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ABSTRACT

Reducing indoor heat gain from the roof into the building means reducing the

cooling energy consumption of air conditioning system hence increase indoor

comfort. Apart from its high initial installation cost, green roof is proven to be the

best way in dealing with the issue of indoor heat gain in a building thus contributes

in reducing urban heat island effect. Green roof also called eco-roof or vegetated

roof is described as a roof that is planted with specific vegetation above a

waterproofing membrane. A study in Malaysia suggested that potted plants as an

alternative to more economic green roof and its potential in dealing with indoor heat

gain needs further exploration. Potted plants are plants grown in containers or pots

instead of planting them in the ground. This study investigated the potential of

potted plants as an affordable alternative tool to green roof application in reducing

indoor temperature in tropical climate regions. Four similar test cells equipped with

data acquisition system were built. Each top of the cell is treated with four different

design variables; potted plants, vegetated, non-vegetated 150mm depth soil layer and

a bare top surface. Indoor peak heat value and lowest value were recorded and

analyzed. At heat peak hour, potted plants managed to reduce a daily average of

8.7% indoor heat gain whereas vegetation cell only managed to reduce an average of

7.9% indoor heat gain. Potted plants were also found to reduce a daily average of

35.5% of total heat transfer amount compared to 28.5% in vegetated cell. Based on

these results potted plants appear to offer an alternative strategy towards reducing

indoor temperature. In conclusion, this study suggests that potted plants could

provide an affordable way especially to urban population in their strategy to deal

with the high energy consumption for cooling.
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ABSTRAK

Mengurangkan haba dalaman dari bumbung ke dalam bangunan bermakna

pengurangan tenaga melalui sistem penyaman udara sekaligus meningkatkan

keselesaan dalaman. Selain daripada kos pendahuluan yang tinggi dalam

pemasangannya, bumbung hijau terbukti sebagai cara terbaik dalam menangani isu

haba dalaman bangunan serta menyumbang dalam mengurangkan kesan pulau haba

di bandar. Bumbung hijau juga dipanggil eco-roof atau tanaman bumbung

digambarkan sebagai bumbung yang ditanam dengan tumbuh-tumbuhan khusus di

atas lapisan kalis air. Satu kajian di Malaysia, mencadangkan tanaman pasu sebagai

alternatif kepada bumbung hijau yang lebih ekonomik dan potensinya dalam

menangani isu haba dalaman perlukan kajian lebih mendalam. Tanaman pasu adalah

tumbuhan yang ditanam di dalam bekas atau pasu, bukannya seperti lazimnya yang

ditanam di dalam tanah. Kajian ini bertujuan untuk menilai potensi tanaman pasu

sebagai alternatif kepada bumbung hijau dalam mengurangkan suhu dalam bangunan

di kawasan iklim tropika. Empat sel ujian dilengkapi sistem perolehan data telah

dibina. Permukaan atas setiap sel diletakkan empat pembolehubah reka bentuk yang

berbeza; tanaman pasu, tumbuh-tumbuhan, 150mm lapisan tanah tanpa tumbuhan

dan permukaan atas yang terdedah. Nilai suhu puncak dan nilai suhu terendah

dalaman direkod dan dianalisis. Ketika suhu puncak, tanaman pasu mengurangkan

purata harian suhu dalaman sebanyak 8.7% berbanding 7.9%. oleh sel dilitupi

tumbuh-tumbuhan. Tanaman pasu juga dapat mengurangkan purata jumlah

pemindahan suhu harian sebanyak 35.5% berbanding 28.5% dalam sel dilitupi

tumbuh-tumbuhan. Berdasarkan keputusan ini tanaman pasu mampu menawarkan

satu alternatif kepada strategi mengurangkan suhu dalaman bangunan. Sebagai

kesimpulan, kajian ini mencadangkan bahawa tanaman pasu mampu menyumbang

terutamanya kepada penduduk bandar sebagai satu strategi mengurangkan

peningkatan penggunaan tenaga untuk penyejukan.
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CHAPTER 1

INTRODUCTION

1.0 Background

World Health Organization (WHO) predicted the urban population to grow

approximately 1.5% per year, between 2025 to 2030. Cities populations have

different intake styles than in rural areas (Jyoti K. Parikh et al., 1991). They

consume more food and energy than urban rural population. They contribute to the

cities environment pollution affecting the city’s population health and quality of life.

Urbanization definitely increases the human lifestyle quality, technology, diversity of

people, and social opportunities. But on the other hand it brings the environmental

crisis. If no effort is made to adapt the increase in cities population, urbanization will

bring more harm to cities life such as limited open spaces, increased pollution, traffic

congestion and decreasing resources. As urbanization demands new spaces,

vegetation and open spaces had to be sacrificed to make ways for new building,

roads, parking lots and other accommodations.

Major modification of the land-surface through urbanization and other

business activities, has been confirmed to impact regional and probably global

meteorology, and thus locally-measured heat range information (McKitrick and

Michaels, 2004). Surfaces that were once permeable and moist become impermeable

and dry. As a result urban surface temperature and overall ambient air temperature

arise due to the significant number of non-reflective, water-resistant surfaces in

buildings, roofs and paving materials that absorb more of the sun's rays during the
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daytime thus contributes to high temperature differences between cities and rural

areas (Santamouris, 2001). In particular, components such as concrete, stone and

asphalt tend to absorb and trap heat at the surface (Landsberg, 1981; Oke, 1982) and

a lack of vegetation reduces heat lost due to evapotranspiration. According to

Andrew S. Goudie, (1997), cities are warmer than rural areas between 0.6 to 1.3°C

due to the combination of increase energy consumption and differences in albedo

(the rate at which an object can reflect solar radiation).

