
Chapter 10
Ventilative Cooling and Urban Vegetation

Katia Perini and Gabriel Pérez

Abstract The chapter analyses the potential usage of vegetation in cities to provide
cooling effect due to plant evapotranspiration, shading and air flowcontrol, discussing
how lower temperatures, pressure differences and air flows can favour natural venti-
lation to improve comfort and reduce energy demand. Due to the urban heat island
phenomenon, which is connected with the lack of green areas and the amount of
surfaces with low albedo, cities face discomfort issues and higher energy demand
for air conditioning. Urban greening, green roofs and vertical greening systems,
depending on plant species, material used and climate, can improve environmental
quality: at city scale mitigating urban heat island, improving outdoor comfort and
providing additional benefits; at building scale, reducing the energy demand for
cooling and favouring natural ventilation. In order to deeply address these aspects,
the chapter comprises the analysis of case studies and monitoring activities related
to urban greening, green roofs and vertical greening systems.

10.1 Urban Greening

Urban features and anthropic activities cause environmental degradation in cities and
discomfort conditions. The amount of artificial surfaces with low albedo, car traffic,
emissions due to industrial and domestic plants, the lack of green areas, building
density, etc. are responsible for poor environmental quality and pollution. The urban
heat island phenomenon, i.e. the temperature difference between cities and suburban
or rural areas, is determined by the mentioned issues [1]. The phenomenon has
been increasing in the past years [2, 3] also due to climate change, with relevant
impacts of human health and increase in building energy consumption, especially
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during summer [4]; for example, in Athens, cooling demand doubled due to ambient
temperature increase [5]. In addition, air conditioning increases, itself, theUrbanHeat
Island phenomenon [6], causing an increase up to 2.56 °C in outdoor air temperature
[7]. This is an important issue to consider in order to, from one side, reduce the
buildings related energy consumption and emissions and, from the other, increase
the thermal comfort of cities.

Urban greening can mitigate the urban heat island phenomenon and improve
outdoor thermal comfort, as demonstrated by several authors [8–10], thanks to its
cooling potential. In addition, vegetation in cities collects fine dusts, resulting in air
quality improvement [11], contributes to sustainable water management [12, 13],
provides acoustic insulation and noise reduction [14–16] and habitat for biodiversity
[17, 18] with social and aesthetics effects [19–21].

In order to obtain the environmental benefits which urban greening can provide,
a wide range of green infrastructure can be integrated in dense urban areas. These
include: urban parks with different sizes, street trees, domestic gardens, green infras-
tructure specifically designed to improve water management, as rain gardens and
vegetative swale. Vegetation at building scale can also be exploited for ventilative
cooling, for the reduction of energy demand for air conditioning, for thermal comfort
improvement; for such purpose green roofs and vertical greening systems can be an
interesting option, as discussed in the Chapter.

10.2 Greening the Building Envelope

10.2.1 Green Roofs

A green roof is composed of layers that allow establishing and developing vegetation
on the top of buildings. From top to bottom, above the structure of the roof, these
layers are the vegetation layer, substrate layer, filter layer, drainage layer, protection
and water retention layer, and finally the root barrier and waterproofing layer [22].
Although maintaining this basic multi-layer structure, three large groups of green
roofs can be clearly differentiated; extensive, semi-intensive and intensive green
roofs (Fig. 10.1).

Extensive green roofs are mainly designed to provide aesthetic and ecological
benefits, being usually forbidden its pedestrian use. Main characteristics of extensive
approach are its low cost, lightweight, minimal maintenance requirements (1–2
times per year) and the use of self-generative plant species. Intensive green roofs
look like real “roof gardens” since they are designed and developed as public open
spaces to be used as parks and/or building amenities. Thus intensive systems are
characterized by higher weight and maintenance as well as intensive planting,
ranging from lawns to shrubs and trees. Semi-intensive design try to avoid the
extensive approach drawbacks under extreme climate conditions by increasing the
thickness of some layers such as substrate and water retention layers, in order to
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Fig. 10.1 Left: Extensive green roof. Zurich (Switzerland) 2017. Right: Intensive green roof.
Greenwich (UK) 2015

