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Abstract

Urbanization and population growth have led to increased water demand and pressure on freshwater resources,
underscoring the need for sustainable water management practices. Water shortages are a serious global problem,
and effective sustainable water management techniques are necessary to mitigate their impact. Rainwater and
greywater harvesting are two methods that could be used to minimize drinking water use in homes and
communities. The purpose of this paper is to evaluate the effectiveness and sustainability of greywater and
rainwater harvesting systems in diverse scenarios. The study follows a qualitative research design using
secondary data and content analysis of existing literature to evaluate the sustainability and performance of
rainwater harvesting and greywater recycling in residential settings. The benefits and challenges of each method
are highlighted in a literature review, which offers a thorough overview of the current research on greywater and
rainwater harvesting. The study aims to quantify and compare water consumption rates between traditional
residential buildings with and without rainwater and greywater harvesting systems installed. The study's findings
will suggest that rainwater and greywater collection systems can both be useful in minimizing water use and
enhancing water sustainability. However, each system's applicability is influenced by a number of parameters,
such as climate, water demand, user behavior, and cost-effectiveness. The study contributes to the creation of
sustainable water management strategies by providing insights into the potential benefits and challenges of
rainwater and greywater collection systems.

Keywords: Greywater harvesting; rainwater harvesting; sustainability; urbanization; water shortage.

1 Introduction

Changes in climate, escalating urbanization and population pressures have made access to water an urgent
challenge all over the world. The 2023 United Nations World Water Development Report suggests that 6 billion
people will be water insecure by 2050 without effective measures to change current water resource management
practices. An existent disparity between the water demand and its sufficient allocation is yet to be reduced, thus
needing alternative solutions, which will be both effective and environmentally friendly, within the framework of
the urban residential setting. (Férch & Schiitt, 2004)
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Figure 1. Global Water Consumption 1940-2020. (Source: Aktuelle Ergdnzungen zum Medienpaket Umweltschutz in
Wirtschaft und Gesellschaft 1995,15).

In this regard, residential houses would have to implement alternative water management to lessen reliance on
centralised potable water delivery services. Among the most promising alternatives are rainwater harvesting
(RWH) and greywater recycling (GWR), two environmentally friendly ways that can greatly reduce water
shortages and propose to use water circularly.
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Rainwater harvesting is the process of collecting and storing the precipitation most commonly on rooftops, using
it later in a non-potable means such as toilet flushing, laundry, and irrigation. Although RWH has historical roots
across many traditional societies, it is once more being rediscovered and is being retrofitted into modern city
planning as a means of resiliency in response to water shortages.

Greywater recycling is an addition to RWH, and it reclaims lightly contaminated wastewater originating from
domestic installations like sinks, showers, and washing machines. After treatment, greywater can be reused in
landscaping, in flushing toilets, etc. That will save freshwater as well as reduce pressure on the sewage system
and wastewater treatment plants.

This research paper seeks to evaluate the viability, sustainability, and effectiveness of utilizing RWH and GWR
systems in residential buildings. The research allows comparison of the conventional use of water with the
buildings that incorporate these technologies to give an idea of possible savings of water, environmental
implications as well as design implications. The findings will be useful in advising urban planners, architects,
and policy makers with an emphasis on creating more water-efficient and sustainable urban environments. This
paper is unlike the preceding ones that have considered RWH or GWR independently; it presents a comparative
synthesis of the Bangladeshi residential environment with a combined idea of their potential together.

2 Literature Review

Combined with urbanization, climate change, and population growth, the world has witnessed a drastic rise in the
level of fresh water demand, which has multiplied eightfold over the last century and has also led to acute water
scarcity all over the world (UN & WHO, 2021; Khanal et al., 2020). This shortage is further compounded by the
increased occurrence of droughts and extreme weather patterns that are impacting even the water-rich areas, as
per the studies related to IPCC (Khanal et al., 2020). Recently, the literature on global water governance has
focused on integrated approaches such as rainwater harvesting (RWH) and greywater reuse (GWR) as one of the
key methodologies in meeting SDG /6 and delivering sustainable urban water supply systems (Islam, 2018). In
Bangladesh, there is mainly a relatively urban water supply using groundwater abstraction, whereas the piped
network reaches only a small portion of the urban population. Water tariff in Bangladesh is also one of the lowest
worldwide, and this enhances unsustainable extraction regimes. In the last 40 years, groundwater levels
decreased by almost 50 meters in Dhaka, which occurred due to urbanization and over-demand. Although
utilities such as the Dhaka Water Supply and Sewerage Authority (DWASA) distribute up to 88 liters per capita
per day of water in certain cities, the sector is often characterised by large non-revenue water losses and poor
cost recovery. At the same time, surface water sources are extensively degraded by pollution, and there is a
growing reliance upon ground water, often salty or even AMD (acid mine drainage) contaminated waters.

