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LIFE CYCLE COST OF AIR PLANT GREEN ROOFS IN HOT
AND HUMID CLIMATE

Tachaya Sangkakool and Kuaanan Techato*

Abstract: The benefitsof green roofshave beenrecognizedby many researchers worldwide.Green
roofs have been wildly implemented in many countries due to the trend of green architecture,
sustainable architecture and environmental friendly concept. The computational life cycle cost
of air plant green roofs is classified into two parts. One is the initial investment, which compos-
es of the cost of materials and installation process. Another is the cost of operation and main-
tenance. This paper has investigated in the economics of green roofs by reviewing secondary
data of extensive green roof and intensive green roofs and collecting experimental data of air
plant green roofs. The investigation of life cycle cost of “Cotton Candy” air plant green roofs is
around 140.21$/m? and “Spanish moss” air plant green roofs is around 125.78 $/m?. Although
the digit is lower than other types of green roofs, the benefit is almost the same. It was found
from the research that life cycle cost of air plant green roof is less than other types of green roof.
However, the benefits are not different from other type of the roof. Another strengthof air plant
green roofs is shading to the roof of the building. These will extend the life cycle of the roof.
The consideration of life cycle cost of air plant green roofs will be another tool using in making
final decision. The owner can be confident for the result using the air plant green roofs that it is
suitable for buildings in hot and humid climate. According to the detail above, green roofs can
be considered as a good choice and can be widely applied in buildings located in hot and humid
climate.
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1. INTRODUCTION

1.1 Background of Air plant green roofs in hot and humid climate

The concept of air plant green roofs was adopted from the sustainable development
and the design of environmental friendly.The construction and maintenance cost
of air plant green roofs are quite low. Types of plants are particularly important
to green roofs(Bates, Sadler and Mackay 2013, Bianchini and Hewage 2012).
Plants can reflect the solar radiation and be an effective shading device (Zuo and
Zhao 2014). The selection of plants also relates to the economic feasibility (Zhang
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et al. 2012) and the lifecycle cost analysis, which are the most importantfactor
before making up any decisions(Carter and Keeler 2008). The criterion for plant
selection for green roof has been determined by considering various benefits of
green roof (Bianchini and Hewage 2012). The selected plant must be able to resist
the climate(Laar and Grimmer 2006) which is hot and humid climate in this paper.
The others selection criteria are weight of plant, climate resistance, maintenance
ease, growth direction, evergreen plants, convenience of buying and affordable
price (Berardiand GhaffarianHoseini 2014). Tillandsia usneoides L. “Spanish
moss”andTillandsia recurvifolin Hooker “Cotton Candy”, which are Crassulacean
Acid Metabolism (CAM) plants have been used for air plant green roof in this
paper. (see in Figure 1)

The weathercondition of hot and humid climatic is high temperature, high
humidity, highvolume of rain in rainy season and intensive solar radiations(Hooi,
Toe and Kubota 2015). The direct sun light should workbefore shining on the
building by shading devices (Ghaffarianhoseini and Berardi 2015). The provided
shading for building can reduce heating on building. Air plant green roofs create
shadows on the roof, which can reduce thetransferred heat to buildings (Yang,
Qian and Lau 2013). Moreover, the air plant green roof can be installed easily in
both old and new buildings because of its light weight. These arenew alternative
aiming at reducing heat that enters the building and buildenvironment regard to
the environmental sustainability.

Figure 1. Plants for air plant green roof: Tillandsia recurvifolia Hooker “Cotton Candy” (1, 2)
and Tillandsia usneoides L.”Spanish moss” (3, 4).
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1.2 Classifications of green roofs in hot and humid climate

The different types of green roofs affect to the profitabilityin buildings and
environment benefits (Berardiand GhaffarianHoseini 2014). Intensive green roofs
and extensive green roofs have been generally classified as major categories
(Berardiand GhaffarianHoseini 2014, Chen 2013, Czemiel and Berndtsson 2010).
Furthermore, many researchers of green roof have developed many classifications
such as semi-intensive green roofs, which are integrated between intensive and
extensive green roofs (Fernandez-Cafiero et al. 2013). The characteristic of green
roofs by types is shown in Table 1.

