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Relevant to lack of space for urban greenery, green walls becomes to be
more and more popular in the big cities landscape. Against the common opinion,
green walls are not the discovery of the last decades. They were inseparable
element of the Middle Ages houses in region of Mediterranean See. At that time it
was mainly Vitis viniphera climbing on building surfaces or bowers as a
decorative plant that sometimes gives shadow and fruit. Decorative aspect of
plants is still very important, but currently need for bring greenery into urban
areas is connected with their other properties. First of all plants are producer of
oxygen which is essentials for life for every organisms, furthermore they have an
impact on improvement on local microclimate by ability of temperature reduce as
well as moisture control. Plants have also ability to reduce pollution. In the cities
this days, beside popular climbing plants, deferent ways of greenering vertical
surface of buildings can be seen frequently. All green walls can be divided into two
main groups: green facades based on the application of climbing plants, and living
walls systems (LWS). In spite the fact that almost every company installing LWS
has their own system structure technology, there are two basic ways of
installation: continuous LWS and modular LWS. Between modular systems it is
possible to make further division. When the living wall is already done and plants
completely cover the surface of building, the differences between using systems are
not noticeable. Decision which technology of living wall structure is the best,
depend on building construction and possibilities of additional its wall load as well
as planed shape of living wall. Suitable plants selection to chosen system is very
important as well. Correctly made living wall is integral part of the building and
fulfill all function described before.
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Historical Overview

The first green walls were created by nature itself, with no human
intervention, as some species of plants do not need any complicated supporting
structure to grow vertically. Examples of such spontaneous vertical gardens are
common to all latitudes and all climates. However, the hut sealing by a primitive
man can be considered the first green wall established deliberately. For sure, some
plants often managed to survive in such an unusual place for a couple of years or
even longer. A little later, there appeared climbing plants on the walls of buildings.
There are records stating that as early as 2000 years ago in the Mediterranean
region grapevines were placed on people’s homes, thus transforming their walls
into early vertical gardens. On the other hand, in Central Europe, 500 years ago,
grapevine was also the most common creeper on the walls of castles and cities. But
almost equally popular were climbing roses - people’s favourite ornamental plants
(Kohler 2008). In the 19th century, in many European and North American cities,
some climbing plants, lignifying with time, were introduced on simple, plain
facades. In Central Europe in the 1980s, interest in environmental protection
started to grow, which resulted in a tendency to return urban spaces to nature
(Kohler and Schmidt 1997). Especially in German cities, numerous programmes
were created which encouraged building owners to plant and care for vines in
courtyards and on the walls. At the same time, a lot of scientific papers and theses
on the beneficial role of vine were published (Kéhler 2008). Today, all the above
aspects of green walls are well known as they refer to the general role of plants in
an urban environment. It seems, however, that in the case of plant walls the list of
possible benefits may even be somewhat longer.

The benefits of setting up green walls

Green walls are an ideal solution to the problem of not having enough
greenery in densely populated urban areas. First of all, they significantly increase
the aesthetic value of the space where they have been installed. They usually



become large parts of the design, perfectly visible to both passers-by and car
drivers. Extremely important is the role of plants as producers of oxygen,
component necessary for the life of all organisms. A plant wall of the surface of
155m? is able to satisfy one person’s daily demand for oxygen (Kania et al. 2013).
Moreover, such installations contribute to the improvement of the local
microclimate by retaining rainwater and

