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Abstract 
Plants on building facades bring a better thermal behavior of the building during the summer. 
During winter time the studies are scarce. Several design parameters may affect the extent of this 

vegetation system on the improvement of energy performance as the vegetation itself. The 
objective of this paper is to investigate the effects of vertical greenery systems on the energy 
consumption of buildings during winter conditions of Portugal. It involves performing EnergyPlus 

simulations after it was validated against other studies. The choice of design parameters for 
vertical vegetation is also important in making sure that it contributes to energy savings rather 
than energy consumption. It is found that vertical greenery systems are effective in lowering the 

thermal losses through North, East and West walls, thus it can improve the energy efficiency of the 
building mainly by insulating it. This resulted in lower annual energy load for heating. Simulations 
proofed that living wall systems on the walls facing south do not contribute to energy savings. 
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1 Introduction 

Green facades, living walls, green curtains, green walls or 
vertical gardens are all parts of a green vegetation system 
on the facade which is spreading out through the world. 
The examples of green walls include the Pont Max Juvenal 
in Aix-en-Provence, France; the Musee du Quai Branly   
in Paris, France; the Caixa Forum in Madrid, Spain 
(http://bluestemnursery.blogspot.pt/2011/01/living-walls- 
or-vertical-gardens.html); the New Street Square in 
London, UK (http: //livingwallsbcitproject.wordpress.com); 
and the Edificio Consorcio in Santiago, Chile 
(http://www.plataformaarquitectura.cl/2009/01/21/edificio-
consorcio-sede-santiago-enrique-browne-borja-huidobro). 
Several construction systems have been studied so far in 
order to obtain better thermal performance of buildings. 
Stec et al. (2005) presented three possible ways of applying 
plants in the enclosed space of the double skin facade; 
installing flowerpot on rotating slats that can be arranged 
in the same way as blinds; keeping a constant spare area of 

plants to enable the required minimum of day lighting of 
the interior; finally, using deciduous plants with different 
actions on winter and summer. Wong et al. (2010) presented 
nine vertical greenery systems, one green facade and eight 
living walls. While the green facade is composed of climbing 
plants forming green screens across mesh panels on the 
wall, the living walls have different compositions of substrate, 
plants and facade integration. Perini et al. (2011) presented 
three greening systems in the Netherlands (province Zuid- 
Holland). A direct greening facade consists of a grown 
evergreen climber attached directly to the building surface 
and planted at the base of the facade. Indirect greenery 
facade is constituted by aluminum pots, filled with soil, placed 
at several heights and connected to steel frames, acting as 
support for evergreen climbing plants. Finally, a living wall 
system based on plastic modules, is filled with potting soil 
and planted with several evergreen species (no climbers). 
Three different living walls are presented by Mazzali et al. 
(2013). A threefold felt layer is fixed on PVC sheets supported 
by an aluminum frame. Plants are embedded in pockets on 
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the external felt layer. This construction system is anchored 
to the building facade leaving an open air cavity behind the 
cladding. Identical structure as before is used with grass 
directly sown on an external felt layer, with a closed air cavity 
behind the cladding. Finally a turf grass on little bowls is filled 
with soil with an open air cavity behind the cladding. 

Different greenery systems can be then identified. Pérez 
et al. (2010) summarized the differences between green 
facades and living walls. The first is composed by traditional 
green facades and double skin green facade or curtain where 
those plants are planted in the ground. The latter is planted 
in flower pots, panels or geotextile felt fixed on the facade. 
Kontoleon and Eumorfopoulou (2010) also divided the 
green wall technologies into two green facades and living 
walls. In spite of different systems available on the market, 
a distinction between green facades and green walls is also 
proposed by Pérez et al. (2011a). It considers the different 
construction systems (for example, made of aluminum 
frame and PVC panel with geotextile felt or of recycled 
polypropylene boxes), the different types of plants (grass or 
plants), as well as future maintenance. Later Chen et al. 
(2013) presented three terminologies relating to living walls. 
Green facades which refer to the establishment of climbing 
vegetation rooted in the ground or planters, grow directly 
on wall surfaces or on an overlying wire or trellis framework. 
Living walls support vegetation that is either rooted on the 
walls or in substrate attached to the wall itself, and a “biowall” 
that is a living wall or green facade built in indoor walls. 

