Media Release
Asia’s first buses with green rooftops to start plying Singapore’s roads
‘Garden on the Move’ initiative takes future of skyrise greening beyond buildings
Singapore, 5 May 2019 – Asia’s first green-roofed bus initiative was launched today
at the inaugural Singapore Garden Festival (SGF) Horticulture Show, held at the newly
opened Lakeside Garden, as part of the Festival’s efforts to showcase horticulture
excellence and innovation of the local landscape industry.
The ‘Garden on the Move’ initiative will see 10 SBS Transit buses ply Singapore’s
roads for at least three months. Outfitted with an innovative, locally developed and
soil-less roof system, these ‘green roof’ public buses will be deployed on the roads to
study possible energy and cost savings for bus operators.
Supported by Temasek Foundation and designed by GWS Living Art, these greenroofed buses seek to tap on the creativity of young innovators to further extend
greenery to improve public places and our quality of life. Other partners supporting this
initiative include Moove Media, National Parks Board (NParks), and Singapore Green
Building Council (SGBC).
The initiative also seeks to raise awareness on the possibilities of green innovation
that is mobile and help reduce vehicles’ carbon emission by lowering fuel consumption
needed for the air-conditioning. Members of the public can ride these buses along
several routes including one through the Central Business District and another through
Orchard Road. Fares for these buses cost the same as for regular buses. Please refer
to Factsheet A for more information on the bus routes.
The mobile green roof, a green building product certified by the Singapore Green
Building Council’s Singapore Green Building Product certification scheme, is made up
of Sphagneticola trilobata and other hardy plants adapted to the local climate, chosen
for their resistance to windy and dry conditions. Instead of conventional soil, the plants
are secured using GWS’ proprietary Gaiamat, a lightweight mat used for skyrise
greenery that is cleaner, easier to maintain and more economical than other
conventional green roof systems which are primarily soil-based. The mat is also easyto-install and easy-to-maintain, so that it can be easily extended to more buses. Please
refer to Factsheet B for more information on the Gaiamat.
Research on green roof buses to start
The 10 buses will be part of a research study, also supported by Temasek Foundation,
to explore the link between green roofs and the interior temperatures of the buses,
focusing on quantifying the reduction in heat transmission on vehicular roofs due to
the addition of rooftop greenery. The aim of the three-month study is to confirm that
the green roof will lead to a drop in temperature within the interior of the buses, and a
reduction in the fuel consumption used for air-conditioning. Dr Tan Chun Liang from
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the School of Design and Environment, National University of Singapore (NUS), will
be advising on the design of the study and evaluating its effectiveness.
The study will also include two additional buses that will be parked at a bus depot, one
as a control bus and the other as a green roof bus. Measurements will be taken at
one-minute intervals for these two buses. In total, 12 buses will be involved in the
study, out of which 10 will ply the roads. Findings from the study will be shared with
interested parties. Please refer to Factsheet C for more information on the research
methodology.
The buses also seek to build on SGBC’s earlier Live.Work.Play.Green campaign that
also involved public buses, to raise awareness on the sustainability benefits of green
innovation for buildings, and other green features.
Mr Zac Toh, Founder of GWS Living Art, said: “We are excited to apply our unique
patented green building product to public buses to raise awareness especially as there
are increasingly more urban greenery in Singapore. Our team has put together a
design to keep the mat system safely on the roof and worked with various parties for
months.”
Mrs Jayne Kwek, Chief Executive Officer of Moove Media, said: “We are glad to
partner GWS Living Art in transforming ten SBS Transit single deck buses into mobile
gardens. It’s a refreshing way to promote green living to the public. Generally, bus
rooftop installations for 3D advertisements are fabricated, but in this case, Moove has
taken the Gaiamat to create the first-ever green-roofed buses in Asia that is not only
soil-less, ultra-light, but more importantly, sustainable.”
Mr Oh Cheow Sheng, Group Director, NParks, said: “This is a creative initiative that
seeks to extend Singapore’s greening efforts, and which truly encapsulates the vision
of a biophilic City in a Garden. We hope that this will spur others to explore other
similarly innovative ways to green up Singapore.”
Dr Tan Chun Liang, NUS, said: “While the impact of greenery on buildings has been
well documented, much less is known about the effects of greenery on moving
vehicles. To increase green coverage on our roads in this manner is an exciting
prospect and we certainly hope that our study can provide the hard figures for mobile
gardens as well as other innovations to improve our built environment.”
Dr Ho Nyok Yong, President of the SGBC, said: “Building upon the success of our
Live.Work.Play.Green campaign in 2018 where we garnered massive support from
the public on green buildings, this new initiative aims to once again drive green building
awareness to the forefront of the public’s consciousness. We hope to sustain interest
in green buildings by putting one of the most recognisable elements of a green building
onto a very public platform.”

