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PREFACE 
This report subtitled Product development is the second of the two parts of the graduation project Green walls 

and building energy consumption for the Mastertrack Building Technology at the University of Technology in 

Eindhoven (TU/e) and is written by Jos Oosterlee.  

The integration of nature in buildings has inspired the author to investigate the application of green walls 

during his graduation. Besides numerous environmental advantages, greening the exterior façade of a building 

could potentially decrease the building’s energy consumption. If true, this would be a selling feature for living 

wall systems, a new development in this area. With these systems, where plants are potted into panels, the 

consumer is no longer bound to a limited plant selection that consists of only climbers.  

The first part of the graduation project focuses on quantifying the annual energy consumption for a case study 

building, located in The Netherlands, in several situations with and without the application of a green wall. The 

outcome is stand-alone, but will also serve as input for the second part of the graduation project; the 

development of a new type of living wall system. 

In table 1 the relationship between the two parts is presented. 
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Reading guide 

This second part of the graduation project, Product Development, starts off with general information about the 

living wall systems, their effect on the direct environment and the consumer and a discussion about the value 

of these products. Based on this information, the design task, goals and research questions are formulated. 

Chapter 2 contains an in-depth analysis of 20 living wall systems available on the Dutch market. The analysis 

comprises the design, function and used materials. With this information an evaluation has been made in 

chapter 3, involving 18 criteria to determine an indication of the value of these 20 systems.  

In chapter 4 a program of demand is set up to investigate if the current value can be increased in a new 

product.  The new product is presented in chapter 5 and 6.  

This report ends with a conclusion about the performance and value of the new product. 
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SUMMARY 
Living wall systems are façade cladding systems that support the growth and well being of plant life. The plant 

selection varies from moss and sedums to ferns and small shrubbery in the 

These require an additional hydroponic system for vital water s

categorized on used growing medium for the plants, that is either 

Vegetation on the wall provides 

vegetation cannot deliver. The foliage of the vegetation helps mitigati

turning sensible heat into latent heat. 

inner city, more comfortable for humans. Moreover, 

reduces stress-levels. The photosynthesis process and 

the environment.  Finally, the foliage provides shelter for small animals and insects, st

ecosystem. 

Living wall systems are potential solutions for the increasing problems in inner urban centers, but 

threshold that prevents large scale implementation at this moment. 

existing buildings, but more importantly, it 

advantage for the consumer/building occupant is 

image and the possible publicity it bring

a system, but unfortunately not on the maintenance costs. 

Research shows that the inner city problems will become more intense over time, which will lower the 

threshold for application of living walls. 

systems is a more direct and controllable approach

After studying twenty existing living wall systems and the current market, opportunities for a new produc

the customization and flexibility aspects

system, but from an architect’s point of view variety with other façade products will be more desirable. 

The new living wall system developed in this study is called the Vertical Garden Kit. It is composed of small 

polypropylene containers that can be filled with soil and is suitable for the planting of one plant. 

can be given other purposes as well, to increase the 

flexibility of the product. The drip line

provided with an integrated horizontal drip line

water up to twenty containers below

incorporation of drainage containers 

excess water with the potential of reintroduci

the irrigation cycle, reducing the water consumption.

Lastly, there are variable container that can incorporate 

lights, camera’s or can serve as mounting boxes for 

lightweight paneling, advertisements or company 

logo’s.  

The containers are hung with snapping hooks 

mounting structure composed of steel brackets, 

battens and bars. The mounting system is designed 

with dry and simple fixation that make it fully 

collapsible and low-tech.  
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façade cladding systems that support the growth and well being of plant life. The plant 

-maintenance systems. 

upply. The living wall systems can be 

lt, rock wool or synthetic foam.  

that other cladding systems without 

ng the Urban Heat Island effect by 

The lowered temperature and increased humidity is especially in the 

the mere sight of vegetation and less noise attenuation 

of fine dust also contribute to the health of 

the environment.  Finally, the foliage provides shelter for small animals and insects, strengthening the urban 

Living wall systems are potential solutions for the increasing problems in inner urban centers, but there is still a 

The systems are expensive, certainly on 

maintenance. The only significant 

esthetical appearance of the façade, the sustainable 

The municipalities are willing to award grants only on the purchase of 

Research shows that the inner city problems will become more intense over time, which will lower the 

On the other hand, introducing innovation in current living wall 

After studying twenty existing living wall systems and the current market, opportunities for a new product lie in 

. Today’s developers emphasize variety in plant selection for their 

system, but from an architect’s point of view variety with other façade products will be more desirable.  

developed in this study is called the Vertical Garden Kit. It is composed of small 

polypropylene containers that can be filled with soil and is suitable for the planting of one plant. The containers 



Green walls and building energy consumption: 

Product development  J.A. Oosterlee 

 

 

7 

The use of soil as the growing medium increases the system’s weight, but will reduce the risk of dehydration of 

plants, and together with the high accessibility of the system and the innovative irrigation technique it will help 

relieving the maintenance costs.  

The Vertical Garden Kit can potentially be a worthy competitor among other living wall systems. The 

application of this system varies from large façades to small verticals gardens for balconies. The systems offers 

an increased esthetical variety and is expected to reduce the maintenance costs. Despite the higher purchases 

costs because of the increased weight, the Vertical Garden Kit will create his economical advantage on the 

long-term.  
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1. INTRODUCTION 

1.1 Living wall systems 

With the rising interest in sustainable solutions, the integration of buildings and nature have become a regular 

subject to research and development. The effects of installing a green roof were proven to be beneficial for the 

direct environment and the green cover expanded to the walls around the 1980’s. The integration is however 

not completely new. The earliest known projects date back to 600 years BC, where the city of Babylon, Iraq, 

was sprawling with luscious vegetation, and is often referred to as the hanging gardens of Babylon. Throughout 

the ages several cultures and individuals distinguished themselves by either ‘greening’ their roof or wall. Till the 

1980’s, green walls still consisted of green façades, where the walls are overgrown with climbing or hanging 

plants.  

With the expanding technology tree and the increased interest in sustainability around the 1990’s, another 

type of green wall, the living wall system (LWS), was introduced. The Frenchman Patrick Blanc was one of the 

first horticultural specialists that put his product, the ‘Mur Végétale’, on the market. LWS’ make it possible to 

pot a wider variety of plants on the wall with the help of supporting structures. There are several systems 

available nowadays differing on used growing medium. The vegetation can either be potted in soil (fig.2), in 

between fabric or in rock wool slabs (fig.1). The growing medium is in most cases part of a panel and hung on 

the wall by the use of a mounting structure.  

    

 

Another advantage the LWS’ have over green façades, besides the wider variety of usable plants, is that they 

do not occupy ground space and reduce the growing time. To reduce the growing time even further, newer 

LWS’ come with detachable panels (like the Greenwave system in figure 2) that can easily be replaced for 

maintenance. Since the roots of the plants have no access to the earth’s soil in these systems, the watering and 

nurturing of the plants is done using an integrated hydroponic system, that consists of pumps and a (hidden) 

piping network. (Ottelé 2011; Peters 2010) 

1.2 The effects of living wall systems 

LWS’ have several effects on the direct environment where they are placed in and on the building where they 

are attached to. The effects are categorized on the next page in being advantageous or disadvantageous for the 

environment or the consumer. Here the consumer is assumed to be the building occupant as well. 

FIG 1 (LEFT): THE LIVEPANEL SYSTEM BY MOBILANE; FIG 2 (RIGHT): THE GREENWAVE SYSTEM BY GREENWAVE SYSTEMS. 
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1.2.1 Advantages for the environment 

The foliage of green walls (green façades + LWS’) brings several unique environmental effects compared to the 

more conventional cladding systems without vegetation:  

Air purification 

The plants used in a LWS purify the air by processing carbon dioxide and trapping fine dust. The chlorophyll 

cells in the leafs convert water and carbon into oxygen and sugars through the process of photosynthesis. The 

adhesive layer on the leaf (cuticula) traps the toxic fine dusts. (Ottelé 2011; Sternbreg 2010) Fine dust consists 

of very small particles and is a product of burning fossil fuels from cars and industries. A state-of-the-art 

research done by the Dutch National Institute for Health and Environment also confirms the entrapment of fine 

dust by plants, but also shows that the fine dust concentration in the air is not significantly lowered. The 

removal of fine dust from the environment still occurs by wind or rain. (RIVM 2011)  

Temperature reduction 

Grey surfaces absorb about 80% of solar radiation during a sunny day. This radiation is turned into sensible 

heat (dissipation) and is reradiated into the direct environment at night. (Nelms 2007) The high amount of grey 

surfaces in urban centers, together with urban activities and the lack of green space, causes the average 

temperature to be 4 °C higher than that of rural areas. This Urban Heat Island (UHI) effect contributes to global 

warming and will continue to expand due to global urbanization. (Graham 2004) 

The UHI effect has also been studied in the city of Rotterdam, The Netherlands. Measurements showed a 

difference in the temperature of the air between the urban and rural context of about 8 °C on a windless 

summer night. Also, the mean surface temperatures are higher in the urban setting, because of industrial 

activities and the grey surfaces. It is expected that in 2050 the amount of heat waves will double in Rotterdam. 

Since the mortality rates of The Netherlands rises with 12% during a heat wave, this development is 

concerning. (Nijhuis 2011)   

Besides using materialization with low solar absorption and emission coefficients, incorporating more 

vegetation in the urban environment will reduce this effect. The solar radiation now gets absorbed by the 

foliage and is again turned into sensible heat. The leafs will warm up and react to this by evaporating water to 

cool down. The evaporation of water requires energy and turns sensible heat into latent heat. This effect 

lowers urban temperatures and raises the overall humidity level. It is considered to be positive because dry and 

hot air is perceived as uncomfortable by humans. (Graham 2004; Ottelé 2011; Peters 2010) 

Stress reduction 

The sight of vegetation has a relaxing effect on humans and animals. Research shows that people heal faster 

when they are surrounded by vegetation. The city parks normally provide space for recreational activities and 

vegetation, but since they take up ground space, they become quite expensive in downtown areas with their 

high land pricing. The application of a green wall could be a worthy substitute in this case. (Dunnet 2008) 

Applying a LWS in particular will decrease the noise attenuation in the environment. The many surfaces in the 

foliage and the growing medium prevent noise attenuation by absorption. A quieter environment is also less 

stressful for inhabitants and visitors. (Wong et. al. 2010) 

Strengthening the urban ecosystem 

Finally, a green wall also provides shelter for certain insects and, when used on a larger scale, animal species 

like bats and birds. (Kohler 2008) Peter Graham states in his book Building Ecology, that ecosystems grow 

stronger and more resilient when more biodiversity is present. From here one can say that green walls can 

strengthen the urban ecosystem. (Graham 2004)  
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1.2.2 Disadvantages for the environment 

Material consumption 

LWS’ are mostly composed out of non-sustainable materials, contradicting to its sustainable image. Pots, 

sockets, foils and pipes are made of composites that are mainly produced from crude oil. The mounting 

structures behind the panels are often composed of steel or aluminum. Although these three raw materials are 

recyclable, they are harvested from non-renewable sources and their production process is highly polluting. 

The energy needed to produce composites is about 80 MJ kg
-1

, for steel this is 9-22 MJ kg
-1

 and for aluminum 

this is 170 MJ kg
-1

. (Woolley 1997) These are high values for a product that is considered as sustainable.  

The use of more organic and sustainable materials is however questionable, as they can rapidly deteriorate in 

this application. The environment in and around the LWS is very humid, filled with micro biology and has low 

pH values because of the minerals in the growing medium.   

Water consumption 

The rain alone cannot supply enough water for the plants in a LWS and an additional hydroponic system needs 

to be incorporated to ensure sufficient water and nourishment. Vital minerals serve as nourishment for the 

vegetation and are dissolved in the irrigation water by the system. The complete irrigation is controlled by a 

special unit often placed in the installation room of the building. Via a piping network the enriched water is 

released from a horizontal drip line onto the growing medium.  

The system of Patrick Blanc uses about 0.5 to 3 L m
-3

 of water per day, depending on the weather. (Peters 

2010) Tap water is often used for this purpose, but new LWS’ also can use stored rainwater as a more 

sustainable solution. 

1.2.3 Advantages for the consumer 

Unique appearance 

The unique appearance of vertically arranged plants is one of the main reasons for a consumer to apply a LWS. 

With the environmental effects taken into account, it can be said that a LWS is a status symbol and indicates 

great value for sustainability. For the consumer this can be a good way to attract publicity as the consumer’s 

building will easily distinguish itself from other buildings.  

Energy savings 

When installing a LWS, a significant reduction in the building’s energy consumption can be a consequence, but 

only in specific situations.  

In temperate or colder climates, when buildings have a high annual heating load, energy savings can be a 

consequence when installing the LivePanel system on top of the existing external wall. This system has a Rc 

value of about 0.9 m
2
 K W

-1
, which will help to separate the warm indoor and the cold outdoor climate even 

further. Other systems based on fabrics or soil have almost no insulating properties (Rc ≈ 0.0 – 0.2 m
2
 K W

-1
).  

The external envelope of new buildings in Holland are required to have a minimal insulating capacity of 3.5 m
2
 

K W
-1

. (Link 1) In this case, applying the LivePanel system will mean less need for additional thermal insulation 

(about 40 mm thinner) to meet the requirement. 

In warmer climates, where the buildings annual cooling load is much higher than the annual heating load, the 

LWS can induce energy savings with existing buildings by its foliage. The foliage reduces solar heat gain in the 

building’s indoor climate, relieving the annual cooling load. In general, to get more energy savings the foliage 

has to be dense, thin and cover the entire external surface. The arrangement of plants in the LWS is therefore 

an important factor.  
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Acoustical insulation 

The sound absorption by the LWS also is beneficial for the consumer as the penetration of noise through the 

wall and the overall noise levels in the environment are reduced. This effect can contribute to the health and 

productivity of the occupants in the building. (Wong et. al. 2010) 

1.2.4 Disadvantages for the consumer 

Costs 

The price tag for a wall with a LWS is higher than the one for a conventional cavity wall. For comparison, a brick 

wall costs about  90,- € m
-2

. (Link 2) The price for the Wonderwall system by Copijn (fig.3) is approximately 

350,- € m
-2

 (Link 3) and the LWS by ELT (fig 4.) is estimated at  600,- € m
-2

.
 
(Middelie 2009)  

Maintenance 

The maintenance level of a LWS is higher than that of any other cladding system. The annual maintenance costs 

for the consumer varies between 15,- and 50,- € m
-2

. (Vonk 2012). The (periodical) maintenance consists of: 

• Watering of plants to use for photosynthesis and evaporation; 

• Fertilizing of plants with essential minerals that are not naturally present in the substrate; 

• Drainage of excess water from irrigation and precipitation; 

• Pruning of plants to prevent overgrowth for esthetical purposes and weight reduction; 

• Replacement of decayed plants; 

• Replacement of damaged panels, materials and coatings; 

• Emptying of irrigation network in case of frost. 

The intensity of the aspects mentioned above is mainly determined by the choice of plants. During the design 

stage, the maintenance level of the LWS can be taken into account.  

  

 

1.2.5 Conclusion 

The LWS’ are upcoming, but still remain unknown to the great public, hence their rare implementation in the 

built environment. Although it is not specifically confirmed by any study, by weighing the advantages and 

disadvantages against each other it can be assumed that the value of LWS is very high for the environment. The 

foliage brings unique advantages that no other conventional cladding system can produce. The LWS’ mitigate 

the environmental problems faced in the downtown areas of cities and full application should be encouraged 

here. Governments, businesses and individuals care for their future and continue searching for more 

sustainable solutions, and this is certainly one of them. But the biggest question most people ask themselves is 

FIG 3(LEFT): THE MERCATOR PLAZA IN AMSTERDAM WITH THE WONDERWALL SYSTEM (BASED ON FELT LAYERS); FIG 4(RIGHT): THE ‘EASY 

GREEN SYSTEM’ BY ELT WITH PLANTERBOXES AND SOIL 
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is the appliance of a LWS worth it? (Kuitert 2012) The value for the consumer is assumed to be minimal. (Den 

Ouden 2012) 

Van Praag (2011) held interviews with architects and managers whose company building’s lobby is decorated 

to some extent with plant life. She concludes that the target group is not aware of the benefits that LWS’ bring.  

Especially the improved health for building occupants (visual and auditory stress reduction) and air purification 

are almost unrecognizable benefits on the short term. These benefits are also hard to quantify economically. 

Most costs for the consumer could be relieved by the energy savings aspect of the LWS, but part 1 of this study 

concluded that the annual maintenance costs of LWS still outweigh the energy savings in the subjected office 

building located in The Netherlands. In this case the LivePanel system was placed on the office building with 

moderate thermal insulation properties. The annual maintenance costs were reduced by only 10 to 32 %. The 

desired esthetical appearance and sustainable image are in this way very expensive. 

Although the building occupant cannot get much profit for himself, the benefits for the environment are 

increasingly acknowledged by city councils. The cities of Basel, Linz and Toronto have made green roofs 

mandatory for new building projects. Also the city of Chicago takes an example by covering most of their 

municipal buildings with foliage. In The Netherlands the cities Amsterdam, Rotterdam, Utrecht and The Hague 

are willing to relieve the purchase of a LWS for the consumer. The municipality of East-Amsterdam will relieve 

50 % of the costs up to a maximum amount of € 5,000.-.  

The high purchase costs will elevate the property value and reveals a sustainable image. But these costs are 

comparable with those of a façade cladding system composed of natural stone slabs. The real bottleneck for 

application lies in the maintenance costs of the LWS’. Since the environment has more and unique profit from 

these systems, from an economical point of view it is logical that the environment should pay for it. A rough 

idea is to have the municipality take care of inner urban LWS’, just like they do with city parks and other 

recreational areas. 

