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Abstract 

Algae growth on the outdoor side of the thermal insulation composite systems 

(TICSs) occurs because of the longer durations of wetting. Although dew and 

frost are the essential cause for its occurrence and growth, but it is the high 

thermal insulation property of the TICSs which is the main cause since it is 

responsible for the external condensation of moisture. Due to this the present 

technologies for the avoidance of algae growth fail in the long-term 

sustainability.  

In this report initially an algorithm was developed for the thermal heat balance of 

TICSs based on the most critical conditions required for condensation. Later the 

reduction in the level of this condensation by a low-e surface (as it is well-

proven on the high heat insulating window glazing) for central European climate 

was simulated. These calculations showed that the external condensation on 

TICSs cannot be avoided theoretically for values of thermal transmittance (U) 

from 0.1 to 0.2 W/(m2K) and thermal emissivity (ε) from 0.05 to 0.1. However, 

these critical conditions for external condensation are very stringent and in 

additional to that it is shown that this condensation is only possible for an 



 

 

2 

 

external relative humidity ≥ 95%. Therefore, it can be deduced that the 

occurrence of external condensation will be very improbably in practice for 

TICSs with U values from 0.1 to 0.2 W/(m2K) and ε values from 0.05 to 0.1.  

It has been shown that an anti-algae growth as well as weather resistant and 

anti-fouling capable surface with ε ≤ 0.1 can be realized by adding an aluminum 

(Al) sheet or coating on to the TICSs outdoor surface. Further the Al may be 

additionally passivated by a titanium dioxide (TiO2) coating, which has the 

hydrophilic property, so that it also shows self-cleaning effect and fast drying of 

the surface after rain. This latter property of TiO2 will also enhance the TICSs 

surface to counteract the algae growth. 

Keywords: TICS; algae growth; Low-emissivity; external dew avoidance; 

aluminum  

1. Introduction 

Condensation of frost and dew on the outdoor side of highly insulating facade 

elements of the buildings is a problem. The reason for this is the high thermal 

resistance of such elements. According to the weather conditions, in this case 

the heat flows from indoor to the outdoor side of the facade can be lower than 

the heat loss from the outdoor side of the facade to the sky. Therefore, the 

external surface temperature tos cools down below the outdoor air temperature 

to. If the outdoor air humidity is high enough, then tos can fall below the dew 

point temperature causing dew or even frost to occur. Such condensations 

when occur frequently and/or for a longer period of time, as well as wetting by 

rain, cause the growth of algae. This results in ugly discoloration of the facade 

surface especially on the thermal insulation composite systems (TICSs) with 
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thermal transmittance value U ≤ 0.2 W/(m2K) (see Fig. 1), which is discussed in 

this report. 

 

             Fig. 1 Algae growth on the outdoor surface of a ‘thermal insulating  

                       composite system (TICS)  

Since the mid-1970s, the high heat insulating glass units were increasingly 

installed in the buildings for heat energy conservation purposes. The 

condensation, especially the frost formation on the outdoor side of these glazing  

is also a problem as it undermines the undisturbed  view through them. In this 

case, the condensation was counteracted successfully by a low emissivity 

coating positioned on the outdoor side of the glazing [1, 2, 3, 4]. Although there 

is a resounding success of these coatings in the market but they, however, fail 

even now because of the fact that they must not only be low-emissive but also 

highly transparent and cheaply available. Until now, these requirements are 

only limited to comply by coatings [5]. 

Today, the algae problem on TICSs is counteracted by external plasters which 

have a high heat capacity or a high intake capacity for water or by external 

paints which have a biocide admixture. However, the function of all these 
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preventive solutions are only limited, and in the case of biocide admixtures, 

ecological problems can also arise in long-term duration. 

