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Abstract: This research is focused on the water usage patterns in two student residences—one for male
students (Residence I) and the other for female students (Residence II). Surveys and measurements
of flushing cisterns, taps, and shower flows were conducted to understand water use behaviors.
Scenario 1 proposed replacing washbasin and kitchen taps and installing flow reducers in showers,
while Scenario 2 combined Scenario 1 with a rainwater harvesting system for recharging flush cisterns.
Showers were found to be the most water-consuming devices, accounting for 46% and 61.41% of water
consumption in Residences I and II, respectively, followed by kitchen taps (31.51% in Residence I and
11.52% in Residence II). The flushing cistern consumption was 7.02% in Residence I and 13.22% in
Residence II. The implementation of Scenario 1 anticipates a 13% reduction in total water consumption
in Residence I and a 10% reduction in Residence II. The reduction in hot water consumption would
result in a decrease in annual electricity consumption by 27.8% and 23.06% in Residence I and II,
respectively. With the implementation of Scenario 2, the total potential water savings for Residence I
could increase to 19.98%, and for Residence II, it could rise to 23.17%. The proposed measures aim to
enhance water sustainability in these buildings and can be replicated elsewhere.

Keywords: water efficiency; male residence; students’ university residence; female residence; rainwater
harvesting system (RWHS); water and electricity bill reduction

1. Introduction

The rapid growth in urban populations, changes in lifestyles, and increasing water
pollution have led to a continuous increase in water demand, posing a threat to freshwater
ecosystems and available water resources [1,2]. Additionally, climate change is exacerbat-
ing this scenario, resulting in water scarcity and shortages as a global challenge [3]. In
the European Union, water scarcity has worsened since 2010, with 29% of the territory
experiencing water stress for at least one season in 2019 [4,5]. This issue is particularly
noticeable in southern Europe and the Iberian Peninsula, where Portugal is located. Indeed,
these regions are currently experiencing extremely hot summers, increasingly frequent and
severe heat waves, and changes in the precipitation pattern, making them more vulnerable
to the impact of climate change [6]. Portugal is already facing severe changes in its hydro-
logical resources. In 2022, 60.4% of the Portuguese territory was in severe drought and
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39.6% in extreme drought [7]. Nevertheless, the mean daily water consumption in Portugal
is estimated at 175 L per inhabitant. [8]. Buildings are among the highest consumers of
potable water globally [9], affecting the urban water cycle and contributing to climate
change. Indeed, water treatment processes, water delivery to consumers, and wastewater
treatment use significant energy, contributing to increasing CO2 emissions [10,11]. It has
been reported that public buildings are the most significant water consumers in cities,
often leading to high levels of water waste [12–14]. One of the leading causes of this
phenomenon is that users are not directly paying for water bills and are not personally
motivated to reduce them because they are frequently unaware of the necessity of water
conservation [15–17]. Higher education institutions are known to be significant consumers
of water and energy [13,17–19]. However, given their intellectual capital and influence,
they have a unique opportunity to propose water management strategies and take the lead
in implementing sustainable water use measures within their buildings, setting a powerful
example for all sectors of society [17,20,21]. Nonetheless, there are various barriers to
achieving sustainability, like those faced by other public buildings. These also include a
lack of knowledge and interest within the academic community, limited time available
for academics, resistance from staff towards new attitudes and procedures, and a lack of
societal pressure [21]. Additionally, the diversity in water and energy end-uses makes
analyzing water consumption and planning for water conservation challenging [17].

Despite the mentioned difficulties, research on water conservation in higher edu-
cation institutions worldwide shows significant potential for water savings in various
end-uses [10,12,13,16,17,19,21–24]. Inadequate management of water consumption can
have significant socioeconomic and environmental impacts in the cities where these institu-
tions are located, particularly in smaller towns [25]. Therefore, it is essential to implement
sustainability measures to mitigate the negative impacts of higher education institutions
on the surrounding environment. Several authors have proposed alternative solutions for
sustainable water use, particularly to address extreme climate scenarios. These solutions
include reducing water consumption through the adoption of more efficient devices (e.g.,
taps and flushes) and minimizing water waste [9,12,26], as well as seeking alternative water
sources (e.g., rainwater or treated wastewater), thereby reducing reliance on natural water
sources [3,9,27–29].

