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Summary 

The "urban metabolism" defines the activities of measurement of physical flows and input-
output of the urban system: it considers the town as a living organism whose metabolism 
absorbs energy and matter, producing waste and emissions. 

Among the flows of the urban system, the water resource is of primary importance. It 
is essential to re-configure a water closed cycle, which allows the settlement to integrate 
with the natural environment without upsetting its balance. 

For a different way of  living, it must be paid a constant attention to water resource 
as the lymphatic system of the buildings, to improve the quality of life inside and outside 
the housing. 

We propose a multi scalar study methodology, based on MFA (Material Flow 
Accounting) analysis which, from the urban scale to that of the building, measures the 
reduction of water consumption, thanks to a cascade use of the resource. 

The identified criteria for urban regeneration have been applied to a real case study 
(a settlement in L'Aquila), informing the project from the configuration of supply networks 
to the irrigation system, from the choice of materials to technological and engineering 
innovation. 
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1 Introduction 

The use and conservation of our cities’ resource is an unescapable theme, in line with 
Horizon 2020 objectives and Europe 2020 strategic policies. The distance between 
historical and biological times requires a rethink of lifestyles within the man-made 
environment, and it is therefore necessary to focus on resources and their better use within 
local choices. In fact, if the human use of a resource does not first consider its ability to 
regenerate through the times that nature has imposed, the resource will be running out with 
repercussions on mankind existence. 

Only a careful analysis of the places, may indicate the best choices for planning in 
accordance with local rules. In particular, it will be necessary to act on local flows of 
water, energy and materials, in order to improve the performance of existing systems, and 
introduce new cycles that can use properly the territorial specificities (Forlani 2010). 
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1.1 The urban metabolism and the water cycle 

Any building and urban system, moving from the evaluation of the resources that are used 
during its useful life, highlights a system of transit flows that characterize the functioning 
of a living organism, a "metabolism" (Decker 2000) 

The urban metabolism, therefore, can be defined by the flow of materials and energy, 
interacting with the physical aspects of society and its natural environment, from which 
materials and energy  have been extracted, manipulated, accumulated and eventually 
dispersed into the same environment as waste or emissions. The term metabolism in 
biological field, identifies the vital processes of organisms: applied to the urban system, it 
establishes the activities of measurement of physical flows, finding similarities between the 
environmental system and the input-output of the city whose metabolism absorbs energy 
and matter, producing waste and emissions. Moving from the urban scale to the building 
one, the metabolism of a product includes the flows of matter and energy entering and 
leaving the building system. 

 
Fig. 1 Urban metabolism and building metabolism. 

The town is crossed by material and energy flows that originate from territories outside the 
physical limit of the city and that are consumed within the territorial scope. The 
metabolism of an urban area also defines the amount of incoming substances that, 
accumulated and processed, become an integral part of it (buildings, infrastructures, 
everyday objects, which are considered as a "stock"). According metabolic analysis the 
"stock" is the city and an integral part of it, at the spatial-temporal level. 

Similarly, moving from the urban to the construction scale, the metabolism of 
a manufactured article will include the material and energy flows that enter and leave the 
building. We refer to the building as a whole and we consider all the phases that determine 
it, including the management, maintenance, and any subsequent changes, in the use phase, 
that meet the new needs of users throughout its entire lifecycle. 

In general, among the mass of flows of the urban system, water mass is more than 
85% of the materials that society extracts from its natural environment. Its depends from 
the use of water in all productive sector of human society, but also from wasting resource 
in producing and living uses.  

So if globally water is one of the most important resources for human life, and some 
areas have a strong  deficit of it, in specific local identities, this resource can be more or 
less poor, and in some places it is not so preeminent, compared to the use of other natural 
resources. 
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The "domestic" water supply model is not sustainable, as it uses a single source 
instead of using resources of different qualities, such as rainwater; it operates an 
indiscriminate consumption of large quantities of drinking water and eliminates all 
residues through a single exhaust system. 

Water with its connotation as a dynamic element changes the landscape and the 
environment both by slow action (corrosion of rocks and soil), and by unexpected events 
(floods). 

