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Abstract  

The term “Green walls” also known as vertical gardens or living walls has 
emerged as a promising solution to combat the environmental challenges 
posed by rapid urbanization. This review explores the concept ornamental, 
plant choice suitable and benefits associated with green walls in urban 
settings. Utilising vegetation to cover vertical surfaces, green walls offer 
several benefits to the environment, society and economy. They contribute to 
improved air quality, noise reduction, energy conservation and biodiversity 
enhancement. Vertical greenery allows for the utilization of unused wall 
surfaces, creating green areas without occupying valuable ground space, 
which is often scarce in urban environments. Additionally, green walls offer 
aesthetic appeal, promote urban agriculture and create opportunities for 
community engagement. However, their implementation requires careful 
consideration of factors such as structural integrity, irrigation and 
maintenance. Despite these challenges, green walls offer a sustainable and 
innovative approach to enhancing the quality of urban life while mitigating 
the negative impacts of urban development on the environment. The current 
emphasis highlights the significance of green walls as an effective tool in 
sustainable urban planning, underscoring the need for further research and 
their integration into urban planning practices. 
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Introduction  

Indeed, cities of today are greatly impacted by tons of pollution, minimal 

open spaces, the urban heat effect and depleting air quality. These issues 

do not only ruin the environment but also the health and well-being of the 

people who live in urban areas. With these problems, green walls do provide 

a new solution. It also makes vegetation present on vertical surfaces, 

thereby improving air quality, extensive green spaces, mitigation of urban 

heat and biodiversity enhancement, making this a sustainable approach 

toward a healthier and more resilient urban environment (1). These vertical 

structures are covered in plants, creating a vibrant and lush "tapestry" on 

buildings and other surfaces. Unlike traditional horizontal gardens, green 

walls save space and add an aesthetic touch while also improving the 

environment. The layers of soil and plants on a green wall also provide 

thermal insulation, controlling temperatures inside it. The natural 

insulation may reduce the need for heating and cooling systems, thus 
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saving money on energy efficiency as well as lowering the 

quantity of greenhouse gases (2). Its process of 

evapotranspiration also aids in keeping cooler 

temperatures surrounding plants and will consequently 

reduce energy use. As cities strive for sustainability, green 

walls are becoming a popular architectural feature. By 

incorporating nature into urban designs, these walls 

promote harmony between development and the 

environment. Green walls not only provide ecological 

benefits, but they also enhance urban aesthetics. 

Ecological benefits like improved air quality, thermal 

regulation, noise reduction, increased biodiversity, 

aesthetic appeal, space efficiency and stormwater 

management (3). This combination makes them an 

appealing solution for creating more sustainable and 

visually attractive urban spaces. 

Green walls 

A green wall is a great solution for those living in urban 

areas with little acreage (4, 5). It offers numerous benefits 

to small urban spaces for storm water retention, humidity 

regulation, acoustic buffer and temperature moderation. 

Especially for storm water retention in green walls can 

absorb rainwater, reducing runoff and decreasing the 

strain on urban drainage systems. This can be particularly 

beneficial in flood-prone cities.  Proper proliferation on 

walls and buildings typically requires a support framework 

(6) . Plant blankets, vertical modules, or pre-vegetated 

panels attached vertically to a frame or structural wall are 

examples of green wall construction. The panels or 

geotextile felts that support the plants are typically 

composed of concrete, metal, clay, synthetic fabric, 

expanded polystyrene or plastic (7, 8). Geo textile sheets 

are defined porous fabric, utilized to cover a variety of 

goals in civil engineering, landscaping and agriculture 

applications. For this reason, it can be applied in filtration, 

drainage, separation, reinforcement and protection. It is 

manufactured from synthetic fibers either polypropylene 

or polyester but has come to be used in different forms-

woven, nonwoven or knitted. 

