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ABSTRACT 
 

In burgeoning tropical urban areas, impermeable surfaces exacerbate urban heat 
stress, creating Urban Heat Islands (UHI). Mitigating this requires the 
adaptation of Vertical Greenery Systems (VGS) in the built environment. While 
studies explore VGS, few address their environmental impact in tropical 
contexts, where adverse weather challenges the design and management. 
Guided by 'Green wall,' this study categorizes literature on VGS into systems, 
technical properties, and tropical challenges. Scrutinizing climate, maintenance, 
and cost as barriers, the study aims to identify factors influencing successful 
VGS deployment in the tropics. Objectives include exploring typologies, 
designs, performances, irrigation, maintenance challenges, and climatic factors. 
Insights seek to offer a nuanced understanding of their efficacy across climates. 
Recommendations stress the need for targeted tropical research, a 
multidisciplinary maintenance approach, meticulous material selection, and 
ongoing technological adaptation for sustainable VGS in tropical urban 
landscapes. 
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1. INTRODUCTION 
Urbanization is predominantly observed 
in developing and third-world nations, 
particularly within tropical and 
subtropical zones (Jamei et al., 2020). 
These climatic regions span between 
23.5°N and 23.5°S latitudes, 
encompassing numerous rapidly 
developing countries in South America, 
Africa, South Asia, East Asia, and 
Southeast Asia. These areas experience 
intense sunlight and maintain average 
temperatures of 18°C or higher 
throughout the year. The annual 
precipitation in these regions is typically 

high and exhibits a rhythmic pattern to 
varying degrees (Marcotullio et al., 2021). 
Regarding the Urban Heat Island (UHI) 
effect, canopy temperature differences are 
generally in the range of 3–4°C (Voogt, 
2002; Oke et al., 2017). However, these 
values can fluctuate significantly, 
spanning from 0.4 to 12°C, and can even 
peak at 17°C in specific inner-city hotspots 
(Santamouris, 2015; Makrogiannis et al., 
1998). This variability underscores the 
intricate dynamics of urban heat within 
these regions.  
Like the rest of the world, tropical regions 
shown in figure 1 show a continuous 
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growth in cities for the last decades (UN, 
2018) and life loses its quality day by day, 
adversely affecting the inhabitants of the 
city (Baran & Gultekin, 2017). According 
to the United Nations, cities situated in 
the tropical zone occupy only 36% of the 
Earth's surface yet account for ⅓ of the 
entire global population (Jamei et al., 
2020). This rapid growth of compact dense 
cities in the tropics has also been 
accompanied by increased urban 
temperature and studies have been 
conducted on urban heating effects as 
urban environments are generally hotter 
than rural contexts (Marcotullio et al., 
2021).  
British Petroleum (BP) specifies that due 
to higher energy consumption, global oil 
consumption will be increased by 30% 
within another decade and a half (Berardi, 
2017). According to the International 
Energy Agency (IEA), cities consume 73% 
of the world’s total energy with emissions 
of 70% CO2. As a result, the quality of the 
city’s environment, microclimate, and 
ecosystems has a negative impact causing 
relatively rapid changes in the global 
climate and having other catastrophic 
effects on the whole environment, sources 
the development of carbon footprints and 
greenhouse gasses, increasing the urban 
heat island effect (El Menshawy et al., 
2021).   
Taking into consideration, the 
International Energy Outlook report 
emphasizes that the building sector will 
play an outstanding role in the world’s 
total energy use in the future (Berardi, 
2017). Responding to this phenomenon 
pressing upon climate change challenges, 
Architects and Urban planners have been 
proposing sustainable building designs to 
reduce the energy demand, minimize 
environmental impacts and alleviate the 
heat island effect (Radic et al., 2019). The 
most important part of the building is the 
skin or the façade of the building when 
approaching a bioclimatic design (Othman 
& Sahidin, 2016). Contributing to the 
problem’s solution, the application of 

green facades and living walls are used as 
sustainable building design elements that 
are steadily gaining importance and are 
increasingly widely used (Radic et al., 
2019).  
In-depth knowledge is necessary to 
promote green facades and living wall 
adoption in cities. Many research studies 
have been conducted across the globe, 
nevertheless, information and knowledge 
on the adaptation of green wall systems in 
tropical cities are incomplete and 
piecemeal in the scientific literature (Jim 
C, 2015). The number of articles found in 
the tropical context is mentioned in Figure 
1. This insufficient knowledge contributed 
to design failures, improper management, 
and outright failure. 
Research studies have been 
comprehensively mapping out: Different 
types of Vertical green facades (Baran & 
Gultekin, 2017) (Manso & Castro-Gomes, 
2015),  their benefits on health and 
comfort (Radic, Dodig, & Auer, 2019) 
(Manso et al., 2021), carbon emission and 
thermal comfort of the users (Charoenkit 
& Yiemwattana, 2016) (Koch et al., 2020), 
evaluation of the thermal performance of 
the green facade or the living walls (Koc et 
al., 2018) (Hunter et al., 2014), state of art 
of new technologies used (Medl et al, 
2017), economical and maintenance 
challenges (Teotonio et al., 2021) 
(Liberalesso et al., 2020; Gunawardena & 
Steemers, 2020), are widely studied 
around the world. As some review studies 
on vertical green systems are already 
available, this paper focused on vertical 
greenery systems around the tropical 
context, addressing, 

§ The typologies, design, and 
performances of the vertical green 
wall systems in the tropics 

§ Extended discussion on different 
irrigation systems used in VGS. 

§ Maintenance and challenges faced by 
VGS in tropical climates.  
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§ Discussion on climatic factors 
affecting VGS in tropical settings and 
a comparison of the same in different 
climates.  

2.  METHODOLOGY 

The study conducted a comprehensive 
review and analysis of past and recent 
literature on vertical greenery systems 
(VGS), covering both green facades and 
living walls. The systematic literature 
review involved searching academic 
databases such as Science Direct, Scopus, 
ResearchGate, and Google Scholar, using 
the main keyword "Vertical greenery 
systems." This search yielded 98 relevant 
papers and articles. The study also 
consulted websites and manufacturers' 
catalogues to gather information on 
construction methods and plant types. 
The challenge of precise categorization 
arose due to diverse naming conventions 
for similar VGS construction types. Mina 
Radic's study (Radic et al., 2019) 
emphasized the lack of precise naming, 
noting the term "hydroponic system" used 
interchangeably with VGS construction 
types. The paper classified various names 
found in literature, articles, and 
catalogues under green facades and living 
walls based on construction types, 
acknowledging differences in design and 
materials. Conclusively, a compilation of 
various names associated with green 
facades and living walls has been 
organized according to their construction 
types. Notably, these names may signify 
distinctions in both design and the 
materials utilized, as depicted in Figure 3. 
 
 
 
 
 

Figure 1: Number of publications 
related to VGS around the tropics. 
Locations and color-coded by Koppen-
Geiger classification  

 
Source: Beck et al. (2018) 

Figure 2: Flow diagram of the 
methodology. 

