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Abstract: 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. This study develops
an RwH assessment system through building information modeling (BIM). For this purpose, a
hydrological study of Cfa-type climate cities is conducted with the example of Islamabad, Pakistan.
The monthly rainfall data of three sites were assessed to determine the volume of the accumulated
rainwater and its potential to meet human needs. The average number of people living in a house
is taken as the household number. Household number or of the number of employees working at
a small enterprise, roofing material, and rooftop area are used as the key parameters for pertinent
assessment in the BIM. The data simulated by BIM highlight the RwH potential using five people per
house as the occupancy and a 90 m2 rooftop area for residential buildings or small enterprises as
parameters. The results show that the selected sites can collect as much as 8,190 L/yr of rainwater
(48 L/person/day) to 103,300 L/yr of rainwater (56 L/person/day). This much water is enough to
fulfill the daily demands of up to five people. Therefore, it is established that the study area has an
RwH potential that is able to meet the expected demands. This study presents a baseline approach
for RwH to address water scarcity issues for residential buildings and factories of the future.

Keywords: rainwater harvesting (RwH); water demand; building information modeling (BIM);
hydrological investigation; sustainable drainage systems (SuDs); residential buildings

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
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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, con-
ventional planning, designing, estimating, and managing that are needed [12–18]. 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 (re-
duced costs) [19,20], daylighting analysis, water harvesting, energy-saving designs [21,22],
the use of sustainable materials [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 [23]. The further development of BIM
uses integrated BIM technologies [26]. Langar and Pearce [27] 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.

Groundwater is used extensively in Pakistan’s domestic, industry, and agriculture
sectors due to the rapidly [27] increasing population and their associated water needs [28].
Due to the increased population and a reduced surface water supply, there is great stress on
groundwater aquifers [29]. It was reported that the annual global groundwater extraction in
2010 was 982 km3. Moreover, it is predicted that by 2030, Pakistan will become the country
with less renewable water resources and water resources that are below the threshold
value of 1500 m3 [30]. Therefore, an artificial recharge process needs to be adopted and
implemented in the country on an emergency basis if the emergent water scarcity issues
are to be managed in order to stop the groundwater table from depleting.

Recharging is the process of water infiltration into the soil and then into the saturated
zone [31]. Bhutta and Alam [32] recommended that artificial groundwater recharge be
promoted in the areas where these structures are possible to build and are economical. One
of the best possible alternatives to recharge the groundwater table is the RwH structures
and strategies. Moreover, being contained and reused after purification, the wastewater
can help reduce water scarcity [33]. However, research on rainwater management shows
that if rainwater is stored in either porous or with a filter discharge valve, then the water
will eventually infiltrate into the phreatic zone, recharging the aquifer [34].

RwHS can be difficult to develop when analyzing the weather, tank size, site, and
utilization of conserved water [35]. Additionally, they cause the projects significant front-
end load in terms of resources and demand interdisciplinary expertise [36]. Thus, RwH
projects are difficult to implement, but they mitigate the developmental effects when they
are properly executed. Therefore, it is important to leverage technological innovation to
improve the design and sustainability of RwHS. BIM can achieve a sustainable design
and better collaboration with stakeholders to obtain a successful RwH project. Enhanced
virtual designs of the systems or materials and their geometry facilitate the development
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of a structure’s cost-effectiveness, site safety, and sustainability [37]. Using green building
technology, BIM leads to better and more efficient facilities [25,38].

Research suggests that BIM should be used as a product and a process [39]. BIM
contributes to the planning and the design process, which is often iterative between the
individuals who are involved in the project [40]. Moreover, it allows multidimensional
data that can be superimposed onto the model during the design process. Accordingly,
the sustainability measures can be incorporated into the model [41,42]. BIM also aids in
the graphical and non-graphical visualization of a structure [43] and provides a realistic
database that helps better cooperation between the key project stakeholders [44]. Overall,
BIM has a positive risk tradeoff in which its benefits outweigh its implementation chal-
lenges [45]. However, despite the advantages of BIM, it has its fair share of criticism and
limitations. For example, researchers consider integrating its software with other subjects
as its limiting factor [46,47].

