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Abstract. Green roof is a system that had been identified as a medium
that is able to reduce the thermal temperature of a building. It is an efficient
way of reducing heat especially for hot climate countries like Malaysia.
This study was conducted to assess the ability and the effectiveness of
green roof in controlling the temperature of a building and also to make a
comparison of its performance with the conventional roof. The study was
conducted at the Masjid Kota Iskandar, Nusajaya, Johor. For this case
study, Infrared Thermometer and 4 in 1 Meter Kit were used to record the
temperature (maximum and minimum) during the day on the surface of the
green roof and conventional roof as well as its relative humidity. The
experiments were conducted during sunny days from 8.00 am to 6.00 pm at
an interval of two hours on two different dates which were 18th March
2017 and 4th April 2017. Few locations for the data to be collected were
plotted on the surface of both roofs and the readings of maximum and
minimum surface roof temperatures were recorded for comparison. Based
on the research that had been carried out, it can be concluded that the usage
of green roof was able to reduce the average surface temperature in the
range of 3.6°C —11.1°C as compared to the conventional roof. This result
had proven that there was a decrease in temperature for the green roof as
compared to the conventional roof. It had shown that the usage of the green
roof in a building was an efficient way of reducing building temperature
and also an effective way to achieve sustainability in architecture and
engineering design.

1 Introduction

Global warming is one of the signs of the ecological imbalance and there was an increase in
the global temperature between 0.4°C to 0.5°C every 5 years starting in 1952. It is
estimated that between 1990 and 2025 global temperatures will be rising between 0.8°C up
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to 3.6°C [1]. Global warming occurs due to two main mechanisms which are the
greenhouse effect and the depletion of ozone layer. Despite the cause of nature itself, the
contribution of human activities seems to be the most fundamental aspects rooting to this
issue. Many alternatives to reduce the increase of the environmental temperature had been
taken as ways of preventing it from becoming worst and one of the ways is by using the
green roof. In the context of Malaysia, it is still not widely being used and not the popular
option to be adopted by the Malaysian but it should become a practice as the green roof is
able to reduce the temperature of the thermal radiation from the sun. In fact, the green roof
helps to meet the aesthetic and landscape needs, and create extra architectural space for the
user for them to enjoy their outdoor activities with families at their own personal space [2].

2 Literature Review

There are two types of green roof which are the intensive green roof and the extensive
green roof. The intensive green roof system is made up of various plants which are the
herbaceous plants of small trees with a systematic maintenance and inclusive irrigation
system [3]. In addition, it is also can be operated as a garden that provides a space for the
public. Intensive green roofs have a depth measuring of 200mm - 2000mm [4]. Due to its
nature, this type of green roof has a large potential for exploration in design and
biodiversity. Figure 1 shows the example of a recreational area of an apartment comprises
the private garden and public recreational park which had been adopted by using the
intensive green roof type. This selection of roof designs required extra maintenance and
care. Rooftop farms and vegetables on the roof are the good examples that clearly show that
the intensive green roofs require a higher nutrient application and also ongoing
maintenance. The excessive burden and extra maintenance are some of the factors of the
rising cost for this intensive type of green roof.

Fig. 1. Intensive green roof. [7] Fig. 2. Extensive green roof. [7]

Contrasting from the previous type of green roof, the extensive green roof is designed
with independent plantations which only required minimal maintenance and supervision
[5]. It was not usually for recreational purposes, does not require artificial system and in
some occasions can be combined with the intensive green roof system. This is because the
cultivation of this plant is natural and its main objective is to create a sustainable
community plants on the roof [6]. As the protection of the roof, waterproofing membrane
will be used to remain watertight in extreme conditions such as constant moisture, alkaline
conditions, high and low exposure to plant roots, fungus and bacterial organisms. Figure 2
shows the example of this type of green roof. Another reason of why the extensive green
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roof system is practiced is to enhance the natural visual appearance, reduce the
environmental impact of the building, creating a natural habitat for plants and animals and
addition to the aesthetic value of the building itself. Extensive green roofs contain plants
which are smaller such as bushes, sedums or better known as shrubs in the ground, and
herbs. It is self-sustainable except for the annual routine maintenance which happens once a
year and requires the cultivation of new fertilizers [7].

Table 1 below shows the difference between the intensive and extensive green roof. For
both types, the visual looks of the plants are not very significant to be considered but the
main consideration should lie on whether the roof is designed for the recreational purposes
area or not. If it is meant for recreation, the intensive green roof is required for this type of
cultivation [8]. However, if it is simply to promote a more natural look on the roof, the
extensive type should come into consideration. Due to its ability to be used as recreational
places, the intensive type of green roof is more likable to be adopted by most of the
building owner. It is more interesting and gets attraction from the public. Both types of the
green roofs can be adopted on the new and old buildings, but some considerations such as
the need to add in additional loads on the roof, design analysis, research and also additional
supporting structures for building support, need to be taken into consideration in order to
ensure the building’s stability and durability throughout its life-span [6].

