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Abstract. The trend of urbanism in the cities is to reduce the amount of green areas. These green areas cannot
compete with the financial force of developers, and therefore they are built in a vertical shape instead of the
horizontal one and as a living wall system (LWS). In this form, they are able to reduce the urban heat island
(UHI) and have positive effects on building improved thermal environment as well as other benefits.
Unfortunately, there are still areas, such as historic centres of towns, squares and parking slots, where no areas
are suitable for the living wall system. On the other hand, specifically these areas are suitable for the mobile
version of green walls. This study examines the influence on lowering the temperature of the mobile version of
LWS developed at the Mendel University in Brno. The evaluation is based on comparing the surface temperature
of buildings, the surface temperature of LWS while dry and the surface temperature of LWS after irrigating. The
effect was observed in the thermographic pictures of the mobile version of LWS by comparison to the reference
wall. The study aims at evaluating the real possibilities of the LWS system on lowering the temperature of
surfaces in the urban area as well as the possibilities of the system on lowering the problem with UHI. The
results confirmed the expected lower temperature of the surface approximately about 13,2 % at LWS while dry
and 28 % after irrigation in comparison to the regular surface without LWS cover. Similarly, the effect of
balanced extreme temperatures during the day was examined, as the irrigation water was able to remove the high
temperature of the LWS surface and significantly contributed to the cooling effect. Moreover, there was no
radical stress level of plants recorded on the vertical green mobile system. Otherwise, that would negatively
affect the positive functions of such solution.
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Introduction

The trend of urbanism in the cities is to reduce the amount of green areas that cannot compete
with the financial force of developers. One of the possibilities of green situation is utilisation of the
building’s roofs, but large proportion of rooftop is occupied by devices, such as water tanks, elevator
machinery and solar panels, resulting in a very little space for greening. Vertical planting is certainly
an alternative to roof greenery in a city [1;2].

The green areas are important for air cleaning, rainwater collecting, gas emission and noise
reducing, protecting urban biodiversity and UHI reducing [3-6]. The primary cause of the UHI effect
is the absorption of solar radiation by the mass of building structures, roads, and other hard surfaces
during daytime and the emission of the heat stored in the mass into the atmosphere later at night [7;8].
Applying some types of the vertical greenery system (VGS) on buildings can be utilised as one of the
technologies of UHI reducing [9-11].

Green Facade (GF) system is the most elementary, with the climber plants growing on the
building facade. This system is undemanding on investments, but with little effect on UHI reductions.
Therefore, the living wall system (LWS) has been developed. It is a complex technology that includes
the waterproof layer, the plant and soil containers, the irrigation and drainage system and the water
control machine [12]. The use and positive effect of LWS on UHI reduction are well analysed [12-
14].

This paper states the results of the study examining the influence of a mobile version of LWS on
lowering the temperature. The mobile version was developed at the Mendel University in Brno and it
is available for public spaces, such as historic city centres or parking areas, where a small amount of
greenery is caused by a care of historical monuments, by the use of place for parking slots and by a
presence of facades unfit for greening.

Materials and methods

The experiment was conducted from 1 May 2018 to 30 September 2018 at the Mendel University
in Lednice, Czech Republic (48.80N, 16.80E), altitude 173 m a.s.l. This area is in a temperate climate
zone, characterized by long summers with a very warm and dry season. The external air temperature
was measured by the local weather station. Only the data, when the daytime temperature (measured at

DOI: 10.22616/ERDev2019.18.N049 501




ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 22.-24.05.2019.

2 pm) exceeded 30 °C (Tropical day — maximum air temperature must be above 30 °C), were included
in the experiment and when it was not raining at the hour of measurement. In order to reduce the
possible interference by raining, the data were used only when the weather stayed hot and dry. The
measured values are summarized in Table 1.

In the first stage of the research project, two types of walls were observed. Beside the mobile
version of LWS, one brick facade wall with polystyrene heat isolation was chosen for comparison. In
both cases, the wall surface was without shading and it was west—southwest orientation to allow it to
receive maximum afternoon sunlight in summer.

The mobile version of LWS characterized by a width of 2.00 m, a height of 2.00 m was composed
of a metal structure, with a PVC panel installed on it, and three felt layers. From the felt layer a
framework is created that allows the roots of the plants to propagate. Plants are in eight rows with 8
plants per row. The plants were irrigated with the drip method that allows to provide through each
nozzle 2.0 I'h”" of water. Each plant has one nozzle. The surplus of water drained off by the plants is
collected on a 1.2 m3 catchment tank at the bottom of the structure. Some perennial plants were used
for the experiment, for example, Sedum spurium, Ajuga reptans, Heuchera sp., Festuca sp., Hosta sp.,
Achillea sp. and others.