Table 1.
Characteristics of green roof by type

Characteristics

Intensive Green roofs

Extensive Green

Air plant Green roofs*

Thickness of growing
media

Accessibility

Weight

Diversity of plants

Construction method

Irrigation

Maintenance

Cost of construction

Building

Above 20 cm

Accessible

Above 300 kg/m? (re-
inforced structure)

High (lawn or perenni-
als, shrub and tree)

Technically complex

Drainage and irriga-
tion systems

Complicated

High

New building

Media below 20 cm

Inaccessible (fragile
roots)

60-150 kg/ m?

Low (moss, herb
and grass)

Moderately easy

Often not necessary
Simple
Low

New and old
building

Media below 10 cm

Inaccessible (slope roof)

5-10 kg/m?

Low (Cotton Candy,
Spanish moss)

Fairy easy

not necessary

Low maintenance (once
a year)

Very low
New and old building

Source: *Air plant green roofs data from experiment and secondary data from (Berardi,
GhaffarianHoseini and GhaffarianHoseini 2014, Ascione et al. 2013)

Intensive green roofs have been accepted that it is useful for human'’s
activities and accessibilities in aesthetics and conveniences. The distinctly
appearance characteristic of intensive green roofs is the biodiversity of plants,
for instance perennials or trees, shrubs and ground covering plants (Berardi
and GhaffarianHoseini 2014, Bianchini and Hewage 2012). The thickness of the
growing media is higher than 20 cm. Heavy weight of green roofs’ structure result
from increasing construction, irrigation and maintenance cost. On the contrary,
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extensive green roofs have been fabricated as a lightweight which have weight
around 60-150 kg/m? and uncomplicated. The thickness of growing media is
lower than 20 cm. It has low biodiversity of plants; moos, herb, grass and vegetable
(Berardi and GhaffarianHoseini 2014, Van Mechelen, Dutoit and Hermy 2015).

The air plant green roof has the lightest weight at 5-10 kg/m? (combined with
additional structure). The weight of growing media is about 1.5-3 kg/m? and the
thickness is lower than 5-10 cm. Air plant green roofs require low maintenance or
can be called zero maintenance. It has low cost on the construction of irrigation
because it can combineand install with traditional roof without new drainage
system. The construction method of air plant green roofs is very simple.

2. REVIEW OF ECONOMIC BENEFITS OF GREEN ROOF

The study on the economics perspective of green roofs had been analyzed by
many researchers, for example Bianchini and Hewage, Porsche and Kohler and
Wong et al. They had discussed and focused on the economics benefit analyzing
of green roofs by life cycle costs and Peri et al had studied by focusing on the cost
of disposal in the life cycle perspective covering the gap of high initial investment.

Table 2.
Economic benefits and barriers of green roofs

Economic benefits and barriers of green roofs Intensive  Extensive Air plant
Reduce energy consumption of the building High High High
Increase thermal insulation in retrofitting High Medium High (air gab)
Reduce maintenance costs of roof due to Medium High High

.E lengthening life

% Reduce costs of water rain off and urban High Medium Low

o infrastructure

.g Improve market and price of the buildings ~ High High High

g Increase usable surface of the building High Medium Medium

o5 (visible) (visible)
Increase shading for the building Medium No High

(plant)

Improvement building appearance High High High
Construction cost High Medium Low

é » Maintenance cost High Medium Low

g % Complexity of construction High Medium Low

E & Risks of failure Medium Medium Medium
Expensive integration in existing buildings ~ High Medium Low

Source: *Air plant green roofs data from experiment and secondary data from (Berardi,
GhaffarianHoseini and GhaffarianHoseini 2014, Ascione et al. 2013)
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The analysis of the economics helps and supports the decision making in
the utilization of green roof in private and public sectorbuildings for both short
and long term. The profitability of air plant green roofs depends on some factors
such as type of plant, construction of building, location of buildings and climate
condition of location. The appropriately favorable type selection ofair plant green
roof will particularly result in the value of profitability as above Table 2.

3. LIFE CYCLE COSTS OF GREEN ROOF

The decision making in choosing green roofs for building bases on several
factors. The life cycle costs during lifespan of green roofs cover both internal and
external costs (Bianchini and Hewage 2012, Peri et al. 2012). The internal costs
are also named as private costs, which determined and managed just by private
organization such as: owner, architect, engineer and developer. The external costs
are also named as social costs because these are extremely related to the result
in economic, environment or social system. This paper targets to analyze the life
cycle costs of intensive green roofs, extensive green roofs and air plant green roofs.