It should be considered as a resource strictly functional to the needs of human life. In 
time, the patterns of water supply, necessary for life, have had different evolutions, 
developing a variety of systems for the collection and storage of this vital resource. 
However, in some areas, the water retrieval and conservation led to human actions that are 
proving to be harmful. It has not been taken into account the geographical and urban 
configuration and the rains, which constitute one of the procurement sources of fresh 
water, have caused environmental disasters due to the massive urbanization, high building 
density and large surfaces no more permeable that do not allow the proper functioning of 
the natural hydrological cycle.(Mastrolonardo) 

2 Research objective  

The objective of this research is to verify the correctness of strategies for saving water in 
a specific context and in a transcalar way. After a systematic analysis of the state of art, we 
studied how to implement sustainable resource management in a way considered 
appropriate in the analyzed context. 

The analysis was carried out using the Material Flow Accounting (MFA) method and 
examining the water resource within the considered systems (Brunner 2004). The Material 
Flows Analysis takes into account materials, that are the foundation of economic and 
productive system, and it is organized through calculations and indicators expressed in 
physical units (cubic meters). It also analyzes the relationship between the material flows, 
human activities and environmental changes and it is capable of supporting the local 
programming of development policies. In this way it is possible to verify the new 
processes grafted on the metabolic urban and building system, through the definition of the 
water flows during their collection and re-entry into the environment after the intervention 
on existing criticalities. 

The today model of water urban management based on "withdrawal, distribution, 
use, sending to sewer, water softener, return to the water body" implies an excessive use of 
water resources of the highest quality and it produces pollution that can only be partially 
reduced using methods of purification; in addition, this model does not care to reuse 
valuable resources such as nitrogen and phosphorus contained in the "waste water". The 
use of more permeable surfaces, filtering floors instead of cemented or asphalt parts, 
reduces the water flow towards the disposal systems favouring a greater supply of aquifers. 

The presence of vegetation improves the urban microclimate and, together with the 
mitigating effects, induced by the increased presence of water and permeable surface, 
determines an overall rehabilitation of summer microclimate with benefits for the buildings 
and the interior comfort of the individual units. 

The verification on the strategies adopted to improve the efficiency of water 
management, is accounted for through the definition of the system, the number of inflows 
and outflows, and the assessment of the water that is reused in the system in question. In 
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this way you can verify the design choices made in a specific local context, from the point 
of view of the effectiveness in relation to needs (Mastrolonardo). 

3 Strategies for water conservation. 

The inability, at the urban scale, of the current systems of water disposal, causes serious 
damage to the environment and an inadequate use of this limited resource. In urban 
transformations, the approach to water resources is a strategic node in the development of 
techniques and methodologies for a responsible and aware management of water, having 
the objectives of protection from pollution, saving and enhancement of water resources. 

The hypothesis for a redevelopment of the urbanized environment parts from two 
basic concepts: 

▪ The architecture must transform the artificial watercourse from open loop to closed 
loop; 

▪ Water resources, seen as a form of energy, should be managed according to 
institutional strategies. 

Currently, the methods used include the increase of covering collecting surfaces, the green 
roofs, which are able to break down the load of pollutants in rainwater and channel it down 
the drains ready for storage tanks. It should be noted that the morphology change of the 
building provides a water saving by reducing waste. 

 
Fig. 2 The two diagrams illustrate the difference between the artificial water course  

in open cycle and in closed cycle with respect to a more natural course of water resource. 

The re-designing of the buildings is now focused on water reuse for domestic use and 
watering of green areas. This is possible thanks to the introduction of rainwater recycling 
facilities and the construction of plants for phytoremediation of treated waste water to be 
pumped in a parallel water system. In some cases the plants of white, grey and black 
waters are differentiated to allow the use of water resources most suitable for the purpose it 
is intended for: collecting water for uses such as irrigation, washing patios pertaining to 
housing, car washing, supplying of toilet cisterns, washing machines and air conditioning 
systems. 
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Currently the methodologies used tend to increase the  capture surfaces of the shell, 
the green roofs, which can reduce the load of pollutants present in rainwater and convey it 
in canalization systems ready for storage tanks. It should be noted that changing the 
building's morphology provides water saving by reducing its waste (Francese 2009). 

