes in the bottom of the
pots, by which the plants are drainage the extra water from pots to roof. The
flat concrete roof slab has one inch slop from the middle of the slab to the end
of the slab for rainwater damage. The mouth of water drainage 100mm pipes
are covered by steel nets (figure 3) for preventing rubbish to entering into the
pipes. Also use some brick or stones cheeps over the net as a protection of the
net. For better growth of the plants every six months require fertilizer to the
plants. The lift room and the water tank is placed side by side and one side of
the roof. One main staircase continues upon the roof for access to the rooftop
for maintenance.
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Figure 3: Section of pot plants arrangement (Left) and net on water drainage pipe (Right)
3. Result and Analysis

3.1 Comparison of external surface temperature

The thermal performance of roof top greenery and bare roof was compared to
identify the green roof abilities on reducing indoor air temperature of the high-
rise building and the surrounding environmental effects on micro climate of
the ambient environment. The result is analyzed by comparing the internal and
external surface temperature, ambient air temperature and relative humidity.

The surface temperature is a major indicator to determine the thermal
performance of building. The surface temperature comparison is presented in
figure 4. Surface temperatures on exposed bare roof top were much higher than
green roof. The rooftop surface maximum temperature was decreased around
11.2°C to 19.8°C 1n field experiment. The maximum surface temperature of the
bare rooftop (BRs) was 56.0°C; the rooftop surface after greenery (GRs) was
36.2°C. The maximum temperature of potted earth surface (Es) under plants
shade was 32.2°C. The relationship is derived Es< GRs< BRs.

So the plant’s shaded earth surface is cooler (24°C) than the bare roof surface.
Higher surface temperature of the bare roof indicates that such level of solar
radiation is absorbed in concrete bare roof during daytime and it emits as long-
wave radiation at night. This phenomenon causes the formation of Urban Heat
Island (UHI) effect in surrounding areas. Moreover green roof surface shows
lower surface temperature than the bare roof surface because greenery plays a
vital role to reduce the surface temperature through direct shading of exposed
bare roof surface. Greenery helps to cool the ambient air through consuming
solar energy for transpiration and photosynthesis of the plants. With rapid
growth of urbanization, the UHI effect is aggravated mainly due to demolishing
the greenery in the urban environment. However rooftop greenery system is a
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natural ecological solution for reducing the effect of UHI, improving air quality
by reducing the CO2 emissions.
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Figure 4: Profile of earth surface, bare roof top and roof top with greenery temperature

The surface temperature fluctuation is understandable from the thermal
protection of the rooftop greenery system which is covered the rooftop surface.
Shaded earth surface temperature under the plants is lower than shaded concrete
surface temperature because the dark black color concrete roof absorbed more
solar energy. So shade is essential for the concrete rooftop. It will be more
effective if the concrete surface is fully covered by proper densely arranged of
pot plants in tropical climate of Malaysia.

During rainy day when earth surface is wet, the thermal performance ofrooftop
greenery with higher moisture is performing better than bare roof. From the graph
profile(figure4)ofshaded concreteroofsurface and wetearth surface temperature
difference is very minimal most of the time of the whole day after rainfall.

So the rooftop greenery performed well on the period when the pot plants
earth surface is wet. The maximum difference of temperature between bare roof
surface and wet earth surface is 22°C. Most of the day surface temperatures of the
green roof are stayed within comfort temperature range (23.5°C to 28.5°C). Itis
caused by evaporation of wet soil and shade of densely arranged pot plants. The
evaporativecoolingeffectofthegreenroofwasalsoconfirmedbythisphenomenon.
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3.2 The Comparison of the internal ceiling Surface Temperature

The thermal benefit of the green roof is reducing the surface temperature of
the ceiling and prevent the solar heat transfer into the indoor environment and
improving the thermal performance of the building (figure 5).
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Figure 5: Profile of with green roof ceiling temperature and bare roof ceiling temperature

From the graph profile (figure 5) green roof reduces the ceiling surface
temperature is maximum 3.0°C and on average temperature 1.7°C, compare to
bare roof.

3.3 The Comparison of the Internal and External Air Temperature

The thermal performance of the green roof evaluation with reduction of
indoor air temperature in the building is extended over the validation of cooling
energy potential. Effect on indoor air temperature is also shown in figure 6.
It is found that the average indoor air temperature is reduced 2.4°C by green
roof during sunshine hours. However the reduction of air temperature follows a
pattern. A maximum reduction of temperature is observed during peak heating
period 1:30 pm to 3:30 pm and minimum occurred in off sunshine period. An
amount of heat energy entering in indoor through green roof compared with the
bare roof is decreased more than 3 times (figure 6). The temperature fluctuation
with outdoor is less for green roof as compared to bare roof at night.

Effect in the microclimate of the building is shown in the figure 6. Daily
average indoor air temperature is 33.0°C with bare roof. This is reduced 3.0°C
by green roof and leading an average the indoor air temperature of 30.0°C.

¢
Conference On Technology & Sustainability in the Built Environment {Ll

401 7



Thermal Performance of Rooftop Greenery system in Tropical Climate of Malaysia

o L]
T A

ol A ]

N T e
N\ A T

220
200 L e L e B e B o e L B S B e B e s S B B L S B S B S B S B S B p
% 8 8 8 B B 8 B 8 B 8 8 B B B B 8 8 8 @8 8 &8 & &
5 - g 9 B 2 5 of - @ W K @ £ @ @ B g 5of[oTooow K
Per Hour

|+ indoor air termp vkh green —=— indoor air temp. wthout green —&— ogtdoor temp. |

Figure 6: Profile of outdoor, with green roof indoor and without green roof indoor temperature
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Figure 8: Profile of outdoor, with green roof indoor and without green roof indoor temperature

With diurnal variation, the indoor air temperature is reducing by green
roof. Hence it is seen from figure 8 that the maximum temperature difference
between indoor and outdoor is 4.4°C with green roof during day time. Bare
roof is reducing indoor air temperature only 2.8°C from the outdoor. While
proper ventilation is provided in indoor than the indoor air temperature is more
dropped 1.5°C from general indoor temperature with green roof (figure 7).
Roof top greenery plays a vital role for thermal protection which may reduce
the thermal load applied to building.

4.Conclusion

From the result it has been confirmed that roof top greenery contribute
thermal benefit to both micro climates of indoor environment and surrounding
outdoor ambient environment of the building. It contributes to reducing energy
consumption for cooling load, mitigating the UHI effect in urban environment
and also reduces the effect of global warming by controlling the COz level.

The heat transfer from outdoor to indoor through the bare roof was greater
than the green roof. Actually, the thermal benefits caused by the proper shade
and densely arranged of potted plants. Green roof also can reduce the average
indoor air temperature more than the bare roof.

Green roof can reduce the indoor air temperature 4°C to 5°C during day
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time and at night 2°C lower than bare roof. Proper night ventilation can reduce
more indoor air temperature. So the combination of green roof and proper
night ventilation can reduce the indoor temperature almost same to the outdoor
temperature. It provides a cooling potential of the thermal comfort in indoor
environment of the room which is found to be adequate. Green roof as a passive
cooling means and related thermal benefits are essential for architectural design
strategy in hot-humid tropical climate of Malaysia.

Rooftop covering greenery system which is easy to construction, maintaining
and replaceable pot plants for thermal protection. It’s provided a very effective
solution for the contemporary building in tropical Malaysia. Peoples are in
habituation for presentstate ofaffairsbeing very energy efficientand anapplicable
nature responsive eco-systemic well being. Roof top greenery design includes
economic and social concerns as well as environmental aspects of sustainability.
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