1.3 The application of living wall systems 

The environmental effects of LWS’ can be utilized in the 

urban settings to mitigate the environmental issues, 

including the UHI effect. The urban setting is filled up by 

the built environment that consists of buildings, 

infrastructure and recreational areas and alterations are 

expensive and should be economically feasible. New 

building projects are therefore scarce. From an 

environmental point of view the application of LWS’ is 

desirable here, but are they desirable for the consumer?  

The esthetical appearance could be a reason when the consumer is not satisfied with the performance of the 

existing façade. Another reason is the energy savings aspect, when applicable. There are however several 

issues that come with the application of a LWS on an existing building. Firstly, the existing façade should be 

compatible with a LWS or else it should be stripped. Secondly, the current bearing structure of the building 

should be able to carry the extra weight of the LWS. Thirdly, the installation unit for the hydroponic system 

requires space for emplacement. And lastly, when desired, the LWS needs to be customized to ensure a 

complete cover of the existing façade. 

Although the application of a LWS on an existing building brings environmental benefits, it still requires a big 

investment from the consumer as the LWS and the building are not adjusted to each other. This can be 

minimized when dealing with new building projects, where the adjustment can take place in the early design 

FIG 5: A POTENTIAL SUBJECT TO BE COVERED WITH A LWS, 

LOCATED IN THE CENTRE OF ROTTERDAM 
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stages. This will be beneficial for the esthetical appearance, but the environmental benefits will apply less as 

the new building will likely be placed outside the city center. This also counts for the energy savings aspect as 

the building will be designed to fit within the current building legislation. 

1.4 Design Assignment 

Research shows that the inner city problems will become more intense over time, which will lower the 

threshold for application of living walls. On the other hand, introducing innovation in current living wall 

systems is a more direct and controllable approach at this time. With above information taken into account, 

the following design assignment is formulated: 

Design a living wall system with added value compared to the current series of LWS, that can be used for new 

building projects in every setting.  

To ensure the clarity and precision of the design assignment, the key elements are expanded below. 

Living wall system 

A LWS is a type of cladding system that supports the growth and well-being of several types of plants as 

described above.  

Added value 

The value of the LWS can be seen as the attractiveness of implementation from the viewpoint of the 

environment and the consumer. A high value for the consumer indicates a high likelihood of application. This 

study uses an indication of the value of current LWS’ that is obtained by weighing the advantages and the 

disadvantages described in chapter 1.2. 

Adding value to the new product means to raise the value by increasing the advantages or lower the 

disadvantages of the best scoring LWS’ using innovative alterations. If this is not possible, the new product will 

aim for innovation on a more detailed scale.   

The value for the consumer is considered to be more important over the value for the environment, because in 

today’s circumstances the consumer has to pay for the complete system and maintenance. 

New building projects 

New building projects can involve any type of building where a LWS is an option to serve as the cladding system 

for a wall. In this way, the LWS and the building can be adjusted to each other in the early design phases. Other 

applications besides new building projects are optional.  

Every setting 

The setting indicates the location of the new building project and is relevant to the involving plant selection. In 

this case, it is chosen that the location of the new building project can be in every climate zone except the polar 

climate zone and in either a urban or rural setting.  

1.5 Research field 

Social relevance of the study is to increase the influence of the environmental advantages of LWS’, or foliages 

in particular. This is done by designing a new LWS with added consumer value, so the chance of application will 

rise. The scientific relevance of the study is to make a contribution to the general knowledge about LWS’. 

The goal in this research is to design a new LWS that has more value for the consumer compared to the current 

series of LWS’. The goal of the research is to lower the threshold for the application of a LWS’ on the exterior 

wall of buildings. 
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Main research question:  

How can innovative solutions, that improve the value of the current series of living wall systems, be translated 

into a new living wall system? 

Sub questions: 

1. Which living wall systems are available on the Dutch market? 

2. Which criteria define the overall value of living wall systems? 

3. What is the overall value of the living wall systems on the Dutch market? 

4. On which criteria can current living wall systems be improved in order to increase the value? 

5. Which innovative solutions can increase the value of the current series of living wall systems on the 

Dutch market? 

1.6 Methodology  

In this product development the necessary information will be gathered by literature study and interviews. 

A broad selection of current LWS’ available on the Dutch market will be gathered and analyzed on their specific 

design and possibilities. The LWS’ are then evaluated on relevant criteria. With the obtained criteria ratings an 

indication is made of the value of each LWS. By studying the criteria scores and comparing the LWS’ indicative 

value scores, a recommendation in the form of a program of demands is set up for the to be developed 

product.  

The creation phase involves a creative process that will translate the demands into solutions that will be 

integrated in the final product. The final product is an idea, consisting of techniques and materials. The 

dimensioning is done to an appropriate level.  
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2. LIVING WALL SYSTEMS 

2.1 Living wall systems inventory 

An inventory of 20 LWS’ available on the Dutch market has been made, with the inclusion of a few foreign 

systems. The systems are briefly described in the boxes below, according to the information from the 

developers, Peters (2010) and Middelie (2009).  

Wonderwall (Copijn) 

 

This system comes in both a fixed and modular 

version. Three layers of felt, rooting canvas and water 

tight foil are stapled onto a polystyrene sheet. This is 

then screwed to a steel structure. The first felt layer is 

cut to make a pocket. The pockets are filled with soil 

and a single plant. The drip lines are positioned 

behind the second felt layer and keep the entire wall 

moist. 

 

  

 

Greenwave (Greenwave systems) 

 

The Greenwave system is made from high density 

polypropylene (HDPP) planter boxes. Two rows of 

boxes and a back sheet form one panel that will be 

placed in a steel rail. The rail is supported by several 

steel brackets that are attached to the back wall. The 

hydroponic drip line is located above every panel. The 

planter boxes are filled with soil, so almost every 

plant can be potted in this system. 

 

  

 

LivePanel (Mobilane) 

 

The pressed rock wool panels are provided with  

hollow and filled with organic soil to make the rooting 

of the plants possible. The potting of plants can be 

done in the holes that lead to the vertical soiled 

cylinders in the panel. The panels rest on a horizontal 

aluminum railing that includes a gutter and a drip 

line. The maximum spacing between two horizontal 

railings is 2,4m. The railing is attached to the back 

wall. 
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Mur Végétal (Patrick Blanc) 

 

This system works in the same way as the 

Wonderwall system and is actually its predecessor. 

The polystyrene sheet is replaced with a PVC sheet. 

Patrick Blanc shows in several reference projects that 

a high esthetical value can be reached with this kind 

of LWS.  

 

 

 

  

 

Easy Green (ELT) 

 

The panel used in this system contains several small 

planter boxes in a grid. The panel is made from high 

density polyethylene and is considered to endure at 

least 10 years in the sun. The drip lines run above 

each panel. The panels are fixed to a steel structure 

that is mounted on the back wall. 

 

 

 

  

 

Fytowall (Fytogreen) 

 

Steel battens are attached to the back wall and a 

steel netted frame is added to support the synthetic 

urea-formaldehyde foam slabs. In this growing 

medium the plants are able to live without the 

presence of organic soil. The foam remains in place 

with the help of hooks and is kept moist by the 

horizontal drip lines in between the slabs.  

 

 

  

 

Eco[W]all (ZND Nedicom) 

 

This system can be seen as more of a semi living wall. 

Panels made from composite material can vary in 

color and finishing and come in two types: a flat 

surface or with a planter box. The planter boxes are 

filled with soil and is connected to the hydroponic 

network hidden behind the paneling. 
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Flexipanel (Sempergreen) 

 

The Flexipanel is an unique type of LWS. HDPE 

battens are fixed to the wall. The satchels containing 

the growing media (soil and rock wool) will be clipped 

on the battens. The satchels are readymade in the 

Sempergreen greenhouses. The drip lines run in 

between the satchels. 

 

  

 

  

 

GreenWall (VGM) 

 

The GreenWall by VGM consists of HDPE boxes fitted 

on a steel frame. The boxes are internally covered 

with geotextile and filled with soil. Cutting the 

geotextile will allow the potting of plants. All sorts of 

vegetation can be planted in this way.  

 

 

 

 

  

 

Modulogreen (Mostert de Winter) 

 

Modulogreen panels contain planter boxes similar to 

the Greenwave panels. The difference is that the 

Modulogreen panels come in different sizes, so that 

there is more freedom in the design process. 

 

 

 

 

 

  

 

Verticale modulaire plantenbak (Duragreen) 

 

This system is completely made of HDPE, with the 

exception of the fixation materials. In the pockets 

there is a small amount of soil present to ensure the 

growth of moss and small sedums. These types of 

plant can survive in harsh conditions and it is 

therefore not necessary to incorporate a hydroponic 

system.  
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Cultiwall (Saint-Gobain) 

 

The Cultiwall uses rock wool as the growing medium 

set inside a steel rack. The difference with the 

LivePanel system is that this system is modular and 

the size of the panels cannot be customized. The 

hydroponic network is also integrated in the wall. 

 

 

 

 

  

 

Wallflore PER-e (Wallflore) 

 

This system can be seen as a variant on the Cultiwall, 

but comes with more panels sizes and the steel rack 

is not visible from the outside. 

 

 

 

 

 

 

  

 

Greenwalls (Universal Greenfields) 

 

Similar to the Greenwave and Modulogreen system. 

The panels can be cut to reach a smaller modularity. 

 

 

 

 

 

 

 

  

 

Groene gevel design (Groene gevel design) 

 

A LWS based on moss growth. The moss is grown on a 

PA fiber netting which allows complete coverage of 

the surface. The netting can be twisted, bent and cut 

in almost any shape. 
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Plantengevel (Limeparts architecture) 

 

The Plantengevel system uses aluminum cassettes to 

hold planter boxes. The cassettes are hung on an 

aluminum frame. The planter boxes only hold small 

plants. 

 

 

 

 

 

  

 

De verticale tuin (Schadenberg) 

 

Steel netting forms the basic frame and holds the 

coconut fiber mats. The inside is filled with soil and 

makes the system very heavy. Big anchoring bolts are 

therefore needed to fix this to the back wall. 

 

 

 

 

 
 

 

Pro wall system (GSky) 

 

A Canadian product that is basically the same as the 

ELT system, but made entirely from steel and is 

available in a smaller modularity. 

 

 

 

 

 

 

  

 

Living wall (Amytis) 

 

A French variant on the Greenwave, Modulogreen 

and Greenwalls sytems. 
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Grow-all (Atlantis) 

 

This system consists of stacked HDPE cubes opened 

at the front. These cubes can be connected with each 

other and the hydroponic system runs through the 

entire façade behind the cubes. Plants and soil in 

geotextile bags can be inserted and fixed in the 

cubes. The wall carries its own weight and is fully 

detachable. 

 

 

  

2.2 General concept used in LWS 

The general concept used by LWS’ on a new building is illustrated in figure 6. A conventional cavity wall 

generally consists of three main parts: the interior layer, the interlayer and the exterior layer. Here, the LWS 

replaces the exterior layer. 

 

The interior layer is the structural layer that carries the interlayer and exterior layer. The interior layer can be 

made from concrete or masonry or is composed of a timber or steel structure. 

The interlayer contains the insulation layer as mandatory by Dutch legislation. (Link 1) An air cavity on the 

outside is needed to drain excess water vapor in order to prevent moisture congestion between the interior 

and interlayer. The mounting structure is often composed of vertical battens that pierce the insulation layer. 

The exterior layer is composed of paneling that supports and integrates the hydroponic drip lines, the growing 

medium and the planted vegetation.   

2.3 Hydroponic system 

2.3.1 Operation 

Patrick Blanc, seen as the pioneer of the LWS’, states that plants will grow everywhere if there is sufficient 

water, nutrients, light and carbon dioxide available. (Link 5) A life sustaining supply of water for the plants 

inside the LWS is not possible by depending only on the rain. There is also a limited supply of nutrients 

naturally present in the growing medium. A hydroponic system is therefore crucial in this application as it 

provides sufficient water and additional nutrients to the growing medium. The LWS consumes about 0.5 to 3 L 

m
-2

 enriched water per day, dependent on the weather. (Peters, 2010)  

FIG 6: THE GENERAL CONCEPT BEHIND A LWS ON A CAVITY WALL OF A NEW BUILDING 
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The main water sources are tap and stored rain water. The installation unit lets essential minerals and 

fertilizers dissolve in the passing water. Via a pumping mechanism the water is pumped into the irrigation 

network consisting of supply and drip lines. The drip line is lain above the growing medium and is provided with 

emitters. When enough pressure is maintained inside the irrigation network, the drip line emitters will release 

water onto the growing medium. The emitters can release up to 20 liters of water per hour. (Link 6) 

The water exits the growing medium by getting picked up by the vegetation’s roots, evaporating of the surface 

or running of the surface. Intentional passage through the growing medium to the panel below is also a 

possibility. Dependent on the design of the panel, a drainage feature can be installed at the bottom of the 

façade to ensure proper drainage of excess water. Either the drained water is let into the sewer system or it is 

reintroduced in the irrigation network (fig. 7). The reintroduction of drainage water is scarce and will require 

additional filtration units to prevent clogging.  (Ros 2012) 

 

 

2.3.2 Risks 

Incorporating a hydroponic system comes with several risks. The risks are preventable with a balanced 

hydroponic system and sufficient maintenance.  

Dehydration 

Dehydration of the growing medium is the worst enemy of LWS’ as all vegetation will irreversibly decay over 

time without sufficient water. Once soil has dried out, it can only be saturated again with an overload of water.  

Too much water 

Besides dehydration, some plant types cannot bare constant exposure to water. A good adjustment between 

the plant selection and the watering speed has to be found. 

Clogging of the emitters  

The use of emitters that release less than 4 liters per hour should be avoided in LWS’, as experience tells that 

these are likely to get clogged over time due to the crystallization of the minerals. (Soontiëns 2012) 

Frost 

Frost is another enemy of the hydroponic system. Freezing water will expand and causes ruptures in the 

irrigation network. There are however different views about LWS’ in the winter period. Some developers drain 

FIG 7: IDEAL CLOSED CYCLE FOR THE HYDROPONIC SYSTEM. 
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the entire irrigation network in the winter and others let it operate the entire year around. (Middelie 2009; 

Vonk 2012) 

An example of a failing green wall is the parking garage in the Westblaak in Rotterdam. It was intended to be 

the subject of the largest green façade of Europe; the façade covers approximately 5,000 m
2
. Special growth 

containers filled with soil and climbing plants were hung on the wall and steel frameworks were added to guide 

the climbing process. Two years after realization, the plants have died because of a dry period in the spring of 

2012. The hydroponic system had failed in the delivery of water, resulting in a decayed wall (fig. 9). (Hendriks 

2012)  

 

2.4 Growing medium 

There are four kinds of growing medium used by the current series of LWS’: soil mixtures, rough fabrics, 

synthetic foams and rock wool. Using soil mixtures or rough fabric will offer a wide plant selection, as the  

water retention is similar to plants potted in the earth.   

With synthetic foams or rock wool as growing medium, the plants are cultivated based on hydroponics. In this 

method the plant rooting system must take their nutrients from a pool of water, at the bottom of the pot. The 

growing medium fills the pot and ensures the entanglement and stability of the rooting system. The water does 

not contain as much oxygen as normal soil does, so the plants develops another type of rooting system for an 

improved oxygen pickup. Unfortunately, not every plant can develop these kinds of roots, limiting the plant 

selection. (Vonk 2012) 

2.4.1 Soil mixtures 

Normal potting soil is cheap and used on a large scale. It contains organic materials, micro cultures, can retain 

water and forms a solid growing medium for rooting systems. It is suitable for usage in a LWS, but it should be 

taken into consideration that saturated potting soil can weigh about 900 to 1,200 kg m
-3

. Also normal potting 

soil tends to compact and digest over time, decreasing the lifespan of the LWS. (Vonk 2012)  

Gardeners and horticultural specialist have examined several ways to reduce the downsides of potting soil. By 

mixing the potting soil with poorly digestible materials like cork, perlite, cocoa husks, bark, lava stones or clay 

grains the lifespan can be lengthened.  

To improve the water retaining properties and decrease the overall weight, amino plastic foams (like Hydrocell) 

and plant gel crystals can be added to the mixture up to a maximum of 30 %. These synthetic materials have an 

open cell structure that can absorb sufficient water and minerals and permits the rooting of plants, but they 

have a low acidity (pH = 3) and cannot replace the soil. Soil mixtures with 30 % Hydrocell can last for 7 to 10 

years. 

FIG 8(LEFT): THE INSTALLATION UNIT FOR THE WONDERWALL IN THE MERCATOR; FIG 9(RIGHT): THE DEAD FAÇADE IN THE WESTBLAAK 
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2.4.2 Rough fabric 

Fabric is another option for the growing medium. 

pockets of soil between three layers of 

development. Over time the rooting system will expand between the felt layers. This system proves that felt, or 

other similar rough fabrics, can hold a serious variety of plants. The weight reduction compared to soil mixtures 

is also significant, although felt has a similar mass (

function.  

The first project of the Mur Végétal

Mesnil, France. In January of 2011 the façade still remains, but signs of decay are very clear. The green color of 

the felt due to moss and algae growth helps to maintain an acceptable

projects of this system and the Wonderwall system, it is seen that open patches 

wall.  

Implementing felt layers as the growing medium has a high risk of dehydration as it cannot retain much wa

The water consumption of such a system is therefore high. Another risk is that the felt layers do not support 

the growth of a large rooting system. In soil, the rooting system is conic

only has a two dimensional plane and is therefore shaped as a triangle. The rooting system of larger plants are 

therefore likely to cover and destroy the rooting systems of smaller plants, resulting in 

patches in the façade. (Vonk 2012) 

2.4.3 Rock wool 

Rock wool has been implemented on a large scale in the horticultural branch to 

for hydroponic plant cultivation. Rock wool contains several organic materials such as lava stone, basalts and 

slugs, and has a fibrous structure tha

hydrophobic material and can only be saturated when it is exposed to water for a longer period. Dehydration 

should therefore be kept at a minimum. 