Table 10.1 Main green roofs typologies and their characteristics

Extensive Semi-intensive Intensive

Weight at field
capacity

50–150 kg/m2 120–350 kg/m2 >350 kg/m2

Substrate layer
thickness

6-20 cm 10-25 cm >25 cm

Plant species Succulent, herbaceous
and grasses

Herbaceous, grasses
and shrubs

Grasses, shrubs and
trees

Maintenance and
irrigation

Low Moderate High

Use Only accessible for
maintenance (slope <
100%)

Pedestrian areas but
with a moderate use
(slope < 20%)

Pedestrian/recreation
areas (slope < 5%)

guarantee the plants survival, but consequently the system weight and the required
maintenance level are higher. Table 10.1 summarizes the main features of these
three typologies of green roof [23, 24].

10.2.2 Vertical Greening Systems

Vertical greening systems are commonly classified as living wall systems and green
façade, depending on the growing method and supporting structure used [25–27]
(Fig. 10.2). Living wall systems are based on thin panels for the growth of different
plant species, including shrubs and climbing plants. In order to provide water and
nutrients to plants, an irrigation system is always included in the design of a living
wall system and nutrients are periodically supplied. The many systems on the market
use differentmaterials for the supporting panels: felt or other textile layers overlapped
on top of a waterproofing layer working as support (e.g. PVC panel) to create small
pockets for the plants; plastic planter boxes filledwith organic substrate, foam panels,
etc. Living wall systems must be carefully designed, especially the irrigation system
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Fig. 10.2 Vertical greening systems: green façades (a with planter boxes and b indirect) and living
wall systems (c plastic modular panel and d felt layers) [25]

to avoid the death of plants. These systems contribute to the building envelope perfor-
mances, thanks to the materials involved [28], but entail often higher economic and
environmental costs compared to green façades [29, 30].

Green façades are based on climbing plants rooting in front of a building (in the
ground) or in planter boxes, placed also at different heights of a building (e.g. on
terraces). Plants can be attached directly to the building envelope or to a supporting
structure (indirect green façade), made of a steel mesh, wood or plastic structures.
Maintenance is usually simple, costs lower as well as environmental impact [29, 30].
The use of supporting structure creates an air cavity, which has thermal benefits for
the building envelope [31] and reduce the risk of damage to the façade.

10.3 Operating Methods

The benefits that greenery provides to the urban environment improvement and
outdoor comfort, as well as to the passive energy savings in buildings and indoor
comfort, are currently well known and reported [32]. The main mechanisms that
regulate this set of ecosystem services provided by green roofs and VGS are basi-
cally four, the shade effect, the cooling effect, the insulation effect, and finally the
wind barrier effect [33] (Table 10.2).

The shade effect, which is probably the most significant for the energy savings
purpose, consists basically on the solar radiation interception provided by plants.

Table 10.2 Operating methods of urban vegetation for thermal and comfort benefits

Effect Operating method

Shade Solar radiation interception provided by plants

Cooling Evapotranspiration from the plants and substrates

Insulation Insulation capacity of the different construction system layers: plants, air,
substrates, felts, drainage materials, etc.

Wind barrier Wind effect modification by plants and substrates
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The cooling effect takes place due to the water evapotranspiration process from the
substrates (evaporation) and plants (transpiration). This effect has a double compo-
nent since while heat energy is removed during the process, the relative humidity
increases due to the evapotranspiration process, which implies a refreshment of the
adjacent air layer. Ventilative cooling strategies could take advantage of this effect
to increase its efficiency by means of the displacement of this fresh air towards areas
where the aim is to reduce the temperature and raise relative humidity. In this regard,
the water content on the substrate, and its capacity to store water, as well as the plant
species used, are key aspects to consider.