Table 1. Comparison green roof between intensive and extensive. [4]

Cost High Low
Maintenance High Low
Plant High Low
Depth 200mm — 2000mm 50mm — 150mm
Weight 290 - 967.7 kg/m? 72.6 — 169.4 kg/m?

One of the case studies on the green roof in Malaysia had been done by Ahmad et al.
[9]. The research was conducted to identify the ability of the green roof to provide positive
impacts on the ecosystem such as reduction in temperature and the ability to improvise the
quality of the environmental landscape such as in Figure 3.
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Fig. 3. Concrete roof (left) and green roof (right) at UKM, Bangi. [9]

For this research, the ambient temperatures in October 2016 of the plots marked at the
chosen sites (for concrete and green roof) were measured using Infrared Thermometer.
Based on the daily changes, the concrete roof had constantly recorded high temperature in
average ranging from 26.85°C to 41.35°C as compared to the green roof, especially in the
afternoon. However, the results recorded at the green roof had shown a more stable
temperature in average throughout the day ranging from 24.83°C to 29.76°C

This study was able to validate the use of vegetation to cover the roof as an effective
way of cooling down the surface temperature. From the results, the green roof had shown
better temperature as the transpiration rate of evaporation process was high at the green
roof area. However, more latent heat energy was produced at the concrete roof due to the
lack of evaporation process. This was finally had increased the overall heat flux and thus
increasing the ambient temperature.

Besides that, another case study had been conducted Blanusa et al. [10] to demonstrate
that a cooling effect by the plants would be able to reduce the surface heat of the green roof.
This was due to the transpiration of water through stomata and direct shading. The
experiment had been conducted using Stachys which had the lowest surface temperature
even with limited soil moisture and closing stomata. A comparison was done between
Stachys’s leaves and Stachys’s leaves with hairs trimmed. The result had shown that hairs
on the leaves of Stachys reduced the amount of infra-red radiation from leaf, thus making
the leaves cooler.

Another comparison was done by Schrader and Boning [11] on the selected abiotic
properties and collembolan densities between five old extensive green roofs and five young
extensive green roofs. Collembolans are typical pioneer microarthropods and transported by
air during the primary succession, the pioneer period [12]. Schrader and Boning [11] found
that acidification and increasing contents of organic carbon took place in old green roofs
which directly was able to improve the soil condition and promote urban biodiversity.
Besides that, soil is another important factor to decrease the roof temperature as it holds
water and heat [14] [13].

3 Materials and Methods

For this case study review, experiments were carried out on two different roof surface
conditions which were the green roof (entensive green roof) and the conventional roof at
Masjid Kota Iskandar, Nusajaya, Johor. The developer, Cahaya Jauhar Sdn. Bhd., had
mentioned that Matrella Zoysia grass species had been planted on the green roof whereas
Eurotiles Florana had been used as the roof tiles. The main objective of this study was to
determine the ability of the green roof to control the surface temperature of the chosen site
(Figure 4 and Figure 6). Infrared Thermometer and 4 In 1 Meter Kit were used to record the
temperature readings on the plots that had been marked (on the green roof and conventional
roof) as what had been shown in Figure 5. Two readings (maximum and minimum) were
recorded at the indicated area at an interval of two hours for ten hours starting from 8.00 am
to 6.00 pm. On top of that, the 4 in 1 Meter Kit was also able to record the external
temperature readings (exposed), room temperature, relative humidity (RH), wind speed and
all of these data were recorded for comparison purposes later.
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Fig. 5. Method of retrieving data: 4in 1 Meter Kit (left) and Infrared Thermometer (right).

Conventional
2 Green Roof

Fig. 6. Surface Marking Plots at Kota Iskandar Mosque, Nusajaya, Johor.
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4 Results and discussions

4.1 Relative Humidity

Figure 8 shows the graph on the relative humidity for both dates 18th March 2017 and 4th
April 2017 at the Masjid Kota Iskandar. High relative humidity would also affect the
temperature of the surrounding environment (outdoor temperature) and the room
temperature. Form the graph, high humidity had been recorded in the morning and late
afternoon while in the afternoon, low values had been recorded for both dates. The higher
the humidity, the lower the temperature of the outdoor areas. Therefore, it is important to
maintain a high humidity in the outdoor area as it would help to reduce the surface
temperature. One of the ways is by having the green roof as by having more vegetation and
plantations on the surface, it produces more vaporization activities which indirectly cooling
the air and resulting in high humidity and finally, toning down the surrounding temperature.

Relative Humidity (RH) vs Time

Relative Humidity (%)

08 AM 10 AM 12 PM 02 PM 04 PM 06 PM

Time

mmm  Relative Humidity (RH) 18/3,/2017 = Relative Humidity (RH) 4,/4/2017

Fig. 8. Comparison Between Relative Humidity (RH) On Different Date Versus Time.

4.2 Outdoor temperature vs Indoor temperature

Figure 9 shows the comparison between the outdoor temperature and the room temperature
on the date 18th March 2017 at the location chosen. The data was collected on a fine and
sunny day. In the period between 8:00 am to 12:00 noon, a sudden increased in
temperature’s reading was recorded. The green roofs and the conventional roof surfaces
reached the highest reading at 12.00 noon. By the late afternoon, the outdoor temperature
readings started to decrease continuously.
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Comparison Between Temperature (Exposed) & Room Temperature (18/3/2017)
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Fig. 9. Comparison Temperature (exposed) & Room Temperature Versus Time (18/3/2017).