The increasing interest in these greenery systems is 
indicated by the augment papers and representative research 
during the last years. These are resulted through short- or 
long-term observations on real building facades, retroffited 
walls with vegetation or indoor laboratories prototypes  
and even through simulation. Facade-integrated plants can 
provide shading all year round, if evergreen species are used, 
or only during summer time if plant species are deciduous. 
Beneficial effects of green walls during summer are well 
known; however, plant effects during winter time are not 
studied sufficiently.  

The thermal insulation provided by vegetation and 
substract increases during the summer. Through evapotrans-
piration energy is dissipated to the surroundings (Pérez et al. 
2011b). This heat transfer to outdoors augments on the south 
facade due to more intensive canopy evapotranspiration 
effect (Jim and Hongming 2011). However, if the substract 
water content is low, the evaporation level decreases, as 
referred by Feng et al. (2010). Under this situation long-wave 
radiation increases. Nevertheless, the heat loss to outdoors 
is not desirable in winter time. On the other hand the 
greenery system acts as a wind barrier. The wind speed 
between foliage is almost stagnant, which lowers down the 
convective heat transfer (Perini et al. 2011). If cooling 

efficiency is enhanced with low air speed on vegetation 
(Franco et al. 2012), living wall system based on planter 
boxes, that will be used in this study, is the most effective 
wind barrier according to Perini et al. (2011). The shedding 
of leaves in winter reduces the shading and allows beneficial 
solar radiation to be absorbed by the envelope of the building. 
This might be true when it concerns to green facade, where 
the plants are planted in the ground. However, in a living 
wall, the substrate is kept on the facade all year round. The 
objective of this research is to simulate the effects of a 
living wall system on building thermal performance in a 
climate of northern Portugal during winter. The study was 
performed with energy simulations in EnergyPlus. Others 
had presented studies on the same subject through simulation. 
Wong et al. (2009) studied the effects of vertical greenery 
systems also through simulation, after its validation. The 
effects of vertical greenery systems on the temperature and 
energy consumption of buildings were studied involving 
performing TAS simulations. A hypothetical 10-storey 
building is used for the simulation of three different 
scenarios: from a totally transparent building to a lack of 
glass. Results show that a linear correlation between shading 
coefficient and leaf area index where a lower shading 
coefficient means denser greenery, leads to a greater thermal 
insulation, reducing the energy cooling load of the entire 
building. A totally opaque one floor building is used under 
study. And as Wong et al. (2009) all the facades are covered 
with vegetation simultaneously. Later on Yoshimi and Altan 
(2011) presented a simulation study where the plant cover 
improved indoor thermal comfort in both summer and 
winter and resulted in lower annual energy loads for heating 
and cooling. The environmental simulation software 
ECOTECT was used as EnergyPlus used in the present 
study, which allows the user to apply thermal properties to 
individual building components. A simulation study was 
undertaken to assess the effects of vegetated walls on the 
thermal performance of a building and was validated against 
the data obtained by field measurements. The simulations 
were conducted on building models of two different con-
struction materials, one was heavy (reinforced concrete) and 
the other was lightweight (timber framed). It investigates 
the effect of climber covered walls in the temperate climate 
(Tokyo, Japan) depending on their orientation. 

The present study investigates the results under mild 
winter conditions of northern Portugal. The present study 
uses heavyweight (stone) and midweight (ceramic blocks) 
walls. Simulations were carried out on models with all 
exposed walls and vegetation on one of four external surfaces 
respectively. It was found that north facing vegetation kept 
zones NW and NE warmer throughout the day during the 
winter period. The south wall kept the daytime temperature 
of zone SW lower by reducing the solar heat gain that had  
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a negative effect in winter although plants insulated the 
wall at night. Results of the heavyweight model also showed 
similar effects to the lightweight. 