The Insulation effect is related to the insulation capacity of the different materials
used in the solution, especially the substrate and drainage layers, and their thickness.

Finally, the wind barrier effect refers to the capacity of green roofs to modify the
direct wind effect on the building, either by cooling or by heating it.

Knowing these passive operating methods, it is necessary to look for ways to
activate these systems and/or linking them to the ventilative systems in order to
exploit all their cooling potential.

10.4 Greening Cities to Improve Environmental Conditions

Green areas in cities allow regulating air temperature, air flow, mean radiant temper-
ature and relative humidity, with effects evident at a range of scales (city, district,
canyon scale). In order to exploit the cooling capacity of vegetation, plant species
characteristics are important (Table 10.3), as well as the position in relation to the
built space. For example, trees planted in urban canyons, roadside or in the middle
of a canyon, have different performances in terms of outdoor thermal comfort, since
roadside greening reduces wind speed [34]. Plant species characteristics (in partic-
ular morphological properties) have different solar attenuation capacity [35]. Lee
et al. [8] show that trees mitigate air temperatures up to 3.4 °C, while grassland up
to 2.7 °C, mean radiant temperature reduction are respectively 39.1 and 7.5 °C and
PET values 17.4 for trees and 4.9 for grassland.

Urban greening reduces high ambient temperatures in built environments,
resulting in potential energy savings for cooling [39].

Green courtyards are traditionally used in some areas (e.g. the patio of the region
ofAndalucia, Spain) to favour natural ventilation: pressure difference between cooler
and hotter areas increase natural ventilation (Fig. 10.3). When vegetation is planted
in a courtyard, i.e. a small area within buildings, the humidity increases due to
evapotranspiration, which implies a thermal energy absorption able to mitigate urban
temperatures, with most of solar radiation transformed into latent heat [39]. Air flow
direction and intensity can be regulated by means of trees and shrubs, and therefore
exploited for natural ventilation. In addition, air passing through leaves is cooled by
the mentioned mechanism.
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Table 10.3 Main characteristics of vegetation affecting outdoor comfort parameters (based on [34,
36–38])

Foliage shape and dimensions
• Regarding mean radiant temperature, foliage determines shadow area, depending on the site
latitude

• Row/group of trees can create a barrier or increase air flow
• Foliage affects plants evapotranspiration, which results in reduced air temperatures and
increased air humidity

Height of trunk
• Regarding mean radiant temperature, trunk’s height determines shadow area, depending on the
site latitude

• In order to protect from winter wind, trunks height should be reduced

Leaf area density (LAD)
• High values reduce the solar radiation transmitted during summer.
• Leaf Area Density determines the air flow through the foliage (low or high)
• LAD affects plants evapotranspiration, which results in reduced air temperatures and
increased air humidity

Seasonal cycle
• Deciduous plant species avoid winter shading
• Evergreen species are required for winter air flow control

Daily transpiration
• High levels of daily transpiration cool the air flow passing through trees
• Transpiration implies a thermal energy absorption able to decrease summer overheating and
increase air humidity

Fig. 10.3 Natural ventilation favoured by a green courtyard

Mean radiant temperature of buildings depends on material properties and there-
fore is influenced by the presence of green areas, trees, grassland, etc. [40]. The
shading effects of plants result in lower surface temperatures around 1–2 °C at night
and around 4-8 °C during the daytime [39].