The Cultilene rock wool growing medium used in the Cultiwall and Wallflore systems is supposed to have a 

minimal lifespan of 5 years. The Wallflore systems ensures a minimal 10 years guaran

last. A problem with rock wool is that there are limited procedures 

the material.  (Brons 2003; Middelie 2009; Vonk 2012)

 

 

  

FIG 10 (LEFT):THE MUR VEGETAL AT THE FORUM
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Fabric is another option for the growing medium. The ‘Mur Végétal‘ system from Patrick Blanc

pockets of soil between three layers of polyamide felt. The soil provides a basis for early rooting system 

rooting system will expand between the felt layers. This system proves that felt, or 

ics, can hold a serious variety of plants. The weight reduction compared to soil mixtures 

is also significant, although felt has a similar mass (ρfelt = 1,000 kg m
-3

), it needs less material in a LWS to 

The first project of the Mur Végétal of Patrick Blanc was realized in 1999 on the Forum Culturel in LeBlanc 

Mesnil, France. In January of 2011 the façade still remains, but signs of decay are very clear. The green color of 

the felt due to moss and algae growth helps to maintain an acceptable sight (fig 11

projects of this system and the Wonderwall system, it is seen that open patches will appear over time in the 

Implementing felt layers as the growing medium has a high risk of dehydration as it cannot retain much wa

The water consumption of such a system is therefore high. Another risk is that the felt layers do not support 

the growth of a large rooting system. In soil, the rooting system is conically shaped. In felt the rooting system 

plane and is therefore shaped as a triangle. The rooting system of larger plants are 

therefore likely to cover and destroy the rooting systems of smaller plants, resulting in 

 

Rock wool has been implemented on a large scale in the horticultural branch to serve as the growing medium 

. Rock wool contains several organic materials such as lava stone, basalts and 

slugs, and has a fibrous structure that supports the growth of the rooting system. Rock wool is however a 

hydrophobic material and can only be saturated when it is exposed to water for a longer period. Dehydration 

should therefore be kept at a minimum. (Dekkers 2010) 

owing medium used in the Cultiwall and Wallflore systems is supposed to have a 

minimal lifespan of 5 years. The Wallflore systems ensures a minimal 10 years guarantee that the façade will 

problem with rock wool is that there are limited procedures available for the recycling and renewal of 

(Brons 2003; Middelie 2009; Vonk 2012) 

 

VEGETAL AT THE FORUM CULTUREL IN PARIS IN 1999; FIG 11 (RIGHT): THE SAME PROJECT I
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from Patrick Blanc holds small 

felt. The soil provides a basis for early rooting system 

rooting system will expand between the felt layers. This system proves that felt, or 

ics, can hold a serious variety of plants. The weight reduction compared to soil mixtures 

), it needs less material in a LWS to 

of Patrick Blanc was realized in 1999 on the Forum Culturel in LeBlanc 

Mesnil, France. In January of 2011 the façade still remains, but signs of decay are very clear. The green color of 

11 and 12). From other 

appear over time in the 

Implementing felt layers as the growing medium has a high risk of dehydration as it cannot retain much water. 

The water consumption of such a system is therefore high. Another risk is that the felt layers do not support 

shaped. In felt the rooting system 

plane and is therefore shaped as a triangle. The rooting system of larger plants are 

therefore likely to cover and destroy the rooting systems of smaller plants, resulting in those undesirable 

 

 

serve as the growing medium 

. Rock wool contains several organic materials such as lava stone, basalts and 

t supports the growth of the rooting system. Rock wool is however a 

hydrophobic material and can only be saturated when it is exposed to water for a longer period. Dehydration 

owing medium used in the Cultiwall and Wallflore systems is supposed to have a 

tee that the façade will 

available for the recycling and renewal of 

: THE SAME PROJECT IN JANUARI 2011 
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2.4.4 Synthetic foams 

The synthetic foams, like Fytocell are an alternative to rock wool. The 

base material for these foams are the animo plastic foams. With an 

additional process the acidity is raised to normal growing medium 

standards (pH = 6). The foams are light (19 - 22 kg m
-3

), supports the 

growth of a rooting system and hydrate water excellent. When 

completely saturated, the weight will be around 850 kg m
-3

. (Soontiëns 

2012, Vonk 2012) 

In normal, outside conditions, the Fytocell will digest about 2% per year. 

In composting conditions (temperatures around 55 ˚C), it is about 80% 

biodegradable. (Brons 2003)  

2.5 Materialization 

The function of the mounting structure is to take care of an optimal distribution of permanent and variable 

loads within the constraints of material consumption, assembly and purchase price. The permanent loads are 

larger than the variable (horizontal) loads and because of this, the mounting system is composed of vertical 

battens. Some systems use additional horizontal battens for added rigidity or specific fixation. 

The material used for the mounting systems is either stainless steel or aluminum. Aluminum is light, corrosion 

resistant, fully recyclable and can be extruded, making complex shaped battens possible. It is however more 

expensive and weaker than steel.   

The panels main function is the supporting and integration of the growing medium and the drip line. In some 

systems the panels regulate the distribution of water and define, in cooperation with the vegetation, the outer 

appearance of the wall. 

The spacing between the vertical battens define the size of the paneling in the exterior layer. The panels 

composed of felt or rock wool usually can be cut or sawn (customized) into variable sizes, like in the LivePanel 

or Wonderwall system. In the systems similar to the Greenwave system, this is not the case because the panels 

have a fixed size. The dimensions of the covered wall can only be a multitude of the panels size. The grid size 

where the designer works in is equal to the panel sizes available. Customizable panels create more design 

freedom in this way. The panels with a fixed size are however easier to detach and replace. 

Composite material is used for the paneling. The specific composite varies among LWS’, but they all are strong, 

thin, durable, easy to mould and recyclable. In the horticulture polyethylene (PE) is largely implemented as the 

material for temporal plant pots. In case of more permanent and decorative plant pots like in LWS’, high- 

definition  polyethylene (HDPE) and polypropylene (PP) are used. Composites are excellent to withstand the 

exposure to water, salt, acids, sunlight, large temperature differences and the rooting systems of the plants. 

This is also the reason why organic and more sustainable materials are not used. The material cork for instance 

showed signs of decay after already six weeks. (Appendix V) 

The energy consumption is also affected by the conductivity coefficients of the used materials and thermal 

bridges. Part 1 of this study concluded that only systems based on rock wool with minor thermal bridging from 

the mounting system can give a significant contribution, as the LivePanel was estimated to have a Rc value of at 

least 0.9 m
2
 K W

-1
.  

  

FIG 12: POTS FILLED WITH FYTOCELL 
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2.6 Plant selection 

The distinctive feature of LWS’ is the incorporation of living plants. The plant selection of a LWS is determined 

by the climatic conditions of the situation and the esthetical requirements. Not every plant is suitable for every 

condition and the whole concept of LWS could fall without sufficient knowledge about plant life.  

The climatic conditions involve variable factors like temperature curves, humidity levels, wind forces or the 

amount of solar radiation and are defined by the location and orientation of the vertical wall. The plant 

selection for the north side and the south side of a building can differ from each other. The hydroponic system, 

which delivers the water and nutrients, also plays a role in this. As mentioned before, the speed of irrigation is 

crucial for the plant selection. Some plant types can survive with low water supplies (sedums/moss) and some 

need constant exposure to water (marsh plants). The examined LWS’ mostly incorporates plants with moderate 

water needs, mostly found in temperate climates. (Ros 2012) 

An interesting feature of plants is that their growing process can be molded to some extent by the conditions it 

is exposed to. For example, the size of the leafs is mainly determined by the average amount of incoming solar 

radiation. The chance that leafs on the south side of a building will catch sunlight for their photosynthesis 

process is high, and the leaf size can then be smaller to prevent overheating. This also accounts for the amount 

of leafs (the size of the foliage) and the concentration of CO2 in the air and the size of the rooting system and 

the availability of water and nutrients in the growing medium. If resources are lacking, plants will extend their 

body to find these valuable resources.  

With the available plant selection determined, another separation can be done based on the esthetical 

requirements of the end product. Important factors here are the leaf size, texture and color, type of flowers, 

flowering time, growing speed, evergreen and the lifespan. (Vonk 2012) 

The plant selection can be divided into sedums, perennials and shrubs. A common assumption for LWS is that 

10% of the plants need to be replaced every year. (Link 7) 

Sedums are small plants with thick, fleshy (succulent) leafs for water storage. The plants have adapted to harsh 

conditions with low water availability and the use of an additional hydroponic system is therefore not 

necessary. The sedums are also used in extensive green roofs, just like several moss species, as they can easily 

cover a wide surface. Pruning is also not required, but it should be noted that there is a high risk of sprawling. 

(Vonk 2012) 

Perennials are common plants used in gardens and can be divided into grasses, herbs, ground covering plants 

and ferns. These types of plants mainly have a fast growing speed, so regular pruning is necessary. A LWS that 

supports the growth of perennials can achieve a diverse appearance, but the use of a hydroponic system is 

required. The use of one year plants may cause high esthetical value on the short term, but annual 

replacement is inevitable to achieve a high value on the long term. The flowers can also attract vermin. (Kohler 

2008; Vonk 2012) 

   

 FIG 13 (LEFT):GRASSTYPE CAREX OSHIMENSIS; FIG 14 (MIDDLE):SHRUBTYPE CALLUNA VULGARIS; FIG 15 (RIGHT): SEDUM HYBRIDUM 
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Some LWS’ can support the growth of shrubbery. These larger plants grow slow, but remain green in the 

winter. Although they extend the plant selection to be used in the LWS, the downside is that they grow large 

rooting systems. (Vonk 2012) 

In appendix I there is a list of common plants that can be used for LWS based on fabrics or soil. 

2.7 Foliage 

The plant selection of the LWS determines the foliage and gives the system its unique appearance. The foliage 

defines the esthetical quality of the LWS, but also has an impact on the heat transfer in the external wall. The 

amount of coverage by the foliage is defined as the leaf area index (LAI). Some systems can achieve a high LAI 

of the foliage. Other systems, like the Greenwave system, always have open patches in the foliage with the 

materialization in sight.  

The sun-blocking property of the foliage can lead to less energy consumption of buildings located in a warm 

climate. The sun blocking property of the foliage can be maximized by the LWS in three ways: by supporting a 

foliage with a high LAI, assuring a high coverage of the foliage and by a low solar absorption coefficient (αsol) of 

the outer surface.   

Leaf area index 

The density of the foliage depends on the type of plant and the plant spacing. For example, if the plant spacing 

between two shrubs is low their foliages will entangle, making the overall foliage denser then when the plant 

spacing is large.  The LWS are analyzed on the plant spacing.  

The solar transmission coefficient (τl) of  the leafs also plays a role in blocking the sun by the foliage, but this is 

not taken into account. 

Coverage of the foliage 

Once a high LAI can be reached the foliage should then be spread over the entire surface. Not all systems can 

do this and can contain gaps in the foliage because of the design of the paneling. The design of the paneling 

depends on the type of growing medium used. With felt, rock wool and UR foam a high coverage can be 

achieved. This is not the case with LWS’ such as the Greenwave and Eco[W]all, that only use soil put in large 

planter boxes.   

Solar absorption coefficient 

The LAI cannot block all the incoming solar radiation, as there is always a chance that a percentage reaches the 

outer surface of the LWS and dissipates. In case of a moderate to high LAI, the transmitted solar radiation 

mostly consists of green light (in case of green leafs). A green external surface can therefore be more desirable 

as it reflects green light (as it appears green). Lowering the αsol by making the external surface for example 

white is also beneficial, but it should be notified that the surface can get dirty in this kind of environment. (Van 

der Linden 2001) 

2.8 Summary 

The properties of the individual LWS are displayed in the diagram in appendix I.  
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3. EVALUATION OF CURRENT LWS’ 

3.1 Evaluation criteria 

In this chapter the LWS’ are evaluated on 18 different criteria. From the ratings a basic indication of the value 

of each LWS for both the environment and the consumer can be derived, as explained in chapter 1. The 

systems are measured according to the information described in the diagram of LWS’ in appendix I and in 

chapter 2. Since the analysis only encompasses basic information of the systems, the evaluation will give a 

rough indication of their performance. 

The criteria are described below and can relate to the environment and/or the consumer. Since the criteria are 

not equally important for every (dis)advantage, they have been given a weight according to the insight of the 

investigator, based on the information from the previous chapters. The criteria weights and measures can be 

found in Appendix II, along with the evaluation. 

3.1.1 Environment criteria set 

Foliage 

The foliage brings the environmental benefits of air 

purification, temperature reduction, stress reduction 

and strengthening of the urban ecosystem as discussed 

in chapter 1. In general, the more foliage present in the 

façade the larger the benefits. This is affected by the 

plant selection (1), the leaf area index and the coverage 

of the foliage, as they define the size, density and cover 

of the foliage on the wall. Finally, the growing time of 

the foliage is also an important factor that indicates the 

time it takes to reach the end result.  

Material consumption 

The amount of materials used in the LWS is another 

criterion that affects the environment. Using more 

different materials will lead to more environmental 

burdens. More natural sources are affected for 

harvesting the materials and more harmful gasses are 

emitted from the extra shipping. (Graham 2004)  

Water consumption 

The level of water consumption is indicated by the presence of a hydroponic system and the possibility for 

drainage and reintroducing excess water. The water retaining properties of the growing medium also play a 

role in this. 

3.1.2 Consumer criteria set 

Esthetical variety 

The esthetical quality is a vague term, but is defined as the performance of the visible and tangible appearance. 

This performance cannot be quantified as it is subjective and differs among individuals. It is mainly the 

designer’s job to design the appearance of a building that fits the setting. Limitations and restrictions of 

products can have a negative effect on the design process of an architect. Here, the term esthetical quality is 

defined as esthetical variety, and can be interpreted as the amount of limitations when designing the LWS 

façade.   

Environment

Advantages

Foliage

1. Plant selection 
(1)

2. LAI

3. Coverage

4. Growing time

Disadvantages

Material 
consumption

5. Amount of 
materials

Water 
consumption

6. Hydroponic 
system

7. Growing 
medium

FIG 16: CRITERIA SET FOR THE ENVIRONMENT  
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By introducing more variation, the designer of the wall can create a unique appearance that suits the location 

and the clients demands. Most developers believe that only the variation in plant selection is important, but 

there are a few more ways to vary with this product, like in the foliage cover. When preferred, it should be 

possible that the entire wall can be covered, so the criteria coverage is also applicable here. The growing time 

will then also important to reach the preferred end result.  

Another variation lies the design grid. A small grid size is equal to more variation with the shape of the wall and 

the openings that are in it.  

For the majority of developers the variation ends here, but there is another criteria that is important for 

variation and this is the compatibility with other products like cladding systems or products meant for the wall 

like lights or camera’s. TNO has found this to be one of the novel demands in the building industry. 

(Donkervoort 2010) 

 

 

Energy consumption 

In new buildings, the compatibility with the insulation layer is important, and differs among systems. Some 

systems can act as the exterior layer as illustrated in figure 6. Other systems, like the Schadenberg system, 

require an additional supporting structure, which is considered to be unpractical in this case. The mounting 

system of the LWS’ that are compatible will however inevitably pierce the insulation layer and form thermal 

bridges. Another criteria regarding insulation is the thermal resistance of the system.  

Consumer

Advantages

Esthetical

1. Plant selection

(1)

3. Coverage

4.  Growing time

8. Design grid

9. Product 
compatibility

Energy savings

2. LAI

3. Coverage

4. Growing time

10. Insulation 
compatibility

11. Thermal 
resistance

12. Solar 
absorption 

Acoustic

13. Sound 
absorption

Disadvantages

Material 
consumption

5. Amount of 
materials

14. Costs

15. Fixations

16. 
Customization

Water 
consumption

6. Hydroponic 
system

7. Growing 
medium

17. Plant 
selection (2)

18. Protection

FIG 17: OVERALL EVALUATION SCORE PER CRITERION.  
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In warmer climates the foliage cover causes potential energy savings of a building. The criteria leaf area index, 

coverage and growing time are also relevant here, with the addition of the solar absorption coefficient of the 

outer surface of the LWS. 

Acoustical insulation  

The amount of sound absorption is influenced by the gaps in between the paneling, the (uniform) thickness of 

the paneling and the use of porous materials. (Van der Linden 2000) 

Costs 

The indicated purchase price of the system is relevant here, but to strengthen this parameter additional criteria 

are set up. The amount of materials used is a factor of the purchase price as more materials mean additional 

shipping costs, while ordering one material in bulk can lead to a discount in cost price. The labor costs for 

installing the LWS are summarized with the amount of fixations and the need for customization on site.  

Maintenance 

The presence of a hydroponic system defines the overall maintenance as is comes with additional risk of 

dehydration in the growing medium. Also the plant selection is a factor as most plants need regular pruning or 

even replacement. Besides problems with the vegetation, other damages to the LWS’ can occur by fire and 

vandalism, therefore the criteria protection is included. (Link 7) 

3.2 Results and discussion 

The results of the evaluation are placed in the evaluation scheme in appendix II.3. 

3.2.1 The performance of the subjected systems 

The scores on the advantages and disadvantages per system are illustrated in figure 18 and 19 on the next 

page. For the environment the advantages are seen as dominant over the disadvantages. The given weights are 

respectively 0.75 and 0.25. For the consumer the disadvantages (0.60) outweigh the advantages (0.40) (See 

section 1.2.5). 

The highest advantage for the environment is gained by installing the Wonderwall system by Copijn or the Mur 

Végétale by Patrick Blanc. With both systems a dense and complete foliage cover can be achieved as the plants 

can be potted freely into the felt layers. The systems also show the highest disadvantage as they consume 

more water due to the use of the felt layers as the growing medium. 

