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1 Introduction 

ETIC-system, ETICS is an acronym for Exterior Thermal Insulation Composite Systems. It is a nonload 

bearing façade system that consists of a combination of different materials in several layers, with specific 

requirements and application methods (Saraiva et al., 2014). Since the 70’s, both for new buildings and 

renovation projects, ETIC-systems have been the most widely used in Europe (Sulakatkoa et al., 2017). 

ETICS reduce thermal bridges and global heat losses through continuous insulation around the building 

envelope. As a result, energy consumption is reduced and condensation on the inside of the wall is 

reduced. Partly due to a higher interior thermal inertia, a better thermal comfort is present in the building 

(Freitas & Barreira, 2014). ETIC-systems consist of prefabricated insulation panels, glued and/or 

mechanically fixed to the outer wall. On the insulation panels, a finishing coating with a mesh is applied. 

The finishing coating can consist of one or more layers and is applied directly to the insulation. All the 

different system components must be coordinated so that they form a complete unit (Freitas & Barreira, 

2014). The substrate is the outer wall, and this is the basis of the whole system. The outer wall is airtight 

and resists static and dynamic loads (EOTA, 2011), (Sulakatkoa et al., 2017). A minimum adhesion 

strength is also required to withstand wind, natural weight, hygrothermal loads and internal movements 

of the structure (Sulakatkoa et al., 2017). The substrate can be a masonry or concrete wall (EOTA, 
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2011). The insulation panels are fixed to the substrate using an adhesive mortar. It can also be combined 

with additional mechanical fixings (avoid the risk of detachment). A first point of attention when installing 

the insulation is to avoid thermal bridges. The most commonly used insulation materials are expanded 

polystyrene (EPS), mineral wool (MW) (Verhaeghe, 2016) and ICB- cork (Sulakatkoa et al., 2017). The 

reinforcement layer, which consists of a layer of mortar containing a mesh. The tensions present in the 

system are transferred to the reinforcement layer (Sulakatkoa et al., 2017). As mesh, a glass fibre mesh, 

a metal batten, a plastic mesh reinforcement or fibres can be used to improve the mechanical properties 

(EOTA, 2011). After placing the reinforcement layer, a key coating is then applied, which serves as an 

aid for the final finishing layer. The finishing coating consists of an acrylic dispersion, silicone resin, 

silicate or mineral bonded coating (IVP, 2011). 

Buildings are assessed in terms of overall performance, not just energy or economic performance 

(Sulakatkoa et al., 2017). The building systems implemented must comply with European standards, 

these are requirements for constructions in general, ETAG004 contains specific requirements for the 

ETIC system. According to ETAG004, the assumed working life for an ETIC system is 25 years, if the 

system is properly used and maintained (EOTA, 2011). 

2 Microbiological growth on ETICS 

The microbiological growth is a major culprit and is a complex phenomenon, caused by a combination 

of biotic and abiotic factors. The biotic factors are organic food and other organisms, while the 

temperature, relative humidity and pH are abiotic factors (Johansson et al., 2005). Buildings equipped 

with an ETIC-system are the most likely to discolour. At night, the temperature of the outer surface (low 

thermal mass of the exterior coating) will drop until it reaches the dew point temperature of the outer air. 

From the dew point temperature, the water vapour in the air will be converted to water and this will settle 

on the surface, called superficial condensation (relative humidity 100%) (Sedlbauer et al., 2011), (Büchli 

& Roland, 2003). The amount of moisture in the system is due to a combination of surface condensation 

(which mainly occurs at night), rain, drying process and the properties of the finishing coating 

(Sulakatkoa et al., 2017), (Saraiva et al., 2014). After surface condensation has taken place, all the 

moisture present on the outer surface will be evaporated during the drying process (Verhaeghe, 2016), 

(IVP, 2011). The orientation and local climate and absorption of shortwave radiation (sunlight) are 

parameters that have an influence. In Portugal, the process will be faster in the south façade and slower 

in the north façade, but the amount of condensation will be the same for both façades (Freitas & Barreira, 

2014).   

The development of microbiological growth on surfaces is called a biofilm. Biofilm formation usually 

starts with phototrophic organisms (algae and cyanobacteria) that use carbon dioxide and sunlight as 

energy sources (Büchli & Roland, 2003). Figure 3.1-4.6 give an overview of all the different types of 

microbiological growth.  
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3 Methodology of the investigation and case study 

The studies were conducted during the last 2 months on social housing projects owned by Gebalis in 

Boavista (center of Lisbon). The methodology will proceed according to a step-by-step plan, shown on  

Figure 3.7. It starts with the visual assessment (1), where 56 façades or 22 000 m² of ETICS will be 

inspected on the site. Only with a visual assessment it is not possible to characterize and identify all 

anomalies, especially microbiological growth. The discolouration or disfigurement of façades is the result 

of microbiological growth. The next steps of the methodology, the diagnosis methods (2), make it 

possible to distinguish and possibly identify types. The methods are in different levels, because each 

method will have a different objective and a more specific result. The first method is the magnifying glass 