 
The review focused on plant types, 
climatic factors influencing plant growth 
in tropical settings, and briefly discussed 
thermal performance. The primary 
emphasis was on technical challenges 
related to maintenance in tropical 
installations. Technical characteristics 
such as weight, dimensions, recyclability, 
and economic aspects, as well as specific 
architectural typologies and computer-
simulated studies, were excluded from the 
scope. The study also excluded 
cantilevered vegetated balconies and 
green stepped terraces in buildings due to 
their classification as non-facade 
structures. Overall, the research provided 
insights into VGS construction, plant 
considerations, and addressed challenges 
related to maintenance in tropical 
environments. 
Within the comprehensive collection, 20 
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articles are allocated to typology, while 10 
articles are dedicated to elucidating the 
benefits of Vertical Greenery Systems 
(VGS). Additionally, 35 articles focus on 
technical characteristics and thermal 
properties, addressing their role in climate 
change mitigation and as a method for 
carbon sequestration. Notably, a subset of 
22 articles specifically investigates VGS in 
tropical regions, based on the Köppen-
Geiger climate classification. 

3. VERTICAL GREENERY SYSTEMS     

The history of Vertical Greenery Systems 
(VGS) dates to the 7th century with the 
Hanging Gardens of Babylon, featuring 
terraces covered in vegetation (Wang et 
al., 2016). Modern systems were 
introduced by Stanley Hart White in 1938, 
presenting the concept of Vegetation 
Bearing Architectonic Structure and 
System (Hindle, 2012). VGS gained 
popularity in the 1980s when botanist Dr. 
Patrick Blanc integrated plants on 
building facades, addressing 
environmental concerns (Abu Bakar et al., 
2013). Since then, the VGS model has been 
globally modified and adopted, 
particularly in tropical regions like North, 
South, and Central America, the 
Caribbean, and Asia (Abu Bakar et al., 
2013). 

3.1 Types of Vertical Greenery Systems 

Vertical greenery or commonly referred to 
as a “vertical garden” has different 
systems which can be categorized 
according to the growing method (Perini et 
al., 2011). It can be a plant rooted into the 
ground or on the wall material itself or in 
modular panels attached to a building 
façade which can be grouped as green 
facades and living walls (see figure 3) 
(Perini et al., 2011). Each system can be 
further categorized into different types 
and systems according to design, 
installation and maintenance (El 
Menshawy et al., 2021). 
 

Figure 3: Types of vertical greenery 
systems 

 
Source : Cuce (2016); El Menshawy et al. (2021) 

3.1.1 Green Facades   
The green facades are the types of vertical 
greening systems that climbing plants have 
been using to cover building facades 
(Othman & Sahidin, 2016). This system 
further can be categorized as direct and in-
direct systems which consist of climbing or 
hanging plants that can grow directly 
attaching to the building facade or 
supported by cables or trellis (Cuce, 2016). 
The direct greening façade system 

Plants are directly attached to the wall 
without any structural support. This is 
called the Traditional green facade system 
where climbing plants and creepers’ roots 
are either placed in the ground or planter 
boxes (El Menshawy et al., 2021). These 
plant species have the adhesive property to 
attach to a wall without any additional 
support to grip.  This method takes about 
3-5 years for the plants to fully grow and 
cover the whole façade (Othman & Sahidin, 
2016). Mostly common seen on fences or 
columns, embedded in existing walls 
(Baran & Gultekin, 2017).  
The in-direct greening façade system  
Certain plants lacking adhesive properties 
require additional support structures for 
growth (El Menshawy et al., 2021). Various 
materials like cables, meshes, ropes, wood, 
plastic, or aluminum can serve as support 
for climbing plants (Baran & Gultekin, 
2017; Perini et al., 2011; Susorova, 2015). 
Rooting space may be in the ground or 
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planter boxes, positioned at the bottom or 
on different levels of the facade for optimal 
coverage (El Menshawy et al., 2021). 
Creating an air gap between the vegetation 
and facade forms a "Double skin facade" 
(Manso & Castro-Gomes, 2015). Indirect 
systems include the Modular trellis panel, 
continuous guides (grid system), and wire-
rope net system. The latter promotes rapid 
plant growth, suitable for fast-growing 
plants, while slower-growing plants benefit 
from smaller intervals in the wire-rope net 
system (Baran & Gultekin, 2017). Modular 
trellis panels, made of powder-coated 
galvanized steel wire, serve as building 
blocks, influencing aesthetics and 
functionality based on factors like weight, 
profile thickness, durability, and cost 
(Baran & Gultekin, 2017). 

3.1.2 Living Walls  
Living walls also referred to as green 
walls and vertical gardens, consist of 
more than one type of plant. Ground cover 
plants or evergreen plants (such as small 
shrubs, grasses, perennial plants, and 
succulents (Palemo & Turco, 2020)) are 
possible to grow vertically by using this 
method (Othman & Sahidin, 2016) 
(Susorova, 2015). Living walls are 
constructed from modular panels which 
contain soil or other artificial growing 
mediums, where both plant and the 
planting medium are placed on the 
vertical surface (Perini et al, 2011).  For 
example, the use of foam, perlite, and 
mineral wool, and based on hydroponic 
culture, all parts of the plant’s food and 
water requirements are provided along 
with balanced nutrient solutions (Perini 
et al, 2011). This type of vertical greenery 
system needs more maintenance 
compared to other types, as it contains a 
wide variety of plant species (Othman & 
Sahidin, 2016). To protect the façade 
surface, commonly the living wall has 
been separated from a layer of 
waterproofing membrane (Susorova, 
2015). Some living walls’ substrate needs 
improvements with nutrients for plant 
growth. For example, the use of a mixture 

of organic and inorganic fertilizers, metal 
chelates, minerals, nutrients and 
hormones for plants or other additives 
can be used as upgrades (Manso & 
Castro-Gomes, 2015).   
Over the years living wall system has 
been developed into a wide variety of 
types with different characteristics. They 
can be classified as continuous or 
modular, according to their growing 
medium and application method (Perini 
et al., 2011).  
Continuous Living wall 
The Hydroponic system, as described by 
Palemo and Turco (2020), eliminates the 
need for soil substrate, utilizing fabric or 
felt layers cut into pocket-like forms for 
plant growth. These lightweight, 
absorbent screens, attached to layers, are 
root-proof, flexible, and permeable, 
supported by a base panel. Indirectly 
connected to the building façade, a void 
space is created, preventing wall 
humidity (Manso & Castro-Gomes, 2015). 
Following the Hydroponic technique, pre-
grown plants are individually inserted 
into panels, applicable in both indoor and 
outdoor settings (Editors, 2020). 
Irrigation pipes behind fabric layers 
ensure water and nutrient distribution 
via gravity (Susorova, 2015), supported 
by a waterproof PVC sheet (Perini et al., 
2011). 
Modular Living wall  
Out of the types of living wall systems, 
the modular living wall system differs in 
weight, composition, and assembly 
(Perini et al., 2011). These pre-vegetated 
panels can be in the form of different 
supporting elements, such as vessels, 
trays, flexible bags, or planter tiles.  In 
this system, plants’ growing medium can 
be both organic and/or inorganic 
substrate with a good retention capacity 
where root growth is propagated. 
Typically, the irrigation system is 
installed between the panels according to 
the configuration of the supporting 
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elements (Palemo & Turco, 2020). This 
system is usually comprised of several 
interlocking parts, made from lightweight 
materials like plastic (polypropylene or 
polyethene) or metal sheets (aluminium, 
stainless steel, or galvanized steel) 
(Manso & Castro-Gomes, 2015). 
a) Trays are sturdy containers, 

typically plastic or metal, designed 
with specific dimensions for holding 
plants and substrate weight (Palemo 
& Turco, 2020). They come in various 
shapes, such as framed boxes or wire 
cages, with precut holes. Some have 
hooks or brackets on the back surface 
for vertical facade connection (Manso 
& Castro-Gomes, 2015).  
 