reducing the temperatures on the facades. The difference in the temperature
between the bare wall surface and a wall covered with plants can be as high as
12°C to 20°C, whereas the temperature of the air near the plant wall is reduced by
1°C - 2°C (Chen 2002). Not without significance is the shadow given by the leaves.
The ability of plants to reduce urban pollution is also very important. This is done
in two ways: the mechanical one, when chemical compounds settle on leaves, and
the physiological one when the plants resistant to urban pollution absorb certain
amounts of particulate matter. For example, a properly maintained green wall
whose surface equals 10m? may absorb as much CO; during one year as a tree
measuring 4m in height (Kania et al. 2013). There are also examples of combining
the vegetation on the walls with the ventilation units supplying the air into the
building. Plants alongside with the substrate are used in them as a special type of
filter, and the rooms get the air already cleaned. Recently, a lot of attention has
been given to increasing the biodiversity in cities. Vegetal walls perfectly fulfil this
function by increasing not only the number of plant species, but also of birds,
spiders and insects. To some animal species, the plant walls offer residing space, to
some others - feeding. In addition to the environmental benefits, economical ones
are also worth noticing. They refer mainly to making some savings on heating and
air conditioning, since plant walls are natural insulators that prevent overheating
the interior of the building in summer while retaining heat inside in the wintertime.
During hot summers, the temperature gets lowered by an average of 5°C inside
public buildings with external green walls, which in turn helps to reduce energy
consumption while cooling the air by means of using air conditioners (Chen,

2002). In the case of having both a green roof and living walls, the cost associated



with air conditioning decreases by an average of 17 - 79% per annum and the total
cost of energy used in the whole building - by 0.6 — 19.5% (Kuhn 1996, Wong et
al. 2009).
Types of green walls

All plant walls can be divided into two basic groups: green facades and living
walls (LWS) (Fig. 1). The first group includes the climbers which stick to the walls
by themselves (direct green facades) or the indirect ones that require support to be
able climb. This support can either be anchored in the ground and reach as high as
the facade’s tallest point (continuous guides) or be a multi-storey mounting system
repeated every one or more floors (modular trellis). The green facades are
undoubtedly cheaper to install than the living walls. This statement applies in
particular to direct green facades where virtually the only cost is the purchase of
the plants, since planting them can be done on your own. A very important
advantage of this solution is that it is exclusively beneficial to the environment
because it introduces no mounting hardware. The disadvantages include a limited
selection of plants, boiling down to just a few species of native and acclimatized
climbers. Another disadvantage is the uncontrolled manner of covering the wall

and a long time to wait for the vegetation to cover the entire surface.
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Fig. 1. Diagram of Green walls (Perini et al. 2011)



In the case of indirect greening, the choice is among a slightly larger number
of vines which, using modular trellis, will cover the facade much faster. However,
they require major financial outlays on the purchase and installation of supports for
the plants and an irrigation system running on each floor.

The main advantage of the living walls over green facades is an instant
effect of covering the wall with plants. However, they require considerable
funding. The cost of green facades does not often exceed €75 / m?, while the
average cost of LWS is approximately €1200 / m? (Perini et al. 2011). Such a large
difference in cost is related to, among other things, the need to install complex
living wall systems. In turn, an advantage of LWS are almost limitless possibilities
of selecting the species, while the green facades use climbers only. LWS include
continuous living wall systems and modular systems: trays, vessels, planter tiles
and flexible bags.

Among the LWS, the continuous living wall system is the one where you do
not need any substrate for growing the plants. It involves the use of some textile
material of dimensions equal to the wall’s surface. The plants are placed in pockets
made of the same fabric, and the whole system is stretched on a frame attached to
the wall. Water enriched with micro- and macro-elements essential for the plants is
supplied through the dripping lines which maintain the material evenly wet over
the whole surface. At the base of the installation there is a tank for unused water.
In the tank, a pump is mounted for transporting the water upwards for reuse. The
main advantage of these installations, besides the above mentioned immediate
vegetation cover, is their relatively low weight and a flexible design which allows
giving them any shape and even introducing plants in the corners of the buildings
(Fig. 2). Due to the low weight, the system is called lightweight screens. The
characteristics of its construction do not allow any divisions of its implementation
(and thus the cost) into time stages. Associated with this is also the need for
frequent maintenance. For example, in case of a viral disease of plants or infection
of the substrate, not reacting in due time can lead to ruining the whole system. The

need to keep the material in moisture all of the time involves a high consumption



of water and nutrients. Constant high humidity of the fabric in which the plants are
growing makes it no good place for succulents. Moreover, in their tight pockets,
the plants have significantly less space for the roots, which in the case of several

species, may adversely affect their shape.

