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Abstract
Pakistan, previously a water-surplus country, is now a water-stressed country. Water is essential to achieve sustainable urban
development, and the use of alternate water resources could provide essential support to urban development in the water crisis
scenario. In water-scarce areas, where new water resource implementation is very difficult, water conservation practices serve
efficiently and valuably. The study area, DHA City Karachi (DCK), has been visualized as Pakistan’s first city which will likely
serve as a role model for the future independent planned cities in the developing world. In this study, after water demand
estimation for the study area, water conservation techniques have been implemented using scenario-based model approach.
These techniques are water efficient fixtures (WEF) usages, dry cooling in power plant (DCP), grey water recycling (GWR), and
black water recycling (BWR). The designed strategy implementation provides an overall 54% water reduction. The result shows
that the best water demand reduction strategy is the deployment of WEF which is 59% of the total water reduction. Thus, the
results of the study suggest that similar scenario-based urban water conservation strategies can be implemented for other regions
of the world having water scarcity.
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Introduction

Water, the integral necessity of a human life, has played a
crucial role in the emergence, growth, function, and physical
geography of communities. In 2012, approximately 50% of
the world’s population lived in urban areas, and this percent-
age is expected to swell to 60% by 2030 (United Nations.
Department of and United Nations. Department of Public
2012). As the population will increase, the municipal water
demands will be increased, and eventually, it will cause the

water scarcity (Loubet et al. 2014). By 2050, the world pop-
ulation will expect water shortage of 40% (Ward 2007); there-
fore, currently, water sustainable research plans have domi-
nated the international and national agendas. Water conserva-
tion and efficiency practices provide water sustainability and
have many benefits like water demand reduction, water sav-
ing, less environmental effect, and sustained water quality.

Being a developing country, Pakistan has to face many
challenges like continuous increment in the population, in-
creasing trend of migration from rural to urban areas, yearly
appearance of multiple natural disaster events, and water re-
sources scarcity (Mubushar et al. 2005). Pakistan is among the
25 most populous countries with a notable water deficit in its
reservoirs (Kahlown and Majeed 2002). According to the
World Bank data, Pakistan water reservoir system holds the
capacity to stock water of only 30 days’ usage; however, India
stores water for 120 days while US reserves 900 days (Naseer
2013). Irfan et al. (2018) estimated the 50% deficit between
water demand (1250 million gallon per day (MGD)) and sup-
ply (630 MGD) to Karachi metropolitan area and also ex-
plained the poor reliability of newly developed areas on the
existing water resources within the region. A study, conducted
byMajeed and Piracha (2011), examined the water protection,

Responsible Editor: Amjad Kallel

* Rabia Tabassum
rabia.tabassum@nu.edu.pk

1 Department of Science and Humanities, National University of
Computer and Emerging Sciences (FAST), Karachi, Pakistan

2 Institute of Space and Planetary Astrophysics, University of Karachi,
Karachi, Pakistan

3 School of Computing, Engineering and Mathematics, Western
Sydney University, Parramatta South Campus,
Rydalmere, NSW 2116, Australia

https://doi.org/10.1007/s12517-020-06180-2

/ Published online: 11 November 2020

Arabian Journal of Geosciences (2020) 13: 1203

http://crossmark.crossref.org/dialog/?doi=10.1007/s12517-020-06180-2&domain=pdf
mailto:rabia.tabassum@nu.edu.pk


administration, and governance practices which are required
in agriculture, municipal, and industrial divisions of the
Pakistan. Siddiqui (2016) explored artificial recharge and hy-
droelectric production of DHA City Karachi (DCK) and rec-
ommended a hydroelectric engineering model to harness the
optimum potential of the area. However, the study thoroughly
explored the potential of regional and local recharge. In sim-
ilar circumstances, planners always face the challenge of how
to integrate all the possible means of water resource develop-
ment, management, and conservation strategy for a sustain-
able solution. For instance, conserving scarce water through
water conservation methods, such as the use of efficient fix-
ture, grey water reuse, and wastewater recycling for the newly
planned city, is an effort for sustainable water resource man-
agement. Till date, water conservation practice-based studies
have not been presented for newly planned areas of Pakistan.
With this background, this paper aims to develop an integrated
plan for a newly planned city to deal with the challenge of
water scarcity and sustainability.