Evolution and History 

Green walls are an extremely ancient concept, dating 

about 2500 years back with one of the Seven Wonders of 

the Ancient World, namely the Hanging Gardens of 

Babylon. Among the most striking pieces of work, often 

considered a predecessor of modern green walls, was said 

to be erected by King Nebuchadnezzar II in about 600 BCE 

in the ancient city of Babylon, close to the modern-day 

country of Iraq. Therefore, as the legend says, these 

terraced gardens were constructed in the image of green 

hills of media as a gift to Amytis-wife of a king who was 

beloved and longed for. The gardens are an architectural 

as well as a wonderful engineering display as they have 

developed in a gradual sequence of stone tiered 

constructions decorated by many crops containing trees, 

shrubs and flowers that created an image of cascading 

greenery. Although the existence and details concerning 

the Hanging Gardens can never be confirmed to historians, 

they are oftentimes envisioned as related to current green 

wall systems that strive to integrate nature into the urban 

space through vertical planting and innovative design. The 

ancient gardens represented an ethos for a world where 

nature and human structures were connected-an ethos 

that modern sustainable architecture and urban greening 

practices draw upon today. The French botanist Patrick 

Blanc is credited with creating the current concept of 

green walls in the recent past. He is known as the Father of 

the Vertical Garden and is well-known for his exceptional 

"Mur vegetal" green walls (9).  

Classification 

The Fig. 2. illustrate the 2 main categories of green walls: 
green façades and living walls. Green façades involve 

climbing plants that either grow directly on a wall or are 

supported by specially designed structures. The 

supporting materials like freestanding frames, planters or 

containers, hooks, wire, stakes and cages are used for the 

green wall. These plants are rooted in the ground, with 

their shoot systems growing vertically along the 

building's surface. In contrast, living walls consist of 

modular panels, typically made of polypropylene plastic 

containers, geotextiles, irrigation systems, growing 

medium and vegetation, all working together to create a 

vertical garden. 

There are many commercially available living wall 

systems and they can be categorized in terms of different 

parameters. It was classified the living walls into 3 

systems namely trellis, modular panel and felt layer 

systems (13). Trellis is structure used in gardening and 

providing support for climbing plants. Trellis enable 

gardeners to grow plants vertically, making efficient use 

of limited space (10). Modular panels of vertical greenery 

systems are pre-constructed units that can be used on a 

building façade, providing benefits both aesthetically 

and ecologically. It states that they are usually made 

from materials like plastic, metal or recycled products 

Fig. 2. Classification of green walls.  
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and are very easy to interchanged or expanded according 

to needs (11). Felt layer systems have benefits like easy 

installation, lightweight structure and flexibility in plant 

selection, making it the best answer for vertical greening 

options to establish in the urban area (12). They can be 

decorative elements in gardens, adding visual interest 

and structure to outdoor spaces. This classification is 

based on the characteristics of the plant box (13).   

Layers of green wall systems 

The typical components of a green wall system are a 

growing medium, container, irrigation system, 

waterproofing layer and structural support (13, 14). The 

application of a waterproofing layer is crucial for vertical 

green walls to prevent water seepage. This can be 

achieved using materials such as APP membrane, 

waterproof coatings, cement-based polymers and acrylic-

modified coatings. These solutions effectively safeguard 

the structure by creating a barrier against moisture 

intrusion (15). 

Vegetation layer 

The vegetation layer is also known as plant canopy layer is 

the aesthetic layer of living walls, and probably the most 

important part that identifies a living wall as an 

environmentally friendly product. The vegetation layer is 

the critical element for all the environmental benefits of 

living walls (16). Because of the core role of the vegetation 

layer in the living walls, it is necessary to understand the 

requirements for plants survival, such as light and 

microclimate. The vegetation layer Improves air quality by 

absorbs CO2 and other pollutants while releasing oxygen 

and photosynthesis. Plant can filter particulate matter and 

volatile organic compounds, leading to cleaner air in 

urban environments (17). This shall serve as a natural 

insulator, thus lowering the absorption of heat in summer 

and heat loss in winter. Such thermal regulation can result 

in lower consumption of energy for heating and cooling 

(18). The vegetated areas provide habitats for several 

species, thereby contributing to urban biodiversity. They 

generate ecological corridors that help the movement of 

wildlife into a more resilient ecosystem and environment 

(11). 

The plants, if chosen correctly, require attention 
only 3 to 4 times a year to remove dust, wilting foliage and 

dead plants (19) (For example, Pothos, Philodendron spp., 

Syngonium spp. and Bird nest fern). In different greening 

systems, the plants should be selected accordingly. When 

choosing the climbers for the indirect greening system, the 

height should be considered. Some climbers can grow 5 to 

6 m high; others can grow up to 10 m and some species 

can even reach 25 m (20). For the modular panel system, 

the plant type is normally evergreen (14). Since evergreen 

plants photosynthesize year-round, they continuously 

absorb carbon dioxide and release oxygen, which 

contributes to air purification. In addition, their foliage 

provides heat control for the buildings, reducing energy 

demand for heating and cooling all through the year (12). 

