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Vertical gardens: Manufacturing materials proposal

Jardins verticais: Proposta de materiais para confeccao

Jardines verticales: Propuesta de materiales de fabricacion
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Abstract

Vertical gardens emerged with the aim of increasing green areas in large urban centres, thus reducing the negative
impacts of this dense urbanization. In general, vertical gardens are able to improve air quality, reduce heat islands,
increase biodiversity, among other advantages presented in this work. This study proposes the use of two materials for
making panels for vertical gardens. The panels were based on the model developed by the French botanist Patrick
Blanc, using “green felt” and “grey cacharel” with each panel measuring 50 x 80 cm and with 24 pockets. These were
installed in a residence in the municipality of Ilha Solteira, Sdo Paulo state, Brazil, having with vegetal species
Trandescantia zebrina. During January 19 to February 2, 2020, the temperatures of the panels, the wall and the region
behind the panels were measured. An average thermal damping of up to 8.71°C was observed; it was concluded that
the panels developed were effective for the construction of vertical gardens.

Keywords: Vertical panels; Green walls; Green facades; Urban vegetation; Vertical vegetation.

Resumo

Os jardins verticais surgiram com o intuito de aumentar as areas verdes nos grandes centros urbanos, diminuindo,
assim, os impactos negativos dessa densa urbanizacdo. Em geral, os jardins verticais sdo capazes de melhorar a
qualidade do ar, diminuir as ilhas de calor, aumentar a biodiversidade, entre outras vantagens apresentadas neste
trabalho. O presente estudo tem como proposta o uso de dois materiais para confeccdo de painéis para jardins
verticais. Os painéis basearam-se no modelo desenvolvido pelo botanico francés Patrick Blanc, utilizando “feltro
verde” e “cacharel cinza” tendo cada painel a dimensao de 50 x 80 cm e com 24 bolsilhos. Estes foram instalados em
uma residéncia na cidade de llha Solteira — SP; tendo com espécie vegetal a Lambari — Trandescantia zebrina.
Durante 19 de janeiro a 02 de fevereiro de 2020 foram aferidas as temperaturas dos painéis, do muro e da regido atras
dos painéis. Observou-se um amortecimento térmico médio de até 8,71°C; conclui-se que os painéis desenvolvidos
foram efetivos para construcdo de jardins verticais.

Palavras-chave: Painéis verticais; Paredes verdes; Fachadas verdes; Vegetacao urbana; Vegetagao vertical.

Resumen

Los jardines verticales surgieron con el objetivo de incrementar las areas verdes en los grandes centros urbanos,
reduciendo asi los impactos negativos de esta densa urbanizacion. En general, los jardines verticales son capaces de
mejorar la calidad del aire, reducir las islas de calor, aumentar la biodiversidad, entre otras ventajas que se presentan
en este trabajo. Este estudio propone el uso de dos materiales para la realizacion de paneles para jardines verticales.
Los paneles se basaron en el modelo desarrollado por el botanico francés Patrick Blanc, utilizando “fieltro verde” y
“cacharel gris” con cada panel de 50 x 80 cm y con 24 bolsillos. Estos fueron instalados en una residencia en la ciudad
de Ilha Solteira - SP; teniendo con especies vegetales el Lambari - Trandescantia zebrina. Durante el 19 de enero al 2
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de febrero de 2020 se midieron las temperaturas de los paneles, la pared y la region detras de los paneles. Se observé
un amortiguamiento térmico promedio de hasta 8,71 °C; se concluye que los paneles desarrollados fueron efectivos
para la construccién de jardines verticales.

Palabras clave: Paneles verticales; Paredes verdes; Fachadas verdes; Vegetacion urbana; Vegetacién vertical.

1. Introduction

Regarding urban population growth in recent years, there have been changes in city scenario. The increase in
constructions and buildings led to decrease in green areas in urban centres, causing worsening air quality, increased average
temperatures and noise, formation of heat islands, increased soil impermeability, changes in the ecosystem (Ekren, 2017).

