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ABSTRACT. The densification of cities results in higher air- and noise pollution, decreased biodiversity 

and the urban heat island effect (UHI). Vertical greening systems (VGS) are a space effective measure to 

reintroduce greenery into cities. Using living wall systems (LWS) as a replacement of the outer cavity leaf 

can additionally reduce the cost and environmental impact. A SWOT analysis was conducted to assess the 

potential of using LWS in this way. This showed that LWS can match other façade cladding materials for 

most (hygro)thermal aspects. Regarding the acoustic performance, LWS can outperform ‘standard’ façade 

cladding for absorption but are notably worse as acoustic insulation. The shortcomings for the use of LWS 

as an outer cavity leaf are the high installation and maintenance costs and the limited expected lifespan 

compared to traditional façade cladding materials. Further research is needed to make LWS a viable 

replacement option for the outer cavity leaf.  

Keywords: Living wall system; Outer cavity leaf; SWOT 

Introduction 

The continued expansion and densification of the world’s cities, driven by growing population and rising 

house prices, greatly pressures open and green spaces present in cities. The presence of green infrastructure 

is however essential to create a liveable city. Urban green can help regulate the temperature, which can be 

elevated in cities due to the urban heat island effect (UHI), filter pollutants from the air, help combat noise 

pollution and improve biodiversity. A possible solution to integrating more green in dense urban centres is 

to work with building associated greenery, i.e. green roofs and green walls. These systems can substantially 

increase the green area present in a city while requiring limited horizontal surface area. This study focusses 

on the use of vertical greening systems (VGS).  

The state of the art on VGS concludes that the façade bound living wall systems (LWS) can deliver similar 

benefits to other urban greening solutions. They are however substantially more expensive and have a 

questionable reputation regarding their environmental sustainability. A potential solution to partly reduce 

the cost and the environmental impact of these systems is to use them as a replacement of the traditional 

outer cavity leaf rather than placing them in front of the outer cavity leaf. This application should only be 

considered in new buildings where no outer cavity leaf has yet been placed. For the LWS to be a feasible 

alternative to a traditional outer cavity leaf it needs to fulfil the main functions of a traditional outer cavity 

leaf: acting as a rain shield, sealing of the air cavity and providing an architectural sight. Therefore, the 

following research questions will be addressed in this study: 

• To what extend is it possible to implement a LWS as an outer cavity leaf?  

• What are the benefits and weaknesses of such an approach and what could be possible opportunities 

or even threats? 

This study will use the SWOT methodology, based on a review of the current scientific state of the art, to 

answer the research questions. The following section will address the materials and methods that are used 

in the study. This is followed by the results and discussion section in which the comparison between the 

LWS and a traditional outer cavity leaf is made based on the SWOT analysis. This way, it is immediately 

clear which characteristics of LWS can compete with those of traditional structures and which 

characteristics require additional research/innovation. Finally, the most important results were summarised, 

and a brief answer was formulated to the research questions. 

Material and Methods 

SWOT methodology 
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This paper used the SWOT methodology to find an answer to the research questions. The SWOT assesses 

the strengths, weaknesses, opportunities and threats of a product/system/application based on the findings 

in the scientific state of the art. The study focusses on five characteristics that were evaluated as determining 

feasibility parameters regarding the potential use of LWS as a replacement of the outer cavity leaf. These 

parameters are: the thermal properties, acoustic properties, water infiltration and condensation, lifespan and 

economic impact (figure 1). 

Paper selection 

The papers that were selected for this review were obtained by searching for “living wall system*” and 

“living wall*” on Web of Science. Based on this search a selection was made for papers that studied one (or 

several) of the feasibility parameters. The resulting 15 papers are discussed in the results and discussion 

section of the review. 

Results and Discussion 

Thermal properties 

There are three main strengths of LWS considering the thermal properties.  

The first is the cooling effect generated by the evapotranspiration of water. The experimental study by 

Shafiee et al. [1], located in Iran and conducted in summer, concluded that LWS are able to reduce the air 

temperature during daylight by an average of 2,59 °C and a maximum of 8,7 °C when measured at the 

surface of the LWS. The effect was reduced to 1.76°C when measured at a distance of 0.5m from the LWS. 

In cooler climates the magnitude of the cooling effect will probably be lower. 

Secondly, there is the effect of shading. LWS prevent the underlying structure from heating up by 

intercepting the solar radiation. This effect will also be greater during summer and in hotter climates. 