Based on the above motivation, the application of RwH is linked to the application
of BIM in this research. BIM helps to perform complex simulations and to reach better
and improved decisions. Therefore, new tools and techniques that help execute RwH
structures, such as BIM, should be leveraged. Of these tools, InfraWorks evolved as
an innovation by Autodesk, which helps to conceptualize, contextualize, optimize, and
visualize projects [48]. The literature suggests that RwH is a viable solution in areas with
higher precipitation. As a process, BIM can be highly effective in analyzing the RwH
potential for such residential areas. Therefore, the current study humbly contributes to
the body of knowledge by applying BIM for assessing the potential of RwH in residential
buildings. The household size was determined from the publication, local area knowledge,
and investigation, indicating the number of people living in a typical house and their water
demands in the case study area. Although the analysis is regional (Islamabad, Pakistan),
the outcome will benefit other regions with the same topographical features. The published
studies are conventional; the proposed structures are not cost-effective, and there is no
proper estimation of the storage structures based on the rainfall trends. These are useful for
laying the foundation of rainwater harvesting schemes; however, new studies focused on
cost-effectiveness and detailed conceptual designs of RwHs can contribute a lot towards
sustainable water consumption and the saving of water.

2. Materials and Methods

This research is based on the latest experiences of evaluating RwH potential in the
study area. For optimal results, the catchment surface for the RwH structure should be
200–300 m2. In these conditions, water can be saved by as much as 85%. On the other
hand, if the catchment surface is smaller than required, the RwH structure will not produce
desirable results because of the requirements for larger tank sizes [49].

Rainfall patterns were studied to establish the seasonal rainfall trend and rainfall
pattern across each month of a year to define the water availability so that the consistency
of rainwater as a substitute water supply source can be justified. Rainfall data were
analyzed to meet the research objectives. The house scale, size, and materials for the roof
and storage tank capacity were defined using statistical methods. The study area for this
research is Islamabad, the capital of Pakistan. However, any city in the world can be taken
into account for this research. The population and associated water demand of this city
are increasing rapidly [50]. However, the water supply is limited due to a decrease in
rainfall and limited water resources. Hence, to provide sustainable water availability, it is
important to utilize the RwH potential. For the residential areas, rainwater can be stored in
buildings and recycled for domestic purposes. It is essential to mention that the current
research is executed on existing designs and technologies that generally apply to the study
area.

The climate of Islamabad is a Cfa (humid subtropical climate), as per the Köppen
climate classification. The following approaches, assumptions, and data sources have been
adopted and utilized in this study:
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• Rainfall data were only available for these three sites (Table 1) and were taken from
the Pakistan Meteorological Department (PMD) (https://www.pmd.gov.pk accessed
on 6 June 2021).

• Proposed sites were visited, common structures of the surrounding building were
considered, and the roof area was calculated.

• A concrete surface, which is more viable and smoother regarding water flow with a
slope of 5◦, was developed and used.

• The roofing area (RA) was calculated according to the equation suggested by [51].
• The runoff coefficient of the rainwater was taken from [49].
• RA of 90 m2, a coefficient of 0.8, and the monthly average rainfall for the last four

years were used to find the monthly RwH potential in liters in the case study area.
• The cumulative RwH potential was derived from each month’s RwH potential.
• The average difference between the demand line and the accumulated rainfall provides

the tank storage capacity for the storage of all of the accumulated rainwater.

The methodology of this research is shown in Figure 1 and is subsequently explained.
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Table 1. Details of study sites in Islamabad.