Urban Heat Island (UHI) is a main threat to cities population directly caused

by urbanization. It is a phenomenon to describe higher surrounding cities air

temperature as compared to surrounding rural temperatures. McKitrick and Michaels

(2004) described urban heat island as “a phenomenon whereby the concentration of

structures and waste heat from human activity (most notably air conditioners and

internal combustion engines) results in a slightly warmer envelope of air over

urbanized areas when compared to surrounding rural areas”. The UHI mainly

depends on the modification of energy balance in cities areas which is due to several

factors: urban canyons (Landsberg, 1981), thermal properties of the building

materials, substitution of green areas with impervious surfaces that limit evapo-

transpiration (Takebayashi and Moriyama, 2007), and decrease in urban albedo

(Akbari and Konopacki, 2005). Urban heat island has resulted in higher energy

demand for cooling homes and buildings. In order to maintain comfort levels in

building structures due to the arising temperature, more cooling energy is needed.

Oke’s heat island parametric model shows that higher population increases density

and air temperature in cities. Oke, (1987) demonstrated that population and Urban

Heat Island (UHI) intensity are directly related and lead to higher energy

consumption for air conditioning buildings.

In the future, the threat of global warming may enhance the hazard potential

of the urban heat island. According to Intergovernmental Panel on Climate Change

(IPCC, 2001), in over the period of 1990–2100, the worldwide averaged near-surface

air temperature is expected to raise by 1.4 to 5.8°C, given a range of climate

sensitivities and greenhouse gas emissions to changes in radiative forcing.

Especially important are shifts in minimum average temperature, cloud cover and
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wind speed. Global warming has the potential to considerably change the intensity

(e.g., size and duration) and raise the spatial extent of heat islands in urban

environments. As temperature heats up, the frequency with which UHI conditions

occur could grow. Researchers expected that the durations of heat waves are

projected to increase in the future (Rosenzweig and Solecki, 2001).

Urban heat island is one of the major issues affecting in the city’s quality of

life. The generally raised temperatures in the city center prove to be a very

unsustainable factor, resulting higher energy consume for cooling building, thus

risking the life of cities population. As rapid increase in population expected in the

near future, it is essential to realize the threats it will bring.  Setting up and applying

heat island mitigation strategies is the only way in reducing energy consumption

towards improving the quality of city’s life.

Malaysia is experiencing similar climate of hot humid temperature

throughout the year. The typical Kuala Lumpur climate has the characteristics of

very small in monthly temperature, highest temperature of the hottest month

(February/March) is 32-33°C and the coolest month is December with 31°C. The

lowest temperature is 23-24°C (Dasimah, B. O., 2009). As a tropical climate

country, Malaysia, especially urban cities do experience high temperature

environment due to the urban heat island effect. Observations on the heat urban

increase as to rural areas had been done by a few researchers (Sham, 1973; Zainab,

1980; Shaharuddin, 1997; Shaharuddin et al., 2006; Sin and Chan, 2004; Ilham,

2006). According to Sham (1973) between 1975 and 1990 the commercial centers

in Kuala Lumpur and the Klang urban areas recorded several degrees warmer than

the surrounding region. Consequently, Elsayed (2009) found that there is an increase

of 1.5°C  in the intensity of the UHI of the city from 4.0°C in 1985 to 5.5°C in 2004

and relates that the population density contributes to the increase in the intensity of

the urban heat island of the city of Kuala Lumpur. Most cities experienced

maximum and minimum heat, and this will go on along with the rapid urbanization

(Shaharuddin et al., 2006). It affects the urban population, especially in terms of

comfort (Shaharuddin et al., 1997). Increase urban population, decrease number of
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vegetation, transportation and air conditioning in Malaysia contributes to the heat

release thus create discomfort to the population (Siti Zakiah, 2004).

A biologically related solution to reduce urban heat is through vegetation

(Voogt, J., 2004). Plants and open land scenery usually constitutes majority of rural

area. Cooler surface temperature in rural area is contributed by the effects of trees

sun shading. The so-called evapotranspiration process also contributes to reduce the

surrounding air temperature (Santamouris, 2001). It is a process which plants

dissipating normal heat by releasing water to the nearby air (Santamouris, 2001). In

comparison urban areas are recognized by dry, resistant areas, such as conventional

rooftops, pathways, streets, and parking lots. As places develop, nature has to be

given up, more plants are lost, and more areas are turned into paving, streets and

structures. Surfaces once permeable and full with shade from the plants and ground

cover were replaced with impermeable surfaces, which hold no moisture to keep

urban areas cool. Furthermore it absorb heat, releasing less water, which plays a role

in raised surface area and air temperature.

A vegetated green roof, also called a vegetated roof, green roof, garden roof,

eco-roof, or planted roof, among other terms, is a system above a waterproofed

structure that supports the long-term growth of plants (Meyer, M., 2010). They have

been used for winter time insulating material and summer cooling. Researches on the

warm qualities of vegetated roof proved that the vegetated roofs application

contribute to the building thermal protection by blocking solar radiations

(Theodosiou, 2003; Wong et al., 2003; Niachou et al., 2001; Eumorfopoulou and

Aravantinos, 1998; Palomo Del Barrio, 1998). The roofs also decrease urban heat

islands effects, thus improving the environment (Wong et al., 2003).