Fig. 2. Continuous living wall system

The tray technology has the largest number of variations. Virtually every
company applying this system has developed its own installation details. However,
the one invariably regular element is the container structure of each panel, with the
front part exposed (Fig. 3). Inside the containers there is some substrate in which
the plants have to be planted. The substrate is covered with nonwoven fabric or
with plastic plates, protecting it against spilling from the container. The last part at
the front are the strengthening elements, keeping the whole in a vertical position.
All this is equipped with an automatic irrigation system, passing through each
panel. The most important advantages of this system are an easy removal and a
possible replacement of single components. Furthermore, the selection of the
plants in this case is virtually unrestricted, provided a proper depth of the panels
has been planned. Unlike in the previous system, here you can control the degree
of hydration and drainage in separate sections. One limitation when choosing this

technology may be a heavy weight of the structure, because not every wall can



maintain such a high additional load. Another disadvantage is related to the shape
of the surface we expect to be covered with greenery, and that factor is connected

with the dimensions of the panels (Fig. 4)
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Fig. 3. Construction of panels (trays)  Fig. 4. A living wall made by trays

Some form of a merger of the two previously described systems are the wall
tiles known as planter tiles, characterised by the beauty of the tiles themselves (Fig.
5). Just like the lightweight screen, it is a system of pockets, but, similarly to the
trays, the tiles have their fixed dimensions. This system is currently used only in
the interiors, but one cannot exclude the possibility of applying it also on the
external walls.

As for the vessels, they are an integral part of the building, so they should
have been planned at the stage of the building being designed by an architect.
However, in some cases, an alteration to

an already existing building is possible, too.



Fig. 5. Planter panels

Another form of combining a lightweight screen with the trays are flexible
bags. It is an in-line arrangement of pockets filled with the substrate in which there
are plants (Fig. 6). The main advantage is the possibility of being applied on
untypical surfaces, e.g. the curved or inclined ones (Manso et Castro-Gomes, 2015)
(Fig. 7). Although it is a system of pockets, just like the lightweight screen, the
presence of the substrate and the undefined volume of space for the roots allow an

unlimited selection of plants. On the other hand, the heavy weight must be

considered its most serious disadvantage.

WSS S AP L
PRSI 07 2 s
~g |

==
le bag

D" SN | B = —— = , 2 =
Fig. 6. Flexible bags Fig. 7. A living wall made by flexib
Summary

A review of the available technologies shows that none of them is definitely

the best. Before choosing the type to be used, we must first anticipate the cost of



the project. The cheapest solution is climbing plants which will stick to the walls
by themselves (direct green facades) and will be planted in the ground. However, if
the priority is an immediate effect, we should choose one of the LWS technologies.
For buildings with a delicate structure, the best choice is a lightweight screen. In
turn, the panel system allows the use of many more plant species. In the case of
irregular wall shapes, it is wise to apply flexible bags. If the most important
objective is the aesthetic effect of combining ceramics with the plants, planter tiles
will be recommended. Vessels may be an option for those who want a building
with plants introduced individually, e.g. by the inhabitants of individual
apartments. It is important to remember the heavy weight of most of the systems