Site No. Site Name Location (Latitude, Longitude)

1 Zero Point 33◦41′38′′, 73◦03′55′′

2 Airport 33◦33′41′′, 72◦51′25′′

3 Rawat 33◦31′26′′, 73◦10′17′′

2.1. Study Area

The study area is Islamabad, the capital of Pakistan (Figure 2). It is an organized and
maintained city that lies on the edge of the Pothohar Plateau and at the footsteps of the
Margalla Hills, with an elevation of 507 m from sea level. The total area of Islamabad is
906.50 km2 [52]. The terrain of the city consists of plains and mountains. The city is located
between 72◦48′ and 73◦22′ east longitude and 33◦28′ and 33◦48′ north latitude. Islamabad
is a semi-arid city with an average annual rainfall of 95.2 mm. Moreover, maximum rainfall
occurs in July and August [6]. Islamabad has a humid subtropical climate with five seasons
that include winter (November–February), spring (March and April), summer (May and
June), monsoon (July and August), and autumn (September and October) [53]. The average
high and low temperatures in winter are 16.6 ◦C and 3.4 ◦C, respectively, and in summer,
the average high and low temperatures are 34.2 ◦C and 24.4 ◦C, respectively.
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The population of Islamabad is around 2 million people, and most residents are
immigrants from other parts of the country. The major reason behind this immigration
is the city’s status as the federal capital, meaning that it houses government machinery,
universities, and several allied services. Such migration causes an increase in population,
stressing the natural resources and adversely affecting the environment [54].

For the groundwater, around 180 tube wells pump water and supply it to different
sectors of Islamabad. Municipal and private wells also fulfill the water demands of the
population, leading to a rapid drop in groundwater levels. Islamabad is divided into five
zones based on its development potentials and aims [52]. These include Zone I: designated
for urban development and federal government institutions, Zone II: designated for urban
development, Zone III: designated for rural development, Zone IV: designated for rural
development, and Zone V: designated for rural development. Furthermore, Figure 2 shows
the elevations of these five zones in Islamabad. From the legends, blue denotes the highest
elevated areas, red shows the lowest elevation, and the bold line marks the borders of the
zones. From these zones, three sites are selected to identify the RwH potential because
of the limited data availability. The data were acquired from the PMD rain gauges that
are installed in these zones. Hence, these sites were selected, and their rainfall data were
incorporated. The selected three sites are considered due to their high population and
because the buildings in these areas show a similar construction design. Hence, the same
methodology can be applied to all three sites. Rainfall data from the last five years were
considered, and the average value for each month was used in the associated assessments.
The climate of these sites is almost the same, as they are in a close vicinity to each other.
Details of these sites are given in Table 1 and are displayed in Figure 2 as Site 1, 2, and 3.

2.2. Rainfall Data Acquisition and Details

Daily rainfall data were acquired from the PMD website. The three sites were strategi-
cally selected since the PMD has installed rain gauges at these locations. This data helped
to design the average rainfall for each month for Islamabad. First, the rainfall data from the
last five years, i.e., January 2014 to December 2018, were used to derive the average rainfall
of the study area. Then, the monthly average rainfall data were used to statistically analyze
the data to identify which months receive the highest rainfall and which season faces
severe scarcity. Once this relation is derived, water management strategies can be proposed
since they provide details on when water should be stored for future use. Moreover, this
relationship provides the details in calendar months.

2.3. Modeling and Simulation of the Data

BIM is a process that includes the collaboration of different software packages for
better project output and data analysis, as shown in Figure 3a. In this study, the 2D model
of the houses was built using AutoCAD®. After this, the 2D models were converted into 3D
models, and a roof slope was defined for the building. The model was further developed
in Revit® and was subsequently imported into SketchUp® for the additional modeling
of piping structures to collect rainwater. Finally, all of these models were imported in
InfraWorks® Version 2019. After the 3D file of the model was imported, its configuration
was completed, and the data file was assigned a specific domain. The configuration requires
the data file to be assigned with a coordinate system, as shown in Figure 3b. The WGS-1984
coordinate system was selected for the current study, as shown in Figure 3b. After placing
the model in its desired position, properties such as slope, elevation, height, etc., can be
changed from the properties panel. The slope for the model was kept at 5◦, as shown in
Table 2. There were no issues regarding the development of the structures because the
tools that were adopted were user-friendly. However, a powerful operating system and
computer with high specifications must be used in order to process and run these tools.
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Table 2. Model properties in InfraWorks®.

