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ABSTRACT: This article seeks to show evidence for the urgent need to change the current system of water use in urban 
developments into a new model of water management that optimises this resource. A global system of water management is 
proposed as a model, taking the urban development at Castilleja de Guzmán (Seville) as an example.���
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1. Introduction  
 

Throughout history, urban development of societies 
has been accompanied by an increase in water demand, 
provoking increasing pressure on water resources. During 
the last century, this situation has become unsustainable 
due to an imbalance in the exploitation of this natural 
resource and its ability to regenerate. 

Globally, water covers 2/3 of the Earth, generating the 
idea of abundance. However, 97% of this total is salt 
water; 2.24% of it is fresh water frozen in the polar ice 
caps and deep underground waters; only 0.26% is fresh 
water accessible for human consumption [1]. Therefore, 
rivers, lakes, the ground and the atmosphere contain a 
very small quantity of the world’s fresh water, which needs 
to be preserved as much as possible in order to continue 
generating wealth and nourishing all the natural cycles 
depending on it. Thus, the goal is ultimately: sustainable 
exploitation of water, reducing consumption and 
minimizing pollution. 

 

 
Fig. 1. disposal of sewage and water contamination in 

urban areas. [2] 
 
This piece of information, linked to global warming 

forecasts, which speak of the loss of hydrological 
resources (decrease in river water levels, loss of aquifers, 
etc.) in the medium term; and the decrease of rainfall in 
many areas, draws a rather negative picture for many 
territories. The impact on more vulnerable ecosystems is 
irreversible, their fauna and flora are experiencing 

morphological and genetic�alteration of some species, and 
territorial differences are being aggravated. [3] 

 

�
Fig2. Desertification of the planet. [4] 

 
Faced with such scarcity, over-exploitation and 

contamination at the global level, the only way of 
approaching the situation is to focus upon the water cycle. 
Understanding this behaviour, we have to prevent human 
action from de-stabilising the system; from the moment 
water is diverted from the cycle, to the moment it is sent 
back to it, in so doing preventing all ecosystems 
depending on it from disappearing.  

Being a compound that is neither created in the 
surface of the earth nor in the atmosphere –in the same 
way matter is neither created nor destroyed- there is a 
finite amount of water that circulates around the hydrologic 
cycle. This means that the water we use today is the same 
water used millions of years ago, which, almost 
unchanged since the origins of the Earth, is constantly 
recycling in a continual circuit between the earth and the 
atmosphere, in equilibrium with all the natural processes 
with which it interacts. [5] 

However, human action is seriously altering this cycle. 
Manipulation of river beds, extraction of great amounts of 
water for human consumption, regulation of surface water 
(reservoirs, elevations), exploitation of underground 
aquifers, together with deforestation and erosion, affects 
the ability to accumulate water and the natural circulation 
processes, and, above all, our highly contaminated 
sewage, are all threatening the hydrologic balance. [6] 
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2. Standard for an integrated water system 
 
2.1 Integrated water system 

Taking into account the repercussion of urban 
consumption within the water cycle, it is clear that we 
need to abandon the current management standard, 
whose only goal is to assure provision of water. A new 
standard is needed that goes deeper into the relationship 
between the water cycle and growth and promotes a 
management system that is more conscious of the 
consequences of water diversion and the fact that more 
supply means more residues. That is, a system that 
permits an urban water cycle –from the moment water is 
collected to the moment it returns to the environment- 
whose parts are complementary and whose only goal is 
more efficient consumption [7]. 

In order to achieve this, the proposed standard is a 
global system that takes into account water use both at 
urban and at building level, seeking to prolong water 
usefulness –by means of rainwater collection, saving 
measures and recycling. Such a system would cover the 
same needs; minimising consumption, avoiding over-
exploitation and reducing considerably the load of sewage 
that wastewater treatment plants currently face. 

 

 
 

Fig.3. Model for integral water management system 
 
This model has been applied in the project developed 

for Castilleja de Guzmán’s Master Plan, a small town in 
the province of Seville, Spain, situated 10 km west of the 
city of Seville. Being located in the area of Europe more 
threatened with climatic change and having gone through 
exponential growth, this town provided an ideal setting to 
put the model into practice.  
 
