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1. Introduction

Rainwater harvesting is an ancient water supply practice that still provides a primary
water source for a large proportion of the world’s population. Interest in the topic is
increasing (Figure 1), especially in areas that face challenges posed by the joint effects of
urban population growth and climate change [1].

Figure 1. The trend regarding the number of publications indexed in Scopus [2].

This practice is multi-purpose in nature and provides benefits to water supply systems,
urban drainage networks, environmental ecosystems, and communities [3]. Rainwater
harvesting and reuse provide an alternative source of water supply, for non-potable uses,
preserving high-quality sources and preventing potable water waste. It offers a solution to
satisfy the increased water demand, due to population growth, especially during periods
of scarcity [4]. Rainwater harvesting can improve rainfall runoff control and mitigate
flood risk; it reduces peak runoffs and volumes conveyed into sewers and contributes
to the achievement of hydrologic invariance goals [5]. In addition, rainwater harvesting
can limit the frequency of combined stormwater overflow activation and the discharge of
uncontrolled polluted waters into receiving water bodies [6]. Finally, it can reduce energy
consumption and greenhouse gas emissions [7].

Depending on the drained surface and the use (domestic, agricultural, industrial, etc.),
different treatments can be used to ensure that harvested rainwater meets the required
standards. Modern and innovative technologies are available to make rainwater harvesting
and reuse more suitable and appealing in different contexts, thus aiding in the growth of this
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best management practice, which is fundamental for the transition toward water-sensitive,
sustainable, and resilient cities [8].

This Special Issue entitled “Rainwater Harvesting and Treatment” presents a collection
of high-quality studies on rainwater harvesting and treatment from esteemed authors
hailing from diverse countries. The published papers encompass (a) the technical viability,
capability, and economic feasibility of rainwater harvesting systems in different contexts,
climatic regions, catchment surfaces, water use scenarios, and system design; (b) stormwa-
ter treatment performance by different solutions and techniques and the effects of the first
flush phenomenon on stormwater quality degradation; (c) financial support programs
to promote the installation of rainwater harvesting systems and increase their economic
feasibility; and (d) real-time control of rainwater harvesting systems in multi-purpose
management. The papers highlight the significance of comparing the results of developed
models with experimental investigations and provide case studies from many countries
(Brazil, Italy, Spain, Germany, Egypt, Portugal, Brunei, Turkey, and South Korea).

2. Overview of the Special Issue

Raimondi et al. (2023), introduces the Special Issue with a review paper on the state
of the art in rainwater harvesting treatment. The paper highlights the multiple objectives
of this best management practice and its environmental and social benefits relative to the
Sustainable Development Goals of the UN Agenda 2030. It describes laws and regulations
that encourage rainwater harvesting and their current limitations; methodologies for the
design of a rainwater harvesting system; the influence of design variables and the impact
of time and spatial scales on the system’s performance; the most advanced technologies
for rainwater treatment; and trends and perspectives for increasing rainwater harvesting,
water reuse, and effective management.

Borgert and Ghisi (2024), Contribution #1, analyzed the technical viability and eco-
nomic feasibility of rainwater harvesting systems for single- and multifamily residential
buildings in Florianópolis (Brazil). Simulations were conducted for representative buildings
in the city under different water use scenarios and system designs, with a total of 36 simula-
tion scenarios. The economic analysis was performed for four scenarios over twenty years.
The feasibility indicators considered were the net present value, internal rate of return,
and payback; the analysis included both initial and operational costs. The intervention
was economically feasible for between 60.1% and 74.8% of houses, achieving a discounted
payback period of between 6.2 and 8.6 years. For flats, the economic feasibility ranged
between 57.8% and 64.2%, with a discounted payback period varying from 4.8 to 5.6 years.
The authors compared the former and current tariff formats recently introduced in the city.
The current tariff format provided more significant economic benefits by saving potable
water, leading to a higher net present value and a shorter discounted payback period.