and adapt this weight to the load-bearing capacity of the wall.
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V' eenukux micmax ece Oinvwioi nonyasapHocmi Habysac 6epmuKaibHe
O3eleHeHHs, aoddce HUHI  YypOauizoeami  cepedosuuja  XapakmepusyomsCs
Haseuicmio oocumb obmedxceHux niaows nio o3zenenenns. Hezeaoxcarouu na
3A2aNbHONPUUHAMY OYMKY, 3€/leHi CMIHU He € 3000YMKOM OCMAHHIX 0eCAmulims,
MmaKk sK 60HU OYIU HeBI0 EMHUM eNeMeHmMOM e CepeOHbOBIUHUX OVOUHKIE 8
mexcax  CepedzemHoMOpcvbKko20 — peciony. B yei  nepioo  nauvuacmiwe
suxopucmosysascs Vitis vinifera L., wo obniimae ¢acaou 6yodisenv ma cminu
AnbMAaHoOK, OOHOYACHO 3abe3neuylouu miHb U NPUHOCAYU NA00U. []ekopamueHi
Xapakxmepucmuky pociut i 00Ci € 0yiHce 8ANCIUBUMU, NPOMeE HA CYUACHOMY emani
nompeba 6 o3eleHeHHi YPOAHI308aAHUX cepedo8UUy NO8 A3aHA 3 IXHIMU [IHUUMU
enacmusocmamu. Hacamnepeo, pociunu 6upoonsioms KuceHmv, wjo € nepuioro
HeoOXIOHicmIo 015l ICHY8AHHS 0Y0b-5K020 JHCUBO20 OP2AHI3ZMY, KPIM MO020, 80HU
BNIUBAIOMb HA NOJINULEHH MIKDOKIIMAMY 34 PAXYHOK 3MEHUEHHA memMnepamypu
i niosuwenus e6onococmi nogimps. Taxkodc pociuHu mawoms 81aCMusicms
SHUMCYBaAMU 3a0PYOHEHHS HABKOIUWHbO20 cepedosuwa. Huni y micmax Hepioko
3ycmpiuaromscs pisHi cnocobu 03e/leHeHHsT 6ePMUKAIbHUX N08epXoHb. lIpunyunu
BEPMUKATLHO20 O03CNEHEHHS MOJICYMb OYMU YMOBHO NOOLNeHI HA 08l OCHOBHI
epynu: 3eneHi ¢hacaou, cmeopeHi SUMKUMU DOCIUHAMU, MA IHCUBI HACMIHHI
cucmemu. Hezeaoicarouu na me, wo maudice KON CHA KOMNAHIA, AKA GCMAHOBIIOE
JHCUBI HACMIHHI cucmemu, MA€E CB0I BIACHI MEXHONO2IYHI NPUUOMU, OOHAK ICHYE
08a OCHOBHUX CHOCOOU IX 6CMAHOBAEHHA: CYYLIbHUU [ MOOYAbHUU. Bapmo
3asHauumu, WO KOJAU IJHCUBY CMIHY 8d4C€ CMBOPEHO, | POCAUHU NOGHICMIO
ekpusaroms acad 0y0ieni, GIOMIHHOCMI MIXC BUKOPUCMAHHAM CUCMEM He €
nomimuumu. Tomy, 6ubip mexHono2ii cmeopeHHs HCUBOI CMIHU 3AledCUmsv 8i0
KOHCMPYKYii 0y0ieni ma moxcausocmell 000amK08020 HABAHMANICEHHS CMIH.

Baowcnueum € i eman niobopy pociun Onsi KoxcHoi i3 cucmem. Tomy, minvku



0OMPUMABUUCH BCIX BUMO2 NPU CMBOPEHHI JHCUBOI CIMIHU, BOHA CMAE HEBI0 EMHOIO
yacmuHow 0y0i6i i NOBHOYIHHO BUKOHYE BCI BUWE3AZHAYEHT (DYHKYII.