This research is the first at the Polytechnic University of Bragança (Portugal) to address
water sustainability, focusing on two student residences: one for male and the other for
female students. The decision to focus this research exclusively on student residences is due
to the scarcity in the existing literature and the high water consumption reported in these
buildings [30–33]. The selected residences were chosen because institutional managers
highlighted that both buildings showed unexpectedly high water consumption (more
information in Section 2.1). This study aimed to assess water demand in two university
residences; propose measures for efficient water use, including associated costs; and
evaluate the feasibility of integrating these measures with the installation of a rainwater
harvesting system (RWHS) for recharging flushing cisterns.

2. Materials and Methods
2.1. Location and Characteristics of the Residences

The two residences under study are located in the city of Bragança (northeastern Portu-
gal), which has 22,685 inhabitants [34] and experiences a continental climate with Mediter-
ranean influences. The precipitation pattern is irregular, with most rainfall occurring be-
tween October and April, and an annual average of approximately 700 mm [35]. Water con-
sumption in Bragança is high by Portuguese standards, averaging around 10,294 m3/day,
with 80% used for domestic activities and the remaining 20% for industrial activities and
local commerce. The per capita domestic consumption was estimated by ERSAR [8] at
260 L/inhabitant/day.

The university student residences, which opened in 2012, are located outside the
campus in the city center. Each building consists of three floors. Residence I (male residence)
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features 12 bedrooms, including twin and triple rooms; 10 sanitary facilities; a kitchen
with a dining hall; a laundry room; and a communal leisure area, accommodating up to
16 residents. Residence II (female residence) has ten bedrooms, including twin and triple
rooms; 12 sanitary facilities; a kitchen with a dining hall; a laundry room; and a communal
leisure area, and can accommodate up to 25 residents. The roof area of Residence I is
184.14 m2, while Residence II has a roof area of 278.71 m2, both covered with ceramic
tile roofs. The number and types of water devices in both residences are detailed in
Table 1. During the research period in 2023, each residence had 6 users. Despite having low
occupancy rates, both buildings exhibited the highest average annual water consumption
of around 300 m3 and electricity usage of 47,781 kWh in Residence I and 60,317 kWh in
Residence II. Since they were single-gender residences, it was possible to compare the effect
of gender on water demand. Water consumption and energy usage with showers and
kitchen taps were also estimated for maximum residence occupancy.

Table 1. Quantity and types of water devices in each residence.

Water Devices Residence I Residence II

Washbasin timer taps 2 2
Washbasin mixer taps 10 16

Kitchen taps 1 1
Flushing cisterns with double discharge 10 12

Ceiling mount shower system 8 16
Urinals 1 1

Washing machine 1 1

2.2. Water Consumption Characterization

The flushing cisterns in Residence I are dual-flush (6 L/3 L), and the urinals have a
flush volume of approximately 2 L. In Residence II, the flushing cisterns are dual-flush
(4.5/3 L). The water consumption for these devices was calculated using the following equation:

Cw = Σ(Vi × f i) (1)

• i: each of the existing devices;
• V: flushing volume (L);
• f : daily frequence of use.

To measure the water consumption of timer taps, a 1 L calibrated beaker was used
while the taps were on. The flow rates of washbasins and kitchen taps were determined by
recording the time it took to fill a 1 L calibrated beaker. Shower flow rates were determined
by recording the time it took to fill a 10 L capacity bucket to a certain volume, “X”, and
then obtaining the final volume with a calibrated beaker. All measurements were repeated
three times with the devices in the position of use.

The water consumption for these devices was calculated using the following equation:

Cw = Σ(Qi × f i × ti) (2)

• i: each of the existing devices;
• Q: water flow (L);
• f : daily frequence of use;
• t: duration of each use (minutes).

According to the manufacturer’s specifications, the washing machines in both resi-
dences were estimated to use an average of 45 L of water per wash. In both residences, the
water heating systems utilize a heat pump with a coefficient of performance (COP) of 2.97.

Surveys (Appendix A) were conducted to discern water use behavior and patterns of
both the users and the cleaning staff. Due to the small number of users (6 in each residence),
all were surveyed in person in their respective residence. Additionally, to minimize biases,
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each resident was asked to simulate their usual water usage by using the flushing cisterns
and opening taps and showers as they normally would. The data collected enabled to
estimating the average daily frequency of use for all devices, as well as the average daily
duration of each use for taps and showers. The cleaning staff were asked to fill the bucket
as usual when cleaning the building. The volume of water was measured using a 1 L
graduated beaker.