In this report with the aid of computer simulations it has been studied to which 

extent the condensation on the outdoor side of TICS facades is being an 

essential reason for algae growth and how it can be avoided by a low emissivity 

surfaces for the central European climate. The requirement of high 

transparency, as for window glazing, is omitted in this case. Therefore, there 

are more possibilities for the suitable materials. The occurrence of external 

condensation on the facades cannot be simulated by the pertinent DIN EN 

6946:2008-04 (D) [6]. Since the calculation of the thermal transmittance (U 

value), especially due to the external heat transfer coefficient (he value), is fixed 

in this DIN EN at a constant value of 23 W/(m2K). So an algorithm is developed 

based on the most critical conditions for the external condensation on the 

outdoor side of TICS and is further used to simulate the occurrence of external 

condensation for the central European weather. 

2. The most critical conditions for external condensation 

Technologies for avoiding external condensation are only effective if they also 

consider the factors involved for the case of most critical conditions in external 

condensation. The lowest possible external facade temperature (denoted as 

min.to) and the corresponding lowest outdoor air humidity (denoted as min.rHo) 

at this min.to, can be ascertained according to the saturation of water vapour 

condition in the air.  

The most critical conditions for external condensation include the most critical 

condensation scenario existing for external weather conditions, internal climatic 
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conditions and thermal properties of the facade. The conditions involved in the 

most critical condensation scenario are, as follows:  

1. Absence of solar irradiation: 

Absence of solar irradiation, i. e. Qsol = 0, is the first and essential condition 

in the most critical condensation scenario. From experience, external 

condensation occurs only at nights, while disregarding quite less exceptional 

cases, e. g. at sunset.  

2. The facade should be in thermal balance:  

The facade (TICS) is in thermal balance with the weather outdoors and the 

room climatic conditions indoors at each point in time. This is also assumed 

in the above referred DIN EN for the calculation of the U value. Thermal 

balance is complied, if the conflux and efflux of heat from and to the facade 

is balanced. In this case, the temperature profile across the facade thickness 

is only determined by the thermal conductivity of the facade material and 

runs linearly across the thickness of the individual facade shells. In practice, 

thermal balance can arise, for example, at longer duration of nights, e. g. 

beyond the polar circle where the weather outdoors as well as the climatic 

conditions of room can be constant all the day. But in the case of central 

European climate, these conditions are extreme cases which quasi never 

arise already because of the day-night sequence. 

In the case of thermal balance, tos is determined, on the one hand, by the 

heat flow from indoor to the external facade surface Qi and, on the other 

hand, by the external heat flows from and to the outdoor side surface of the 

facade which is indicated in the following (see also Fig. 2): 

- Heat radiation exchange with the sky Qsky. 
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- External convective heat flow Qconv.. 

- Heat radiation exchange with the environment Qground, which in the 

following restricted only to the ground.  

     In case of thermal balance, the heat flows from and to the outdoor side of  

     the facade are balanced, i. e. the following equation is valid:  

        Qi = Qsky + Qconv. + Qground.   (1) 

 

                       Fig. 2 Heat flows to and from a thermal insulating composite 

                                system (TICS) in the case of thermal balance and  

                                tsky < to < ti 

3. The sky should be clear and unhidden by the surroundings: 

From experience, external condensation occurs in preference at night when 

the sky is clear and unhidden by the surroundings, because in this case the 

sky temperature is the lowest (e. g. = to -19 °C). Then Qsky is maximal and 

heat flows from the facade to the sky.  

4. Calm in front of the facade: 
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Calm in front of the outdoor side of the TICS is the 4th most critical condition 

for external condensation because in this case Qconv. and, therefore, the 

warming up of the facade by the external convection is minimum. 

5. Adequate external relative humidity rHo:   

Whether the external condensation occurs or not depends on the rHo, which 

must be adequate. For external surface temperatures tos at a given external 

air temperatures to, the occurrence of condensation is determined by the 

saturation water vapour conditions of the air. According to this condition, it 

follows that: when tos = to, the external condensation can only occur for rHo = 

100% but  when tos< to, it can also occur even for rHo < 100%. 