Properties Description

Roof height 3.0 m
Roof slope 5.0◦

Roofing material Concrete
Roofing size 90 m2

Building type Double story residential house

Based on the local information and literature, typical residential buildings were
designed at all of the selected sites in InfraWorks®, as shown in Figure 4. First, the
buildings were designed followed by the household numbers, which were statistically
identified. Then, in terms of the building structure attributes, roofing material was added,
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and the associated roof area was calculated through statistical relation. Finally, the entire
model was designed from pipeline development to storage plant and purification, as shown
in Figures 4 and 5. Overall, the description of the RwH model in InfraWorks® is presented
in Table 3.
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Table 3. Description and functions of RwH model components.

S.No. Component Description Function Specification

1. First flush
diverter

It diverts the first few
liters of dirty rainwater
to another pipe from
where it can be flushed
out.

It consists of an assembly of a pipe, a
ball, and a valve. When the rainwater
travels through the flush diverter pipe,
it forces a ball at the bottom to rise up
and finally seals off the pipe. This way,
some dirty water is stored in the pipe,
which is later flushed out by opening
the valve.

Four first flush diverters are
used in this model, one for each
pipeline, collecting rainwater
from the roof.
This way, the first 10 L
accumulated from the rooftop
are flushed, and the remaining
water heads towards the
cleaning stage.

2. Grease and oil
trap

It allows the separation
of grease and oil traces
in the water
accumulated from the
roof.

It consists of a container with a gate
panel placed in the middle. The water
enters from one side of the container;
the solids settle at the bottom while the
oil and grease float at the top. The clear
water then enters the other side of the
container from under the gate panel and
exits.

The dimensions of the container
are 400 × 400 × 250 mm, with
an overflow height of 220 mm.
The container has a capacity of
35.3 L.

3.
Anthracite-
sand
filter

It removes the smallest
impurities present in
the water by refining
through fine sand.

It consists of a reservoir with a layer of
Schmutzdecke, a layer of fine sand, and
a layer of gravel. The water enters the
tank from above and passes through all
of these layers to be purified. This filter
also requires backwashing from time to
time (3–7 days) to prevent blockage of
pores.

The top layer (Anthracite) has a
thickness of 250 mm, the bottom
layer, which consists of sand, has
a thickness of 300 mm, and the
support gravel layer has a
thickness of 430 mm.

4. Storage tank
It collects the purified
rainwater ready for
use.

It is normally 1520–2130 mm high and is
made of PVC. A water tap may be
attached for direct access to water and a
drainage nozzle to convey water to the
main tank.

A 3000-L capacity storage tank is
selected with a diameter of 1625
mm and 1828 mm in height.

2.3.1. Household Number

It is imperative to calculate the household size for the RwH calculations from the mass
curve analysis technique [55]. Household size indicates the total water demand and the
storage capacity of a house to fulfill that demand. The majority of the population has a
household size of four to six people in the study area. Therefore, the standard average
of five people in each house is taken for storage capacity analysis. Hence, in InfraWorks
simulation, all the houses on all three sites have a household size of five.

2.3.2. Roofing Materials

Almost 80% of the population lives in detached houses in Islamabad, while 20% live
in flats and apartments. Most of the houses in Islamabad are constructed with cement-
concreted rooftops, and a small percentage of houses have tiles as the roofing material.
Such material is useful for RwH because runoff from concrete surface is very rapid, and
water losses are minimal. Hence, in the InfraWorks simulation, all of the rooftops are made
of cement concrete.