2 Methodology 

2.1 Model settings, description and assumptions 

For this study, a simple unconditioned thermal zone was 
created, consisting of an open space of 10 m long by 10 m 
wide and 3 m in height. There are no windows or doors  
as in Kontoleon and Eumorfopoulou (2010), at a constant 
indoor air temperature of 20℃ in order to ascertain the 
effects of vertical greenery systems on the thermal losses 
through each wall and the building heating load. The 
vegetation covers the entire walls simultaneously and four 
orientations are analyzed, which matches each compass point 
(north, east, south and west). Two of the most different types 
of Portuguese walls (Sousa and Silva 2000) are compared 
(Table 1), with and without the vegetated cladding to assess 
a feasible thermal rehabilitation. The external not insulated 
wall “a” is composed (from inside) of 1.5 cm of stucco, 12 cm 
of honeycomb brick and 1.5 cm of lime cement plaster 
mostly used in the 1980s. Older walls like “b” have 40 cm of 
granite, both with high U-values. The ceiling, made of cast 
concrete, is also not insulated. 

The vertical vegetation model is based on planter boxes 
of 8 cm deep filled with potting soil and a layer of evergreen 
species (e.g. Campsis, Cucurbita, Hedera, Ficus) and an air 
cavity between the facade and planter boxes of 5 cm, as in 
Mazzali et al. (2013) being slightly ventilated with an R- 
value of 0.09 (m2·℃)/W (RCCTE 2006). This helps to reduce 
moisture, preventing ice dams by keeping the wall dry during 
the colder months. A section of the proposed walls is shown 
in Fig. 1. Perini et al. (2011) affirm that some different 
characteristic between a living wall and a green facade are 
due to the density of the foliage and its possibility to create 
air cavities between the different layers. Density of the 
foliage is not an input to the EnergyPlus software. However, 
this has a linear correlation between shading coefficient and  

Table 1 Properties of the bare walls 

 Density 
(kg/m3) 

Conductivity 
(W/(m·℃)) 

Specific heat
(J/(kg·℃))

Thickness
(m) 

External wall “a” ; U = 2.15 W/(m2 ·℃) 

Stucco (inside) 1200 0.42 837 0.015 

Honeycomb brick 800 0.5 840 0.12 

Lime cement plaster 
(outside) 1800 0.8 1100 0.015 

External wall “b”; U = 3.25 W/(m2 ·℃) 

Granite 2650 2.9 900 0.4 

 
Fig. 1 Sections through bare facades (“a” and “b”) and through 
vegetated facades (“c” and “d”) 

leaf area index (LAI) referred by Wong et al. (2009) and 
LAI is an input value. This creates a stagnant air layer that 
slows down the rate of heat transfer between the inside and 
outside of a building. A layer of stagnant air is formed in 
foliage and branches of all kinds of plants (evergreen and 
deciduous). This layer is created because of significantly 
reduced wind speed in the foliage. The wind is a key factor 
in calculating convective heat coefficient—reduced convective 
heat coefficient means reduced convective heat transfer 
from the facade, and as a result reduced heat loss through 
the facade. Thus, the almost total absence of air movement 
allows the air layer to act as an extra layer of insulation. 
Moreover, in colder climates evergreen species could create 
an external insulation layer and contribute to energy savings 
and loss of heat. 