Rainwater harvesting appears as a potentially effective complementary strategy that can be used to harvest and
store rooftop and surface runoffs that can be used in household activities, irrigation, and groundwater recharge
(Akter & Ahmed, 2015). In seashore and drought regions of Bangladesh, the research shows rooftop RWH has
the potential to cover as much as 67 % of domestic water demand to address seasonal water supply issues (Hasan
et al., 2022). In addition, RWH helps in flood management of urban areas; a study in Chittagong revealed that
cells could collect around 37.8 % of surface runoff and redirect the floodwaters, which helped reduce the risks of
waterlogging (Tuhin et al., 2021). Nevertheless, there can be certain drawbacks to widespread use, e.g., due to
the high initial cost, environmental storage constraints, susceptibility to microbial contamination, and decreased
activity during long dry seasons (Akter & Ahmed, 2015). Less researched in Bangladesh, albeit with
complementary potential, is greywater recycling. A study by educational institutions in India reveals that grey
water output at the level of handwashing and kitchen use forms a significant portion of the volume of wastewater
and the organic burden of the house(lslam, 2018). The greywater can be treated and reused non-potably to flush
toilets, clean and irrigate, which will ease the burden of overall freshwater usage and serve as another release on
the wastewater infrastructure. However, the problems are that the quality of grey water may vary, efficient
treatment is required to ensure pathogen and organic matter control, there is also a question of user acceptability,
and there are no regulatory standards in place in Bangladesh.

With the identification of these opportunities, policymakers in Bangladesh have already begun to respond with
specific interventions. To stop groundwater pumping and the risk of urban flooding, since 2011, the Rajdhani
Unnayan Kartripakkha (Rajuk) building code has required the installation of rooftop RWH in new buildings in
Dhaka (Hasan et al., 2022). DWASA and Chattogram WASA have tested out projects and provided guidelines to
promote the incorporation of urban rainwater harvesting, and nationwide policies within the scope of the Local
Government Division support rainwater harvesting in terms of integrated water resources management strategies
as reflected in SDG 6 (Islam, 2018). Despite the efforts, and institutional barriers to the implementation of QR
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code in a large scale, including the barriers created by low tariffs, poor enforcement, social awareness, and
finances, are still present (Hasan et al., 2022).

An illustration of promises and challenges is available in case studies across Bangladesh. An inquiry undertaken
by WaterAid-BUET in the neighbourhood of Nurul-Niketan in Dhaka found there was a significant groundwater
recharge potential due to rooftop RWH but citywide practice levels are low (Rahman & Rahman, 2013). In
Chattogram, a recent study calculated that more than 1.11 million m3 of rainwater could be harvested each year
on rooftops in the area of Chawkbazar, and waterlogging should be reduced by nearly 38 % (Saila & Hasan,
2019). In drought-affected regions like the Barind tract and coastal regions like Khulna, community-based and
household RWH has been tested and found efficient in providing non-contaminated drinking water during the
non-rainy period and dependency on polluted underground water (Islam, 2018). However, the challenge in
scaling these solutions is still on the financial, technical, and governance levels. Comprehensively, the literature
points to the high priority of the integration of urban water management approaches in Bangladesh, and the use
of both rainwater harvesting processes and greywater reuse in responding to the increasing water shortage at the
urban level, accompanied by the required policy reforms, technical innovations, and citizen participation.

3 Methodology

The proposed study is a literature-based approach, and the carrying out of study is a qualitative method of
second-hand pilot data to estimate the efficiency and viability of rainwater harvesting (RWH) and greywater
recycling (GWR) systems in residential buildings. Information was gathered based on peer-reviewed journal
publications, global reports (e.g., United Nations Water, World Health Organization), and case studies
concerning urban water conservation, especially in the South Asian setting.