Green areas are extremely important in people's lives inside cities, with psychological influence and visual impact
being one of the main points. The vegetation present in the cities beneficially affects population health in several aspects: “The
greener there is in a region, the lower the risk of mortality from non-accidental causes, especially cancer and respiratory
diseases” (Saldiva, 2017).

Thus, vertical gardens are emerging as an alternative to reduce the negative impacts of urbanization in large cities.
These are elements used in the internal or external walls of buildings, being covered by vegetation through specialized
techniques.

The use of green gardens in buildings generates an improvement in temperature, air quality, reduction of heat islands,
reduction of noise, influence of biodiversity, buildings aesthetics, reduction of energy costs and helps in rains water retention
(Costa, 2011).

One of the exponents in the area was the French botanist Patrick Blanc, who started to install vertical gardens in the
1980s by himself and patented technology in several countries around the world (Blanc, 2008; Costa, 2011).

In Brazil, one of the main precursors of the idea of reconciling man with nature in the urban environment was Burle
Marx, who, with his works performed between 1930 and 1980, transformed the concept of landscape and urban space in main
brazilian cities (Lopéz & Narvaez, 2015), as an example the garden of Safra Bank, in Sdo Paulo-SP/Brazil, when it used metal
columns filled with coconut fibre, where epiphyte plants develop (Petty, 2008).

The method of vertical gardens construction with blankets is the most used today. This method, commonly used by
Patrick Blanc, consists of three parts: a metal plate (usually aluminium), a PVC layer and a felt layer. The aluminium plate is
hung on the wall, providing efficient thermal and acoustic insulation. The PVC layer is fixed to the aluminium plate, offering
rigidity to the entire structure in addition to making it waterproof. Finally, the felt layer is installed over the PVC layer where
the plants will be inserted. The high capillarity of the felt allows a homogeneous water distribution, facilitating the irrigation
that is done by the top of the panel (Blanc, 2008).

Vertical gardens, in general, support a great diversity of plant species and, therefore, require more intense
maintenance, especially in the replacement of nutrients from the substrate or water, behaving like hydroponic systems; this
method of technology allows development in tall buildings or very large surfaces. (Sharp et al. 2008; Manso & Castro-Gomes,
2015).

Thus, regarding the number of materials presented the objective of this work was to evaluate two materials for use in

vertical gardens.

2. Methodology
The work was developed from September 14™, 2019 to February 2", 2020 in a residence located at coordinates
20°26'16.1"S, 51°20'58.4"W, in the municipality of Ilha Solteira, Sdo Paulo state, Brazil, with panels fixed on a wall on the

outside of the residence facing south, being a vertical masonry.
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The panels had dimension of 50 x 80 cm, with 24 pockets, which varied from 10-12 cm in width by 15-20 cm in
height and volume between 450 and 600 grams (these variations in dimensions are problems related to those who made them).
For panels assembly it was used green plastic canvas, “cacharel” fabric (gray fabric) and felt (green fabric) (Figures 1 and 2).
The material for confection was purchased directly from a representative in the municipality of Sdo José do Rio Preto and

Ribeirdo Preto, both in Sdo Paulo state.

Figure 1. Aspect of the panels.
. Plastic canvas

Cacharrel

e Felt

Source: Authors.

Figure 2. Panel made with cacharrel (grey fabric at back) and felt (green fabric at the front), and back with green plastic

canvas.

Source: Authors.

The panels were fixed on metal hooks 1.9 m from the ground and 15 cm apart. The species used was Tradescantia

zebrina (Figure 3), a plant classified as typical foliage of equatorial climates, tropical and subtropical, widely used for
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decoration due to its compact aspect (small size) and its leaves of purple and green colours. This plant has good adaptation to

full sun and half shade and has a perennial life cycle (Patro, 2013).