In tropical cities, urban pressure on street trees is immense, although they are

still relatively green (Emmanuel, R., 2009). Cooling strategy through urban greening

in the tropics continue to be practical and most popular ways due to its high

humidity, abundance of water availability and combined with year-round warm

weather. Since green roofs originated from Europe, most researchers were only

focused on European countries especially Germany as government officials tout
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sustainability initiatives, and that could be the reason green roof application is more

popular compared to other regions. Therefore, there is a need to shift the focus of the

research to tropical climate countries since green roofs play a major significant role

in heat mitigation and reducing the storm water runoff, especially in urban areas.

1.2 Problem Statement

Reducing indoor heat gain from the roof means reducing the cooling energy

consumption of air-conditioning system and increase indoor comfort. Apart from its

high upfront installation cost (Carter, T., and Keeler, A., 2008), vegetated roofs

proven to be the best way in dealing with issue of indoor heat gain in a building thus

contributes in reducing urban heat island effect. Combating the urban heat island

effect will be unsuccessful without the total involvement of urban population.

Therefore possible affordable ways in reducing indoor heat gain need to be explored

and Asmat Ismail et al., (2010) proved that placing potted plants on top of a roof

contributed in reducing indoor temperature. As the study by Asmat Ismail et al.,

(2010) only made comparison between potted plants and the bare roof, how will

potted plants perform compared to vegetated roof?

1.3 Research Gap

By comparing potted plants with a bare roof of a single room, Asmat Ismail

et al. (2010) experimented and proved that by placing potted plants on top of a flat

roof contributed in reducing the indoor air temperatures with an average indoor

temperature dropped between 0.21 and 1.73°C. Limited study conducted on the

benefits of potted plants toward creating indoor comfort had raise a question of how

good is potted plants compared to vegetated roof in term of its thermal performance.

Therefore this study seeks to quantify the thermal performance between potted plants

and vegetated roof in reducing indoor air temperature.
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1.4 Research Aims

The aim of this research is to explore the potential contribution of potted

plants in heat mitigation of indoor temperature of a building instead of vegetated roof

in designing green roof application, especially in Malaysia climate.

1.5 Research Objectives

To achieve the aim of the research, the following objectives are formulated:

i. To investigate the thermal performance of four types of top cell

treatment; potted plants, vegetated roof, non-vegetated and bare roof

in reducing indoor air and surface temperature.

ii. To compare and evaluate the thermal performance of potted plants and

vegetated roof in reducing indoor air and surface temperature.

1.6 Significance of Study

This study promotes the affordable green living strategy instead of vegetated

roof application especially to urban populations with limited building space on ways

in mitigating indoor air temperature. The study will verify the thermal performance

of potted plants in comparison to high upfront cost of vegetated roof. It will educate

and create the awareness to building owners of the benefits having potted plants as

an alternative approach to vegetated roof in reducing indoor temperature thus

reducing the cooling energy consumption of air-conditioning system and increase

indoor comfort. Moreover the strategy is in line with the five main objectives of The

National Green Technology Policy unveiled by the Prime Minister in 2009. The

study fulfils the fifth objective of The National Green Technology Policy which says

“Enhancing public education and awareness on Green Technology and encouraging

its widespread use”. The study will also serve as a future reference for researchers



7

on the subject of green living. And importantly, this study will educate designers,

architects, building developers and contractors in fulfilling their responsibility to the

community in creating a green living environment.

1.7 Scope of Research

The context of the research will focus on Malaysia warm and humid climate.

The research aim is to investigate the thermal performance of four types of top

treatment; potted plants, vegetated roof, non-vegetated and bare roof in mitigating

indoor air and surface temperature. Two measured parameters; indoor air

temperature and indoor surface temperature were involved in the research as these

parameters with determine the indoor temperature reduced, indoor temperature loss

and the total amount of indoor temperature involved. Four similar test cells

measuring 1m x 1m x 1m were used to place the four different top treatments. All

data from each cell were measured simultaneously at the same time period and same

days. Due to the time constraint the conducted experiment did not take into

consideration of any specific day, month or even specific places.

1.8 Research Limitation

Time was the critical factors limiting the duration of the experiment. Started

with building up the four units of experimental models to the setting up the

completed model on site situated at the highest point above sea level in Universiti

Teknologi Malaysia. Due to time constraint and economical reasons plywood was

used as the main structure of the test cell. All test cells were made out of the same

material and size to reduce the influence of material properties to the result. The slab

on top of each cell too were made of plywood instead of concrete slab. Four concrete

slabs on top of the test cells to be built at the highest point above sea level in

Universiti Teknologi Malaysia will definitely need detail planning and management

especially in terms of construction duration, transportation and logistics.
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Again time constraint was the main reason in deciding to choose Ipomoea

pes-caprae as the same plants were used by Asmat Ismail et al., (2010) in

investigating the effect of potted plants in reducing indoor temperature of a room.

With the same reason both experiments did not take into consideration of any special

date or specific event such as the regional hottest or coldest month, wettest or driest

month and event hottest or coolest places. Experiment 1 was conducted from 7th to

12th March while Experiment 2 from 17th to 22nd June 2011. Therefore the results

will only reveal the effects of the different top treatment to indoor temperature.

