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Main mentor Alessandra Luna Navarro | Architectural facades & products

Second mentor

Marc Ottelé Materials and environment

Argumentation of choice of
the studio

Facades are an important part of the built environment. A
facade has a major influence on, among other things, building
performance, comfort and sustainability. Improving the facade
is therefore essential for the development of the built
environment. This research focuses on living wall systems.
Despite the proven benefits in regard to thermal, acoustical and
psychological performance, there is still a lot of room for
improvement when it comes to the maintenance and
effectiveness of the irrigation system. This improvement is
important for the realization of a green and healthy built
environment.

Graduation project

Title of the graduation
project

Living green wall systems: A strategy to
limit maintenance

Goal

Location:

The Netherlands

The posed problem,

The maintenance of a living wall system is
seen as one of the biggest constraints for their
installation. The literature review has shown
that a large part of the maintenance is related
to the irrigation system, such as replacing
filters, unclogging the drainage, pest and
disease management, weed control,
fertilization, remedying leaks and removing
invasive root growth into pipework. In addition
to maintenance of the irrigation system,
general maintenance is also necessary such as
pruning, panel adjustment and panel
replacement and plant replacement. The need
for maintenance is often determined
conservatively, namely through observation
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and experience. As a result, proper
maintenance is not carried out. It would be
more effective if certain factors were
monitored, such as the quality of the plants,
the quality of the material and the quality of
the irrigation system. In this case, it would be
better to determine which maintenance is
necessary and when it is necessary. Despite
the fact that maintenance is a major
constraint, there is little literature and
information available about the maintenance
of living walls. This makes it difficult to
compare findings from different literature. The
information in the literature regarding
solutions is even more limited. Apart from a
number of manufacturers and researchers who
are developing smart irrigation systems, there
is almost no information available about this.
We can say that this is a research gap with
regard to maintenance of living wall systems.

These maintenance issues also apply to the
vertical meadow system. The water
consumption of the system is monitored
including the recycled water. But the question
is what happens between the moment the
water leaves the water tank and the moment
the used water comes back into the water
tank. In other words, how is the water
distributed over the living wall and how much
water actually reaches each plant. This is
something that is not yet monitored but can
be crucial for the health of the plants, as it can
anticipate when a plant is getting too much or
too little water.

So the problem statement for the graduation
research is that it is difficult to adequately
anticipate the need for maintenance of living
walls. This is because the quality of the plants
and/or the effectiveness of the irrigation
system is not monitored. If it were monitored
how much water actually reaches each plant, it
would be easier to estimate where too much
or too little water ends up, which could lead to
unnecessary maintenance.

research questions and

What is the best strategy for monitoring the
water distribution of the irrigation system on a




living green wall system that ultimately leads
to more effective maintenance?

design assignment in which these result.

The research goal is to improve the
effectiveness of the irrigation system by
providing insight into how much water reaches
each plant. For example, by mapping out how
the water from the water pipes reaches the
plants. When it can be made clear how much
water each plant receives and whether this is
an adequate amount for that one plant,
maintenance can be limited. The ideal scenario
is that the effect can be measured by, for
example, looking at the grow time, energy
use, frequency of pruning, water use and
maintenance intensity. However, it is not
expected that this effect can already be
measured within the time frame of this thesis.
That is why the research will focus purely on
monitoring the water distribution of the
irrigation system to the plants. Based on the
literature search and discussions with vertical
meadow, it is assumed that this can help to
increase the effectiveness of the irrigation
system and therefore limit maintenance. The
end product delivered with this research will
be an overview of the water distribution in the
living wall system of vertical meadow. An
optimal scenario is that the method of
monitoring used for this is made applicable to
more systems and that guidelines can be
drawn up for an effective irrigation system. If
the amount of water reaches each plant is
monitored, so that it can be ensured that each
plant receives an optimal amount of water,
hypoxic stress can be prevented. In addition,
the irrigation system can be used more
effectively, pruning and cutting will be limited
and plants need to be replaced less quickly. It
can be seen below that the maintenance that
is most frequently mentioned as a problem
with a living wall can be limited with this.

Process

Method description




Various research methods will be used to answer the sub-questions. The table below provides
an overview of the research methods that are applied to each sub-question and what
information is attempted to be collected with them.

1. Which systems exist that can be Find different methods to experiment Interviews
used to monitor the water distribution with when monitoring.
in a living wall? Desk research
2. What are the parameters that To know when a plant getfs too much Desk research
determine how much water the :
) or too little water.
monitored plants need?
3. WhGT js the effect of different types Finding a connection between the Interviews
of imrigation systems on the imigation system and results.
maintenance of a living wall system?
4. How does monitoring the water To determine how maintenance can Experimenting
distribution affect maintenance? be limited by monitoring the water
distribution.
5. How can the irigation system be To Iimﬁ water consumption and Experimenting
oplimized so that each plant maintenance.
receives sufficient water?
6. How can the strategy, which is To ensure that monitoring the water Experimenting
tested on the vertical meadow distribution has a positive effect on Monitorin
system, be made applicable fo more  multiple living wall systems. 9
systems?
Interviews

The literature research has shown that there is relatively limited information available about the
maintenance of living green wall systems. The information that can be obtained from literature
is often not specific enough to determine the exact cause of the maintenance. From the literature
review it can be concluded that there is a research gap regarding this topic. To fill this research
gap as well as possible, interviews will be held with manufacturers of living green wall systems.
These are companies that maintain green facades and know a lot about this based on their
experience. The aim of these interviews is to gain insight into the types of activities, their
frequency, intensity, impact and costs.