2.3. Water Use Efficiency Measure Impact

Considering the obtained results for water consumption, suggestions for more efficient
devices were proposed to achieve higher water efficiency, according to the Portuguese
Labeling System [36], which promotes water-saving technologies as a crucial aspect of na-
tional water management strategies. According to this system, water devices are classified
from A to E, with “A” indicating the highest efficiency and “E” representing the lowest.
The proposed measures were organized into scenarios (Table 2).

Table 2. Proposed water-saving scenarios in both residences.

Scenario Measures

1
• Washbasin mixer tap replacement with more efficient ones (5 L/min)
• Kitchen tap replacement by one more efficient (8 L/min)
• Installation of shower flow regulator devices

2 • Scenario 1 + simulation of a RWHS for recharging the flushing cisterns

Energy consumption by showers and taps depends on the amount of hot water
consumed by the users [26,31,37–39]. According to [37,38], the percentage of hot water
consumed in relation to all the water used can be considered 100%, whereas for kitchen taps,
it corresponds to 56% of all consumed water. Therefore, before and after the simulation of
Scenario 1, the energy consumption associated with hot water consumption by showers
and kitchen taps was calculated according to the following equation:

Energy consumption (kWh) =
ρ × V × Cp × ∆T

3.6 × 106 × η
(3)

• ρ: water density (ρ = 1000 kg/m3).
• Cp: specific heat of water (Cp = 4187 J/kg × K).
• V: consumption of hot water/resident (L).
• ∆T: Denotes the difference between the cold water inlet temperature and the hot water

outlet temperature (◦C). According to the long-term climate series [40], the average
annual water temperature in Bragança was estimated at 12.3 ◦C. The water heating
system raised the temperature to 60 ◦C, resulting in a temperature variation of 47.7 ◦C.

• η: efficiency of the heating system, which in the present study is 2.97 for both residences.

In Scenario 2, the inclusion of a RWHS was simulated to recharge flush cisterns, as
the water used in these devices can be sourced from non-potable supplies. Since this
is a hypothetical scenario, an approximate sizing method was applied, as suggested by
Sousa et al. [41], assuming uniform discharge over time and excluding considerations of
heavy rainfall or prolonged droughts [42,43]. The design of the rainwater storage structure
adhered to the criteria and procedures outlined in the Technical Specification ETA 0701 [42],
with the volume of usable rainwater estimated using Equation (4).

Va = C × P × A × η f (4)

• Va: volume of rainwater in the reference period (L);
• C: runoff coefficient (dimensionless);
• P: average precipitation accumulated at the site (mm);
• A: catchment area (roof) (m2);
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• η f : hydraulic filtering efficiency (dimensionless).

The C value was set at 0.9, which is typical for ceramic tile roofs, and the ηf value at
0.9, representing the maximum hydraulic filtration efficiency [42]. The average monthly
precipitation was statistically estimated using records from 2013 to 2023 [35].

Concomitantly, the economic viability of each proposed water efficiency measure
was assessed. This involved evaluating the initial investment required to implement the
measures, the potential decrease in water bills due to improved water efficiency, and
the timeframe for investment turnover. In the present study, the inflation rates were not
considered. The cost of the associated works for the RWHS installation was not determined
in the present approach, so in Scenario 2, the investment turnover was not estimated.

3. Results and Discussion
3.1. Characterization of Water Devices and Their Use Patterns

The survey data indicated that male users typically spend 5.5 days per week at the
residence, while female users spend 6.4 days per week. Students were in residence all year
except in August.

3.1.1. Showers

The current average flow rate was 9.1 L/min; each user takes an average of 8.5 min to
shower, 7.5 times/week (Residence I). In Residence II, the average flow rate was 9.2 L/min,
with each user taking an average of 10.40 min to shower, 7.75 times/week. These devices
are classified as water category B in Residence I and C in Residence II.

3.1.2. Flushing Cisterns

The average discharge volume in Residence I is 6 L, and in Residence II, it is 4.5 L.
Considering the surveys, it was estimated that the toilet bowl was used 1.5 times/day/user
in Residence I, and there were 1.75 discharges per use. In Residence II, the toilet bowl was
used 2.6 times/day/user, and at two discharges per use. The water category efficiency of
flushing cisterns is A++.

3.1.3. Urinals

According to data obtained in surveys, the average user used these devices 2.25 times/day
and discharged 1.25 times/user/day. The average discharge volume for these devices is
2 L (water category efficiency A).

3.1.4. Taps

• WC basin single-lever taps: These taps had an average flow of 13.29 L/min, and
the estimated number of total uses was around three times/day/user; each use is
on for approximately 0.18 min (Residence I). In Residence II, these taps presented
an average flow of 14 L/min, and the estimated number of total uses was around
3.4 times/day/user; each use was on for approximately 0.23 min. The water category
efficiency of these devices is E.