b) Vessels - This system can be attached 
vertically to each other and easily 
fastened to a vertical structure 
(Perini et al., 2011).  Moreover, this 
system allows the installation of 
several plants in each vessel along 
the same row. Commonly made from 
polymeric materials and the form 
creates a pleasing image on the 
building surface (Manso & Castro-
Gomes et al., 2015).   
 

c) Planter tiles - The system acts as 
modular cladding for both exterior 
and interior walls, functioning 
beyond a vegetative layer (Perini et 
al., 2011). Tiles connect by 
juxtaposition, featuring a flat back 
for surface attachment and areas for 
individual plant insertion. 
Constructed from lightweight 
materials like plastic or ceramic, 
they can be glued or mechanically 
fastened to vertical surfaces (Manso 
& Castro-Gomes, 2015). 
 

d) Flexible bags- Also termed as 
hanging pocket living walls 
(Susorova, 2015) are lightweight 
fabric containers (felt, capillary mat) 
attached to a rigid support 

(waterproof plywood board). These 
living walls are shaped like pocket 
modules containing soil or other 
growing media such as pumice and 
compost (Urrestarazu et al., 2019). 
Application of vegetation on surfaces 
with different forms, for example, 
curved or sloped surfaces (Perini et 
al., 2011). 

Peter et al. (Pérez et al., 2011) was 
classified these construction systems into 
'extensive and intensive systems,' with 
Green Facades as extensive and Living 
Walls as intensive. Lee and Jim (Lee & 
Jim, 2017) classify green walls as "climber 
green wall" and "Herb-shrub green wall" 
based on veneer and substrate systems. 
Safikhani et al. (2014) detail living wall 
modules like G-sky, green wall containers, 
woolly pockets, Verti-Garden, Philly 
Green Wall, and Fytowall. Woolly pockets 
are pouches with stacked plants, while 
Verti-Gardens, produced by a British 
company, use plastic panels in zinc-plated 
steel frames. 
Interior Living walls  
Susan Loh (Loh S., 2008) introduces 
'Interior living walls,' utilizing panel, felt, 
or container/trellis systems integrated 
into a building's mechanical system. 
Plants cleanse and humidify the air, with 
growing medium supplied indoors. 
Othman Ahmad (Othman & Sahidin, 
2016) labels these as "Bio-Filtration" 
systems providing thermal regulation and 
purifying air using fans, akin to 
Hydroponics. Recycled water and 
nutrients from a tank irrigate the wall. 
Synthetic fabric layers on the gutter, with 
microbes, prevent volatile organic 
compounds (VOC) from entering. Termed 
'Smart and Active' green walls in 
catalogues, they boast purification 
efficiency (Mustonen, 2017). 

3.2 Irrigation 

Both Green Facades and living walls need an 
amount of regular irrigation and fertilization 
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throughout the life cycle. Water and 
nutrients can be treated either by pumping 
and distributed mechanically, or irrigated 
naturally by rain, manually or automatically 
(Susorova, 2015).  Green façade systems can 
be easily irrigated while living walls should 
be monitored periodically to ensure the 
functioning of the irrigation systems and 
plant health. Specifically, the need for 
irrigation depends on the type of vertical 
greenery system, the plants used, and the 
climatic conditions, which matter (Manso & 
Castro-Gomes, 2015). Two different types of 
Irrigation systems can be found in research 
articles so far. VGS types have been 
summarized with specified irrigation and 
drainage systems in table 01.  

Table 1: VGSs with Irrigation systems 

V
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 (Jim C. , 
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system/ 
manually 

 (Jim C. , 
2015) 
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trellis 

Dip 
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Vessels 
with 
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(Manso & 
Castro-
Gomes, 
2015) 
(Baran & 
Gultekin, 
2017), 

L
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(Manso & 
Castro-
Gomes, 
2015) 

M
od

ul
ar

 
sy

st
em

s Trays Dip/ 
Sprinkler 
Irrigation 
system 

Lateral 
and 
inferior 
holes 

 (Baran & 
Gultekin, 
2017) 

 Planter 
tiles 

Dip 
Irrigation 
system 

Lateral 
and 
inferior 
holes 

(Manso & 
Castro-
Gomes, 
2015) 

 Flexible 
bags 

Dip 
Irrigation 
system 

 (Manso & 
Castro-
Gomes, 
2015) 

Jim (2015) conducted a field experiment 
using low-pressure, low-flow rate 
sprinklers with a flexible buried pipe on 
direct and indirect green facades. Yasemin 
Baran (Baran & Gultekin, 2017) discussed 
'Metal Fence System Vegetation,' utilizing 
drip irrigation for climber plants. Modular 
system vegetation allows liquid manure 
and nutrient application through a 
sprinkler system (İpekçi & Yüksel, 2012). 
Manso and Castro-Gomes (Manso & 
Castro-Gomes, 2015) emphasized proper 
irrigation for modular green facades, 
suggesting continuous tubes at the top for 
uniform water distribution. 
Continuous living wall systems with 
permeable screens ensure consistent 
water and nutrient distribution (Manso & 
Castro-Gomes, 2015). Modular living 
walls like trays use top-inserted irrigation 
tubes for gravity-fed watering, with 
drainage holes for excess water flow 
(Sabin, 2011; Sichello, 2010; Urriola, 2011; 
Yap et al., 2011). Various irrigation 
materials, including rubber, plastic, 
thermoplastic piping, and silicone 
connectors, offer outputs like drip, 
sprinkler, holes, or pipes with different 
distribution patterns. The equipment, 
housed in a mechanical room, includes 
manure and water tanks, pumps, 
crushers, and electric boards (Baran & 
Gultekin, 2017; Erdoğan & Khabbazi, 
2013). 
To conserve water, Manso and Castro-
Gomes (Manso & Castro-Gomes, 2015) 
recommend placing plants with lower 
water needs at the top and those with 
higher demands at the bottom, utilizing 
gravity-fed vertical irrigation. Martensson 
et al. suggest high water retention 
substrates for irrigating larger volumes 
without runoff risk (Mårtensson et al., 
2014). Regular maintenance is crucial for 
irrigation systems, addressing leaks, 
inspecting controllers and sensors, 
clearing debris from injectors, replacing 
electronic devices if needed, and verifying 
proper water flow and pressure (Ascione et 
al., 2020; Wood et al., 2014). 
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3.3 Drainage  
In green wall types, geotextile materials 
facilitate gravity-driven excess drainage, 
particularly in Continuous and modular 
living walls. The permeable membrane in 
these systems allows water to pass 
through, enhancing drainage and nutrient 
access in modular trays (Manso & Castro-
Gomes, 2015). Some modular systems 
feature concave, inclined, or perforated 
bottoms, made from porous or absorbent 
materials, improving drainage (Laurence 
& Sabin, 2011). Channels or holes in 
modular systems aid surplus water 
removal. Vessel-type living walls use filter 
materials, like inoculated sand, to purify 
rainwater and remove toxins, while inert 
fillers like expanded clay promote 
drainage and root development (Blanc, 
1996). 

