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Abstract: The publication concerns the problem of adopting proper environmental conditions in the
assessment of mold development in the so-called thermal bridges in the form of corners. The paper
discusses the factors determining the development of mold and the models that predict its growth.
The conditions of the internal microclimate, which is used in hygrothermal diagnostics of walls,
were also recalled. Thermal bridges are areas where mold development takes place, therefore the
climatic conditions in the room taken for their assessment—As it is currently applied—Are considered
inappropriate. This thesis is confirmed by the results of in situ studies of changes in temperature
and relative humidity in the area of corners. Some of these findings are presented in the work.
On their basis, the author introduces the concept of the so-called geometric climate that would take
into account the change of these parameters within thermal bridges of the corner type.
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1. Introduction

The presence of fungi in buildings causes the biodegradation of the materials used in construction
by changing their functional properties [1–5]. They also contribute to the deterioration of the air
quality in the room due to the presence of toxic metabolites [6–12]. It is estimated that the risk of mold
development may also appear in the case of thermo-modernized buildings or in the so-called thermal
bridges [13–15].

In order to predict the risk of mold development, available mold growth forecasting models
can be used, presented in Figure 1 [16–20]. These models can be divided into basic (e.g., fRsi

factor—ISO 13788) and complex (e.g., biogyrothermal model) [18–28].

Figure 1. Models of mold growth.
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Their effectiveness and application have been extensively extensively described in the works [21–28].
The difficulty, however, is their application in real conditions or in engineering. Each of these models
is developed on the basis of different experiments and adopts different assumptions. Consequently,
a different result can be obtained by using a different mold prediction model in the assessment.
The main concerns are:

• complex process of mold growth and its high susceptibility to boundary and climatic conditions;
they change dynamically and individually, depending on the use of the premises (described in the
Section 2),

• a limited number of simulation tools for the design or diagnosis of partitions in the context of
mold growth.

In this article, the fRsi factor and the biohygrothermal model (models most often used in the
design process) were used to assess the risk of mold. The temperature factor fRsi can be calculated
for both a flat wall surface and two or three-dimensional places—using the ISO 13 788 standard
(Figure 1). Its value is determined on the basis of humidity classes or constant relative humidity,
which is a great simplification of the problem. In the case of the biohygrothermal model that has
been implanted into the WUFI [29] program (ultimately WUFIBio), the boundary conditions consist of
hourly climatic data (for the indoor environment—ambient temperature and relative humidity) or
user-defined measurement data. The users can define their own boundary conditions, but in the case
of diagnosing mold development—they can only do this in a simple model for a flat wall.

Therefore, the problem is places with complex geometry, e.g., two or three-dimensional elements,
where the initiation of mold development occurs first, and due to the conditions prevailing there, it can
be more intense than on a flat wall.

The aim of the article is to point out the difficulties in forecasting mold growth for thermal
anomalies or thermal bridges in the form of corners.

The climatic conditions in the room taken for their assessment—as is currently applied—are
considered inappropriate. This thesis is confirmed by the results of in situ studies of changes in
temperature and relative humidity in the area of corners. Some of these studies are presented in the
work. On their basis, the author introduces the concept of a geometric climate that would take into
account the change of these parameters within thermal bridges of the corner type.

The author’s research will ultimately result in determining the impact range of the corners (r1)
and determining the area where different hygrothermal conditions (from those in the rest of the room)
will be assumed (Figure 2).

Figure 2. Assumptions (index i—Inside, s—Surface, c—Corner).
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2. Materials and Methods

2.1. Factors Affecting the Development of Mold

Mold growth and its dynamics are determined by many factors. The basic ones include:

2.1.1. Temperature

According to the literature data [20,30–33], the development of mold can occur in the temperature
range from −20 ◦C to 60 ◦C [19] e.g., Aspergillus sp. and Penicillium sp. retain their ability to germinate
at the temperatures down to −10◦C. The temperatures inside buildings, or on indoor surfaces usually
range from 0 ◦C to 30 ◦C, and therefore temperature provides the optimal conditions for their growth.

