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Abstract: This work assessed the potable water savings potential for different scenarios in a flat in
Florianépolis, Brazil. An uncertainty analysis was also performed to understand which parameters
most influenced the results. First, it was necessary to evaluate the water consumption and calculate
the water end-uses during a home-office period due to the coronavirus pandemic. The water end-uses
were obtained by monitoring the users’ consumptions for sixteen days and comparing them with the
water meter on a daily basis. The results were very close to those measured using the water meter,
with an average absolute error of 5.6%. The base consumption was, on average, 249.2 litres per capita
per day. With a home-office regime and an uninterrupted occupation, the coronavirus pandemic
could be postulated to justify the more intense consumption patterns. Regarding the percentage of
non-potable end-uses, an average of 25.8% was obtained. Potable water savings were simulated using
the computer program Netuno, version 4. Seventy scenarios were evaluated, including different
rainwater catchment areas and water and rainwater demands. The main results were that rainwater
harvesting through a reduced area, 17.5% of the roof, obtained significant results, compared to the
simulation with the whole roof, with a potable water savings potential of 16%.

Keywords: rainwater; water end-uses; potable water savings potential; simulation; rainwater
harvesting; coronavirus

1. Introduction

One of the simplest methods to optimise water consumption is to return to the ancient
knowledge of rainwater harvesting systems and use rainwater for non-potable purposes in
buildings. Rainwater harvesting is a technique that has been widely known and dissemi-
nated in society for thousands of years [1]. According to Gnadlinger [1], there is no single
reason why rainwater is no longer the focus of water harvesting techniques. However, the
author comments that some factors were climate change, with droughts generating local
inefficiency of systems, the desire for a centralised water management system, and the
focus on large water supply projects, such as dams and wells.

Studies on the potable water savings potential through the implementation of rainwa-
ter harvesting systems are abundant in the literature. Examples of residential buildings [2],
industries and agriculture [3,4], schools and universities [5,6], and offices [7] are found in
the literature. Local rainwater harvesting can decrease the number of distribution pipes
and reservoirs, thus decreasing leakage losses. Lower volumes of water are also withdrawn
from rivers and aquifers, which benefits the environment. Finally, using rainwater for
non-potable purposes decreases the amount of water treatment chemicals. Studies on life
cycle analysis (LCA) have also demonstrated the potential to decrease the environmental
impacts of water supply through rainwater harvesting systems [8].
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Recently, with the coronavirus pandemic, the discussion has focused on optimised
water systems and management. This necessity also includes the reports of the Intergovern-
mental Panel on Climate Change (IPCC) and the world’s focus on water safety projects [9].
Water is a crucial asset toward sustainable and resilient cities and vital toward health and
society equity. According to the sixth Sustainable Development Goal (SDG) of the United
Nations (UN), one of the global goals is to sustainably ensure water and sanitation.

All of this information, the workplace change, fewer commuting schemes, and less
intranational and international travel have caused modifications in many water flows. Not
only have the consumption patterns been changing, but the efficiencies of optimisation
systems, such as rainwater harvesting and water-saving appliances, have also changed.

Kalbusch et al. [10] evaluated the water consumption changes in Joinville, Brazil, with
the outbreak of the coronavirus pandemic. According to statistical tests, changes were
observed in the consumption patterns of commerce, industry, and public activities, with
significant modifications. An increase of 11% in residential water consumption was also
observed but without statistical relevance. Balacco et al. [11] also observed modifications
in water consumption in five different Italian cities during the pandemic outbreak. The
authors found that users changed to a late wake-up (10:00 a.m.) as a new habit during
COVID. This modification, alongside the modification in commuting schemes, influenced
the total water demand of the cities.

Thus, this study aims to evaluate one case study with the water end-uses and simulate
the potential of potable water savings of a rainwater harvesting system during the pandemic
in southern Brazil. An uncertainty analysis was also performed to understand which
parameters most influenced the results.

2. Method

The case study consisted of two parts. The first was the water consumption analysis,
which measured the use frequencies and flow rates of the appliances while monitoring the
water meter of one flat. The measurements were made during the pandemic period, with the
social isolation of the users. The second part consisted of simulating the potential for potable
water savings through the theoretical implementation of a rainwater harvesting system.

2.1. Object of Study and Water Monitoring

A flat in a multi-family residential building in Floriandpolis, Brazil, was chosen to
be evaluated for the design of a rainwater harvesting system. The definition considered
estimating the water end-uses by monitoring the two residents for sixteen days. Figure 1
shows the location and floor plan of the flat. The green area shows the roof area owned
solely by the flat owners, and the red area shows the part of the roof shared with the
building and its residents. The flat is located at longitude 48°30'08” west and latitude
27°36'12" south.