3.4 Drip Trays 

The excess irrigated water dripping from 
the growing medium and foliage is 
captured from drip trays. The size of the 
drip tray may vary with the volume of the 
vertical greenery system which should be 
sufficient to hold the entire irrigation 
cycle. If runoff is allocated below the 
irrigated vegetation, then a drip tray may 
not be necessary for the system. The tray 
should have a drainage pipe of sufficient 
diameter in size to capture the excess 
water without overflowing. Facia 
treatments can be added to conceal the 
edges. Moreover, the irrigated water 
collected at the drip tray can be pumped 
back to the top of the irrigation system for 
re-use (Growing Green Guide, 2014).  

 

 
 
 
 
 

Figure 4: : Detail of the drip tray in 
both modular and hydroponic system 

 
Source: Growing Green Guide (2014) 

3.5 Tropical Vegetation on VGS 
Beecham et al. (Beecham et al., 2019) was 
discussed the critical role of vegetation in 
any green wall system. Compared with the 
non-vegetative building cladding, 
vegetated facades provide shading to the 
façade which helps to regulate the 
temperature and the microclimate of the 
building. The selection of plants relies 
totally on the building orientation and 
climatic conditions along with local 
weather patterns. 

Figure 5: Living wall plant pattern 
layout designs from manufactures’ 
catalogues 

 

 
Source: Knauf Insulation (2023);  Horticulture (2023) 
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In tropical climates, characterized by 
persistently high temperatures and 
humidity, the design and durability of 
vertical greenery systems face significant 
challenges (Nedhal et al., 2013; Othman & 
Sahidin, 2016). This study addresses these 
issues by concentrating on vertical 
greenery systems tailored to tropical 
contexts. Baran and Gultekin (2017) 
underscore the importance of selecting 
suitable plant species that can easily 
adapt to prevailing climatic conditions for 
the maintenance of green walls. Jim 
(2015) contributes to this by developing a 
matrix guiding the selection of climber 
plants based on biological and 
horticultural traits. 

Figure 6: Plant Selection Matrix 
Multiple climbers- plant characteristics for 

Vertical Greenery System design and 
management 
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colour 

Large> 8 cm 
Medium 4-8 
cm 
Small <4 cm 

Cantilever 
Normal 
Veneer  

Vivid 
Change 
Moderate 
change  
Little 
change  

 
 

F
lo

w
er

  

Showy-
flower Flower-size Bloom 

duration 
Conspicuous  
Moderate 
Non-showy 

Large> 8 cm 
Medium 4-8 
cm 
Small <4 cm  

Long > 4 weeks 
Medium 2-4 
weeks 
Short < 2 weeks 

C
li

m
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ng
  

Attachment-
mode 

Training-
system 

Climbing-
surface 

Stickinga  
Grippingb  
Twiningc  

Bare wall 
Mesh (trellis) 
Netting 
(web) 
Cable (wire 
rope) 

Wall 
Wall-like 
frame 
Pergola 
(arbour) 
Post-pole 

 
Source: Jim (2015)  

Living walls offer a diverse array of 
growing methods and plants compared to 
the more limited green facades. Green 
facades primarily feature climbing plants, 
restricted to evergreen and deciduous 
foliage. Evergreen plants, with leaves 
year-round, suit continuous cooling in hot 
climates, while deciduous ones provide 
cooling in summer and heating in winter 
(Susorova, 2015). Climbing plants are 
classified as self-supporting or supported 
by structures varying in height and 
growth patterns (Yap et al., 2011). 
In contrast, living walls present a wider 
range of plant types, encompassing 
shrubs, grasses, and perennials, 
facilitating artistic patterns and diverse 
aesthetics on building facades (Manso et 
al., 2015). This design concept is gaining 
popularity among designers and residents, 
providing a visually appealing option 
(Beecham et al., 2019). Before 
implementing creative intentions on 
building exteriors or interiors, it is crucial 
to analyse plant development, colour 
patterns, blooming, foliage, and 
composition. 

a Direct attachment to the bare wall surface 
with sticky pads or sticky aerial roots.  
b Attaching to wires of a training system of 
mesh or netting by tendrils, hooks, thorns, 
etc.  
c Spiral twining around the cable (wire-
rope) of the cable training system.  
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Emphasizing sustainability, Manso and 
Castro-Gomes (2015) advocate for living 
walls with vegetation adapted to local 
weather conditions and possessing low 
irrigation needs. Modular living walls, 
featuring succulent plants, emerge as a 
low-maintenance alternative that reduces 
system weight. While extensive living 
walls may not be suitable for succulents, 
they can be integrated into smaller 
facades. Additionally, incorporating urban 
agriculture into green walls addresses 
food production challenges in densely 
populated areas. 

3.6 Benefits from VGSs’ 
Green walls, supported by Manso et al. 
(2021), offer extensive benefits spanning 
micro to macro environments, addressing 
environmental and climate concerns. 
Through processes like photosynthesis, 
transpiration, and respiration, they 
absorb solar radiation, contributing to 
evaporative cooling and mitigating the 
Urban Heat Island (UHI) effect, 
particularly in warmer climates (Ascione 
et al., 2020; Radic et al., 2019). Green 
facades positively impact air quality and 
reduce pollution in urban areas (Radic et 
al., 2019), while elevated CO2 
concentrations aid UHI mitigation (Zaid et 
al., 2018). Vertical greenery systems 
(VGS) act as sound buffers, reducing 
outside noises by up to 40 dB, and protect 
building facades, extending their lifespan 
(Timur & Karaca, 2013; Zaid et al., 2018). 
Hydrologically, VGS contributes to the 
water cycle by absorbing evaporating 
water, reducing strain on rainwater 
drainage systems (Loh & Stav, 2008). 
Some living walls use greywater or 
rainwater for irrigation, incorporating 
renewable energy for sustainability (Radic 
et al., 2011). Qualitatively, VGS enhances 
well-being, offering psychological benefits, 
stress alleviation, and improved urban 
connectivity (Manso et al., 2021; Radic et 
al., 2019). Economic benefits include 
increased real estate values, potentially 
rising by 7 to 15%, making VGS a holistic 

and sustainable solution with long-term 
paybacks and tax incentives (Jialin, 2013; 
Perini & Rosasco, 2013). In summary, 
green walls and VGS significantly 
contribute to multifaceted environmental, 
social, and economic improvements in 
urban settings.  