3.1 Internal costs of green roofs

This research considered internal costs of green roofs by including the initial
construction costs, repairing and maintenance costs and disposal or recycling
costs.

Initial construction costs

The initial construction costs are extremely important because the initial
project cost is nearly as great as the present value of repair, maintenance,
replacement, operations, disposal or recycling and utility costs through over 30
years of a building’s life (Carter and Keeler 2008, Kim et al. 2015, Han, Srebric and
Enache-Pommer 2013). This paper targets to compare the initial investment costs
and other costs of air plant green roofs by comparing with another green roof as
in Table 3.

This paper has particularly calculated the price from experiment and mocked
up construction in the south of Thailand, 2014. Air plant green roofs have the
initial construction costs from the covering structure, hanging structure of plant
and labor. The covering structure of green roofs consists of lightweight steels such
as steel box, slotted angle steel and welded wire mesh. The approximation costs
of “Cotton Candy” are $ 2.38/plant’(20g) or $ 221.53/m>The estimation price of

3. The price of Tillandsia recurvifolia Hooker “Cotton Candy” and Tillandsia usneoides L.”Spanish
moss” from: http:/ /ssairplants.com/ pricelist.html
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“Spanish moss”is 78 plants /m?is around $ 53.65/m?(1,500 g/m?or 78 plants /m?).
The estimation of covering structure cost of air plant green roofs is at $ 18.54/m?.
The different plant of air plant green roofs results in the different cost such as plant
cost, hanging structure cost and labor cost. The evaluation of hanging structure
of “Cotton Candy” is at $ 11.63/m? and the estimation cost of hanging structure of
“Spanish moss” is at $ 2.98/m?2. The evaluationlabor cost of “Cotton Candy”air plant
green roof is at $ 5.37/m? and the labor cost of “Spanish moss” air plant green roof
is appraised as $1.49/m? because of its simple installation. The amount of initial
construction cost of “Cotton Candy” green roof is estimated around $ 257.07/ m?.
In addition,the total of initial construction cost of “Spanish moss” green roof can
beestimated at $ 76.67 /m2.Table 3 isthe summarization of initial construction costs
of air plant green roofs.

Theinitial construction cost of intensive green roof in British Columbia, Canada
started around $ 540/ m* Moreover, the originallyconstruction value of extensive
green roof in British Columbia varied from $ 130/m?-$ 165/m? (Bianchini and
Hewage 2012). This research considered the amount of initial construction cost of
“Cotton Candy” green roof around $ 257.07/ m?* The total initial construction cost
of “Spanish moss” green roof could be estimated at $ 76.67/ m?.

Table 3.
Initial construction costs of air plant green roofs. Costs were calculated per m* and
the prices were collected from the experiment.

Initial construction costs of “Cotton Candy” “Spanish moss”

air plant green roofs green roof ($/m?) green roof ($/m?)
Plant cost 221.53 53.65
Covering structure cost 18.54 18.54

(welded wire mesh)

Hanging structure cost 11.63 2.98
Labor cost 5.37 1.49
Total cost 257.07 76.66

* Source: Bank of Thailand and The exchange rate on 6 May, 2015 is 833.548 per $1.

Operation and maintenance costs

According to the review of the operation and maintenance costs of intensive
and extensive green roofs, it is found that the cost is rather high (Peri et al. 2012,
Wong et al. 2003, Williams, Rayner and Raynor 2010, Kosareo and Ries 2007). The
cost includes watering, weeding, cuttings and all lifespan operation. Especially,
the costs of surveying for loss of growing media and eliminating of risk (Bianchini
and Hewage 2012). These are extremely accepted as the second important cost
besides initial costs.
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Intensive green roofs and extensive green roofs had the operation and
maintenance costs between $ 0.7/m? and $ 13.5/m?(Bianchini and Hewage 2012).
Porscheand Kohler had illustrated the lifespan costs of 90 years which had resulted
to the operation and maintenance costs of roof types $ 720/ m? for green roof (8
times/year and about $ 100/supply). The maintenance cost for the extensive green
roofs can be improved to be $ 90/ m?(Porsche and Kohler 2003).

The characteristic of air plant green roofs(CAM)is that they have very low
operation and zero maintenance(Liittge 2004, Vovides et al. 2002, Martin, Hsu and
Lin 2010) because these plants are CAM plant, which does not require watering,
weeding and trimming (Rowe et al. 2014, Starry et al. 2014, Liu et al. 2012). Regular
check the covering structure of air plant green roofs is the general operation and
maintenance of air plant green roofs. The analysis of operation and maintenance
costs of air plant green roofs were estimated at $ 3.58/m2and need to be cheeked
twice a year in summer and rainy season.