By means of dynamic simulation, parametric design and genetic algorithms, the
optimal position of trees around a 1-floor and a 2-floors building are identified for
the city of Rome, to reduce the energy consumption for cooling. Results show that
the shading effects of trees have a significant influence with an energy consumption
decreases in a range of 11.1–12.8% for a 1-tree configuration, up to 48.5%. for a 5-
trees configuration. The study shows also that east andwest sides aremost favourable
positions to reduce energy consumption [41].
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10.5 Greening Buildings and Ventilative Cooling
to Improve Energy Performances and Thermal
Comfort

The cooling capacities of vertical greening systems can be exploited to improve the
energy performances of buildings and indoor thermal comfort. Several researches
show that vertical greening systems and green roofs can be used as passive tool for
energy savings at building scale [42]. The system characteristics highly influence the
performances (e.g. green façades vs living wall systems, see par. 9.2.2), as well as
plant species density (i.e. leaf area index, LAI), transpiration, etc. [43], by means of
Computational Fluid Dynamics (CFD) simulations, for which vegetation is modelled
as porous medium, show that the design has to consider the coverage (block ratio)
in order to obtain optimal ventilation performance.

The shadow effect and evaporation capacities can be effectively exploited during
cooling periods to improve indoor thermal comfort, resulting in energy savings for
air conditioning and mechanical ventilation. The temperature difference created by
a green layer can be exploited to increase natural ventilation (thanks to pressure
differences). [44] study the improvements in indoor thermal comfort which can be
obtained by adopting water-to-air heat exchangers (WAHE) and indirect evaporative
and radiant cooling strategies in buildings with green roofs. According to the authors,
future research should experimentally evaluate the system performance with a fan
sensor that re-circulates the indoor air through the WAHE or provide natural venti-
lation as required according to seasonal variations. In order to discuss these aspects,
some case studies are presented.

10.6 Case Studies and Monitoring Results

10.6.1 INPS Green Façade: A Pilot Project Built in Genoa,
Italy

The pilot project and the monitoring activities

The INPS Green façade pilot project (Fig. 10.4) was installed on the south wall of
INPS (National Institute of Social Insurance) headquarters in Sestri Ponente, Genoa
(Italy) in 2014. The building envelope is exposed to solar radiation 8 h/day in summer
and 1–2 h/day during winter and is made of two layers of masonry with a 51 cm
air gap and a 5 cm of insulating layer (polystyrene), with a thermal transmittance of
0.44 W/m2K. The geotextile panels of a living wall system cover 120 m2; climbing
plants placed in the panels grow on steel meshes (for additional 35 m2 of the external
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Fig. 10.4 The pilot project INPS Green Façade, Genoa (Italy)

wall). Several shrubs and climbing plants were planted in order tomonitor their adap-
tation capacity and performances. Among these Rhincosperma jasminoide, Hedera
helix, Phlomis fruticose, Cistus Jessami beauty can be mentioned. An irrigation
system provides water and allows the plants survival.

Monitoring activities developed from 2014 to 2018 are focused on the environ-
mental, economic and social benefits of the pilot project. Such monitoring activities
include:

• a sociological investigation, implemented before and after construction [45, 46];
• sampling and analysis of leaves (plants: Rhincosperma jasminoide, Hedera helix,

Phlomis fruticose, Cistus Jessami beauty) to compare the fine dusts collecting
capacity [11];

• Field measurements of environmental parameters (air and surface temperature,
relative humidity, solar radiation, etc.) to quantify the cooling performances of
the system [47, 48];

• Cost benefit analysis to evaluate the economic sustainability of INPS green façade
pilot project [49];

• Life cycle assessment to evaluate the environmental sustainability of INPS green
façade pilot project (preliminary results in [50]).

A thermographic analysis was performed before and after the installation of the
vertical greening system in order to, first of all, highlight the structure of the building
and the presence of thermal bridges and, after the installation, the surface temperature
difference (Figs. 10.5 and 10.6).
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Fig. 10.5 Photo of the
facade made with infrared
camera before the
installation

Fig. 10.6 Photo of the INPS
Green façade with infrared
camera before the
installation