The same pattern had been shown in Figure 10 when comparing the outdoor
temperature and the room temperature on the date 4th April 2017 at Masjid Kota Iskandar,
Nusajaya, Johor. The maximum outdoor temperature was recorded at 2.00pm for both room
and outdoor temperatures with 57.5°C and 34°C respectively. After that period, the
temperature in both areas started to decrease until late afternoon. The high temperature
recorded would result in the high roof surface temperature and this will be affecting the
human thermal comfort due to high latent heat absorbed by the roof.

Comparison Between Temperature (Exposed) & Room Temperature (4/4/2017)
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Fig. 10. Comparison Temperature (exposed) & Room Temperature Versus Time (4/4/2017).
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4.3 Green Roof vs Conventional Roof

The graph in Figure 11 shows the temperature readings of the green roof and the
conventional roof on the date 18th March 2017. The result for the conventional roof had
been recorded in the range between 32.2°C - 44.8°C and meanwhile for the green roof, the
range was between 28.6°C - 33.7°C. The temperatures recorded at the conventional roof
had been progressively higher with a drastic change in the afternoon. This was because, the
heat from the sun was directly reflected to the surface of the roof and it was recorded the
highest in the afternoon as that was the peak hour where the temperature was recorded as
the maximum. In contrast to that, the green roof had shown more uniform results with
minimal changes from minimum to maximum temperatures recorded. The heat from the
sun had been absorbed by the green roof and its components especially Matrella Zoysia
grass and the soil where it was able to hold water and heat at the same time. This result had
approved that the conventional roof surface was subjected to high temperatures especially
in the afternoon as compared to the green roof.

Comparison Temperature (Exposed) & Room Temperature Versus (18/3/2017)
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Fig. 11. Comparison Temperature (exposed) versus Time (18/3/2017).

In Figure 12, the same pattern had been recorded. The graph of the temperature readings
of the green roof and the conventional roof on the date 4th April 2017 were collected. The
data was taken during a sunny day. The flow of the data recorded had indicated no
significant difference in temperatures during early in the morning and both roof surfaces
had been recording low temperatures. The changes in temperature started to rise steadily as
the outdoor exposure gets warmer especially in the afternoon. The average temperature
range between 32.5°C - 42.1°C for the conventional roof and the green roof had an average
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at the range between 26.9°C - 32.0°C. In both cases, it reached the maximum temperature
in between 12:00 pm to 2:00 pm. The trend continued to decrease in the late afternoon
(after 2.00 pm onwards). On this date, the green roof had shown a more uniform and lower
temperatures recorded as compared to the conventional roof. This is again had approved
that in comparison between the green roof and the conventional roof, the heat from the sun
was not directly being absorbed by the surface of the roof. The grass and the soil on the
green roof had been successfully becoming the agents to reduce the thermal heat on the
roof.

Comparison Temperature (Exposed) & Room Temperature Versus (4/4/2017)
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Fig. 12. Comparison Temperature versus Time (18/3/2017).

5 Conclusion

As the conclusion, the case study review had been able to clarify and validate the efficiency
of having green roof system at the Masjid Kota Iskandar, Nusajaya, Johor. All the
experiments had been successfully conducted and the results had been positively supporting
the usage of the green roof in a building especially in the country like Malaysia, which is
having hot and humid climate throughout the year. The study was conducted directly on the
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green roof and the conventional roof on the chosen site. The data was taken during a fine
and sunny day on both dates 18th March 2017 and 4th April 2017 from 8.00am to 6.00 pm
for every 2 hours interval. As the result, for both types of the roofs, the pattern of the graph
was the same with low temperature recorded in the morning, rose drastically in the
afternoon and decreased back in the late afternoon. However, there was a large gap when
comparing both temperatures recorded for both types of the roofs at each interval of time
recorded. The average surface temperature differences for the green roof and the
conventional roof on the date 18th March 2017 was between the range 3.6°C and 11.1°C
while on the date 4th April 2017, the range was between 4.9°C and 10.2°C. For both dates,
the green roof had recorded lower surface temperatures. This result indicated that green
roof was able to reduce the heat absorption into the building. Besides that, the green roof
also had recorded low temperatures during peak hours of the day (12.00pm to 2.00pm) as
compared to the conventional roof. The temperature recorded was below 35°C while for
conventional roof surface, it was reaching up to 45°C. On top of becoming an efficient
additional element towards sustainability architecture and engineering, the effect of this
heat reduction can actually increase life expectancy and reduce the conservation cost of the
roof. In addition, the green roof system is also capable in providing an environment which
will be more conducive to the public and promotes better life to the human. Therefore, by
having the green roof system adopted at the Masjid Kota Iskandar, Nusajaya, Johor was
indeed a good decision due to its efficiency in lowering down the roof surface temperature
and other benefits mentioned earlier.
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