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Abstract

This study presents the preliminary results of the “HydroSAAP” innovation project, promoted by a Higher
Education Institution in the northeast of Portugal, and ongoing since May 2023. It aims to improve the
management of water consumption in a student residence, while promoting technical and scientific
knowledge about rainwater harvesting systems, still little explored in Portugal. The project phases are:
(1) installation of a rainwater harvesting system for non-potable uses, and water-efficient devices
(showers and taps); (2) estimation of water consumption per use after installation of the system and
devices, and promotion of technical and scientific knowledge about the system and (3) knowledge
transfer to the academic community and other stakeholders. The results of this project include the
completion of phase 1 in July, with the installation of the system, seven showers and a kitchen tap with
a class A water efficiency rating and certified by a national organization. Phases 2 and 3 are underway.
In phase 2, the quality of the rainwater collected by the system has been analyzed since September.
Preliminary results indicate that water from the first rains, after a long dry period, must be discarded. In
phase 3, the project has already been combined with educational practice, having been disseminated
to the academic community through the organization of the Seminar “Sustainability in the use of water:
Importance, techniques and challenges” which took place at the Institution, with the participation of
experts in the field of sustainable water use and reuse, mostly involving students from Civil and
Environmental Engineering and local stakeholders. It is important to note that the involvement of the
students, the residence users and other stakeholders in this project will help to disseminate the obtained
knowledge and could be the starting point for further promoting education for sustainable water use. It
is also intended to replicate this project for other types of buildings and other non-potable uses, and to
extend it to the industrial and agricultural sectors. As the activities of this project will be extended beyond
the funding period, it is hoped that it will make an overall contribution to promoting sustainable water
management in urban areas.

Keywords: Water efficiency, rainwater harvesting system, student residence, education for sustainable
water use, STEAM.

1 INTRODUCTION

Faced with climate change, extreme precipitation and drought events are expected to increase, affecting
water availability [1-4]. In addition to the constraints on water availability caused by climatic factors,
many urban areas face demographic and pollution phenomena that can affect the efficient water supply
to the population [5]. Therefore, it is crucial to manage water resources in urban areas sustainably and
additionally implement measures leading to water efficiency to ensure water supply and avoid
degradation of the aquatic ecosystems that supply cities, such as reducing consumption by installing
water-efficient devices (e.g., taps, showers, and flushing cisterns), without neglecting behavioural
aspects; reducing losses and waste; reusing and recycling water, and using alternative sources for non-
potable uses [6-9]. Rainwater harvesting is one of the most promising alternative water sources, as it
can be easily collected and used for non-potable purposes with or without significant treatment [10].
Therefore, to improve the management of water consumption in a student residence at the Polytechnic
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Institute of Braganga, in the northeast of Portugal, while promoting technical and scientific knowledge
about rainwater harvesting systems, still little explored in Portugal, was conceived in May 2023, the
HydroSAAP innovation project “Promoting water efficiency in buildings: Installation and evaluation of
the performance of a rainwater harvesting system and efficient devices”, funded by the Recovery and
Resilience Plan (PRR: Youth Impulse STEAM Program). It is aligned with the objectives of the
Institution's Strategic Plan: Co-Creating a Sustainable Future, implementation 2022-2026, and aims to
contribute to affirming the Strategic Alliance for Regional Transition (STARS EU), of which the Institution
is a partner. The implementation of this project also has the potential to contribute to a sustainable
future, in line with the Sustainable Development Goals (SDGs) of the United Nations 2030 Agenda,
namely SDG 6 - Clean water and sanitation; SDG 11 - Sustainable cities and communities, and SDG
13 - Climate action (Fig. 1).

CLEAN WATER
AND SANITATION

13 forov

3

Figure 1. Sustainable Development Goals addressed in the project [11].