1.9 Research Framework

The research started with selecting a topic and then narrowing it down to

identifying the current issues arise regarding the topic. Evaluating research problem

is the critical part. References were made from previous studies through literature

reviews and resulted in deciding the research problem, research gap, research

question and the research methodology. As the research aim is to investigate the

effect of four types of top treatment; potted plants, vegetated roof, non-vegetated and

bare roof to indoor temperature of the cells, two design parameters were measured

simultaneously, indoor air and indoor surface temperature. Experiment 1 acted as a

pilot test to ensure the results consistencies and therefore contributed in verifying the

validity and reliability of the test cells and its experimental equipments for the

goodness of the Experiment 2. The flow of the research is shown in Figure 1.1
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Figure 1.1: Research Flow Chart
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and reliability of the test cells
and experimental equipments)

b. 4 similar test cells with
100mm, 150mm, 200mm and
bare roof top treatment

Data Analysis
a. Heat reduced
b. Heat loss
c. Total heat transfer amount

Methodology
- Field experiment
- 4 similar 1m x 1m x 1m test cells
- Data measured simultaneously

Literature Review
a. Green Roof vs Potted Plants

- types
- benefits
- advantages/disadvantages

Research Problem

Findings and Conclusion

Experiment 2
a. 4 similar test cells with potted

plants, vegetated roof, non-
vegetated and bare roof top
treatment

Extract from

Propose

ResultResult



108

BIBLIOGRAPHY

Afrin, S., (2009). Green Skyscraper: Integration of Plants into Skyscrapers. Master’s

Thesis, KTH- Royal Institute of Technology, Stockholm, Sweden.

Akbari, H., (2003). Measured Energy Savings from the Application of Reflective

Roofs in Two Small Non-Residential Buildings. Energy, 28, 953-967.

Akbari, H. and S. Konopacki, (2005). Calculating Energy-Saving Potentials of

Heat Island Reduction Strategies. Energy Policy. 33(6), 721-756.

Alcazar, S., Bass, B., (2006). Life Cycle Assessment of Green Roofs - Case Study of

an Eight-Storey Residential Building in Madrid and Implications for Green

Roof Benefits. In: Proceedings of the Fourth North American Green Roof

Conference: Greening Rooftops for Sustainable Communities. 11–12 May.

Boston, MA.

Andrew S. Goudie and Heather Viles, (1997). The Earth Transformed: An

Introduction to Human Impacts on the Environment. Oxford: Blackwell.

Apte, M. G., Fisk, W. J. and Daisey, J. M., (2000). Associations Between Indoor

C02 Concentrations and Sick Building Syndrome Symptoms in US Office

Buildings: An Analysis of the 1994-1996 BASE Study Data. Indoor Air. 10

(4), 246-257.

Asmat Ismail, Muna Hanim Abdul Samad and Abdul Malek Abdul Rahman, (2010).

Potted Plants on Flat Roof as a Strategy to Reduce Indoor Temperature in

Malaysian Climate. American Journal of Engineering and Applied Sciences.

3(3), 534-539.

Ayata, T., Tabares-Velasco, P. C. and Srebric, J., (2011). An Investigation of

Sensible Heat Fluxes at a Green Roof in a Laboratory Setup. Building and

Environment. 46(9), 1851-1861.

Aydogan and Montoya, (2011). Formaldehyde Removal by Common Indoor Plant

Species and Various Growing Media. Atmospheric Environment. 45(16),

2675-2682.



109

Banting, Dr Doug et al., (2005). Report on the Environmental Benefits and Costs of

Green Roof Technology for the City of Toronto. Retrieved on Jan. 19, 2012,

from http://www.toronto.ca/greenroofs/pdf/fullreport103105.pdf

Barrio, E. P. D., (1998). Analysis of the Green Roofs Cooling Potential in Buildings.

Energy and Buildings. 27, 179-193.

Becker, D. and Wang, D., (2011). Green Roof Heat Transfer and Thermal

Performance Analysis. Civil and Environmental Engineering, Carnegie

Mellon University.

Bengtsson, L., Grahn, L. and Olsson, J., (2005). Hydrological Function of a Thin

Extensive Green Roof in Southern Sweden. Nordic Hydrology 36(3), 259-

268.

Bergs, J., (2002). Effect of Healthy Workplaces on Well-being and Productivity of

Office Workers. Proceedings of International Plants for People Symposium.

Floriade, Amsterdam, NL.

Bibby, P., (2009). Land Use Change in Britain. Land Use Policy. 26, 2–13.

Bringslimark, T., Hartig, T. and Patil, G.G., (2007). Psychological Benefits of Plants

in Workplaces: Putting Experimental Results into Context. HortScience.

42(3), 581-587.

Burchett, M. D., (2005). Improving Indoor Environmental Quality Through the Use

of Indoor Potted Plants, Final Report to Horticulture Australia Ltd, Sydney.

Burchett, M. D., Torpy, F. and Tarran, J., (2008). Interior Plants for Sustainable

Facility Ecology and Workplace Productivity. Proceedings of Ideaction’08 –

Enabling Sustainable Communities. 7-9 May. Gold Coast, Queensland.

Burchett, M. D., Torphy, F., Brennan, J. and Craig, A., (2010). Greening the Great

Indoors for Human Health and Wellbeing. Final Report to Horticulture

Australia Ltd, Sydney.

Carter, T. and Keeler, A., (2008). Life-cycle Cost-Benefit Analysis of Extensive

Vegetated Roof Systems. Journal of Environmental Management. 87(3), 350-

363.