Table 4.
Operation and maintenance costs of air plant green roofs.

Operation and maintenance “Cotton Candy” green roof “Spanish moss” green roof
costs ($/m?) ($/m?)
Total cost 3.58 3.58

Disposal or recycling costs

Generally, the materials of green roofs are environmental friendly and sustainability
(Bianchini and Hewage 2012, Yang, Qian and Lau 2013). The main costs of disposal or
recycling of green roof includes disposal growing mediums, transportation materials, plant
demolition (Peri et al. 2012, Kosareo and Ries 2007). After the end of lifespan of green
roofs, the supporting structures can be recycled, reused and landfilled (Getter and Rowe
2006, Rincon et al. 2014, Murillo 2010,Lough 2015).

According to Peri et al., he described about the disposal cost in a life cycle perspective
of green roof in Italy. The disposal cost analysis is estimated about $ 9.56/ m? (Peri et
al. 2012). Bianchini and Hewage explained the landfilling cost of intensive green roofs
as $ 2.7E-4/m? and $ 0.13/m?, while the landfilling cost for extensive green roofs varied
between $ 8.9E-3/m? and $ 0.20/m? (Bianchini and Hewage 2012). The materials of air
plant green roofs have very little quantities at the end lifespan because the air plant does
not require soil or substrate (Liittge 2004, Vovides et al. 2002). In addition, the lightweight
structure characteristic of air plant green roofs causes low transportation costs, low labor
costs and low plant demolition (Carter and Keeler 2008, Wong et al. 2003, Madre et al.
2013, Lamond, Wilkinson and Rose 2014, Blank et al. 2013). The covering structures,
which consist of steel box, slotted angle steel and welded wire mesh, can be recycled and
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reused. Furthermore at the end of green roof lifespan, the plants, which are “Cotton Candy”
and “Spanish moss”, can be sold as well.Consequently, the disposal and recycling costs of
air plant green roof was evaluated at $ 5.37/m>.

Table 5.
Disposal or recycling costs of air plant green roofs.
Disposal or recycling costs “Cotton Candy” green roof “Spanish moss” green roof
($/m?) (8/m?)
Total cost 5.37 5.37

3.2 External costs of green roofs

Obviously, it is widely known that green roofs havesustainable design and
high social advantages (Pinheiro and Heitor 2014, Asdrubali et al. 2015, Evans
2008, Kokogiannakis and Darkwa 2014). Green roofs also have the benefits to
environment (Carter and Keeler 2008, Clark, Adriaens and Talbot 2008, Murillo
2010, Rowe, Getter and Durhman 2012, Volder and Dvorak 2014, Tsang and Jim
2013).Bianchini and Hewage had explained that the materials of green roofs can
be used in a long term (13-32 years). It can balance the polymer’s production
process and the released air pollution such as the emissions of NO,, SO,, O, and
PM, (Bianchini and Hewage 2012). Rowe had demonstrated green roofs as a mean
of pollution abatement, which improved urban air quality, human health and
human wellbeing (Rowe 2011). Similarly, air plant green roofs are made of the
sustainable materials resulting in less pollution.

3.3 Internal benefits of green roofs

Distinctly, the benefits of green roofs are the value-added of heating or cooling
energy demand reduction, thermal solution effectiveness, building value, saving
operation cost for infrastructure and maintenance (Clark, Adriaens and Talbot
2008, Getter and Rowe 2006, Pérez et al. 2012, Castleton et al. 2010, Garrison,
Horowitz and Lunghino 2012).

Energy saving

The significant characteristic of green roofs is energy saving for building
(Williams, Rayner and Raynor 2010, Kosareo and Ries 2007, Evans 2008, Clark,
Adriaens and Talbot 2008, Castleton et al. 2010, Sproul et al. 2014, Fang et al. 2011,
Zinzi and Agnoli 2012, Wallbaum et al. 2012, Rumble and Gange 2013, Pisello,
Piselli and Cotana 2015). The plants and the layer of growing media of green roofs
are insulation to decrease the indoortemperatures (Clark, Adriaens and Talbot
2008, Murillo 2010, Sailor, Hutchinson and Bokovoy 2008). Bianchini and Hewage
calculated that the annual economic will benefit from green roofs in heating at $
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0.22/m? for cooling, each type of green roof has benefit between $ 0.18/m? to $
0.68/m? (Bianchini and Hewage 2012).