3.7 Thermal Performances and Energy 
Savings  
Vertical Greenery Systems (VGS) provide 
heat insulation in buildings (Wang, Er, & 
Rahman, 2016). They enhance thermal 
performance by absorbing solar energy 
and converting it into latent heat through 
evapotranspiration (Zaid et al., 2018; 
Wang et al., 2016). The shadow effect on 
the façade reduces energy consumption 
and costs (Demuzere et al., 2014). Pérez et 
al. (2011) emphasize mechanisms like 
solar radiation interception, thermal 
insulation, evapotranspiration, and wind 
obstruction for energy savings. Beecham 
et al. (2019) highlight factors influencing 
VGS cooling, including canopy cover, 
thickness, and plant morphology. Lee and 
Jim (2017) identify weather, season, wall 
orientation, plant species, and growth as 
factors affecting thermal benefits. 
Research on VGS in tropical regions is 
limited, despite its significance in 
mitigating thermal stress and Urban Heat 
Island effects (Jamei et al., 2020). Wong et 
al. (2010) conducted an experimental 
study revealing that high foliage density 
and stable diurnal temperature reduce 
temperatures in VGS. Factors like 
substrate type, structure insulation, 
moisture content, and plant coverage 
influence thermal performance. Notably, 
the color of plants, such as red-leaved 
species, can impact temperature reduction 
(Wong et al., 2010). Overall, 
understanding these factors contributes to 
energy savings and efficient VGS 
implementation.
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Table 2: Different selection of plants from data available in scientific literature 
around the Tropics 
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Table 3: Major findings from different experimental studies on thermal 
evaluation around tropics 
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Table 4: Climbing vegetable plants in 
the tropical area 
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Source: Zaid et al. (2018) 

3.8 Challenges faced by VGSs around 
Tropics 
Terblanche (Terblanche, 2019) 
emphasized major factors affecting the 
implementation of green walls. According 
to the study, the climate is the most 
difficult barrier to overcome. Following, 
the maintenance and cost are the next 
major factors hindering the green wall 
installations. 
Climate   
In tropical climates, design considerations 
are dynamic due to year-round high 
temperatures and humidity, impacting 
summertime comfort (Nedhal et al., 2013; 
Othman & Sahidin, 2016). Façade design 
in hot and humid tropics faces challenges 
during rainy days, as high humidity levels 
impede natural ventilation as a cooling 
energy source (Louis & Jim, 2021). 
Implementing Vertical Greening Systems 
(VGS) requires considering temperature, 
humidity, orientation, and wind (Hopkins 
& Goodwin, 2011). 
Jim's experimental study (Jim C. Y, 2015) 
revealed challenges faced by green facades 
in strong winds, leading to stem 
detachment and plant failure. Louis and 
Jim (Louis & Jim, 2021) emphasized the 
importance of shading-induced cooling in 
tropical countries with longer hot seasons. 
Climber plants with high leaf area index 
and extended growing periods are effective 
for shading, particularly in low-altitude 
regions with constant lengthy days. 
However, Jim's study also noted failures, 
such as Campsis grandiflora unable to 
attach properly in strong winds (Jim C. Y, 
2015). 
Geographical location and diurnal solar 
radiation distribution influence climber 
plant success. Summer temperatures in 
the tropics often exceed comfort 
thresholds, making VGS crucial for 
temperature reduction indoors and 
outdoors (Pan & Chu, 2016). 
Understanding these complexities is vital 
for effective VGS integration in tropical 
building designs. 
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Maintenance on VGS   
Susorova (Susorova, 2015) highlighted 
challenges in long-term maintenance for 
both green facades and living walls. Green 
facades' plant choices impact aesthetics 
and functionality, posing implications for 
damage and visual aspects. Living walls' 
diverse plant options and functional 
complexity, involving multiple layers, 
supporting materials, and water and 
nutrient control, make maintenance 
difficult and expensive (Jim C, 2015). 
Shrubs in living walls demand strong 
gravity support due to heavy components, 
limiting VGS suitability. 
Tray systems, with greater seeding depth, 
are more manageable for restoring plant 
species than continuous living walls 
(Palemo & Turco, 2020). Louis et al.'s 
study emphasized potential issues with 
metallic trellis or wire ropes, causing 
temperature increases and damage to 
climber plants' fresh tissues. Wire rope 
distortion, complex entanglement with 
adjoining climbers, and immense forces 
exerted by some stems on wires and bolts 
were observed. Nutrient supply for active 
growth could attract micro-organisms and 
insects (Louis & Jim, 2021). 
Understanding these challenges is crucial 
for effective VGS maintenance and 
selection in building designs. 
Cost  
Installation and maintenance costs for 
Vertical Greening Systems (VGSs) are 
significant (Beecham et al., 2019). Perini 
et al. have considered yearly maintenance 
costs, requiring approximately four years 
for greening facade pruning. VGS costs 
depend on type, plant species, and space 
(Boby et al., 2020). Allocating an 
additional 5% of the budget helps manage 
unforeseen maintenance issues (Growing 
Green Guide, 2014). Boby et al. (2020) 
have detailed costs of plant species, 
structural components, and irrigation 
systems separately, with green facade 
vegetation costing less than some living 
wall plants. Green facade structural 

elements cost approximately US$42.11 
per piece, and drip irrigation systems 
range from US$12.98 to US$21. Living 
wall structural components cost around 
US$200 per sq. ft, with drip irrigation at 
US$275 per month. 
A life cycle environmental impact study 
(Pan & Chu, 2016) estimated over 50 years 
of service life for polyethylene panels and 
plant baskets in tray systems. Low-
density material watering systems and 
drip lines have a life expectancy of 7.5 
years with regular replacements. Ottelé et 
al.'s research (Otteléa et al., 2011) found 
direct green facades to be more economical 
and sustainable than modular living wall 
systems (Beecham et al., 2019). Eco-
efficient VGS outcomes involve proper 
material selection and recycling. Reducing 
materials used, employing 
environmentally friendly and durable 
options, and incorporating drip irrigation 
and water-retaining planter boxes support 
economic benefits and environmental 
sustainability for living walls (Pan & Chu, 
2016). 

4. DISCUSSION 
Numerous global studies have explored 
Vertical Greening Systems (VGS) types 
and thermal performances. In tropical 
contexts, where challenges are 
pronounced, further research is crucial for 
effective implementation (Othman & 
Sahidin, 2016). Terblanche (2019) 
identified climate, maintenance, and cost 
as key challenges in VGS, emphasizing the 
need for a comprehensive understanding. 
Radic et al. (2019) stressed 
multidisciplinary research on 
maintenance, while the use of diverse 
materials impacting maintenance, 
economy, and environmental 
sustainability requires thorough 
examination. 
Design considerations by El Menshawy et 
al. (2021) outlined crucial steps, 
emphasizing site analysis, existing 
structures, and local vegetation study. 
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Critical decisions during design and 
planning, considering objectives, 
irrigation, drainage, and skilled 
involvement, lead to successful 
implementation. Installation components, 
such as plant species selection, substrate, 
water supply, and supporting structures, 
play a pivotal role (El Menshawy et al., 
2021). Maintenance, an integral part of 
the design process, ensures durability and 
livability, demanding performance targets 
and resource availability. 
Othman et al. (2016) suggested factors for 
VGS selection in office buildings, 
including scale, space, concept, and 
thermal comfort. VGS, vital for urban 
sustainable development, includes diverse 
types like green facades and living walls. 
Irrigation and drainage systems are 
crucial for VGS on building facades, while 
plant species selection varies between 
systems. 
Despite the significance of VGS, 
adaptation in tropical contexts faces 
challenges in climate, maintenance, and 
cost. The lack of scientific analysis 
impedes successful implementation. New 
trends and technologies must align with 
sustainability goals to overcome 
constraints and establish effective VGS in 
tropical climates. The role of VGS in 
sustainable urban development remains 
prominent, requiring ongoing research 
and innovative approaches for tropical 
implementation. 