This paper is organized in five sections, following this in-
troduction; worldwide studies for water conservation has been
discussed. In “Urban water conservation strategy for DHA
City Karachi,” a case study of DCK has been presented with
water demand estimation in the context of the newly planned
city. Later, some scenario-based models have been considered
for water conservation. In the “Results and discussions” sec-
tion, results and discussions have been presented. Lastly, con-
clusions have been drawn.

Worldwide studies for water conservation

Water efficient devices

The efficiency practices of the water usage are behavioural
practices and engineering practices. The behavioural practices
are related to water consumption habits while engineering
practices are related to the installation of modified plumbing
fixtures that conserve the water. Retrofit programs and low
flow plumbing fixtures are considered as permanent and
one-time conservation measures that can save money over
the long term. These devices can conserve water up to 35 to
50% (Inman and Jeffrey 2006; Sharpe 2008). Domestically,
around 17% of the water is used for shower (Sense 2013).
Commonly, shower heads have 4.5 gallons per minute
(gpm) flow rate, but by replacing it with low flow 2.5 gpm
showerheads, a four-member family can save up to 2900 gal-
lons of water per year (Sense 2013). The faucet aerators, de-
vices to break the flow of water into the fine droplets to en-
hance the wetting effectiveness, reduce water use up to 40%
(Conservation 2016). A twisted faucet can be matched with
the desired task, and it has 0.5 gpm for soaping, 1 gpm for

washing, and 1.5 gpm for a high rinse mode (Conservation
2016).

The water conservation is employed more exclusively in
the context of water use optimization by bringing improve-
ments in different water efficient usage. Millock and Nauges
(2010) presented a study on adoption of water-efficient de-
vices using unique survey data including 10,000 households
in 10 OECD (Organization for Economic Cooperation and
Development) countries. In Australia, several state govern-
ments offer rebates for a series of water efficient devices
which include dual flush toilets, rainwater tank, and water
efficient shower heads (Grafton et al. 2011). As the large
percentage of water consumption is for flushing toilet, the
department of environment protection in New York launched
the old toilet replacement program which incentives to the
homeowner for replacing outdated toilet (3.5 to 5 gallons per
flush (gpf)) with the high efficient model (1.28 gpf) (Licata
and Kenniff 2013).

Recycling and reclamation of wastewater

The proper water resource is crucial for a sustainable urban
development. In the arid and semi-arid environment, a new
water supply implementation poses many challenges and op-
position from environmentalists due to the limits of ecological
conditions (Chen 2007). Thus, wastewater recycling and reuse
of reclaimed water for non-potable use could provide a guar-
anteed long-term water resource without developing new wa-
ter supply. Wastewater from bath, sinks and, washing ma-
chines is known as grey water which outflows from homes
around 60% (Madungwe and Sakuringwa 2007). Grey water,
with little pathogens, has 90% less nitrogen than toilet water
(black water) and does not need the same treatment process
(Madungwe and Sakuringwa 2007). Zeng et al. (2007) tried to
select the development pattern of urban wastewater reuse for
China. Domestic gardening, golf course irrigation, aquifer
recharge, and industrial applications are the suitable
utilizations of grey water. Chen and Chen (2014) suggested
that reuse of reclaimed water is acceptable for the industry.

The integration of the three flows (water supply, wastewa-
ter, and drainage) was presented by Makropoulos and Butler
(2010) that provides a significant potential for the improve-
ments in urban water management. In Orange County of
California, USA, purifying wastewater treatment technologies
are used for groundwater replenishment. Later, this treated
water is utilized as potable water (Mehta 2009). In Northern
Africa, Australia and some parts of USA, many studies have
been done for wastewater use as substitution of freshwater and
as a vital conservation strategy contributing to agricultural
production maintenance (Raschi 2004). The wastewater reuse
index (WRI) is introduced by Alfarra et al. (2011) for the
wastewater reuse quantity measurements and for the potential
to increase its utility for agricultural production
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Water conservation and efficiency practices have different
benefits like water demand reduction, water saving, less envi-
ronmental effect, and sustained water quality. Some water
conservation–related studies are illustrated in Table 1, which
serve as the evidences of effective intervention for efficient
use of water resources.