Among the multiple benefits of green roofs in large cities we want to remember: 
▪ Sound insulation of the building; 
▪ Heat insulation: not only in summer  they cool the buildings (allowing saving on 

cooling) but they contribute to not disperse heat in winter; 
▪ Biodiversity: they increase urban green spaces and represent a hospitable habitat 

for birds and other animal species; 
▪ Smog: plants produce oxygen, but especially in city they capture CO2 and other 

pollutants, helping to  naturally combat air pollution; 
▪ Urban microclimate: temperatures in the city are always higher than in the 

countryside and the green roofs refresh the air and help to limit this phenomenon. 

The current design of water recycling buildings is now focused on the introduction of 
rainwater recycling   for domestic use, the watering of green areas and the realization of 
phytodepuration facilities for the reuse of purified wastewater to be directed in a parallel 
water system. 

In some cases the white, gray and black waters are differentiated to allow a use of 
water resources most suitable for the purpose it is intended for: collected waters for uses 
such as irrigation, washing of the courtyards pertaining to housing, car washing, feeding of 
the toilet flushing cisterns, washing machines and air-conditioning systems. 

The effect of impermeable surfaces on the  volume of rainwater runoff impacts 
significantly on groundwater flow. The failed supply of infiltration waters in areas where 
the coverage reaches 65 % decreases the groundwater flow by 10 %. And in heavily 
populated areas this figure should not be overlooked. Operating a sustainable rainwater 
management has two great advantages: the water natural cycle can be maintained or 
restored and the life quality in urbanized areas can be greatly improved. 

 
Fig. 3 Brooklyn Grange farm, in Queens, an old industrial building  

as an example of conversion to cultivated area of the coverage surface  

Over the past 20 years new solutions have spread for sustainable urban drainage 
management, which are defined Best Management Practice-BMP (Conte 2012). They 
mainly provide two different technological solutions: 

▪ Systems to increase urban permeable surfaces and reduce the flow to the sewer; 
▪ Systems for the lamination and treatment of white water or mixed water from 

spillways. 
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Lamination is the water collection of first rain water from mixed networks, into basins 
where water is treated before being returned to the natural surface circulation or stored for 
reuse through sedimentation and filtration treatments.  

To increase the filtering surfaces there are different systems such as  draining parks, 
filtering channels and green roofs; as regards the BMP for the lamination and the water 
treatment it is used the application of techniques of natural purification (phytoremediation) 
and methodologies of easy application for the rain and the waters from mixed networks. 

Draining parks provide a number of benefits: 
▪ Easily absorb the rainwater and distribute it in the substrate in a natural way and 

on a large surface (" lawn effect"). 
▪ Ensure the maintenance of groundwater that is fed in a more natural, proper and 

constant way. 
▪ Eliminate the phenomena of surface runoff, with benefits in terms of road safety 

during rainfall events. 
▪ Determine a "favorable climate" as they do not form a waterproof layer and allow 

the soil to "breathe" accumulating less heat during  exposure to sunlight and 
therefore less radiating heat at sunset (Amura). 

4 The study case: Settlement of residential housing at Cansatessa 
(ATER)  

The groundwater is the main water resource utilized, both by local aqueducts and by 
individuals. 

The rate of water loss recorded for the Abruzzo Region (43.6 %) shows a value 
greater than the average for the South (39.7 %) and especially for the North-Centre 
(28.1 %). The problem of leak detection has not been made sufficiently clear until the 
enactment of  Law n. 36/1994  "Provisions on water resources" and the subsequent  
Legislative Decree n. 99/1997. 

 
Fig. 4 Residential settlement "Il Moro": location and plan of the project 

To this generalized problem  we have to sum for L'Aquila the earthquake that damaged the 
water supply. The plants damaged by the 2009 earthquake are those of Pile, constructed in 
two different periods (1980 and 2000), those of Corfinio, realized in the 90s and those of 
Arischia, made in the 70s. 
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The water used for drinking is taken exclusively by springs located in the 
municipality and in the province of L'Aquila, which are very rich in high quality water 
resource, also exploited for electricity production. 

With regard to waste, they are disposed through two major cleaners that have as 
water basin of reference the Aterno-Pescara and dealing mainly with domestic wastewater. 
The total amount of annual wastewater treated by these plants is about 43 % (ISTAT data 
referred to 2000). This data provides, indirectly, an assessment of the impact of the 
anthropic load (for the qualitative/quantitative importance of the inflows and outflows of 
muddy waters) on water resources and, in particular, on river ecosystems on which they 
pour much of discharges. 