• Timed flow tap: The average flow is 3.63 L/min in both residences. Each use is on
for approximately 7.45 s, and it is used 0.33 and 0.38 times/day/user in the male and
female residences, respectively. Their water category efficiency is A.

• Kitchen tap: The average flow is 10.6 L/min, and it is used for 6.67 min/day/user
(Residence I). In Residence II, the average flow is 9.9 L/min, and it is used for
2.20 min/day/user. Their water category efficiency is C.

3.1.5. Washing Machines

There is one washing machine in both residences. Each device uses 45 L for each cycle
of washing. This device is used once per user/week.
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3.1.6. Build Cleaning

According to the staff surveys, an average of 470 and 300 L/week is used to clean the
Residence I and II, respectively.

3.2. Water Use Characterization

Based on the characterization of the water devices and users water use patterns, the
estimated current average total annual water consumption in Residence I and II were
325.67 and 318.80 m3/year, respectively. These estimates were aligned with the annual
water bills provided by the university managers. The research carried out in student
residences and dormitories in Belgium, Malaysia, and the USA found that the daily per
capita water demand ranged from 89.5 L [33] to over 300 L [30,32]. Residences I and II had
a daily water consumption of 224 and 219 L per user, respectively, which are among the
highest values reported in these international studies.

The most water-consuming devices were showers, accounting for 46% and 61.41% of
water consumption in Residences I and II, respectively, followed by kitchen taps (31.51%
in Residence I and 11.52% in Residence II). Although the flushing cisterns were water
consumption-efficient, the consumption concerning these devices was still 7.02% in Res-
idence I and 13.22% in Residence II (Figure 1). Estimates for washbasin timed flow taps
were not visually represented in Figure 1 because they accounted for only 0.17% of the
water consumed in Residence I and 0.23% in Residence II.
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The literature review conducted by [44] on the impact of gender on residential water
demand found mixed results. It revealed that water consumption behavior is also influ-
enced by various factors such as social, economic, cultural, and ideological elements [44,45].
Nevertheless, the present research is aligned with most existing studies, indicating that
women generally consume more water than men [22,30,32,44]. The higher water consump-
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tion by women is attributed to longer showers [46] and differences in restroom fixtures
(urinals use less water than toilets) [44]. It is not clear whether there were differences in
water usage with regard to kitchen taps between genders, as kitchen taps have different
water flows, and students have access to low-cost meals in university canteens. Surveys
have indicated that students rarely cook at residences. When they do, they tend to use
ready-to-eat food, which requires less residential water for preparation.

3.3. Implementation of Water-Saving Measures

Therefore, the data on water consumption indicated a potential to reduce water
consumption in both residences. Scenario 1 (Table 2) proposed replacing all washbasin
mixers and kitchen taps with more efficient devices (water efficiency category A). The
proposal also included installing flow reductors for the showers. The washbasin mixer
taps will be replaced with an average flow of 5 L/min, each priced at EUR 138 + VAT
(2023 prices). This change is anticipated to decrease average water consumption from
10.13 to 3.81 m3/year in Residence I and 18.34 to 6.65 m3/year in Residence II. Kitchen taps,
with an average flow of 8 L/min, can also be replaced for EUR 153 + VAT (2023 prices),
resulting in a decrease in water consumption from 102.61 to 77.44 m3/year in Residence
I and from 36.73 to 29.74 m3/year in Residence II. As for showers, it was recommended
to install a shower flow regulator device in all showers to reduce the flow to 9 L/min at
a cost of EUR 2.85 + VAT (2023 prices). A water consumption reduction is expected from
149.79 to 139.30 m3/year in Residence I and a decrease from 195.76 to 182.06 m3/year in
Residence II.

In Scenario 2, a combination of Scenario 1 with the simulation of a RWHS implemen-
tation was proposed for recharging the flushing cisterns. After considering the monthly
consumption and the available rainwater volume, it was found that the generated water
was enough to recharge the flushing cisterns in both residences (Tables 3 and 4).

Table 3. RWHS cistern simulation in Residence I.