2.2 Urban System 

At urban level, this model proposes a system of 
rainwater collection, logical consumption and reuse whose 
main objective is preserving the hydrologic structure of the 
area where the new urban development is carried out, 
which in traditional urbanisation would be deeply affected.  

The current system of land appropriation causes many 
problems to natural drainage systems as it not only fails to 
take advantage of the land’s absorption ability, but it also 
cancels this out and contaminates water it by putting it in 
contact with toxic materials along the route designed for 
its evacuation, thus over-loading water treatment systems.  

Therefore, in order for urban growth to not mean an 
impassable obstacle for the hydrologic cycle, it is 
essential, on the one hand, to keep to the natural course 
of water to the extent that this is possible, and, on the 

other hand, to collect water in�impermeable areas as soon 
as possible and to keep it in deposits for later use, thus�
avoiding contamination by harmful substances.  
 
Faced with these two needs, the model proposes a 
distribution of hydrologic loads that should be reflected in 
the project from an early design stage. The subdivision of 
the land should distinguish areas keeping their natural 
absorption ability and those waterproof areas that would 
collect and store water.  

Thus, the proposed design solves both the problem of 
hydration for the land, and the general sewage and waste 
disposal system from a high volume load. It has been 
found that this last point may result as reason enough for 
many other municipalities with a different state of 
development and higher rainfall that need to minimise 
urban waste to avoid large quantities of water inundating 
the sewage system. 

For the implementation of the model integrated 
management system of water in C.G, during the design 
process, after an exhaustive study of the area, the sector 
was divided into parcels, which were assigned different 
grades of absorption. In this way, with a logical ordination 
of the land and its associated uses, these areas were 
classified, favouring more or less the natural water cycle’s 
infiltration, as: permeable (allowing infiltration via 
vegetation and treatments of the land to supply the water 
to the lower levels, impeding the surface flows that erode 
the land), semi permeable (those that derive, retain and 
when saturated, permit the circulation towards deeper 
areas or towards aquifers in line with the natural cycle), 
and impermeable (collect the water without letting it 
become contaminated and after a minimal filtering 
accumulate the water in deposits). 
 

 
 

Fig. 4. Distribution of pavements according to the 
permeability assigned. 

 
As systems of retention of water that has not directly 

infiltrated the land, different deposits are used according 
to the circumstance and the subsequent uses of the 
collected water. On the one hand, we have accumulation 
deposits; these serve as stores of water, which after a 
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simple filtration, is ready for reuse (for watering plants, fire 
safety system, washing of cars, etc.) and on the other, 
storm deposits; security systems for occasional use during 
the year, that serve to control great pathways of water. 
The last item consists in the capture and subsequent 
simultaneous diversion towards deeper land (via 
infiltrations, for the re-stocking of aquifers or wells) and 
also towards the accumulation deposits. Only when this 
network begins to saturate is the water channelled 
towards drains leading directly to the sanitation network, 
which, in this manner is not subjected to the least over-
exertion or blockage, avoiding the habitual problem in our 
cities every time it rains a bit more than normal. 

Via these simple hydrologic facilities that favour urban 
drainage and permit the partial reuse of rainwater, the 
model manages to minimise the anthropological impact, 
reducing the effects generated by the estate. Additionally, 
this network of open collectors proposed is much more 
efficient and versatile than the usual closed ones designed 
with pre-determined limits, and less costly now that great 
infra-structural change is not needed due to the reduction 
of the load. [8] 
 
2.3 System within buildings 
For the reduction of the expense of water within the urban 
cycle, it is fundamental to bear in mind the treatment 
inside buildings, so that the entire process that is 
developed forms part of a great mechanism of capture, 
use, treatment and reuse of water. 

As the first point for a coherent functioning within the 
rest of the system, the model proposes that the buildings 
assume the same impermeability that they impose upon 
the land. Converting their rooves into capture devices for 
rain water, available for subsequent use, buildings reduce 
such impermeability thus alleviating the demands of the 
users. 

Also to promote the saving of water, the use of 
economic means is also proposed, with the information 
necessary, informing the citizenship about the problems of 
scarcity and finiteness of the available water, promoting in 
this manner a more consistent use of the resource. 