Cavallo, D., Alcini, D., Carrer, et al., (1997). Exposure to Air Pollution in Home of

Subjects Living in Milan. Proceedings of Healthy Buildings/IAQ ’97.

Washington DC. 3,141-145.

http://www.toronto.ca/greenroofs/pdf/fullreport103105.pdf


110

Chih-Fang Fang, (2008). Evaluating The Thermal Reduction Effect of Plant Layers

on Rooftops. Energy and Buildings. 40(6),1048-1052.

Clark, C., Adrians, P. and Talbot, B., (2006). Probabilistic Economic Analysis of

Green Roof Benefits for Policy Design. In: Proceedings of the Fourth North

American Green Roof Conference: Greening Rooftops for Sustainable

Communities. 11–12 May. Boston, MA. The Cardinal Group, Toronto.

Coffman, R. R. and Davis, G., (2005). Insect and Avian Fauna Presence on the Ford

Assembly Plant Eco-Roof. Proceedings of 3rd North American Green Roof

Conference: Greening Rooftops for Sustainable Communities. 4-6 May.

Washington DC. The Cardinal Group, Toronto. 457-468.

Costa, P. R., and James, R. W., (1999). Air Conditioning And Noise Control Using

Vegetation. Proceedings of the 8th International Conference on Indoor Air

Quality and Climate. Edinburgh Scotland. 3, 234-239.

Coward, M., Ross, D., Coward, S., et al., (1996). Pilot Study to Assess the Impact of

Green Plants on NO2 Levels in Homes. Building Research Establishment

Note N154/96, Watford, UK.

Daghigh, Roonak, Kamaruzzaman Sopian, and Jalil Moshtagh (2009). Thermal

Comfort in Naturally Ventilated Office Under Varied Opening Arrangements:

Objective and Subjective Approach. European Journal of Scientific

Research.. 260-276.

Dasimah, B.O., (2009). Urban Form and Sustainability of a Hot Humid City of Kuala

Lumpur. European Journal of Social Sciences. 8(2), 353-359.

Dravigne, A., Waliczek, T. M., Lineberger, R. D. and Zaljicek, J. M., (2008). The

Effect of Live Plants and Window Views of Green Spaces On Employee

Perceptions of Job Satisfaction. Hortsceince. 43(1), 183-187.

Devall, M. S., (1992). The Biological Flora of Coastal Dunes and Wetlands. Ipomoea

pes-caprae (L.) Roth. Journal of Coastal Research. 8(2), 442-456.

Dunnett, N., and N. Kingsbury, (2004). Planting Green Roofs and Living Walls.

Timber Press, Portland, Oregon.

Dupre-Neary, D., (2009). The Best Potted Plants. Retrieved on Jan. 19, 2014, from

http://www.gardenguides.com/139063-potted-plants.html

http://www.gardenguides.com/139063-potted-plants.html


111

Elsayed, I. S., (2009). Land Management and Its Effects on the Intensity of the Urban

Heat Island: A Case Study on the City of Kuala Lumpur, Malaysia,

Proceedings of the IASTED International Conference on Environmental

Management and Engineering. Banff, Alberta, Canada.

Emmanuel, R., (2009). Sustainable Urbanity and Urban Climate Change:

Amelioration Of UHI's as a Quality-of-Life Agenda for Tropical Megacities,

7th International Conference on Urban Climate (ICUC7). Yokohama, Japan.

Environment Australia (EA), (2003). BTEX Personal Exposure Monitoring in Four

Australian Cities. Technical Paper No. 6: EA, 2003. Canberra, ACT,

Australia.

Erdmann, C. A. and Apte, M. G., (2003) Associations of Indoor CO2 Concentrations

and Environmental Susceptibilities Mucous Membrane and Lower

Respiratory Building Related Symptoms In The BASE Study: Analyses of the

100 building data set, Indoor Air, Special Edition.

Eumorfopoulou, E. and Aravantinos, D., (1998). The Contribution of a Planted Roof

to the Thermal Protection of Buildings in Greece. Energy and Buildings. 27,

29-36.

Fjeld, T., Veierstebd, L. B., Sandvike, L. et al., (1998). The Effects Of Foliage Plants

On Health And Discomfort Symptoms Among Office Workers. Indoor Built

Environment. 7, 204-209.

Fjeld, T., (2002). The Effects of Plants and Artificial Daylight on The Well-Being

and Health of Office Workers, School Children and Health-Care Personnel,

Proceedings of International Plants for People Symposium. Floriade,

Amsterdam, NL.

Frumkin, H., (2001). Beyond Toxicity: Human Health and the Natural Environment.

American Journal of PreventiveMedicine. 20(3), 234-240.

Hartig T, Mang M and Evans G (1991). Restorative Effects of Natural

Environmental Experiences. Environment Behaviour. 23, 3-26

Gaffin, S., et al., (2005). Energy Balance Modeling Applied to a Comparison of

White and Green Roof Cooling Efficiency. Proceedings. of 3rd North

American Green Roof Conference: Greening rooftops for sustainable

communities. Washington. DC, 4–6.



112

Gedge, D., (2003). From Rubble to Redstarts. Proceedings of the First Annual

Greening Rooftops for Sustainable Communities Conference, Awards and

Trade Show, Chicago.

Hodo-Abalo, S., Banna, M. and Zeghmati, B., (2012). Performance Analysis of a

Planted Roof as a Passive Cooling Technique in Hot-Humid Tropics.

Renewable Energy. 39(1), 140-148.

