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Abstract 
The water resources management in urban areas requires the use of sustainable 

infrastructures. The new technologies, as the Best Management Practices (BMPs), are 
useful to reduce the impacts of Climate Change in urban areas (heat islands). The BMPs 
ensure the control of urban runoff, prediction-prevention, reduction of the urban heat 
islands and water quality control. Among the BMPs, green roofs also make a first 
treatment of the quality of rainwater. This feature increases the sustainability of this 
infrastructure. The sustainability concept requires the use of the absolute estimation 
techniques, to properly choose the infrastructure materials. Life Cycle Assessment (LCA) 
method has been considered a measure of the sustainability of a BMPs, because it 
provides a measure of sustainability before and after the operating phase. In this paper, 
LCA method is used to assess the environmental cost of a bitumen anti-root barrier on 
the green roof of a building at the University of Calabria (Southern Italy).
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Introduction
To realize a sustainable structure, it is necessary to determine the impact of the 

project on the environment, the economy and the society. The environmental issues 
play a key role in social and urban development [1]. Sustainable development does not 
necessarily prejudice productive activity due to the economic balance linked to it; 
instead, it needs to protect natural resources and maximize the process effectiveness. 
There are many studies that promote the sustainable management of water resources 
through special methods that quantify the sustainability [2, 3, 4, 5, 6]. A valuable tool 
that estimates the sustainability is the Life Cycle Assessment (LCA) - a useful method to 
support decisions. LCA is an objective method that defines the ecological budget of a 
product or system, because it considers all product or system information linked to the 
life cycle. This analysis aims to identifying the most important characteristics of the 
product life phases from cradle to grave. Because the sustainability level of a product 
depends on the contribution of the extraction, processing, assembling, use and disposal 
phase. The LCA completes the evaluation of the sustainability of green roofs in water 
management in urban areas. Green roofs are vegetated systems that improve urban 
water system management [7], promote energy saving in buildings [8, 9], improve the 
city climatic conditions (heat island) [10] and protect urban ecosystem biodiversity 
[11, 12]. Comparing the quality of water discharged from the traditional roofs with the 
one from a green roof, it is possible to note a reduction of the concentration of pollutants 
[13] and heavy metals [14]. The purifying rain water treatment is conditioned by the 
choice of anti-root layer and the waterproofing of green roofs.
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The application of the LCA method to green roofs also 
provides a long-term sustainability assessment and highlights 
the environmental potential of these low impact infrastructures 
by increasing their diffusion. Studying the sustainability of low 
impact infrastructures is useful to show that environmental 
impacts depend not only to the operational phase, but also on 
the complex life-cycle structure of the product and the materials 
that make up it. Material Sustainability Analysis allows choosing 
from alternative materials with better performance.

Main body / Methods
The University of Calabria is located in the southern Italy, 

near Cosenza (39°18¢ N, 16°15¢ E). The climate is 
Mediterranean, with a mean annual temperature of 15.5°C 
and an average annual precipitation of 881.2 mm. The green 
roof is part of the “Urban Hydraulic Park,” which also includes 
a permeable pavement, a bioretention system and a 
sedimentation tank connected to a treatment unit. An 
extensive green roof was installed on the existing rooftop of 
the Department of Mechanical Engineering. The original 
impervious roof was divided into four sectors (Figure 1). 

Figure 1. Green roof map - Rende (Italy)

Two sectors are vegetated with native plants and differ 
from each other by the drainage layer. Another sector is 
characterized by bare soil with only a few spontaneous plants. 
The last sector is the original impervious roof. The maximum 
depth of the soil substrate is 8 cm. This depth was selected to 
investigate both the energetic (heat fluxes) and the hydrologic 
(water fluxes) behavior of a very thin extensive green roof 
under the Mediterranean climate. The soil substrate is formed 
by mineral soil with 74% gravel, 22% sand, and 4% silt and 
clay. The soil has a measured bulk density of 0.86 g/cm3 and 
8% organic matter, which was determined in the laboratory 
using the Walkley–Black method. Three different plant species 
were selected and planted [15]. The green roof is divided into 
square elements of 50 by 50 cm with alternating vegetated 
and non-vegetated areas. In this study, only one vegetated 
sector – sector 1 - of the green roof was considered (Figure 2). 
To design a green roof, it is necessary to have chemical-
mechanical conditions which prevent the water infiltration in 
the underlying layers and prevent the infiltration of roots. As 

a protective layer of anti-root waterproof sheath, a type of 
waterproof sheath made of bituminous material, supplied in 
rolls [16] was used. The bitumen was chosen as a test material 
for an initial LCA for structural and functional importance in 
the green roof and for the environmental cost of disposal 
which suggests having to counteract the aging processes. 
These processes cause an increase in management costs.