In this context, and given the growing concern about water scarcity, Higher Education Institutions, as
places responsible for educating future leaders, must adopt a strong sustainability policy, namely by
implementing water efficiency measures on their Campus [12]. The use of more efficient devices and
rainwater harvesting are essential to move towards sustainable development, but awareness campaigns
and other measures to increase education on water efficiency are also needed [12,13]. A very recent
study [14] on promoting education for sustainability involves the younger generations in understanding
the importance of water resources, related urban water management, wastewater recycling and
environmental education. The study focused on the design and construction of a decentralized
wastewater treatment and reuse system for the efficient irrigation of a school garden. The success of
the study highlights the importance of integrating wastewater management and the design of
educational gardens, which can provide an ecological solution to water resource management. The
study can serve as a model for other schools to adopt a participatory approach to environmental
education, particularly regarding the importance of sustainable wastewater management. In fact,
according to [15], the teaching of water from a sustainable perspective can create awareness and values
about nature and the environment in students, knowledge that contributes to the rational use of water
and participation in sustainable development.

The HydroSAAP innovation project also aims to contribute to education for sustainable water use,
involving the academic community, residence users, and other stakeholders and can be replicated in
future research.

2 METHODOLOGY

The male student residence (Fig. 2) is located in the city of Bragancga (latitude: 41°48'20" N; longitude:
6°45'25"; altitude: 673 m), a city in the northeast of Portugal with 24,078 inhabitants [16]. The climate is
continental with Mediterranean influences. Annual mean precipitation is around 700 mm per year,
occurring mainly in autumn and winter but in a very irregular pattern [17]. The building consists of 5
floors including an attic. The building's roof is made of ceramic tiles, covering an area of 198.17 m?. It
has around 50 users (students and employees) and water consumption was previously estimated
according to the study by [18], in the following uses: showers (61%), kitchen tap (20%), urinals (7%),
flushing cisterns (5%), washbasin taps (4%), washing machine (2%) and other uses (1%). The phases
of the HydroSAAP innovation project are presented in Table 1.
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Figure 2. Location of student residence (a); front elevation (b).

Table 1. Phases of the HydroSAAP innovation project.

Phases Description

= |nstallation of a rainwater harvesting system for non-potable uses, such as:
o Floor washing and irrigation of green areas

Phase 1 - .

=  Water-efficient devices

o Showers and kitchen tap

= Estimation of water consumption per use after installation of the system and devices (by
carrying out a survey to the residents and employees, see Appendix A)

Phase 2 = Promotion of technical and scientific knowledge about the system (e.g., evaluation of the
quality of the collected rainwater considering the type of roof, local climatic conditions,
and storage time in the reservoir)

= Knowledge transfer to the academic community and other stakeholders
o Disseminate the system and devices installed and the knowledge obtained in phase 2
Phase 3 o Raise awareness of the importance of the project in water management

o Organize seminars, lectures and school visits to the building, as well as activities in
collaboration with civil society institutions such as the Ciéncia Viva Centre of Braganga

The survey about “Water consumption habits in the student residence” was approved by the Institution's
Ethics Committee at the end of November 2023 and will be addressed to the residents and employees
(see Appendix A). Water quality parameters will be determined in triplicate according to the analytical
methodology described by [7].

3 RESULTS
3.1 Phase 1

Phase 1 of the project, which includes the installation of a rainwater harvesting system for non-potable
uses, such as washing floors and watering green areas, and water-efficient devices (showers and taps),
was carried out in July 2023, involving:

¢ Intervention in the residence's rainwater drainage network, including the cutting of 2 downpipes
(DP1 and DP2) at ground floor ceiling level, the connection between them and subsequent
connection to the reservoir to be installed (Fig. 3-a and 3-b);
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e |Installation of a rainwater harvesting system, consisting of a 1.5 m® capacity reservoir and built-
in particle filter (Fig. 3-c);

¢ Installation of a pumping unit (Fig. 3-d);

o Fixing pipes to an existing wall and fitting two garden taps, as well as the respective signage by
[19] (Fig. 3-e and f);

¢ Installation of seven showers (flow rate between 5 and 7.2 L/min) and a kitchen tap (flow rate of
8 L/min) with a class A water efficiency rating and certified by a national organization (Fig. 3-g
and h).