Hui, S. C. M. and Chan, H. M., (2008). Development of Modular Green Roofs for

High-Density Urban Cities, Paper for The World Green Roof Congress 2008.

17-18 September, London, 12 pages.

Ilham Sayed Mahgoub, (2006). The Effects of Urbanization on the Intensity of Heat

Island. A Case Study on the City of Kuala Lumpur. PhD Dissertation,

Kulliyah of Architecture and Environmental Design, International Islamic

University Malaysia.

Jyoti K. Parikh et al., (1991). “Consumption Patterns: The Driving Force of

Environmental Stress" (presented at the United Nations Conference on

Environment and Development).

Kamran Muzaffar Khan, Nabil Ahmed and Faizan Ali, (2012). Green Roofing

Technology. Proceeding of Third International Conference on Construction

in Developing Countries. 4-6 July. Bangkok, Thailand.

Kaplan, S., (1995). The Restorative Benefits Of Nature: Towards an Integrative

Framework. J. Environmental Psychology. 5, 169-182.

Krugera, E. L., Adriazolaa, M., Matoskia, A. and Iwakirib, S., (2009). Thermal

Analysis of Wood–Cement Panels: Heat Flux and Indoor Temperature

Measurements in Test Cells. Construction and Building Materials. 23(6),

2299–2305.

Kumar, R. and Kaushik, S. C., (2005). Performance Evaluation of Green Roof and

Shading for Thermal Protection of Buildings. Building and Environment.

40(11), 1505-1511.

Landsberg, H.E., (1981). The Urban Climate, New York: Academic Press.

Lazzarin, R.M., F. Castelloti, and F. Busato, (2005). Experimental Measurements

and Numerical Modeling of a Green Roof. Energy and Buildings. 37, 1260-

1267.



113

Lee, A., (2004). Life Cycle Cost Analysis - Green Roofs Form an Investment. In:

Proceedings of the Second North American Green Roof Conference:

Greening Rooftops for Sustainable Communities. 2–4 June. Portland, OR,

The Cardinal Group, Toronto.

Lee, J. H., and Sim, W. K., (1999). Biological Absorption of SO2 by Korean Native

Indoor Species, In, M.D. Burchett et al. (eds) Towards a New Millennium in

People-Plant Relationships. Contributions from International People-Plant

Symposium. Sydney, 101-108.

Liesecke, H. J., and H. Borgwardt, (1997). Degradation of Air Pollutants by

Extensive Green Roofs. Stadt undGrün 46:245-251.

Liu, K. (2002). Energy Efficiency and Environmental Benefits of Rooftop Gardens.

Ottawa: National Research Council Canada.

Liu, K., and B. Baskaran., (2003). Thermal Performance of Green Roofs Through

Field Evaluation. Greening Rooftops for Sustainable Communities,

Proceedings of the First North American Green Roofs Conference. Chicago,

IL, May 2003.

Liu, K. (2004). Sustainable Building Envelope - Garden Roof System Performance.

2004 RCI Building Envelope Symposium. New Orleans, LA. April 11.

Liu, Ziyang, (2011). Prediction of Soil Layer R-Value Dependence on Moisture

Content. Dissertations and Theses. Paper 125. Portland State University.

Lohr, V. I. and Pearson-Mims, C. H., (1996). Particulate Matter Accumulation on

Horizontal Surfaces in Interiors: Influence of Foliage Plants. Atmospheric

Environment. 30:2565-8.

Lohr, V. I., Pearson-Mims, C. H., and Goodwin, G. K., (1996). Interior Plants May

Improve Worker Productivity and Reduce Stress in a Windowless

Environment. Environmental Horticulture. 14(2):97-100.

Lohr, V. I., and Pearson-Mims, C. H., (2000). Physical Discomfort May be Reduced

In the Presence of Interior Plants. HortTechnology . 10(1):53-58.

McKitrick, R., and Michaels, P. J., (2004). Are Temperature Trends Affected By

Economic Activity? Climate Research. 27:175-176.

McMarlin, R. M. (1997). Green roofs: Not Your Garden-Variety Amenity. Facilities

Design & Management. 16(10):32.



114

Meyer, M. (2010). Vegetated Green Roofs in Germany and the U.S. Licensed

Architect 14:31-35.

Mills, L. (2012). Reap Benefits Of Container Gardening. Retrieved on Jan. 19, 2014,

from http://www.reviewjournal.com/gardening-linn-mills/reap-benefits-

container-gardening

Niachou, A., Papakonstantinou, K., Santamouris, M., Tsangrassoulis, A., and

Mihalakakou, G., (2001). Analysis of the Green Roof Thermal Properties and

Investigation of its Energy Performance. Energy and Buildings. 33(7), 719-

729.

Nyuk Hien, W., Puay Yok, T., and Yu, C., (2007). Study of Thermal Performance of

Extensive Rooftop Greenery Systems in the Tropical Climate. Building and

Environment. 42(1), 25-54.

Oberndorfer, E., Lundholm, J., Bass, B., Coffman, R. R., Doshi, H., and Dunnett, N.,

et al., (2007). Green Roofs as Urban Ecosystems: Ecological Structures,

Functions, and Services. BioScience. 57(10):823-833.

Oke, T. R. (1982). The Energetic Basis of the Urban Heat Island. Quarterly Journal

Royal Meteorological Society. 108:1-24.

Onmura, S., et al. (2001). Study on Evaporative Cooling Effect of Roof Lawn

Gardens. Energy and Buildings. 33:653-666

Orwell, R., Wood, R., Burchett, M. D., Tarran, J., and Torpy, F., (2006). The Potted-

Plant Microcosm Substantially Reduces Indoor Air VOC Pollution: II.