2.1.2. Humidity

Relative humidity (RH) is the most investigated criterion, considered the most decisive for mold
growth and research mostly investigates the critical range 75–95% RH [31,32,34–37].

As early as in the 1950s, the classification of mold growth was proposed as dependent on the
relative humidity, i.e., xerophilic fungi, which are able to grow below the relative humidity level of
85% and hydrophilic fungi which start growing at the relative humidity level of 95%. The current test
results are correcting these values by approximately 5 to 10%. Each individual species of fungi has its
own specific characteristic range of humidity that allows the species to live, and which determines,
among other things, the intensity of growth.

Following the observations [31,32] they distinguished three groups of mold:

• the 1st fungi group of the type Aspergillus repens, Aspergillus Versicolor, and others which have a
xerophilic nature, i.e., they tolerate dry environment, are able to grow when the equilibrium index
aw is above 0.80, which corresponds to the relative humidity of the air below 80%,

• the 2nd fungi group of the type Cladosporium for which the minimum index aw for the growth is
within 0.80–0.90, which corresponds to the relative humidity of 80–90%,

• the 3rd group of fungi such as Phoma herbarium, various species of Ulocladium, Stachybortys atra,
which grow only when the index aw is above 0.90, i.e., when the relative humidity is above 90%,

• It should be remembered that every change in temperature is followed by a change in the relative
humidity of the air, and thus the process of fungi growth should be treated with simultaneous
consideration of these two parameters. The dependence of the growth of mold on temperature
and relative humidity is represented by the so-called isoplets.

2.1.3. Substrate

Apart from humidity and temperature, the most important factor affecting the development of
mold is the content of nutrients in the substrate on which the fungi grow. Research on this issue was
presented in [20,38–41]. The contamination of the surface with dust or oily substances may lead to the
germination of spores and the onset mycelium growth.

Research carried out by [38,40,41] showed that soil and fat contamination significantly affect the
growth of mycelium. This means that dust or other impurities are sufficient to create a nutritious layer
even on originally “sterile” substrates.

Numerical analyzes also determine the quality of the substrate in the context of favorable
conditions for the development of mycelium on the surface of materials.

o Substrate class 0:

Optimal culture medium (e.g., full medium). This isopleth system represents the maximum
growth possible for any mold found in buildings.

o Substrate class I:
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Bio-utilizable substrates, such as wallpaper, plaster board, building products made of biologically
degradable materials, strongly contaminated surfaces.

o Substrate class II:

Less bio-utilizable substrates with porous structure, such as plasters, mineral building materials,
certain woods, insulating materials not included in group I. (WUFIBio source).

2.1.4. Growth Time

The growth and development of mold depends on the hygrothermal conditions, the type of
substrate and material, but also on the time needed for fungi growth. Table 1 presents the data
involving the relative humidity and temperature—their duration over 24 h—to facilitate a visible
growth of mycelium Table 1.

Table 1. Dependence of fungi growth on hygrothermal and other conditions [20,23,40,42,43].

Minimal Relative
Humidity (1) [%]

Temperature [◦C]
Duration [h/d] (2)

CommentsTime Per Day
[h/d]

Number of Days
[d] (3)

75 Below 20 ◦C 12 5 Different materials

80 TOW method 12 Every day Gypsum board

95

14 <24

6 weeks

Plasters and paint coatings
(free of dirt)18.5 6

14
<24 Plaster with slight dirt

6 Dispersion paint,
plasterboard (with dirt)18.5 1

Notes: 1—This humidity and temperature condition respectively is sufficient for growth. Notes 2—This daily time
unit is sufficient for growth. Notes 3—Number of successive days with the mentioned conditions.

Depending on the method of research and the substrate, mold growth may occur under various
climatic conditions. For example, Zöld [43] gives the number of hours per day during which mold
can develop. He conducted tests at a temperature below 20 ◦C and humidity of 75%. In a situation
where relative humidity is exceeded for more than 12 h within 5 days, the situation is considered critical.
A smaller figure (the period of time during the day required to exceed relative humidity) is provided
by Cziesielski [44] and Richter [45], but this time must always be observed for a minimum of the next
5 days.