Page 2 of 6

Mr Lim Hock Chuan, Chief Executive of Temasek Foundation Ecosperity, said: “Green
roofs are not just for buildings or even buses. With some imagination and effort, they
can be applied to almost any urban infrastructure, and we can maximise tangible
benefits as well as quality of life improvements out of them. We hope that through this
project, the public can capitalise on opportunities to extend greenery creatively to more
places.”
– End –
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About GWS Living Art
As a green building specialist, GWS Living Art has extensive experience in greening
buildings using live plants – in both external and internal green walls as well as
green roofs. GWS has footprints in Singapore, Malaysia, Thailand, India and is
expanding in China. A firm made up largely of young people, GWS believes in
always looking for creative ways to bring green into the city.
Its green roof product clinched its director, Mr Zac Toh, the Young Innovator of the
Year Award 2017.
The company designs, installs and maintains green walls and roofs for residential,
commercial and government projects. Its projects include Singapore Changi Airport
Terminal 4. Coming from a nursery background, GWS understands plants and this
gives the company an advantage in giving the best care to plants.
For more information, please visit www.gwslivingart.com.

About Moove Media
Moove Media Pte Ltd is the advertising arm of ComfortDelGro and has been in
operations since 2005. In Singapore, Moove Media offers an integrated Out-of-Home
advertisement platform on over 3,000 SBS Transit Buses and 17 Bus Hubs, Rail
(North East Line, Downtown Line and Light Rail Transit systems in Sengkang and
Punggol), close to 12,400 ComfortDelGro Taxis, ComfortDelGro Buses, as well as
other prime ambience sites reaching commuters islandwide.
In 2011, Moove Media made its entry into New South Wales, Australia, specialising
in transit advertising on over 1,000 buses in Sydney, Newcastle and Canberra. Its
coverage was further expanded to include Victoria, Australia in 2017.
For more information, please visit www.moovemedia.com.sg.

About National Parks Board (NParks)
The National Parks Board (NParks) is responsible for enhancing and managing the
urban ecosystems of our biophilic City in a Garden. We are the lead agency for
greenery, biodiversity conservation, and wildlife and animal health, welfare and
management. We are also actively engaging the community to enhance the quality
of our living environment.
NParks manages more than 350 parks, 3,347 hectares of nature reserves, the
Singapore Botanic Gardens, Pulau Ubin and the Sisters' Islands Marine Park.
Adding to this is the extensive roadside greenery, and the over 300 km Park
Connector Network that links major parks, nature areas and residential estates
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island-wide. Every year, we run over 3,500 educational and outreach programmes
across our various green spaces.
NParks has developed an urban biodiversity conservation model, which aims to
conserve representative eco-systems in land-scarce Singapore. NParks also
monitors and coordinates measures to enhance the presence of biodiversity in our
urban landscape.
NParks is working closely with partners in the landscape, horticulture, veterinary and
animal sectors to increase productivity, and provide training for all levels of the
workforce. Enhancing competencies of the industry will support Singapore’s vision of
being a biophilic City in a Garden.
For more information, visit www.nparks.gov.sg and www.facebook.com/nparksbuzz.