5. CONCLUSION 
In conclusion, implementing Vertical 
Greening Systems (VGS) in tropical 
climates requires a nuanced approach to 
overcome challenges. The dynamic 
tropical climate, characterized by high 
temperatures and humidity, presents 
design obstacles impacting comfort and 
natural ventilation. Maintenance proves 
critical, with the intricate structures of 
green facades and living walls posing 
challenges and expenses. Tray systems 
offer a more manageable solution for plant 

restoration. Installation and maintenance 
costs vary, demanding careful planning. 
Life cycle studies stress material selection 
and eco-efficient outcomes for 
sustainability. Despite challenges, VGS 
are vital for sustainable urban 
development. Key design considerations, 
ongoing research, and innovative 
technologies aligned with sustainability 
goals are essential. Adaptation of new 
trends must be guided by scientific 
analysis for continued prominence in 
fostering sustainable urban 
environments, requiring collaboration, 
innovation, and a commitment to 
addressing complexities. 

6. ACKNOWLEDGEMENTS 

This Research was financially supported 
by the Research Council, University of Sri 
Jayewardenepura, Research grant no: 
ASP/01/RE/MGT/2022/43 and the Centre 
for Real Estate Studies, Department of 
Estate Management and Valuation, 
University of Sri Jayewardenepura, Sri 
Lanka. 

7. REFERENCES 

Abu Bakar, N. I., Mansor, M., & Harun, N. Z. 
(2013). Approching Vertical Greenery as 
public art: A review on potentials in urban 
Malaysia. Architecture and Environment , 
12, 1-26. 

Arunbabu, V., Sruthy, S., Antony, I., & 
Ramasamy, E. V. (2015). Sustainable 
greywater management with Axonopus 
compressus (broadleaf carpet grass) planted 
in sub surface flow constructed wetlands. J. 
Water Process Eng, 7, 153-160. 

Ascione, F., De Masi, R. F., Mastellone, M., 
Ruggiero, S., & Vanoli, G. P. (2020). Green 
Walls, a Critical Review: Knowledge Gaps, 
Design Parameters, Thermal Performances 
and Multi-Criteria Design Approaches. 
Energies, 13, 2296. doi: 
doi:10.3390/en13092296 

Bakar, N. I., Mansoor, M., & Harun, N. Z. (2013). 
Approaching vertical greenery as public art: 



JOURNAL OF REAL ESTATE STUDIES | 2024 | VOLUME 21 | ISSUE 01 

 20 

a review on potentials in urban Malaysia. 
J.Archit.Environ., 12(1), 1-26. 

Baran, Y., & Gultekin, A. B. (2017). Green Wall 
Systems: A Literature Review. Springer 
International Publishing AG. 

Beck et al. (2018). Present and future Koppen- 
Geiger climate classification maps at 1-km 
resolution. Science Data 5:180214. 
doi:10.1038/sdata.2018.214(2018) 

Beecham, S., Razzaghmanesh, M., Bustami, R., & 
Ward, J. (2019). The Role of Green Roofs and 
Living Walls as WSUD Approaches in a Dry 
Climate. Approaches to Water Sensitive 
Urban Design, 409-430. 
doi:https://doi.org/10.1016/B978-0-12-
812843-5.00020-4 

Berardi, U. (2017). A cross-country comparison of 
the building energy consumptions and their 
trends. Resour. Conserv. & Recycl., 123, 230-
241. 

Blanc, P. (1996). Plant culture on vertical surface. 
France: FR 2747265 A1. 

Boby, N. M., Dash, S. P., & Shetty, D. (2020). A 
Study On The Efficacy Of Green Walls In 
Indian Perspective. PalArch's Journal of 
Archaeology of Egypt/ Egyptology, 9(ISSN 
1567-214x), 17. 

Charoenkit, S., & Yiemwattana, S. (2016). Living 
walls and their contribution to improved 
thermal comfort and carbon emission 
reduction: A review. Building and 
Environment, 
doi:10.1016/j.buildenv.2016.05.031. 

Cheng, C. Y., Cheung, K. K., & Chu, L. M. (2010). 
Thermal performance of a vegetated 
cladding system on facade walls. Build. 
Environ, 45(8), 1779-1787. 

Cuce, E. (2016). Thermal regulation impact of 
green walls: An experimental and numerical 
investigation. Applied Energy, 
http://dx.doi.org/10.1016/j.apenergy.2016.09
.079. 

Demuzere, M., Orru, K., Heidrich, O., Olazabal, 
E., Geneletti, D., Orru, H., . . . Faehnle, M. 
(2014). Mitigating and adapting to climate 
change: multi-functional and multi-scale 
assessment of green urban infrastructure . 
J.Environ. Manage., 146, 107-115. 

Editors, A. (2020). An Architect's Guide To: Green 
Walls. (sagegreenlife) Retrieved from 
https://architizer.com/blog/product-
guides/product-guide/eantka-green-walls/ 

El Menshawy, A. S., Mohammed , A. F., & Fathy, 
N. M. (2021). A comparative study on green 
wall construction systems, case study: South 
Valley campus of AASTMT. Elsevier, 17. 

Erdoğan , E., & Khabbazi , K. A. (2013). Use of 
plants on building surfaces. vertical gardens 
and city, 6(1), 23-27. 

Gilman, E. F. (1999). Rhoeo spathacea. 
Gainesville: Florida Cooperative Extension 
Service,. University of Florida: Institute of 
Food and Agriculture Sciences. 

Gunawardena, K., & Steemers, K. (2020). Urban 
living walls: reporting on maintenance 
challenges from a review of European 
installations. Architectural Science Review,  

Hindle, R. I. (2012). A vertical garden: origins of 
the Vegetation- Bearing Architectonic 
Structure and System (1938). Stud. Hist. 
Gard. Des. L., 32, 99-110. 

Hopkins, G., & Goodwin, C. (2011). Living 
architecture: green roofs and walls. Csiro 
Publishing . 

Horticulture, H. (n.d.). San Francisco Museum of 
Modern Art. (Habitat Horticulture) 
Retrieved from 
https://habitathorticulture.com/projects/sfm
oma 

Hunter, A. M., Williams, N. S., Rayner, J. P., & 
Aye, L. (2014). Quantifying the thermal 
performance of green fac¸ades: A critical 
review. Ecological Engineering, 63, 102-113. 

İpekçi, C. A., & Yüksel , E. (2012). Planted 
building shell systems. . National roof and 
façade symposium, Uludag 
University,Faculty of Engineering and 
Architecture, Görükle Campus. Bursa. 

Jamei, E., Ossen, D. R., Seyedmahmoudian, M., 
Sandanayake, M., Stojeevski, A., & Horan, 
B. (2020). Urban design parameters for heat 
mitigation in Tropics. Elsevier, 12. 