Niazkar et al. (2024), Contribution #2, evaluated the effects of the first flush phe-
nomenon on stormwater quality degradation through experimental-based investigations.
The study presents the outcomes of a two-year field campaign in northern Italy. For the
16 stormwater events observed in the period, water quality analytics and various hydrome-
teorological variables, including precipitation, flow rate, temperature, and solar radiation,
were monitored. For first flush identification, five well-known indices in the literature
were calculated. The results indicated a strong positive correlation among mass–first flush
ratios calculated for nutrients and the maximum rainfall intensity, maximum flow rate,
and antecedent dry weather period. By contrast, rainfall duration exhibited a strong neg-
ative correlation with the mass–first flush ratios calculated for nutrients. Furthermore,
different macro groups of pollutants behaved differently. Their findings highlight the
significance of experimental monitoring campaigns in the evaluation of first flush impacts
on stormwater quality.

Altobelli et al. (2024), Contribution #3, pointed to the significance of a real-time control
system (RTC) for stormwater detention basins to meet the requirements for non-potable
use and, at the same time, guarantee the hydraulic protection of the downstream system.
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Twenty-seven scenarios were simulated using the numerical model SWMM 5.1. Different
types of discharge controls were considered based on rainfall forecast and the water level
in the tank. The non-drinking water-saving efficiency ranged from a minimum of 32% to
a maximum of 90%; the reduction in the discharged volumes was between 11% and 31%,
while the peak flow rate varied more significantly depending on the type of control.

Pedretti et al. (2023), Contribution #4, investigated the potential of rainwater har-
vesting to increase freshwater availability in isolated households. The case study focused
on the island of Ibiza (Spain), which suffers from a lack of freshwater due to persistent
and recurring droughts, limited groundwater availability, and mass tourism. The study
considered an innovative modular tank of 40 m3 buried in the garden of a private property
to intercept runoff from a 12,300 m2 hilly microcatchment. An extreme rainfall event with
an intensity of 65 mm/h fills up the tank in one hour. A curve-number-based rainfall-runoff
model was used to simulate the experimental results and estimate the potential of rainwater
harvesting at the island scale. The analysis indicated that if all forest areas in Ibiza with a
similar slope to the study area were considered, a volume of 1.31 × 106 m3 of freshwater
could be harvested per year merely from extreme precipitation events. Such a volume is
equivalent to about 5% of the island’s total freshwater budget.

Hendy et al. (2023), Contribution #5, evaluated the treatment performance of real-
scale vertical flow-constructed wetlands for wastewater treatment in rural areas. The
efficiencies of three different units, comprising Paulownia trees, Phragmites Australis, and
one unplanted unit used as a control, were compared in the experiments. Both Paulownia
and Phragmites Australis significantly reduced the levels of COD and BOD5, with removal
percentages ranging from 57.1% to 98% for COD and 49.1% to 98% for BOD5. The authors
concluded that the efficiency of constructed wetlands can be significantly enhanced by the
presence of suitable plant species.

Köster et al. (2023), Contribution #6, proposed the concept of “City Water Hubs,”
decentralized treatment units to collect and treat rainwater from nearby rooftops. They
are equipped with low-energy technologies to develop various customized “city water”
qualities and store rainwater until it is used or distributed. The study presents a feasibility
analysis in the campus area at the main building of the Leibniz University of Hannover
(Germany), and the results on rainwater qualities from investigations with two pilot plants
consisting of a gravity-driven membrane filtration and a slow sand filter with an integrated
activated carbon layer are presented. Their study reveals that sufficient rainwater for
irrigation purposes can be provided for the university park even under extreme dry and
heat wave conditions. If large portions of the roof area (11,737 m2) of the main building were
used for rainwater collection, even in a dry year with only 49.8% of average precipitation,
only 19.8% of the harvested stormwater would be needed for irrigation. The quality analysis
of rainwater samples showed TSS concentrations of up to 7.54 mg/L, COD concentrations
of up to 58.5 mg/L, and NH4 concentrations of up to 2.21 mg/L, which are in line with
data reported in the literature.