Finally, there is the insulating effect LWS have in winter. Studies by Tudiwer et al. [2] and Perini et al. [3] 

showed that the placement of an LWS generates, on average, an increase in the thermal resistance (R) 

between 0.31 and 0.68 m²K/W. These values are comparable to the R-value of an outer cavity leaf composed 

of masonry brick or concrete bricks, 0.50 and 0.41 m²K/W respectively [4]. 

LWS have one main weakness when it comes to their thermal properties. The water that is needed to irrigate 

the plants also substantially decreases the thermal resistance of the substrate as it replaces the air that 

otherwise fills the pores of the substrate.  

A potential threat to the use of LWS as a replacement to the outer cavity leaf is the existence of cold bridges. 

The LWS is traditionally anchored in the supporting wall. In the proposed case study, the LWS needs to be 

anchored in the inner cavity leaf, through the insulation. The use of highly conductive materials for the 

anchors could therefore reduce the insulation capacity of the façade. The effect of cold bridges still needs 

to be studied quantitatively in this context before further conclusions can be made. 

Figure 1: Graphical representation of 
the determining feasibility parameters. 
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Acoustics 

 

 

With regard to sound absorption LWS can outperform traditional façade cladding materials (table 1). 

However, the acoustic insulation capacity of an LWS is substantially lower when compared to a brick wall. 

The living wall has some acoustic insulation, with values between 3 to 15 Db found in several studies [5–

7]. The highest value of 15 Db was found by Azkorra et al. [5] and is compared to other common 

constructive solutions in Figure 8. The insulation values of the green wall are much lower than the other 

solutions, with the second lowest value already having double the insulation value. A brick with a thickness 

of 100 mm, which is a very commonly used façade finish, has approximately triple the insulation value. 

Table 1 shows 6 studies that determined the sound absorption coefficient of LWS. * Not all results obtained are displayed. ** Due 

to the side effect, some values obtained were higher than 1, which is not possible, so they are rounded off to 1. *** Three 

requirements were not met: the reverberation room volume was only 136 m³ instead of 150 m³, the equivalent sound absorption 

area volumes for the empty reverberation chamber against frequency do not give a very smooth curve although the values 

obtained are below the maximum requirement and within the 15 % upper and lower boundary and one of the 24 measured relative 

humidity readings is outside the required range. However, these three differences are considered to be negligible. 

Author Standard Sample 

orientation 

LW description Method Growing medium Plant species Air 

chamber 

(mm) 

Results* 

Scamoni 

et al. [6] 

ISO 354: 

2003 

Horizontal Modular structure in 

PCV panels 

Reverberation 

room; test 

building 

Felt Ficus Pumila 0 αw = 0.35-

0.55 

Azkorra et 

al.[5] 

ISO 354 Horizontal Precultivated 

modular system; 

recycled PE 

Reverberation 

room 

Coconut fiber Helichrysum 

thianschanicum 

120 αw = 0.4 

Davis et 

al. [8] 

ISO 354: 

2003 

Horizontal Modular system Reverberation 

room 

Potting soil, coco 

chips, sphagnum 

moss 

Nephrolepis 0-50-100 αw = 1** 

Manso et 

al. [9] 

ISO 354: 

2003 

Horizontal GEOGREEN: 

modular system, 

geopolymer plate + 

expanded cork 

Reverberation 

room 

Green roof 

substrate 

7 species 0 α = 0.8 at 

500 Hz; 

αw_small 

leaves = 

0.75  

Figure 2 shows the ways in which LWS can function as an acoustic barrier. High frequency waves are predominantly scattered or 

absorbed by the vegetation layer. The low-frequency waves are absorbed by the substrate. 



 

 

PROCEEDINGS 2ND INTERNATIONAL CONFERENCE ON GREEN ENERGY AND ENVIRONMENTAL TECHNOLOGY, 27-29 JULY 2022, ROME, ITALY 

Serra et 

al. [7] 

ISO 354; 

ISO 

10534-2 

Horizontal Modular system, 

aluminium frame, PP 

textile 

Reverberation 

room and 

impedance tube 

SS: coconut fiber 

+ hydro retainers 

+ mycorrhizae; 

SF50: coconut 

fiber, shredded felt 

Lonicera nitida, 

Bergenia 

cordifolia, 

Heuchera hybr. 