Evergreen species tend to be more durable and require 

less upkeep than deciduous plants, since evergreens do 

not lose their leaves seasonally. It decreases the need for 

frequent servicing and is far better suited for vertical and 

rooftop installations (21). 

Selecting plants for green walls 

The following criteria should be taken into account for 

plant selection (21). 

Fig. 1. Setting up a felt - integrated living wall.  

a) Planting in module   (b) Sheet is covered with foliage 

Fig. 1. (a) A trial planting was conducted using a geotextile sheet, which was secured in place with hooks for support. The growing mediu m used in this 
setup consisted of a mixture of coco peat and perlite in a 2:1 ratio. 

Fig. 1. (b) It took two months for the plants to fully cover the sheet after planting.  
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Based on orientation of wall 

The orientation and placement of the wall should be taken 

into account while selecting the perfect plants (20). The 

amount of heat and solar radiation that the wall absorbs 

will depend on its orientation. East-facing walls are more 

affected by temperature swings in the morning and west-

facing walls absorb the most heat in the afternoon. While 

south-facing walls continually retains heat during the day 

and stay at higher temperatures for the longest, north-

facing walls stay reasonably cold throughout the day. The 

longest stretch of high temperatures usually occurs in 

regions that face south (22). 

Based on amount of sunlight received 

The exposure of a part of the green wall should influence 

the choice of plants since it usually receives more direct 

sunlight than at ground level, as there are no trees or 

shrubs to provide shade or evaporative cooling. Sun-

tolerant plants that can tolerate high temperatures and 

strong winds tend to flourish in the most exposed areas 

and some of the examples of Sun tolerant plants like 

Cordyline spp., Philodendron spp., Coleus spp. and 

succulents. Concomitantly, shade and moisture-loving 

plants would be set up on the bottom of the wall, thriving 

on light conditions that are lower and cooler (23). 

Based on morphological and physiological attributes of 
the plant 

Relatively less height, mat formation or dense tufting is 

often required to prevent the plants from wind damage and 

uprooting. Plants anchoring into the substrate with fibrous 

roots or underground storage organs are ideal for small 

amounts of substrate material and are often less prone to 

drought damage. Succulent leaves, compact twiggy 

growth, small evergreen leaves, leaves with a thick cuticle-

are all adaptations to water loss that become necessary 

when exposed to green wall conditions. Rolled leaf margins 

or glaucous foliage colour reduce the angle of impact from 

solar radiation (20). Based on these trials in Singapore, 

over a 6 months period, a list of suggested plants for 

vertical greening in the tropics was given (24). The plants 

are Scindapsus pictus, Tristellateia australasiae, 

Cryptanthus bivittatus and Nephrolepis falcata. Generally, 

the suggestions are for the adoption of plants that can 

bear high temperatures and high sunlight input together 

with low soil moisture. Those with thick and dense 

coverage and that resort to crassulacean acid metabolism 

were considered preferable. CAM (Crassulacean Acid 

Metabolism) is a special photosynthetic pathway that 

some plants have-in particular those which thrive in 

extremely hot and dry regions. They do not use carbon 

dioxide (CO2) during the hot day or sunshine but instead 

absorb CO2 at night time, when it's cooler. They store this 

CO2 within the plant as an acid, which they will later use 

during the day for photosynthesis. This process has the 

advantage of conserving water and proves a good strategy 

for arid habitats. 

According to a study, ideal green wall plants should 

possess fibrous root systems, strong stem-to-root 

connections, resistance to wind buffering and good 

growth habits (25). Plants naturally found on cliff tops or 

cliff faces are particularly well-suited for vertical gardens, 

as these environments share similarities in terms of 

substrate scarcity, wind exposure and water availability. 

Examples of such plants include species like Sedum spp. 

and Saxifraga spp, which thrive in rocky, vertical 

environments. Caution against the use of monocultures in 

green walls, as these bear a high risk of failure through 

problems in cultivation or pathogen attack, plant growth 

habits and stress tolerance (20). Instead employing a range of 

species is recommended to combat the microclimate 

differences that are likely to exist within the one wall.  