Figure 3. Aspect of plant species used (Tradescantia zebrina).

Source: Authors.

Containers of both materials were made, 8 cm high and 7 cm in diameter, which were filled with commercial substrate
and measured the mass of three empty containers, filled with dry commercial substrate and subsequently wet (at the moment
and 24 hours later).

In samples of 10 cm x 10 cm from both fabrics (three replications of each one), dry and wet weight were measured, at
the time and after 2, 4 and 8 hours. The dry and wet weight (at the time and 1 hour later) of the panel with the plant and its
moist substrate was measured.

The temperature was measured daily, for 15 days, during the period from 01/19/2020 and 02/02/2020; the
temperatures of the environment, the wall on which the panels were installed, the panels and the region behind the panels were
measured with a digital infrared thermometer for surfaces. Plants were irrigated at 10 AM and temperatures were measured
once a day at 1 PM.

On 02/04/2020, the green and gray panel plants (two replications of each one) were removed and weighed (g), and
also 1 plant with the appropriate panel filling; thus it was possible to estimate the filling of the panel and its visual aspect.

The cost was estimated based on the materials and labour used in making the panels, and expressed in R$/m2.

3. Results and Discussion
Table 1 shows the results of the container weights (volume of 0.14 g cm®) of test made with grey and green fabric; it

is observed that there is no significant difference between the tissues when filled and wet.
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Table 1. Weight (g) of test containers, containers + substrate, containers + wet substrate and containers + wet substrate after 2

hours.
Fabric Container (9) Containers + Containers + wet Containers + wet
substrate (g) substrate (g) substrate after 2 hours
Grey 9.05a 358.00 a 589.10 a 571(.94?0 a
Green 8.08 b 350.03 a 589.90 a 573.10a
CV% 1.94 2.99 3.07 3.10
F 51.74** 0.85™ 0.01™ 0.01™

Means followed by the same letter in the column do not differ by the F test at 5% significance. Source: Authors.

Table 2 showed data on plant weight with the root ball (g), as well as the mass of the panel (with green felt) dry, wet at

the moment and after 1h.

Table 2. Weight (kg) plant with wet substrate, dry and wet panel (at the moment and 1h later).

Plant weight with wet Dry panel weight ~ Wet panel weight ~ Panel weight after 1 Total weight™ (kg)
substrate (kg) (kg) (kg) hour wet (kg)
0.271 0.470 1.332 2.048 7.836

*Weight of the plant with wet substrate (24 pockets) + Wet panel weight = Total weight. Source: Authors.

As shown in Table 1, there was no significant difference between fabrics, so it may be inferred that, regardless of their
manufacture, there will be no difference between the types of panels, and that, according to Table 2, its weight when wet and
installed will be 7,836 kg (19.59 kg m-?). According to Vertiflor® (2019) and Urban Therapy (2019), the weight of the panel,
made with felt (recycled polyester), planted and wet, is approximately 25 kg m2, being higher than that obtained in this study,
taking into account considering the type of material used.

Figure 4 shows temperature measurement data, in °C, performed from January 19", 2020 to February 2", 2020.
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Figure 4. Data of monitoring temperature of the environment, the wall, the panels and the area behind the panels obtained over

a period of 15 days.
40

38

=== Environment temperature === \\all temperature Green panel temperature
Gray Panel temperature ==p=== Temperature behinh green panel ==g==Temperature behind gray panel

Source: Authors.

The average temperature of the environment and the wall was, respectively, 31.6°C and 35.0°C, as observed in Figure
1, with the average difference between these temperatures being 3.4°C.

The wall temperature is always higher than the environment temperature; this is due to the fact that the wall is made of
structural masonry, thus presenting two important properties related to heat storage: thermal conductivity and heat capacity.
Thermal conductivity is related to the material's capacity to conduct heat to its interior, and heat capacity refers to the
material's capacity to store heat in its volume. Masonry has high thermal conductivity, as well as high heat capacity, justifying
the wall always presenting higher temperatures than the environment (Gartland, 2008).

