Assessing Rainwater Harvesting Potential in
Urban Areas
Subjects: Construction & Building Technology
Submitted by:

Muhammad Jamaluddin

Thaheem
(This entry belongs to Entry Collection "Environmental Sciences")

Definition
Water scarcity has become a major problem for many countries, resulting in declining water supply
and creating a need to ﬁnd alternative solutions. One potential solution is rainwater harvesting (RwH),
which allows rainwater to be stored for human needs.

1. Introduction
The global population is increasing exponentially, presenting many challenges and managerial issues
such as water scarcity and pertinent water management. Water scarcity is a real problem that is caused
by the rapid depletion of groundwater resources and population growth. Approximately 4430 km3 of
freshwater is utilized globally, from which 70% is used in agriculture, 25% is used in industry, and 5% is
used in households [1]. Furthermore, the world population will likely increase from 7 billion to 10 billion by
2050

[2],

exacerbating the water demand and supply situation. Accordingly, it is predicted that around

20% of the global population will live under a severe water shortage due to a 2 °C increase in the global
temperature

[3].

Increasing the global demand for natural resources has resulted in the creation of the

Factories of the Future approach [4]. Furthermore, recent years have shown that groundwater use has
increased, leading to its depletion and contamination

[5].

This increase presents serious water

management problems, outbreaks of waterborne diseases, and water scarcity issues to city planners,
health, and governance teams. Hence, to prevent such outbreaks and to obtain health beneﬁts, the
supply of domestic-purpose water needs to be sustained

[6][7].

RwH is a new concept in green infrastructure initiatives that is gaining importance in dealing with the
global water issues caused by

[8].

Rainwater harvesting technologies and strategies (RwHTS) have many

beneﬁts. These include reduced environmental and health eﬀects, less rainwater runoﬀ, and economic
viability

[9]

. A study of rainwater management reports that rainwater runoﬀ can be controlled using

sustainable design structures

[10].

Additionally, it also facilitates the soil to absorb moisture. Thus, it can

assist in the recharging of the local groundwater aquifer

[11].

Thus, RwHTS can be leveraged to develop a self-suﬃcient and sustainable built environment. However,
built environment projects are generally criticized for their under-performance in quality, product delivery,
and customer satisfaction due to manual, conventional planning, designing, estimating, and managing
that are needed

[12][13][14][15][16][17][18]

. BIM was introduced as a panacea for the issues faced by the

architecture, engineering, and construction (AEC) industry. BIM can support achieving sustainable
building design (reduced costs)
[21][22],

[19][20],

the use of sustainable materials

daylighting analysis, water harvesting, energy-saving designs

[23],

and lower lifecycle costs

[24].

Siddiqui, Pearce

[25]

presented

detailed implications of BIM tools in achieving sustainability, where the authors discussed the use of BIM
for the simulation and analysis of sustainable structures. In the same spirit, RwH structures can be built
using BIM
[27]

[23].

The further development of BIM uses integrated BIM technologies [26]. Langar and Pearce

conducted a survey-based study of BIM and RwH to identify BIM implementation in the United States

and the type of RwH structures constructed by the design ﬁrms.

2. RwH Technique Adoption and Discussion
With increased water demand due to population growth, water usage and demand has increased, leading
to the depletion of the groundwater aquifers. Water management is essential for water scarcity counting

and requires proper governance and appropriate engineering solutions. Proper governance includes
democratic legitimacy regarding this matter. Sophisticated frameworks of building structures and
strategies such as green infrastructures should be adopted and implemented to achieve the holistic goals
of smart and sustainable cities. Furthermore, stakeholders should be persuaded to collaborate on these
developments through incentives from the government and regulatory bodies. Some measures in this
context include subsidized developments that consider green strategies. Furthermore, proper sustainable
drainage systems (SuDs) should be implemented to maximize the RwH potential globally. Once such
strategies are implemented, RwH engineering solutions can be implemented, including small dams, pit
holes, porous roads, and building structures with RwH and green infrastructures to move towards smart
and sustainable cities and eventually to a smart planet, as per the United Nations’ sustainable
development goals (SDGs).
Governing principles and engineering solutions are diﬃcult to implement and adopt. They require active
collaboration between all stakeholders. Conventional construction and projects have many loopholes in
the information sharing department, creating an environment of mistrust, ultimately leading to failures
and ineﬀectiveness, both of which are evident in developing countries like Pakistan. BIM allows all
stakeholders, including designers, owners, building specialists, and contractors, to collaborate closely

[28].