2.1.5. pH Reaction

The optimal growth range occurs at the pH values between 5 and 7. Most species grow in the
range of 3 to 9. For example, wallpapers and paint coatings have a pH value from 5 (wallpaper over
woodchip) to 8 (new color, freshly painted). Building materials such as concrete have a pH value higher
than 12, but due to deposits, dust, and dirt that may be present on this type of material, mold growth
cannot be ruled out. Additionally, mold can change the pH value of their immediate environment
in the way that supports their growth. This is done by activating the “proton pump”. Fungi release
various organic acids [20,38,46], as a result of which the extracellular space changes its reaction.

3. Analysis of Internal Conditions in Partition Modeling in Order to Avoid Mold Growth

The methods commonly used in engineering practice include the method referred to in ISO 13788,
based on the so-called temperature factor on the internal surface fRsi. Its limit value was defined on the
basis of the growth conditions of the mold species Aspergillus versicolor.

fRsi =
θsi − Te

Ti − Te
(1)
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where: θsi calculated temperature of the internal surface at the critical place [oC],

θsi = Te −U(Ti − Te)·Rsi (2)

where Ti—Temperature of indoor air [oC]; Te—Temperature of outdoor air [oC]; Rsi—Internal surface
resistance [m2K/W]; U—Thermal transmittance [W/m2K].

When the value of temperature factor is higher than 0.70, the risk of mold development is lower
than 5% [47]. In most European countries the value is above 0.72. However, there are countries in which
the requirements are not so strict, and this value is within the range of 0.65–0.70 (e.g., Netherlands) [47].
For Polish conditions, the limit value was set (specified in the Regulation) at 0.72. The calculations
of the fRsi factor for a wall are made on the basis of constant boundary conditions or depending
on the humidity class—But these are monthly averages. Unfortunately, they do not reflect the real
conditions of the microclimate, especially inside the rooms—resulting from their specificity or habits
of the residents. The information presented above clearly shows that the process of mold development
depends also on many factors and it has a dynamic nature—even short-term changes in relative
humidity can provoke the development of this type of microorganisms. The mentioned standard
(ISO 13 788) involves critical surface humidity and internal condensation, but it does not take into
account other aspects related to moisture, e.g., building moisture, moisture convection, or others
referred to in the standard ISO 13788 (Figures 3 and 4).

Figure 3. Relative humidity of the indoor air according to standards ISO 13788 and EN 15026.

Figure 4. Indoor air temperature according to standards ISO 13788 and EN 15026.
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Another method that is used in engineering practice is mold development analysis based
on the WUFIBio program (biohygrothermal model). In this case, modelling of the partition is
carried out in the WUFI program, on the basis of which we can perform a thorough analysis of
the partition, i.e., also in the context of an increase in water content in the partition plane, but above all
imposing other boundary conditions. The program allows, depending on the needs, to choose the
microclimate conditions based on the ISO 13788 standard but also on the EN 15026 standard (Figures 3
and 4), sinusoidal curves or the ASHRE 160 standard. In the case of more complex analyses, i.e.,
when determining biological development, corrosion, decay, and destruction or degradation caused
by moisture, we suggest using the assumptions from the EN 15026 [48] standard in applications.
The indoor conditions adopted there should correspond with the strictest conditions involving the use
of a building. For example, it could happen that a building that has a very small indoor moisture load
(e.g., a warehouse) has been transformed into a building with a high moisture load, e.g., laundry.

To define the indoor climate, the following parameters should be used:

- equivalent indoor temperature,
- water vapor pressure or other humidity parameter.

The data should be selected in the following order (of importance):

- values measured for similar buildings in a similar climate,
- results of hygrothermal simulations,
- determination of the flow of the generated moisture and the multiplicity of ventilation, and on

this basis the calculation of internal conditions should be carried out.