Laboratory Study. Water, Air, and Soil Pollution. 177:59-80.

Papinchak, H., Holcomb, E. J., Orendovici B. T., and Decoteau, D. R., (2009).

Effectiveness of Houseplants in Reducing the Indoor Air Pollutant

Ozone. HortTechnol. 19(2):286-290.

Parizotto, S., and Lamberts, R., (2011). Investigation of Green Roof Thermal

Performance in Temperate Climate: A Case Study of an Experimental

Building in Florianópolis City, Southern Brazil. Energy and Buildings.

43(7):1712-1722.

Park, S.H., Mattson, R. H., and Kim, E., (2002). Pain Tolerance Effects of

Ornamental Plants in a Simulated Hospital Patient Room. Acta Horticulturae.

639:50-52.

http://www.reviewjournal.com/gardening-linn-mills/reap-benefits-


115

Patil, U. and Chalfoun, N., (2008). Thermal Comfort Assessment of a Green Roof at

the College of Architecture and Landscape Architecture in Tucson, Arizona.

International Journal of Climate Change: Impacts and Responses. 1:55-70.

Paulo Cesar, Tabares-Velasco and Srebric, J., (2011). Experimental Quantification of

Heat and Mass Transfer Process Through Vegetated Roof Samples in a New

Laboratory Setup. International Journal of Heat and Mass Transfer. 54(25-

26), 5149-5162.

Peck, S., Chris Callaghan, Monica E. Kuhn, and Brad Bass. (1999). Greenbacks

From Green Roofs: Forging a New Industry in Canada, (Ottawa, Canadian

Mortgage and Housing Corporation).

Peck, S. (2003). Towards an Integrated Green Roof Infrastructure Evaluation for

Toronto, The Green Roof Infrastructure Monitor. 5(1):4-5.

Peck, S., and M. Kuhn, (2000). Design Guidelines for Green Roofs. Environment

Canada. Toronto, CA.

Porsche, Ulrich, and Manfred Köhler, (2003). Life Cycle Costs of Green Roofs: A

comparison of Germany, USA and Brazil. World Climate and Energy Event,

1-5 Dec. 2003

Randall, K., Shoemaker, C. A., Relf, D. and Geller, E.S., (1990). Effects of

Plantscapes in an Office Environment on Worker Satisfaction. In: Relf D. Ed.

The Role of Horticulture in Human Well-Being And Social Development: A

National Symposium, Arlington. Virginia, Portland, OR. Timber Press.

106(9).

Rowe, D., R. Clayton, N. Van Woert, M. Monterusso, D. Russell, (2003). Green

Roof Slope, Substrate Depth and Vegetation Influence Runoff. Greening

Rooftops for Sustainable Communities, Proceedings of the First North

American Green Roofs Conference. Chicago, IL, May 2003.

Rosenzweig, C., S. Gaffin, and L. Parshall (Eds.), (2006) Green Roofs in the New

York Metropolitan Region: Research Report. Columbia University Center for

Climate Systems Research and NASA Goddard Institute for Space Studies.

Sabarinah, S.H, and Ahmad (2006). Thermal Comfort and Building Performance of

Naturally Ventilated Apartment Building in the Kelang valley: A Simulation

Study. Proceedings of the Energy in buildings (sustainable symbiosis)

Seminar. 115-132.



116

Santamouris, M., (2001). Energy and Climate in the Urban Built Environment. James

& James, London.

Scholz-Barth, K., (2001). Green Roofs: Stormwater Management from the Top

Down.

Environmental Design and Construction Magazine 15 January 2001.

Seppänen, O., Fisk, W. J. and Lei, Q. H., (2006). Ventilation and Performance in

Office Work. Indoor Air. 16, 28-36.

Scurlock, J. M. O., Asner, G. P. and Gower, S. T., (2001). Worldwide Historical

Estimates and Bibliography of Leaf Area Index, 1932-2000. ORNL Technical

Memorandum TM-2001/268. Oak Ridge National Laboratory, Oak Ridge,

Tennessee, U.S.A.

Shaharuddin Ahmad, Noorazuan Md Hashim (2006). Changes in Urban Surface

Temperature in Urbanized Districts in Selangor, Malaysia. Paper presented at

the 3rd. Bangi World.

Shaharuddin Ahmad (1997). Urbanization and Human Comfort in Kuala Lumpur-

Petaling Jaya, Malaysia. Ilmu Alam. 23:171-189.

Shahidan MF, Salleh E, Shariff KM. (2007). Effects of Tree Canopies on Solar

Radiation Fltration in a Tropical Microclimatic Environment. In: The 24th

Conference on Passive and Low Energy Architecture. Singapore 22–24

November.

Sham Sani, (1973). The Urban Heat Island: Its Concept and Application to Kuala

Lumpur. Sains Malaysiana. 2(1):53-64.

Shibata, S., and Suzuki, N., (2002), Effects of Foliage Plants on Task Performance

and Mood. Journal of Environmental Psychology. 22:3, 265-272.

Sin Hui Teng, Chan Ngai Weng, (2004). The Urban Heat Island Phenomenon in

Penang Island: Some Observations During the Wet And Dry Seasons.

