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Abstract- Rainwater harvesting is a sustainable
practice that presents itself as an effective solution
for water management, especially in regions facing
water scarcity. The potential for human water
consumption has significantly decreased in recent
years, due not only to the degradation of direct and
surface water sources but also to the reduced
availability of potable water, which faces a scarcity
both in Brazil and worldwide. In this context, acting
locally by promoting alternative methods is crucial to
meet the demand for this vital resource. Rainwater
harvesting for use in buildings emerges as a viable
alternative. The economic and cultural impact of this
strategy is extremely relevant, as demonstrated in this
work through a case study in the city of Itabirito, in
the state of Minas Gerais. Utilizing dimensioning
methods regulated by Brazilian standards, the use of
rainwater harvesting systems in single-family homes
proved effective. It was found that the necessary
investment ranges from very low to low, leveraging
the existing characteristics and structures in the
residence to implement the system. Thus, it is
concluded that a techno-economic analysis is
indispensable to certify the viability of the
investment, highlighting the importance of rainwater
harvesting as a crucial measure for sustainable water
management.

Indexed Terms- Rainwater harvesting; Water
scarcity; Reservoir.

l. INTRODUCTION

Water is an essential natural resource for the life of
humans, animals, and plants. However, in recent
decades, the world has been facing a severe crisis of
depletion of this vital resource, resulting from the
excessive use of surface water sources and pollution
not only of direct water bodies but also of
groundwater. This degradation compromises water
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availability and underscores the urgency of sustainable
practices for water management and conservation.

The increasing water scarcity in various regions of
Brazil highlights the need for efficient management
strategies. Rainwater harvesting emerges as a viable
alternative for reducing the consumption of potable
water in residences. According to Almeida (2021), this
type of system can provide significant water cost
savings and reduce pressure on local water sources.
Rainwater harvesting occurs as follows: first, rain is
collected from rooftops and upper sealing areas, then
directed to storage reservoirs through pipes, and
finally, if necessary, the water is treated (SOARES et
al., 1997).

Figura 1 Evolution of rainwater harvesting
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In Brazil, the urbanization process, characterized by
the growth of urban centers and the population shift
from rural areas to cities, began in the 1950s. This
process directly impacts how the soil receives
rainwater by interfering with the water cycle and the
natural drainage process, necessitating interventions to
minimize the impacts of extreme hydrological events.
These are called control measures, which consist of
structural measures (physical interventions) and
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structuring measures (guidelines, legal norms,
oversight, education) (SNIS, 2022).

Figure — Rainwater and Urbanization
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The legalization and regulation of rainwater
harvesting in Brazil are supported by the National
Water Resources Policy (Law No. 9,433/1997) and the
technical standard NBR 15527. It is essential for
designers and property owners to pay attention to local
regulations to ensure compliance of the system and
maximize its benefits. It is suggested that public
policies encourage the adoption of this practice
through tax incentives and awareness programs
(RODRIGUES et al., 2021).

. METHODOLOGY

Sizing of Collection Areas: For the sizing of the
harvesting system, the formula used was: [V = A x P
x C ] where (V) is the volume of collected water
(liters), ( A) is the roof area (m?), ( P) is the average
annual rainfall (mm), and ( C) is the runoff coefficient,
which varies according to the type of roofing
(PEREIRA et al., 2019).

(V) = volume of water (liters)

(A) =roof area (m?)

( P ) = average annual rainfall (mm)

( C) = runoff coefficient (between 0 and 1, depending
on the type of covering)

Water Treatment: Rainwater was subjected to a
filtration system to ensure quality, being used for non-
potable purposes such as toilet flushing and irrigation
(COSTA et al., 2020). The implementation of a pre-
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filtration system and a covered storage tank is
necessary to maintain water quality. The storage tanks
used were 3,000-liter polyethylene tanks, certified and
covered, following the guidelines of NBR 15527 by
ABNT  (BRAZILIAN  ASSOCIATION  OF
TECHNICAL STANDARDS, 2007). The choice of
material and the size of the tanks are crucial for the
efficiency of the system.

Figure 2 — Rainwater Harvesting System on Roofs
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e Catchment area: this is where the process begins,
as rainwater falls on impermeable surfaces, such as
the roof.

e Conductors and gutters: these are the components
that act as connections between the catchment area
and the next destination.

o Filters: these function as elements that retain larger
impurities carried along with the rainwater, such as
leaves, objects, or any materials.

e Storage reservoir: the water is then stored in
reservoirs made from non-toxic materials.

It is widely recognized that water plays an essential
role in energy generation. According to Abbud and
Tancredi (2010), Brazil has significant capacity in this
sector due to its rich water availability. However, this
practice is still utilized with only 50% of the
hydropower potential being effectively harnessed.
Nonetheless, Brazil's energy matrix continues to be
one of the most extensive in the world. Energy
generated from water sources stands out as an
important renewable alternative, presenting low
pollution potential and relatively low costs compared
to other energy sources. The reuse of rainwater offers
several advantages, including the opportunity to take
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advantage of local construction aspects, such as roofs

and slabs. Moreover, this practice has a low

environmental impact, as the collected water requires
minimal treatment, ensuring its quality as a resource.

Rainwater harvesting can serve as a complement to the

public supply system and also provides an additional

reserve in emergencies, such as periods of drought and

conventional supply shortages (SIMIONI et al., 2014).

May & Prado (2004) present that rainwater harvesting

can be used for non-potable purposes, such as:

e Residences: sanitary  appliances, washing
machines, fire-fighting systems, general cleaning
of the house, cars, and gardens;

e Agriculture: irrigation of crops;

e Industries: used in cooling processes, washing
machines, air conditioning, general cleaning of the
environment and machinery, car washes.