A building is assumed to be located in a suburban 
context with the exposed terrain in the environment of 
Bragança, without any outdoor obstacles (no shading and a 
sky view factor of 0.5). The climate in Bragança, Portugal is 
temperate, moderately cold in winter, located at 41.8°latitude 
north and 692 m above the sea level, being at the southern 
and Mediterranean climatic zone (CEC 1993). The weather 
file used was downloaded from EERE (2013), providing 
hourly weather observations in a format derived from the 
Typical Meteorological Year 2 (TMY2) weather format. 
Winter temperature from the used weather data is as low  
as –6℃ and in summer it reaches 36℃, with a lowest average 
monthly temperature of 4℃ in January and the highest  
of 21℃ in July. The total daily average global horizontal 
radiation has the lowest value of 1658 Wh/m2 in January 
and the highest of 7376 Wh/m2 in August. The hourly 
climatic conditions used during the simulations are shown 
in Fig. 2, representing the air temperature (℃), wind speed 
(m/s), global horizontal radiation (Wh/m2) and precipitable 
water (mm/h). 

The environmental simulation is based on the software 
EnergyPlus (version 7.1.0.012) developed by the US Depart-
ment of Energy. This is a whole building energy simulation 
program with a built-in module for green roofs that was 
developed as an instrument to inform green roof design 
decisions (EnergyPlus 2011). It is configured to reflect 
vegetation characteristics and thermal properties of building  
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materials, growing medium, and other living wall components. 
It allows the user to apply thermal properties to individual 
building components so that accurate thermal performance 
of materials can be calculated. In this study, the simulations 
included a “green roof” surface that was vertical covering 
100% of the wall in order to simulate the greenery system 
with the same characteristics as in Stav and Lawson (2012) 
shown in Table 2. The height of plants is important for green 
roofs because wind speed increases with height and one gets 
a different convective heat transfer, thus for this study the 
minimum value of 0.006 accepted by EnergyPlus is set up. 

2.2 Model validation against previous studies 

In order to evaluate the theoretical function of the built-in 
module for green roofs on a vertical facade, a few com-
parisons were previously done with other studies. These were 
chosen because there is sufficient information to set up 
EnergyPlus to carry out the simulations. Mazzali et al. (2013) 
carried out a monitoring campaign in Pisa, Italy, between 
September 10, 2009 and October 01, 2009, where recycled 
polypropylene of 60 cm long and 40 cm in height was 
installed on about 85% of a non insulated concrete east wall 
with a total thickness of 30 cm. An open air cavity of 5 cm 
was between them. Turf grass with a growth height not over  

Table 2 EnergyPlus set up of the vertical greenery system studied 
Field Unit Object 

Name  Green cladding
Height of plants m 0.006 
Leaf area index  3 
Leaf reflectivity  0.22 
Leaf emissivity  0.95 
Minimum stomatal resistance s/m 180 

Soil layer name  Green roof soil
Roughness  Medium smooth
Thickness m 0.08 
Conductivity of dry soil W/(m·K) 0.4 
Density of dry soil kg/m3 641 
Specific heat of dry soil J/(kg·K) 1100 
Thermal absorptance  0.95 
Solar absorptance  0.8 
Visible absorptance  0.7 
Saturation volumetric moisture content 

of the soil layer 
 0.4 

Residual volumetric moisture content 
of the soil layer 

 0.01 

Initial volumetric moisture content of 
the soil layer 

 0.2 

Moisture diffusion calculation method  Simple 

 

Fig. 2 Annual weather data for Bragança 
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5 cm was used to complete this living wall. It compares a 
bare wall and a continuous living wall. It was found that the 
external surface temperature of the bare wall is higher than 
the living wall during the day. During the night the bare 
wall usually becomes cooler than the covered wall due to a 
higher emission of heat by radiation towards the sky with 
external surface temperature being reversed. The incoming 
(positive) or outgoing (negative) energy from the wall is 
mainly due to the large shielding effect provided by the green 
cladding which reduces drastically the amount of energy 
from the sun, but it is also due to other factors, typical of a 
vegetation coating, such as the latent heat of evapotranspira-
tion, and the absorption coefficient. 