In the article, the author presents the results of measuring indoor climate parameters for two
groups of buildings (W_1 and W_2). The results of measurements (temperature and relative humidity
of air) were compared with indoor air conditions based on ISO 13 788, EN 15026.

The goal was to validate commonly used indoor climate models with real-world housing conditions
(typical residential buildings were considered).

In their work, the author performed calculations regarding the risk of mold development based on:

• the method presented in the ISO 3788 standard (Figures 3 and 4); determining the internal surface
temperature to avoid critical surface humidity and the so-called temperature factor fRsi,

• modeling in the WUFIBio program presenting calculations using boundary conditions based on
the ISO 13788 standard and the EN 15026 standard (Figures 3 and 4).

4. Research Stand

Test stands were located in detached houses in Upper Silesia. The tests were carried out in
living rooms.

The examination of the microclimate of the rooms comprised logging of temperature and relative
humidity of indoor air in specific places in the room, i.e., (Figure 5):

1- temperature, relative humidity of the air near the corner,
2- temperature, relative humidity of the air near the surface of a flat wall,
3- temperature, relative humidity of the air ‘behind the furniture’ (other),
4- temperature, relative humidity of the air in the room,
5- temperature, relative humidity of the outdoor air.
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Figure 5. Diagram of an exemplary room with the layout of sensors.

The measurement was carried out using the AR207/8 /S1/ PPPP/IP30 multi-channel data logger.
For the measurement of air temperature Pt 100 sensors were used: HIH-4000-002-type sensors for
measuring relative humidity. To double-check, the measurements were verified with the sensors St 171
(Figures 6 and 7).

Figure 6. Installation of temperature (Pt-100) and humidity (HIH-4000) sensors in the external corner
of the building.

The research comprised two models of buildings located in Upper Silesia, Poland, i.e.,:

• non-insulated buildings, made in traditional technology, with walls made of 38 cm-thick bricks
and insulation value of the envelope at the level of U = 2.00 ÷ 2.40 [W/m2K] (variant W_1),
(Figure 8),

• insulated buildings, made in traditional technology, with wall insulation value at the level of
U = 0.25 ÷ 0.30 [W/m2K] (variant W_2), (Figure 9).

• both groups of buildings had a gravity ventilation system, central heating, solid fuel stove,
new PVC window frames.
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Figure 7. Measurement recording device AR207.

Figure 8. Description of the wall system solution for variant W_1.

Figure 9. Description of the wall system solution for variant W_2.

5. Results and Discussion

5.1. In Situ Research

The measurement was carried out with a 1 h time step for the heating season of 2017. The selected
research results are presented below (Figures 10–13).

In order to show more clearly the differences in the measurement values, the graphs present the
selected measurement period of February 2017, Figures 10–13 (the lowest average outdoor temperatures
for the region).

For both groups of buildings, we can observe large discrepancies between the parameters of
indoor climate, depending on the place. For variant 1, the difference between the temperature of the
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indoor air and the surface of the indoor wall is within 5–8 ◦C (Figure 10). The lowest temperature occurs
near the corner and it is lower than the wall surface temperature by approximately 3 ◦C. In addition,
we can observe a large daily shift of the temperature of indoor environment in relation to the remaining
measuring points. With respect to the changes in the relative humidity of the air for variant No.1,
its highest value is observed for the corner and has the maximum value of 55% (Figure 11).

Figure 10. Changes of indoor air temperature for the room with external walls W_1 (symbols as in the
picture Figure 5).

Figure 11. Changes of relative air humidity for the room with external walls W_1 (symbols as in the
picture Figure 5).

For variant No. 2, the difference between the temperature of the indoor air and the surface of the
indoor wall is within 2 ◦C (Figure 12). The lowest temperature occurs near the corner and it is lower
than the temperature near the wall surface by approximately 2 ◦C. With respect to the changes in the
relative humidity of the air for variant No. 2, its highest value is observed for the corner and is up
to 80%. For the surface of a flat wall its limit value is 60% (Figure 13).
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Figure 12. Changes in indoor air temperature for the room with external walls W_2 (symbols as in the
picture Figure 5).