Month
Monthly

Precipitation
(mm)

Roof Area
(m2)

Available
Rainwater

Volume (m3)

Monthly
Consump-
tion (m3)

Available—
Consumption

(m3)

Cistern
Volume (m3)

Water at the
End of the

Month (m3)

Public
Network

Supply (m3)

October 102.57

184

15.30 2.82 12.48

1.50

1.50 0.00
November 91.37 13.63 2.82 10.81 1.50 0.00
December 99.87 14.90 2.82 12.08 1.50 0.00

January 91.57 13.66 2.82 10.84 1.50 0.00
February 73.74 11.00 2.82 8.18 1.50 0.00

March 71.05 10.60 2.82 7.78 1.50 0.00
April 72.18 10.77 2.82 7.95 1.50 0.00
May 45.91 6.85 2.82 4.03 1.50 0.00
June 32.45 4.84 2.82 2.02 1.50 0.00
July 10.72 1.60 2.82 −1.22 0.28 0.00

August 13.52 2.02 2.82 −0.80 0.00 0.52
September 47.24 7.05 2.82 4.23 1.50 0.00

Total 752.19 112.19 33.840 0.52

Table 4. RWHS cistern simulation in Residence II.

Month
Monthly

Precipitation
(mm)

Roof Area
(m2)

Available
Rainwater

Volume (m3)

Monthly
Consump-
tion (m3)

Available
Consump-
tion (m3)

Cistern
Volume (m3)

Water at the
End of the

Month (m3)

Public
Network

Supply (m3)

October 102.57

279

23.16 3.88 19.28

1.5

1.50 0.00
November 91.37 20.63 3.88 16.75 1.50 0.00
December 99.87 22.55 3.88 18.67 1.50 0.00

January 91.57 20.67 3.88 16.79 1.50 0.00
February 73.74 16.65 3.88 12.77 1.50 0.00

March 71.05 16.04 3.88 12.16 1.50 0.00
April 72.18 16.30 3.88 12.42 1.50 0.00
May 45.91 10.36 3.88 6.48 1.50 0.00
June 32.45 7.33 3.88 3.45 1.50 0.00
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Table 4. Cont.

Month
Monthly

Precipitation
(mm)

Roof Area
(m2)

Available
Rainwater

Volume (m3)

Monthly
Consump-
tion (m3)

Available
Consump-
tion (m3)

Cistern
Volume (m3)

Water at the
End of the

Month (m3)

Public
Network

Supply (m3)

July 10.72 2.42 3.88 −1.46 0.04 0.00
August 13.52 3.05 3.88 −0.83 0.00 0.79

September 47.24 10.66 3.88 6.78 1.50 0.00
Total 752.19 169.81 46.56 0.79

For Residence I, a RWHS cistern with a volume of 1.5 m3 will enable the collection
of 33.32 m3 (98.45%) of rainwater, with the need for public water supply only in August
(0.52 m3). Similarly, for Residence II, a RWHS cistern with the same volume will allow for a
total rainwater harvesting of 45.77 m3 (98.31%), requiring water from the public supply only
in August (0.79 m3). Scenario 2 was also simulated considering the maximum occupancy
of the residences, resulting in cistern volumes of 1.5 m3 for both residences. In Residence I,
the RWHS can capture a maximum of 76.49 m3 (84.76%), requiring approximately 13.75 m3

of mains water between June and September (Table A1, Appendix B). In Residence II,
147.12 m3 (76.77%) can be captured, necessitating the use of 44.52 m3 of public network
water between May and September (Table A2, Appendix B). The cisterns would be installed
on the ground, with prefabricated high-density polyethylene models being the most suitable
due to their ease of installation, operation, and maintenance. Additionally, these cisterns
are easier to relocate and do not cause a visual impact on the urban space.

Estimates of annual water consumption, annual water savings, and equipment and
energy costs, both with and without the implemented measures, along with the expected
payback period for the investment in each scenario, are presented in Table 5 (for Residence
I) and Table 6 (for Residence II). The cost of installing the RWHS network was not estimated
due to the lack of relevant plans. The estimated cost for the required equipment includes
the cistern, pumps, filters, valves, drainage pipes, and rainwater distribution network.
Without detailed information on the water network, it is difficult to determine the necessary
pumping system and the cost of the rainwater distribution network. Additionally, the
impact of RWHS on energy consumption was not assessed because it depends on the
required pumping system [47].

Table 5. Water and energy consumption and cost without and with water-saving measures and
investment turnover in Residence I.