Plants that have a clumping rather than an upright growth 

habit are recommended.  However, it's advisable to avoid 

high-vigor species as they may overshadow neighbouring 

plants and place excessive strain on the support structure. 

Opting for dwarf varieties could help minimize the need 

for costly pruning in a vertical garden system. For new 

vertical green systems, incorporating stress-tolerant 

species that are well-suited to the local climate could help 

meet the goal of reducing the energy requirements 

associated with this cultivation technology (26).  

A desirable rooting system provides good 

anchorage for the plant, binding the substrate together. 

To combat erosion, this is done by the action of strong 

winds or heavy rainfall. It is best achieved by the use of 

species with a shallow, dense rooting system that have 

stems that root into the substrate as the plant grows (20). 

A study suggested that use of modules pre-
cultivated in nurseries can be a good potential solution for 

vertical gardening and reported that full efficiency of 

vertical vegetation can only be achieved by a high leaf 

area index per facade unit (27). 

Relative water content has been identified as a more 

significant indicator of water status than other parameters 

under drought stress circumstances and green wall plants 

should be drought tolerant. Because of its close relationship 

to volume, it more accurately represents the equilibrium 

between the rate of transpiration and the water supply to 

the leaf (28). Numerous leaf physiological parameters, 

including turgor, growth, stomatal conductance, 

transpiration, photosynthesis and respiration are closely 

correlated with the water status of the leaves (29). 

Since the plant species grown in green walls are 

exposed to extreme temperature in tropical conditions, The 

Chlorophyll Stability Index (CSI) is an indicator of heat and 

other stress tolerance capacity of plants and is a measure of 

integrity of membrane. Recommended the usage of plants 

with higher heat tolerance and water stress for green walls 

under tropical conditions (24). 

Plant species suitable for green walls 

Green walls support many plants, including climbing plants, 

ferns, shrubs, ground covers, perennial flowers and edible 

herbs (30). According to a study, the plants suitable for 

outdoor green wall are limitless (23). The choice of plants 

varies with local climatic conditions, the rates of growth and 

structural aspects of each species. Tested the adaptability 

of Myrtus communis L. to vertical cultivation in a 
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Mediterranean climate (26). The modular living wall system 

REVIWALL® (Reviplant Nursery, Revigliasco, Turin, Italy) was 

used. The trial was carried out from April 2010 to November 

2011 at Antibes (France). On each of the 4 exposures (North, 

South, East and West), 3 repetitions of 3 modular panels (40 

x 50 cm) with 18 plants were prepared. The plants used in 

the experiment were grown in pots of 13 cm diameter and 

pruned at the end of the first vegetative period. The 

automatic fertigation system was programmed according 

to environmental conditions. Data was collected every 3 

weeks from June to November over a span of 2 years. The 

measurements taken included growth index, coverage 

index, ornamental value and both fresh and dry weights. No 

significant differences were observed in growth index and 

coverage index across the 4 treatments during the 2 

growing seasons. By the end of 2010, plants achieved full 

coverage of panel surfaces in all exposures, demonstrating 

excellent ornamental qualities. The conclusion drawn is 

that Myrtus communis is a promising species for vertical 

greening, potentially making a significant contribution to 

the spread of this innovative technology in Mediterranean 

urban landscapes. A study mentioned the usage of plants 

such as Ficus spp., Schefflera, Rhoeo discolor, Pandanus 

spp., Philodendrons spp., Nephrolepis spp., Pilea, 

Syngonium podophyllum, Ophiophogons spp., Chamaedorea 

spp., Spathiphyllums spp., Pepromia sp. and Sanseveria 

spp. in tropical green wall conditions (23).   

The advantages of using this vertical garden include 

faster plant growth, lesser plant infections and diseases, 

lighter cultivation media and the possibility to recuperate 

drainage to be recirculated (31-33). 

Growing medium 

The growing medium affects both the thermal 
performance and water retention of green vegetation (34). 

Additionally, it gives plants the nutrients and water they 

require for biological processes (8). In order to resist wind 

force and other harsh weather conditions, the plant roots 

will penetrate and become stronger inside the medium. 

