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ABSTRACT

In recent years, microbial growth on stucco facades has become an increasing problemin Central Europe. Apart from the
effect of a cleaner environment and | esspoi sonousadditivesin the stucco, thisismainly dueto better hygrothermal growing condi-
tions for algae and fungi. Essentially, this means that the facade surface retains enough moisture throughout a certain period
of timeto allow the formation of vegetation. Theincreasein surface humidity of exterior wallscan belargely attributed to better
thermal insulation and lower thermal capacitance of the facade, which leads to frequent condensati on of moisture from outdoor
air caused by longwave sky radiation. Another effect isthe slower drying of precipitation moisture due to the diminished exterior
surface temperature of energy-efficient buildings with high thermal insulation.

In order to prevent or at least reduce algae and fungi growth without polluting the environment, methods have to be devised
toimprovethe hygrothermal surface conditions. These methodsinclude a reduction of the water absor ption of the stucco by inno-
vative water repellents that rely on the lotus effect and exterior coatings with a low longwave emissivity. Both methods are
supposed to reducethewetting of the facade resulting from preci pitati on and condensation. Another method woul d bethe staining
of the stucco, which leadsto a higher surfacetemperature and better drying during daytime. Alter natively, increasing the suction
tension of the stucco substrate could also result in a faster reduction of the stucco surface humidity. The different methods

described are currently being examined at a test site in Germany. First results should be available by the end of 2001.

INTRODUCTION

Staining or degradation of stucco due to algae or fungi
growth is becoming a problem in many parts of the world.
While there is a great variety of species found in different
rural and urban locations (Gaylarde and Gaylarde 2000), the
basis for growth appears to be an elevated surface humidity
of the stucco. There are several moisture sources that can
lead to prolonged elevated surface humidity: precipitation,
splash water, and condensation of outdoor air humidity. In
the last decade, arising number of algae growth problems on
exterior insulation finish systems (EIFS), also called exterior
therma insulation composite systems (ETICS), have been
reported in Germany. Blaich (1999) from the EMPA in Swit-
zerland has shown that the increasing insulation thickness of
EIFS contributes to the problem. Figure 1 shows a photo-

graph of a northeast-facing wall with 10 cm exterior insula-
tion (U = 0.3 W/m2K). Thereis microbial growth all over the
facade except for some clear spots of about 5 cm diameter.
The infrared thermograph below the photograph indicates
“hot” spots at the locations where no algae are visible. These
hot spots result from the thermal bridging of the fixing
anchors beneath the stucco. Their temperature exceeds the
rest of the facade by about 1.5 K. The surface temperature
plotted at the bottom of Figure 1 for the horizontal linein the
thermograph shows that a difference of less than 1 K during
the test conditions is enough to inhibit biological growth.
This phenomenon can be explained by radiative cooling. If
the facade cools below ambient conditions due to sky radia-
tion, a small difference in surface temperature can result in
the dew point being reached and then condensation occurs.
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Figurel Photograph and thermograph of an EIFS
attached with anchors. Thereis no algae growth
in the vicinity of the anchors due to the dlightly
higher surface temperature there (Blaich 1999).

The anchors cause a higher heat flux to the surface than the
insulation, thus preventing the moisture supply for biological
growth. Therefore, the temperature drop of the wall surface
below the temperature of the ambient air seems to be a
prerequisite for a surface humidity high enough for algae or
fungi growth. In this paper, continuous temperature measure-
ments at test walls are analyzed concerning the probability of
biological growth and remedial measures will be indicated.

Figure2 White and black stucco samples exposed to the
west on top of meteorological station with
insulation at the backside and temperature
sensor slocated beneath the stucco surface in the
middle of each sample.

EVALUATION PROCEDURE
AND MEASUREMENT ANALYSIS

The humidity conditions at the exterior surface of walls
are assumed to be the predominant growth factor. For an inert
surface (no significant storage of moisture), the surface
humidity can be determined from the dew point of theambient
air and the surface temperature. Microbia growth requires
some time to devel op; therefore, the surface conditions have
to beinvestigated over acertain period of time. Similar to the
assumption for mold growth in the guidelines of IEA Annex
14 (1990) the average conditions over a period of at least one
month will be considered. However, because of the diurnal
wetting and drying cycle of afacade due to sky radiation and
insolation, it makes sense to determine a mean cycle by aver-
aging the conditionsfor every hour of the day. From that mean
cycle, the probability of biological growth may be deduced by
comparison with measurements carried out at different build-
ing assemblies and locations.