The lowest advantage is obtained by using the Verticale Modulaire Plantenbak (VMG) by Duragreen; the 

sedums in this system cannot grow a dense foliage. On the other hand, this system has the lowest 

disadvantage for the environment and this clearly shows that the VMG is a modest but safe system.     

The overall advantage for the consumer is lower than for the environment. Still, both the Wonderwall and the 

Mur Végétale score the highest on this point. Unfortunately, the systems are also highly disadvantageously for 

the consumer. The Fytowall system by Fytogreen shows the highest disadvantage with the use of UR foam 

slabs as the growing medium.  

Again, the result show that the VMG system plays it safe by scoring the lowest rating on both aspects for the 

consumer. 
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FIG. 18 (TOP): (DIS)ADVANTAGES SCORES FOR THE ENVIRONMENT PER SYSTEM; FIG. 19 (BOTTOM): (DIS)ADVANTAGES SCORES FOR THE 
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3.2.2 The value of the subjected systems 

The indications for the value of both the environment and the consumer of the subjected systems are 

displayed in figure 20 below. Note that these values are obtained by a subtraction of the disadvantage score 

from the advantage score. The higher the score, the better the value of the system.  

The results show that every system is beneficial for the direct environment. The value is the highest for the 

Wonderwall and the Mur Végétale. The VGM and the Plantengevel by Limeparts show the lowest value for the 

environment. Both system can only grow sedum plants and their design can only create a foliage of a limited 

size. This is also the case with the Groene Gevel Design (GGD) system, but this system distinguishes itself by the 

possibility of a complete cover of the wall. 

The value for the consumer is mainly negative, except with the GGD system that scores higher because its use 

of sedums does not require much maintenance. The Fytowall system scores the lowest value for the consumer. 
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FIG. 20: THE VALUE-SCORES FOR THE ENVIRONMENT AND THE CONSUMER FOR EACH SYSTEM  
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4 PROGRAM OF DEMANDS PRODUCT DEVELOPMENT 

4.1 Program of demands set up 

LWS’ are façade cladding products and can be perceived as luxurious. Their performance was measured in the 

previous chapter, by criteria based on the (assumed) preference of the environment and the consumer. The 

program of demands for the new product will take these into account with other criteria from the Dutch 

building code 2012. As described in the design task, the goal of the product development is to design a LWS 

that has a higher value for the consumer. The evaluation will help achieving this. 

The overall criteria scores on of the current LWS’ give an indication of the strength and weaknesses of the 

series. It shows which criteria are most likely taken into account when designing the products and which 

criteria are left out. The overall scores of the 18 criteria are displayed in figure 21 and are derived from the 

diagram in Appendix II. The colored bars represent the advantageous (green) and disadvantageous (red) 

criteria. The disadvantageous criteria have been transformed for a better comparison. A high score (max. 4) 

indicates that the criteria is most likely been taken into account in de design process of the current series of 

LWS. Although the criteria score depends on the strictness of the measure, a low score can indicate 

opportunity for the new product.  

The evaluation shows that the Mur Végétale system score the highest amount of points on consumer 

advantage. In order to raise the value for the consumer, the new product must minimally equal its 

performance on this advantage and mitigate the consumer disadvantages. The individual scores of this systems 

are marked grey in figure 21. 
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FIG. 21: OVERALL EVALUATION SCORE PER CRITERION.  
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4.1.2 Demands regarding the esthetical variety 

Variation in plant selection 

The individual plants provide different foliages and appearances. The developers have seen that variation in 

plant selection is important for the esthetical variety as the overall score of 2.6 points out. The new product 

must also support the growth of a wide range of plants to ensure variation, but this comes at the expense of 

several other criteria: the growing time is increased, there will be a need for growing medium and a hydroponic 

system, the costs will be elevated and there is need for annual pruning. This can only be prevented by 

supporting moss, or small sedums plants like in the GGD system.  

To support the growth and well-being of the plants a hydroponic system is necessary and the growing medium 

must be a soil mixture to reduce the risk of dehydration. In this way the new product will differentiate itself 

from the Wonderwall and Mur Végétale system that work with layers of felt.  

Finally, the LWS must incorporate a drainage function for a proper water drainage. 

Variation in foliage cover 

The variation in foliage cover is also important for achieving esthetical variety. With the product the designer is 

able to choose for gaps in the foliage, where the panel material is shown through the foliage, or no gaps at all, 

where the foliage covers the entire panel. The plant spacing also plays a role in this and free plant spacing must 

be possible. The soil mixture must be evenly spread across the vertical surface to ensure this. 

Variation in design grid 

Another criteria that defines variation is the design grid. This criteria is underestimated by the current series of 

LWS, because the non-customizable panels come in large sizes. Most modular LWS’ only offer a simple cover of 

a square part of the façade, but the upside is that they can be easily detached, which is beneficial for labor 

costs and the maintenance. Customizable panels, thus a design grid of < 100 mm is preferable, but hard to 

reach considering the soil mixture. The analysis shows that only system based on rock wool and felt can 

achieve this. The panels of the product must fit within the 100 – 250 mm grid. Although this can be seen as 

disadvantageous compared to the Mur Végétale system, the reduction of the risk of dehydration is considered 

to be more important.  

The use of small sized, detachable panels could fill in an opportunity for LWS’ in general. Instead of focusing 

entirely on cladding the external wall of a building, the new product could penetrate other markets such as 

vertical gardening for hobbyists. With this LWS, individuals are no longer tied to having a (large) garden and 

could even cultivate plants from their balcony or façade. This development is already taking shape in 

greenhouses as it reduces the required floor space.  

Variation with other products 

Finally, more variation can be found by varying the application of the LWS with other products meant for a 

wall. The new LWS must be compatible with these kind of products.  

A combination with other cladding systems like ceramic tiling, hardwood paneling or even masonry must apply 

for the new product as it will extend the possibilities for the architect and its client in creating an unique 

building. This can be perceived as an aspect for the variation in design grid as the mounting systems differ from 

each other. It can however be an opportunity if the mounting system of the new LWS can support these 

alternative cladding systems as well.  

Another opportunity lies in the integration of the LWS with façade specific products. An example for this is the 

recent development of incorporating green roofs with PV cells. Studies show that the lower ambient 

temperatures caused by the vegetation, lead to an increase in the solar panel’s efficiency. (Link 8) In this way 
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the LWS could support products like lighting, neon signs, sun blinds, flagpoles, gutters, pipes or security 

cameras. The incorporation of logos or advertisements can also be a possibility.  

 

 

Demands: 

• The product can replace the exterior layer of a conventional cavity wall; 

• The plant selection consists of moss, sedums, perennials and shrubbery; 

• The growing medium is a composition of organic soil and water retaining synthetic foams; 

• A hydroponic system is present; 

• A drainage feature is present; 

• The product allows that the façade can be fully covered by the foliage; 

• The panels allow free plant spacing; 

• The growing medium is evenly spread across the vertical surface; 

• The product consists of non-customizable panels; 

• The panels are easily detachable; 

• The panels must fit within the 100 - 250mm grid; 

• The panels come in different shapes; 

• The product is compatible with other lightweight façade claddings; 

• The product supports façade specific products. 

4.1.3 Demands regarding other criteria 

Energy consumption 

The product can replace the exterior layer of a conventional cavity wall. The mounting system that pierces the 

insulation layer must keep the thermal bridging to a minimum.  

The other criteria regarding the blockage of sunlight by the foliage are already described in the demands for 

the demand for the esthetical quality. The thermal resistance of the LWS panels are not taken into account, but 

the solar absorption coefficient (SAC) is.  

With LWS, a green outer surface is rated as best, as the light transmitted by the (green)  foliage consists mainly 

of green light. For esthetical reasons a green surface can also be beneficial. The panels must be covered by a 

UV-stabilized green cloth. The use of cloth is not only green, it is a flexible and porous material that supports 

the growth of moss. This can be seen in the Wonderwall and Mur Végétale system, where the felt layers show 

moss growth. The moss growth can contribute to the LAI, the esthetical quality and the sound absorption.   

  

FIG. 22(LEFT): COMBINING SOLAR PANELS AND GREEN ROOFS; FIG. 23 (RIGHT): THE FORD LOGO INCORPORATED IN THE ‘PLANTENGEVEL’ 
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Costs 

The costs are composed of material, equipment, labor and transport costs.  

To lower material costs, a system can use less and cheaper materials. Cheaper materials can however result in 

decreased performances, for instance on lifespan. The amount of different materials used in the product 

(criteria 5) must be maximally 4. 

Equipment costs can be found in the complexity of fixating the product. For instance, all façade cladding 

systems have to be correctly positioned at the wall to ensure proper alignment with the wall and to reach a 

calm appearance of the façade. The positioning can be done with a simple leveler or with a sophisticated 

theodolite. Simple fixations require basic equipment and knowledge and can be considered to be cheaper than 

complex fixations. However, complex fixations can be approved if the working conditions do not allow basic 

fixations or when it significantly decreases the building time, thus lowering labor costs. This product 

development aims to minimize the amount of (complex) fixations. They should be fast and simple. 

Transport costs are determined by the amount, shape and weight of the materials needed and the distance 

that the transports need to cover.  

Maintenance 

The maintenance level has already been set high by the plant selection, so regular inspection is required. The 

risks that come with the hydroponic system must be taken into account. Regular maintenance involves the 

pruning of plants, replacement of plants, replacement of damaged parts.  

Vandalism can be considered as a serious threat for realized LWS’. Although LWS’ are invulnerable for graffiti, 

they are vulnerable for theft and destruction, certainly if there are easily detachable. Fortunately, the amount 

of physical disruption is reduced in the last four years in The Netherlands. Still, in 9% of the neighborhoods 

physical disruption is often seen. (Link 4) The product panels must be tightly secured to keep the risk of theft to 

a minimum. 

Demands: 

• The design of the mounting system keep thermal bridging to a minimum; 

• The panels are covered with green cloth; 

• A maximum of 4 different materials are used in the product; 

• The product fixations are fast and simple; 

• The panels fixation keeps the risk of theft to a minimum. 

4.1.2 Demands regarding (inter)national legislation  

The demand below are derived from the Dutch Building code 2012. (Link 1) 

Demands in terms of safety: 

• The structure of the product must be able to withstand and drain variable and permanent loads; 

Demands in terms of health: 

• The product ensure that sufficient daylight reaches the openings of the building. 
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5. THE VERTICAL GARDEN KIT 
In this chapter the new LWS, called the Vertical Garden Kit, is presented. The product development process can 

be found in appendix III. The performance and evaluation of the product are located in appendix I and II 

respectively. 

5.1 Concept 

The Vertical Garden Kit (VGK) consists of non-customizable panels that must fit in a 100 -250mm design grid. To 

achieve this,  an interlayer has been introduced to the general concept of the LWS (marked purple in figure 24). 

The interlayer is part of the mounting system and prevents the size of the panels to be dependent on the 

distance between the vertical battens.  

 

The interlayer creates a modular canvas on the wall that can be filled in with all types of paneling, including the 

paneling that hold the soil mixture, but also individual paneling for the drip lines (supply panels) and drainage 

features. The internal installation unit pumps the enriched water into the supply network. The supply panels 

are located above the LWS paneling and via gravity the water will flow through the panels towards the 

drainage panels. The drainage panels can be emptied again by the installation unit (fig. 25). 

 

 FIG 25: HYDROPONIC CONCEPT USED IN THE VERTICAL GARDEN KIT 

FIG 24: CONCEPT BEHIND THE VERTICAL GARDEN KIT 
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5.2 Mounting system 

The mounting system is composed of 

vertical battens and horizontal steel bars

The fixation of the brackets happens with a specific 

anchoring bolt determined by the type of 

enables the VGK to be applied to structures composed of

masonry, concrete, timber or steel, with the only 

requirement that the structure is dimensioned to carry the 

load of the VGK.  

Only the steel brackets pierce the insulation layer

further reduce the formation of a thermal bridge

polypropylene thermal break pad is placed between the 

bracket and the back structure. Every type of insulation, 

the exception of cellular glass, can be used in this manner

Water absorbing insulation materials need to be 

paneling cannot ensure the wind- and water

The brackets stick out of the insulation layer providing sufficient space to attach the vertical battens using two 

M8 bolts per fixation. The brackets should be aimed at the heart line of the batten as the symmetry maximizes 

the strength of the connection. The vertical spacing between the brackets is 300 or 600 mm. The horizontal 

spacing between the brackets/vertical battens is 300, 450 or 600 mm.

Due to structural construction work

design. To overcome these deviations and to prevent a crooked appearance of the façade finishing, the 

mounting system comes with three additional positioning features. The

final positioning possible on the X-axis

positioning is possible with the thermal break pads as they come in various thicknesses.

The brackets and vertical battens are made using 

the basic steel sheet is to cut the contours and the 

The second procedure is the folding 

The interlayer is composed of horizontal steel bars made from

Because of the circular shape, the horizontal battens can by cl

This connection can be considered as fast, simple and detachable and is examined in Appendix V. The vertical 

distance between the bars is 75mm.

around a corner. The vertical seam between two battens is located in the vertical batten.

FIG 27 AND FIG 28: TWO CLOSE UPS OF THE MOUNTING SYSTEM

Green walls and building energy consumption: 

 

The mounting system is composed of stainless steel brackets, 

and horizontal steel bars (fig. 26).  

The fixation of the brackets happens with a specific M12 

anchoring bolt determined by the type of back wall. This 

enables the VGK to be applied to structures composed of 

masonry, concrete, timber or steel, with the only 

requirement that the structure is dimensioned to carry the 

Only the steel brackets pierce the insulation layer, and to 

further reduce the formation of a thermal bridge, a 

polypropylene thermal break pad is placed between the 

Every type of insulation, with 

the exception of cellular glass, can be used in this manner. 

Water absorbing insulation materials need to be covered with a watertight vapor-open PE

and water tightness of the façade (chapter 5.3). 

The brackets stick out of the insulation layer providing sufficient space to attach the vertical battens using two 

M8 bolts per fixation. The brackets should be aimed at the heart line of the batten as the symmetry maximizes 

The vertical spacing between the brackets is 300 or 600 mm. The horizontal 

spacing between the brackets/vertical battens is 300, 450 or 600 mm. 

structural construction work, the realized supporting structure can deviate from the final building 

gn. To overcome these deviations and to prevent a crooked appearance of the façade finishing, the 

mounting system comes with three additional positioning features. The slotted holes in

axis with the back structure and on the Y-axis with the vertical batten

positioning is possible with the thermal break pads as they come in various thicknesses. 

The brackets and vertical battens are made using standard steel processing procedures. 

contours and the openings (slotted holes and cavities) using an

The second procedure is the folding the sheet using a folding machine.  

The interlayer is composed of horizontal steel bars made from stainless steel with a diameter of 10 mm

Because of the circular shape, the horizontal battens can by clamped into the cavities of the vertical battens. 

This connection can be considered as fast, simple and detachable and is examined in Appendix V. The vertical 

distance between the bars is 75mm. The maximum length of a bar is 6 m and bendable up to 120°

The vertical seam between two battens is located in the vertical batten.

     
MOUNTING SYSTEM 

FIG 26:THE MOUNTING SYSTEM OF THE
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open PE-foil, since the VGK 

The brackets stick out of the insulation layer providing sufficient space to attach the vertical battens using two 

M8 bolts per fixation. The brackets should be aimed at the heart line of the batten as the symmetry maximizes 

The vertical spacing between the brackets is 300 or 600 mm. The horizontal 

deviate from the final building 

gn. To overcome these deviations and to prevent a crooked appearance of the façade finishing, the 

s in the brackets makes 

axis with the vertical batten. Final 

 

. The first procedure for 

using an accurate laser. 

with a diameter of 10 mm. 

into the cavities of the vertical battens. 

This connection can be considered as fast, simple and detachable and is examined in Appendix V. The vertical 

dable up to 120° when going 

The vertical seam between two battens is located in the vertical batten. (fig. 28) 

 

 

UNTING SYSTEM OF THE VGK  
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5.3 Paneling 

5.3.1 Standard VGK container

Dimensions 

The standard VGK container is displayed in figure 29 and meant for the potting of one plant. The container’s 

dimensions are 150 by 150 by 110 mm. The height and width 

The dimensions of the building must be compatible with the design grid for the VGK, to prevent unwanted 

gaps. The design grid is explained in 

Volume 

The main purpose of the container is to

medium and the plant’s rooting system.

2 liters. This is comparable with normal plant pots for houseplants 

The containers will be filled with a soil mixture consisting of 70 % organic soil and 30 % 

of Hydrocell improves the water distribution in the mixture, mitigates compaction and increases the lifespan.

The mixture is estimated to last about 

In the construction phase of the VGK, t

assumed to be 50 % saturated and contains 

needs to be detached, the maximum weight is about 3

contains an adult plant. (Appendix V)

about 133 kg per square meters. Also, 

Material 

The containers are made from the thermoplastic polypropylene

application. It is strong, thin, durable, cheap

of possible processing techniques. The s

additives to the batch to fit the outdoor application even more. In this way the material can be made more 

resistant to exposure to water, salt, acids, sunlight and large temperature differences

Here, the two parts that make up one container are 

polypropylene batch is injected at a high temperature and under pressure into a mold. After the cool down 

period, the two parts can be fixed together with six snap fitting at the side of the par

  

FIG 29 (LEFT): THE TWO INJECTION MOLDED PARTS FORMING T
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container 

The standard VGK container is displayed in figure 29 and meant for the potting of one plant. The container’s 

0 mm. The height and width determine the design grid 

The dimensions of the building must be compatible with the design grid for the VGK, to prevent unwanted 

in detail in chapter 6.1. 