The growing medium in the green roof systems has a 

high content of porous minerals and low organic matter 

content, to balance weight against performance (35). The 

growth medium in green walls has the same basic 

properties, for it provides the vegetation with its needs of 

nutrition. Regular natural growth medium is soil. However, 

soil can have clay and organic particles which may be 

heavy when saturated, since the nutrient in the soil is 

limited, its replacement will bring up more cost and hassle 

(16). Many producers are creating their own growing 

media in response to that constraint. Around the world, 

hydroponic systems in living walls are common systems 

for plants growing without soil. In such case, nutrients are 

provided through irrigation water (36). 

Plants in a hydroponic system release microorganisms into 
the root zone that are simulated by carbon and grow in the 

rhizosphere. The ability of the hydroponic growing medium 

to hold water and have air-filled porosity is the 2 most crucial 

properties needed for root production (37). In hydroponic 

growing media, 3 porous materials-grow stone, expanded 

clay and activated carbon-are utilized to investigate the 

effectiveness of living walls in enhancing indoor air 

quality. Researchers from Canada and New Zealand 

assessed the use of biochar as a hydroponic growing 

medium. Enhancing nutrient retention and reducing 

greenhouse gas emissions from soil, like nitrous oxide 

(N2O) and methane (CH4) were 2 benefits of biochar (38). 

Container 

The growing medium and the vegetation are supported by 

the container in the living wall system. Plants in trellis 

systems are typically started in flowerpots and work their 

way up the trellis. The flower pot may be placed on the 

ground next to the façade or at various heights within it (13). 

In modular panel systems, containers of various sizes and 

types are typically affixed to the wall structure or a vertical 

support. There are generally 2 main types of modular 

containers. The first type is the true box system, which 

consists of empty square containers made from materials like 

plastic or metal. The number of plants per box varies 

depending on the species and box size, typically ranging from 

6-15. These boxes usually measure around one square foot 

and are a few inches thick, though sizes can vary by 

manufacturer. The second type comprises plastic or metal 

trays with multiple slanted cells. These slanted cells help 

secure the plants and facilitate irrigation. These trays are 

commonly placed side by side and stacked to increase height 

(36). 

The felt pocket in the felt layer system is often 
connected to a waterproofing layer before being fastened to 

the rear of the building (13) . Patrick Blanc designed a 

distinctive green wall system featuring 2 layers of 

synthetic fabric with felt pockets (23). This fabric is 

mounted on a frame and reinforced with a waterproofing 

layer at the back (9). In summary, the materials commonly 

used for containers include fiber, plastic, felt, aluminium, 

steel and wood. Each material can have varying impacts 

on environmental sustainability. Factors such as 

durability, cost, thickness and weight of these materials 

can affect both the functional and aesthetic qualities of 

the containers (39). 

Irrigation system 

The irrigation system is essential because it represents the 
fact that water and nutrients are provided to the 

vegetation by a certain mechanical or natural irrigation 

system. Because of this, it is crucial to introduce some sort 

of control and timing of the irrigation system to ensure 

there is regular and safe provision of water (13). Various 

irrigation systems are available for different living wall 

setups. Traditionally, irrigation was done manually, but 

nowadays, drip systems using gravity have become a 

common alternative. An experiment was conducted using 

a timer-controlled irrigation system to evaluate the 

thermal performance of a vertical living wall (40). By 

maintaining a fixed irrigation schedule, the moisture level 

was kept between 20 % and 45 % throughout the study to 

optimize cooling effects. Gravity guided the moisture 

distribution within the growing medium. To ensure optimal 

plant conditions, moisture sensors must be installed in the 

growing medium. In the commercial market, various 

irrigation systems are available for different living wall 
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setups, including computerized vertical drip systems, 

individual drip irrigation systems and water-retaining 

irrigation systems.  

In order to irrigate 1 m2 of plants on a vertical 

surface, an efficient irrigation system might dispense 

roughly 2.5 L twice a day. This is comparable to the typical 

landscaping usage rate of 4 to 5 L m-2. A vertical garden's 

top or bottom can be used to collect and store rainwater 

in a storage tank. Maintaining the water source and 

storage tank at the top allows for gravity-based irrigation, 

which also saves energy. The excess rainfall can then be 

pumped up and used again after collecting on trays or 

catch basins at the base (41). It has been demonstrated 

that the substrate moisture content of a modular green 

wall panel varies from 15 to 45 % (v/v) at the top and 

bottom (40). 