3. Formulas for the heat flows according to equation (1) 

Fig. 2 shows that the heat flows from and to a TICS facade. Because of the 

premise that the facade shall be in thermal balance with the outdoor weather 

and the indoor climatic conditions (see 2nd condition in section 2), the heat flow 

Qi from indoor to the outdoor surface of the facade can be calculated according 

to DIN EN [6], as follows:  

Qi = [ht*hi/(ht +hi)](tos – ti),   (2) 

where, ht = heat transfer coefficient of the facade determined in the above 

mentioned DIN EN, hi = internal heat transfer coefficient fixed also in this DIN 

EN (in good experience with practice in buildings) at a value of 8 W/(m2K). 

The external heat flows were calculated, as follows: 

- The heat radiation exchange of the facade with the sky Qsky on the basis of 

the Stefan-Boltzmann law is:  

Qsky = (1- β/180)*σ*εos*(Tsky
4 – Tos

4),              (3) 
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where, β = installation angle of the facade in relation to the horizontal, σ = 

Boltzmann constant and εos = thermal emissivity of the outdoor side of the 

facade, Tos = absolute temperature of the outdoor side of the facade (= 273 

+ tos °C) and Tsky = equivalent absolute temperature of sky (= 273 + tsky °C).  

- The external convective heat transfer Qconv. is given by :  

Qconv. = αco*(to – tos),                                        (4) 

where, αco = external convective heat transfer coefficient. Calm can be 

equalized with natural convection and, therefore, also be fixed at 3.6 

W/(m2K), as commonly applied for natural internal convection.  

- The heat radiation exchange of the facade with the ground Qground can also 

be approximated on the basis of the Stefan-Boltzmann law as:  

Qground = (β/180)*σ*εos*(Tground
4 – Tos

4),            (5) 

where, Tground = absolute temperature of the ground (= 273 + tground °C) and 

the thermal emissivity of the ground is assumed to be approximately equal 

to1. 

The results from the calculations of tos and the heat flows from and to the 

surface of the facade with eqn. (1) and all the above mentioned formulas 

considering the most critical condensation scenario can be summarized as 

follows: The cooling down of the external surface and therefore, its 

temperature tos is primarily influenced by the thermal conductibility of the 

facade ht. The cooling down below to and, furthermore, the falling of tos 

below the dew point temperature is decisively influenced firstly by the heat 

radiation exchange with the sky Qsky , and secondly by the clearness of the 

sky, which is unhidden by the surroundings during the night. The external 
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convection, however, counteracts this cooling. Therefore, tos is lower as the 

external convection is lower. Here, the limit is calm, i. e. natural convection. 

Qground can be directed from and to the facade. For tos > tground – e. g. this 

may happen if εos is low - heat flows from the wall to the ground and vice-

versa. In comparison to both other heat flows, Qground is generally only 

marginal. 

4. Calculation of the avoidance of condensation on the outdoor side of 

TICS  

On the basis of the above shown algorithm and considering the water vapour 

saturation of air in dependence with the outdoor air temperature to, the following 

approach for the simulation of minimum external conditions for external 

condensation has been determined: The approach proceeds by investigating for 

which given relative external air humidity rHo, the lowest external temperature 

min.to results in condensation on the outdoor side of the TICS. In this case, the 

given rHo is also the lowest external relative humidity min.rHo for the 

condensation to occur. 

For the calculations, the following parameters were put into the algorithm:   

- For the thermal properties of TICS: ht = 0.102, 0.15, and 0.207 W/(m2K) 

(corresponding to U = 0.1, 0.15 and 0.2 W/(m2K)), εos = 0.05 (see Tab.1) and 

alternatively εos = 0.1 (see Tab. 2) as well as β= 90 °C, i. e. vertical 

installation of TCIS. 

- For the most critical weather conditions: Qsol = 0 (in the night); clear and 

unhidden sky by the surroundings with equivalent sky temperature according 

to [7], where αco = 3.6 W/(m2K) for calm and tground = to – 2 °C. 
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- For the room temperature (ti): ti= 20 °C. 