2.3.3. Roofing Size

As mentioned earlier, most of the population lives in houses (almost 80%), while the
rest live in Islamabad’s flats. Therefore, it is very difficult to estimate the roof size for a flat,
and there are hardly any data available for the roof area (RA) of flats. Nevertheless, it is
understood that the roof size area for a house is larger than the roof size area of flats. Since
no official data were available, local on-ground knowledge and experience were taken into
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account, and an area of 108 m2 was assumed for houses while considering the statistical
standard for 3.75 m2/person for flats means that for a five-person flat, approximately
18.75 m2 (3.75 × 5) of RA per flat can be considered [51]. Hence, the weighted average
for the roof area was calculated using Equation (1), where RA represents the roof area
per house (m2), Hp is the percentage of houses in the city, which was taken as 80%, Ha is
the average roof area of the houses in the city, which was taken as 108 m2, and Fp is the
percentage of flats in the city which was taken as 20%. At the same time, Fa is the average
roof area for the flats in the city, which was taken as 18.75 m2.

RA =
(

Hp × Ha + Fp × Fa
)
/100 (1)

The average RA for the city was calculated as 90.15 m2 using these values. For the
sake of convenience, the value is rounded off to 90 m2. This value is used to calculate all
three sites since there is not much change in the building dynamics across all sites.

2.4. Rainwater Harvesting Potential

The potential of the rainwater volume that can be stored monthly is calculated using
Equation (2), where C is the runoff coefficient, A is the roof area calculated in metres square
(m2), and i is the average monthly rainfall in millimeters (mm).

Runoff = CiA (2)

As mentioned before, a single average value of the roof area is used for all three sites.
The average monthly rainfall for all three sites was used as a dataset in this equation, while
the runoff coefficient was taken from the published literature. The coefficient of the runoff
for multiple rooftops can be seen in Table 4 [49]. Since most of the rooftops in Islamabad are
properly cemented, a 0.8 value was used in this study for all of the sites. California State
Water Resources Control explained that the runoff coefficient is a dimensionless coefficient
that relates the amount of runoff to the amount of precipitation received. Therefore, for
tiled roofs, it ranges between 0.75–0.95, and for concrete, it ranges between 0.8–0.95. This
research used a conservative figure to keep the values realistic.

Table 4. Coefficient of runoff for multiple rooftops [49].

Surface Type Coefficient

Roof
Pitch roof tiles 0.75–0.90

Flat roof with a smooth surface 0.5
Flat roof with gravel layer or thin turf (<150 mm) 0.4–0.5

2.5. Storage Tank Capacity

To calculate potential harvesting, a roof area (RA) of 90 m2, a coefficient of 0.8, and
a monthly average rainfall for the last five years were used to find the monthly RwH
potential in liters. From these monthly volumes, the cumulative volumes were obtained
and plotted. Then, a constant demand line was drawn on a similar graph by considering
constant withdrawal for the entire year. The greater difference between the demand line
and the average rainfall provides the storage capacity of a tank that is meant to hold all of
the rainwater. This difference helped us to understand when the rainwater availability was
higher than the demand and that water should be stored for the scarcity months.

3. Results

This study mainly focused on determining the RwH potential in Islamabad. At first,
three different sites were studied by gathering their daily rainfall data and then calculating
average monthly rainfall, as given in Table 5. This shows that most of the rainfall occurs in
July and August because of the monsoon season in the region. On average, Site 1 receives
1435 mm of rainfall; Site 2 receives 1212 mm, while Site 3 receives 1225 mm of rainfall
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annually, which helped us to understand the rainfall pattern in Islamabad and highlighted
that Islamabad receives a fair amount of rainwater that can be stored and used for domestic
utilities. It is worth mentioning that although all three sites are equally scattered, there is
very little difference in the rainfall pattern because the season is a regional phenomenon.
Therefore, any significant difference at the city level might not be witnessed.

Table 5. The monthly average rainfall of three sites.