As a study suggested, for a living wall watering occurs 
3-5 times a day, depending on the season and the vertical 

garden’s exposure (23). Each watering lasts for 1-3 min 

depending on the height to be irrigated. In order to 

maintain a mineral balance throughout the root systems, a 

highly diluted nutritive solution 0.2 to 0.3 g-1 is distributed 

with the help of a mechanical dispenser or a fertigation 

unit. 

Structural layer 

The structural support serves as the living wall system's 

framework. In general, the elements differ and are not the 

same in outdoor and interior settings. The structural layer 

must support the loads from every other layer. If the living 

wall is situated outside, the structural support must also 

withstand additional loads from wind, rain or snow. To 

support the climbing plants, the trellis system often includes 

mesh structures, wired structures or modular trellises (8). 

This system is simple without too many components; thus, 

the support structure does not need to support extra weight 

in addition to plants. The felt layer system and modular 

system are similar in structural support as both felt layers and 

modular panels are attached directly to the structural frame. 

Highlighted the possibility of using non-rusting metals such 

as stainless steel, aluminium or galvanized steel to provide 

structural support for felt layer or modular systems (36). If the 

pricing is right, hard wood might make a stronger structural 

support for both indoor and outdoor areas because it is more 

environmentally friendly than steel and plastic (39). 

Waterproofing layer 

Typically, a waterproofing layer is applied to the building 

wall to create a protective membrane. Since this layer is 

usually attached to the structural support, it prevents 

moisture from penetrating behind the waterproof 

membrane and impacting the building façade (36).  The 

waterproofing layer ensures that the whole irrigation 

system can work normally without leakage since leakage 

in an operational living wall system may consequently 

require it to be removed altogether. Traditional 

waterproofing materials are PE, fleece and low-density 

polyethylene- (LDPE) (39). 

Social and environmental benefits 

The benefits of green vegetation have been the subject of 

numerous claims in contemporary literature. Enhancing 

human health and well-being, lowering energy costs, 

lowering noise pollution, improving air quality, enhancing 

water-sensitive urban design (WSUD), boosting urban 

biodiversity and food production and lessening the impact of 

the urban heat island effect (UHI) are just a few of the 

environmental advantages of green vegetation, which 

includes living walls and green roofs (7, 40, 42-48). 

Air quality improvement 

It is evident that vegetation of living walls can clean the 

air. A study claimed that airborne pollutants including 

nitrogen oxides, volatile organic compounds (VOCs) and 

dust can be reduced by potted plants because they can 

absorb carbon dioxide, produce oxygen through 

photosynthesis and improve air quality (47). Plants could 

therefore greatly enhance interior air quality. At the 

University of Technology Delft also found that green 

vegetation can reduce the number of particulates (<10 µm) 

that are a threat to human health in the long run (39). The 

green vegetation present within an area also helps reduce 

the pollution of air by absorbing the toxic gas coming out 

from the vehicles. Based on one indoor gas heater-based 

indoor studies of air quality conducted in UK, found that 6 

or more potted plants in the house could reduce one 

third of nitrogen dioxide (NO2) levels (49). In a study of 

Korean native indoor species, showed that indoor plants 

absorb and metabolize sulfur dioxide (SO2) (18).  Some 

additional studies showed that plants effectively reduced 

levels of particulate matter, ammonia, formaldehyde, 

benzene and nitrogen oxides (50). Additionally, by 

releasing moisture into the air, plants can raise the 

relative humidity inside and improve comfort in enclosed 

spaces (51). 

It was reported that vegetation in living walls and 

green roofs helps reduce air pollution through 

photosynthesis (45). In this process, 155 m² of plant 

surface area can generate enough oxygen to sustain one 

person for 24 h. Additionally, living walls and green roofs 

naturally filter the air, reducing the concentration of 

harmful gases and particulate matter such as nitrogen 

dioxide, sulfur dioxide, ozone, carbon monoxide, dust and 

ash. It is estimated that 1 m² of green roofing can remove 

0.2 kg of airborne particulates from the air annually. 

Thermal regulation and insulation properties 

Green roofs and living walls contribute to the cooling and 

insulation of a building. Green roofs may reduce heat loss 

from the building in winter and heat gain into the building 

during summer; they also add thermal mass, which will 

help in maintaining constant internal temperatures 

throughout the year (52). According to research, green 

roofs can save non-insulated buildings up to 37 % on 

energy costs (53). Due to the insulating effect of the air 

layer between the facade and the living wall, the living wall 

adds another layer of insulation to the building envelope. 