Tab. 1 Results for εos = 0.05  

TICS U value (W/(m2K) 0.1 0.15 0.2 

TICS ht value (W/(m2K) 0.102 0.154 0.207 

min.rHo = 100% 

min.rHo = 98% 

min.rHo = 97% 

min.to = 

min.to = 

min.to = 

-1 °C 6 °C 9.7 °C 

13 °C 15 °C 17.5 °C 

≥ 20 °C ≥ 20 °C ≥ 20 °C 

Tab. 2 Results for εos = 0.1 

TICS U value (W/(m2K) 0.1 0.15 0.2 

TICS ht value (W/(m2K) 0.102 0.154 0.207 

min.rHo = 96% 

min.rHo = 95% 

min.rHo ≥ 94.8% 

min.to = 

min.to = 

min.to = 

0.8 °C 9.6 °C 13.6 °C 

12.0 °C 17.3 °C 19.0 °C 

≥ 20 °C ≥ 20 °C ≥ 20 °C 

Results of these calculations are depicted in Tables 1 and 2 and also in the plot 

of Fig. 3. 

 

          Fig. 3: min.rHo = f(min.to) for the extreme case lowest U value (= 0.1 W/(m2K))  

                     and highest εos value (= 0.1), ß = 90° 

From Tables 1 and 2 as well as Fig. 3, the following can be concluded:  
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1. In principle, external condensation cannot be avoided for the high heat 

insulating TICS which consists of U values in the range from 0.1 to 0.2 

W/(m2K) and for external surface thermal emissivity εos ≥ 0.05 (see 1st line in 

Tab. 1 and Fig. 3). 

2. The risk of condensation on external surface increases with the increasing 

outdoor air temperatures to (see Tab. 1 and 2 as well as Fig. 3). 

3. For the extreme case of TICS discussed here, i. e. the lowest U value = 0.1 

W/(m2K) in combination with the highest εos value = 0.1, the min.to  exceeds 

20 °C for rHo = 94.8%. This means that the external condensation is no 

longer possible for approximately rHo < 95% in the range of central 

European outdoor air temperatures to (see last line in Tab. 2 and Fig. 3). 

The above demonstrated calculations are performed for the most critical 

external condensation scenario in the central European climate as shown in 

section 2 and, furthermore, external relative humidity rHo > 95 %, which is 

seldom in this climate. Considering these facts, it can be concluded that the 

condensation on the outdoor side of TICS with U = 0.1 to 0.2 W/(m2K) and εos in 

the range from 0.05 to 0.1can only occur very seldom in this climate so that the 

likelihood of algae growth by external condensation is very low. 

Furthermore, the calculations (assuming clear and unhidden sky) have shown 

that the external condensation on the house paints or facade plasters (which 

are being applied nowadays on TICS), with ε values ≥ 0.8, occurs already for 

rHo ≥ 55%. But for an overcast sky (tsky ~ to - 5 °C) and a ground temperature 

tground = to, it can occur for rHo ≥ 78%.  
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In addition, the calculations have also shown that the variation of the thermal 

emissivity on the inside surface εis of TICS in the range from  0.8 to 1 as well as 

variation of the indoor temperature ti in the range of 18 - 20 °C influences the 

above depicted results only marginally in the range of one tenths of their values. 

This is because of the lower U values of the TICS as discussed earlier. 

5. Materials with εεεε ≤≤≤≤ 0.1 applicable on the outdoor side of TICS  

Materials exhibiting thermal emissivity values ε ≤ 0.1 are already known like for 

e. g. metals such as gold, silver, copper (Cu), aluminum (Al), tin (Sn) and zinc 

(Zn). From these materials only Al, Sn, and Zn come into consideration for the 

application discussed here because of their price. The question is: How does 

the thermal emissivity of these metals behave with external weathering? Table 

3 shows the behaviour of the thermal emissivity ε of these metals before and 

after one-year external weathering.  