The use of phytodepuration plants of small size located on the territory would allow 
a saving of water and energy supply of 50 %. 

The study case focused in particular on the setting of Cansatessa (part of the city of 
L'Aquila) to verify, at the settlement level, the effectiveness of the installation of a system 
of wetlands near the complex "Il Moro". The settlement is located along the road 
connecting the L’Aquila centre and the fraction of Cansatessa: it consists of 8 buildings, 
for a total of 188 apartments, and a former commercial area, centrally located between the 
designed buildings. Each building consists of five floors of living space and a plan of 
garages above ground. 

The projected plant  should provide treated water for all the 650 inhabitants as well 
as meet the water needs of the former commercial area, that in the overall project should be 
used as a study centre and agricultural market. 

The required area is approx. of 6000 sq.m. and, at full capacity, you get both a good 
nitrogen removal (especially in the summer months when the receiving body of water has 
the lowest ranges), and the achievement of purification level required by D. L. 152/1999.  

All that to promote: 
▪ A decrease in the consumption of drinking water with consequent reduction of 

environmental and economic costs related to water resources; 
▪ Re-use of treated water for agricultural purposes; 
▪ Reduction of electricity cost; 
▪ No wastewater pollutants into waterways; 
▪ Re-use of sludge to produce energy. 

The management system must inform all the project: the settlement, with a proper study of 
the arrangement of buildings aimed at the rational development of the supply network; the 
building,   for the selection of materials for building renovation, choosing dry techniques as 
much as possible. 

It is necessary to provide the individual accommodation with facilities that reduce 
the consumption of water resources (two-button toilets, taps with flow regulators, washing 
machines with double entry of water). The different approach to the water supply system, 
both for existing buildings, and for those newly designed, properly evaluates not only the 
resource use for the most basic needs, but it increases the indoor welfare conditions 
(environmental cooling, heating and humidification). (Amura) 
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Fig. 5 Site for the installation of constructed wetlands for the residential settlemdent "Il Moro" 

5 Results and Conclusions 

An efficient management of water resources takes into account, in the project, a number of 
issues that are handled to produce an urbanized territory more integrated with the natural 
environment. This has two major environmental benefits: the natural water cycle remains 
unchanged and the quality of life in urban areas improves. 

The key principles of the study were: 
▪ Containing the water runoff; 
▪ Recovering and reusing rainwater; 
▪ Promoting the rainwater infiltration. 

After implementing the described interventions on water resources, it was identified by 
MFA (material flows accounts) analysis the level of the improvement and resource saving 
achieved. There is a clear difference between the current use of the resource and its 
operational improvement as a result of the interventions described, which are relevant also 
from a visual point of view.  The analysis, before and after the intervention on the resource  
cycles involved in the system, shows how to regenerate the urban system through territory 
resources, in case of water cycle improvement.  

As between the inputs and the outputs of human activity there is a balance due to the 
principle of conservation of matter (hence the sum of the inputs must be equal to the sum 
of the outputs plus the net accumulation of materials present in the system), it is possible to 
construct a budget that, by its very nature, gives a particularly significant account of 
physical quantities involved. 

In the final assessment of strategies, and in the calculation of water saving, once 
defined the system of flow accounting and its boundaries, we can distinguish elements 
belonging respectively to the territorial reference, or to the natural system. 

As for water, it is withdrawn and injected in the urban or at most provincial limits of 
the reference model, but the quality of its flow improves as a result of the proposed actions. 
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The water is withdrawn and injected into the minimal geographical boundary and the 
quality of its flow improves as a result of the proposed actions, as shown in the picture. 

 
Fig. 6 Calculation of water use of the settlement, nowadays and after the proposed interventions. 

The results are significant and demonstrate that the strategies put in place for a sustainable 
use of the resource, at urban and building level, are valid and leading to actual water 
saving. An economic analysis of the intervention, distinguishing between the initial costs 
and the operating costs as a result of a huge water saving, is difficult to assess when the 
economic value is exclusively attributed to the resource. In social terms, the improvement 
is very high, because it determines the responsible use of the resource, even by the 
individual user (Mastrolonardo). 
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