Thermal performances
As described previously in the chapter, vertical greening system have interesting
performances in terms of cooling potential, which could be exploited for indoor
ventilation and air conditioning. The summer monitoring campaign performed on
INPS Green Façade focused on such aspects [47, 49]. The main quantities analysed
are (Fig. 10.7): external surface temperatures in presence and in absence of the
vertical greening system; solar radiation, outdoor air temperature and humidity are
also monitored. In order to monitor a potential air temperature difference to be
exploited for indoor ventilation and air conditioning, two 8 cm diameter ducts were
made throughout the building wall, of which one is below the green layer, provided
with a resistance temperature detector. Air is extracted by means of an impeller
(Axial fan a.c. 80 x 80 x 25mm, max air flow 41 m3*h−1) from the gap between
the vertical greening system and the external wall and from outside, allowing a
continuous comparison between the data recorded.
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Fig. 10.7 Energy monitoring system [49]

The results of the monitoring campaign, performed during summer 2015-2016-
2017 from the 1st June to the 30th September (for 2017 the month of September
is not considered), are presented in Table 10.4. The data analysed are related to a
public office building occupancy hours i.e. from 8A.M. to 6 P.M. Data showmonthly
average air temperature difference between green and no green in a range of 1.5 up to
6 °C. In addition, the monthly number of office hours during which the air with and
without the influence of the greening system exceeds 26 °C1 are measured. Results
show that, thanks to the cooling potential of the green layer, the number of hours
with Tair > 26 °C is 0 in most of the month, with exception for July and August 2015
(respectively 19 and 6).

The cooling potential of the VGS can be used for makeup air, by means of devices
placed in each room (an example in Fig. 10.8). During summer, cooler fresh makeup
air can reduce the room thermal energy need for air conditioning, thanks to the
decrease of room thermal load. The use of extracted air behind vertical greening
systems for natural ventilation (makeup air) represents an interesting option to exploit
the cooling capacity of vegetation. In addition, a pressure difference between the

1The indoor temperature used for calculating the energy need for space cooling in Italian standard
UNI/TS 11300-1.
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Table 10.4 Monthly average temperatures, calculated during office hours (from 8 AM to 6 PM),
of air extracted from the two ducts, with and without influence of the VGS and monthly number of
office hours (from 8 A.M. to 6 P.M.) during which the air exceeds 26 °C

Month Air extracted from
outside [°C]

Number of hours
that air, extracted
from outside,
temperature
exceeds 26 °C

Air extracted
behind vertical
greening system
[°C]

Number of hours
that air, extracted
from outside,
temperature
exceeds 26 °C

June 2015 26.5 119 21.3 0

July 2015 29.8 208 24.6 19

August 2015 27.3 143 22.7 6

September 2015 23.0 44 19.2 0

June 2016 25.6 77 22.6 0

July 2016 23.8 161 21.7 0

August 2016 21.3 112 18.3 0

Septembe 2016 23.2 7 21.1 0

June 2017 22.2 138 20.7 0

July 2017 25.6 125 23.7 0

August 2017 26.3 117 20.1 0

Fig. 10.8 Example of a
fresh air inlet device

side of a building with a greening system and the roof and or another façade could
be exploited. For mechanical ventilation additional research is needed in order to
evaluate the cooling capacity of a vertical greening system with higher air flows.
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The presented results show that vertical greening system could play a relevant
role for indoor thermal comfort improvement and energy savings, providing cooler
air for mechanical and natural ventilation.

10.6.2 Experimental Research Results in Lleida, Catalonia
(Spain)

During the last decade, set of experimental investigations focused on the study of
green roofs and vertical greening systems have been conducted at the University
of Lleida (Catalonia, Spain). Main objective of these experiments was the study
of these nature-based solutions contribution to passive energy savings in buildings
while sustainable criteria were applied to the new designed solutions.

In all of them, the great potential of these systems to improve the thermal perfor-
mance of the building envelope was observed, which entails great savings in energy
consumption as result of the combined effect of the shadow, evapotranspiration,
insulation and wind barrier, mainly provided by plants and substrates.