Wong et al. (2009) used a 10-storey building model   
to simulate, measuring 30 m long by 30 m wide and 4 m 
high floor to floor, to evaluate the indoor mean radiant 
temperature (MRT) at the medium height on the fifth floor 
and the energy cooling load reduction. The 2001 Singapore 
weather data conditions were applied. A hypothetical 
building with full opaque wall (1), made of brick with an 
R-value of 0.140 (m2·℃)/W, and also with 7 windows with 
6 mm thick clear glass measuring 2 m by 2 m on each facade 
and level (2) were the chosen scenarios. This took into 
account the incoming of solar radiation as in a real world. 
Simulations were occurred with bare walls (A) and with the 
walls covered with a greenery system (B) with a 0.1 m air 
gap (R-value 0.160 (m2·℃)/W). The greenery system was 
composed of 0.1 m of the substrate, with an R-value 1.923 
(m2·℃)/W and turfing, with an R-value 0.360 (m2·℃)/W. 
Both buildings of bare wall (1A/2A) present a U-value   
of 3.444 W/(m2·K) and with greenery cladding of 0.365 
W/(m2·K). The buildings were simulated under air- 
conditioned conditions according to a normal work schedule 
(Monday to Friday, 09:00 to 18:00) under a thermostat 
temperature of 24℃ for a whole year. 

Two representative days were set up within the EnergyPlus 
software with maximum and minimum solar radiation as 
in Mazzali et al. (2013). The external surface temperature 
difference between the bare wall and the living wall are 
compared. The indoor air temperature was not checked 
and thus was subject to fluctuation depending on the outside 
ambient air. Table 3 shows the amount of solar radiation 
used on each design day and the results from the study and 
the simulation. The EnergyPlus was then set up using the 
freed data from Wong et al. (2009), with the exemption of 
the weather which was not accessible. Instead, the weather 
files used were downloaded from EERE (2013). Table 4 
depicts the comparison of this study results with the 
outcomes obtained by EnergyPlus. The obtained results from 
simulations show a good approximation to the results of 
the cited studies. 

Table 3 Model validation against Mazzali et at. (2013) 

 
Surface Δ 
on sunny 
day (℃) 

Surface Δ 
on cloudy 
day (℃) 

Total radiation 
on sunny day 

(Wh/day) 

Total radiation 
on cloudy day 

(Wh/day) 

Mazzali et al. 
(2013) 12 2 

EnergyPlus 11.1 2 
4404 552 

Table 4 Model validation against Wong et al. (2009) 

MRT (℃) 
 

Scenario Minimum Maximum
Energy 

reduction 

1A 30.28 34.39  

1B 23.20 24.01 74.29% 

2A 27.71 36.57  
Wong et al. 

(2009) 

2B 27.82 35.30 10.35% 

1A 24.79 33.16  

1B 23.69 25.74 84.57% 

2A 25.50 35.95  
EnergyPlus

2B 26.73 35.67 20.76% 

2.3 Annual simulations and performance 

The annual simulation was performed for the studied model 
only for the winter season. The Portuguese regulation 
defines a heating season for Bragança of eight months, 
excluding a hypothetical cooling season. The heating season 
includes January to May and October to December. A 
performance comparison is performed through the following 
equation which represents the heating load reduction when 
using vegetation cladding: 

bare green

bare
100%

Q Q
Q
-

´                               (1) 

where Qbare is the thermal loss through the bare wall (W) 
and Qgreen is the thermal loss through the wall covered with 
vegetation (W). 

Taking the thermal loss through the wall (Qloss, in W) 
without solar radiation (during the night period), its area 
(A, in m2) and the inner and outer air temperature of the 
wall (θi and θo, respectively in ℃), one may estimate the 
heat transmission coefficient of each different facade (Ue, in 
W/(m2·℃)), as 

( )
loss

e
i o

QU
A θ θ

=
-

                                 (2) 

EnergyPlus needs to define thermal zones and surfaces in 
order to simulate the building. Each building surface is then 
described in detail to be modeled. The model may include 
shading surfaces. Though, these only account to cast shadow 
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on the building to reduce solar gains. A built-in module for 
green roofs is used to simulate a vertical greenery system 
covering 100% of the wall. The greenery becomes the outside 
continuous layer of the wall. It does not permit, for instance, 
pots with some space between them. Thus, simulating 
climbers would only influence the solar radiation that reaches 
the facade. Being the continuous layer of the greenery 
system, due to its substrate, a validation of this module was 
carried out using the available data from other authors. In 
spite of a good approach, this study serves to initiate an 
analysis approach of the performance of living walls during 
winter, hoping to be continued in the future. 