Scenario 1 Scenario 2 Scenario 1 * Scenario 2 *

Total water consumption without measures (m3/year) 325.67 325.67 835.54 835.54
Predicted water consumption with measures (m3/year) 283.68 260.61 723.71 654.81
Predicted water saving (m3/year) and (%) 41.99 (12.89) 65.06 (19.98) 111.83 (13.38) 180.73 (21.63)
Predicted equipment costs (EUR) 1 1550.80 a - 1550.80 a -
Annual water bill without measures (EUR) 2 1787.40 1787.40 4560.98 4560.98
Predicted annual water bill with measures (EUR) 2 1558.86 1433.40 3950.45 3577.80
Annual water bill reduction (EUR) 2 228.54 354.00 610.53 983.18
Energy consumption without measures (kWh) 3 16,292.53 - 43,446.72 -
Energy consumption with measures (kWh) 3 11,762.40 - 31,366.40 -

Predicted energy saving (kWh) and (%) 4530.13 (27.80) - 12,080.32
(27.80) -

Annual energy bill without measures (EUR) 4 2268.77 - 6050.04 -
Predicted Annual energy bill with measures (EUR) 4 1495.78 - 3988.73 -
Energy bill reduction (EUR) 4 772.99 - 2061.31 -
Investment turnover (years) 1.55 - 0.58 -

* Residence with maximum occupancy; a price + VAT; 1 Scenario 1 devices. The maintenance costs were not
considered because the IPB’s staff carry this out; 2 calculated according to the municipality’s water price estimation
methodology; 3 total energy consumption by kitchen taps and showers considering all residents calculated
according to Section 2.3. 4 Calculated according to the energy bills provided by the electricity company.
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Table 6. Water and energy consumption and cost without and with water-saving measures and
investment turnover in Residence II.

Scenario 1 Scenario 2 Scenario 1 * Scenario 2 *

Total water consumption without measures (m3/year) 318.8 318.8 1286.45 1286.45
Predicted water consumption with measures (m3/year) 286.32 244.94 1151.20 1020.05
Predicted water saving (m3/year) and (%) 32.48 (10.19) 73.86 (23.17) 135.25 (10.51) 266.40 (20.71)
Predicted equipment costs (EUR) 1 2406.60 a - 2406.60 a -
Annual water bill without measures (EUR) 2 1787.40 1787.40 7013.90 7013.90
Predicted annual water bill with measures (EUR) 2 1573.20 1348.10 6282.50 5564.70
Annual water bill reduction (EUR) 2 214.20 439.30 731.40 1449.20
Energy consumption without measures (kWh) 3 14,347.38 - 59,783.25 -
Energy consumption with measures (kWh) 3 11,039.52 - 45,998.00 -
Predicted energy saving (kWh) and (%) 3307.86 (23.06) - 13,785.25 (23.06) -
Annual energy bill without measures (EUR) 4 1997.90 - 7602.38 -
Predicted Annual energy bill with measures (EUR) 4 1537.29 - 5849.37 -
Energy bill reduction (EUR) 4 460.61 - 1753.01 -
Investment turnover (years) 3.57 - 0.97 -

* Residence with maximum occupancy; a price + VAT; 1 Scenario 1 devices. The maintenance costs were not
considered because the IPB’s staff carry this out; 2 calculated according to the municipality’s water price estimation
methodology; 3 total energy consumption by kitchen taps and showers considering all residents calculated
according to Section 2.3. 4 Calculated according to the energy bills provided by the electricity company.

If Scenario 1 were implemented in the residences, there would be a 13% reduction
in water consumption in Residence I and a 10% reduction in Residence II. The reduction
in hot water consumption would lead to a decrease in annual electricity consumption
of 27.8% and 23.06% in Residence I and II, respectively (Tables 5 and 6). Currently, the
annual energy consumption per person for showers and kitchen tap water heating is
2715.42 kWh and 2391.33 kWh in Residence I and Residence II, respectively. With the
proposed efficiency measures for both devices, the annual energy consumption per person
is expected to decrease to 1960.40 kWh and 1839.92 kWh in Residence I and Residence II,
respectively. In Portugal, generating 1 MWh of electrical energy emits 0.151 tCO2 eq [48].
Therefore, 0.41 tCO2 eq/year/device/person and 0.36 tCO2 eq/year/device/person are
produced in Residence I and Residence II, respectively. If the measures were implemented,
emissions would decrease to 0.30 tCO2 eq and 0.28 tCO2 eq in Residence I and Residence II,
respectively. Therefore, the present research demonstrates that investing in water efficiency,
particularly in water-efficient devices, has the potential to be highly viable in both financial
and environmental terms. The short payback period and low initial investment suggest
that investing in water-efficient solutions is an attractive and achievable option.