In warmer climates, the phototropism effect produced by 

the living walls can filter sunlight, assuring a cooling 

impact. 5 to 20 % of the sunlight that strikes the leaves is 

used for photosynthesis, while the remaining 15-20 % is 

reflected, 20 to 40 % is used for evapotranspiration, 10 to 
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50 % is converted to heat and just 5 to 30 % of the sunlight 

gets through the leaves. 

Studied that even when the sun sets, the interior 

climate can be impacted by the green vertical cladding 

since it may lessen the effects of solar heat (54). Living 

walls can provide shade, which can lower interior 

temperatures considerably in the summer and save up to 

23 % on energy bills. (27).  

An experiment conducted in Greece during the 

winter compared the thermal performance of a bare 

concrete wall with that of a plant-covered building façade 

(22). The study found that the surface temperature of the 

bare wall sections was significantly higher than that of the 

plant-covered sections, with the plant-covered areas 

experiencing a temperature reduction of up to 10.8 °C.  

A research conducted in Singapore's Hortpark on a 

free-standing wall (41). The findings demonstrated that 

the vertical greening system might lower temperatures up 

to 11.6 °C. It was found that a key strategy for lowering the 

amount of energy used for heating and cooling a structure 

is to add greenery to the building envelope (55). The 

energy savings might range from 35 to 90 %, depending on 

the type of climate and the quantity and placement of 

plants on a building. 

Insulated walls increase a building's interior 
temperature in the summer, putting more strain on 

cooling systems and consuming more energy. A green 

wall's surface temperature can drop up to 10 °C when it is 

covered in plants and wet soil. Research on green walls 

was published in 1979 by Akira Hoyano, a pioneer of low-

energy and passive architecture from Japan. It revealed 

that the amount of heat energy traveling through a green 

wall was significantly less than that of a concrete wall. 

Coverage of a concrete wall with modular 

vegetated panels reduced exterior wall temperatures up 

to 16 °C in summer. In terms of internal wall temperatures, 

the authors found a difference of more than 2 °C 

maintained even late at night, indicating that green walls 

have significant ability to reduce power consumption for 

building cooling (41). A study shown that in a system 

consisting of solar panels, a living wall and a green roof, 

the cooling factor of the living wall and green roof could 

increase the performance of the solar power harvest from 

2 to 12 % (56). 

Urban Heat Island Effect 

With urban expansion areas, the prevalence of building 

materials and the reduction of vegetation have 

significantly altered city climates. These changes have led 

to an increase in temperature, especially in the inner or 

central parts of cities, a phenomenon known as the Urban 

Heat Island (UHI) effect (57). Urban Heat Island effect is the 

phenomenon by which the urban surroundings experience 

a higher temperature than their rural environment, mainly 

caused by human activities and infrastructures. Generally, 

rural surroundings are more towards vegetation and their 

infrastructure is less dense as in an urban setting, hence it 

reduces the UHI effect due to reasons like coverage by 

vegetation, lower impervious surface, lower population 

density and natural landscapes. The same case does not 

occur in the rural area because the evapotranspiration 

produced by trees and plants is of great support in 

regulating the ambient temperature (58).  By 

evapotranspiration, it is the process by which water moves 

from the land to the atmosphere. This is when water from 

surfaces like soil and water bodies turns into vapor and 

rises into the air. The green vegetation tends to lower 

temperatures, which helps to mitigate the Urban Heat 

Island effect. The average temperature difference between 

a building facade covered with flora and one that is bare is 

5.5 °C, according to academics from Lleida, Spain. 

However, in September, the difference can rise to a 

maximum of 17.6 °C in the northwest of the structure of 

Spain features diverse landscapes, including mountains 

and valleys, which can influence local climate conditions. 

Elevation changes can lead to cooler temperatures in 

some areas while others may heat up more (59).  

A study quantified the performance of green 

vegetation in the hottest month in Hong Kong; these 

results indicated that an urban canyon could have up 

to an 8.4 °C maximum temperature decreases if it is 5-

15 m wide, 5-10 m high and with vegetation on both 

walls and roofs (55). 