Literature coverage was done in terms of relevance, recency (2013 - 2024), and quality of data, with more
emphasis on water savings, cost of the system, and environmental impact. Performance metrics, design variables,
and policy implications were identified and used to categorize the findings based on the thematic content analysis
approach. Quantitative data on water savings per household and installation costs were also entered in order to
aid in comparative analysis. The study systematically reviewed 25 peer-reviewed articles published between
2013 and 2024. In the last 10 years in Bangladesh, rainwater harvesting (RWH) and greywater recycling (GWR)
have not been implemented together (no combined systems). In this paper, we have tried to show the impact of
the combined system. There is no primary data involved as part of the study and due to this, results are presented
in the context and reliable outcomes of existing literature. Empirical data and field-based validation can be added
to future research based on the current work.

4 Results and Discussion
4.1 Water-Saving Potential of Rainwater and Greywater Systems

Greywater recycling (GWR) and rainwater harvesting (RWH) systems have a relatively large potential in cutting
down the amount of potable water consumption in a range of diverse types of buildings. According to research
studies carried out in Dhaka, rooftop RWH can potentially fill 11-19 per cent of the annual water demand of
commercial buildings in years that typically receive the amount of rainfall, and up to 17-27 per cent in years of
above-average rainfall (Saila & Hasan, 2019b). In high-efficiency buildings (as well as in buildings having
sustainable needs like LEED), events have shown that RWH systems reversibly reduced potable water use by as
much as 50 % (Akram et al., 2024). The performance of its catchment area and end-use application differs. As an
example, a small residential building with a rooftop surface of approximately 100 m? can reach supplementary
water coverage of 11 to 19 percent, whereas a large commercial or institutional building with 315 to 776 m?
rooftop can achieve 27 percent supplementation during favorable rainy seasons (Akram et al., 2024). When
effectively implemented to meet the per capita daily water demand of 30 liters/person/day, it has been found that
such systems can cover up to 27 percent.

Table 1. Estimated Supplementary Water Supply from RWH Systems.

Building Type Catchment Area Supplementary Water (% of Remarks
Annual Demand)
Small Household ~100 m2 11-19% (Normal Rainfall Limited by roof size and seasonal
Year) storage
Commercial building 315-776 m? 17-27 % (wet year) Tank up to 600 m?
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LEED-certified large large roof Up to 50%

. With efficient water use design
units

4.2 Economic Feasibility and Cost—Benefit Analysis

The economics of small-scale water systems is central to the adoption of such systems, especially in low-
resource situations. In the scenario of Dhaka, the benefit--cost analyses of RWH systems in commercial
buildings have yielded payback periods of between 2.25 and 3.75 years, with benefit--cost ratios consistently
being 1.0 and above--all using modest-sized catchments of around 315m (Saila & Hasan, 2019b). In coastal areas
like Mongla in Bagerhat District, household-wise analysis indicates that household income, pricing of water and
storage capacity are important parameters in determining return on investment. The economic benefits of RWH
installations are more positive among high-income households that have large storage capacity (Islam & School
of Law and Economic Sciences, Department of Economics, Verona University, Verona, Italy, 2023). Greywater
recycling systems (at least those based on membrane bioreactors or constructed wetlands) are more expensive to
install and run in operation. However, they work better in environments that have high non-potable water
demand, and their long-term cost savings potential rises in cases where they are integrated with RWH systems.

Table 2: Economic Characteristics of Water Harvesting Systems

Payback

System Type Initial Cost  Annual Water Savings Period Remarks

RWH Low to 15-27 % of Total 2_4 vears Minimal maintenance; effective in
(Household) Medium Demand y rainy zones

GWR Hidh 30-50% of Non-potable 3.6 vears Requires filtration; more complex
(Household) g Use y O&M

4.3 Environmental and Infrastructure Impacts

In addition to economic impacts, RWH and GWR systems have some significant environmental advantages,
particularly in flood-prone urban areas. In Chittagong, RWH systems have reduced the level of risk of
waterlogging in urban areas by 14.8 % through its ability to mitigate flood by storing the excess rainfall (Skudi,
2011). It is stated that the RWH systems diverted about 37.8 percent surface runoffs in one study area of
Chawkbazar, consequently relieving the burden on the existing drainage system (Hasan et al., 2022). In addition,
GWR systems can assist the environment to be sustainable by reducing the amount of water going into the
centralized treatment plants. As evidenced globally, decentralized greywater reuse will lower the amount of
energy, which a municipality needs to pump, convey, and treat water, contributing to urban climate resilience
and carbon impact (Garcia, 2020).