Figure 3. Execution of the work.

3.2 Phase 2

Phase 2 is underway and aims to promote technical and scientific knowledge about the system and the
devices installed.

The survey will be addressed between March and June 2024 to users and employees at the residence to
estimate water consumption after water-efficient devices have been installed. The quality of the rainwater
collected by the system has been analyzed since September 2023 (Fig. 4-a to c). It should be noted that
the rainwater is not yet being used for the planned non-potable uses. The rainwater harvesting systems
realized according to [19] provide basic treatment by filtration (in the upstream filter) and by sedimentation
and flotation (in the reservoir). For watering green areas and floor washing, rainwater may not need any
additional treatment, provided that the requirements mentioned in [19] are observed. However, it is
recommended that the water at least fulfills the quality standards applicable to bathing water.
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Figure 4. Rainwater collection: Reservoir (a); garden tap A (b); garden tap B (c).

The preliminary results of the rainwater analyses are shown in Table 2 for samples 1 and 2 and in Table
3 for samples 3 and 4. The results of some physicochemical parameters are similar to those obtained
in the study by [7]. The highest values are observed in the first sample (Table 2), after some time with
little or no precipitation (June to August 2023) [20]. Higher values of microbiological parameters are
observed in samples 1, 2 and 3 (Tables 2 and 3), dropping significantly in sample 4 (Table 3).

Table 2. Rainwater parameters recorded in September and October 2023.

Sample 1 Sample 2
Parameters

R’ TA? B3 R’ TA? B3
Temperature (°C) 21.0 21.0 21.0 19.0 19.0 19.0
pH* 7.3 6.8 6.9 6.4 6.3 6.2
Conductivity (uS/cm) 78.5 445 45.7 27.7 234 24.8
Turbidity (NTU) 4 45 13.7 12.8 2.7 75 3.3
Alkalinity (mg CaCOs/L) 38.1 22.6 21.2 30.8 30.1 31.0
Total solids (mg/L) 0.04 0.04 0.05 0.04 0.01 0.01
Total suspended solids (mg/L) # 0.002 0.01 0.007 0.002 0.004 0.002
Hardness (mg CaCOas/L) 50.7 27.0 28.0 12.0 12.0 12.0
Nitrite (mg NO27/L) 0.11 <0.01 <0.01 0.09 0.03 0.02
Nitrate (mg NO37/L) 1.67 1.39 1.11 0.6 04 04
Ammoniacal nitrogen (mg NH,*/L) 4 4.3 2.6 3.0 1.3 1.1 1.2
Phosphate (mg POs/L) 1.3 0.4 0.5 0.7 0.6 0.6
Sulphate (mg SO4%/L) 51.8 24.6 33.9 14.7 18.5 15.0
COD (mg O2/L) 68.0 22.3 38.1 16.3 2.2 2.2
Heterotrophic plate counts 22 °C (CFU/mL) 9.5E+06 | 2.5E+06 | 3.0E+06 | 9.9E+05 | 7.0E+05 | 4.9E+05
Heterotrophic plate counts 37 °C (CFU/mL) ® 6.8E+06 | 2.5E+06 | 3.0E+06 | 7.7E+05 | 5.4E+05 | 3.1E+05
Fecal coliforms (CFU/mL) ® 1.9E+03 | 1.9E+03 | 1.6E+03 | 2.0E+02 | 8.0E+01 | 1.1E+02
Total coliforms (CFU/mL) 7.0E+05 | 5.0E+05 | 4.0E+05 | 2.8E+02 | 2.2E+02 | 1.4E+02
Fecal streptococci (Enterococci) (CFU/mL) 9 6 8 12 10 11

" Reservoir; > Garden tap A; ° Garden tap B; * Watering green spaces water quality requirements: pH: 6.0-9.0; Turbidity < 5
NTU; TSS < 10 mg/L; Ammoniacal nitrogen < 10 mg/L; Escherichia coli < 10 (CFU/100 mL) [21];  may indicate the presence
of pathogen bacteria and other microorganisms [22].
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Table 3. Rainwater parameters recorded in November and December 2023.