Monitoring

Monitoring is all about measuring and observing certain factors. During this research, the water
distribution is monitored. So we look at where the water from the irrigation system ends up in
the living wall system. The method and technique used for this is still unknown. This becomes
clear after answering sub-question 1. These would, for example, be techniques that emerged
from chapter 2.5, such as thermal imaging. The location is also still unknown, this will be
discussed in consultation with the mentor and the parties involved (vertical meadow).




Desk research

During the desk research I collect existing information, for example from literature, studies or
other available data. During the research I will come up with new findings and results that will
create a new research gap and new questions. As a result, I will have to take a step back to the
literature or other available information to supplement this information before continuing the
research.

Experimenting

Experimenting and monitoring are closely related. While monitoring involves measuring and
observing certain factors, experimentation attempts to influence these factors. The aim is to find
out how the results of monitoring can be positively influenced. When the water distribution is
monitored, it is interesting, for example, to influence the water distribution through
experimentation in such a way that each plant receives sufficient water. In addition, various
ways of mapping the water distribution will be tried, to see which technique is best suited for
this. This can also be seen as experimentation.

Research process

The research is an iterative process. During the research, findings are made based on the
interviews, experiments, literature research and analyses. Based on this, the research objective
and the research question are refined during the research. Figure 21 shows roughly how the
order of the research will be. The basis of the research is a literature review. This forms a starting
point for determining the objective and problem statement. It is important to determine what
the research gap is during the literature review. thereafter, an attempt is made to fill this gap
as much as possible by means of interviews. In this phase it will be clear with which techniques
the water distribution of the irrigation system will be monitored. If the results are not
satisfactory, they will be analysed and another attempt will be made at monitoring. If the
analyses show that too much information is still missing, a step will be taken back to the
literature. If the monitoring yields good results, these will be further tested in order to arrive at
a final recommendation.
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Reflection

This graduation plan helps to achieve the goal of this research step by step. Despite the fact
that there is relatively little literature available on the subject, an attempt has been made to
extract as much information as possible from it. Nevertheless, the research gap is large, which
means that a lot of information and knowledge is missing to show in detail what the problem
is. This means that additional research is needed in the form of interviews and desk research
after this P2 report. The interviews and additional desk research allows me to collect targeted
information to narrow the research gap and formulate an even more concrete problem. I would
have preferred to be able to describe in this report exactly what I am going to monitor, with
what devices, how I am going to monitor and where I am going to monitor. But since there
are no official measurement techniques for monitoring the water distribution in a living wall
system, this needs to be investigated in more depth. That makes sense, because this is the
research gap I want to solve. Despite the fact that there are many uncertainties and a lot of




information is still missing, I think we have succeeded in setting up a stable research
methodology. I expect that this research methodology will lead me to be able to achieve the
goal by simply trying. The research will mainly be based on testing things and failing, which
will give me new insights and information. This makes the research an iterative process. This
means that during the research I come back to the problem statement and objective in order
to sharpen it or to improve it after the process.

In short, there are many uncertainties and a lot of information is missing, which means that
the research gap is large. But at the same time I expect that I can get far by filling the research
gap as much as possible with interviews with people who have experience in the maintenance
of living wall systems and then do a lot of testing to see what works and what doesn't. A logical
consequence of this is that the problem statement and research objective will be further refined
during the research.

Scientific

This problem statement touches on various themes in the context of building technology. This
problem statement revolves around sustainability, technology and facade design. As described
in chapter 2.1, as a society we are becoming increasingly aware of the essential role of nature
in our environment. For example, in chapter 2.3 it is described what the contribution of a living
wall can be in the built environment. Nevertheless, a living wall system is relatively rare in the
built environment compared to more traditional facade cladding such as masonry. An important
reason for this is the required maintenance and attention for living wall systems as described
in chapter 2.4. If a way is found with this research in which the effectiveness of the irrigation
system can be increased, a step can be taken in the right direction to limit maintenance.
Because the effectiveness of the irrigation system influences the quality of the plants and
therefore the maintenance. With this research, a large research gap can also be filled that
concerns the maintenance of living wall systems. This in turn can form an important basis for
follow-up research.

Societal

When the aforementioned maintenance problems of a living wall system can be reduced, it will
become more attractive to use it more often in the built environment. This helps to restore the
link between people and nature. Where hard materials are taking over the built environment,
nature will now reclaim our living environment. This can even lead to the expansion of cities
without this having to be at the expense of nature. Because where nature reserves are
sacrificed for the expansion of cities, the sacrificed nature returns to the built environment.
This is done in the form of parks, trees, water and now also in the form of green buildings or
green facades.