EXPERIMENTAL INVESTIGATION

At abuilding science open-air test sitein Germany, close
to the Bavarian Alps (altitude 680 m), the surface temperature
of the freestanding white stucco sample in Figure 2, which is
exposed to the west and insulated on the east-facing side, is
continuously monitored together with other meteorological
data. Figure 3 shows the average diurna cycle of the temper-
ature and humidity conditions at the stucco surface and in the
ambient air determined for the four seasons from hourly data
of three consecutive years (1997-1999). The highest average
surface humidity can be detected in the fall with the average
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Figure3 Average diurnal cycles of temperature and
relative humidity of the outdoor air and the
surface of an exposed stucco sample determined
from hourly data recorded between 1997 and
1999.

temperature being well above freezing, i.e., in arange where
biological growthislikely to occur. Inwinter, thetemperatures
are probably too low to promote growth, and in spring and
summer, the average surface humidity falls below 60% RH
during daytime, indicating better drying conditionsthaninthe
fall. Since the period between September and November
appearsto be the most favorabl e season for biological growth,
the following investigations will be limited to these months.
At thetest building shown in Figure 4, which was erected
within the framework of the |EA project Annex 24, thefacade
temperatureinthestucco of different wall systemswascontin-
uously monitored during the test period. Compared to the
ambient air conditions, the average temperature cyclesand the
resulting relative humidity for the period from September 16
to October 24, 1994, are shown in Figure 5 (l€ft side) for a
west-facing 24 cm calcium silicabrick (CSB) wall with 8 cm
of EIFS. Inrelation to the results from the freestanding stucco
sample (Figure 5, right side), the surface temperature of the
EIFS on the test house is only marginaly higher. This means
that the heat flow from the interior of the building has only a
minor effect on the surface temperature, despite the moderate
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Figure4 Westfacadewith EIFS(left) and monolithic brick
wall sections with red and white stucco facing
south of the test house.
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Figure5 Diurnal cycles of surface and ambient air
conditions of the west-facing EIFS at the test
house compared to the exposed freestanding
stucco sample during the same period of time.

insulationthickness of 8 cm (thethermal insulation of the CSB
masonry is almost negligible).

Thenorth- and south-facing wallsof thetest house consist
of monoalithic brick walls (36 cm) without additional insula-
tion. These masonry wall sections are covered with stucco
painted whiteor red and have U-factorssimilar totheinsulated
CSB wall. The red stucco coat simul ates the situation of brick
veneer on the wall. In Figure 6, the surface temperature and
humidity cycles are plotted for the monolithic wall section
(sameperiod asabove). Dueto thehigh thermal capacity of the
walls, thereisno nighttime overcooling of the exterior surface.
The south-oriented surfaces are warmer throughout the whole
day and, therefore, aso dryer (max. 90%, res. 82% RH) than
theambient air. Thesameistrueto alesser extent for the north-
facing red surface. The north-facing white surface is cooler



HAMTIE Brick (North) HAMTIE Brick (North)

40 100
————— s 4 " L1
Nl =T e ——— ~ /l
7 N | A
30 v .
~ =
e White Stucco Red Stucco =
o 20 60 5
3 £
g /-\ RN T
g 10 VALY R 40 2
’ ~ 4 . =
- . N --\-|._.,' N §
0 ‘[ T 20
— Air Temperature — Air RH
=mm Surface Temp. === Surface RH
10 AR NSRS 0
HAMTIE Brick (South) HAMTIE Brick (South)
40 100
|‘—‘ / /
W / /
L 3\ )
30 i k) V4 ,/‘, 7"‘\ '”\/ 80
A Y »’ Y Y —
— | wnite N Red [V 4 % | 5
e Stucco AR Stucco |1 f " >
@ 2 W LY 60 B
= P A\‘ II‘ 1=
© ’ >, L} e\ =
S ’ S A AN £
3 N I AN
g 10 4 \ Sa .... : \\ I, \ ~40 B
= LI ] - - N o
0 20
Sep 16 - Oct 24 1994
- 1 1 1 1 0
1052 & 12 16 20 24 0 4 8 12 16 20 24

Time of Day [h] Time of Day [h]

Figure6 Diurnal cycles of surface and ambient air
conditions of the north- and south-facing
monolithic brick walls of the test house.