Month Average Rainfall
(mm) Site 1

Average Rainfall
(mm) Site 2

Average Rainfall
(mm) Site 3

January 1.01 1.01 1.01
February 78.02 74.32 71.36

March 39.21 43.08 42.54
April 85.02 79.31 81.23
May 64.23 39.81 40.36
June 63.01 67.53 70.12
July 371.02 322.28 326.96

August 542.81 434.54 439.24
September 105.00 57.04 52.77

October 31.00 36.61 39.25
November 24.01 21.54 23.28
December 30.40 35.40 36.80

After calculating the monthly average rainfall, building structures were drawn in
InfraWorks® in all three sites. Existing buildings were considered for this study because
it is more realistic to work on an existing building than it is to propose a new one. Since
Islamabad is a well-designed and planned city, most of the houses in the city have similar
infrastructure and features. A similar prototype is used for all of the sites, as most of the
construction in this region is the same, as shown in Figure 6.
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Figure 6. The proposed RwH structure of Site 1, 2 and 3 in InfraWorks.

Once the rooftops area, household number, and house surface area were statistically
calculated, the RwH potential was calculated for all of the sites using Equation (2). After
calculating the RwH potential for each month, the cumulative potential was also calculated
for all of the sites and was plotted. Later, an assumption was made that the water demand
would be constant throughout the entire year. Therefore, a cumulative line was used to
determine the overall monthly water quantity that is required by keeping the demand in
mind. The average water demand is added to each month, making it a cumulative value.
This establishes a linear relationship between water demand and the months of the year.
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This idea was used to deduce the water demand for each month and to deduce the potential
of rainwater harvesting. Decision makers can benefit from this concept by identifying
the months in which water availability is at its maximum, and the water demands can be
fulfilled using the conserved water sources.

Furthermore, in the months with maximum water demand and low supply, they
can plan for the effective provision of water. Moreover, a water availability policy can be
developed using the associated data. Hence, a cumulative demand line was drawn on
cumulative potential graphs, which helped to identify each month’s status as it related
to potential storage, which helped to establish the demand profile and to show if there is
more or less demand during particular parts of the year. Moreover, we also identified the
month that receives the most excessive rainfall that could be stored and used in dry months.
However, it is evident that the higher the rainfall, the larger the storage tank required to
store the excess water.

Rainwater Harvesting Potential at Investigated Site
The results of Site 1, 2, and 3 are given in Table 6, and the monthly distribution of

RWH potential and its cumulative accumulation is shown in Figures 7–9, respectively. By
comparing all of the sites, it can be concluded that Site 1 holds the maximum potential for
RwH, displaying the potential to store 56 L per day. Since the rooftop area and recharge
coefficient are the same for all of the sites, there more rainfall in this area than there is in
other sites. Hence, this area holds the maximum potential for water storage. However,
this does not mean that the other sites do not have any potential; both Site 2 and Site 3
also receive a fair amount of rainfall. The rest of the area can also be used for RwH. In
short, the graph of the cumulative rainfall and the demand line show that August and
September have more rainfall harvesting potential than the demand; hence, this extra water
can be stored and used in dry months. Since all three sites have similar climatic conditions,
not many variations can be seen in the sites. Therefore, all of the recommendations and
strategies that can be applied to one site apply to others as well.
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Table 6. Rainwater harvesting potential on Sites 1, 2 and 3.

Month

Average Rainfall [i] (mm)
Roof Area
[RA] (m2)

Runoff
Coefficient

[C]

Site 1 Site 2 Site 3

Site 1 Site 2 Site 3 Monthly Runoff
Harvested (i1 ×

RA × C) (m3)

Cumulative
Runoff Harvested

(m3)

Monthly Runoff
Harvested (i2 ×

RA × C) (m3)

Cumulative
Runoff Harvested

(m3)

Monthly Runoff
Harvested (i3 ×

RA × C) (m3)