For minimum quality standards of rainwater, there is

regulation NBR 15527/2007, which provides for

variations in the quality of rainwater in the collection
system, such as:

e Locations where there is no flow of people or
animals: if the water is purified, it is considered
potable.

e Locations where animals or people are passing
through: suitable only for non-potable use.

e Parking lots, surfaces, and roads: treatment is
necessary even for non-potable uses.

The Brazilian issue, as stated by SHUBO (2003), apud
BLOCH (2022), regarding water quality varies
according to the tributary of each region.

Rippl Method: For its application, it is considered that
the reservoir volume consists of the accumulated sum
of the difference between rainwater consumption and
the volume of water that can be collected
(BRANDAO, MARCON, 2018). It can be represented
as:

[ V =\Sigma S(t), \text{if } S(t) >0]

Where:

[ S(t) = D(1) - Q(b); ; Q) = R \times P(t) \times A ;
\text{and} ; \Sigma D(t) < \Sigma Q(t) ]

In which:

V = volume of the reservoir (m?3);

S(t) = volume of water in the reservoir at time t (m3);
D(t) = water demand at time t (m3);
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Q(t) = volume of usable rainwater at time t (m3);

R = surface runoff coefficient;

P(t) = monthly or daily rainfall index at time t (m3);
A = area of the rainwater catchment surface (m?).

Simulation Method: For the Simulation Method, the
rainfall data is not subjected to statistical treatment; it
is based on the continuity equation, represented as:
S(t) = Q(t) + S(t-1) - D()

Where: Q(t) =R x P(t) X A; 0 < S (t) <V;se S(t) <0,
entdo S(t) =0

In which:

S(t) = volume of water in the reservoir in month t (m?3);
Q(t) = volume of rain in month t (m3);

S(t-1) = volume of water in the reservoir in month t-1
(m3);

D(t) = consumption or demand in month t (m3);

R = surface runoff coefficient;

P(t) = monthly rainfall index for month t (m3);

A = area of the rainwater catchment surface (m?2);

V = chosen reservoir volume (m3).

For the present study, it was necessary to size a
reservoir for rainwater collection in a single-family
residence in the city of Itabirito, MG, using the
methods established in NBR 15527/2007, since the
2019 revision removed these guidelines. Among the
available methods, the Rippl method was chosen,
which is widely recognized and easy to apply
(TOMAZ, 2009), along with the Simulation method,
which allowed for simulating and analyzing the
behavior of the system under various conditions. The
collected rainwater will be used exclusively for
washing cars, cleaning patios, and irrigating gardens.
Although this water could be utilized for other
purposes, such as washing clothes and flushing toilets,
these additional applications were not requested in this
case. The precipitation data used in the study were
obtained from a historical series collected at the rain
gauge station ltabirito - Linigrafo (02043060),
analyzing the period from 2000 to 2020, available in
the ANA HidroWeb database. This station, located
near the Itabirito River, is the closest to the city,
contributing to the accuracy of the results.

Among the Rippl and Simulation methods used in
reservoir sizing, the Simulation method proved to be
more applicable, as it allows for sizing based on the
volumes of reservoirs available on the market.
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Although the region of Itabirito does not frequently
face problems of drought and supply shortages, the
implementation of the system helps mitigate
challenges related to the improper use of water, which
is a recurring issue in Brazil and worldwide. Thus, the
objective of the rainwater harvesting system is not
only to address cultural issues of excessive resource
use but also to promote financial savings on water
bills.

When comparing the simulated reservoirs, it was
found that a 2 m3 reservoir results in a deficit of
approximately 0.65 ms3, requiring the search for
external supply sources to compensate for this
shortfall. In contrast, a 2.5 m3 reservoir practically
shows no deficit, while a 3 m3 reservoir is sufficient to
meet the demand. To save the 0.65 m3 of water per
year, an investment of R$ 550.00 would be necessary
for the 2.5 m3 reservoir and R$ 920.00 for the 3 m3
reservoir.

Considering that the monthly demand for potable
water to be replaced by rainwater is relatively low, the
average monthly savings on water bills for the three
analyzed reservoirs was approximately 15.8%,
resulting in about R$ 300.00 a year. Thus, the payback
period for the investment would be 9 years and 3
months for the 3 m3 reservoir, 8 years for the 2.5 m3
reservoir, and 6 years and 3 months for the 2 m3
reservoir. Based on the data presented, it is observed
that, for the 2 m?3 reservoir, only in the month of
August will there be a deficit of around 0.65 m3, which
will require the use of external sources to meet the
demand. Considering that this reservoir has a payback
period that is 2 to 3 years shorter than the others, and
that the city of Itabirito does not face significant
supply and drought challenges, this option becomes
more attractive.

The higher investment in the larger reservoirs may be
unfeasible given the analyzed local context. The
results demonstrate that the adoption of a rainwater
harvesting system not only contributes to the reduction
of potable water consumption but also fosters
significant environmental awareness among residents.
According to Silva et al. (2018), environmental
education  practices  associated  with  the
implementation of harvesting systems can enhance the
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perception of the importance of preserving water
resources.

This case study highlights that implementing
rainwater harvesting systems in single-family homes
is a practice that can be easily integrated into daily life,
contributing to the conservation of water resources.
Collecting and using rainwater not only reduces
potable water consumption but also reinforces the
environmental responsibility of communities.

With the inclusion of direct references to theses and
articles, we underpin the content with both academic
and practical foundations. This approach emphasizes
the relevance of rainwater harvesting systems, not
only as a water management technique but also as a
practice that should be supported by public policies
and environmental education projects.
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