Moreover, sustainability in RwH can only be achieved through a proper process such as BIM. Researchers
have studied BIM technology for increasing water eﬃciency since it improves working eﬃciency,
examines sustainability performance, and increases collaboration between multiple working groups

[12]

. It

has been established that BIM increases time eﬃciency and enhances the coordination of construction
projects

[29]

. BIM combines visibility, harmonization, modeling, and optimization, which are the key

ingredients for enhancing model eﬃciency

[30].

These ﬁndings are complemented by the outcomes of this

research, where the beneﬁts of BIM are acknowledged.
The current research investigates the RwH potential in Islamabad, the capital of Pakistan and detailed
methodology ﬂow chart is given in Figure 1. RwH is an excellent source of water storage in areas that
have higher water stress and demand. It can be applied anywhere in the world for RwH modeling and
potential identiﬁcation. This study presents BIM as an eﬀective method to identify RwH potential
accurately without any complex functions. The associated models were developed based on local
knowledge. The sites were visited on ground, and the common house structure (108 m2) was replicated
using these tools. The rooftop slope can vary in diﬀerent conditions. For estimating the rooftop area,
satellite data can also be used, which is more accurate. Furthermore, if the rainwater harvesting
techniques are considered for the whole city, then the satellite data are deﬁnitely recommended for
appropriate, reliable and accurate results. Satellite data cover a large area, which is why it is
recommended when the whole city is considered. However, due to the same nature and construction style
at all of the sites considered here, a generic model was prepared after the survey of the speciﬁed area.
Since the model was only developed and utilized to estimate the RwH potential of the structures, the
evaporation factor was not induced in it. However, this should be included in future studies, which should
deﬁne an evaporation constant while determining the RwH potential. As in most semi-arid regions, some
fractions of the precipitation value fall into the evaporation counter, so it must be included and catered for
in future research. According to building codes, for every 12 inches, there should be a step down of ¼
inch, approximately 1.19°. However, in this study, to make the rainwater ﬂow oﬀ the roof quickly, we
used 5° slopes. The amendments in the bylaws regarding these techniques have been discussed with the
local development authority (CDA). The results can be even more supportive on a large scale and for
buildings with larger areas. Larger buildings will have a larger roof area, contributing to more rainwater
being collected and harvested.

Figure 1. Stepwise automation process of RWH in BIM.
Moreover, water from multiple structures can be saved or allowed to move under gravitational ﬂow. After
natural puriﬁcation, it will eventually be a source to recharge the groundwater table through soil layers. A
study by Amos and Rahman

[31]

that was based on the economic analysis of RwH showed that more

beneﬁts can be achieved from such RwH, which ultimately reduces the cost of water from the municipal
supply. This is evident in countries such as Australia, where the beneﬁt–cost ratio (BCR) is just over one,
and for that reason, subsidiaries and the hedonic price were increased, which is ultimately advantageous
for the user. However, the tank size, maintenance cost, and other factors are still in the research loop, and
the considerations may not be exhaustive. A study by Stec

[32]

showed the cost and beneﬁt analysis of

RwH based on Equation (3). In Equation (3), LCC is the life cycle cost, INV is the investment of the project,
OMC is the operating cost, and DMC is the cost of liquidation and economic use.
LCC = INV + OMC + DMC
(3)

Islamabad is prone to rainfall and has massive RwH potential. Water that can be saved using RwH
structures can be utilized for bathing, washing, and gardening purposes. The following purposes save a
great deal of water and are indeed very beneﬁcial for the city. Since it is not being used for drinking
purposes, there is no need to conduct a water quality check. The study showed that if the rainwater is
utilized for domestic purposes, including bathing and gardening, then it can be a viable solution to solving
household water demands and concerns. However, in the case of drinking, turbidity, acidity, biochemical
oxygen demand, and a few other chemical and physical properties should be checked. The study by
Rodríguez-Sinobas, Zubelzu [11] showed that a tank size of 7 m3 is beneﬁcial for a household with more
than two family members in Prague. Moreover, for low life cycle costs, OMC and INV should be less to
adopt them easily. Accordingly, it will be beneﬁcial when more people adopt this water saving
methodology, and the long-term beneﬁts of keeping water resources intact can be achieved.
Furthermore, this study also showed that water puriﬁcation could be uneconomical when used for
domestic purposes. In this way, time and ﬁnancial resources can also be saved. Though this study
concluded that BIM is a good technique to model the RwH potential, some contributing factors such as