Benefit from increasing surface function, recreational space and aesthetic of the
building

The main objective of green roofs is to create natural space, surface function
and aesthetic and recreational space into the building (Fernandez-Cafero et
al. 2013, Rowe et al. 2014, Blank et al. 2013, Van Mechelen, Dutoit and Hermy
2014). These will add values to the property (Fernandez-Cafiero et al. 2013). The
visual comfort and human’s sensationare the benefits from plants (Peng and Jim
2013). The reflection of green roofs will reduce the direct glare (Feng et al. 2015)
and providethe recreational space (Fernandez-Cafiero et al. 2013, Bianchini and
Hewage 2012, Williams, Rayner and Raynor 2010). According to Bianchini and
Hewage, it was estimated that the aesthetical benefit of intensive green roof is
about 5% to 8% of property value and extensive green roofs is about 2% to 8%
of property value. The considered property values of the intensive green roofs
are between $ 8.3/m? and $ 43.2/m? and between $ 2.6/m? to $ 8.3/m? for the
extensive green roofs (Bianchini and Hewage 2012).

For air plant green roofs, it was calculated that the benefit of aesthetically
building is about 5% to 8% of property value. Accordingly, the estimation of the
aesthetical benefit of “Cotton Candy” green roof is from $ 12.85/ m? to $ 20.57/ m?
andthe consideration of aesthetical benefit of “Spanish moss” green roof is around
$3.83/ m?t0 $6.13/ m?%

Benefit of property value

At the present time, it was showed that various studies have discussed
about the increasing value and opportunities of the property (Berardi and
GhaffarianHoseini 2014, Bianchini and Hewage 2012, Peri et al. 2012, Williams,
Rayner and Raynor 2010, Tsang and Jim 2013).Moreover, the utilizations of green
roofs are the strengths and opportunities in the property market. The project and
company can identify the social responsibility by using green roofs (Zuo and Zhao
2014). The Wharton School at the University of Pennsylvania has illustrated the
tree planting along a street close to building. The property’s value had leveled
up to 9% (Wachter 2005, Commission 2008). Significantly, the sales prices of
residential building in Greenville, South Carolina had been increased from the
provided neighborhood parks (small park increases 11% on the sales prices of
residential building)(Been and Loan 2008). Commercially, Bianchini and Hewage
also considered the increasing property values from the sales prices at 10% and
20%. For extensive green roofs, the increased value is between 2% and 5%or about
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$181.5/m? and $648/m?. The extensive green roofs is varied about $132/m? and
$174/m?*(Bianchini and Hewage 2012b).

According to this research, the increasing value of the propertywhen applying
air plant green roofs are calculated from “Cotton Candy”and “Spanish moss” green
roofs.The results are varied around 3% and 6% of initial construction costs or
approximately$ 264.78/ m? to $ 272.49/ m? for”Spanish moss” green roof and varied
from $78.96/ m? to $81.26/ m*for “Cotton Candy”green roofs.

Benefit of tax reduction

Many countries utilize the tax and law incentive policy and the financial
support, which can encourage the building owners in the utilization of green roofs
(Clark, Adriaens and Talbot 2008, Tomalty, Komorowski and Doiron 2010).The
green roof promoting policies in Taiwan supports 30% tax credit to the commercial
owners (Chen 2013).The City of Chicago supports the maximum value up to
$100,000 for the cost for the building envelope development of green roofs and 50%
of total roof space (Berardiand GhaffarianHoseini 2014). Bianchini and Hewage
considered that the benefit of tax reduction in the green roof and extensive green
roof law intensive varies from $ 0/m? to $ 48/ m? (Bianchini and Hewage 2012).

At present, the consideration and values of tax reduction in many cities are
quite different. In Thailand, the tax reduction considerations of the city in the
world have the different values. Currently, there are not any direct tax reduction
policyfor green roof in Thailand. Therefore, the benefit of tax reduction of air plant
green roofs is $ 0/m?.