The main purpose of the container is to support sufficient plant growth by offering space for the growing 

medium and the plant’s rooting system. The net-volume of a container to be filled with the growing medium 

normal plant pots for houseplants that contain about 2,5 liters of soil.

a soil mixture consisting of 70 % organic soil and 30 % Hydrocell. 

of Hydrocell improves the water distribution in the mixture, mitigates compaction and increases the lifespan.

is estimated to last about 7 to 10 years, when there is severe rooting in the medium

In the construction phase of the VGK, the weight of a container is about 2.4 kg, where the growing medium is 

and contains a single young plant. In case of maintena

maximum weight is about 3.2 kg, with the growing medium fully saturated and 

V) With the design grid taken into account, the weight of the VGK paneling is 

about 133 kg per square meters. Also, an average of 36 plants can be fitted in 0.81 m
2 

of surface. 

thermoplastic polypropylene as it proves to be the best material to fit in this 

application. It is strong, thin, durable, cheap, recyclable and easy to mold into complex shapes 

processing techniques. The standard material properties like can be altered

additives to the batch to fit the outdoor application even more. In this way the material can be made more 

ure to water, salt, acids, sunlight and large temperature differences. 

Here, the two parts that make up one container are created using injection molding. In this technique the liquid 

polypropylene batch is injected at a high temperature and under pressure into a mold. After the cool down 

period, the two parts can be fixed together with six snap fitting at the side of the parts (fig. 29). 

  

 

LDED PARTS FORMING THE STANDARD VGK CONTAINER IN FIG 30 (RIGHT)

J.A. Oosterlee 

The standard VGK container is displayed in figure 29 and meant for the potting of one plant. The container’s 

determine the design grid at 150mm by 150mm. 

The dimensions of the building must be compatible with the design grid for the VGK, to prevent unwanted 

support sufficient plant growth by offering space for the growing 

to be filled with the growing medium is 

about 2,5 liters of soil.  

Hydrocell. The addition 

of Hydrocell improves the water distribution in the mixture, mitigates compaction and increases the lifespan. 

, when there is severe rooting in the medium. (Link 10) 

where the growing medium is 

nance, where the panel 

the growing medium fully saturated and 

With the design grid taken into account, the weight of the VGK paneling is 

of surface.  

s to be the best material to fit in this 

and easy to mold into complex shapes due to a variety 

can be altered by including specific 

additives to the batch to fit the outdoor application even more. In this way the material can be made more 

created using injection molding. In this technique the liquid 

polypropylene batch is injected at a high temperature and under pressure into a mold. After the cool down 

ts (fig. 29).  

HT) 
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Shape and water passage 

The shape determines the rigidity and the water management capabilities of the container. The hydroponic 

concept in figure 25 shows that the water passage flows with the help of the gravity from t

bottom of the container, providing multiple containers with water and nutrients. Through experimenting it was 

found that filling the entire container with the soil mixture was not an option as the water passage in 

compacted soil is very slow. The underlying containers w

speed of the water flow was increased, 

The design of the container uses the following 

containers through the top opening

directs the water flow to the back side where the sheet is perforated. 

moisten the growing medium at the back of the container.

speed of water penetration.  

This method has several advantages: the soil is more hydrated at the back side, leading to a forced 

development of the rooting system wh

balancing point of the container is placed more to

To ensure sufficient water passage, a

overflow (3). The inlet of the overflow is placed slightly higher than the perforated sheet, so that there will 

always be a small pool at the back of the container, to reduce the risk of dehydrated growing medium even 

further. The overflow has also the advantage that the water buffering capacity can certainly reach 

hour. (Appendix V)  

Finally, a sieve at the bottom (4) will prevent soil from falling out of the container

the growing medium to the container beneath

To guide the water to the inside of the container and optimize the internal water flow, the 

sloped. Several internal stiffening ribs increase the strength of the containers.

Cover 

The front of the container is closed with 

Végétale system. The PA felt has a thickness of 

lasting (about 20 years) and still has a natural appearance. 

mat that is sown with moss seeds. This mat is

FIG 31: THE WATER PASSAGE THROUGH A VGK CONTAINE
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The shape determines the rigidity and the water management capabilities of the container. The hydroponic 

shows that the water passage flows with the help of the gravity from t

bottom of the container, providing multiple containers with water and nutrients. Through experimenting it was 

found that filling the entire container with the soil mixture was not an option as the water passage in 

The underlying containers would not receive sufficient water in this way. 

speed of the water flow was increased, the container flooded. (Appendix V)   

uses the following four water passage principles (fig. 31). 

through the top opening (1) and falls onto a plastic sheet (2). The sheet mitigates soil erosion and 

directs the water flow to the back side where the sheet is perforated. The perforations allow the water to 

at the back of the container. The size and amount of perforation determines the 

This method has several advantages: the soil is more hydrated at the back side, leading to a forced 

development of the rooting system which lowers the risk of plant dehydration. Another advantage is that the 

balancing point of the container is placed more towards the back for less momentum in the container itself.

To ensure sufficient water passage, a cavity between the two PP parts has been added 

The inlet of the overflow is placed slightly higher than the perforated sheet, so that there will 

at the back of the container, to reduce the risk of dehydrated growing medium even 

er. The overflow has also the advantage that the water buffering capacity can certainly reach 

will prevent soil from falling out of the container, and drains excess water in 

edium to the container beneath. 

To guide the water to the inside of the container and optimize the internal water flow, the 

Several internal stiffening ribs increase the strength of the containers. 

The front of the container is closed with a dark green polyamide felt layer (fig. 33). This is also used in the 

has a thickness of about 3 mm. This material it strong, UV-stable,

still has a natural appearance. The system of GGD uses a similar 

mat that is sown with moss seeds. This mat is also has the properties to be an ideal substrate for intended or 

ROUGH A VGK CONTAINER 

J.A. Oosterlee 
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The shape determines the rigidity and the water management capabilities of the container. The hydroponic 

shows that the water passage flows with the help of the gravity from the top to the 

bottom of the container, providing multiple containers with water and nutrients. Through experimenting it was 

found that filling the entire container with the soil mixture was not an option as the water passage in 

sufficient water in this way. When the 

. The water enters the 

mitigates soil erosion and 

The perforations allow the water to 

The size and amount of perforation determines the 

This method has several advantages: the soil is more hydrated at the back side, leading to a forced 

ich lowers the risk of plant dehydration. Another advantage is that the 

the back for less momentum in the container itself. 

en added to serve as an internal 

The inlet of the overflow is placed slightly higher than the perforated sheet, so that there will 

at the back of the container, to reduce the risk of dehydrated growing medium even 

er. The overflow has also the advantage that the water buffering capacity can certainly reach 60 liters per 

, and drains excess water in 

To guide the water to the inside of the container and optimize the internal water flow, the horizontal plates are 

This is also used in the Mur 

stable, permeable, long-

similar polyamide fiber 

to be an ideal substrate for intended or  
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spontaneous moss growth. (Link 9) 

of the container and can also cover gaps in the façade.

The potting of plants in the container can be done by 

the mat. The plant can be potted by pushing the (cylindrical) rooting system inside the formed hole at a slight 

angle. The size of the hole and cuts is determined by the size of the plant’s rooting s

pot multiple smaller plants into one container.

The cover forms an added resistance to the evaporation of water in the soil mixture, while it permits the 

permeation  of rain water. This relieves the water consumption (fig. 32

Connection to mounting system 

One container is hung on two horizontal battens with 

allows a clamped snap fitting of the plastic hook

demountable. This will save labor costs, 

Every hook will carry about 0.75 kg of permanent load.

2.3 mm. (Appendix V) 

It is possible that the hooks and the 

several hooks not bearing the container as they have no contact with the 

EPDM band will be applied in the

horizontal shifting of the containers on the steel bars.

FIG 34 (LEFT): THE HOOKS AT THE BACK OF THE VGK CONTAIN

FIG 32 (LEFT): THE WATER BALANCE IN FRONT OF A CONTAINER
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 The square mat of 150 by 150 mm is stapled to the added strip

of the container and can also cover gaps in the façade. 

The potting of plants in the container can be done by making two crossing cuts preferably at the middle

the mat. The plant can be potted by pushing the (cylindrical) rooting system inside the formed hole at a slight 

angle. The size of the hole and cuts is determined by the size of the plant’s rooting system. It is also possible to 

pot multiple smaller plants into one container.  

The cover forms an added resistance to the evaporation of water in the soil mixture, while it permits the 

permeation  of rain water. This relieves the water consumption (fig. 32).  

One container is hung on two horizontal battens with four hooks (fig. 34). The circular shape of the battens 

nap fitting of the plastic hook on the container. The connection is 

This will save labor costs, which is beneficial for the purchase price.  

75 kg of permanent load. The batten has an acceptable maximum deflection of 

the steel bars can have small dimensional deviation

not bearing the container as they have no contact with the batten. To reduce this effect, an 

e interconnection, as part of the container. The EPDM will also prevent 

horizontal shifting of the containers on the steel bars. 

      
K OF THE VGK CONTAINER; FIG 35 (RIGHT): THE FIXATION OF THE CONTAINER

FRONT OF A CONTAINER; FIG 33(RIGHT): THE GREEN PA FELT LAYER USED IN THE MUR VEGE

Rain  

 

Absorption 

 

 

Evaporation 

 

 

Runoff 

J.A. Oosterlee 

 

 

stapled to the added strips at the front 

making two crossing cuts preferably at the middle-top of 

the mat. The plant can be potted by pushing the (cylindrical) rooting system inside the formed hole at a slight 

ystem. It is also possible to 

The cover forms an added resistance to the evaporation of water in the soil mixture, while it permits the 

. The circular shape of the battens 

 simple, fast, clean and 

maximum deflection of 

can have small dimensional deviations. This could result in 

. To reduce this effect, an 

e EPDM will also prevent 

 

 CONTAINER  

USED IN THE MUR VEGETALE 
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The hanging process contains two movements:

movement to rest the container on the 

above the container. Without this seam the container cannot be detached

and the containers assembly needs to occur from bottom to top

integrated in the supply containers (section 5.3.3), which have

covered with by an extension of the PA felt.

The horizontal shifting of the bars is mitigated by the clamping connection with the vertical batten. To exclude 

this happening, the containers are connected with ea

The filler strips (marked blue in figure 36) clamp 2,

at the side can be attached by a connecting strip (marked red in figure 36). 

5.3.2 Multiple container panels

To increase the construction speed of the 

VGK, panels with multiple containers are 

available. The variable height and width of 

these panels are always a multitude of 150 

mm. In figure 37 the available multi

container panels are presented. The 

fabrication of the panels uses the same 

injection molding process as the standard 

container. Internal snap fittings are added 

for a stronger and permanent connection.

A panel’s maximum size is determined by  

The below described lifting procedure allows a maximum weight

method. (Appendix V; Link 11) The attaching of the VGK paneling can be done on scaffolding or using an aerial 

platform.  The mounting of the containers/paneling is done by two people. For this reason, a panel can hold no 

more than 12 containers (12 x 3 kg ≈

The heavier panels allow the installment of additional 

carrying features, to make the hanging process easier 

for the workers. The carrying feature 

bolt extended with a fork with two

feature can be screwed into the cavity

the intersection of four containers.

weight on one handle is 18 kg (fig. 3

FIG 36: THE FILLER STRIPS (BLUE) AND CONNECTING STRIPS (RED)
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contains two movements: a horizontal movement towards the 

movement to rest the container on the batten. The vertical distance of 10 mm will cause a horizontal seam 

Without this seam the container cannot be detached without detaching the one above it 

and the containers assembly needs to occur from bottom to top. In this system, the horizontal seam is 

integrated in the supply containers (section 5.3.3), which have a reduced height of 140 mm. The seam will be 

covered with by an extension of the PA felt. 

The horizontal shifting of the bars is mitigated by the clamping connection with the vertical batten. To exclude 

this happening, the containers are connected with each other with additional strips made from polypropylene. 

The filler strips (marked blue in figure 36) clamp 2, 3 or 4 containers between two vertical battens. Containers 

by a connecting strip (marked red in figure 36).  

Multiple container panels 

increase the construction speed of the 

, panels with multiple containers are 

height and width of 

itude of 150 

In figure 37 the available multi-

container panels are presented. The 

fabrication of the panels uses the same 

injection molding process as the standard 

container. Internal snap fittings are added 

for a stronger and permanent connection. 

panel’s maximum size is determined by  the maximum lifting weight of a person defined by 

The below described lifting procedure allows a maximum weight of 18 kg per person, according to the NIOSH 

The attaching of the VGK paneling can be done on scaffolding or using an aerial 

The mounting of the containers/paneling is done by two people. For this reason, a panel can hold no 

≈ 2 x 18 kg).  

The heavier panels allow the installment of additional 

carrying features, to make the hanging process easier 

The carrying feature involves a M12 

two handgrips. This 

cavity that exists at 

the intersection of four containers. The maximum 

weight on one handle is 18 kg (fig. 38)  

NECTING STRIPS (RED) FOR A SOLID CONTAINER ARRANGEMENT  

FIG 38: THE FIXATION OF THE CARRYING FEATURE

FIG 37: AVAILABLE MULTI-CONTAINER PANELS WITH HANDGRIP CAVITIES

J.A. Oosterlee 
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a horizontal movement towards the wall and a downward 

will cause a horizontal seam 

without detaching the one above it 

In this system, the horizontal seam is 

a reduced height of 140 mm. The seam will be 

The horizontal shifting of the bars is mitigated by the clamping connection with the vertical batten. To exclude 

ch other with additional strips made from polypropylene. 

3 or 4 containers between two vertical battens. Containers 

of a person defined by Dutch legislation. 

of 18 kg per person, according to the NIOSH 

The attaching of the VGK paneling can be done on scaffolding or using an aerial 

The mounting of the containers/paneling is done by two people. For this reason, a panel can hold no 

YING FEATURE  

H HANDGRIP CAVITIES 
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FIG 39: VERTICAL CROSS SECTIONS OF THE DRIP LINE, THE INTEGR
 

5.3.3 Water management containers

The hydroponic drip lines are integrated in the cavity of 

the top cover of a drip line container is turned into a lid. The hinging of the lid is done by making the pane very 

thin at the joint. Because of the flexibility of the propylene, the lid can be bent without breaking

with a small snap fitting. The drip line container

openings.  

Although the containers can buffer up to 60 liters of water per hour, placing 

wall can result in no water for containers

different altitudes resolves this problem

maximum vertical distance between the supply

however larger and there is no need for a drainage feature in the middle of the wall, unlike the LivePanel 

system. The integral drip line container will allow water passage from above panels.

Defining the maximum vertical distance between drip lines in the VGK is complicated. The maximum water 

releasing capacity of a drip line emitter is 20 

to clog over time). The perforated sheet (feature 2 in figure 35

even distribution of the water in the soil. The water volume in the container cavity is 0.

the water falls in the internal overflow. In case of no soil mixture in the container, the wate

11.98 liter in the overflow and 8.02 in the container.

The volume of the soil mixture in a

demand of one container is 0.5 liters per irrigation period

day is possible. From the experimentation in appendix V it is concluded that saturated soil blocks the water 

passage. This will mean that 40 vertical containers can be connected to one emitter of 20 l h

corresponds to a maximum vertical distance of 6 meters. 

Above description is however an indication. It is assumed that the 

lines is 3.0 meters (20 containers). If the façade is for example 

incorporated in the VGK. In case of replacement of containers due to the hook

scenario is that 19 above containers need to be detached in order to get to the dysfunctional container, but 

because of reduced risk of dehydration (maintenance), this is presumed to be very unlikely.

The drainage containers are then placed at the bottom of the façade and at the top of façade openings. These 

containers are basically closed gutters with a height of 50 mm.
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RIP LINE, THE INTEGRAL DRIP LINE AND THE DRAINAGE CONTAINER

containers 

integrated in the cavity of a standard container (fig 39 and 40

the top cover of a drip line container is turned into a lid. The hinging of the lid is done by making the pane very 

Because of the flexibility of the propylene, the lid can be bent without breaking

small snap fitting. The drip line container is meant for placement on top of the façade or below façade 

Although the containers can buffer up to 60 liters of water per hour, placing only a drip

for containers at the bottom. Placing additional integral drip line containers

this problem. This principle is also used in the LivePanel system

maximum vertical distance between the supply lines is 2,4 meters. The buffering capacity of the VGK is 

there is no need for a drainage feature in the middle of the wall, unlike the LivePanel 

system. The integral drip line container will allow water passage from above panels.  

ical distance between drip lines in the VGK is complicated. The maximum water 

releasing capacity of a drip line emitter is 20 L h
-1

, the minimum is 4 L h
-1

 (lower speed emitters

The perforated sheet (feature 2 in figure 35) then has two perforation of 4

even distribution of the water in the soil. The water volume in the container cavity is 0.

the water falls in the internal overflow. In case of no soil mixture in the container, the wate

02 in the container. 

the soil mixture in a container is about 2 liters and it is assumed that the maximum water 

demand of one container is 0.5 liters per irrigation period (worst case scenario). Multiple irrigation periods per 

day is possible. From the experimentation in appendix V it is concluded that saturated soil blocks the water 

passage. This will mean that 40 vertical containers can be connected to one emitter of 20 l h

sponds to a maximum vertical distance of 6 meters.  

Above description is however an indication. It is assumed that the maximum vertical distance 

containers). If the façade is for example 21 containers high, two supp

In case of replacement of containers due to the hook-principle,

scenario is that 19 above containers need to be detached in order to get to the dysfunctional container, but 

of dehydration (maintenance), this is presumed to be very unlikely.

placed at the bottom of the façade and at the top of façade openings. These 

containers are basically closed gutters with a height of 50 mm.  