(2.1), which can be used in-situ as well as in the lab. With this method a distinction will be made between 

the particles present in a stain or in a sample (collected during the visual assessment), by comparing 

the shape and colours. Next there are the digital microscope (2.2) and the bleach test (2.3). The 

objective of the digital microscope is also to make a distinction between particles based on shape and 

colours. The bleach will determine whether the types belong to microbiological growth of dirt. A drop of 

5% of aqueous sodium hypochlorite solution is applied to a sample and if it is algae or fungi growth, 

discolouration will occur within 60s (ASTM I. , 2017). Another level lower is the test with the Scanning 

Electron Microscope (SEM). This can be used to distinguish different types of biological colonization, 

due to the high magnification power, high resolution and sharpness. On the images, the shape, size, 

(chemical) composition and distribution of particles can be observed. Each biological colonization has 

its own structure and the SEM makes it possible to distinguish them (Piontek et al., 2016). 

3.1 Visual assessment 

Biological colonization leads to the creation of stains and is the result of the hygrothermal behaviour, 

the construction details and the not careful execution of the works. An attempt can be made to 

distinguish the types of stains. The differential and uniform stains were placed in the group of stains. In 

the beginning it was assumed that it was dirt, but because of the visual inspections, it was assumed that 

the stains are mainly biological colonization. The uniform stains are the result of superficial condensation 

and the differential stains are the result of poor construction details or inferior materials. The locations 

of the differential stains occur in the area of windowsills and roof coverings. The uniform stains at 

different locations on the free surface can be other types of biological colonization. The graphs on Figure 

3.8  show a distribution with which percentage the façades have been affected by colonization. Only 4% 

in area 1 and 2 is affected between 1 and 5%, while 13% has more than 50% and the majority is between 

5 and 25%. Compare this with the circular diagram of area 3, very large difference can be observed. 

75% of the façades contain between 1 and 5% biological colonization, the remaining 25% is below 1%.  

 



4 

 

 

Figure 3.1: Algae 

(Johansson et al., 2005) 

 

Figure 3.2: Red algae 

(Simpson, 2013) 

 

Figure 3.3: Fungi (Simpson, 

2013) 

 

Figure 3.4: Mosses [W1] 

 

Figure 3.5: Lichen [W2] 

 

Figure 3.6: Biocorrosion 

(Piontek et al., 2016) 

 

 

Figure 3.7: The methodology of the research 
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Figure 3.8: The amount of % affected area on façades 

3.1.1 Influence of the finishing coating 

After the visual assessment it was soon clear which paint fulfils the expectations and which does not. 

The façades with silicate paint are much more severely affected than those with acrylic paint. Silicate is 

more negatively affected if there is a lot of moisture or heavy rainfall. This causes water stains on the 

coating as a result of the water absorption capacity. On the other hand, silicate has a high permeability, 

which leads to a better breathability of the surface and a drier surface. According to the results, the 

coatings do not seem to undergo an ideal drying process and are particularly affected by moisture 

accumulation. The quality of the paint can also be a possible cause. Both types of paints have 

advantages and disadvantages, more analyses must be carried out to understand the difference in 

properties and performance.  

3.1.2 Influence of orientation 

In Portugal, the drying process of the system will be faster in the south, due to exposure to solar 

radiation. On an annual basis, the most dominant wind directions in Lisbon are north and northwest, 

followed by northeast. The wind directions will certainly have an impact on the façades, as both wind 

and rain carry pollutions. Because of the rain, the façades will also be much moister and will need more 

time for the drying process. In area 1 and 2, no façade facing northeast and northwest is affected by 

less than 5% and the majority contain 25 to 50% of stains. By comparison façades facing southeast and 

southwest, the theory of orientation and wind direction can be applied. Most of the stains have an 

affected area of 5 to 25%, which is already better than the 25 to 50% of the previous diagrams. Based 

on the results it can be concluded that the results are influenced by the orientation and the most 

dominant wind directions. In area 3 are the results the same for northeast and southwest, which makes 

4,17%

58,33%

25,00%

12,50%

Biological colonization Area 1 and 2

1 à 5% 5 à 25% 25 à50% >50%

25,00%

75,00%

Biological colonization Area 3

<1% 1 à 5% 5 à 25% 25 à 50% >50%
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it difficult to explain the influence here. The difference will mainly be explained by the type of finishing 

coating. 

3.2 Diagnosis methods 

3.2.1 Magnifying glass, digital microscope and the bleach test 

The magnifying glass, which can be used both in-situ and in the laboratory, was a first method in which 

a distinction was made by analysing the shape and colours of particles. The method is rather limited 

because of the fixed magnification, making the small particles less clearly visible. With the digital 

microscope, a distinction has been made between the shape and colours of particles. In sample 2 and 

3, 5 different types of particles were identified and in sample 6, 4 types. The particles of sample 2 and 

3 are similar because they come from the same building. Due to the various magnification, the 

microscope could be used to go into even more detail and thus also has its added value. All the particles 

discoloured after the bleach test were microbiological growth and not dirt. The use of bleach is therefore 

a simple test to distinguish. 