3 Results and discussion 

3.1 Initial setup 

Annual simulations allow calculation of heat transfer through 
opaque building walls and annual heating load. It is then 
compared to the scenario with a bare wall (without vegetation 
cover) in order to calculate the energy impact of the vegetation 
cladding on the thermal performance of the building. 
Figure 3 shows the annual average thermal losses through 
each wall structure (Fig. 1, “a” to “d”). One major observation 
is that solar radiation effect on heat flux is significantly 
reduced. The heat flux through the southern wall increased 
because vegetation blocks the usable solar radiation. The heat 
flux depends only on the temperature difference between 
indoors and outdoors, where green facades tend to downplay 
the effect of the solar radiation. Vegetation blocks the usable 
solar heat gains during the winter, as also stated by Perini et 
al. (2011), and it is what is reflected in Fig. 3. The thermal 
losses through the south wall are not made up by the solar 
radiation as it does to the naked wall. 

The biggest reduction in heat flux through the wall was 
observed for the wall facing north, of about 24.4% and 
33.52% respectively, with the assemble walls “c” and “d”. The  

 

Fig. 3 Annual average thermal losses through each wall 

southern wall has not reduced the heat loss but has increased 
it. By shading south facade with vegetation in winter, its 
thermal performance lowers because the sun is blocked 
avoiding/reducing the wall to warm up. It is evident that 
green wall has a high heat flux from indoor to outdoor due 
to canopy evapotranspiration effect as observed by Jim and 
He (2011). It has the lowest heat flux absorbance when 
compared to a naked wall. Heat flux depends on temperature 
difference and on U-value of the wall. In living walls, 
vegetation takes care of reducing this temperature difference 
(it reduces exterior wall surface temperature) and the soil layer 
affects the U-value of the wall (it adds thermal insulation). 

The monthly average heating load comparison of the 
building with four different facades is presented in Fig. 4. 
The winter reduction of the total heating load with wall “c” 
is only 4.3%, while with the wall “d”, with a higher thermal 
mass, causes a reduction of the heating load of 6.2%. This 
changes in hot climate conditions of October when the heat 
flux is reversed. The highest reduction is observed in January, 
the coldest one, by 13.8% and 22.0%, respectively with 
systems “c” and “d”.  

The heat transfer coefficient standard of the facade “a” 
is 2.15 W/(m2 ·℃) and “b” is 3.25 W/(m2 ·℃) as seen in 
Table 1. To estimate this value of the assemble green 
facades “c” and “d” Eq. (2) is used. As the rain water is like 
a new layer in the soil that increases the thermal resistance, 
the Ue-value is estimated during two nights: the first without 
any rain and the second under rainfall. During the first 
night the average wind speed is 3.4 m/s, while in the second 
is 10.5 m/s. The estimated Ue-value can be observed in Fig. 5. 
As it can be seen, during the raining day the coefficient is 
lower, which means that the greenery system can also store 
more heat when the soil is wet delaying heat transfer due to 
higher thermal resistance. Even under higher wind speed, 
which augments convection heat transfer it remains lower 
than the dried soil. These Ue-values are much lower than 
the ones presented in Table 1. Some of these results are quite  

 
Fig. 4 Comparison of the monthly average heating load 
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Fig. 5 Comparison of the Ue-values for dry and wet living walls 

different when compared to the ones obtained by Stav and 
Lawson (2012) related to the cooling energy, with a better 
performance that surpassed 20% of cooling savings.  