3eneni cminu, micmo, pocaunu, cmpykmypal

B bonvwuux  20podax  0epomHYIO  NONYISAPHOCML  Npuobpemaem
g6epmuKaibHoe  03eleHeHue,  6edb  ceuyac — YypOaHusUpoBaHHvle  Cpeobl
Xapaxkmepusyomcs. Haiuyuem 8ecoMa 0SPAHUYEHHbIX Naowalell noo o3elleHeHuUe.
Hecmompss na obwenpunamoe MmHeHue, 3eleHble CMEHbl He  AGIAIOMCS
docmudiceHuemM NOCAeOHUX Oecsimulemutl, maxK KaK OHU ObLlU HeomwbeMieMblM
INEMEHMOM euje CpeOHe8eK0o8blx 00Mo8 6 npedenax CpeouzemMHOMOPCKO2O
pecuona. B smom nepuoo uawe éce2o ucnoavzosancs Vitis vinifera L., komopulil
onneman acadvl 30anutl u cmervl Hecedok, 00HOBPEMEHHO 0becneyusas meHv u
NPUHOCS N00bL. [[eKopamusHvle XapaKmepucmuKky pacmenutl 00 Cux nop O4YeHb
8AJICHbL, OOHAKO HA COBPEMEHHOM dmane NOmMpeOHOCMb 6 O03eleHeHUU
YPOAHUBUPOBAHHBIX CPed C853aHA ¢ ux opyeumu ceovicmeamu. Ilpexcoe acezo,
pacmenusi nPoU3800AM KUCIOPOO, KOMOPbLLL AGNAEMC S NePEOll He0OX0OUMOCHbIO
0151 CYWecmeo8anuss 100020 HCUBO20 OP2aAHU3MA, KpOoMe MO20, OHU VIAVUUUAIOm
MUKPOKIUMAM 3a c4em YMeHbUeHUs MeMnepamypsbl U HOBbIUEHUS GILAXCHOCMU
6030yxa. Taxoice pacmenus 001a0arOmM CEOUCMBOM CHUMCAMb 3A2PA3HEHUE
okpyoscaroweti cpeovl. Cetiuac 8 20po0ax HepeoKo BCMPEUarOmcs pasiuyHvle
CnocobObl 03elleHeHUs. 8ePMUKANIbHbIX nogepxHocmel. [Ipunyunst 8epmuKkaibHO20
03e/leHeHUs. MO2Yym Oblmb YCIO0BHO pa3deienbl Ha 08e OCHOBHble 2PYNNbL. 3e/leHble
Gacaovl, coz0anHvle BLIOWUMUCT PACMEHUSIMU, U HCUBbLE HACMEHHble CUCTEeMbl.
Hecmomps ma mo, umo noumu xajicoas KOMNAHUs, KOMOpAsi YCMAHABIUBAEMm
JHCUBble HACMEHHble CUCmeMbl, UMeem C80U COOCMEEeHHble MeXHOI02UYecKuUe
npuembvl, 00HAKO cyujecmayem 08a OCHOBHbIX CHOCOOA UX YCMAHOBKU. CHIOUHOU U
MooynbHuid. Cmoum ommemums, 4mo K0204 JHCUBVIO CMEH) Yice CO30aHO U
pacmeHnus  NOJHOCMbIO  NOKpblearom  gacad 30aHus, pasiuuus — Meicoy
Ucnov3osanuem cucmem Hezamemuwvl. [1osmomy, 6bl00p MmexHoOIO2UU CO30AHUS

JHCUBOU  CMEHbl  3a6UCUm  Om KOHCMPYKYUu 30aHUsL U BO3MOdICHOCME



O0ONONHUMENbHOU HA2PY3KU cmeH. Baswcen u saman noobopa pacmenuii 05 Kaxcoou
uz cucmem. Ilosmomy, moabko npudepicusascy ecex mpebo8aHull npu co30aHUlU
JHCUBOU CMEHDI, OHA CMAHOBUMCST HEOMbEMIEMOU YACMbI0 30aHUsL U NOJIHOYEHHO
8bINOIHAET BCE BbIUUEYKAZAHHBIE DYHKYUU.

3enensvie cmenwl, 20p00, pacmenus, Cmpykmypa.