3.2.2 Scanning Electron Microscope (SEM) 

A final step is the scanning electron microscope, this test makes it possible to distinguish biological 

colonization by its structure. The difference in structure could be clearly seen after the SEM. On Figure 

3.9 (sample 2) particles with different structures are identified, such the wire structures, better known as 

filaments correspond to fungi (Rosado et al., 2013). There is also a spherical structure (red circles) 

identified but is more visible with a magnification of 1000x. This structure might can be a different type 

of biological colonization, like another type of fungi, algae or bacteria, but with this data it is not possible 

to identify the type biological colonization. There is further research necessary to identify this type. The 

structures of sample 3 on Figure 3.10 are very similar to those of sample 2, the filaments are indicated 

by the arrows and the spherical structures by the circle. Sample 6 is different from sample 2 and 3 

because of the type of finishing coating, as shown by the visual assessment and the other tests. On 

Figure 3.11 the biological colonization is only present in small quantities. Remarkable are some particles 

in the sample that do not match biological colonization. The area in the blue can be a particle of the 

paint. On Figure 3.12 it may be difficult to see, but the particles contain very small dots, this may indicate 

another type of biological colonization. On some of the images it was noticed that the structure of the 

fungi is damaged or intact. By scraping on the stains, it is possible that the structures are interrupted.  
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Figure 3.9: Sample 2, magnification 1000x (The 

circles might indicate a different type of biological 

colonization) 

 

Figure 3.10: Sample 3, magnification 1000x (the 

filaments structure (arrows) and the spherical 

structure in the circle) 

 

Figure 3.11: Sample 6, magnification 100x (Blue 

circle indicates paint and red biological 

colonization) 

 

Figure 3.12: Sample 6 (area), magnification 1000x 

(small dots on the particles) 

 

4 Conclusion and further research 

ETICS is one of the most widely used systems in Europe because of the many advantages it offers. But 

in addition to all the advantages, there are also major disadvantages. In this paper, a methodology was 

proposed in order to identify and characterize different types of anomalies, with particular attention to 

the microbiological growth. It includes three main steps: problem definition, visual assessment and the 

diagnosis methods. The different anomalies, the possible causes and the diagnosis methods were 
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worked out in the literature review. This study contained 19 anomalies, organized in three groups 

according to appearance on visual inspection; material rupture, stains and microbiological growth. The 

results of the application of this methodology on a case study were analysed. There was an investigation 

on 56 façades or ± 22 000 m² of façades in the centre of Lisbon, Portugal. The most part was affected 

by biological colonization, with especially the presence of differential and the uniform stains 

These types are due to the poor construction details, deficient materials and the hygrothermal behaviour. 

The figures and statistics confirm the theory of the influence of orientation. The façades oriented to the 

south have better results, less differential and uniform stains due to the drying process. The façades 

oriented to the north have more stains, because of the dominant wind directions and by the lesser 

exposure to solar radiation. Microbiological growth is the most common anomaly. This conclusion was 

also confirmed during the case study. Microbiological growth was 100% present, while the next anomaly 

was peeling (25%), followed by efflorescence (14,58%), oxidation stains (5,36%) and cracks (4,17%). 

The façades with an acrylic paint were generally better. The acrylic paint (organic) scores better than 

the silicate paint (mineral), the amount of stains was remarkably less. Silicate absorbs more water but 

has better water vapour permeability. According to the results, the façades must contend with too much 

moisture because there are so many stains present. The properties of both paintings can be weighed 

against each other, but in this case study acrylic scores better. In order to give a clear explanation, more 

research is needed but is out of scope of this paper. 

After the visual observations, it was found that it was difficult to recognize all types of biological 

colonization, but this was also the case during the diagnosis methods. With the magnifying glass a first 

step was taken to make a distinction between the particles, by comparing shape and colours. This test 

is limited due to the fixed magnification, which made small particles difficult to detect. A various 

magnification is possible with the digital microscope, so better results. The bleach test showed that all 

particles are microbiological growth and not dirt. This is an easy method to distinguish. A final step was 

the scanning electron microscope, this test makes it possible to distinguish biological colonization by its 

structure. The filaments structure corresponds to fungi. This was the only type that could be identified 

with a particular certainty. Because of the high uncertainty after this test, it can be concluded that further 

research is necessary. A specific type of fungi or algae can be identified by a DNA test. 

The different diagnosis methods lead to results, but it is still difficult to distinguish different types of 

biological colonization. But the combination of all the tests of the proposed methodology reduce the 

uncertainty of the diagnosis. 
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