Jialin, T. (2013). Living wall: A jungle to concrete 
(1st ed ed.). Hongkong, China: Design Media 
Publishing Limited. 



JOURNAL OF REAL ESTATE STUDIES | 2024 | VOLUME 21 | ISSUE 01 

 21 

Jim, C. (2015). Assessing growth performance and 
deficiency of climber species on tropical 
greenwalls. Elsevier, 15. 

Jim, C. Y. (2015). Assessing growth performance 
and deficiency of climber species on Tropical 
Green walls . Landsc. Urban Plan. , 137, 
107-121. 

Jim, C. Y. (2015). Cold-season solar input and 
ambivalent thermal behavior brought by 
climber greenwalls. Energy , 90, 926-938. 

Koc, C. B., Osmond, P., & Peters, A. (2018). 
Evaluating the cooling effects of green 
infrastructure: A systematic review of 
methods, indicators and data sources. Solar 
Energy, 166, 486-508. 

Koch, K., Ysebaert, T., Denys, S., & Samson, R. 
(2020). Urban heat stress mitigation 
potential of green walls: A review. Urban 
Forestry & Urban Greening, 55, 126843. 

Laurence , M., & Sabin , R. (2011). Plant wall and 
modules for growing plants. US: US 
2011/0107667 A1. 

Lee, L. S., & Jim, C. Y. (2017). Subtropical 
summer thermal effects of wirerope climber 
green walls with different air gaps. Building 
and Environment, 126, 1-12. 

Liberalesso, T., Cruz, C. O., Silva, C. M., & Manso, 
M. (2020). Green infrastructure and public 
policies: An international review of green 
roofs and green walls incentives. Land Use 
Policy, 96, 104693. 

Liu, M., Dai, Y., Li, Y., Luo, Y., Huang, F., Gong, 
Z., & Meng, Q. (2008). Madecassoside 
Isolated from Centella asiatica Herbs 
Facilitates Burn Wound Healing in Mice. 
Planta Med., 74, 809-815. 
doi:https://doi.org/10.1055/s-2008-1074533 

Loh, S. (2008). Living walls- A way to Green the 
Built Environment. Royal Austrailian 
Institute of Architects. Retrieved from 
https://www.jstor.org/stable/10.2307/261490
5 

Loh, S., & Stav, Y. (September, 2008). Green a 
City Grow a Wall. In Proceedings of the 
Subtropical Cities 2008 Conference: From 
Fault-lines to Sight-lines: Subtropical 
Urbanism in 20-20. Brisbane, Australia. 

Louis , S. H., & Jim, C. Y. (2021). Quantitative 
approximation of shading-induced cooling by 

climber green wall based on multiple-
iterative radiation pathways. Eco-efficient 
Materials for Reducing Cooling Needs in 
Buildings and Construction. 
doi:https://doi.org/10.1016/B978-0-12-
820791-8.00005-5 

Louis, S. H., & Jim, C. Y. (2019). Transforming 
thermal-radiative study of a climber green 
wall to innovative engineering design to 
enhance building-energy efficiency. Journal 
of Cleaner Production, 224, 892-904. 

Makrogiannis, T., Santamouris, M., 
Papanikolaou, N., Koronaki, I., Tselepidaki, 
I., and Assimakopoulos, D. (1998). The 
Athens urban climate experience -
Temperature distribution. Acta Univ. 
Lodziensis Folis Geogr. Phys. 3, 33–44 

Manso, M., & Castro-Gomes, J. (2015). Green wall 
systems: A review of their characteristics. 
Renewable and Sustainable Energy 
Reviews, 41, 863-871. 

Manso, M., Teotonio, I., Silva, C. M., & Cruz, C. 
O. (2021). Green roof and green wall benefits 
and costs: A review of the quantitative 
evidence. Renewable and Sustainable 
Energy Reviews, 135, 110111. 

Marchi, M., Pulselli, R. M., Marchettini, N., 
Pulselli, F. M., & Bastianoni, S. (2015). 
Carbondioxide sequestration model of a 
vertical greenery system. Ecol. Model, 306, 
46-56. 

Marcotullio, P. J., KeBler, C., Gonzalez, R. Q., & 
Schmeltz, M. (2021). Urban Growth and 
heat in Tropical Climates. Frontiers in 
Ecology and Evolution, 9, 21. 

Mårtensson, L. M., Wuolo, A., Fransson, A. M., & 
Emilsson, T. (2014). Plant performance in 
living wall systems in the Scandinavian 
climate. Ecol. Eng, 2014, 610-614. 

Medl, A., Stangl, R., & Florineth, F. (2017). 
Vertical greening systems – A review on 
recent technologies and research 
advancement. Building and Environment, 
10.1016/j.buildenv.2017.08.054. 

Mustonen, T. (2017, July 24). What are the Green 
Walls- the definition, benefits, design and 
greenery. (NAAVA) Retrieved February 17, 
2022, from 
https://www.naava.io/editorial/what-are-
green-walls 



JOURNAL OF REAL ESTATE STUDIES | 2024 | VOLUME 21 | ISSUE 01 

 22 

Nedhal, A. M., Syed Fadzil, S. F., & Wan HArun, 
W. M. (2013). The effects of orientation, 
ventilation, and varied WWR on the thermal 
performance of residential rooms in the 
tropics. Building and Environment, 4(2), 
142-149. 

NParks. (2013). Flora & Fauna Web, Singapore 
Government. (NParks) Retrieved February 
21, 2022, from 
https://florafaunaweb.nparks.gov.sg/special-
pages/Privacy-Policy.aspx 

Oke, T. R., Mills, G., Christen, A., and Voogt, J. A. 
(2017). Urban Climates. Cambridge, MA: 
Cambridge University Press. 

Othman, A. R., & Sahidin, N. (2016). Vertical 
Greening Façade as Passive Approach in 
Sustainable Design. Procedia - Social and 
Behavioral Sciences, 222, 845-854. 

Otteléa, M., Perinib, K., Fraaij, A. L., Haasa, E. 
M., & Raiteri, R. (2011). Comparative life 
cycle analysis for green fac¸ ades and living 
wall systems. Energy and Buildings, 43, 
3419-3429. 

Palemo, S. A., & Turco, M. (2020). Green Wall 
systems: where do we stand? IOP Conf. Ser.: 
Earth Environ. Sci. 410 012013. Italy . 

Pan, L., & Chu, L. M. (2016). Energy saving 
potential and life cycle environmental 
impacts of a vertical greenery system in 
Hong Kong: a case study. Build. Environ, 96, 
293-300. 

Pandey, A. K., Pandey, M., & Tripathi, B. D. 
(2015). Air Pollution Tolerance Index of 
Climber plant species to develop Vertical 
Greenery Systems in a polluted tropical city. 
Landsc. Urban plan, 144, 119-127. 

Percy , M. (2000). Percy, M., 2000. Plant Fact 
Sheet - Orchardgrass. USDA NRCS 
National Plant Data. Louisiana: Plant Fact 
Sheet - Orchardgrass. USDA NRCS 
National Plant Data Center. Retrieved from 
Retrieved from 
https://plants.usda.gov/factsheet/pdf/fs_axfi.
pdf.  