About Singapore Green Building Council
The Singapore Green Building Council (SGBC) is an enabler of sustainability in the
built environment. Represented by a distinctive public-private partnership that spans
across the real estate value chain, SGBC is the nexus for the advocacy of green
buildings that are healthier and more resource-efficient.
SGBC shapes green buildings by working to reduce the carbon footprint of buildings
and advancing responsible procurement, reinforced by SGBC’s product and services
certification schemes that emphasise environmental sustainability.
A member of the World Green Building Council, SGBC is Singapore’s national
representative to a global network of close to 80 green building councils.
As the national industry body advocating for green building in Singapore, SGBC
certified the Gaiamat for its environmental performance through the Singapore
Green Building Product (SGBP) certification scheme. Raising awareness of green
building technology and adoption will go towards a greener and healthier built
environment for everyone, everywhere.
For more information, please visit www.sgbc.sg.
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About Temasek Foundation Ecosperity
Temasek Foundation Ecosperity is a Singapore-based non-profit philanthropic
organisation established in 2016 that seeks to marshal ideas and innovations to
address environmental, biological and other adversities that endanger people and
the sustainability of our planet.
It funds and supports ideas and innovations for actual applications through
commercialisation and enterprise, to bring about impactful improvements to the
liveability of our world, especially in cities.
Temasek Foundation Ecosperity is a member of the Temasek Family of
Foundations, which was established by Temasek to better serve the evolving needs
of the wider community, reinforcing its approach to sustainable giving.
For more information, please visit www.temasekfoundation-ecosperity.org.sg.
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FACTSHEET A: GREEN ROOF
Gaiamat
Gaiamat™ is GWS Living Art’s state-of-the-art ultra-lightweight soil-less green roof system.
Comprising only an organic pre-vegetated mat and a water retention fleece, the Gaiamat™ is
not only 3 times lighter than conventional soil-based green roof systems, it is 3 times more
labour and time efficient.
Primarily installed on roof surfaces of industrial buildings, Gaiamat™ functions as a protective
carpet that shields these surfaces from direct sunlight, thus significantly reducing the surface
as well as ambient temperature of the buildings. Consequently, this temperature reduction
translates to more energy-efficient use of air-conditioning systems. Furthermore, the
Gaiamat™’s plant palette is carefully designed to include plants that can sequester
atmospheric carbon dioxide efficiently. Applying Gaiamat™ on unused man-made surfaces
will create carbon sinks that can collectively mitigate our carbon emissions.
Two years ago, the calling to create dynamic green spaces inspired GWS to rethink its static
green systems. This sent GWS on a journey to explore the concept of green on the move, to
bring life to moving parts of the city. This is the story behind ‘Garden on the Move’.

Technical details
Gaiamat has multiple proprietary layers that are uniquely engineered and designed for
green-roof layering. This soilless layers consist of natural fibers weaved together into a
growing medium that will act as a soil substitute. The lightweight nature of these pre-grown
vegetated mats reduces the load that roofs have to bear, allowing us to revolutionize
rooftop landscaping.

Figure 1. GWS Gaiamat Green Roof Build-up
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Plant species used for green roof bus
Nabhali, Netha Kina
Cyanotis cristata
Succulent shrub that has fleshy, hairy
leaves and purple ornamental flowers.
Chosen due to its extreme drought-tolerant
features. As the stems branch out, they
form an interweaving thick layer.

Yellow Creeping Daisy, Singapore Daisy
Sphagneticola trilobata
Deemed as an invasive plant due to its fast
growth, this hardy plant is highly adaptable
in a wide range of soil condition and is also
drought resistant. It is a staple for
butterflies and bees.
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Studies that have been conducted
From a study conducted by the Kasetsart University, Gaiamat has been shown to reduce the
roof surface temperature by as much as 30 degrees Celsius and the ambient room interior
temperature by 3-4 degrees Celsius when installed on industrial buildings. This has led to a
lower stress on air conditioning systems and subsequent energy savings.

Figure 2. Comparison of roof surface temperature
(exterior) with and without Gaiamat.

Figure 3. Comparison of interior temperature with and
without Gaiamat.

Table1. Temperature Readings without Gaiamat.

Date
25/6/17
26/6/17
27/6/17
28/6/17
29/6/17
30/6/17
1/7/17
2/7/17

Toutside*
34.0
35.4
34.3
34.7
34.2
34.9
34.5
34.6

Maximum temperature during the day (°C)
Tsurface** Tceiling***
Tindoor
To-Ti
62.8
36.3
33.6
0.4
63.6
36.8
34.2
1.3
66.4
36.9
35.7
-1.4
69.9
37.3
34.0
0.6
61.9
33.7
32.2
1.9
67.2
34.3
32.1
2.8
65.7
34.6
32.1
2.4
62.7
36.3
33.3
1.3
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Tc-Ti
2.8
2.7
1.3
3.2
1.4
2.2
2.5
3.0

Table2. Temperature Readings with Gaiamat installed.

Date
17/9/17
18/9/17
19/9/17
20/9/17
21/9/17
22/9/17
23/9/17
24/9/17

Toutside*
29.8
35.0
35.2
32.7
42.2
39.3
35.0
34.8

Maximum temperature during the day (°C)
Tsurface** Tceiling***
Tindoor
To-Ti
33.0
30.3
29.4
0.4
39.8
34.0
31.4
3.5
38.7
35.2
32.7
2.5
32.5
31.7
31.4
1.3
42.5
35.2
32.8
9.4
42.4
33.9
32.1
7.3
35.9
30.5
30.3
4.7
40.1
33.4
31.2
3.6