Figure 13. Changes of the relative air humidity for the room with external walls W_2 (symbols as in
the picture Figure 5).

When the results are compared with popular models of indoor climate, the following findings
are obtained:

- lack of compliance in the values and in the changing trend involving the distribution of temperature
for the measured and calculation values. In accordance with the assumptions of ISO 13788,
a constant indoor air temperature of 20 ◦C is assumed. The standard EN 15026 assumes a constant
value of the indoor air temperature in the period from November to April, and it also has the value
of 20 ◦C. The calculation assumptions were adopted for typical residential buildings (both for
ISO 13788 as well as for EN 15026). For both variants, the indoor air temperature was higher
than the design temperature. What should be a matter of concern is that the temperatures in the
remaining measuring points were much lower (than the design temperature values adopted in
the standards).
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- lack of compliance in the values and in the changing trend involving the distribution of relative
humidity for the measured and calculated values. According to the assumptions of ISO 13788,
the humidity value in the analyzed period should not exceed 55% (for class 3) and ~43%
(for class 2), according to the EN 15026 standard is ~45%.

In the case of the ISO 13 788 standard, the 2nd class of rooms, i.e., buildings with unknown
occupancy, and the 3rd class of rooms, i.e., dwellings with normal occupancy and ventilation,
were adopted. The two variants of buildings are located in the same town (distance 600 m), loaded
in the same way (family 2 + 2), heated in the same way, similar volume, surface, and geometry
of the building. However, for each case, the profiles of changes in microclimate parameters differ
significantly. Determining the class of use of buildings is one of the problems that directly translates
into the correct design of the entire wall system. Both buildings were loaded equally, but for the
first building W_1 (historical building) class 2 “fits” more, and for the second (W—new building)
class 3 does (in the context of convergence with the measurement results). The author claims that
this is a significant problem which directly translates into the correctness of calculations and requires
further diagnosis.

For the remaining measuring points of the type: ‘corner’, ’other’, the value of the relative air
humidity near the indoor surface reaches even 80%. From the previously mentioned considerations,
we can see that these are conditions conducive to the development of mold. According to [31], we can
protect ourselves against mold by keeping relative humidity of the air below 70%. A full guarantee is
obtained when maintaining it below 60%.

5.2. Mold Risk Development Assessment

5.2.1. Temperature Factor on the Inner Surface fRsi

For building walls from variant 2 (W_2), under real conditions, mold growth is observed on the
inner surface of the walls, in the corners and at the point of connection with the reinforced concrete
ceiling (Figure 14). In this case, mold risk assessment was performed on the basis of the method given
in ISO 13 788.

Figure 14. Analyzed corner. Measurement of surface humidity with the Testo 635-2 instrument.

For the corner in the place of mold development, the measurement of surface mass moisture
was carried out using the dielectric method and the Testo 635 test apparatus (Figure 14)
(The non-destructive stray field measurement uses the ability of water molecules to dampen and thus
change electromagnetic fields; the electric field penetrates the material via the contact plates and creates
a measuring field with a depth of approximately 5 cm).
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The mass moisture of the wall in the analyzed area is outside the range. It should be
added that the building where the photograph was taken, and the research was carried out had
undergone a comprehensive thermo-modernization which met the highest standards and demands of
building construction. For the investigated corner (Figures 14–16) a node model was made in the Psi
Therm program. On the basis of the equation No 1, the likelihood of mold growth—the so-called fRsi

factor—Has been estimated.

Figure 15. Corner model in the Psi-Therm 3D program.

Figure 16. Distribution of isotherms in the model: (a) view from the side of the internal environment,
(b) view from the side of the external environment Calculations carried out for microclimate conditions
in accordance with ISO 13788 (i.e., ti = 20 ◦C, te = − 2.4 ◦C)

Adopted Climatic Conditions
The calculations were carried out for two cases:

• in the first case, the boundary conditions were adopted based on the ISO 13 788 standard given in
Table 2,

• in the second case, the boundary conditions were adopted on the basis of measurement, i.e.,
the temperature of the environment and the temperature in the corner (Table 2, Figures 14–16).
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Table 2. Material data accepted for analysis.

