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Abstract. In the last few years the attention towards the environment 
seems to have become one of the primary objectives to follow. Nowa-
days the number of products, qualified as “sustainable”, is ever more 
growing; but in some cases the sustainability aspects regard only the 
adjective used for the title, as highlighted by several authors. Follow-
ing this trend, architectural design may exploit the use of (eco) mate-
rials and components to promote a project as sustainable even without 
considering its impact on the environment; this can be defined as ar-
chitectural greenwash. This paper considers the case of vegetated ar-
chitecture, which provides environmental advantages together with 
the suggestion to a green aesthetics par excellence.  In fact, the inte-
gration of vegetation in urban fabric – with vertical greening systems 
and green roofs – plays an important role in improving ecological and 
environmental conditions of (and in) cities; however systems can have 
a high environmental burden and examples show the use of vegetation 
to cover up the same overuse of concrete that it is supposed to fight. 

Keywords. Environmental sustainability, Greenwash, Vegetated ar-
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1. Introduction  

In the last few years the attention towards the environment seems to have 
become one of the primary objectives to follow. Sustainability is a delayed 
response to the energy crises. The energy crises has over time frightened 
Western Countries, threatened for their standard of living indifferent to ener-
gy consumption. Afterwards sustainability has been considered in an in-
creasingly more conscious, sometimes obsessive, and as much superficial 
and discontinuous way, but more careful to all aspects connected with the 
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environment (Cassinelli and Perini, 2010; Guattari, 1991; La Cecla, 1991; 
Tiezzi, 1991).  

Data shows that architecture plays an important role in the field of sus-
tainability. In fact the building sector has one of the greatest impacts on the 
environment; buildings consume a significant amount of energy over their 
life cycle and generate 40–50% of the total output of greenhouse gases (Ar-
dente et al., 2008; Thormark, 2002). This issue is not only related to the 
buildings energy demand, but especially to the cities impact and environ-
mental conditions.  

The majority of the world's population today lives in urban areas 
(Luederitz et al., 2013) and is responsible for 70% of global carbon emis-
sions and nearly 70% of  energy consumption – an increasing trend for both  
(International Energy Agency, 2008) with land converted to urban areas pro-
jected to triple by 2030 (Seto et al., 2012; United Nations, 2012). Further-
more, environmental problems within cities have significant consequences 
for human health, citizens’ quality of life, and urban economic performance 
(Commission of the European Communities, 2005). However according to 
Hamin and Gurran (2009), a denser urban environment could reduce the 
emissions connected to transportation needs and building energy use, and 
consequently their impact on climate change (Ewing et al., 2008). 

The ever wider diffusion of ecological theories and the recognisability of 
environmental imbalances took to an ever major use and integration of inno-
vative elements connected to sustainability (Perini, 2012). Nowadays the 
number of products and also of architectural projects, qualified as “sustaina-
ble”, is ever more growing; following this trend, architectural design may 
exploit the use of (eco) materials and components to promote a project as 
sustainable even without considering its impact on the environment (Cassi-
nelli and Perini, 2010; Giachetta, 2010; Perini, 2014). If so, speaking about 
architectural greenwash may be appropriate, where «Greenwash: n [U] 
When a company hides the true effects of its products or actions on the envi-
ronment, by making it seem as though the company is very concerned about 
the environment» (Longman, 2009). 

Therefore, some questions arise: does the greenwash-effect involve con-
temporary sustainable design practices? How to measure environmental sus-
tainability? At which intervention scale (building component, architectural 
project, neighbourhood, city scale)?  

This paper, in an attempt to answer to these questions, considers the case 
of vegetated architecture (the really “green” one). These, as it will be de-
scribed, provide environmental advantages together with the suggestion to a 
green aesthetics par excellence.  In fact, the integration of vegetation in ur-
ban fabric plays an important role in improving ecological and environmen-
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tal conditions of (and in) cities, although – as it will be shown – systems can 
have a high environmental burden. 

2. Environmental Benefits of Vegetation in Urban Areas 

A wide replication of green envelopes can be a good opportunity to improve 
the urban environment conditions, considering what mentioned above re-
garding urban areas and the many ecological and environmental imbalances 
described below. 