Unlike the grey infrastructure, urban green infrastructure also contributes via
cooling effect to the improvement of the environment, whether internal or external,
thanks to the modification of the temperature and relative humidity in its surround-
ings. Latent heat of water vaporization accounts for 2.45 MJ Kg−1 (20 °C), and this
takes place both from plants and from substrates during the process of evapotranspi-
ration. By means of the combination of this process and ventilation, either natural or
artificial, it is possible to shift these improvements though the building spaces.

Green roofs

Experimental set-up on the thermal performance of extensive green roofs.

In this study it was intended to measure the potential of extensive green roofs as a
passive energy saving system in buildings under Mediterranean continental climate.
Two identical extensive green roofs of 9 cm thick (4 cm for drainage layer and 5 cm
for substrate layer) were implemented in two identical 3 × 3 × 3 m experimental
cubicles. The main aim was to characterize their contribution as passive energy
saving systems in buildings [51–53]. The only difference between these green roofs
was the drainage material used, that was pozzolana in one cubicle and recycled
rubber crumbs in the other. These two cubicles, in which no additional insulation
layer was installed on the green roof profile, were compared with a third reference
cubicle with a conventional flat roof insulated with 3 cm of sprayed polyurethane,
finished with gravel ballast (Fig. 10.9). The plants used were a mixture of Sedum sp.
and Delosperma sp.

From the results of this experimentation it was concluded that a 9 cm extensive
green roof without additional insulation offered better thermal insulation than a
conventional isolated flat roof in cooling periods, but lower in heating periods. The



10 Ventilative Cooling and Urban Vegetation 225

Fig. 10.9 Experimental extensive green roofs in the “Puigverd de Lleida” pilot plant of GREiA
research group—University of Lleida. Pictures and results for the energy consumption during
summer (left) and winter (right) periods [51–53]

measured reductions on the roof surface temperatures were a clear indicator of the
influence of shade and cooling effects on the energy consumption reduction.

10.6.3 A Case Study. 4-Year Monitoring of Green Roofs
at Lleida Agri-Food Science and Technology Park
(Catalonia, Spain)

With the aim of characterizing the thermal behavior and the evolution of the plants
(Sedum sp.), an extensive 2000m2 green roof located in the Lleida Agri-food Science
and Technology Park (Catalonia, Spain) was monitored during four years after its
implementation [54, 55] (Fig. 10.10).

From this experiment, very interesting conclusions were drawn regarding the
substrate behavior and the fact that 100% plant coverage was hardly achieved under
this Continental Mediterranean climate. These facts had a double connotation. On
the one hand, the bare substrate becomes extremely hot on surface, reaching more
than 50 degrees during the summer season. On the other hand, the lack of rain water
available for long periods can reduce the cooling effect at times that are most needed,
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Fig. 10.10 Green roof “aljibe” typology on the Lleida Agri-food Science and Technology Park
(Catalonia, Spain). Results for temperatures through the roof profile [54, 55]

that is summer periods. For this reason, it is very important to design systems thinking
not only on the plant survival but also about the ecosystem services provided by green
infrastructure, in this case the evaporative cooling effect.

In this regard, the establishment of an irrigation regime in extensive green roofs
during the summer periods for these extreme climates would allow improving the
vegetal coverage and, at the same time, increasing the evapotranspiration capacity
and consequently the cooling effect of the system.

Vertical greening systems

Experimental set-up on the thermal performance of vertical greening systems (VGS).

In a complete experimentation, two different vertical greening systemswere installed
in two identical experimental cubicles of 3 x 3 x 3 m with the objective of evalu-
ating their potential as passive systems of energy saving in buildings [53, 56, 57]
(Fig. 10.11). In the first cubicle, a green facade was implemented in the East, South
and West orientations, by means of a steel mesh separated 20 cm from the building
facade and Boston ivy (Parthenocissus tricuspidata). On the second cubicle, a green
wall, constituted by modules of recycled plastic and aromatic shrubs (Rosmarinus
and Helicrissum) was also placed on the same three orientations. A third identical
cubicle in which no one greening system was placed was used as reference for the
experimentation.