Thus, water savings for Residence I could reach around 20.0%, while in Residence II,
only Scenario 2 could increase savings by up to 23.2%. The combination of consumption
reduction measures with the implementation of RWHS mitigates the effects of low rainfall
during the summer period. The expected irregularity of precipitation in the region [35,49],
which may be exacerbated during prolonged droughts or by intense, short-term rainfall,
presents a challenge to the sustainability and resilience of these systems. However, it is
believed that continued use will remain viable for saving potable water in applications
where drinking water is not required. Although this study did not address the seasonal
variation in water consumption, the analysis of the water bills provided by the university’s
managers indicates that water consumption remains relatively constant throughout the
year, with a sharp reduction during the summer vacation (August). This assumption is
also corroborated by [10,30]. Ref. [10] demonstrated that the reliability of RWHS in Aveiro
University buildings (Portugal) during the summer months is not significantly affected.

The water quality is another challenge to the RWHS’s viability. Even though flushing
cisterns can be replenished with non-potable rainwater, the water used in these devices
has quality requirements [50]. Roof runoff entering the RWHS can be contaminated with
several pollutants accumulated on rooftops during dry periods, affecting the harvested
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water quality [51]. Therefore, it is necessary to dispose of at least the first rainwater after
a long dry period (first flush), as recommended by [42], which can affect the amount of
stored water. However, the main challenge associated with installing RWHS is the extended
payback period. According to [41], this period can stretch up to 19 years. Coupled with
the low water prices [52], university managers may perceive this investment as costly and
unprofitable. Despite the RWHS’s potential limitations, when making decisions concerning
its installation, it is essential to consider the trade-off between these limitations and the
positive environmental impacts [27–29,47,53,54]. Additionally, there is a need for further
research to understand the functionality of these systems, and the promotion of students,
decision-makers, and citizen literacy regarding sustainable water use [55].

4. Conclusions

This research directly measured water usage in student residences, allowing for re-
alistic measures to be proposed for improving water savings and reducing bills, whether
implemented in conjunction with the RWHS or not. Therefore, the main strength lies in
proposing measures for more efficient water devices. These measures have the potential
to be financially and environmentally viable, making them suitable for immediate broad
implementation. Furthermore, this approach can be easily replicated elsewhere. Another
strength is that the data collected on students’ water usage behavior can be used to shape
future educational programs. These programs can raise awareness among students about
the importance of reducing water consumption and can be expanded to the entire institu-
tional population and society. This type of research can also help establish partnerships and
leverage the diverse skills of teachers, researchers, students, and staff. Importantly, it will
lead to initiatives related to environmental activities at the university and in society, creat-
ing an institutional environment that supports and actively encourages the implementation
of environmental management measures and projects aimed at sustainable water use. On
the other hand, the main weakness of this research is the small size of the student sample,
consisting of only six male and six female participants. This sample may not represent
the entire student population, preventing the analysis of how factors such as nationality
and cultural and educational background could influence water usage behavior. Another
significant weakness was the inability to conduct a seasonal and interannual analysis of
water consumption and weather variability, which are essential for evaluating the perfor-
mance of the RWHS. Therefore, future research should focus on 1. conducting long-term
studies with a larger and more diverse group of students to analyze water consumption
patterns over multiple years and 2. evaluating the performance of the RWHS during dry
and wet seasons/years to understand the impact of weather and climate changes on the
system’s efficiency.
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Appendix A

Survey:

This survey was conducted on all users of Residences I and II, with specific questions
addressed to the cleaning staff.
1. Gender:
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This survey was conducted on all users of Residences I and II, with specific questions 
addressed to the cleaning staff. 
1. Gender:  ⎕ Male  ⎕ Female 

2. Age: _________ 

3. How many days a week do you stay at the Residence? ___________ 

4. How often do you wash your hands at the Residence?  

4.1. How many times do you usually press the push button of the tap? (in the case of the 
timer taps) _______ 

4.2. How long does the tap remain open while you use the single lever taps? _______ 

How often do you use the toilet at the Residence? _______ 

5.1. Indicate the number of flushes each time you use the toilet: _______ 

5.2. What “button” do you usually flush when you use the toilet?  

- The larger “button” (6 L) ⎕  

- The smaller “button” (3 L) ⎕  

- Both “buttons” at the same time ⎕  

- The single “button” (if there is only one “button”) ⎕  

6. Please estimate the number of times you shower each week: _______________ 

6.1. Give an estimate, in minutes, of the time it takes to shower: _______________ 

7. Do you usually use the washing machine at the Residence?  ⎕ Yes  ⎕ No  

7.1. If you answered “Yes”, please estimate the number of times you use the washing ma-
chine each week: _______________ and which washing programs you use 
____________________________________________________________. 