The monitoring of water consumption was carried out through questionnaires on the
uses of the water appliances. Both residents filled out forms for sixteen days. The specific
questionnaires for each room presented items regarding the environment, water appliance,
frequency of use in the day, and the flow rate (litres/s, litres/cycle, litres/discharge, or
litres), which were counted between 00:00 and 23:59 each day.

The volume of water consumed in each water appliance was measured to calculate
the water flow. A pre-established volume was measured for showers, taps, and sinks, and
the filling time was recorded. For these appliances, an average of three measurements
was taken. Regarding bowl-and-tank toilets, the volume of water in each flushing was
measured for half and full flush.

For appliances with cycles, such as the washing machine and dishwasher, the consump-
tions indicated in the appliances’ manuals were used. For the drinking water consumption,
we used the consumptions indicated by the users at the end of the day, considering the
average number of glasses of water drunk and the glass volumes.
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Figure 1. Location of the study and floor plan of the flat [12,13].

2.2. Rainwater Harvesting System

The rainwater harvesting system was modelled based on similar works and using the
computer program Netuno, version 4. The program, created by Ghisi and Cordova [14],
was based on a deterministic water balance similar to the yield-before-spillage and yield-
after-spillage approaches. As for the simulation parameters, the program required local
pluviometry data, water consumption characteristics, technical definitions (such as first flush
volume and the runoff coefficient of the roof), and upper and lower tank volume definitions.

The goal was to analyse the potential for potable water savings under the consumption
found during the pandemic times. However, there is much variability within some of the
parameters. To include the uncertainty analysis in the simulation result, 70 different
scenarios were modelled based on the range of three parameters. Two values were used
for the harvesting area, combined with seven water demands and five rainwater demands.
Table 1 shows the data used in the simulations.

Table 1. Parameters used for rainwater harvesting simulation.

Parameter Value

Pluviometry data Obtained via INMET [15]
First flush disposal 2 mm
Harvesting area 22 m? private roof (PR)/126 m? shared and private roof (SPR)
Total water demand —15%/—10%/—5%/Water demand /+5%/+10%/+15%
Rainwater demand (% of the total water demand) 15%/20% /25%/30%/35% *
Roof runoff coefficient 0.80
Upper tank size Equal to the average daily rainwater consumption
Lower tank size Range between 1000 and 6000 litres (step of 250 litres)

* These results were found during the first part of the research and are presented in Section 3.1.

The two harvesting areas were modelled to represent the whole roof and the private
part of the roof, including the shared and individual parts. This division occurred because
one part was owned solely by the flat owners while the other was shared with other
building residents. To simplify the results, the private roof is stated as PR and was 22 m?.
Shared plus the private roof is stated as SPR and was 126 m?. Figure 1 shows the shared
part in red, while the external boundaries in green show the private area.
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3. Results and Discussion
3.1. Water Consumption and End-Uses

Water consumption was gathered and analysed in comparison to the water metering.
The results were similar, with an absolute mean error of 5.6%. This similarity meant
that, on average, daily estimates of water consumption varied by £+5.6% compared to the
values registered on the water meter. Daily average water consumption via water meters
was 249 litres/capita/day, and the average non-potable water use was estimated to be
25.8%. We considered rainwater could be used only for the washing machine and toilets as
a non-potable source.

Table 2 shows the water flow for each of the water appliances. M (millilitres) and
T (seconds) stand for the measurement and timing, according to the method shown in
Section 2.1.

Table 2. Water flow for the water appliances.

Water Appliance Room M1 T1 M2 T2 M3 T3 A;f:;:fe Unit
Kitchen tap 1225 7.13 1650 8.42 1700 10.27 0.178 litres/s
Dishwasher According to the manual 8 litres/cycle