High levels of pollution in the atmosphere and the limitless expansion of 
urban areas (an excess of asphalted, or “low albedo”, areas relative to green 
areas) causes the Urban Heat Island (UHI) phenomenon resulting in the 
dramatic two to five degree Celsius temperature differences between cities 
and their surrounding suburban and rural areas (Taha, 1997). Huge quantities 
of solar radiation are stored and later radiated in urban areas due to massive 
amounts of construction materials the so-called “canyon effect” related to 
tall buildings (Arnfield et al., 1999; Santamouris et al., 2001) and the use of 
air conditioning, all contributing to the Urban Heat Island effect (Landsberg, 
1981; Nakamatsu et al., 2003; Petralli et al., 2006; Santamouris et al., 2001), 
along with the anthropogenic heat generated by power plants, and automo-
biles (Rizwan et al., 2008).  

Though the UHI phenomenon has regional-scale impacts on energy de-
mand, air quality, and public health, mitigation strategies, such as urban for-
estry, living (green) roofs, and light colour surfaces, could be implemented 
at the community level (Rosenzweig et al., 2006). Susca et al. (2011) moni-
tored the urban heat island in four areas in New York City, finding a 2 de-
grees Celsius average temperature difference between the most and the least 
vegetated areas.  

High levels of air pollutants in dense urban areas are also responsible for 
serious damage to human health. The United Nations Environment Pro-
gramme (UNEP) links urban air pollution to up to one million premature 
deaths and one million pre-native deaths each year (www.unep.org). Accord-
ing to a study conducted by Hoek et al. (2000), daily mortality is significant-
ly associated with the concentration of all air pollutants and especially 
ozone, particulate air pollution, and the gaseous pollutants sulfur dioxide 
(SO2) and nitrogen dioxide (NO2).  

Urban parks affect air quality as demonstrated by a study conducted in 
China by Yin et al. (2011). Climbing plants improve air quality by collecting 
fine dust particles (Ottelé et al., 2010). These researches demonstrate that, 
along with reducing the sources of air pollution (i.e. transportation, industry, 
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and domestic heating and air conditioning; Colvile et al., 2001; Legambi-
ente, 2012), vegetation can play an important role inside a city.  

The effects of rainfall on vegetated land versus on the hard surfaces of 
built-up areas are very different. The vast majority of precipitation that falls 
on vegetation is absorbed by soil and eventually joins the water table; some 
is also absorbed by plants and transpired back into the atmosphere. Water 
cannot be absorbed by hard surfaces such as asphalt and concrete, however, 
and it runs off through drainage systems into rivers (Dunnett and Kingsbury, 
2008); about 75% of rainfall on towns and cities is lost directly as surface 
runoff as compared to around five percent on a forested area (Scholz-Barth, 
2001). High rainfall in urban areas is rapidly reflected in river level peaks, 
with flooding a frequent consequence when river banks cannot cope with the 
influx (Dunnett and Kingsbury, 2008).  

Green roofs – as well as small green areas on the ground – can be effec-
tive in reducing the stormwater runoff of cities (Carson et al., 2013; Palla et 
al., 2009). Green roofs also improve water quality, although some roofing 
materials may add chemicals or metal compounds to the runoff water 
(Bianchini and Hewage, 2012). Urban parks are more effective, with a run-
off reduction up to 95%, while for green roofs the percentages are around 
60% to 85%, depending on green roof and vegetation type (Kosareo and 
Ries, 2007; Scholz-Barth, 2001).  

Integrated urban design at the neighborhood scale, at least, is needed in 
the cases of widespread small interventions, to improve environmental con-
ditions in (and of) dense cities. 

2. Vegetated Architectures, Performances and (Environmental) Costs  

There are several possible integration modalities of green elements in archi-
tecture. These can have a major or a minor influence on the project concep-
tion and on the formal and functional characteristics. Vegetated roofs may 
use different plant species, for both their influence on architectural aesthetic 
and for microclimatic improvements obtainable. Traditionally green roofs 
are widespread in north of Europe (Dunnett and Kingsbury, 2008; Fioretti et 
al., 2010). The many products available on the market propose several inte-
grated solutions for proper drainage, waterproofing, and roof protection de-
pending on the vegetation type, such as grass and bigger or smaller shrubs. 
These are commonly classified in: intensive, semi-intensive and extensive 
solutions and have different uses, stratigraphy and vegetation. For every type 
of green roof substrate thickness (given by the plant species used), mainte-
nance needed, system weight, obtainable microclimatic benefits, influence 
on architectural aesthetic, costs, and use are different (Dunnett and Kings-
bury, 2008; Perini, 2013). 
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Intensive green roofs have a higher environmental (and economic) impact 
but also a higher contribution on the building performance (insulation, cool-
ing) and have a major influence on the formal and functional characteristics, 
creating gardens at several heights (Dunnett and Kingsbury, 2008). In gen-
eral, the environmental impact is connected to the green roof type and to the 
material used. Bianchini and Hewage (2012) suggest to explore materials 
(use/re-use of waste materials) that can replace the current use of polymers 
to enhance overall sustainability of green roofs, since green roof materials 
often use polymers for all the layers except as a growing medium.  