Material/Layer Thickness [m] Thermal Conductivity
Coefficient λ [W/mK]

Diffusion Resistance
Coefficient µ [-]

Bulk Density
[kg/m3]

Porosity
ε [-]

Gypsum plaster 0.010 0.20 8.3 850 0.65

Cement lime plaster 0.015 0.80 16 1900 0.24

Solid brick 0.38 0.60 15 1800 0.31

Porous hollow brick 0.38 0.16 5 180 0.89

Mineral wool 0.10 0.038 1 25.2 0.95

Elevation mineral plaster 0.01 0.87 8 1024 0.61

Heat transfer resistance on the outdoor surface Rse 0.04 [m2K/W]
Heat transfer resistance on the indoor surface (condensation hazard in the corner) Rsi:0.25 [m2K/W]

The quantities were measured on the research stand for the corner-type place (average values for the month of February (the worst climate
conditions), Upper Silesia (Katowice)—Poland: ti: 20 ◦C,

te: (−2.4) ◦C (www.climateonebuilding.org).
The case where the measurement data obtained for variant 2 was adopted was also considered. Mold growth is still observed in the

corners. Calculations were made for the following data: temperature on the wall surface in the corner (measurement) θsi: 18.2 ◦C; outside
temperature (measurement)

te: (−0.72 ◦C), inside air temperature (measurement) ti: 21.6 ◦C.

Calculations were carried out for the critical month, i.e., February.
For the corner (Figure 14) a node model was made in Psi Therm 3D (Figure 15). The program is

used to construct detailed sections of the building to determine heat flows and surface temperatures.
Based on the analyses carried out, the temperature distribution in selected elements of the grid for the
model above (Figure 15) was then used for further calculations (Figure 16).

For both cases, calculations show that the fRsi value is greater than the limit value (see point 2.2)
—Table 3. According to analyses (Table 3), there is no risk of mold growth on the wall surface in option 2.
Despite this, in Figure 12, so-called thermal bridges, mold develops.

Table 3. Calculation results for the variant 2 (W_2).

Outdoor Climate
Te [oC]

Indoor
Climate Ti [oC]

Flat Surface
θi [oC]

Corner Surface
θi [oC]

Measurement (average values for
the month of February) −0.72 21.6 19.23 18.23

Standard conditions
ISO 13788(3D calculations) −2.4 20.0 18.96 17.32

Factor fRsi
Measurement 0.895 0.850

Modeling 0.953 0.880

The fRsi factor was determined based on the development of the mold fungus Aspergillus versicolor.
Its development occurs at the humidity above 80%. The assumption that only this mold fungus can
occur in buildings is wrong—Although it occurs most often.

5.2.2. Biohygrothermal Model

The evaluation of envelopes in the context of a potential threat of mold development should
comprise all aspects related to their development and referred to point 2 (Materials and Methods).
For this purpose, the author used the WUFI Bio program (Wufi). The wall of the building from variant
No.2 (Wall—W_2) (Figure 14) was adopted for the assessment. A continuous development of mold on
the surface can be observed for this wall.

For variant 1 (Wall—W_1), no mold growth is observed, which is why this case was omitted in
the analysis. In the modeling process, material data from Table 2 were applied, the conditions of the
indoor climate were adopted on the basis of

• EN 15026
• ISO 13788
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• the measurement data were taken from the research stand (temperature, humidity—for option
No. 2)

The climate from the base for the Katowice location was adopted as the external climate.
The partition is situated towards the north. This was taken into account in the calculations, mainly due
to driving rain and longer drying time. It was not a climate based on measurements, because it does
not yet have all the parameters. Nevertheless, due to the close location of the research stand, it was
treated as a local climate.