than the ambient air during daytime. However, this does not
lead to a rise in surface humidity because the ambient air
becomes dryer with increasing temperature. Compared to the
west-facing EIFS covered wall with an average nighttime
humidity reaching 97% RH, the white painted north-facing
brick wall shows only little fluctuation in surface humidity
with peaks around 95% RH. The red color reduces this peak
to 91% RH by absorbing more solar radiation during daytime.
At another test building with a south-oriented facade,
shown in Figure 7, the surface temperature of differently
painted EIFS (6 cm) applied on solid brick masonry was
recorded during the fall of 2000. Figure 8 shows the mean
temperature and humidity cycles for two test sections painted
in gray. While both sections had the same optical appearance,
one had aspecial infrared reflecting coat with an IR emissivity
of 0.6 and the other had a standard paint (IR emissivity 0.9).
The lower IR emissivity does not have a great effect on the
peak temperature, but it significantly diminishestheradiative
overcooling of thefacade. Thisleadsto areduction of theaver-
age surface humidity from 95% to 92% RH during the night.
Condensation is not the only moisture source on exterior
building envel opes. At the test site, staining occurs mainly on
west-facing walls, indicating that driving rain may contribute

Figure7 Test facadeorientedtothe south for solar energy
related examinations with different wall
sections. The colored twin fields were designed
to compare the thermal performance of infrared
reflecting coatings to standard paints. The gray
sections on the right are the EIFS test fields
considered here.
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Figure8 Diurnal cycles of surface and ambient air
conditions of a south-facing EIFS on a solid
brick wall with standard and infrared reflecting
gray coating.

considerably to algae or fungi growth. Especially finish mate-
rials with a high water absorption, such as untreated stucco,
are prone to biological growth. Problem areas are also those
that suffer from unfavorable drying conditions, e.g., the north-
oriented jamb of a west-facing door or window. The photo-
graph of such awindow (see Figure 9) shows severe staining
at thebottom of theright jamb dueto splash water fromthesill.
Compared to the reduced drying potential of the north-facing

Buildings VII1/all Durability—Practices



4

Figure9 West-facing window of a test house with severe
algae growth at the bottom of the north-oriented
jamb on the right.

jamb, the left jamb, which is oriented to the south, receives
enough solar radiation to handle the splash water. Similar
staining patterns can be found at many envel ope partsthat are
exposed to precipitation but shaded from direct insolation.

DISCUSSION AND CONCLUSION

The authors have not yet fed the measured data into
biological models able to predict the growth probability from
transient temperatureand humidity conditions. However, they
intend to apply amodel based on thefindings of Block (1953),
Grant et a. (1989), and Viitanen (1996) on the hourly mean
values of the surface conditions recorded during the reported
investigations. For thetimebeing, the experimental resultscan
only indicate which situation might cause problems by
comparison with observations. The surfaces of EIFS are
known to be more proneto biologica growth than monolithic
walls. The tests have shown that the higher thermal capacity
of monolithic facades protects them from radiative overcool-
ing and dampensthe surface humidity changes. This situation
seems to be less favorable for agae or fungi growth than the
humidity fluctuations, including condensation, with respect to
elevated humidity conditions at the surfaces of EIFS.
Currently, the algae problem of EIFSis solved with biocides.
Especialy for exposed facades, thisisonly atemporary solu-
tion because the chemical growth inhibitors will be washed
away by driving rain. A more ecological solution could be the
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application of infrared reflecting paints. However, the dura-
bility and long-term efficiency of these paintsisstill unknown.

The contribution of precipitation to biological growth is
still largely unknown. The exposure of roofing tiles (Kuenzel
2000) has shown that concrete tiles are more prone to growth
than brick tiles. This indicates more favorable conditions on
substratewith high sorption capacity. Thelower water absorp-
tion of concrete compared to brick tiles appears to be
outweighed by the sorption properties. The same seemsto be
true for inherently water-repellent stuccos. Despite a very
limited water absorption, they are not immune to biological
growth. In some cases, the compounds leading to water repel -
|ency appear to promote growth either by being nutrientsor by
attracting dirt and organic material fromtheair. A recent inno-
vation claims to provide a water and dirt repellent effect by
applying a coat to the stucco with a microstructure similar to
that of alotus plant. Even if this|otus effect were genuine, it
does not prove that biological growth cannot occur. It may be
concluded that despite an increasing number of staining prob-
lemsreported, thereisaseverelack of thorough investigations
or durable solutions.
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