J.A. Oosterlee 

DRAINAGE CONTAINER 
 

and 40). To place the line 

the top cover of a drip line container is turned into a lid. The hinging of the lid is done by making the pane very 

Because of the flexibility of the propylene, the lid can be bent without breaking and is sealed 

is meant for placement on top of the façade or below façade 

drip line at the top of the 

integral drip line containers at 

n the LivePanel system, where the 

The buffering capacity of the VGK is 

there is no need for a drainage feature in the middle of the wall, unlike the LivePanel 

ical distance between drip lines in the VGK is complicated. The maximum water 

(lower speed emitters/openings tend 

) then has two perforation of 4 L h
-1 

each, for an 

even distribution of the water in the soil. The water volume in the container cavity is 0.02 L, when exceeded 

the water falls in the internal overflow. In case of no soil mixture in the container, the water distribution is 

and it is assumed that the maximum water 

io). Multiple irrigation periods per 

day is possible. From the experimentation in appendix V it is concluded that saturated soil blocks the water 

passage. This will mean that 40 vertical containers can be connected to one emitter of 20 l h
-1

 and this 

maximum vertical distance between the drip 

containers high, two supply lines should be 

principle, the worst case 

scenario is that 19 above containers need to be detached in order to get to the dysfunctional container, but 

of dehydration (maintenance), this is presumed to be very unlikely. 

placed at the bottom of the façade and at the top of façade openings. These 
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The piping network for the supply and drainage lines is set behind the container wall in the air cavity. The drip 

line and drainage containers will contain coupling features to extend the netw

the VGK itself. The drip lines can be extended between different drip line containers

Each drainage container will be individually connected to

and at the bottom of the façade. The coupling will not interfere with the horizontal battens of the mounting 

system. For faster assembly the hydroponic conta

5.3.4 Variable containers 

Besides the holding plants and the hydroponic system, the standard containers can be given other purposes.

The only function that needs to be maintained is the passage of water, by 

the overflow feature (fig. 44).  

The containers can be connected to the electrical network. Electrical lines can be lain in the air cavity, just like 

the irrigation network. In this way

panels or camera’s, while multiple containers can form neon signs, company logo’s or advertisements.

Other options are the implementation of flagpoles, rain pipes and gutters and even sun blinds. With regard to 

the city’s bio diversity, the container

FIG 42 (LEFT): DRAINAGE CONTAINER AT THE BOTTOM OF THE 

CONTAINER, THE HOOKS DIFFER FROM THE STAN

FIG 40 (LEFT): THE DRIP LINE PLACEMENT INSIDE THE INTEG

LINE CONTAINERS ALLOW COUPLING  TO THE SUPPLY LINE N
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he piping network for the supply and drainage lines is set behind the container wall in the air cavity. The drip 

line and drainage containers will contain coupling features to extend the network from behind the façade to 

be extended between different drip line containers (fig 40)

be individually connected to the drainage network and are placed above openings 

The coupling will not interfere with the horizontal battens of the mounting 

For faster assembly the hydroponic containers come in various widths (See appendix IV).

  

 

Besides the holding plants and the hydroponic system, the standard containers can be given other purposes.

The only function that needs to be maintained is the passage of water, by deleting the two perforations

can be connected to the electrical network. Electrical lines can be lain in the air cavity, just like 

the irrigation network. In this way, single containers can be equipped with lighting, motion detectors, 

panels or camera’s, while multiple containers can form neon signs, company logo’s or advertisements.

Other options are the implementation of flagpoles, rain pipes and gutters and even sun blinds. With regard to 

the city’s bio diversity, the container could also be a home for birds , insects or bats.  

T THE BOTTOM OF THE MOUNTING SYSTEM; FIG 43 (RIGHT): THE BACK 

DIFFER FROM THE STANDARD CONTAINER, THE DRAINAGE LINE RUNS UNDER THE VERTICAL BA

ENT INSIDE THE INTEGRAL DRIP LINE CONTAINER; FIG 41 (RIGHT): THE BACK OPENING IN 

TO THE SUPPLY LINE NETWORK SET IN THE AIR CAVITY BEHIND THE CONTAINER ARRANGEMEN

J.A. Oosterlee 
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he piping network for the supply and drainage lines is set behind the container wall in the air cavity. The drip 

from behind the façade to 

(fig 40).  

and are placed above openings 

The coupling will not interfere with the horizontal battens of the mounting 

iners come in various widths (See appendix IV). 

 

 

Besides the holding plants and the hydroponic system, the standard containers can be given other purposes. 

deleting the two perforations and 

can be connected to the electrical network. Electrical lines can be lain in the air cavity, just like 

, single containers can be equipped with lighting, motion detectors, solar 

panels or camera’s, while multiple containers can form neon signs, company logo’s or advertisements. 

Other options are the implementation of flagpoles, rain pipes and gutters and even sun blinds. With regard to 

 OF THE DRAINAGE 

NDER THE VERTICAL BATTEN 

THE BACK OPENING IN THE DRIP 

CONTAINER ARRANGEMENT 
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Finally, a container could be an extension for mounting light weight paneling for est

purposes (fig. 45). 

 

5.4 Installation 

Supply network 

Every drip line container contains one v

and 20 liters of water per hour. The adjustment can be set according to the a

emitter and the next emitter beneath

The supply network is lain around the perimeter of the wall and extends vertically, between the battens, to the 

drip line containers. One supply network consisting of pipes with a diameter

of amount of 800 L h
-1

.  

Drainage network 

Each individual drainage container is connected to the drainage network. The network consists of tubing/lines 

with a diameter of 13 or 19 mm. The drainage network is lain around the building perimeter and extends 

vertically towards the drainage cont

The water follows gravity and is accumulated in the perimeter lines. The installation

extraction mechanism. After filtration, the water can be reintroduced in the water cycle of the VGK, or let into 

the sewer system. 

5.5 Detailing 

The product range of the VGK is placed in appendix IV, along with the following deta

1. Horizontal cross section of LWS with fixation;

2. Vertical cross section of LWS and fixation;

3. Horizontal cross section of an outer corner;

4. Horizontal cross section of an inner corner;

5. Vertical cross section of the LWS at the roof edge without g

6. Vertical cross section of the LWS at the sloped roof edge; 

7. Vertical cross section of the LWS at ground level;

8. Vertical cross section of the LWS at the top of a window;

9. Vertical cross section of the LWS at the bottom of a window;

10. Horizontal cross section of the LWS and a window.

FIG 44 (LEFT): THE BASIC DESIGN FOR A  MULTI

FIG 45(RIGHT): A CONTAINER THAT ALLOWS FIXATI
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Finally, a container could be an extension for mounting light weight paneling for est

Every drip line container contains one variable drip line emitters. These can be adjusted to release between 4 

. The adjustment can be set according to the amount of container

beneath. Every container increases the water release with 1 

The supply network is lain around the perimeter of the wall and extends vertically, between the battens, to the 

supply network consisting of pipes with a diameter of 13mm, can release a maximum 

Each individual drainage container is connected to the drainage network. The network consists of tubing/lines 

diameter of 13 or 19 mm. The drainage network is lain around the building perimeter and extends 

vertically towards the drainage containers set above the façade openings.  

The water follows gravity and is accumulated in the perimeter lines. The installation can empty the lines via a 

extraction mechanism. After filtration, the water can be reintroduced in the water cycle of the VGK, or let into 

The product range of the VGK is placed in appendix IV, along with the following detail principles:

Horizontal cross section of LWS with fixation; 

Vertical cross section of LWS and fixation; 

Horizontal cross section of an outer corner; 

Horizontal cross section of an inner corner; 

Vertical cross section of the LWS at the roof edge without gutter; 

Vertical cross section of the LWS at the sloped roof edge;  

Vertical cross section of the LWS at ground level; 

Vertical cross section of the LWS at the top of a window; 

Vertical cross section of the LWS at the bottom of a window; 

ction of the LWS and a window. 

A  MULTI-PURPOSE CONTAINER;  

R THAT ALLOWS FIXATION OF PANELING 

J.A. Oosterlee 

Finally, a container could be an extension for mounting light weight paneling for esthetical or advertising 

 

d to release between 4 

mount of containers between the 

1 L h
-1

.  

The supply network is lain around the perimeter of the wall and extends vertically, between the battens, to the 

can release a maximum 

Each individual drainage container is connected to the drainage network. The network consists of tubing/lines 

diameter of 13 or 19 mm. The drainage network is lain around the building perimeter and extends 

can empty the lines via a 

extraction mechanism. After filtration, the water can be reintroduced in the water cycle of the VGK, or let into 

il principles: 
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5.6 Impressions 

With the VGK, designers are able to create facades like illustrated in 

  

FIG 46: IMPRESSIONS FOR APPLYING THE VERTICAL GA
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With the VGK, designers are able to create facades like illustrated in the figures on the next page

 

 

YING THE VERTICAL GARDEN KIT  

J.A. Oosterlee 
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s on the next page. 
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6. PRODUCT BUILDING PROCESS 
The building process of the VGK includes the design and construction phase. Both phases are explained below 

on an example limestone brick wall with rock wool insulation. The design of the façade is the front façade of 

the company building of B. De Nijs – Soffers BV, situated in Hoogerheide, the Netherlands. 

6.1 Design phase 

Step 1 

The grid starts at 100 mm above the 

ground. This space is reserved for the 

drainage containers and for the appliance 

and maintenance of the irrigation 

network. (see detail principle 7). 

 

Step 2 

Design the contours of the wall in the design grid. The wall represents the outside corners of the back wall. To reserve 

space for the finishing at the top of the façade, the contour gains an additional 25 mm in height, from green to black (see 

detail principle 5). The minimal height for the contour is 900 mm, minimum width is 300 mm.  

 

Step 3 

Design the openings (marked green) of the wall along the grid. The real openings will become smaller because of the 

drainage container and the window sill. Top side of the opening is lowered with 55 mm, the bottom side is heightened 

with 85 mm (detail principle 8 and 9). 
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Step 4 

Design the preferred end- results by varying with plant selection, foliage cover and other products. 

 

 

Step 5 

Locate the irrigation and drainage containers. Reserve space for the vertical irrigation network. Note that the containers 

go 150 or 300 mm outside the contours at the vertical edges. This is to cover up the wall finishing at the side walls as  seen 

in detail principle 3. 

 

Step 6 

Determine the required containers to reach the end-result. (vegetative containers are marked cyan, variable containers 

are orange, irrigation containers are green and drainage containers are red.    
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Step 7 

Determine the location and length of the primary vertical battens. The distance from the edge of the contour to the heart 

line of the batten is 75 or 150 mm. The battens stop at 35 mm above and 55 mm under a contour edge and 50 mm from 

the ground. The maximum length of a batten is 2,075 mm. The horizontal space between each batten is 25 mm. 

 

Step 8 

Determine the location of the other vertical battens. The distance between the battens is 150, 300, 450 or 600 mm, 

depending on the situation.  

 

Step 9 

The last step is to locate the steel brackets. The brackets can be positioned left or right from the vertical batten. The 

horizontal heart line of the bottom brackets is positioned at 140 mm higher than the bottom side of the vertical battens. 

The distance between the bracket’s heart lines is either 300 mm or 600 mm.  
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6.2 Construction process 

Step 1 

The starting point is as follows. The structure is set up with the back wall revealed. The openings are filled with sealed 

window framing complete with windows and glass

Step 2 

Position and drill the holes for the anchoring bolts. Final positioning on z

steel brackets with a M12 anchoring bolt. Position the steel bracket on the x

the bolt. 

Step 3  

Cover the entire back wall with the rock wool insulation. Pierce the insulation with the brackets and the prefixed 

insulation plugs.  
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The starting point is as follows. The structure is set up with the back wall revealed. The openings are filled with sealed 

complete with windows and glass. The back wall contains insulation plugs. 

and drill the holes for the anchoring bolts. Final positioning on z-axis is done with thermal break pad

steel brackets with a M12 anchoring bolt. Position the steel bracket on the x-axis using the slotted hole and 

Cover the entire back wall with the rock wool insulation. Pierce the insulation with the brackets and the prefixed 
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The starting point is as follows. The structure is set up with the back wall revealed. The openings are filled with sealed 

 

thermal break pads. Attach the 

axis using the slotted hole and finally secure 

 

Cover the entire back wall with the rock wool insulation. Pierce the insulation with the brackets and the prefixed 
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Step 4 

Mount the vertical battens. A batten is first fixed

bottom brackets. Determine the final pos

possible, connect the batten to the middle brackets using one bolt.

Step 5 

Click the horizontal steel bars into place from bottom to top

 

Step 6 

Run irrigation and drainage lines around the perimeter of the building. 

designated end points. (Place additional electrical network in the same way
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s. A batten is first fixed with the top bracket using two M8-bolts, then with two bolts at the 

inal position on the y-axis using the slotted holes. Tightly secure the bolts and, when 

possible, connect the batten to the middle brackets using one bolt. 

into place from bottom to top. 

around the perimeter of the building. Place the vertical lines and hang them at the 

Place additional electrical network in the same way). 
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Place the vertical lines and hang them at the 
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Step 7 

Attach the water management containers at the designated points

network. Secure the containers between the vertical battens

 

Step 8 

Attach the vegetative and variable containers to the mounting system at the designated points from bottom to top

Secure the containers between the vertical battens

Step 9 

Attach the lightweight paneling using adhesive strips. 

openings with lids. 
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Attach the water management containers at the designated points and connect the container

Secure the containers between the vertical battens using the filler strips. 

containers to the mounting system at the designated points from bottom to top

Secure the containers between the vertical battens. 

Attach the lightweight paneling using adhesive strips. Cover the edges at the top of the wall and at the bottom of the 
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onnect the containers with the irrigation 

 

containers to the mounting system at the designated points from bottom to top. 

 

wall and at the bottom of the 
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7. CONCLUSION 

7.1 Program of demands checklist 

The program of demand checklist for the VGK is displayed in table 2. The VGK has met all the criteria except the 

criteria of free plant spacing. The potting of plants is bound to the fixed size of the container, since the growing 

medium is soil.  

 

7.2 Evaluation 

The results of the VGK on the evaluation test in chapter 3, along with the results from systems with a 

distinctive score are displayed in figure 47. The indicative value scores for the environment and the consumer is 

illustrated in figure 48.  

The results show that the environmental advantage of the VGK equates the best scoring Wonderwall and Mur 

Végétale systems, but decreases the environmental disadvantage leading to an improved value for the 

environment. The reason behind this is that the VGK supports a dense foliage cover. The only ‘flaw’ comes 

from the growing time, but this criteria cannot be met because of the plant selection. The disadvantages 

cannot be taken away even further because of the necessary hydroponic system, again caused by the plant 

selection and the amount of materials used. Removing either the steel, polypropylene, polyamide or the 

growing medium is not feasible. 

The Wonderwall and Mur Végétale systems show slightly more advantage for the consumer then the VGK. This 

comes from the criteria design grid, as the first two systems are customizable. As determined in the program of 

demands set up, creating a small design grid with soil mixture as the growing medium would be hard to reach.  

Demand Check 

  

Demand in terms of esthetical variety  

The product can replace the exterior layer of a conventional cavity wall v 

The plant selection consists of moss, sedums, perennials and shrubbery v 

The growing medium is a composition of organic soil and water retaining synthetic foams v 

A hydroponic system is present v 

A drainage feature is present v 

The product allows that the façade can be fully covered by the foliage v 

The panels allow free plant spacing x 

The growing medium is evenly spread across the vertical surface v 

The product consists of non-customizable panels v 

The panels are easily detachable v 

The panels must fit within the 100 -250mm grid v 

The panels come in different shapes v 

The product is compatible with other lightweight façade claddings v 

The product supports façade specific products v 

Demand in terms of building energy consumption  

The design of the mounting system keep thermal bridging to a minimum v 

The panels are covered with green cloth v 

Demands in terms of economics  

A maximum of 4 different materials are used in the product v 

The product fixations are fast and simple v 

The panels fixation keeps the risk of theft to a minimum v 

Demands in terms of safety  

The structure of the product must be able to withstand and drain variable and permanent loads v 

Demands in terms of health  

The product ensure that sufficient daylight reaches the openings of the building v 

  

TABLE 2: THE PROGRAM OF DEMANDS CHECKLIST OF THE VGK  
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The VGK modularity significantly decreases the disadvantage for the consumer, compared to the customizable 

Wonderwall and Mur Végétale systems. Although the indicative purchase price is lower, the labor costs are 

relieved for applying the VGK. The system also scores better on the maintenance criteria, because of the 

detachable containers and the relieved risk of dehydration with the soil mixture. 

The indication of the value for the consumer with the VGK is 0.0, an improvement compared to systems with 

the same plant selection. The GGD system however, still scores higher (0.3) because the few maintenance it 

requires. 

Although the evaluation gives a rough indication of the value of a LWS, it can be said that the VGK offer unique 

benefits compared to other LWS’. 
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FIG 48: THE VALUE-SCORES FOR THE ENVIRONMENT AND THE CONSUMER FOR A SELECTION OF SYSTEMS  
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7.3 Overall conclusion 

To conclude, the Vertical Garden Kit is a worthy competitor in the current series of living wall systems available 

on the current market.  

The system offers a variety of applications: the walls of new and existing buildings can be fully covered with all 

sorts of vegetation due the small modularity of the system and can even make gardening possible on high-rise 

balconies. 

With the Vertical Garden Kit, designers have a wide range of esthetical variety to pick from. The plant selection 

ranges from moss to perennials and even small shrubbery. The small modularity of the paneling allows a design 

grid of merely 150 mm and a façade fully covered with foliage from the plants. The Vertical Garden Kit is even 

compatible with a variety of façade products. Combining a planted wall with advertisements, logo’s, neon 

signs, lighting and even other light cladding systems is now possible to create a unique appearance of the 

design like no other living wall system can. 

The containers are hung with snapping hooks a steel mounting structure composed of steel brackets, battens 

and bars. The mounting system is designed with dry and simple fixation that make it fully collapsible and low-

tech.  

With the application of the dark green polyamide felt cover, the system will induce energy savings if the 

building is set in warmer climate. The cover allows the growth of moss and together with a dense foliage cover, 

the sun can be blocked successfully to relieve the indoor cooling load. 

With the use of the soil mixture with Hydrocell and the innovative watering technique in the paneling, the risk 

of plant dehydration is reduced to a minimum. It relieves instant maintenance, but when needed the panels 

are easily detachable. 