The temperature of the external plaster surface and is created surface of the mobile version of
LWS exposed to the solar radiation was measured using the visual IR thermometer Fluke V T04
(Fluke Corporation, USA). Data were measured three times in one point in the centre of the area and
then averaged. The values of LWS were measured before and after irrigation.

The data were reported as means =+ standard deviation. Analysis of variance was conducted and
the results were compared using the Tukey’s multiple range test (o = 0.05). A statistical analysis was
carried out using the software package “Statistica 12.0” (StatSoft Inc., Tulsa, Oklahoma, USA).

Results and discussion

The external surface temperature of the building wall was chosen for assessing the cooling
performance of the mobile LWS. According to the presumptions, the presence of the vegetation layer
mitigated the temperature of the tested area. During the daytime, the temperature of the control wall
was always higher than the external wall temperature of LWS. The effect of vegetative cooling was
kept within a range of 4.8-7.5 °C between the control wall and the LWS before irrigation. The
maximum reduction of temperature was recorded on 29 July 2018 at 2 p.m. The effect between the
control wall and LWS after irrigation was within a range of 9.9-16.1 °C. The maximum temperature
difference was recorded on 9 August 2018 at 2 p.m. (Table 1).

The daily temperatures recorded on the control wall were statistically higher than the values
recorded on the LWS. The mitigation of the wall surface temperature due to the plants was observed
throughout the season (higher temperature equals higher difference). As shown in Table 1 and Figure
1, the average values of temperatures recorded on the control wall were mainly higher than the values
recorded on the mobile LWS. This green technology showed its cooling effect during the daytime that
is in accordance with the conclusions presented by VOX et al. [15]. Pérez et al. [8] reported the
reduction of the external building surface temperature in the range from 1.7 °C to 13 °C in warm
temperate climate regions. Eumorfopoulou and Kontoleon [16] also reported a temperature reduction
in the range varying from 1.9 °C to 8.3 °C, in average to 5.7 °C. Susorova et al. [17] published similar
results with use of climbing vegetation: an average decrease of the facade surface temperatures from
1.0 °C t0 9.0 °C during summer. Cameron et al. [18] also confirm good cooling effect of green walls.

Thermal image (Fig. 1) showing that the temperature of the reference facade (a) is higher than the
LWS temperature before irrigation (c) and LWS temperature after irrigation (d). Image (b) showing
the plant coverage of the wall area. In Figure 1 (d), the effect of incomplete coverage by the plants at
the edges of the wall area can be seen, resulting in higher temperatures.

Figure 1 (b) and 1 (c) also show that some parts of the wall are less green and show a higher
temperature. It is due to the planting in the same year as the experiment was conducted. The plants
grew on the wall only in the first season, so they did not reach the full wall coverage. However, the
cooling effect was significant.
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Table 1
Measured values of temperature of air, facade and LWS before and after irrigation (n = 3)
Experimental variant
Air LWS LWS
Date temperature, °C Facade temperature temperature
temperature, °C before after
irrigation, °C | irrigation, °C
10.6 30.3 40.3+£0.99 35.5+£0.00 30.4 £0.28
11.6 30.8 41.9+0.14 37.0+£0.14 31.0£0.00
21.6 33.7 452 +£0.14 39.0 £ 0.00 30.0 £ 0.57
4.7 31.8 43.8+£0.14 38.2+0.14 31.6 £0.00
5.7 30.3 41.8£0.28 36.4 £0.07 31.8£0.21
15.7 30.5 424 +£0.14 36.8 £0.00 32.0+0.07
21.7 31.6 43.6 £ 0.07 38.3+£0.00 32.5+£0.07
24.7 314 43.7+0.14 38.2+0.14 32.6+£0.00
26.7 30.1 43.1 £0.07 37.6 £0.00 31.0+£0.42
27.7 31.1 433 +£0.14 37.7+£0.07 32.0+£0.28
28.7 32.0 45.5+0.00 39.7 £0.00 32.9 +0.00
29.7 32.5 46.5 £ 0.07 39.0+£0.14 33.1+£0.28
30.7 33.0 47.0 £0.07 41.1 £0.07 33.9+0.00
31.7 334 47.6 £0.00 41.6 £0.00 34.0 £0.28
1.8 33.8 48.1 £0.14 41.3 £0.07 342 +£0.35
2.8 343 48.4 £ 0.07 42.2+£0.00 345+0.14
3.8 33.7 479 +0.07 41.5+0.07 33.0+£0.00
4.8 35.0 49.6 £0.14 43.1 £0.00 34.0 £0.00
5.8 323 46.8 £0.00 40.3 £0.07 33.5+£0.14
6.8 31.8 46.2 £0.14 39.8 £0.00 33.1+£0.00
*7.8 333 47.6+0.14 41.3+£0.00 34.0+0.42
8.8 354 50.4 £ 0.07 43.8+£0.00 34.5+£0.07
9.8 35.7 50.8 £0.00 43.9 £0.07 34.7 £ 0.00
10.8 31.6 46.5 £ 0.07 39.8 £0.00 33.1 £0.07
12.8 30.6 45.4+£0.00 38.8 £0.07 32.1+£0.14
13.8 33.8 48.2 £0.07 41.7+0.00 34.8 £0.07
16.8 30.1 44.0+0.14 37.4 £0.00 31.5+£0.00
17.8 32.1 46.1 £0.07 39.9 £ 0.07 33.2+0.14
18.8 344 48.6 £ 0.07 42.3+0.00 347+£0.14
19.8 344 47.6+£0.14 41.6 £0.00 34.9 +0.07
20.8 35.6 49.1 £0.07 43.1 £0.07 34.8 £0.00
21.8 30.9 42.9+0.00 37.1 £0.07 32.1+£042
22.8 32.6 44.4 +£0.07 39.0 £0.00 33.8+0.07
23.8 335 45.8 £0.00 40.6 £0.00 33.9+£0.21
Average temperature, °C 32.57 45.85 +2.60° 39.83 +2.23° 33.02 £ 1.36°
Temperature reduction, % 13.17 28.00