  
 

Figure 1 (left).  Green roofs in Hamburg, Germany. Figure 2 (right).  Ewha Woman's Univer-
sity, Perrault, Seoul, South Korea. 

Vertical greening systems are made by simple climbing plants, support-
ing structures for their growth or planter boxes placed at several heights with 
a shading function; others provide the possibility to cultivate species natural-
ly not suitable for growing on vertical surfaces, thanks to the disposition of 
pre-vegetated panels, defined as “living wall systems” (Corrado, 2010; Dun-
nett and Kingsbury, 2008; Köhler, 2008) These systems entail very different 
environmental burden, due to maintenance and initial costs, as it will be de-
scribed. 

 
Figure 3. Direct green façade (climbing plant) in Seoul, South Korea. 
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Figure 4.  Quai Branly Museum, Nouvel with Blank, Paris. 

Vertical greening systems provide a large range of benefits. At building 
scale the benefits of green façades and living wall systems are mainly related 
to energy savings for heating and air-conditioning and durability of façades. 
Studies demonstrate that a vertical green layer can contribute to the building 
envelope performances by creating an extra stagnant air layer, which has an 
insulating effect (Perini et al., 2011), and reducing the energy demand for 
air-conditioning up to 40-60% in Mediterranean climate (Alexandri and 
Jones, 2008; Mazzali et al., 2012). 

However, the vertical greening systems available on the market have very 
different formal and functional characteristics, performances, and costs. 
Some systems, like the living wall system shown in Figure 4, can require 
high maintenance needs. Maybe 30% of plants need to be replaced every 
year, panels can have a life expectancy of 10 years, automated watering sys-
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tems need maintenance and plants need up to 3 litre/day per square meter; 
differently a simple climbing plant  (direct green façade, Figure 3) has very 
low maintenance needs (pruning) and may not require a watering system 
(Ottelé et al., 2011). 

Another important aspect has to be mentioned: the perceptive qualities of 
green envelopes, which allow emphasizing the sustainability of a project.  
Repishti (2008) writes about the use of plant elements in this “new kind of 
cosmetics” as a response to the growing rejection of the present image of the 
city. The integration of green envelopes can be related to a more sustainable 
approach to improve building efficiency and environmental conditions, but 
also to an aesthetic intention connected to the perception of green, as the 
ecological material par excellence. One of these approaches doesn’t exclude 
the other; although sometimes it is possible to find out which one is more 
relevant. In general, the integration of vegetation is a complex issue and im-
plies a critical evaluation of the benefits obtainable in relation with the built 
space and climatic characteristics, durability, maintenance, and economic 
aspects for all the life span of a component (Ottelé et al., 2011). All these as-
pects play an important role in avoiding that the green element only plays an 
aesthetic role. 

3. Measuring Environmental Sustainability   

Greening the building envelope can be an opportunity to restore the envi-
ronmental quality of dense urban areas by combining nature and built areas. 
Generally speaking, the main benefits connected to a green building enve-
lope regard environmental practices, economics, and social aspects, as the 
greenhouse gases output reduction, climate change adaptation, air quality 
and indoor and outdoor comfort conditions improvement, urban wildlife (bi-
odiversity), human health, etc.. These benefits concern several fields, which 
are all related and operate on a scale range; some only work if a large surface 
in the same area is greened and their benefits are only apparent at a neigh-
bourhood or city scale, others operate directly on the building scale (Dunnett 
and Kingsbury, 2008; Taha, 1997). 

Some of these benefits, especially the ones related to the macro (urban) 
scale, are usually not taken into account for the evaluation of the environ-
mental impact. This happens mainly because there is a lack of data or a state 
of incompatibility or simply because the benefit are unquantifiable with the 
tools usually used for life cycle analysis. Among the benefits related to the 
larger scale and the urban environment air quality improvement, carbon re-
duction, habitat creation and urban heat island mitigation can be hardly 
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quantified due to the impossibility to estimate their effect connected to a sin-
gle green façade or roof (Perini and Rosasco, 2013).  