  

Male
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7.1. If you answered “Yes”, please estimate the number of times you use the washing ma-
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____________________________________________________________. 

  

Female
2. Age: _________
3. How many days a week do you stay at the Residence? ___________
4. How often do you wash your hands at the Residence?
4.1. How many times do you usually press the push button of the tap? (in the case of the
timer taps) _______
4.2. How long does the tap remain open while you use the single lever taps? _______
How often do you use the toilet at the Residence? _______
5.1. Indicate the number of flushes each time you use the toilet: _______
5.2. What “button” do you usually flush when you use the toilet?

- The larger “button” (6 L)
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7.1. If you answered “Yes”, please estimate the number of times you use the washing ma-
chine each week: _______________ and which washing programs you use 
____________________________________________________________. 

  

- The smaller “button” (3 L)
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1. Gender:  ⎕ Male  ⎕ Female 

2. Age: _________ 

3. How many days a week do you stay at the Residence? ___________ 
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- Both “buttons” at the same time
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7. Do you usually use the washing machine at the Residence?
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7.1. If you answered “Yes”, please estimate the number of times you use the washing ma-
chine each week: _______________ and which washing programs you use ____________________________________________________________.
8. Do you usually use the kitchen tap at the Residence?
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8.1. If you answered “Yes,” please estimate the amount of time, in minutes, that you use
the tap each day: _______________
9. Do you cook your lunch and/or dinner while you are at the Residence?
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____________________________________________________________. 

  

No
9.1. If “Yes”, how often do you cook? _______________
9.2. If “Yes”, is the stove gas or electric? _____________
10. Have you ever detected a leak in the residence water networks?
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2.1. With a mop? _______ How many times a day? _______
2.2. What is the capacity of the bucket? _______
2.3. How many times do you fill the bucket? _______

Appendix B

Table A1. RWHS simulation in Residence I with maximum occupancy.

Month
Monthly

Precipitation
(mm)

Roof
Area
(m2)

Available
Rainwater

Volume (m3)

Monthly
Consumption

(m3)

Available
Consumption

(m3)

Cistern
Volume

(m3)

Water at the
End of the

Month (m3)

Public
Network

Supply (m3)

October 102.57

184

15.30 7.52 7.78

1.50

1.50 0.00
November 91.37 13.63 7.52 6.11 1.50 0.00
December 99.87 14.90 7.52 7.38 1.50 0.00

January 91.57 13.66 7.52 6.14 1.50 0.00
February 73.74 11.00 7.52 3.48 1.50 0.00

March 71.05 10.60 7.52 3.08 1.50 0.00
April 72.18 10.77 7.52 3.25 1.50 0.00
May 45.91 6.85 7.52 −0.67 0.83 0.00
June 32.45 4.84 7.52 −2.68 0.00 1.85
July 10.72 1.60 7.52 −5.92 0.00 5.92

August 13.52 2.02 7.52 −5.50 0.00 5.50
September 47.24 7.05 7.52 −0.47 0.00 0.47

Total 752.19 112.19 90.240 13.75

Table A2. RWHS simulation in Residence II with maximum occupancy.

Month
Monthly

Precipitation
(mm)

Roof
Area
(m2)

Available
Rainwater

Volume (m3)

Monthly
Consumption

(m3)

Available
Consumption

(m3)

Cistern
Volume

(m3)

Water at the
End of the

Month (m3)

Public
Network

Supply (m3)

October 102.57

279

23.16 15.97 7.19

1.50

1.50 0.00
November 91.37 20.63 15.97 4.66 1.50 0.00
December 99.87 22.55 15.97 6.58 1.50 0.00

January 91.57 20.67 15.97 4.70 1.50 0.00
February 73.74 16.65 15.97 0.68 1.50 0.00

March 71.05 16.04 15.97 0.07 1.50 0.00
April 72.18 16.30 15.97 0.33 1.50 0.00
May 45.91 10.36 15.97 −5.61 0.00 4.11
June 32.45 7.33 15.97 −8.64 0.00 8.64
July 10.72 2.42 15.97 −13.55 0.00 13.55

August 13.52 3.05 15.97 −12.92 0.00 12.92
September 47.24 10.66 15.97 −5.31 0.00 5.31

Total 752.19 169.81 191.64 44.52
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