Legend: Data are expressed as means * standard deviation. Different letters represent significant
difference (p < 0.05). * Photos in Figure 1 were taken on this day.
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Fig. 1. Thermal image of wall: a — facade; b — LWS; c — LWS before irrigation; d — LWS after
irrigation (The arrows show the measured temperature (°C) on August 7, 2018
at 2 pm in the centre of the walls)

The results are in a line with Cameron et al. [18], who in their work indicate a significant effect of
vegetation, whereas some differences between the species of plants and types of technology are not
that significant. Huang et al. [19] draw attention to the cooling and wetting effect of water itself, which
is related to the technology, particularly whether a GF or LWS system is used. This view can be
supported by the results presented in this paper, especially the significant reduction in the surface
temperature after irrigation.

Other authors found that the additional cooling influence conferred by plants relates to their
ability to better distribute cooling moisture from evapotranspiration water around a wall [12;15;18-
20].

When considering heat flows (cooling effect), the distribution of water in the substrate or in plants
is usually not in consideration, especially with regard to the complexity of such a calculation [21].
However, the results of the experiment clearly demonstrate the need to account for the excess water
that was not used by the plants and mostly flows down the wall into lower parts, and also with water
bound in the substrate.

Figure 2 shows that the air temperature at the time of measurement is on the x axis. On the y axis

the surface temperature is plotted for three cases: reference facade temperature, LWS temperature
before irrigation and LWS temperature after irrigation (measured 15 minutes after irrigation). The
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points drawn for each case can be well approximated by a straight line. The statistical analysis
confirmed that the cooling effect of LWS and irrigation increases with higher air temperature.
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Fig. 2. Temperatures of air, reference facade, LWS before irrigation and LWS after irrigation

Conclusions

The cooling behaviour is desirable in warm periods. The experiment demonstrated the cooling
effect of the LWS technology during summer time. The wall temperature with the LWS technology
was significantly cooler than the control facade on both before and after irrigation. Thermal images of
the wall and leaf surface temperatures confirmed the cooling effect of the vegetation. The largest
difference between the temperatures at 2 p.m. was 16.1 °C. The mean values of all measured
temperatures were: 32.57 °C (air), 45.89 °C (control wall), 39.84 °C (LWS before irrigation), 33.04 °C
(LWS after irrigation).

The main conclusions that can be drawn from the presented results are the following.

1. The results related to the green facade based on the LWS technology show the surface
temperature decrease by 16.1 °C compared to the temperature of the bare wall.

2. The cooling effect of water and all technology of LWS seems to be more significant in
comparison with GF.

3. LWS technology is the most effective during the first year after installation. On the contrary, GF
is a system when the plants are growing gradually, so it takes some years to become green in the
whole area (especially on higher floors). The results shown in this research can fill the gap in
understanding the influence of irrigating water on the cooling effect provided by LWS and the
potential of increasing the air humidity in the vicinity of the wall. Knowledge of the thermal
behaviour of the mobile version of LWS is important for architects and green managers, because
it can help them to reduce UHI within urban areas design.
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