As an aid to this saving, lengthening the useful life of 
the water, making it cover all the cycles possible within the 
building is fundamental, in this sense the model has two 
proceedings possible, one with the rain water, and the 
other with grey water.  

In the case of Castilleja de Guzmán, for the design of 
the buildings, the  guidelines of the advance Special Plan 
of Indicators by the city of Sevilla [9] have been followed, 
which proposes urbanisation based in three levels of 
action, redistributing the functions of the system upon the  
 ground, the roof, and the subsurface. 
In this case the proposition sets out an organisation 
similar, putting value in the roof system (higher level), 
collaborating with the previously treated building 
(intermediate level) and the subsurface (lower level), 
where part of the necessary installations are housed. In 
this manner the rooves change from being inert spaces to 

green spaces, collectors of water without contaminating, 
collaborators in reducing the consumption of water and 
promoters of the biodiversity of the zone along with the 
planted zones and the trees of the urbanized area. 
To favour the efficient use and to attain an optimal 
management of the network, the building’s water supply is 
incorporated into the saving system, which allows us to 
maintain the current standard of living, but reducing the 
consumption of hot and cold water. These are small 
innovations of simple installation like aerators with flow 
restrictors, anti leaking devices, shower switches, cisterns 
with flow controllers, one-hand taps, etc. [10] 
Also in an area like the proposition for Castilleja de 
Guzmán, with a low annual rainfall, the reuse of water, as 
it is understood within the water cycle, like the reuse for a 
pre-determined end of a resource previously used for 
another necessity, is made indispensable. 
Therefore, the infrastructure directs the optimal 
management of water, incorporated at different levels; two 
circuits of reuse fulfill this. 
The first cycle takes advantage of rainwater which, after 
watering the green roof (which acts as a primary filtering) 
it accumulates in deposits for subsequent use; for 
watering plants, to collaborate with the system of grey 
water in the moments when this is functioning with 
minimal resources. 
 
 

 
 

Fig.5.Reuse system for rainwater and grey water 
 
The second cycle is the grey water system. This is water 
that is slightly dirty, from the kitchen, bathroom, toilet, 
washing etc., which, in principle could be useless, but 
nevertheless, after an internal purification via decanting, 
can be reused for jobs that do not require drinkable water, 
such as the lavatory cistern, the watering of gardens or 
cleaning of grounds. Thus within the same building, the 
spending on drinkable water is reduced, as is the dumping 
of residual water, protecting the subterranean reserves of 
water and the sanitation network.  
The necessary installation for all this implies separate 
networks, as much for residual rainwater and grey water 
as for drinkable or non-drinkable water. It is nothing more 
than a simple system that will pay for itself within a few 
years, it could be incorporated in any building and, with 
only the reuse of grey water, it is estimated that 45 litres of 
drinking water and residuals per person, per day, is saved. 
[11] 
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3. Conclusion 
 
The sources, the springs, the rivers and wetlands are in 
an accelerating process of extinction, in part due to 
climate change, but fundamentally due to human action, 
much more drastic and brutal. A situation of scarcity of 
water is threatening three fundamental aspects of human 
well-being: the production of food, health and political and 
social stability. In the international arena the issue of 
scarcity of water resources has returned to being a 
priority. [12] 
In this type of work, the model of integrated management 
of water is an attempt to alleviate the catastrophic 
consequences of desertification and the scarcity of water, 
searching for measures which, although can not help but 
intervene in the natural cycle, may be the most innocuous 
intervention possible, looking for a system that respects 
the equilibrium between the pressure we put upon the 
environment and its natural capacity for regeneration. 
 

�

 
 

Fig.6. the water cycle. 
 
Only in this way, via a new urban water cycle in which we 
opt for the conservation of hydrologic resources, 
minimising the demand via saving and recycling and via 
the generation of residues, higher quality of water and the 
preservation of the dependant ecosystems will be 
possible. 
The proposed model and exemplification of integrated 
management of water for urban spaces integrate the 
general and local infrastructure solutions, as much in 
planning and in buildings, and it could be applied in its 
entirety in whatever urban situation, as much for new 
developments as for existing urban spaces. This model 
constitutes a proposition to improve the urban water cycle 
in our cities. 
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