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ABSTRACT:

Water efficiency has an increased relevance in the current climate change context, establishing

great potential in the adoption of water management best practices, namely to face the

increase in water scarcity and water stress. By promoting the efficient use of water in buildings

and recognizing this practice as a critical factor for environmental sustainability and for the

achievement of goals established at international and national level, the main objective of this

research is to assess the impacts of reduction consumption in buildings in urban water supply

and drainage systems. The optimization of water use translates into a reduction in the volume of

water abstracted and wastewater, with consequences that may affect the hydraulic and sanitary

performances of systems. Therefore, to plan the investments, ensure the correct functioning of

the public networks and environmental protection it is important to study the impact on

existing infrastructures and possible mitigation measures.
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OBJECTIVES:

Currently, there has been an increase in the importance attributed to water efficiency, and

several studies have been carried out to develop sustainable measures with the objective of

safeguarding water resources and increasing the resilience of populations when facing water

scarcity. The main measures to promote the efficient use of drinking water in buildings promote

significant reductions in the consumption of water and associated energy, given that the

abstraction, water treatment, transport and water distribution (as well as the transport and

wastewater treatment) are operations with a high consumption and energy cost. To support the

implementation of large-scale efficiency best practices, it is important to assess the order of

magnitude of potential consumption reductions and their impacts on urban systems, since this

change in water flows or volumes in infrastructure can affect their performance, the water

quality, the mode and the particles’ capacity of transport and the conditions of hydraulic flow of

the existing systems.

Main objective:

• to study the economic and environmental impacts of the water consumption reduction at the

level of urban water supply and sanitation systems,

• to prevent problems and maintenance costs, that may arise as a result of the application of

water efficiency measures in the urban environment~,

• to contribute with the orientation of future public policies in the water sector, regarding their

respective conditions and limitations.

To achieve these objectives, the work will be developed in direct partnership with water

companies, water users and public institutions with intervention in Portugal.

RELEVANCE TO THE MISSION OF MIT PORTUGAL:

This research is innovative considering the current low existing knowledge about the direct

impacts of efficient use of water on the existing infrastructures of water and wastewater in the

context of the urban water cycle. Hydraulic and sanitary systems have a structural and essential

importance for the progress of society and to guarantee public and environmental safety. In

recent years, Portugal has demonstrated an innovative capacity in developing smart solutions

and promoting sustainable thinking regarding water efficiency measures. Water efficiency is a

pressing issue and presents alternatives for cities through reduction of water consumption and,

above all, its waste, but also through the use of rainwater and/or greywater. The adaptation of

public water and sanitation services, in the context of the water efficiency of buildings, achieve

greater resilience of systems to face climate change in Portugal, as the country is geographically

located in one of the regions of the planet that most affected by climate change (Europa

Meridional - Southern Europe).

This work aims to contribute to the risk prevention in terms of the performance of urban

infrastructures, resulting from the reduction of water flows in those networks following the

implementation of water efficiency measures in buildings. In the current economic and

environmental situation, it makes sense to think of cities in order to guarantee their essential

functions, their efficiency and the future of the next generations.

This research is directly related to the MIT Portugal's 2030 mission to foster continuous action in

favor of the development of smart and sustainable cities, aligning environmental, economic and

social prosperity, as well as improving urban planning and its management so that these spaces

are safer and more resilient.

STATE OF THE ART:

The Mediterranean region is expected to be vulnerable to the effects of climate change,

regarding water resources [1]. Recently, the region has faced situations of severe and extreme

drought. The implementation of water efficiency policies must be a decisive factor in combating

the causes and impacts of climate change and in the transition to a more sustainable and

resilient future for cities [2,3], playing an essential role in achieving the European Commission's

Green Deal.

The way to achieve a more efficient use of water in buildings is related to the 5R principle [4].

This approach refers to essential actions in the adoption of a more efficient management of

water resources in the building cycle [5], in which the priority measure corresponds to the

consumption reduction [6,7], obtained with the use of products certified as more efficient from

the hydric point of view [3,6]. Other actions are related to the reduction of losses and the use of

rainwater and greywater [7,8]. It is estimated that there is a potential for savings close to 25% of

water in buildings with the adoption of these measures [5].

With the practice of management strategies that allow greater efficiency in the use of water, it is

translated in a reduction of the flow in networks [5]. It is understood that this reduction provides

advantages [9], in energy savings associated with the urban water cycle [8] and better use of

existing infrastructure [10], minimizing the need of expanding water supply and drainage and

water/wastewater treatment systems [5], due to the growing demand for services [8,9].