Table 1 shows that recycling of wastewater is exploited
in most of the different studies, and it reduces a signifi-
cant amount of water, approximately up to 50%. Mainly
arid or semi-arid countries prefer wastewater reuse;
among them, Jordan is on the top. Jordan, a subtropical,
arid, and humid region, is extremely water-stressed area
with just 167 m3 per capita per year to meet the municipal
water demand. Efficient fixture implementation, particu-
larly for irrigation, conserves up to 90% of water in some
countries. The majority of studies are related to water
efficient devices use in Georgia. In Australia, efficient
devices and reuse of rainwater and grey water are utilized
as alternate water resources for rural residential develop-
ment. Other countries like USA, UK, India, Texas, and
China are also motivated toward the grey water recycling
and efficient water use. In Japan, grey water is reused on
a wide scale, and its range starts from a simple hand basin
use to a complex recycling system in the offices. Water
expenses are reduced in South African urban areas due to
reduction in consumption of municipality freshwater sup-
plies. Untreated urban wastewater use is undesirable and
even unacceptable to many; therefore, the wastewater
treatment plants are required for maximizing the benefits
and reducing the risks under the prevailing social and
economic conditions.

Urban water conservation strategy for DHA
City Karachi

Case study

DCK is the part of Sindh desert with latitudes from 24°
57′ N to 25° 2′ N and longitudes from 67° 24′ E to 67°
32′ E. With an objective populace of 600,000, it is
planned in the vicinity of Karachi Metropolis on ap-
proximately 12,000 acres, which comprises eight major
land use types (see Fig. 1). It is drained by small non-
perennial water tributaries of Malir River. The tempera-
tures vary from moderate to hot, and DCK experiences
the small amount of rainfall during monsoon season
about 200 mm per annum. May and July are the hottest
months, and temperatures often reach at 43 °C maxi-
mum. January is the coldest month of the year with a
minimum temperature of 5 °C.

Materials and methods

The study aim is to establish some strategies to reduce water
demand for an arid region of a developing country.

The methodology consists of different steps as shown
in Fig. 2. Before applying these strategies, it is crucial
to know about the water demand to understand elasticity
and water saving potential. For this purpose, after the
land use classification, DCK water demand is evaluated.
Later, some scenario-based models are developed to
conserve water.

Table 1 Different studies for efficient use of water

Study with ref(s) Location Environment Strategy Efficiency

A Review of Water Conservation
Planning for the Atlanta (Gleick 2006)

Georgia, USA Hot summer WEF 50%

Efficient water use
(Hilaire et al. 2008)

USA Arid and semi-arid WEF and GWR/BWR 733 to 2526 L water saving

Research of domestic water consumption
(Lu 2007)

Harbin, China Dry winter and hot summer WEF 50%

Efficient Water Use
(Gerston et al. 2002)

Texas, USA Arid, humid WEF 8000 to 10,000 gallons per
year per family

Integrated resource planning
(Fane 2007)

Australia Tropical GWR/BWR Average saving of 74 million
liter/annum

Wastewater reuse
(Chu et al. 2004)

China Tropical, arid, warm summers
with mild winters

GWR/BWR 44.4%

Greywater reuse
(Godfrey et al. 2009)

Madhya Pradesh,
India

Tropical GWR Save Indian Rupees 30,000
per year

Grey water reuse
(Allen et al. 2010; Al-Beiruti 2010)

Jordan Subtropical arid and humid GWR 15 to 30% (Allen et al. 2010),
30% (Al-Beiruti 2010)

Reuse of Reclaimed Water
(Chen and Chen 2014)

Taiwan humid subtropical climate BWR 21.%
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DCK land use classification

The master plan of DCK is consisted of detailed parcels/
plots, transportation corridors, reserved spaces for natural
drainage, open and green spaces etc. For water demand
estimation, first DCK land use classification is applied to
the parcels/plots, according to the detailed master plan
categories on different levels, such as the major land uses
that comprised residential, commercial, mixed (Res cum
Com), amenities, recreation, utilities, transportation, agri-
cultural, and reserved spaces. The minor/detailed land use
classification was also developed for each individual

major land use class according to DCK planning (as
show in Fig. 3)

Water demand estimation criteria

For a newly planned city, water supply authorities are expect-
ed to supply water to their consumers with a certain degree of
reliability. Non-uniform distribution of water may cause water
scarcity in some area and excess in other areas which might
result in the obstacle for the natural growth of the city.
Therefore, a standard criterion setting is necessary to know
the DCKwater demand. In this regard, water coefficients such

Fig. 2 Methodology work

Fig. 1 Plan of DCK with land use types and % area of DCK
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as gallon per capita per day (gpcd) and gallon per unit area per
day (gal/ft2) are measured according to the DCK master plan,
worldwide trend of water consumption, and some separate
studies. Karachi Water and Sewerage Board (KW&SB) is
the main source of water supply for Karachi city. According
to KW&SB water supply planning in Karachi, the average
water requirement is 52gpcd (Ihsanullah 2010). Therefore,
initially the average DCK domestic water requirement is as-
sumed as 52 gpcd.