cost, legal requirements, etc., also need to be addressed for more reliable results and to propose holistic
implementable solutions. Islamabad, which is located in a semi-arid climate, receives moderate rainfall
over the entire year, except for during the monsoon season, when it rains excessively. Due to an increase
in the population, water demand has increased drastically in this city.
Further, with continuous water pumping from groundwater and low water recharge, groundwater is
depleting rapidly in this area. As such to overcome this problem, unconventional ways of storing water
are mandatory for the study area. Thus, the RwH for household usage is an important method that was
explored in this study. The process was visualized and complimented using BIM [33][34][35].
BIM provided a building modeling for all three sites. In the BIM environment, houses were modeled for all
three sites, and calculations were performed. A simple methodology was followed in this research, where
the water requirements per person per day were calculated, and the potential available water was
calculated from simple statistical relationships. Afterward, the cumulative RwH was calculated and drawn
against the demand line to identify the demand and availability of the water over the entire year. The
results revealed that all three study sites have strong potential for rainwater storage. In terms of the
monthly potential for RwH, it was found that August and September provide enough water for storage
that can be used during the dry winters (October to December), when the area receives lesser rainfall

[36].

On the other hand, if the three sites are compared, then Site 1 has the maximum potential for rainwater
storage, as it receives maximum rainfall. However, the other two sites also receive a fair amount of
rainfall for water storage, which is enough to deal with the water requirements of local households.
The results conﬁrm that the methodology adopted in the current study gives reliable results for the study
area. However, it is important to mention that small storage units can be expensive, need larger ﬁnancial
expenditure, and provide relatively lower potential outcomes than larger structures

[37].

This is why larger

rainwater storage tanks or areas are recommended to achieve the maximum output from the harvested
rainwater. According to the current CDA building code, the rainwater drainage of houses must be linked
with the main CDA drainage system, the water in which will ultimately become waste. Furthermore, there
is no reservoir in the buildings to conserve the harvested rainwater. According to a recent study, RwH was
implemented in Faisal Mosque Islamabad, and it was determined that after three days of rain, the nearing
groundwater level raised up to 4250 mm. The technique included rooftop harvesting, directing the water
into the ground by pit holes, and allowing it to ﬂow using the action of gravity. A new CDA building code
amendment was introduced to save water, which included conditions that roof RwH must be adopted in
houses with an area of more than 38 m 2. Thus, the topic under investigation is critical to the local
authorities and is welcomed by them. The same approach can be adopted and investigated for other
countries.
RwH is also common in agriculture practices, including small dams and pit holes, as large amounts of
water are required for crops. Asadi and Bannayan

[38]

showed that low crop yields are obtained with low

precipitation. To counter this water issue, RwH is promoted and contributes to domestic and agricultural
purposes. Moreover, RwH shows great potential in semi-arid regions and can help sustain the agriculture
sector. In Ethiopia, another study by Tolossa et al.

[32]

showed a signiﬁcant impact of the RwH techniques

and strategies that helped improve soil moisture, low runoﬀ, increased groundwater recharge, and crop
yield.
Openly harvested rainwater can be used for bathing, washing, and other domestic purposes. If any design
plan changes, then the structure can be improved or amended using the same tools. The second stage is
the construction stage, which includes the on-ground development of the structure. Finalized data and
design need to be handed over to the implementers and constructors. A complete requirement sheet that
shows the demand of all of the materials involved in the process, i.e., from excavation to the ﬁnishing
stage of the buildings, can be created. More advanced and eﬃcient techniques can be used to increase
the eﬃciency of this structure. A detailed construction procedure can be set up using BIM processes, onsite sewerage, and rainwater structures linked with the built-up area. If some changes need to be induced,

then they must be included in the architectural, structural, and parametric design to smoothen the project
and to avoid confusion between diﬀerent stakeholders. After this, the model can be updated and moved
into the next stage. The third stage is related to the maintenance of the facility. Again, a requirement list
can be formed, showing all of the equipment and material to be used for maintenance. Smart
technologies and smart sensors can be utilized to check the facility and the associated water ﬂow. The
sensors can help in determining the quantity of water utilized and detecting any potential leakages.
Furthermore, recycling rainwater can also be achieved using smart technologies for ﬁltration. Hence, it
can be said that this process is quite easy to adopt in all kinds of residential buildings.
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