Siti Zakiah Mohammed, (2004). The Influence of Urban Heat Towards Pedestrian

Comfort and the Potential Use of Plants and Water as Heat Ameliorator in

Kuala Lumpur (MSc Thesis). Universiti Pertanian Malaysia

Spala, A., et al., (2008). On the green roof system. Selection, State of the Art and

Energy Potential Investigation of a System Installed in an Office Building in

Athens, Greece. Renewable Energy. 33:173-177.



117

Stovin, V., (2009). The Potential of Green Roofs to Manage Urban Stormwater.

Water and Environment Journal. 24(3):192−199.

Summerville, J. A., Adkins, B. A., and Kendall, G. P., (2008).

Community Participation, Rights and Responsibilities: The Government

Mentality of Sustainable Development Policies. Environment and Planning

C: Government and Policy. 26(4):696-711

Tabares-Velasco, P. C., & Srebric, J., (2009). The Role of Plants in The Reduction of

Heat Flux Through Green Roofs: Laboratory Experiments. Louisville, KY.

Takebayashi, H., and Moriyama, M., (2007). Surface Heat Budget on Green Roof

and High Reflection Roof for Mitigation of Urban Heat Island. Building and

Environment. 42(8):2971-2979.

Tarran, J., Torpy, F., and Burchett, M., (2007). Use of Living Pot-Plants to Cleanse

Indoor Air – Research Review, Proceedings Of 6th Internat. Conf. On Indoor

Air Quality, Ventilation & Energy Conservation. Sustainable Built

Environment, Sendai, Japan, Oct., III: 249-256.

Theodosiou, G., (2003). Summer Period Analysis of the Performance of a Planted

Roof as a Passive Cooling Technique. Energy and Buildings. 35: 909-917.

U.S. Environmental Protection Agency, (2011). Reducing Urban Heat Islands:

Compendium of Strategies.

VanWoert, N. D., Rowe, D. B., Andresen, J. A., Rugh, C. L., Fernandez, R. T., and

Xiao, L., (2005). Green Roof Stormwater Retention: Effects of Roof

Surface, Slope, and Media Depth. Journal of Environmental Quality,

34(3):1036–1044

Voogt, J., (2004). Urban Heat Islands: Hotter Cities. American Institute of

Biological Sciences, Washington D.C.

Wark, Christopher and Wark, Wendy. (2003). Green Roof Specifications and

Standards: Establishing an emerging technology. Retrieved on Jan 27,

2012, from http://www.greenroofs.com/pdfs/newslinks-

03_construction_specifier.pdf

Wolverton, B. C., McDonald, R. C., and Mesick, H. H., (1985), Foliage Plants for

the Indoor Removal of the Primary Combustion Gases Carbon Monoxide and

Nitrogen Oxides. J. Mississippi Acad. Sci. 30:1-8.

http://www.greenroofs.com/pdfs/newslinks-


118

Wolverton, B. C., Johnson, A., and Bounds, K., (1989). Interior Landscape Plants for

Indoor Air Pollution Abatement, Final Report, NASA Stennis Space Centre

MS, USA.

Wolverton BC and Wolverton JD, 1993, Plants and Soil Microorganisms: Removal

of Formaldehyde, Xylene, and Ammonia from the Indoor Environment.

Journal of Mississippi Academy of Science. 38(2):11-15.

Wood, R.A., Burchett, M. D., Alquezar, A., Orwell, R., Tarran, J., and Torpy, F.,

(2006). The Potted-Plant Microcosm Substantially Reduces Indoor Air VOC

Pollution: I. Office Field-Study. Water, Air, and Soil Pollution. 175:163-180.

Wong, N., Y. Chen, C. Ong, A. Sia, (2003). Investigation of Thermal Benefits of

Rooftop Garden in The Tropical Environment. Building and Environment

38:261-270.

Wong, N., and Y. Chen, (2009). Tropical Urban Heat Islands: Climate,

buildings and Greenery. Taylor & Francis, New York.

Wu, Jianguo (2008). Toward a Landscape Ecology of Cities: Beyond Buildings,

Trees, and Urban Forests. In Carreiro, M. M., Song, Y.-C., Wu, J. (eds.).

Ecology, Planning, and Management of Urban Forests: International

Perspectives. 10-28. New York, NY: Springer.

Yang, D. S. et al. (2009). Screening of Indoor Plants for Volatile Organic Pollutant

Removal Efficiency. HortScience. 44(5):1377-1381.

Yok Tan, P., and A. Sia, (2005). A Pilot Green Roof Research Project in Singapore.

Proceedings of 3rd North American Green Roof Conference: Greening

Rooftops for Sustainable Communities, Washington, DC: 4–6.

Yoneyama T., Kim, H. Y., Morikawa, H., and Srivastava, H. S., (2002). Metabolism

and Detoxification of Nitrogen Dioxide and Ammonia in Plants, In, K.

Omasa et al. (eds) Air Pollution and Plant Biotechnology – Prospects for

Phytomonitoring and Phytoremediation, Springer, Tokyo, Japan. 221-234.

Yu, Q. G., Yong, L. H., and Tao, Z. Q., (2013). Effects of Evapotranspiration on

Mitigation of Urban Temperature by Vegetation and Urban Agriculture.

Journal of Integrative Agriculture. 12(8): 1307-1315.

Zainab Siraj, (1980). Pulau Haba dan Aplikasinya Terhadap Keupayaan Pencemaran

Udara di Johor Bahru. Latihan Ilmiah Sarjana Muda Sastera, Jabatan

Geografi, Universiti Kebangsaan Malaysia (Unpublished).