Tables 3 and 4 present data on the thermal damping that occurs in the panels and in the region behind them, in relation

to the wall, for the green and gray panels, respectively.
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Table 3. Thermal damping of the wall surface in relation to the green panel and the wall area behind it.

Sample Wall Environment Panel Thermal damping Temperature Thermal
days temperature temperature temperature of the panel (°C) behind the dampening behind
(°C) (°C) panel (°C) the panel (°C)
01/19 32.3 31.0 27.5 4.8 26.8 5.5
01/20 34.7 31.0 29.7 5.0 26.3 8.4
01/21 34.7 32.0 29.6 5.1 28.0 6.7
01/22 36.7 31.0 30.5 6.2 28.3 8.4
01/23 35.2 28.0 28.0 7.2 25.7 9.5
01/24 34.7 28.0 28.8 5.9 26.3 8.4
01/25 34.3 31.0 28.5 5.8 27.7 6.6
01/26 33.3 33.0 29.0 4.3 26.5 6.8
01/27 34.0 32.0 27.2 6.8 27.0 7.0
01/28 38.0 33.0 28.8 9.2 27.7 10.3
01/29 37.7 32.0 21.7 10.0 27.0 10.7
01/30 38.7 31.0 32.3 6.4 25.3 134
01/31 33.2 31.0 28.2 5.0 25.7 7.5
02/01 35.0 29.0 29.3 5.7 22.7 12.3
02/02 32.5 31.0 275 5.0 23.3 9.2
Average thermal damping (°C) 6.16 8.71

Source: Authors.

Table 4. Thermal damping of the wall surface in relation to the gray panel area of the wall behind it.

Sample Wall Environment Panel Thermal damping of ~ Temperature Thermal
days temperature temperature temperature the panel (°C) behind the dampening
(°C) (°C) panel (°C) behind the panel

G
01/19 32.3 31.0 28.0 4.3 27.0 53
01/20 34.7 31.0 30.0 4.7 27.2 7.5
01/21 34.7 32.0 29.7 5.0 28.0 6.7
01/22 36.7 31.0 31.0 5.7 28.5 8.2
01/23 35.2 28.0 28.3 6.9 25.0 10.2
01/24 34.7 28.0 28.0 6.7 26.5 8.2
01/25 34.3 31.0 28.5 5.8 28.0 6.3
01/26 33.3 33.0 28.5 4.8 26.7 6.6
01/27 34.0 32.0 28.0 6.0 26.5 7.5
01/28 38.0 33.0 28.5 9.5 27.0 11.0
01/29 37.7 32.0 27.5 10.2 27.0 10.7
01/30 38.7 31.0 325 6.2 25.5 13.2
01/31 33.2 31.0 27.0 6.3 26.7 6.5
02/01 35.0 29.0 29.0 6.0 23.0 12.0
02/02 32.5 31.0 21.7 4.8 235 9.0
Average thermal damping (°C) 6.19 8.59

Source: Authors.

It may be observed that there was an average thermal damping of 6.16 and 6.19 °C between the wall temperatures in
relation to the green and gray panels, and the areas behind these 8.71 and 8.59 °C, respectively. This is explained by Labaki et
al. (2011), who says that vegetation acts differently from other ways, as its function is to block solar incidence. The energy
balance of vegetation cover is composed of thermal exchanges by radiation and convection, evapotranspiration of soil and
plants, in addition to thermal conduction and heat storage in the soil layers (Gagliano et al., 2015), which explains the results
shown in Tables 3 and 4.