Sample 3 Sample 4
Parameters

R TA? TB? R TA? TB?
Temperature (°C) 17.2 17.2 17.2 16.6 16.6 16.6
pH* 6.8 6.7 6.7 6.3 6.3 6.4
Conductivity (uS/cm) 33.4 38.0 38.4 29.6 26.4 25.9
Turbidity (NTU) 4 24 1.3 1.2 1.4 1.9 1.5
Alkalinity (mg CaCOas/L) 53.4 44.8 42.2 39.6 37.0 39.6
Total solids (mg/L) 0.03 0.03 0.02 0.08 0.08 0.06
Total suspended solids (mg/L) 4 0.005 0.007 0.006 0.013 0.012 0.008
Hardness (mg CaCOa/L) 12 13 12 6 6 7
Nitrite (mg NO,7/L) 0.11 0.03 0.03 0.06 0.04 0.03
Nitrate (mg NO37/L) 1.2 1.5 1.6 2.1 1.9 1.9
Ammoniacal nitrogen (mg NH4*/L) 4 0.4 0.6 0.6 0.5 0.5 0.5
Phosphate (mg POs*/L) 0.1 0.1 0.1 0.2 0.2 0.2
Sulphate (mg SO4%/L) 29.1 29.9 27.6 31.0 27.2 27.9
COD (mg O2/L) 24.5 13.6 13.6 10.9 16.3 10.9
Heterotrophic plate counts 22 °C (CFU/mL) 2.9E+05 | 2.8E+05 | 3.0E+05 | 8.3E+04 | 1.3E+05 | 1.3E+05
Heterotrophic plate counts 37 °C (CFU/mL) ® 5.3E+04 | 1.5E+05 | 1.7E+05 | 1.0E+04 | 1.6E+04 | 3.4E+04
Fecal coliforms (CFU/mL) 5 3.7E+01 | 2.7E+01 | 3.3E+01 0 0 0
Total coliforms (CFU/mL) 9.0E+01 | 4.7E+01 | 5.7E+01 0 1 0
Fecal streptococci (Enterococci) (CFU/mL) 8 3 2 0 0 0

" Reservoir;? Garden tap A; ® Garden tap B; * Watering green spaces water quality requirements: pH: 6.0-9.0; Turbidity < 5
NTU; TSS < 10 mg/L; Ammoniacal nitrogen < 10 mg/L; Escherichia coli < 10 (CFU/100 mL) [21];  may indicate the presence
of pathogen bacteria and other microorganisms [22].

Preliminary results suggest that rainwater may fulfill quality requirements for watering green areas [21].
However, prolonged periods without rain may result in contamination of the roof with a variety of
micropollutants, some of which may exceed water quality standards [23]. Roofing material and
atmospheric deposition are the sources of contamination [23-25]. In addition, dust [26,27] and rodents,
lizards and birds’ feces, which can be the main sources of pathogens [25], can accumulate on roofs
during dry periods and affect the quality of the water collected. In areas of low industrial activity, such
as the Bragancga region, the phosphate observed is of natural origin (bird and rodent feces, mosses,
lichens and plant remains). Nitrate and nitrite, on the other hand, maybe products of road traffic [25].
Therefore, these preliminary results indicate that it is necessary to discharge at least the first rainwater
after a long dry period (first flush), as recommended by [19]. Rainwater may need to be properly treated
before it can be used for non-potable purposes, such as watering green areas or floor washing.
Therefore, given the knowledge acquired so far, further physicochemical and microbiological analyzes
will be necessary to monitor the quality of the water collected by the system according to variables such
as local climatic conditions and storage.

3.3 Phase 3

In phase 3, the project has already been combined with educational practice, having been disseminated
to the academic community through the organization of the seminar “Sustainability in the use of water:
Importance, techniques and challenges”, which took place in November 2023 at the Institution, with the
participation of experts in the field of sustainable water use and reuse, mostly involving students from
Civil and Environmental Engineering and local stakeholders (Fig. 5-a and b).
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Sustentabilidade no uso da agua:

Importincia, técnicas e desafios

SEMINARIO

Figure 5. Poster promoting the seminar (a); presentation of the HydroSAAP innovation project during the
seminar (b).