Water demand for residential and mixed land use In the
DCK, almost 38% area is allocated for residential and mixed
land use plots (see Fig. 1). DCK planning report mentions the
expected number of persons per house varies from 6 to 12
according to the plot sizes (125 sq. yards to 2000 sq. yards)
(OCL 2012). For residential and mixed land water demand
estimation, the water requirement of each residential plot is
calculated by multiplying the total number of persons per
house with water consumption per capita (52 gpcd).

Water demand for commercial land useAlmost 236 acres area
is designated for DCK commercial plots of various sizes in
community centres and in the central business district. A
survey-based study is conducted to obtain water consumption
for drinking, cleaning, washroom, and other uses according to
their commercial activity for Karachi (Tabassum et al. 2016).
The survey results show that, for commercial land, average
water demand coefficients are 2.3 gal per capita (employee)
per day (gpcd) and 0.031 gal per area per day (g/ft2/day). The

water demand coefficient 0.031 g/ft2/day is used for commer-
cial water demand calculations.

Water demand for recreation, transportation, and agricultural
and reserved land use Transportation corridors cover
around 34% of DCK land with different street and road
categories. Water is used for watering plants in recreation,
transportation, and agricultural and reserved land uses.
DCK planners have selected different types of plants ac-
cording to the suitability of different land uses and derived
the water demand coefficients with respect to the unit area.
This selection was made by survey of plantation in
Karachi. Some of the derived water coefficients for differ-
ent public water use are given in Table 2. According to
Table 2, water coefficient for road landscaping, agricultur-
al, and reserved land is 0.006 gal/ft2/day and for recreation
land is 0.02 gal/ft2/day.

Water demand for utilities land use Almost 3% of the DCK
land has been selected for the utilities land use. Conventional
power generation plant is the main water consumption source
of utilities land. According to DCK planning, 50 mW conven-
tional power plant is based on wet cooling requires 4.2 MGD
water (OCL 2012).

Water demand for amenity land use A long list of needed
amenities and special use is designed in DCK that comprises
around 4% of DCK land. It consists of educational institu-
tions, public building, religious centre, health facilities, and

Fig. 3 Land use classifications
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some reserved amenities. Water demand for amenity land is
determined using water coefficients given in Table 2.

Conserved water estimations

After estimation of water demand, water conservation strate-
gies are applied on each DCK land use. The suggested water
reduction methods for DCK are grey water recycling (GWR)
for lawn sprinkling, use of water efficient fixtures (WEF) in
residential, commercial, and public building; use of dry
cooling in power plant (DCP) or recycling of water in power
plant; and black water recycle (BWR) for road landscaping
and agriculture. To assess the impact of suggested interven-
tion, step by step model scenario making approach has been
adopted as shown in Fig. 4.

Scenario-1 (business as usual (BaU)) indicates the wa-
ter use without any intervention for demand reduction.
BaU may only be assured with the assumption of uninter-
rupted gross water demand fulfillment. However, limited
water sources will not allow BaU unless water resources
are sufficiently increased to provide incremental water
demand. Towards demand reduction, the first intervention
is the GWR (scenario-2) and its use for landscaping and
gardening within and outside of the buildings. For GWR,
the overriding principle is the safe usage of recycling
water. Therefore, GWR is not applied where safety could
be at stake, or its consumption is not required. GWR for
landscaping is suggested only for large size plots (500 sq.
yards and above) because small size plots have no land-
scaping. Health facilities have not been incorporated into

BaU
•Business as Usual
•No intervention is suggested for reducing the demand

GWR

•Grey Water Recycling
•Only lot size 500 sq. yds and above will implemnt the startegy
•Hazardious or unhealthy water will not be considered as grey water
•Grey water will only be used for gardening in the buildings and irrigation of amenities cort 
yards

WEF
•Water Efficient Fixtures
•Fucets, showers, toilet flush tanks and washing machines will be targeted throuh special 
rewards for volunteers and by-laws

DCP
•Dry Cooling Power Plant
•Water recycling will be used to minimize the demand from external sources

BWR

•Black Water Recycling (sewage treatement thorugh decentralized treatement plants)
•Parks, amusement areas, street vegetation and reserved green spaces will be irrigated by 
reclaimed water
•Other than reducing the water demand, reclaimed water will be used for recharging the 
groundwater aquifer and amusement lakes. 