3.2 Testing input variables 

Different simulations of the green building cladding were 
used with the intent to understand how each variable 
influences the heating load of the building. The parameters 
to be analyzed were also studied by Stav and Lawson (2012). 
So, at the end, one can realize which solution best fits in an 
area with a clearly predominant heating season. One of the 
most important parameters for a cooling season is the leaf 
area index. Other parameters are also examined, such as leaf 
reflectivity, minimum stomatal resistance and the saturation 
volumetric moisture content of soil. The EnergyPlus set-up 
is introduced with a range of minimum and maximum 
values for each component at a time, shown in Table 5. 

With regard to the heating season some differences can 
be observed, as resuming below: 
– Decreasing the leaf area index increases the building heat 

load by 8.3% and 10.0% for facades “c” and “d”, respectively. 
– Decreasing the leaf reflectivity allows the existing wall to 

absorb more solar radiation with a growth in the heat 
load reduction to 6.2% and 8.1% for facades “c” and “d”, 
respectively. 

– Increasing the minimum stomatal resistance will have 
little effect on the heat load reduction, nevertheless it is 
an improvement. 

– Reducing the saturation volumetric moisture content of 
the soil has augmented the heat load reduction to 5.7% 
and 7.6% for facades “c” and “d”, respectively. 

The plant-covered layer functions as a solar barrier 
reducing the absorption of solar energy throughout the day 
due to the reflective properties of plants which was also 
observed by Kontoleon and Eumorfopoulou (2010). This 
kind of vertical greenery system allows low angle solar 
radiation reaching the facade. This is the reason why the 
southern facade has worse results than the other ones. Firstly, 
it does not take advantage of the solar radiation. Secondly, 
the evapotranspiration effect is also higher due to the solar 
radiation, and therefore, the dissipated heat to outdoors 
increase. A lower solar reflection and also higher solar 
absorptance of the soil allow the useful solar heat to increase 
the outer surface temperature. Plants get warmer as a result 
and have a higher radiative heat exchange between their 
foliage and the wall surface behind. The drive force to heat 
transfer is the temperature difference between indoors and 
outdoors. With a low outdoor air temperature the effect of 
heat exchange between foliage and the wall is negligible. 

3.3 Approach to best input variables 

EnergyPlus was set up with the value for each studied 
variable from Table 5 that obtained the best result, namely 
a better solution for winter. The heating load reduction  
of the entire building, along the wintertime, is depicted in 
Fig. 6. The heating load reduction has increased from 4.3% 
to 9.5% for the building with facade “c” and from 6.2% to 
11.2% with facade “d”. Table 6 shows the heat load reduction 
through each wall comparing the initial solution with a 
better approach solution. All facades had improvements 
except the south-facing facade “d”. Allowing more solar 
radiation on the wall increases the outer surface temperature 
therefore reducing thermal losses. The effects that influence 
the behavior of a living wall are plant shading, thermal 
insulation provided by vegetation and substrate, and evapora-
tive cooling by plants and substrate. Thus, the choice of design 
parameters for vertical vegetation is important to ensure 
that it contributes to energy savings rather than energy 
consumption (Stav and Lawson 2012). While green cladding 
improved thermal performance of the east, west, and north 
walls, it lowered the performance of the south wall. The 
solution for south facades in winter is (1) either not to use 
any vegetation at all or (2) to use only deciduous climbing  

Table 5 Heating load reduction under each variable set-up 

Reduction of heating load Reduction of heating load 

Variable Input minimum Facade “c” Facade “d” Input maximum Facade “c” Facade “d” 

Leaf area index 0.5 8.3% 10.0% 5 7.2% 9.8% 

Leaf reflectivity 0.15 6.2% 8.1% 0.3 2.1% 4.1% 

Minimum stomatal resistance 50 4.2% 6.2% 300 4.4% 6.3% 

Saturation volumetric moisture content of soil 0.11 5.7% 7.6% 0.5 4.1% 6.0% 
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Fig. 6 Monthly average heating load reduction for a “better solution” 