To promote education for sustainable water use, the activities of this phase have been disseminated on
the institution's internal communication channels and social networks, as well as on external
communication channels (Fig. 6-a and b).

6 | INFORMAGCAO REGIONAL it | eSTE

IPB instala sistema em residéncia estudantil
() i &
para aproveitar dgua da chuva g~

o Piors Shva, explicon que  chete ds rrstess

Figure 6. Dissemination of the project in the local newspaper (a) [28]; Wise Connect podcast episode (b) [29].

As part of this project, a master's thesis in Environmental Technology is in progress. It aims to evaluate
the potential for water efficiency and the water-energy nexus in the student residence, considering the
water and energy consumption associated with hot water production in the building and the reductions
made possible by the solutions integrated into the HydroSAAP innovation project and others to be
considered.

It is intended to continue: (i) disseminate the system and the devices installed, and the knowledge
obtained in phase 2; (ii) raise awareness of the importance of the project in water management and
organize lectures, for example on World Water Day, and school visits to the building, and (iii) promote
activities in collaboration with civil society organizations, such as the Ciéncia Viva Centre of Braganca,
to educate for the sustainable use of water.

4 CONCLUSIONS

It is critical to manage water resources sustainably and, in addition, to implement measures that lead to
water efficiency to ensure public supply and prevent the degradation of the aquatic ecosystems that
supply cities. This project could be the starting point for promoting the reduction of potable water
consumption in students’ residences, and for adapting to and minimizing the effects of the climate
change we are experiencing, helping to promote the sustainability of the urban environment and a
participatory approach to education for sustainable water use.
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APPENDIX A

Survey
Questions for residence users:

1. Age:
2. Course attended:
3. Do you play sports in your free time? [ ] Yes [ | No
3.1. If you answered “Yes”, indicate which:
3.1.1. How many times a week do you play sports?
4. How many days a week do you stay at the residence?
5. Indicate an estimate of the number of times you wash your hands while staying at the residence:
5.1. When you wash your hands, give an estimate of the:
5.1.1. Number of times you press the touch “button” (if timed touches):
5.1.2. Time that the tap remains open (in minutes/seconds, in the case of single-lever taps):
6. Indicate an estimate of the number of times you use the toilet as a building user:
6.1. Each time you use the toilet, give an estimate of the number of flushes you do:
6.2. Typically, to flush the toilet, you use:

[ ] The larger “button” (6L) [ ] The smaller “button” (3L) [ ] Both “buttons” at the same time [ | The
single “button” (if there is only one “button”)

7. Give an estimate of the number of times you shower at the residence per week:
7.1. Give an estimate, in minutes, of the time it takes to shower:
8. During your stay at the residence, do you usually shave?
[]Yes[]No
8.1. If you answered “Yes”, do you use “Gillette” or a shaver?
8.2. If you use “Gillette™:
8.2.1. Do you shave while keeping the tap water running?
8.2.2. Give an estimate of the time, in minutes, it takes to shave?
8.2.3. How many times do you shave per week?
9. Do you usually use the kitchen tap? [ ] Yes [ ] No

9.1. If you answered “Yes”, please provide an estimate of the time, in minutes, that you use that
tap each day:

10. Do you usually use the washing machine? [ ] Yes [ | No

10.1. If you answered “Yes”, please provide an estimate of the number of times you use the
washing machine each week and which washing programs you use:

Questions only for residence employees:
11. Indicate how frequently the building floor is washed:
11.1. Provide an estimate of the amount of water you use per wash:
12. Indicate how frequently green areas are watered:
12.1. Indicate an estimate of the amount of water you use to irrigate green areas:
13. Have you ever detected any loss or leak in the water networks at the residence?
[]Yes[]No
13.1. If “Yes”, describe what happened:
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