Washing machine Kitchen According to the manual 9.4 litres/cycle

Drinking water According to the user’s measurements - litres /day
Washing tank 1500 5.88 1800 6.97 1600 6.28 0.256 litres/s
Bathroom 1 2200 11.33 2325 11.05 2340 10.89 0.206
Shower Bathroom 2 5000 24.68 2300 10.17 2400 10.84 0.217 litres/s
Bathroom for guests Average of other showers 0.212
Bathroom 1 470 4.31 450 4.26 430 3.43 0.113
Tap Bathroom 2 275 2.02 390 2.77 450 3.55 0.135 litres /s
Bathroom 3 400 3.55 450 3.84 500 3.63 0.123
Bathroom for guests 500 4.32 500 4.12 450 3.87 0.118
Bathroom 1 Length (34.5)/Width (13.3) /Depth (17.5) 1 8.030
Toilet—One flush Bathroom 2 Length (35.2)/Width (14.0)/Depth (19.2) 1 9.462
Bathroom for guests Average of other one-flush devices 8.746 litres /use
Bathroom 1 Length (34.5)/Width (13.3)/Depth (10.0) ! 4.589
Toilet—Half flush Bathroom 2 Length (35.2)/Width (14.0)/Depth (16.2) ! 7.983
Bathroom for guests Average of other half-flush devices 6.286

! Dimensions of the bowl-and-tank water volume used in each type of flush in cm.

For the different scenarios of potable water demand (range between —15 and +15%),
the minimum and maximum daily water consumption ranged between 250 and
750 litres/day. This range showed how much variability was found within the measure-
ments of daily water demand. Additionally, the daily average water consumption obtained
was higher than in previous literature, which states an average figure of
150 litres/capita/day as the Brazilian pattern.

The distributions of the water consumption within rooms and water devices are shown
in Figure 2a,b. Figure 2c shows the measured versus metered water consumption. One
can see that most of the water consumption occurred in bathroom 1, bathroom 2, and the
kitchen, with little demand in the other rooms. Regarding water appliances, consumption
was higher for showers, kitchen taps, and toilets.
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Figure 2. Results of the water monitoring. (a) water distribution in water appliances; (b) water
distribution in rooms; (c) measured versus metered water consumption.

Comparing the results to those of Freitas and Ghisi [16], one can see that this case
study flat had a higher water consumption per capita than other studies in the same
region. Additionally, they obtained a non-potable water consumption of 42.2% of the daily
water demand.

3.2. Rainwater Harvesting System

The comparison between the PR and the SPR was the first assessment, resulting in
a difference of approximately 8% in potable water savings. This assessment was performed
with the baseline consumption and the 25% non-potable water end-uses, presented in
Section 3.1. By harvesting rainwater with the 126 m? roof, 24% of potable water savings
were obtained, while with the 22 m? alternative, 16% savings were obtained. Both re-
sults were obtained with a lower tank of 3000 litres, which was indicated as the optimal
technical solution.

The second assessment was the uncertainty analysis within the results obtained in the
water metering. In order to do so, the water demand was ranged, according to Table 1. The
results were then checked for PR and SPR. The main conclusion was that the PR, a smaller
roof area for harvesting, presented more sensitivity to the total water demand. In this
scenario, rainwater was scarcer, and the potable water savings potential dropped when
higher water demand was included. For the SPR, almost all demands were met by the
rainwater harvesting systems.

The third assessment was the range of the parameter “rainwater demand”, which
ranged around the figure of 25%. The main result was the opposite of the second assessment,
with less impact on PR and more on SPR. Such a result can be explained by the analysis
that SPR provided more rainwater. In this scenario, when non-potable water was needed,
rainwater would be available in response to a larger harvesting area. The PR area, on the
contrary, did not present extra rainwater for the system, being less affected by the parameter.
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Both assessments were engaging, showing that PR harvesting proved to be a good
alternative. However, if more non-potable (more than 25%) water is needed, the SPR
alternative would become more attractive, requiring the approval of the remaining building
users. Nevertheless, by dividing the potable water savings potential of the PR by the SPR
results, a referential percentage of 65% was obtained. This result means that even with
only 17.5% of the total roof area, the users might benefit from more than half of the potable
water savings potential. It is easier to install and start a sustainable water practice within
the flat. Comparing the results to Freitas and Ghisi’s [16], one can see that this study had
a much lower potable water savings potential, mainly due to the lower non-potable water
demand. One can obtain higher figures in houses with gardens and patio cleanings.

4. Conclusions

The potable water savings potential ranged from 15.80% to 24.43% when considering
both roof area possibilities. The results were higher than those obtained in the literature for
multi-family buildings and lower than those found for single-family buildings. Addition-
ally, it was found that even the smaller roof area proved to be an exciting approach for the
users, starting a sustainable water practice in the flat.

The flat presented higher consumption than the region’s average water consumption,
and one can postulate that the continuous stay of users due to pandemic isolation might
have influenced the results. The non-potable water demand percentage for the flat was
similar to previous literature. Further studies can better understand the effects of different
user patterns, helping to improve rainwater harvesting dynamics.
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