In this experiment, positive results were obtained so that the ability to save energy
during summer periods was really very high. The relationship between the vertical
solar irradiation and the reduction of the energy consumption provided by the two
vertical systems was also found (Fig. 10.11).

In winter, unlike what is usually said in the non-specialized bibliography, very
promising results were observed. Thus, relating to green facade, the cubicle onwhich
this systemwas placed, behaved equal to the reference cubicle as it was expected, due
to the deciduous condition of Boston ivy. On the other hand, the green wall cubicle
recorded a slight reduction of 4%, which means a slightly insulating capacity but
with a large margin for improvement in the design of these construction system.
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Fig. 10.11 Left: Green facade on the experimental cubicle and results of summer energy
consumption. Right: Green wall on experimental cubicle and winter results [53, 56, 57]
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Although in these experimentation the passive use of VGS for energy savings
was the main aim, the good performance of green systems by reducing the surface
temperatures of façade building, due to the shadow effect, and the contribution of
evapotranspirative cooling fromplants and substrates, suggest an interesting potential
to combine them to the mechanical ventilation systems.

10.6.4 Case Study. 2-Year Monitoring of a Double-Skin
Green Façade at the Theatre of Golmés Green Facade
(Golmés, Catalonia, Spain)

In this study, a glycine double-skin green façade (Wisteria sinensis) located in the
village of Golmés, Lleida was monitored during two years. From this case study,
interesting conclusions regarding the potential of green facades as passive systems
of energy saving in buildings were obtained [58, 59] (Fig. 10.12).

Fig. 10.12 Golmés double-skin green facade (Golmés, Catalonia, Spain)
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Fig. 10.13 Building wall surface temperature measured at the Golmés green façade, in 2009

The good thermal performance was due to, not only the shadow effect, that is
the direct interception of the solar radiation, but specially as a consequence of the
microclimate generated in the intermediate space between the green screen and the
building facade wall. In this sense, the contribution of the cooling effect by means
of transpiration from plants was very significant.

As a consequence of greenery the building wall surface temperature in sunny
areas was on average 5.5 °C higher than in shaded areas. This difference was higher
in August and September, reaching maximum values of 17.6 °C on the North West
side in September (Fig. 10.13).

Of particular interest were the measured temperatures and relative humidity in the
intermediate space between the green screen and the building façade wall. Slightly
lower temperatures and higher relative humidity in the intermediate space than
outside were measured in the hottest months (May, June, July, and August), when
the foliage reached the maximum foliage density (Fig. 10.14).

Again, in these experiments only the passive contribution of the VGS was
measured. However, the good results obtained, especially those referring to the
improvement of humidity and temperature conditions in the intermediate space
between the green screens and the building facade, imply a great potential to be
combined with ventilative cooling systems to consequently improve the thermal
performance of the whole building.
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Fig. 10.14 Environment relative humidity measured at the Golmés green façade, in 2009

10.7 Suggestions for Future Research

At view of the great potential in terms of passive cooling effect of greening systems
for the building envelope, in particular of vertical greening systems, research should
be oriented at the activation of these systems. Such activation can be obtained by
recirculating the fresh air generated in the spaces near the green layer toward indoor
spaces of the building. In order to implement such systems, the current construction
systems should be re-designed with the aim of maximizing the cooling potential, for
example by considering the creation of intermediate spaces between vegetation and
buildings to store fresh air.

Other possibilities would be to select plant species for greening systems with
a greater water transpiration capacity, as well as to establish different irrigation
regimes to maximize evapotranspiration. Finally, future research should be oriented
to the integration of cool air produced by greening system into building ventilation
facilities.

In general, urban greening, even if not connected with the ventilate system of
a building, can play an important role in cooling the microclimate, compensating
the effect of electrical appliances and machinery, as well as indoor-outdoor heat
exchanges that produce artificial air conditioning systems.
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