0 No exact 

values 

reported 

Wong et 

al. [10] 

ISO 354: 

2003 

Vertical Wooden frame, 

aluminium foil and 

planters 

Reverberation 

room 

Soil Nephrolepis 

exaltata 

Not 

specified 

α = 0.47 – 

0.51 at 

500 Hz 

 

Although the sound insulation capacity is much lower than other construction solutions, improvements can 

be made to increase this value. The impenetrability of modular systems could be improved by sealing the 

joints between the modules. Z. Azkorra et al. [5] found that by improving the seal of the joints, the sound 

reduction index had improved by 20 %. Here lies a great opportunity for trying to make the acoustic 

insulation of the living wall more like a common brick wall.  

The main threat to the acoustic qualities of the LWS is the dying of plants. As the plants have a significant 

contribution to the acoustic absorption coefficient a reduction of plant cover will noticeably lower the 

absorption coefficient [6].  

Water infiltration and condensation 

Alsaad et al [11] confirmed that LWS lower the condensation risk when placed in front of an existing cavity 

wall. A reduction of 0.55 kg up to 7.7 kg a year was found using a Delphin model on 13.5 m2 south-

orientated wall, located in Mannheim, Germany (Cfb Köppen climate). This reduction is mainly due to the 

added thermal resistance of the LWS. Considering the previous section on the thermal properties it is 

therefore expected that the condensation will be similar to a traditional outer cavity leaf, when replacing the 

outer cavity leaf with an LWS. Regarding water infiltration LWS also preform similarly to commonly used 

outer cavity leaf materials. 

A potential weakness in the application of LWS is the location of the waterproof membrane. Most LWS use 

a waterproof membrane directly behind the LWS to prevent any water from reaching the underlying 

structure and the supporting wall. This can however cause problems regarding condensation. Traditional 

waterproof membranes are also vapor proof, which results in the trapping of moisture behind the LWS, 

resulting in an increased risk of condensation. Therefore, the waterproof membrane should be either vapour-

open, placed behind the insulation layer or a combination of both. Furthermore, the usage of a moisture-

resistant insulation materials is recommended.  

Lifespan 

The biggest weakness of LWS is that several components have an expected lifespan that is substantially 

shorter than that of common outer cavity leaf materials, usually estimated at 40 to 50 years [12]. Considering 

the entire system, the lifespan for the planter box LWS is estimated at 50 years in most studies [13], which 

is in line with the traditional constructions. The lifespan of the felt-based LWS is estimated at about 10 years, 

which is still limited. However, for the irrigation system and the pump the estimated lifespan is a lot shorter, 

at around 7.5 years. Furthermore, the plants need to be replaced at a rate of 10-28.6% per year.  

As these systems are still relatively new there are still opportunities to improve the lifespan of the 

components that limit the lifespan. To enable this there should be R&D, by production companies and 

research institutes, to consider materials with longer potential lifespans and to optimize the design of LWS 

for longevity. This should also include the plants. The use of suitable substrates, irrigation schemes and 

species that can cope with the challenging conditions on a LWS can all help improve the plants’ longevity.  

LCC 

When only considering the overall cost of the LWS it is clear that the LWS is more expensive than a brick 

outer cavity leaf, 315-750 €/m² [14,15] and 105-205 €/m² respectively. Additionally, the LWS has a 

substantial recurring cost, attributed to maintenance and repairs, between 19 and 27 €/m² annually. 
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Additionally, the LWS must also be disassembled at the end of its service life. This is a one-time cost 

ranging between 219-239 €/m² [14,15], which includes the removal of the plants and the support system, 

the transport to the disposal site and the associated taxes. These figures need to be put into context before 

drawing conclusions. First, LWS provide benefits that a brick wall does not, like cooling, air cleaning, 

improvement to urban biodiversity etc. It is however often difficult to determine a price for these services. 

Secondly, further development of these systems and a potential increase in the scale of use can lower the 

price of LWS compared to other façade cladding materials that are more established. The relative 

complexity and the maintenance needs of LWS severely limits their potential to compete, economically, 

with the more traditional façade cladding materials. 

Conclusions 

The SWOT analysis shows that LWS can match other façade cladding materials for most (hygro)thermal 

aspects. In terms of the acoustic performance, LWS can outperform ‘standard’ façade cladding for 

absorption but are notably worse as acoustic insulation. The main shortcomings for the use of LWS as an 

outer cavity leaf are the high costs for installation and maintenance and the limited expected lifespan 

compared to traditional façade cladding materials. Further research and development are needed to make 

the use of LWS as a replacement for the outer cavity leaf a viable option in the future. 
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