In a building, mold develop on various substrates having diverse levels of nutrients. Three classes
of substrate were introduced with the aim of taking into consideration the critical water content
and growth rate. The fourth class K is applicable in particular to fungi whereof potential health
risks are the highest (Aspergillus fumigatus, Aspergillus flavus, Stachybotrys chartarum, and others) [47].
For the analysis, the class II substrate was adopted, i.e., the substrate with a porous structure such as
plasters, mineral building materials, and insulating materials.

For the envelope designed with the assumption of the indoor climate maintained inside the room
that meets the requirements of the standards EN 15026 and ISO 13 788, the development of mold on
the indoor surface of the envelope is not expected (Figures 17 and 18). For both cases, no exceeding
of the critical water content was observed (Figures 17 and 18). It is assumed that mycelium does not
grow then. Mycelium growth is assumed to stop when the water content in the spore falls below the
critical water content and to resume instantly when the critical water content is exceeded again.

Figure 17. Changes in water content for the envelope according to the calculations for the indoor
climate, EN 15026.

The evaluation period for the mold index as well as for the mycelium growth is one year.
The evaluation period is limited to only one year, since the mold index is based on empirical data for
one year [49].

Analyzing the results of modelling for the wall using the real conditions of the room microclimate,
it is clearly seen that the water content increases above the critical value (Figure 19). Mycelial growth
then occurs (Figure 20). The growth of mold ranges from 50 mm a year to 200 mm a year.



Energies 2020, 13, 4492 15 of 19

Figure 18. Changes in water content for the envelope according to the calculations for the indoor
climate, ISO 13788.

Figure 19. Changes in water content for the envelope according to the calculations for the indoor
climate from the measurements. The growth of mold is from 50 mm/year to 200 mm/year.

Figure 20. The course of mold development in the assumed research period according to the calculations
for the indoor climate from the measurement.

The model presented by the author and used by the WUFI-Bio program provides the amount of
mold in the context of a growing mold form. However, in many cases the seven-degree scale of mold
development is used, as in the so-called Viitanen model (e.g., in Scandinavian countries). The Viitanen
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model uses the so-called “mold index” which describes the area of surface infected by mold, Figure 21.
Research presented in the works indicates that this model can also be used for other materials [1,2,40].

Figure 21. Mold index.

On the surface of the envelope, with the preset boundary conditions, the growth of mold is
observed (Figures 19–21). It might be argued, however, that the obtained results are not adequate for
the actual situation. The mold is visible with the naked eye, which is not consistent with the result
obtained on the Viitanen scale—Value 1-2—Moderate growth visible under the microscope. It should
be noted that these observations were carried out by the author [1,2] for wood and there might have
been some inaccuracies in the obtained results.

Nonetheless, it can be indisputably stated that climate conditions adopted on the basis of literature
do not allow one to predict properly the development of mold on the indoor surface of the envelopes.

6. Conclusions

Mold growth in buildings is first observed in the so-called thermal bridges or anomalies. These are
places of increased heat flow and lower temperature on their surface (Tc ↓). At the same time,
a significant increase in the relative humidity RHc ↑ is observed in these zones.

In the available calculation models, taking into account these conditions (RHc ↑ Tc ↓) is not
possible directly, e.g., ISO 13 788 standard recommends taking other thermal resistance—Rsi for the
corner equal to 0.25 [m2K/W], which seems insufficient (Tables 2 and 3). The available numerical
models (WUFIBio—Biohygrothermal model) conduct the analysis only for a flat wall surface.

Therefore, the factors that determine the correct estimation of mold risk development for 2D
or 3D elements are climate and geometry. Based on these observations (assumptions), the author
introduced the concept of a geometric climate. The aim of further research will be to determine the
mutual relations between the microclimate in the room and the microclimate in the boundary layer of
the corner.

The result will be the development of new values of thermal resistance coefficients—other than
those used so far for the flat wall surface. In addition, the length of the edge (r1, Figure 2) for which
these values will apply will be determined.
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