Fig. 4 Flowchart of step by step
scenario making approach

Table 2 Average water demand
for public water use in DCK Land use Average water requirement

Community hall, marriage hall, mess, club, culture, and art 0.15 gal/ft2/day*

Hospital 250 gal per bed**

DCK clinics 0.15 gal/ft2/day**

Restaurants 4.6 gal per capita**

University 34 gal per student per day*

Golf club, lake view park, and nursery 0.02 gal/ft2/day*

Park, playground, and theme park 0.01 gal/ft2/day*

Road landscaping 0.006 gal/ft2/day*

Sources: * OCL (2012) and ** Tabassum et al. (2016)
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the calculation of grey water because of the hazardous
nature of medical waste. For estimating water reduction,
the lawn sprinkling water would be excluded from total
water demand (Only for residential, commercial, mixed,
and amenity land uses). For making it more practical, it is
assumed to construct the grey water tanks separately for
storage, and to make it mandatory for all the residential,
commercial, mixed and amenities plot holders having plot
area of 500 square yards and above.

There are several types of WEF which are efficiently
working worldwide for water saving. WaterSense is a
voluntary partnership program sponsored by the U.S.
Environmental Protection Agency (EPA), and it is both
a label for water-efficient products and a resource for
saving water. In Table 3, some WaterSense products are
selected that residential, commercial, mixed, and amenity
plot holders having plot area of 500 square yards and
above could save up to 44% water demand. In addition
to scenario-2, implementations of these devices are sug-
gested in scenario-3(WEF). To calculate scenario-3’s re-
sult, DCK water demand is estimated with the rate of 44%
saving as criteria adopted in Table 3. For the execution of
the scenario-3, with the separate water plumbing line con-
nection (for GWR), WEF installation is mandatory.

The scenario-4 (DCP) suggests to use the dry cooling
system in the conventional power plant at DCK. Power
house usually consumes a large amount of high-quality
water. Initially, a 50-mW wet cooling power plant with
water requirement of 4.2 MGD is designed for DCK. The
dry cooling power plant is a good choice because it con-
sumes only 0.58 MGD. If the dry cooling system is used or
water is recycled in the wet cooling system, about 4 MGD
water will be saved. Thus, the scenario-4 outcome is taken
by excluding wet cooling demand from the utilities water
demand.

In addition to scenario-4, the BWR is implemented in sce-
nario-5. BWR (after treatment) is used for watering plants in
recreation, transportation, and agricultural and reserved land
uses. Therefore, agriculture and reserved space water demand

are eliminated from the DCK water demand to get the
scenario-5 result.

Results and discussions

Water demand for DCK

The total average water use, when DCK will be fully devel-
oped and inhibited, is expected to reach up to 45 MGD and
water demand per unit area is around 0.09 g/ft2. The results
show that as a whole DCK water demand (45 MGD) and the
biggest share for residential land is about 41% (18.6 MGD)
which occupies 37% of DCK land (see Fig. 5). The second
highest water demand is for commercial and mixed lands
about 17% (7.6 MGD) of the total DCK water demand.
Transportation and recreation lands share almost the same
water (about 2%). The lowest water demand 1% (0.6 MGD)
indicates for the agricultural and reserved spaces. The devel-
opment and full inhabitation period of the city is 25 to 30
years. The population growth rate of the city is required for
forecasting the domestic water requirements. Therefore, as per
DCK population planning, water demand has been evaluated
over 30 years, which will be increased gradually (OCL 2012)
(see Fig. 6).