The soundproofing abilities of the Vertical Garden Kit are solid. The panels design provides the wall with weight 

and pores for sufficient sound absorbing and the gaps between the panels are covered with the felt layer. 

The use of soil as the growing medium increases the system weight and the purchase price, but will reduce the 

risk of dehydration of plants, and together with the high accessibility of the system and the innovative 

irrigation technique it will help relieving the maintenance costs. The Vertical Garden Kit will create his 

advantage on the long-term.  

It is expected that living wall systems will become more popular due to its unique advantages that will help 

mitigating the intensifying inner city problems. When living wall systems are implemented on a large scale, the 

buildings will receive the same appearance, despite the variety in plant selection. With the Vertical Garden Kit 

it is possible to easily combine green walls with other façade cladding products, expanding the architects 

toolset and allowing him more freedom in his design process.  
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APPENDIX I: CURRENT SERIES OF LIVING WALL SYSTEMS 

I.1 Plant selection for living wall systems 

Sedums and perennials 

 

Grasses 

 

Ferns 
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Shrubbery 

 

 

Derived from: 

Vonk R., Clark I.; Onderzoeksrapport wegwijzer verticaal groen; Hogeschool Van Hall Larenstein; 2012 
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I.2 Analysis of the current series of living wall systems 

The LWS’ are analyzed on the aspects below. The results are summarized in the diagram on the next page.  

• General information 

1. Specifications; 

- System name and developer; 

2. Properties; 

- Estimation of the weight and costs; (Middelie 2009; Peters 2010; Vonk 2012) 

• Vegetation 

3. Vegetation; 

- Growing medium and available plant selection; 

4. Hydroponics; 

- Requisite and possible incorporation of drainage; 

• Paneling 

5. Materials; 

- Materials used in the paneling including the growing media; 

6. Type; 

- Customizability and panel sizes; 

7. Design grid; 

- Design grid measurement; 

• Mounting system; 

8. Materials; 

- Materials used for mounting the paneling; 

9. Fixations; 

- Fixations used for assembling the LWS; 

10. Insulation; 

- Potential to replace the exterior layer of a cavity wall and the influence of thermal bridges; 

• Building energy consumption aspects 

11. Rc value; 

- Rc value of the system, based on the results from part 1 of this study; 

12. Solar absorption coefficient;  

- Solar absorption coefficient of the outer surface; (Van der Linden 2000) 

13. Coverage; 

- Amount of coverage direct (1) and two years (2) after installations; 

14. Plant spacing; 

- Freedom of potting the plants in the façade. 

Values with an added asterisk (*) are rough estimations based on values of similar systems.  
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APPENDIX II: EVALUATION OF LIVING WALL SYSTEMS 

II.1 Evaluation of the current series of living wall systems 

II.1.1 Criteria weights and measures for the environment 

The weights are given according to the insight of the investigator, based on the information from the main 

report.  

For the environment the advantages are seen as dominant over the disadvantages. The given weights are 

respectively 0.75 and 0.25. 

The advantage is only composed of the foliage criteria set and this will be weighted as 1.00. The disadvantages 

are the material (0.20) and water consumption (0.80) criteria set. The water consumption is perceived as more 

important as this happens on a regular basis.  

The weight of each criterion within a criteria set is evenly divided and only altered when a criterion is perceived 

as more important over the others.   

The rating of the criteria set of the advantages is done using numbers; ‘0’ stands for bad/low, ‘2’ stands for 

average/moderate and ‘4’ stands for good/high. With the criteria set of the disadvantages the number are 

reversed.  

The criteria measures are set up according to the available properties of the LWS. The evaluation is done 

according to the information described in the diagram of LWS’ in appendix I and in chapter 2, using pictures 

and if necessary, with the investigator’s insight. 

  

 

Environment

Advantages

Foliage

1. Plant selection 
(1)

2. LAI

3. Coverage

4. Growing time

Disadvantages

Material 
consumption

5. Amount of 
materials

Water 
consumption

6. Hydroponic 
system

7. Growing 
medium

(1)

22%

(2)

15%

(3)

23%

(4)

15%

(5)

5%

(6)

12%

(7)

8%

Criteria weights for the environment

FIG II.1: CRITERIA SET FOR THE ENVIRONMENT AND CRITERIA WEIGHTS FOR THE ENVIRONMENT 
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# Criterion Score Measure Weight 

Advantages 0.75 

 

 
Foliage  

 
1.00 

1 Plant selection 

(column 3) 

0 

2 

4 

Sedums 

Sedums + perennials 

All plant types 

0.30 

     

2 Leaf area index of the foliage 

(column 3 + 14) 

0 

2 

4 

Fixed plant spacing + sedums 

Fixed plant spacing + all plant types 

Free plant spacing + all plant types 

0.20 

     

3 Coverage of the foliage in preferred end 

result 

(column 13) 

0 

2 

4 

Large gaps 

Little gaps 

No gaps 

0.30 

     

4 Growing time until preferred end result 

(column 3 + 13) 

0 

2 

4 

End result after 5 years (shrubs) 

End result after 2 years (perennials) 

End result after 1 year  (sedums) 

0.20 

     

Disadvantages 0.25 

 

 
Material consumption  

 
0.20 

5 Amount of different materials used 

(column 5 + 8)  

4 

2 

0 

≥ 5 

3 - 4 

≤ 2 
1.00 

 

 
Water consumption  

 
0.80 

6 Hydroponic system specifications 

(column 4) 

4 

2 

0 

Irrigation required + supply present 

Irrigation required + supply and drainage present 

No irrigation system required 

0.60 

 
 

   

7 Growing medium used 

(column 3) 
4 

2 

0 

Felt 

Rock wool or synthetic foam 

Soil mix 

0.40 

     

 

II.1.2 Criteria weights and measures for the consumer 

For the consumer the disadvantages (0.60) are seen as dominant over the advantages (0.40).  

The advantages are composed of the esthetical quality, energy savings aspect and the acoustical insulation. 

Based on the information in chapter 1, the esthetical quality (0.75) is more important than the energy savings 

aspect (0.20) and the acoustical insulation aspect (0.05). 

The price of a LWS is comparable with that of a natural stone cladding system, the maintenance level is 

however much higher. The costs disadvantage (0.40) is therefore weighted lighter than the maintenance 

disadvantage (0.60).  

The weight of each criterion in a criteria set is evenly divided.  Only the thermal resistance is perceived as less 

important over the others, while the insulation compatibility (important for new buildings) is more important.   

 

TABLE II.1: CRITERIA SET MEASURES AND WEIGHT FOR THE ENVIRONMENT  
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Consumer

Advantages

Esthetical

1. Plant 
selection

3. Coverage

4.  Growing time

8. Design grid

9. Product 
compatibility

Energy savings

2. LAI

3. Coverage

4. Growing time

10. Insulation 
compatibility

11. Thermal 
resistance

12. Solar 
absorption 

Acoustic

13. Sound 
absorption

Disadvantages

Material 
consumption

5. Amount of 
materials

14. Costs

15. Fixations

16. 
Customization

Water 
consumption

6. Hydroponic 
system

7. Growing 
medium

17. Plant 
selection (2)

18. Protection

(1)

6% (2)

1%
(3)

7%

(4)

7%

(5)

7%

(6)

9%

(7)

9%(8)

6%

(9)

6%

(10)

3%(11)

0%

(12)

1%

(13)

2%

(14)

6%

(15)

6%

(16)

5%

(17)

9%

(18)

9%

Criteria weights for the consumer

FIG II.2: CRITERIA SET FOR THE CONSUMER AND CRITERIA WEIGHTS FOR THE CONSUMER 
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# Criterion Score Measure Weight 

Advantages 0.40 

 

 
Esthetical  

 
0.75 

1 Plant selection 

(column 3) 

0 

2 

4 

Sedums 

Sedums + perennials 

All plant types 

0.20 

     

3 Coverage of the foliage in preferred end 

result 

(column 13) 

0 

2 

4 

Large gaps 

Little gaps 

No gaps 

0.20 

     

4 Growing time until preferred end result 

(column 13) 

0 

2 

4 

End result after 5 years (shrubs) 

End result after 2 years (perennials) 

End result after 1 year  (sedums) 

0.20 

     

8 Design grid size 

(column 7) 

0 

2 

4 

> 250 mm 

100 mm – 250 mm 

< 100 mm 

0.20 

     

9 Compatibility with other products 

(column 6 + 7) 

0 

2 

4 

Modular + no compatibilty 

Modular (multiple sizes) + low compatibility 

Customizable + highly compatible 

0.20 

 

 
Energy savings 

  
0.20 

2 Leaf area index of the foliage 

(column 3 + 14) 

0 

2 

4 

Fixed plant spacing + sedums 

Fixed plant spacing + all plant types 

Free plant spacing + all plant types 

0.15 

     

3 Coverage of the foliage in preferred end 

result 

(column 13) 

0 

2 

4 

Large gaps 

Little gaps 

No gaps 

0.15 

     

4 Growing time until preferred end result 

(column 3 + 13) 

0 

2 

4 

End result after 5 years (shrubs) 

End result after 2 years (perennials) 

End result after 1 year  (sedums) 

0.15 

     

10 Insulation compatibility 

(column 10) 

0 

2 

4 

Not compatible 

Compatible + major thermal bridges 

Compatible + minor thermal bridges 

0.35 

     

11 Thermal resistance 

(column 11) 

0 

2 

4 

0.0 m
2
 K W

-1
 

0.1 – 0.4 m
2
 K W

-1
 

≥ 0.5 m
2
 K W

-1 
0.05 

     

12 Solar absorption factor 

(column 12) 

0 

2 

4 

> 0.50 

≤ 0.50 

Green surface (0.75) 

0.15 

 

 
Acoustic properties 

  
0.05 

13 Sound absorption 

(column 3 +5 ) 
0 

2 

4 

Gaps between paneling + thin paneling 

Gaps between paneling 

No gaps + use of soil, rock wool, ur foam 

1.00 

     

 
  

TABLE II.2: ADVANTAGES CRITERIA SET MEASURES AND WEIGHT FOR THE CONSUMER  



Green walls and building energy consumption 

Product development: Appendix II  J.A. Oosterlee 

 

 

5 

# Criterion Score Measure Weight 

Disadvantages 0.60 

 

 
Costs  

 
0.40 

5 Amount of different materials used 

(column 3 + 5 + 8) 

4 

2 

0 

≥ 5 

4 

≤ 3 

0.30 

     

14 Costs per square meter 

(column 2) 

4 

2 

0 

> 400 € m
-2

 

200 – 400 € m
-2

 

< 200 € m
-2 

0.25 

   
 

 

15 Amount of different fixations to indicate 

the amount of labour 

(column 9) 

4 

2 

0 

≥ 3  

2 

1 

0.25 

     

16 Customization for labour costs 

(column 6)  

4 

2 

0 

Customizable 

Modular 

Modular + detachable 

0.20 

 

 
Maintenance  

 
0.60 

6 Hydroponic system specifications 

(column 4) 

4 

2 

0 

Irrigation required + supply present 

Irrigation required + supply and drainage present 

No irrigation system required 

0.25 

     

7 Growing medium used for risk of 

dehydration 

(column 3) 

4 

2 

0 

Felt 

Rock wool or synthetic foam 

Soil mix 

0.25 

     

17 Plant selection for pruning 

(column 3) 

4 

2 

0 

All plant types 

- 

Sedums 

0.25 

     

18 Protection against fire and vandalism 

(column 3 + 5 + 8) 

4 

2 

0 

Composite / steel + ≤ 60 kg m
-2

 

Composite / steel + > 60 kg m
-2

 

Aluminum / rock wool 

0.25 

     

 

II.1.3 Evaluation scheme 

The results from the evaluation are placed on the next page.  

The score of criteria set of a specific (dis)advantage is computed by a weighted summation of each criterion 

score. The score of the (dis)advantage is computed by a weighted summation of each specific (dis)advantage 

score. The indication for the value for the environment and the consumer is finally computed by subtracting 

the weighted disadvantages score from the weighted advantages score. 

  

TABLE II.3: DISADVANTAGES CRITERIA SET MEASURES AND WEIGHT FOR THE CONSUMER  
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1. Plant selection (1) 4 4 2 4 2 4 4 2 2 4 0 2 2 2 0 0 4 2 4 4 2.6 4

2. Leaf area index 4 4 2 4 2 2 4 2 2 4 0 2 2 2 0 0 4 2 2 2 2.3 4

3. Coverage 4 2 2 4 2 2 0 4 2 0 0 4 4 2 4 2 4 2 2 4 2.5 4

4. Growing time 2 2 2 2 2 2 2 2 2 2 4 2 2 2 4 4 0 2 2 0 2.1 2

5. Amount of materials 4 2 2 4 2 2 2 2 2 2 0 0 2 2 2 0 2 2 2 4 2 2

6. Hydroponic system 2 4 2 2 4 4 4 2 4 4 0 4 4 4 0 4 4 4 4 4 3.2 2

7. Growing medium 4 0 2 4 0 2 0 2 0 0 0 2 2 0 0 0 0 0 0 0 0.9 0

8. Design grid 4 0 2 4 0 2 0 0 0 2 0 2 2 0 4 0 0 0 0 2 1.2 2

9. Product compatibility 4 0 4 4 0 0 2 0 0 2 0 2 2 0 4 0 4 2 0 0 1.5 4

10. Insulation compatibility 2 4 2 2 2 0 2 4 0 2 0 2 2 2 4 2 0 2 2 0 1.8 4

11. Thermal resistance 2 2 4 2 2 0 0 2 2 2 2 4 2 2 0 0 2 2 2 0 1.7 2

12. Solar absorption coefficient 2 0 2 4 0 2 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0.6 4

13. Sound absorption 2 2 4 2 0 0 0 2 0 2 0 4 4 2 0 0 4 0 0 0 1.4 2

14. Costs 2 2 4 2 4 4 4 4 4 4 0 4 4 4 2 4 4 4 4 4 3.4 4

15. Fixations 4 0 2 4 2 4 2 2 2 4 2 2 4 2 2 2 2 2 2 0 2.3 2

16. Customization 4 0 4 4 0 2 0 2 0 0 0 2 2 0 2 0 2 0 0 2 1.3 0

17. Plant selection (2) 4 4 4 4 4 4 4 4 4 4 0 4 4 4 0 0 4 4 4 4 3.4 4

18. Protection 4 2 0 0 2 4 0 4 2 0 4 2 0 0 4 0 2 2 2 2 1.8 2

Environment

Advantages 3.6 3.0 2.0 3.6 2.0 2.6 2.4 2.6 2.0 2.4 0.8 2.6 2.6 2.0 2.0 1.4 3.2 2.0 2.6 2.8 2.4 3.6

Disadvantages 3.0 2.3 2.0 3.0 2.3 3.0 2.3 2.0 2.3 2.3 0.0 2.6 3.0 2.3 0.4 1.9 2.3 2.3 2.3 2.7 2.2 1.4

Value 1.9 1.7 1.0 1.9 0.9 1.2 1.2 1.5 0.9 1.2 0.6 1.3 1.2 0.9 1.4 0.6 1.8 0.9 1.4 1.4 1.3 2.4

Consumer

Advantages 3.2 1.8 2.3 3.3 1.2 1.7 1.5 1.8 1.1 1.9 0.7 2.3 2.2 1.3 3.0 1.2 2.1 1.5 1.5 1.7 1.9 3.1

Disadvantages 3.5 1.9 2.4 2.9 2.3 3.3 2.0 2.8 2.3 2.2 0.8 2.6 2.7 2.0 1.4 1.2 2.5 2.3 2.3 2.5 2.3 2.0

Value -0.8 -0.5 -0.5 -0.4 -0.9 -1.3 -0.6 -1.0 -1.0 -0.6 -0.2 -0.6 -0.7 -0.7 0.4 -0.2 -0.7 -0.8 -0.8 -0.9 -0.6 0.0
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APPENDIX III: PRODUCT DEVELOPMENT PROCESS 

III.1 Concept development process 

 

Subject Solutions 

LWS concept 

 

Standard 

 

Interlayer 

 

Interlayer + insulation 

Hydroponic concept 

  

 

Explanation 

By introducing the interlayer in the standard LWS concept, the panel size is not bound to the distance between 

the vertical battens of the mounting system. In this way a lower grid size for modular panels can be introduced. 

The third concept involved bringing the insulation layer to the interlayer, reducing thermal bridging of the 

mounting system. The incorporation of highly insulating radiation foil could also be a possibility here. The third 

concept falls however because of the air cavity that is placed on the inside of the interior layer. The cavity’s 

main function is to drain excess water vapor from the structure where the outside air is the medium. In this 

way the exclusion of thermal bridging can become insignificant. As mentioned before, the insulation layer is 

not structural so the mechanical strength is also doubtful in this concept. 

The alternative to the standard hydroponic concept is to use a water tank below the façade, hidden from sight. 

It will result in a higher accessibility and a smaller piping network, but it is also vulnerable to frost damage, 

clogging and bacterial growth inside the tank. These risks can be reduced by introducing a current inside the 

tank. Leakage is another risk as the tank cannot be made out of one part. This can also result in a higher 

purchase price. 

 

  

TABLE III.1: CONCEPT DEVELOPMENT SOLUTIONS 
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III.2 Product development process 

III.2.1 Paneling 

 

Subject Solutions 

Growing medium Soil mixture Felt Rock wool UR foam 

Material Composite Stainless steel Aluminum Rock wool 

Panel shape 

  

Potting method 

  

Cover Polyamide felt Woven geotextile Non-woven geotextile Sail cloth 

 

Explanation 

Using the soil mixture is a demand for the product development, as it involves less risk for dehydration. The 

material for the paneling is chosen to be a composite material, specifically polypropylene. This thermoplastic 

has the advantage over other composites that it is cheap, strong and suitable for outdoor use as it is more 

resistant to UV-light. A boxed shape of the panel is beneficial for the (uniform) foliage coverage.  