However, in relation to the hydraulic performance, it is known that a reduction in flow rates can

have negative consequences in terms of operation, both in water supply systems and in the

drainage network [5,8,11]. In the first case, extremely low-velocity zones can occur, with

consequences in terms of water quality [5,9]. In the other case, the impacts refer to a decrease in

the drainage capacity of the wastewater, with consequent obstructions in the collecting

branches [12], due to insufficient dragging capacity [5]. In other words, reduced flows generate

more concentrated sewage with a high organic load and difficulties in transporting solids

through the system [13], which can lead to corrosion, odors and obstructions in infrastructure

[11,13] and create maladjustments in the functioning on water and sewage treatment facilities.

Currently, there is a lack of studies on how water demand patterns impact the performance of

urban systems [9]. Therefore, it is necessary to analyze the vulnerability and risks to which they

are exposed [14], assess the limitations [3,8] and identify the measures that must be

implemented or reinforced, ensuring their correct functioning, with reliability, resilience and

sustainability, consequently guaranteeing the essential functions in the protection of public

health and the environment [13].

BIBLIOGRAPHIC REFERENCES: 

[1] EEA: European Environment Agency, “The European environment – state and outlook 2020. Knowledge
for transition to a sustainable Europe”, 2019, ISBN 978-92-9480-090-9, doi:10.2800/96749.
[2] A. Silva-Afonso, and C. Pimentel-Rodrigues, “Water Policy for Buildings: A Portuguese Perspective”,
Water Efficiency in Buildings: Theory and Practice. UK, John Wiley & Sons, LTD., pp. 42-55, 2014, ISBN 978-1-
118-45657-6, doi:10.1002/9781118456613.
[3] S. Bona, and R. Gomes, “Potential for the Use of Rainwater in Higher Education Institutions: A Case
Study of Building D of Campus 2 of the Polytechnic of Leiria”. In conference proceedings ebook, 1st
International Conference on Water Energy Food and Sustainability (ICoWEFS2021), Leiria (Portugal), 10-12
may. DOI: 10.1007/978-3-030-75315-3_79.
[4] A. Silva-Afonso, “Building rainwater harvesting systems. Doubts and certainties”, 35th CIB W062,
Dusseldorf-Germany, 2009.
[5] A. Silva-Afonso, and C. Pimentel-Rodrigues, “Manual de Eficiência Hídrica em Edifícios”, ANQIP -
Associação Nacional para a Qualidade nas Instalações Prediais, 2017, ISBN 978-989-97476-1-6.
[6] F. Rodrigues, A. Silva-Afonso, A. Pinto, J. Macedo, A. Santos, and C. Pimentel-Rodrigues, “Increasing
water and energy efficiency in university buildings: a case study”, Environmental Science and Pollution
Research 27, pp. 4571–4581, 2020, doi: 10.1007/s11356-019-04990-w.
[7] A. Silva-Afonso, J. Bernardo, and C. Pimentel-Rodrigues, “Implications of reduced flush volumes in
building drainage: An experimental study”, CIB W062 (eds.): Water supply and drainage for buildings.
Proc. 39th Symposium CIB W062, Nagano, Japan, 2013.
[8] T. Larsen, S. Hoffmann, C. Lüthi, B. Truffer, and M. Maurer, “Emerging solutions to the water challenges
of an urbanizing world”, Science, vol. 352, Issue 6288, pp. 928-933, 2016, doi: 10.1126/science.aad8641.
[9] J. Zhuang, and L. Sela, “Network Effects of Evolving Water Demand Patterns”, World Environmental
and Water Resources Congress 2018, Minneapolis, Minnesota, 2018, doi: 10.1061/9780784481400.009.
[10] R. Löwe, M. Mair, A. Pedersen, M. Kleidorfer, W. Rauch, and K. Arnbjerg-Nielsen, “Impacts of urban
development on urban water management – Limits of predictability”, Computers, Environment and
Urban Systems, vol. 84, 101546, 2020, ISSN 0198-9715, doi: 10.1016/j.compenvurbsys.2020.101546.
[11] V. Naidoo, and V. Moolman, “Excessive water restrictions impact on sewage treatment systems”,
Engineering News, 2016, https://www.engineeringnews.co.za/article/excessive-water-restrictions-might-
impact-sewerage-and-sewage-treatment-systems-2016-04-22/rep_id:4136, last accessed 2021/03/15.
[12] V. Sousa, C. Silva, and I. Meireles, “Performance of water efficiency measures in commercial buildings”,
Resources, Conservation and Recycling, vol. 143, pp. 251-259, 2019, ISSN 0921-3449, doi:
10.1016/j.resconrec.2019.01.013.
[13] J. Hughes, K. Cowper-Heays, E. Olesson, R. Bell, and A. Stroombergen, “Impacts and implications of
climate change on wastewater systems: A New Zealand perspective”, Climate Risk Management, vol. 31,
100262, 2021, ISSN 2212-0963, doi: 10.1016/j.crm.2020.100262.
[14] F. Rodrigues, M. Borges, and H. Rodrigues, “Risk management in water supply networks: Aveiro case
study”, Environ Sci Pollut Res 27, 4598–4611, 2020, doi: 10.1007/s11356-019-05797-5.