Tab. 3 Thermal emissivity of Al, Sn and Zn surfaces before and after 1 year 
            weathering [s. 2] 

Material Thermal 

emissivity ε, 
before weathering 

Thermal 

emissivity ε, after 
weathering 

Thermal emissivity 

ε, cleaned after 
weathering 

Al sheet 0.033 0.041 0.033 

Tinned Cu sheet 0.026 0.616 0.608 

Galvanized Fe 
sheet 

0.064 0.288 0.284 

Investigations depicted in ref.[2] have shown that from these 3 metals only Al 

shows sufficient weather resistance. It is conspicuous that for all these 3 metals 

the thermal emissivity is only marginally increased by weathering dirt (compare 

3rd and 4th column in Tab. 3). Investigations have shown that the particles of 

weathering dirt preferentially absorb light by scattering it in the direction to the 
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UV range. However, they are highly transparent to heat radiations. i.e. for the 

far infrared range [8]. 

The  weather resistance of the Al surface may be ensured by adding a 

protective passivation layer, which is highly transparent to solar and heat 

radiations. Such that the facade will not be overheated by them and the thermal 

emissivity of the subjacent Al surface is also not corroded by long-term 

weathering. 

In the opinion of the authors, a passivation coating like titanium dioxide (TiO2) 

comes into consideration for this purpose. With such a coating (see Fig. 4), one 

has an added advantage of varying the external colour of the facade by the 

interference effects matching the layer thickness, which is also a well-

established fact in the field of window glazing [9]. 

 

                       Fig. 4: Design of a low-emissivity surface for the application           

                                 on the outside surface 

The TiO2 coating has in addition a self-cleaning effect due to its hydrophilic 

nature when deposited with an adequate coating process [10]. The hydrophilic 
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effect has the advantage that the surface dries faster after rain which directly 

counteracts the algae growth. 

The combination of the passivated aluminum sheet with the TICS instead of the 

nowadays applied facade plaster – either as massive coated sheet or as a layer 

system on a substrate and whether directly positioned on the TICS or with air 

space between the coated sheet and TICS – for warranting that the construction 

is ageing resistant is subject to an ongoing research. 

6. Summary 

The condensation on the outdoor side of TICS with an U value in the range of 

0.1 to 0.2 W/(m2K) in dependence  with the thermal emissivity of its external 

surface was simulated on the basis of a most critical condensation scenario. 

From the investigations, it can be concluded that in principle, external 

condensation cannot be avoided by low emissivity external surfaces. However, 

this condensation can be avoided on the outdoor side of TICS when the U 

values and outside thermal emissivity values εos are in the range of 0.05 to 0.1 

when the external relative humidity rHo < 95%. But the most critical scenario for 

external condensation on TICS, installed in central European climate, quasi 

never occurs. Therefore, it can be assumed that with these εos values of the 

external condensation on TICS discussed here, and the algae growth, if ever, 

can occur only very seldom. 

The most essential requirements of the low emissivity materials to be applied 

here are their weather-resistance and low-cost availability. For this, the metal Al 

is predestinated which retains its thermal emissivity ε < 0.1 under external 

weathering and also with weathering dirt coverage. In order to preserve the low 
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emissivity with long-term weather-resistance, the Al surface can be covered by 

an additional passivation layer which is highly transparent in the range of solar 

radiation as well as in the infrared. This can be accomplished by a TiO2 layer 

with which the colour in exterior view can also be varied additionally by 

interference effect matching the layer thickness. TiO2 can also be deposited with 

hydrophilic properties so that the external surface has an additional self-

cleaning effect. In this case, the surface has also an added advantage that it 

dries faster after rain and, therefore, counteracts also the algae growth. Hence, 

the TiO2 passivation layer can have quadruple advantages: additional protection 

against corrosion, colour design by interference effect, self-cleaning, and faster 

drying after rain and, hence contributing to the additional protection against 

algae growth.   

Al can be combined with the TICS as a sheet with the above described 

passivation layer or as a layer system with Al layer already existing with the 

passivation cover layer deposited on an adequate substrate material instead of 

the nowadays applied plaster. The adequate combination of passivated Al with 

the TICS is a subject of ongoing research. 
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