The first potting method consist of the soil mixture in geotextile bags, like in the Gro-wall system. This is fast 

and simple in (dis)assembly.  The other method involves the soil mixture loosely fitted into the panel, covered 

by a fabric. Several feature will allow water passage the container below. The second method is selected here 

as it is better for hydrating the growing medium and cares for a more uniform appearance.  

The cover defines the outer appearance before the foliage is fully grown. The dark green polyamide felt has a 

natural appearance, is permeable and UV-stable. 

  

TABLE III.2: PRODUCT DEVELOPMENT PANELING SOLUTIONS 
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III.2.2 Mounting system 

 

Subject Solutions 

Connection 

principle 

    

Interlayer shape 

   

Hook principle 

   

Horizontal batten 

   

Vertical batten 

   

Material Stainless steel Aluminum Composite Wood 

 

Explanation 

The hook-principle is favored above a snap fitting, suction cap or screwed fitting, as it involve a clean, simple 

and fast connection. The downside of the snap-principle is the strength it needs for the connection. One snap 

needs a certain amount of force to lock. With multiple snap fittings the force multiplies as well. This could be a 

potential problem when dealing with bigger panels.  

The hanging of the panels is done on the interlayer, which can be composed of a panel or horizontal batten. 

The use of battens is chosen here for it consumes less material and can be combined with the mounting system 

more easily by clicking the circular batten into the laser-cut cavity of the vertical batten. the hooks of the 

paneling can be snap fitted onto the batten. An EPDM band in the interconnection disallows any squeaking 

made by the two materials.  

On account of the available processing techniques for laser-cutting, the vertical batten can be made from a 

reversed U-beam. Choosing two separate steel plates is detrimental for assembly speed and can cause more 

marginal deflection. 

Considering that LWS paneling with soil mixtures are generally heavy, the materials aluminum and stainless 

steel are highly suitable for the mounting system. Here, stainless steel is selected because it is cheap and 

strong. All the materials can be made by standard steel processing procedures. The dimension of the horizontal 

batten can be minimized because of the strength of the material 

  

TABLE III.3: PRODUCT DEVELOPMENT MOUNTING SYSTEM SOLUTIONS 
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APPENDIX IV: THE VERTICAL GARDEN KIT 

IV.1 Product range 

IV.1.1 Mounting system 

The mounting system of the VGK is composed of the following parts: (Detailed measurements in figure IV.1) 

1. Vertical U-battens with a thickness of 3 mm and maximum length of 2,075 mm. Smaller battens are a 

multitude of 75 mm shorter to a minimum of 500 mm. 

2. Horizontal steel bars with a diameter of 10 mm and a maximum length of 6,000 mm. 

3. Steel brackets with the measurements of 80 x 100 x 150 x 6 mm. 

4. M8 bolts with a length of 60 mm for the fixation of the batten to the bracket. This includes two steel 

cylinders, a steel nut and a steel washer.  

5. Thermal break pads made form polypropylene with a measurement of 80 x 100 mm, including slotted hole. 

The available thicknesses are 0.5, 1 ,2 and 5 mm. 

6. Specific M12 anchoring bolt for the fixation of the bracket to the back wall. The specific type is determined 

by the type of wall. 

 

  

FIG IV.1: MOUNTING SYSTEM ATTRIBUTES  
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IV.1.2 Containers (1:3) 

The standard available containers for the Vertical Garden Kit are displayed in table IV.1. The variable containers 

are not taken into account. 

Panel nr Container 

amount 

Width Height Weight Carrying 

features 

Persons to 

carry it 

  mm mm kg   

Standard container 

 

 
1  1 150 150 3 0 1 

2 3 150 450 9 0 1 

3 6 150 900 18 0 1 

4 12 450 600 36 2 2 

5 3 450 150 9 0 1 

6 6 900 150 18 0 1 

7 12 600 450 36 2 2 

Drip line container 

 
8 1 150 150 3 0 1 

9 4 600 150 12 0 1 

10 12 1800 150 36 0 2 

Integral drip line container 

 
11 1 150 150 3 0 1 

12 4 600 150 12 0 1 

13 12 1800 150 36 0 2 

Drainage container 1 

 
14 - 150 50 < 1 0 1 

15 - 600 50 < 4 0 1 

16 - 1800 50 < 12 0 1 

Drainage container 2 

 
17 - 150 50 < 1 0 1 

18 - 600 50 < 4 0 1 

19 - 1800 50 < 12 0 1 
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Container with extended left side 

20 1 150

21 4 600

Container with extended right side 

22 1 150

23 4 600

IV.2 Detail principles 

The following detail principles can be found in the next pages:

1. Horizontal cross section of LWS with fixation;

2. Vertical cross section of LWS and fixation;

3. Horizontal cross section of an outer 

4. Horizontal cross section of an inner corner;

5. Vertical cross section of the LWS at the roof edge without gutter;

6. Vertical cross section of the LWS at the sloped roof edge; 

7. Vertical cross section of the LWS at ground level;

8. Vertical cross section of the LWS at the top of a window;

9. Vertical cross section of the LWS at the bottom of a window;

10. Horizontal cross section of the LWS and a window.

 

FIG IV.2:LOCATION OF THE AVAILABLE DETAIL

TABLE IV.1:AVAILABLE PANELING FOR THE VGK

Green walls and building energy consumption 

  

 
150 150 3 0 

600 150 12 0 

 
150 150 3 0 

600 150 12 0 

The following detail principles can be found in the next pages: 

Horizontal cross section of LWS with fixation; 

Vertical cross section of LWS and fixation; 

Horizontal cross section of an outer corner; 

Horizontal cross section of an inner corner; 

Vertical cross section of the LWS at the roof edge without gutter; 

Vertical cross section of the LWS at the sloped roof edge;  

Vertical cross section of the LWS at ground level; 

the LWS at the top of a window; 

Vertical cross section of the LWS at the bottom of a window; 

ion of the LWS and a window. 

 
THE AVAILABLE DETAIL PRINCIPLES  

PANELING FOR THE VGK. CONTAINER VARIATONS ARE EXCLUDED  

J.A. Oosterlee 

3 

1 

1 

1 

1 
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1. Horizontal cross section of LWS with fixation (1:5) 

 

 The wall set up: (inside to outside / top to bottom in detail 1) 

- 5 mm  Stucco 

- 120 mm  Limestone blocks 

- 140 mm   Rock wool slabs     Rc = 3.0 m
2
 K W

-1
 

- 70 mm  Air cavity 

- 112 mm  VGK container wall 
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2. Vertical cross section of LWS and fixation (1:5) 

 
 

The wall set up: (inside to outside / left to right in detail 2) 

- 5 mm  Stucco 

- 120 mm  Limestone blocks 

- 140 mm   Rock wool slabs     Rc = 3.0 m
2
 K W

-1
 

- 70 mm  Air cavity 

- 112 mm  VGK container wall 
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3. Horizontal cross section of an outer corner (1:5) 

 
 

(1) The side of the container is covered with an extension of the PA felt for a more uniform appearance. 

(2) The overhang is a maximum of 450 mm. The steel bars are able to carry this load, with an acceptable 

deviation. The containers on this overhang must be connected to prevent shifting and are part of a 

multi-container panel.  
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4. Horizontal cross section of an inner corner (1:5) 

 
 

When dealing with inner corners the containers should be assembled from the corner to the outside.  
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5. Vertical cross section of the LWS at the roof edge without gutter (1:5) 

 
 

(1) An (aluminum) cover must be placed on top of the wall to cover the insulation and air cavity from 

precipitation.  
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6. Vertical cross section of the LWS at the sloped roof edge (1:5) 
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7. Vertical cross section of the LWS at ground level (1:5) 

 
 

(1) The drainage and irrigation lines run around the perimeter of the building. 

(2) The perimeter of the building is covered with a thin concrete plate that is attached to a hard insulation 

material.   
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8. Vertical cross section of the LWS at the top of a window (1:5) 

 
 

(1) The drainage lines run on the drainage container overhang. 

(2) The window frames are sealed to prevent water passage: the mounting frame is sealed using glued 

flaps and a rubber band exists between the windows frame and mounting frame.  
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9. Vertical cross section of the LWS at the bottom of a window (1:5) 

 
 

(1) The window frames are sealed to prevent water passage: the mounting frame is sealed using glued 

flaps and a rubber band exists between the windows frame and mounting frame. 

(2) The window sill is covered with an aluminum cover.  
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10. Horizontal cross section of the LWS and a window (1:5) 

 
 

(1) The window frames are sealed to prevent water passage: the mounting frame is sealed using glued 

flaps and a rubber band exists between the windows frame and mounting frame. 

(2) The vertical drainage lines run between the container with extended side and the vertical batten. 
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APPENDIX V: PRODUCT DEVELOPMENT EXPLORATIVE EXPERIMENTS 

V.1 Implementing the material cork into the LWS 
The current series of LWS’ do not make use of any materials with low embodied energy or carbon levels or that 
come from a renewable source. Instead, only steel, aluminum, rock wool, rough fabrics or thermoplastic 
composites are used for the paneling and mounting systems. These materials can be recycled to limited extent, 
but generally have high embodied energy or carbon levels for their production. 

Introducing more organic, more sustainable materials in a LWS strengthens the sustainable image of the 
product, but their main concern is that they deteriorate fast in the harsh environment of a green wall. To 
confirm this, the material cork has been investigated to be used as the base material for the paneling. 

Cork is a, cheap and recyclable material and has a low embodied energy. The material can easily be cut and is 
easy to process. It is also acknowledged as a material that does not rot and has a minimal lifespan of 15 years.  

A planter box was made from several pieces of an expanded cork slab. The pieces were tightly clamped 
together using studs, rings and bolts. The box was filled with soil and three plants. Despite regular watering, 
the two plants on the outside died already after three weeks, probably because the water content was too low 
for these type of plants. The middle plant had grown, but started to show signs of decay after six weeks. After 
eight weeks the model was disassembled.  

  
 

During the experiment the rooting system of the middle plant had grown into the tight seams between the 
slabs. Some roots started to hold on and dig into the cork slab itself, displayed in figure V.4. The humid area 
beneath the planter box was occupied with several snails, spiders and millipedes.  

From here it was concluded that the use of organic material as a LWS panel is undesirable. The cork panel will 
most likely be destroyed within a couple of years by the plant’s rooting system, making the lifespan of the 
system very short. Replacing the panels and inspections will raise the overall level of maintenance, which is 
considered to be undesirable. 

 
 

FIG V.1 (LEFT): THE PLANTERBOX AT THE BEGINNING OF THE EXPERIMENT; FIG V.2 (RIGHT):CLOSE-UP OF THE FIXATION OF THE SLABS 
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IV.2 Water passage through a VGK container 
The water passage through the VGK container was tested using trial and error. The goal was to find a suitable 
growing medium composition in the container that allows water passage to the containers below. The minimal 
rate of water passage is 6 liters per hour (10 minutes per liter) as this is the normal flow rate from the drip line 
emitters. A higher rate of water passage is allowed, but the growing medium should be sufficiently moistened 
during the passage. 

A representative model of the container was made for this test (fig V.5). A measuring cup was used to act as 
the drip line emitter. The water was released at a rate of 0.25 liters for 2.5 minutes (6 liters per hour). 

1) In the first setup the entire container was filled with saturated organic soil, tightly pressed in the container. 
Releasing the water quickly led to the flooding of the container. The saturated soil acted as a barrier for the 
water. 

2) In the second setup the saturated soil was replaced with dryer soil. When pouring the water, the container 
still flooded, but it took longer than in the first setup. 

 
 

3) Clay grains were added to the top backside of the container (fig V.6). In this way a small water reservoir can 
build up in the container. The soil had the same saturation level as in setup 2. The container did not flood in 
this instance. The water stayed at the back side of the container, slowly sinking in the soil (fig V.7). 

 

FIG V.5 (LEFT): THE BASE MODEL USE FOR THIS EXPERIMENT; FIG V.6 (RIGHT): FILLING METHOD FOR THE CLAY GRAINS 

 

 
 

 

FIG V.3 (LEFT): THE PLANTERBOX AFTER EIGHT WEEKS; FIG V.4 (RIGHT):THE ROOTING SYSTEM OF THE MIDDLE PLANT 

 

 
 

 



Green walls and building energy consumption 
Product development: Appendix V  J.A. Oosterlee 
 
 

3 

 

 

4) The same setup was used, only now more water was released at the same rate. The container flooded as 
soon as the internal reservoir was filled. There was still no sign of water passage to the bowl underneath the 
setup. The soil also tends to compact and erode while it is poured on with water.  

5) The clay grains are replaced with a netting, making sure that the reservoir remains, while allowing the water 
pass through the netting to moisten the soil. Because the soil does not permit sufficient water passage, an 
internal overflow was added (fig V.8). The overflow allows the reservoir to be filled up to a certain height. In 
this way the soil inside the container will be sufficiently moistened, while the passing of water remains. The 
setup proved to be successful and could even buffer up 60 liters per hour, as no flooding occurred when 1 liter 
of water was poured within one minute (fig V.9). 

  
 

To conclude, soil alone will not permit sufficient water passage. The use of an internal overflow in setup 5 is 
recommended. The maximum rate of water that can be buffered by the container depends on the size of the 
overflow. When this is high, the erosion of the growing medium when the water is released should be kept in 
mind (fig V.10).     

  

FIG V.9 (LEFT): SETUP 5 IN ACTION; FIG V.10 (RIGHT): A SCHEMATIC OF THE RECOMMENDAED WATER PASSAGE IN THE CONTAINER 

 

 
 

 

FIG V.7 (LEFT): THE THIRD AND FOURTH SETUP WITH THE CLAY GRAINS AT THE TOP BACKSIDE; FIG V.8 (RIGHT) THE ADDITION OF THE 
INTERNAL OVERFLOW IN THE FORM OF TO PIPES WITH A DIAMETER OF 8MM 
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V.3 Determining the weight of one VGK container 
Material Specific weight Measurements Quantity Weight 
     
70% organic soil + 30% 
Hydrocell (dry) 

822 kg m-3 0.001850 m3 1 1.5 kg 

70% organic soil + 30% 
Hydrocell (saturated) 

1250 kg m-3 0.001850 m3 1 2.3 kg 

     
Polypropylene 930 kg m-3 0.000400 m3 1 0.4 kg 
EPDM 1200 kg m-3 0.000001 m3 4 0.0 kg 
PA felt 0.3 kg m-2 0.15 m x 0.15 m 1 0.0 kg 
Plant - - 1 0.5 kg 
     
Container (dry)    2.4 kg 
Container (wet)    3.2 kg 
     

 

References 

Specific weight: 

Bone A.H.L.G.; Bouwkundig tabellenboek; Noordhoff Uitgevers bv.; 2007 

Measurements: 

Analysis of the 3D-model of the container in Rhinoceros 

V.4 Indication of the deflection of the horizontal batten 
Input data: 

- Material   Stainless steel 
- Shape   Circular 
- Diameter  10 mm  
- Length   600 mm (max. distance between vertical battens) 
- Load   2.9 kg x 4 / 0.6 m / 2 x 1.5 (safetyf.) =  15 kg m-1 = 0.15  kN m-1 
- Section modulus  98 mm3 
- Moment of inertia 491 mm4 
- Modulus of elasticity 21 000 N mm-2 

 
Results: 

- Maximal momentum 0.0068  kNm 
- Maximal tension  68.9 N mm-2 
- Maximal deflection 2.5 mm  

References 

http://www.mile17.nl/ligger.php 

  

TABLE V.1: WEIGHT CALCULATION OF A SINGLE VGK CONTAINER 

 

 
 

 

http://www.mile17.nl/ligger.php
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V.5 Dimensioning the joint horizontal batten – vertical batten 
The subject in this test was to investigate the possibility of clamping the two parts together. The principle is to 
place the bar into the cavity of the vertical batten and press it in to place. The pressing is done with a slight 
snap fitting of the steel and the bar will end up in the hole which diameter is tinier than that of the steel bar (Ø 
= 10 mm). 

The test was done using one steel plate (d = 3 mm) and a steel bar (Ø = 10 mm). The steel plate contained 8 
laser-cut variations that all differ on diameter of the hole, thickness of the flange, height of the snap fitting and 
depth of the lower cavity. The goal was to find the result that gives an easy but firm snap, clamps the steel bar 
and allows multiple insertions. 

After the test it was found that only cavity 6 was able to give an easy snap because it had the lowest height of 
the snap fitting. The other cavities could not be filled up without the use of a hammer and it led to a serious 
deformation cavity. The final cavity that is used in the new product is an improvement to cavity # 6, based on 
the obtained results.    

 

  
FIG V.11: THE STEEL PLATE 
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V.6 Maximum weight for the multi-container panels by NIOSH method 
The recommended maximum weight for lifting is 23 kg per person, but if the specific lifting task contains 
abnormalities, the weight should be lowered. The National Institute of Occupational Safety and Health (NIOSH) 
developed a method to calculate the recommended weight according to the specific lifting task. 

In case of applying the multi-container panels of the VGK, the worst case scenario would be if the panel lies flat 
on the scaffolding and needs to be lifted to the head of the worker (fig V.11).     
 
Input data: 

Lifting 
- Vertical distance to object shoulder to floor  150 cm 
- Horizontal distance to object while lifting    15 cm 
- Angle of the body towards the object   0 ˚ 

 
Positioning 

- Vertical distance to position    45 cm 
- Horizontal distance to position    25 cm 
- Angle of the body while positioning   0 ˚  

Other 
- Lifting task frequency     0.5 min-1 
- Lifting task duration     1 hrs day-1 
- Grip comfortability      Good 

Results: 

- Recommended maximum weight lifting   15  kg 
- Recommended maximum weight positioning  18 kg 

References 

http://www.ergonomiesite.be/arbeid/niosh.htm 
 

 
 FIG V.12: A SCHEMATIC FOR THE LIFTING AND HANGING PROCESS 

 

 
 

 

http://www.ergonomiesite.be/arbeid/niosh.htm