Figure 2. Sector 1 stratigraphy

To evaluate the product stability with the LCA method, it 
is necessary to evaluate the requests of water and energy 
linked to extraction techniques, production operations, 
transport and disposal. This analysis provides information on 
how each phase of the process affects the sustainability. The 
application of the LCA methodology consists of four steps, as 
specified in ISO 14040: objective and aim, inventory analysis, 
impacts assessment and improvement assessment.

The method structure related to the study case can be 
summarized as follows:

•	 goal - assessment of the impacts on the environment 
associated with the use of anti-root bituminous 
membranes on the green roof of the University of 
Calabria,

•	 system function - influence on the environmental 
factors of production, operation and disposal phases 
of bitumen membranes,

•	 functional unit – 1 kg of bitumen membrane,
•	 system boundaries - cradle to grave setting (excluding 

the extraction phase of raw materials, the analysis 
deepens of production, transportation, disposal 
stages),

•	 data quality - guaranteed by the experimental sites of 
the urban hydraulic park of University of Calabria with 
support Ecoinvent 3 database

•	 impact assessment - Impact 2002+ and ReCiPe 
Endpoints.

SimaPro 8.2.0 is a tool for the LCA application to bitumen 
in green roofs and is one of the most widely used software in 
Europe. SimaPro collects, analyzes and monitors the 
environmental performance of products according to ISO 
14040-14044. SimaPro has been chosen for the ability to use 
Ecoinvent 3, which is one of the most used European databases 
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containing extensive information about different types of 
bitumen in different life stages (production, operation and 
disposal). Estimating the sustainability of the anti-roof 
bitumen membrane is useful for quantifying lifecycle impacts 
and to delay its iteration caused by the aging process. 
Determining factors in the aging process of bitumen depend 
on the content of the mixture, the nature of aggregates, the 
particle size distribution, the temperature and time. All these 
factors operate together and accelerate the aging process 
[17]. Temperature is one of the most important parameters 
for oxidation processes: rheology studies showed an increase 
of the material to high temperature stiffness [18]. Mechanical 
and energy dissipation(stress) suffered by bitumen samples 
are temperature dependent [19]. Through nuclear magnetic 
resonance (NMR) experiments, it resulted that changes in the 
mechanical behaviour of pure and additive bitumen samples 
are temperature dependent.An additive presence allows 
quickly dissipating the energy transferred to sample. From the 
results of this study, it appears interesting to analyze bitumen 
with LCA. If the bitumen ages less rapidly, it protects the 
environment because it reduces the bad management of raw 
materials and emissions related to the production cycle. 
Bitumen contains compounds based on sulfur which may 
develop small amounts of toxic gaseous sulfur compounds 
such as hydrogen sulphide (H2S). It is necessary to lengthen 
the useful life of the membrane by carefully managing phases 
before using. That requirement is backed by complex disposal 
techniques at the operating phase. It is therefore necessary to 
apply an LCA analysis of bituminous anti-root membrane.

Results and Discussion
We analyzed 1 kg of hot-worked adhesive bitumen 

membrane, by means of SimaPro 8.2.0. The impact assessment 
histograms obtained by applying the ReCiPe Endpoint method 
and Impact 2002+ method (are shown in Figure 3 and Figure 4 
respectively). In both cases it is evident that the damage 
category that has a greater weight in the process is Resources, 
linked to the extraction processes of the raw materials and to 
the use of energy sources that are not clean. This analysis made 
it clear that CO2 is the most important emission. The results are 
confirmed by comparisons between the ReCiPe Endpoint 
method and the Impact 2002+ method. It is clear that the 
largest impact related to the management of natural resources 
does not match the objectives of BMPs as a green roof.

Figure 3. Impact assessment with Impact 2002+ method

Figure 4. Impact assessment with ReCiPe Endpoint method

This result represents the ecological cost of this process. 
In the scientific literature there are different methods to 
calculate the ecological cost [20, 21, 22], which, in general, 
obey to the traditional laws of physical system conservation 
[23].

Conclusion 
The use of sustainable BMPs infrastructures contributes to 

the water resources management in urban areas. Among the 
BMP, green roofs also provides a first treatment on the quality 
of rainwater. This feature increases the sustainability of this 
infrastructure. To carry out a measure of the sustainability of a 
BMP before and after the operating phase, the Life Cycle 
Assessment (LCA) method was used. This LCA method was 
used to assess the environmental cost of a bituminous anti-
root barrier on the green roof of a building in the University 
of Calabria (Southern Italy). This analysis shows that, related 
to the specific use of bituminous membrane as anti-root 
membrane on the case study, the impact associated to the 
Resources category is not negligible. The CO2 emission, 
furthermore, contrast one of the primary functions required 
for this type of low impact infrastructure (reduce the impacts 
of Climate Change in urban areas).To limit environmental 
costs, related mainly to CO2 emissions, it is necessary to use 
bitumen with additives to counteract the aging process in 
order to avoid the premature replacement of the anti-root 
membrane and the iteration of its production cycle.
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