Monteiro et al. (2023), Contribution #7, focused on the significance of establishing
the runoff coefficient values in newly installed green roofs using feasible models able to
simulate the retention behavior as realistically as possible and adjust to the season and
climate region. They assessed the suitability of a previously developed model for the
determination of runoff coefficient by using experimental data registered over a 1-year
period. The results showed that the previously developed model did not fit well with
the experimental data obtained in the present study, since it neglected some important
variables such as early-stage moisture conditions of the green roof matrix and the time
scale of the process. The pilot extensive green roof with an area of 0.4 m2 presented an
annual retention volume of 469.3 L, corresponding to a retention rate of 89.6%, in a year
with a total precipitation of 1089 mm.

Kapli et al. (2023), Contribution #8, performed a feasibility analysis of an open-pond
rainwater harvesting system for ablution purposes in Brunei Darussalam. The authors
evaluated the quality of harvested rainwater and formulated a rainwater harvesting model
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with suitable performance measures that can be used in any locality by inputting local
meteorological data. Quality analysis revealed that the harvested rainwater can be used
safely for ablution purposes, albeit with a slightly acidic pH below 6.5. At a depth of 1.0 m
and using the current pond configuration of a local mosque, the reliability of the system
was 62.5% (228 days per year), and the amount of water saved was 345 m3, corresponding
to 60.7% of the water demand. It was found that a pond surface area of 60–70 m2 would
provide optimum reliability and water savings, which can be further improved with a more
economical usage of water during ablution.

Istchuk and Ghisi (2023), Contribution #9, evaluated the influence of rainfall time series
indicators (average annual rainfall, seasonality index, and dry periods) and design variables
(catchment area, rainwater demand, number of inhabitants, potable water demand, and
rainwater tank size) on the financial feasibility of rainwater harvesting systems in eight
Brazilian cities. Correlations between rainfall indicators and financial feasibility were
introduced, along with sensitivity analyses of design variables. Financial feasibility ranged
from 30% to 70% in the simulated scenarios. Initial investment and operating costs varied
significantly among the eight cities, according to local prices. Systems with a catchment
area of 200 m2 facilitate the supply of, on average, 90.5% of the maximum rainwater
consumption. The number of inhabitants and the size of the rainwater tank were the
most influential design variables regarding financial feasibility, which was also affected by
variations in potable water tariffs in different locales, rainfall seasonality indexes, and dry
period duration.

Jin et al. (2023), Contribution #10, evaluated financial support programs aimed at
promoting the installation of rainwater harvesting systems and increasing their economic
feasibility. Based on a cost–benefit analysis, capacity optimization methods were suggested.
They performed a sensitivity analysis to determine the relative importance of uncertain
parameters such as inflation and discount rates for the identification of additional priority
factors in the design of rainwater harvesting systems. The net present value, although
sensitive to the inflation rate, was found to be more appropriate for estimating the economic
efficiency of a rainwater harvesting system than the typical cost–benefit ratio. Moreover,
a proper inflation rate should be considered for the economic feasibility of rainwater
harvesting systems. A funding program can significantly increase the benefits and ensure
the economic feasibility of the intervention.

Ertop et al. (2023), Contribution #11, assessed the amount of rainwater supplied
in greenhouse areas in Antalya (Turkey), where about half of the greenhouses of the
counties are located. The total amount of stormwater harvested with greenhouse roofs
was estimated to be 224,992,795.8 m3 per year. Monthly calculations over the year showed
that the minimum stormwater amount can be harvested in August (938,447.53 m3) and the
maximum (54,771,210 m3) in December. They concluded that a large amount of plant water
consumption can be provided through rainwater harvesting from greenhouse roofs.

3. Conclusions

The papers included in this Special Issue of Water, entitled “Rainwater Harvesting
and Treatment”, provide a contemporary snapshot of research trends in the field. Each
of the twelve research papers contributes to the advancement of the topic with an in-
depth investigation of a specific feature, offering a comprehensive overview of recent
advances in rainwater harvesting and treatment and presenting an extensive array of
research interesting to readers.
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