4.4 Challenges in Implementation

Although these systems have their own advantages, some challenges are going to be encountered in the
implementation of either of the two systems in Bangladesh context. Such technical problems as tank size (not
large enough), catchment maintenance (not really well maintained), and user knowledge about filtration
technologies pave way to poor performance. It has also been noted that more than half of RWH system users still
depend on other sources of water during dry seasons, in most cases because they are undersized and under-
maintained.

Socio-economic barriers comprise no awareness of the masses, no government incentives, unavailability of a
workforce that is equipped to install and maintain these systems (Saila & Hasan, 2019b). Greywater systems
present an added level of technical expertise and continued maintenance that further reduces their feasibility.
Regulatory loopholes also exist; although RWH is found in the Dhaka building code, its implementation is poor
and no defined standards that evaluate the design and integration of GWR systems exist.
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4.5 Relevance to Urban Housing in Bangladesh

Bangladesh has an average annual rainfall of 1,500 to 3,500 mm in different areas so it has the potential of water
harvesting (K. Z. Islam et al., 2014b). Rainfall is quite seasonal, and storage layout and design play an important
role in attaining year-round sustainability. Issues of water are compounded by high birth rates and severe
groundwater extraction which is estimated to decrease at 2-3m/yr in Dhaka alone. An increase in high-density
residential development is an opportunity to manage the incorporation of an effective water harvesting system.
Larger roof catchments in apartment blocks, or mixed-use buildings, allow economies of scale in the installation
of the systems and drinking water storage. These developments highlight the importance and feasibility of
implementing a decentralized RWH-GWR system as a process included in sustainable housing practices of cities
in Bangladesh.

5 Conclusion

The growing need for fresh water resources within urban environments, along with the depleting water table and

climate change, warrants an emphasis on sustainable water management policies within residential premises.

This paper investigated the possibility of rainwater harvesting (RWH) and greywater recycling (GWR) systems

as a supplementary system to deal with water shortage in urban areas in Bangladesh and other countries.
Publication Trend (2013-2024): RWH, GWR, and Combined Systems in Bangladesh
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Figure 2. Publication Trend (2013-2024) on Rainwater Harvesting (RWH), Greywater Reuse (GWR), and Combined
Systems in Bangladesh

The analysis of the literature published over the past ten years (2013-2024) indicates that the research on
rainwater harvesting (RWH) and greywater reuse (GWR) systems in Bangladesh has been looked into numerous
times, but these aspects have been mostly discussed separately. The single research study that examined both
systems in an integrated context is called Economic Feasibility of Rainwater Harvesting and Greywater Reuse in
a Multifamily Building but its scope was limited to city-scale feasibility and not at the individual building level.

Hence, the current research offers a new concept through combining rainwater collection and greywater reuse in
a residential facility setting. Such a combination is fulfilling not only a significant research gap in the local
context, but also creates a prototype of sustainable and decentralized solutions to water management in urban
residential development.

Through synthesizing secondary data in already published research, institutional reports, and regional case
studies, the findings authentic the fact that both RWH and GWR systems can strongly decrease the potable water
usage- up to 50 percent in the case where high-efficiency is achievable. Economically, RWH systems are found
to have good payback periods (4 years or less) and very minimal maintenance, especially on small and medium
scale. GWR systems are associated with increased capital and actuarial requirements than RWH systems;
however, integration of GWR systems with RWH in dense development can lead to huge long-term costs and
resource savings.
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In addition to direct water savings, these systems lead to increased environmental impact, including reduced
stormwater runoff, reduced energy consumption in treatment plants, and can reduce urban flooding. Their more
extensive application in Bangladesh remains hampered, though, by a lack of awareness in the local population,
appropriate enforcement of the current building standards on the part of the government as well as a dearth of
economic or policy incentives.

In the conclusion, it is clear that the combination of RWH and GWR systems can be a successfully scalable and
environmentally responsible way of dealing with sustainable water management in the urban residential
environment. Housing designers, regulatory policies, architects, and developers must focus on incorporating
decentralized water systems in urban planning and housing design. They encourage further investigation so that
design, localization of treatment technology, and incentive creation can be developed that will help in expanding
adoption in a variety of socio-economic contexts using cost-effective design.

6 Limitations and Future Work

The present paper is informed by secondary data and literature review and therefore, empirical confirmations
conducted in the field using cost analysis would enhance the conclusions. In the future, pilot implementation of
combined systems of RWH-GWR in residential buildings in Bangladesh should be carried out in order to assess
their performance under real-life conditions.
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