Benefit of green roof longevity

The green roof covering increases the conventional roof’s lifespan. Green
roofs also reduced the time period of maintenance and replacement (Bianchini and
Hewage 2012, Evans 2008, Ouldboukhitine, Belarbi and Sailor 2014). American
society of landscape architects showed that a lifespan of green roofs in Germany
could last for 40 to 50 years. On the other hand, the typical lifespan of conventional
roofs was 15-20 years (Evans 2008). Bianchini and Hewage explained that the
replacement cost of conventional roofs is about $ 160/m? in two times of the
lifespan of conventional roofs. Hence, the longevity benefit of intensive green
roofs and extensive green roof valued as $ 320/ m?(Bianchini and Hewage 2012).

The average lifespan of conventional roofs in Thailand is about 10 - 15 years.
The replacement cost of Thai conventional roof is about $ 56.64/m?to $ 92.40/
m?. The cost of roof material and structure, labor for installing and demolition*

4. The standard price of building material from Department of public works and town planning
Songkla office, 2015: www.dpt.go.th/songkhla/
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are already included. The profitability time frame of “Cotton Candy” and “Spanish
moss” green roof is 30 years. Therefore, the owner of those properties can save
the replacement cost approximately 2 times, which can save the money up to $
113.27/m? to $ 184.81/m?.

Benefit of avoided storm water in drainage system

One of the potential benefits of green roofs is the water drainage retention
before flowing into the public aqueduct (Zhang et al. 2012, Laar and Grimmer 2006,
Murillo 2010, Speak et al. 2014). Moreover, the water retention of green roofs can
reduce heating from solar radiation to building (Blank et al. 2013, Kokogiannakis
and Darkwa 2014, Volder and Dvorak 2014, Pisello, Piselli and Cotana 2015, Lin
et al. 2013, Coutts et al. 2013). The United States General Services Administration
reported that the runoff rate from conventional roof was up to 65% (General
Services Administration 2011).The benefit of from slowing the amount of rainfall
down before flowing to the irrigation system or water-distribution system showed
that there were $ 100/m? and $ 324/m? and extensive green roof about $ 39/m?
and $ 100/ m?2

Air plant green roofs have well - design that it can avoid the combined
flooding rate from sewer roofs and the delay of drainage problem. These air
plants also help to slow down the storm water. In this research, the consideration
of infrastructure saving analysis is about 20% to 40% of the green roof’s initial cost,
which is less than other types of green roofs because of the thinness of growing
media. Therefore, the profitability of avoided storm water can be calculated for
“cotton candy” green roof about $ 15.33/m? to $ 30.67/m?and “Spanish moss”
green roof between $ 15.33/m? to $ 30.67 /m?

Benefit of plant sales in market

The growth and buddingof air plan green roof can be another source of
income. Those plants can make the profit and added value to the building’s owner.
In this research, the advantages of air plant green roofs gains from the growth and
distribution. Distinctly, the research of plant growth is observed and found that
the propagation characteristics of “cotton candy”are germination growing rapidly.

4. CONCLUSION

The study of life cycle cost of air plant green roofs is one of the important tools
helping the building ownertomake up final decision about applying green roofs
on the buildings. These elements were considered from internal costs, external
costs and internal benefits of green roofs. The consideration of external costs of
green roofs showed the social costs through the life cycle of the green roofs. The
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result presented that it costs less or zero pollution when comparing with other
materials, which have some effects to environment, economic and social. The level
of economic barriers of air plant green roofs is significantly low when comparing
with other type of green roofs such as construction cost, maintenance cost,
complexity of construction, expensive integration in existing buildings. (See Table
2 Economic benefits and barriers of green roofs)The characteristic of green roofs
is an important variable in evaluating initial construction costs. It can be observed
from the structure and pattern of air plant green roofsthat stays without growing
media layer. (Thickness of growing media is below 10 cm, very lightweight of
5-10 kg/m? and does not effect to dead load of the old and new building structure.
Moreover, it can integrate the roof irrigation system together with previous roof
structure without further cost. This outstanding characteristic will decrease the
cost of initial construction costs of air plant green roofs.)

However when comparing with the cost of initial construction of air plant
green roofs, it appeared that the costs of plants, covering structure, hanging
structure and labor are higher especially in “Cotton Candy” green roof, which
costs $221.53/m* Hence after comparing with other costs, this weak spot needs to
be identified. Sustainable design and environmental friendly are the outstanding
characteristics of the green roofs. By reducing the restriction of economic barrier,
it will motivate user to apply air plant green roofs sustainably.
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