For Chen et al. (2013), the vertical garden is an instrument capable of removing heat from the wall and the air cushion
formed by the space between the panel and the wall, so the smaller the cavity, the greater the thermal efficiency, as the

ventilation and the exchange of heat by convection, as seen in the present work.
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According to Silva et al. (2011), vegetation acts through passive cooling based on two mechanisms: the shading cast
by plants, which decreases the conversion of radiant energy into sensible heat and which through this decreases the surface
temperatures of objects that by they have been shaded; and the evapotranspiration of leaves surface and the substrate that
results in this system cooling of this assembly and of the air passing through its surface, due to the exchange of latent heat.
This explains the fact that the panels with vegetation have an average temperature lower than the wall that has no vegetation at
all.

Wong et al. (2009) performed research in order to analyse the thermal efficiency of different types of green walls
founding reduction in wall surface temperature up to 11.58 °C; Matheus et al. (2016) studied the influence of vertical gardens
in a building in spring-summer period and observed a 15-30°C reduction in external surface temperature of wall; on the other
hand, Lima Junior (2018) analysed the influence of vertical gardens on opaque walls and observed that there was difference of
5.9 °C between the average temperatures of the external surfaces with and without the vertical gardens prototypes; thus,
comparing the results obtained by the aforementioned authors with those of this work, it may be noticed that the temperature
reduction presented coherent values and the variations may have occurred due to the local climate in each experiment, the
material used to make the panels, as well as the plant species used.

The two materials used to make the panels (green felt and cacharrel) had similar performance, as may be seen in
Tables 1, 3 and 4 and Figure 4.

As for the visual aspect, a plant with the proper filling of the panel weighed 38.9 g (Figure 5).

Figure 5. Aspect of Tradescantia zebrina, with adequate filling of the panel.

Source: Authors.

The evaluation of total weight of plants in each panel is shown in Table 5, and the expected value would be 933.6 g,
considering the weight of the one with ideal filling (38.9 g x 24 pockets). This non-development of plants, as well as the lack
of complete filling of the panels, was due to a failure in the confection, as the pockets ranged from 10-12 cm in width by 15-20

cm in height and volume between 450 and 600 g.
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Table 5. Total weight of plants (g) in each panel.

PANEL Total weight of plants (g)
GREEN 516.35
GRAY 509.10

Source: Authors.

Table 6 shows the value of 0.4 m? (from the panel) and m? for comparison.

Table 6. Comparison of values in Brazilian currency of components and products used in making the panel made with green

and gray fabric.

Material (Fabrics, Canvas, eyelets) + Value of 0.4 m? (each panel) - R$ Value of m2 - R$
labour
Panel Green/Gray Gray Green/Gray Gray
Without plants 83.52 85.79 207.60 214.47
With 24 units of Tradescantia zebrina 115.44 117.71 239.52 246.39

Source: Authors.

The total cost of the panel made with green and gray fabrics was R$ 207.60/m? while the cost of the panel made with
gray fabric was R$ 214.47/m2, both without considering the value of the plants. If the plant in question (Tradescantia zebrina)
were added, the amount of R$ 31.92 would be added to each panel, relating to 24 units (Table 6).

On the market it is possible to find several panels similar to the one developed in this work with prices ranging from
R$ 280.00 (1x1m — 1 m?; 72 pockets) to R$ 360.00 (0.7x2.3m — 1.61 m?; 56 pockets / R$223.60/m?); these values were found
on the Mercado Livre and Loja Flash websites, sold by several sellers. According to Kehdi (2019), the final price of a vertical
garden may vary greatly depending on the type of structure, vegetation and irrigation system, ranging from R$ 800.00 to R$
1,700.00/m>.

Thus, it may be reported that the value of the panels in this work is consistent with the price of those sold in the
market, even presenting lower values in relation to those of the researched products; it may also be concluded that the prices of

both panels made were very similar, as well as all the other aspects analysed in this work.

4. Conclusion
Both materials used in the manufacture of vertical garden panels proved to be viable for this purpose. In addition, the

panels developed obtained satisfactory results in relation to thermal damping.
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