Sound absorption 

Hard surfaces in urban areas tend to be more reflective to 
sound, whereas plants can absorb sound waves 

depending on the characteristics of the substrate and 

vegetation (44). Plants contribute to sound absorption, 

diffraction and reflection, with the effect varying based on 

the sound frequency and the nature of the space. At lower 

frequencies, plants may cause sound to diffract, while at 

higher frequencies, they may reflect sound onto other 

surfaces, which can then absorb it (60). According to a 

Types Plant list 

Green Facades 
Aristolochia spp., Jasminum officinale, Polygonum bauldschianicum, Lonicera spp., Hedera helix, Clematis spp., 

Passiflora caerulea, Parthenocissus spp., Hydrangea petiolaris, etc. 

Living Wall 

Syngonium spp., Philodendron spp., Scindapsis pictus, Tradescantia zebrina, Thaumatophyllum xanadu, Euonymus 
fortune, Cotoneaster hedera, Maranta spp., Tradescantia spp., Chlorophytum spp., Haworthia spp., Dracaena, 

Phalaenopsis spp., Cordyline spp., Parthenocissus, Fittonia spp., Asparagus sprengeri, Kalanchoe, Gardenia spp., 
Nephrolepsis, Clematis, Asplenium nidus. 

Exterior Wall 
Rosmarinus spp., Thymus spp., Lavendula spp. or Salvia for full sunlight while Fuchsia spp., Asplenium spp., Davallia 

spp., Begonia spp. and Arum spp. for shady locations. 

Interior Wall 
Begonia spp., Epipremnum spp., Saintpaulia spp., Columnea spp., Aeschynanthus spp., Philodendron spp. or different 

ferns like Pterisandmany spp., Nephrolepis spp., species of Peperomia. 

Table 1. Common plant used in different types of vertical gardens (66). 
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study, green walls can lead to a consistent and significant 

reduction in sound, particularly in areas where only 

diffracted sound waves are present (61). 

Sound absorption coefficient was calculated in a 

study conducted at Hort Park, Singapore, with the 

involvement of 8 living walls. The results indicated that 

vegetation on living walls possesses one of the highest 

sound absorption values compared to other regular building 

materials. Vertical green walls, with their layers of soil and 

vegetation, can effectively reduce sound transmission. The 

porous nature of the growing medium and the irregular 

surfaces of plants disrupt sound waves, absorbing more 

sound than hard, flat surfaces like concrete or glass (62). In 

addition, the value of the sound absorption coefficient 

increases at higher frequencies (63). Once more, it was 

noticed that the coefficient of sound absorption rises with 

higher vegetation cover (62). 

Aesthetic and psychological benefits 

Plants and greenery can provide uplifting and calming 

effects on people whilst having a positive impact on stress

-related illnesses. Studies have shown that viewing of 

greenery increases workplace productivity and patient 

recovery rates in hospitals (64). In that biophilic design is 

an architectural and planning approach that seeks to 

connect people with nature through the integration of 

natural elements into the built environment. This concept 

emphasizes the importance of nature in enhancing human 

well-being, promoting psychological benefits and 

improving overall quality of life (63). 

Ecological preservation and beautification 

Besides this, it also contributes to the preservation and 

protection of habitat, flora and fauna because the living 

wall replaces the land taken up by buildings and therefore 

preserves the biological diversity. It thus enhances the 

urban habitat for birds and butterflies. Its movement, 

color, sound and texture of plants add to the general 

health and well-being of the citizens, beautify the barren 

eyesores of our cityscape and provide unique 

opportunities for design and creativity as well as health 

and horticultural therapy applications (19). 

It was explained that by using selected plants, a 

green wall can significantly increase both the number and 

variety of insects and birds in an area and help return a 

more sustainable ecosystem to urban ecosystem (65). 

Green walls can function as part of ecological 

corridors that connect fragmented habitats in urban areas. 

This connectivity allows for the movement of wildlife, 

including pollinators and small mammals, between green 

spaces, parks and gardens. 

Conclusion 

In summary, green walls provide significant advantages as 
sustainable solutions to urban environmental challenges. 

They improve air quality, reduce noise, save energy, 

attract wildlife and enhance aesthetics, fostering healthier 

cities. As urbanization and climate change create pressing 

issues, integrating green walls into urban planning is 

essential for promoting sustainability. Ongoing research, 

innovation and collaboration are crucial to maximizing 

their potential and benefits. 
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