Table 6 Winter average heating load reduction through each facade 

 Initial solution Better solution 

Orientation Facade “c” Facade “d” Facade “c” Facade “d”

North 24.4% 33.5% 28.6% 37.0% 

West 8.2% 12.1% 13.3% 16.8% 

South –42.5% –74.0% –34.7% –81.2% 

East 6.0% 9.0% 11.2% 13.9% 
 

plants (no soil). Deciduous plants should be preferable on 
the east and west facades to allow solar radiation on the 
increasing surface temperature to reduce heat losses. Native 
plants (e.g. Compositae, Verbascum, Viburnum lantana) 
could be chosen to lower excessive irrigation during cold 
months and to avoid the risk of pipe freezing. 

A further study in winter may help assess the benefits 
of reduced power consumption for heating. Living wall 
systems are an external insulation layer. It therefore may 
offer a non-formal method of insulating walls. Yet, optimizing 
the living wall performance just for winter time seems to  
be inappropriate because summer time may be hot and 
unpleasant in Portugal. Improving green facades both for 
winter and summer is a challenge for mild climates as 
Portugal. The results indicated the potential vegetation for 
providing winter insulation. This aspect can be further 
explored as most green wall studies have been focused on 
summer heating mitigation. Creating a computational model 
of vegetated walls that reflect the aspects of the random 
quality of living plants through different seasons is a great 
test. Further field experiments are likewise necessary in 
order to obtain quantitative data to validate the computer 
simulation. The physically measured data can be reflected 
to the simulation model of vegetation which will increase 
the accuracy of computation. The new simulation method 
could then be applied to buildings in different climates. 

4 Conclusions 

Most of the literature review presents studies of living walls 
in a hot climate situation that results in cooling savings. In 
a climate as in Portugal, with cold winters and hot summers, 

it should be possible to implement a living wall, even for 
aesthetical reasons, knowing how the overall energy heating 
and cooling could be saving. This study investigated through 
simulating the performance of living wall system in the 
winter conditions of Portugal. The entire wall and four 
orientations were analyzed (north, east, south and west). It 
was found that: 
 For the southern orientation, the cast shadow of the 

plants blocks out the sun, avoiding the wall surface to 
increase its temperature and reduce the heat flux out. 

 The building wall area without significant solar radiation 
benefits from this system as it acts as an insulation layer, 
augmenting the thermal resistance of the wall. 

 The water in the soil increases the thermal resistance 
reducing the U-values of the wall. 

 The overall heating load reduction does not occur in the 
hotter months of winter due to the negative results of the 
southern wall. 

This study has shown that a living wall can improve the 
thermal behavior of the building, with the exemption of the 
facade to the south. The south wall has shown worse results 
when compared to a bare uninsulated wall by blocking out 
the benefits of solar radiation.  

A higher leaf area index is very important in the 
summer period, which allows higher thermal losses by 
evapotranspiration. During winter the opposite is needed, 
therefore a deciduous plant would work better to heat up 
the sunlit surface by the sun. Extra care is needed to choose 
the right plants, the substrate and the air layer, the wall to 
be placed, the orientation and, above all, to assess previously 
by simulation if the solution is not a burden in one season 
in terms of energy consumption. A careful design of a green 
wall is a complex task with an extra challenging climatic 
condition with two relevant seasons in Portugal, where winter 
is predominant in one region and less in another. 

Further studies are needed in such climate regions where 
winter and summer occur. Simulation tools after proper 
validation will help proceed further development of this 
kind of task which can be extrapolated from one region 
condition to another. The study has shown that the solution 
for winter in Bragança, Portugal is not equivalent to all 
facades. It goes from no vegetation at all or deciduous 
climbing plants for south facade to living wall with evergreen 
plants for north facade. The western and eastern facades may 
benefit with deciduous plants to allow warming by solar 
radiation.  
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