Percy, M. (2000). Plant Fact Sheet - Orchardgrass. 
Louisiana: USDA NRCS National Plant 
Data Center. Retrieved from Retrieved from 
https://plants.usda.gov/factsheet/pdf/fs_axfi.
pdf 

Perera, T. A., Jayasinghe , G. Y., Halwathura, R. 
U., & Rupasinghe, H. T. (2021). Modelling of 
vertical greenery system with selected 
tropical plants in urban context to appraise 
plant thermal performance. Ecological 
Indicators, 128, 107816. 

Pérez, G., Coma, J., Martorell, I., & Cabeza, L. F. 
(2014). Vertical Greenery Systems (VGS) for 
energy saving in buildings: A review. 
Renewable and Sustainable Energy Reviews, 
39, 139-165. 

Pérez, G., Rincón, L., Vila, A., González, J. M., & 
Cabeza, L. F. (2011). Green vertical systems 
for buildings as passive systems for energy 
savings. Applied Energy, 88, 4854-4859. 

Perini, K., & Rosasco, P. (2013). Cost-benefit 
analysis for green facades and living wall 
systems. Build.Environ., 70, 110-121. 

Perini, K., Ottele, M., Hass, E. M., & Raiteri, R. 
(2011). Greening the building envelope, 
façade greening and living wall systems. 
Ecology, 1, 1-8. 

Radic, M., Arsi´c, J., Džaleta, M., & Stevovi´c, S. 
(Cotober 2011). Eco-Architecture and 
Sustainable Design as a Function of the 
Quality of Environment. In Sustainable 
Buildings and Urban Oasis, Proceedings of 
International Green Build Conference 2011, 
(pp. pp. 109–113). Belgrade, Serbia. 

Radic, M., Dodig, M. B., & Auer, T. (2019). Green 
Facades and Living Walls- A Review 
Establishing the classification of 
Construction Types and Mapping the 
Benefits. Science Direct, 24. 

Rahman, M., & Hassan, A. (2012). Seed 
Germination of two medical plants, 
Bangladesh. J.Plant Taxon, 19, 209-212. 

Sabin, L. M. (2011). Plant wall and modules for 
growing plants . US: US 2011/0107667 A1. 

Safikhani, T., Abdullah, A. M., Ossen, D. R., & 
Baharvand, M. (2014). Thermal Impacts of 
Vertical Greenery Systems. Environmental 
and Climate Technologies, 14. doi:doi: 
10.1515/rtuect-2014-0007 

Santamouris, M., Paolini, R., Haddad, S., 
Synnefa, A., Garshasbi, S., HatvaniKovacs, 
G., et al. (2020). Heat mitigation 
technologies can improve sustainability in 
cities. An holistic experimental and 



JOURNAL OF REAL ESTATE STUDIES | 2024 | VOLUME 21 | ISSUE 01 

 23 

numerical impact assessment of urban 
overheating and related heat mitigation 
strategies on energy consumption, indoor 
comfort, vulnerability and heat-related 
mortality and morbidity in cities. Energy 
Build. 217:110002. 

Shouliang, C., & Phillips, S. M. (2006). Axonopus 
p. Beauvois, Ess. Agrostogr. Flora of China , 
22, 530-531. 

Sichello, C. (25 March 2010). Plant Propagation 
and Display Panel and Assembly. British 
Columbia: WO 2010/031181 A1. 

Sunakom, P., & Yimprayoon, C. (2011). Thermal 
performance of a biofacade with natural 
ventilation in the tropical climate. Procedia 
Engineering, 21, 34-41. 

Susorova. (2015). 5 - Green facades and living 
walls: vertical vegetation as a construction 
material to reduce building cooling loads. 
Eco-Efficient Materials for Mitigating 
Building Cooling Needs., 127-153. 
doi:http://dx.doi.org/10.1016/B978-1-78242-
380-5.00005-4 

Tan, C. L., Wong, N. H., & Jusuf, S. K. (2014). 
Effects of vertical greenery on mean radiant 
temperature in the tropical urban 
environment. Landsc. Urban Plan., 127, 52-
64. 

Teotonio, I., Silva, C. M., & Cruz, C. O. (2021). 
Economics of green roofs and green walls: A 
literature review. Sustainable Cities and 
Society, 69. 

Terblanche, R. (2019). Barriers of Implementing 
Green Walls in the Urban Environment in 
Developing Countries. West Africa Built 
Environment Research (WABER) 
Conference. Ghana. 

Timur, Ö. B., & Karaca, E. (2013). Vertical 
Gardens (CHAPTER 22). In Advances in 
Landscape Architecture, 1st ed.;Ozyavuz, 
M., Ed. London, UK: IntechOpen. 

Voogt, J. (2002). “Urban heat island,” in 
Encyclopedia of global environmental 
change, Volume III Causes and 
Consequences of Global Environmental 
Change, eds I. Douglas and T. Munn 
(Chichester: John Wiley & Sons, Ltd), 660–
666. 

UN. (2018). World Urbanization Prospects, 2018 
Revision. New York: United Nations 
Department of Econoimc and Social Affairs. 

Urbanscape. (n.d.). Urbanscape-Green wall. 
Retrieved from https://www.urbanscape-
architecture.com/solutions/green-wall/ 

Urrestarazu, L. P., Cañerob, R. F., Navarrob, P. 
C., Ortegab, C. S., & Egeaa, G. (2019). 
Assessment of perlite, expanded clay and 
pumice as substrates for living walls. 
Scientia Horticulturae, 254, 48-54. 

Urriola, H. (2011). vertical wall garden. US: US 
2011/0094153 A1. 

Wang, C., Er, S. S., & Rahman, A. H. (2016). 
Indoor Vertical Greenery System in Urban 
Tropics. Indoor Built Environ., 25, 340-356. 

Widiastuti, R., Caesarendra, W., Prianto, E., & 
Budi, W. (2018). Study on the leaves 
densities as parameter for effectiveness of 
energy transfer on the green facade. 
Buildings, 8, 138. 
doi:https://doi.org/10.3390/buildings810013
8. 

Wong, N. H., Tan, A. Y., Chen, Y., Sekar, K., Tan, 
P. Y., Chan, D.,Wong, N. C. (2010). Thermal 
evaluation of vertical greenery systems for 
building walls. Building and Environment, 
45, 663-672. 

Wood, A., Bahrami, P., & Safarik, D. (2014). 
Green Walls in High-Rise Buildings: An 
output of the CTBUH Sustainability 
Working Group. Victoria, Austrailia: Images 
publishing: Mulgrave. 

Yap, T., Wong , L., Yoong, Y., Tan, H., & Lim, H. 
(2011). Supporting structure for green 
building facade. WO 2011/016777 A1. 

Yap, T., Wong, L., Tan, H., Palanisamy, T., Tan, 
P., Poh, C. (2011). A plant housing device. 
Singapore: WO 2011/014124 A1. 

Zaid, S. M., Perisamya, E., Husseinb, H., Myeda, 
N. E., & Zainona, N. (2018). Vertical 
Greenery System in urban tropical climate 
and its carbon sequestration potential: A 
review. Ecological Indicators, 91, 57-70. 

 

 