* Toutside refers to air temperature outdoors
** Tsurface refers to the ceiling surface temperature
*** Tceiling refers to the ceiling cavity temperature
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Tc-Ti
0.9
2.6
2.5
0.3
2.4
1.8
0.2
2.2

FACTSHEET B: BUS ROUTES

May to July 2019
Service
139
145
13
39
45
58
59
81
125

No of
buses
1
1
2
1
1
1
1
1
1

Route coverage
Toa Payoh, Balestier, Orchard Road, Bukit Merah
Toa Payoh, Balestier, CBD, Harbourfront, Buona Vista
Ang Mo Kio – Upper East Coast Road
Tampines – Yishun
Upper East Coast Road – Ang Mo Kio
Bishan – Pasir Ris
Bishan – Changi Village
Tampines – Serangoon – Tampines
Whampoa – Aljunied – Whampoa
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FACTSHEET C: RESEARCH STUDY BY GWS, WITH INPUT BY DR TAN (NUS)
Details of study
Objectives: to quantify the reduction in heat transmission on bus rooftops due to the
addition of rooftop greenery.
Duration of Study: 3 months, May to July 2019 (timeline includes field testing and analysis of
results)
Methodology:
1. Stationary buses (2 units parked at bus depot)
a. 2 physically and mechanically identical air-conditioned buses are selected for
testing (referred to as Bus A and Bus B).
b. Gaiamat™ green roof system will be installed on the roof of Bus A
c. Bus B will serve as an experimental control.
d. Air and surface temperature sensors will be installed above and under the
rooftop greenery system on Bus A to measure the differences in temperature
(refer to image below for illustration of setup).
e. Air and surface temperature sensors will be installed on Bus B, at positions
similar to Bus A.
f. Continuous measurements (one-minute intervals) will be taken for both
buses.
g. Bus A and B will remain stationary and will be in close proximity during the
entire duration of the experiment to endure climatic consistency.
h. The U-value of the bus roof as well as bus and green roof setup will be
measured.
i. Empirically derived U-values will be used in energy modelling of the buses to
simulate HVAC energy consumption, as the two buses’ engines will be turned
off
2. Moving Buses (10 units)
a. Refer to Factsheet B for bus routes.
b. Surface temperature sensors will be mounted on the exterior of the buses, as
shown in Figure 2.
c. Sensors mounted in area A will serve as a control
d. Only exterior sensors to be used, to run for the whole duration of the route
Notes: Dr Tan Chun Liang, School of Design and Environment, National University of
Singapore (NUS), will advise on the methodology and technical details of the study, such as
the installation of the sensors. He will also advise on evaluating the effectiveness of the
study.
The results of the study will be shared with the partner organisations of this initiative.
Page 1 of 3

Figure 1. Temperature measurement points (stationary buses).
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Figure 2. Temperature measurement points (moving buses).
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FACTSHEET D: GAIAMAT PICTURES AND CURRENT INSTALLATIONS
All picture credits: GWS Living Art
Rolled up Gaiamats to facilitate efficient
transportation and installation

Green roof at Skool4kidz Childcare
Center, Yishun Avenue 11

Rolled up Gaiamats to facilitate efficient
transportation and installation

Section view of GWS Living Art’s
Gaiamat Green Roof System
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The Gaiamat pre-growing in process

Green roof at Entrance Pavilion,
Lakeside Garden

Green roof at Ang Mo Kio MRT Station

Green roof at Ulu Pandan Bus Depot

Green roof at Sungei Seletar Bus Depot

Page 2 of 3

Green roof at Wandervale
Condominium

Bedok Avenue North 3 Bus stop
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List of Chinese Terms

Zac Toh
Founder, GWS Living Art

卓鸿耀，劲赫绿化工程创办人
胡朝胜

Oh Cheow Sheng
Group Director, NParks
Dr Tan Chun Liang
Research Fellow, NUS
Dr Ho Nyok Yong,
President, SGBC
Mr Lim Hock Chuan,
Chief Executive, Temasek Foundation
Ecosperity
Jurong Lake Gardens
Lakeside Garden

国家公园局
处长
陈俊良， 新加坡国立大学设计与环境学院，
研究员

何玉荣博士, 会长
新加坡绿色建筑委员会

林福全，淡马锡生态繁荣基金会总裁

裕廊湖花园
湖畔花园

SGF Horticulture Show

新加坡花园节园艺展

Singapore Garden Festival

新加坡花园节

Singapore Green Building Product
Certification Scheme

新加坡绿色建筑产品认证标志

BCA Green Mark Scheme

建设局绿色建筑标志

Gaiamat Green Roof System, Gaiamat

绿物地毯系统