Water demand optimization

The above scenario-based models have been suggested as
DCK water conservation practices. The impact modeled re-
sults for all land uses with their assumptions and implemen-
tationmethodology are shown in Figs. 7 and 8. The scenario-1
does not influence the water demand and can be applied if the
availability of the excess amount of water is assured from any
secured and permanent water source. The first intervention,
GWR use for landscaping and gardening within and outside of
the buildings, was done in the scenario-2 and its result shows
that water demand can be minimized about 3 MGD. GWR is
exploited in some of the studies (the majority are conducted in

Table 3 Water demand using water efficiency devices

Name of efficient device Frequency of use (per person) Daily water use without water
saving device (gal/person)

Daily water saving with water
saving device (gal/person)

Low-flush toilet (1.6 gpf) 5.1 flushes/day 20.4 12.2

Low-volume showerhead (2.5 gpm) 5.3 min/day 15.9 2.6

Low-volume faucet (1.5 gpm) 4 min/day 12 6

Front-loading washing machine (27 gpl) 0.37 loads/day 18.9 8.9

Water efficient dishwasher (7 gpl) 0.1 loads/day 1.1 0.4

Total 68.3 30.1

Source: https://www.epa.gov/watersense/watersense-products
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Jordan) and able to reduce a significant amount of water,
approximately 10 to 30%. This study result predicts 7% re-
duction in water demand for GWR which is comparatively
less if worldwide studies are considered. The reason for the
less reduction is the GWR’s usage only in landscaping and
gardening of DCK.

Worldwide studies for water conservation indicate that the
majority of studies are related to water efficient devices use
and can conserve water up to 90% especially for irrigation.
According to Inman and Jeffrey (2006) and Sharpe (2008),
retrofit programs and low flow plumbing fixtures are consid-
ered as permanent and one-time conservation measures that
can save money over a long term and save water up to 35 to
50% (Inman and Jeffrey 2006; Sharpe 2008). In this study, the
scenario-3 (WEF) outcome points out the substantial amount
of water reduction about 39% (18 MGD) in residential, com-
mercial, and mixed lands water demand and considerably a
satisfied result.

The DCP is a worthy choice because it consumes only 0.58
MGD. Total utilities water demand is approximately 5.4
MGD including 4.2 MGD wet cooling power plant water

demand and 1.3 MGD other water use. If the dry cooling
system is used or water is recycled in the wet cooling system,
this will allow about 4MGD (9% of total DCKwater demand)
water saving. Thus scenario-4 implementation reduces only
the utilities water demand and further lowers the water re-
quirement up to 49% (22 MGD).

Untreated urban wastewater use is undesirable and even
unacceptable to our community; therefore, the wastewater
treatment plants are required for maximizing benefits and re-
ducing risks under the prevailing social and economic condi-
tions. Reclaimed wastewater is planned to be utilized as con-
junctive use for irrigation and groundwater recharge. It will
not only reduce the water demand for landscaping and agri-
culture but also produce ground water recharge after treatment
in sewage treatment plants (STPs). Table 4 shows the estimat-
ed projected sewage volume according to DCK land uses.

In addition to scenario-4, if the BWR (scenario-5) is used for
landscaping and agriculture, it can fulfill the requirement of the
agricultural space and transportation water demand and save wa-
ter approximately 5% (2 MGD). As the total amount of the
projected sewage volume is about 30 MGD, whereas the DCK

Fig. 5 Water demand (MGD) for
DCK land uses
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water demand for agricultural space and transportation is only
few MGD. The remaining water is planned to recharge the
ground water through the designed reservoir and lakes.

The distribution of water demand reduction in different
land use types is shown in Fig. 8. The scenario-4 (DCP) and
scenario-5 (BWR) do not have an effect on the residential,
commercial, and mixed land water demands.

The combined model result is capable of about 54% (24
MGD) reduction in total DCK water demand (45 MGD). All
scenarios’ results indicate that the most significant intervention
is the WEF (scenario-3) deployment which has 59% of overall
saved water (24 MGD) as shown in Fig. 8. GWR and BWR
share 24%, whereas DCP shares 17% of the net water saving.

Conclusions

Karachi, a city of 20 million inhabitants with 50% demand
and supply gap, is unable to provide a secure and sustainable
water to planned satellite towns such as DCK. There are many
historical reasons which have accumulated at the point where

the urban sustainability of the city is challenged. Irfan et al.
(2018) indicated that city has a range of urban issues to deal
with the growing challenges including high urban growth rate,
lack of effective administration, absence of city master plan,
increasing burden of climate change, and scarcity of water
resources are a few out of the list. Recently, WorldBank
(2018) released a report on Karachi addressing the similar
issue in numbers and circumstantial economic analysis. The
secure and reliable water supply is a question for the city to
maintain the continuity and sustainability. In this situation, the
addition of local resources with all means of conservation is
highly recommended. In the long run, the conservation strat-
egies have highly positive impacts on energy, greenhouse gas
emissions, and health (Sokolow et al. 2016).