Kosareo and Ries (2006) performed a comparative environmental life cy-
cle assessment to compare environmental benefits and costs of a green roof 
for a 1115m2 retail store in Pittsburgh, US. They compared an intensive 
green roof, an extensive green roof and a conventional ballasted roof. The 
increased roof lifetime of 45 years compared to the control roof lifetime of 
15 years, along with the thermal conductivity of the growing medium, were 
found to have a significant impact on the life cycle analysis. The results, 
normalized to the control roof option, indicate that the extensive and inten-
sive roofs have about one-half of the impact of the control roof and that the 
intensive green roof is generally slightly better than the extensive roof. The 
conclusion was that although initial costs were high, the energy and cost sav-
ings made over the building lifetime made the green roof an environmentally 
preferable choice. 

Studies indicate that the key properties of green roofs, that give them an 
environmental edge over other roof types in cost-benefit terms, are their po-
tential energy use reduction through summer cooling and the extension of 
the life of the roof membrane, besides the aesthetic value (Kosareo and Ries, 
2006; Dunnet and Kingsbury, 2008). The increase of roof life regards the 
protection from heat exposure, which reduces the durability of some con-
struction materials, such as bituminous systems (Dunnet and Kingsbury, 
2008).  

A study conducted by Ottelé et al. (2011) regarding a life cycle analysis 
of four greening systems shows the environmental burden profile in relation 
to the energy savings for air conditioning and heating. This life cycle analy-
sis proves that direct greening systems have a very small influence on the 
total environmental burden. Thus this type of greening, without any addi-
tional material involved, can be considered a sustainable choice. For the oth-
er cases analysed the material choice plays an important role: a living wall 
system can be either a sustainable option or a system with a very high envi-
ronmental burden, a climbing plant supported by a mesh can have a low en-
vironmental impact if made of plastic or wood or a very high impact if made 
of stainless steel. The study concludes that greening the building envelope 
considering the materials involved, which can have a high influence on the 
environmental profile, and taking into account all the (unquantifiable) ben-
efits, can be a sustainable option for new construction and retrofitting pro-
jects.  

Feng and Hewage (2014) evaluate the lifecycle sustainability of the same 
systems analysed by Ottelé et al. (2011), by comparing air pollution and en-
ergy consumption in the material production, construction, maintenance, and 
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disposal stages, with air purification and energy savings in the operation 
phase. Their results demonstrate that the felt layer system (similar to the one 
shown in Figure 4) is not environmentally sustainable in air cleaning and en-
ergy saving compared to the other systems analysed. The environmental per-
formance of living walls is influenced by the types of materials and plants 
chosen for the systems, as well as the external factors, such as climate and 
building type. The LCA indicates the need of environmental friendly materi-
als for sustainable living walls. 

4. Summary  

It can be reasonably argued that greening the building envelope provides 
more or less benefits referring to local environmental conditions. LCA can 
be effective tool to evaluate and quantify the environmental impact of green-
ing systems in relation to their positive effect at building scale, since energy 
and environmental performances within the limits of an individual building 
are measurable and assessable. 

Energy data are not difficult to be obtained with established data collec-
tion procedures. However, understanding if an application, extended to a 
more or less large part of a city, can be suitable according to measurable var-
iables (temperature, humidity, noise, air quality, etc.) can be difficult, due to 
the need of effective methods to be applied on a larger scale. Another diffi-
culty lies in the reliability of the data collected, which depends on the dura-
tion of the measurements (a few years), which in turn depends on the state 
and type of vegetation, the frequency of renewals, the changes in the climate, 
etc.  

Vegetation can be used to characterize the aesthetic of a building, with 
the aim of promoting its sustainability. Although quantifying the environ-
mental impact of (greening) systems can be useful to measure environmental 
sustainability in relation to the micro-scale benefits. An evaluation of the 
benefits related to the neighbourhood/city scale is needed too when speaking 
about greenwash effect. 

We are, we fear, in a field of not-science, where the evaluation of an ex-
periment that aims to improve the quality of life and health of the inhabitants 
of a city or of a part of it cannot be proved with reliable and sustainable data. 
We just have, at present, to appreciate its beauty and enjoy the rustling of 
leaves and singing of birds. 
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