Cumulative
Runoff Harvested

(m3)i1 i2 i3

January 1.01 1.01 1.01 90 0.8 0.07272 0.07272 0.07272 0.07272 0.07272 0.07272
February 78.02 74.32 71.36 90 0.8 5.61744 5.69016 5.35104 5.42376 5.13792 5.21064
March 39.21 43.08 42.54 90 0.8 2.82312 8.51328 3.10176 8.52552 3.06288 8.27352
April 85.02 79.31 81.23 90 0.8 6.12144 14.63472 5.71032 14.23584 5.84856 14.12208
May 64.23 39.81 40.36 90 0.8 4.62456 19.25928 2.86632 17.10216 2.90592 17.028
June 63.01 67.53 70.12 90 0.8 4.53672 23.796 4.86216 21.96432 5.04864 22.07664
July 371.02 322.28 326.96 90 0.8 26.71344 50.50944 23.20416 45.16848 23.54112 45.61776
August 542.81 434.54 439.24 90 0.8 39.08232 89.59176 31.28688 76.45536 31.62528 77.24304
September 105 57.04 52.77 90 0.8 7.56 97.15176 4.10688 80.56224 3.79944 81.04248
October 31 36.61 39.25 90 0.8 2.232 99.38376 2.63592 83.19816 2.826 83.86848
November 24.01 21.54 23.28 90 0.8 1.72872 101.11248 1.55088 84.74904 1.67616 85.54464
December 30.4 35.4 36.8 90 0.8 2.1888 103.30128 2.5488 87.29784 2.6496 88.19424
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4. 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
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measures in this context include subsidized developments that consider green strategies.
Furthermore, proper sustainable drainage systems (SuDs) should be implemented to maxi-
mize 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 [56].

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 collabo-
ration between multiple working groups [12]. It has been established that BIM increases
time efficiency and enhances the coordination of construction projects [57]. BIM combines
visibility, harmonization, modeling, and optimization, which are the key ingredients for
enhancing model efficiency [58]. 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 10. 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 1

4 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.
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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 [59] 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 [60]
showed the cost and benefit analysis of RwH based on Equation (3). In Equation (3), LCC
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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, uncon-
ventional 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 [61–63].

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 rela-
tionships. 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 [64]. 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 [65]. 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,
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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 m2. 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 [66] 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. [60] 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, on-site 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.

5. Conclusions

This study examined the potential for RwH in oCfa-type climate cities and was carried
out in the example city of Islamabad, Pakistan. Through BIM, houses were designed with
local knowledge and observations. Later, the rooftop area was estimated, and the rainwater
storage potential was empirically derived. The yearly accumulated rainfall of the three
sites in the study area was used for pertinent calculations. It was concluded that the study
area possesses a high potential for RwH. Site 1 is the potential site for maximum RwH,
where an average of 56 L per day can be stored.

Further, considering the constant demand and cumulative rainwater storage, it was
deduced that August and September have more water availability than demand. Hence,
excessive water can be stored for use during the dry months in these rainier months. Based
on the RwH potential analysis, it can be concluded that Islamabad has very good potential
for RwH. A fair amount of water can be stored for domestic and commercial usage. Thus,
this research provides a baseline for the application of BIM in RwH potential assessment
and management.

Theoretically, this research provides a baseline methodology for identifying the poten-
tial of RwH worldwide and in other regions of Pakistan. By following this methodology,
RwH potential and household demand and supply state can be drawn for global cities in
both developing and developed countries. In the past, rainwater was stored and utilized for
agriculture and households. However, it was never considered a practice to utilize a small
region or town’s water supply potential. Therefore, BIM provides the theoretical baseline
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for identifying rainwater potential and its utility in different seasons. This methodology
can be applied globally to address the water crisis issues and the associated town/city
management issues. To estimate the roof areas, scholars may use satellite images for the
large regions in their study, as this will yield more accurate results. Practically, this research
proposes the amount of rainwater that is available to be harvested in Islamabad, which will
help decision makers select appropriate sites for water storage and to formulate policies
for the implementation of rainwater storage designs and water management. The local
development authority has welcomed the findings, and changes to building bylaws are in
progress to accommodate RwH-associated changes in local buildings. Other countries can
adopt the same approach to tap into the holistic benefits of BIM-based RwH.
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