This case study provides a review of the best urban water
conservation practices all over the world and presents
scenario-based models for a newly planned city in a water
scarce region. Multiple step-wise scenarios are considered,
such as WEF, GWR, DCP, and BWR. The most efficient
water reduction strategy is the adoption of WEF that has a
substantial impact on the water demand for residential, mixed,

Fig. 8 Share of water demand
reduction in various land uses
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commercial, and amenities lands and conserves about 18
MGD water. GWR and BWR positively satisfy the water
demand for landscaping and irrigation and also acceptable in
society. The 45 MGD water demand for 0.6 million popula-
tions on 12,000 acres of land can be minimized by 54%. It is a
great achievement in struggling to find out the water scarcity
solution.

The study is limited to present BWR implementation only
for irrigation of Parks, amusement areas, street vegetation, and
reserved green spaces. But other than reducing the water de-
mand, BWR can be used for recharging the groundwater aqui-
fer and amusement lakes. The reclaimed wastewater reuse
could be planned as conjunctive use to recharge the ground-
water for further water saving. Rainwater harvesting (RWH),
another method for water conservation, could also be consid-
ered to extend this study. But DCK is a part of Karachi which
experiences the small amount of rainfall during monsoon sea-
son (about 200 mm per annum), and it is insufficient for the
reuse of rainwater. The same best practices and scenario-based
strategies can be suggested for other parts of the city and
elsewhere in the world with similar environment and resource
constraints.

Acknowledgments The authors are thankful to the DHA City Karachi,
Pakistan, Osmani & Company Pvt. Ltd. for their continuous support and
provision of literature.

References

Al-Beiruti S (2010) Jordan: greywater treatment and use for poverty
reduction in Jordan. In: Multiple Use Water Services. Prodwat
Case Studies, Gobal

Alfarra A, Kemp-Benedict E, Hötzl H, Sader N, Sonneveld B (2011) A
framework for wastewater reuse in Jordan: utilizing a modified
wastewater reuse index. Water Resour Manag 25:1153–1167.
https://doi.org/10.1007/s11269-010-9768-8

Allen L, Christian-Smith J, PalaniappanM (2010) Overview of greywater
reuse: the potential of greywater systems to aid sustainable water
management. Pacific Institute, Oakland, California

Chen C-C (2007) A framework for graywater recycling of household
wastewater. Pol J Environ Stud 16:23–33

Chen Y-T, Chen C-C (2014) The optimal reuse of reclaimed water: a
mathematical model analysis. Water Resour Manag 28:2035–
2048. https://doi.org/10.1007/s11269-014-0595-1

Chu J, Chen J,Wang C, Fu P (2004)Wastewater reuse potential analysis:
implications for China’s water resources management. Water Res
38:2746–2756. https://doi.org/10.1016/j.watres.2004.04.002

Conservation N (2016) Tri-max™ 3 flow rate needle spray aerator by
Niagara Conservation.

Fane SBWASA (2007) Designing cost effective water demand manage-
ment programs in Australia. Water Sci Technol 46:225–232

Gerston J, MacLeod M, Jones CA (2002) Efficient water use for Texas:
policies, tools, and management strategies. Texas Agricultural
Experiment Station Texas A&M University, College Station

Gleick P (2006) A review of water conservation planning for the Atlanta,
Georgia Region. Pacific Institute Pacific Institute for Studies in
Development, Environment, and Security Oakland, Oakland

Godfrey S, Labhasetwar P, Wate S (2009) Greywater reuse in residential
schools in Madhya Pradesh, India—a case study of cost–benefit
analysis. Resour Conserv Recycl 53:287–293. https://doi.org/10.
1016/j.resconrec.2009.01.001

Grafton RQ, Ward MB, To H, Kompas T (2011) Determinants of resi-
dential water consumption: evidence and analysis from a 10-country
household survey. Water Resour Res 47. https://doi.org/10.1029/
2010wr009685

Hilaire RS, ArnoldMA,Wilkerson DC, Devitt DA, Hurd BH, Lesikar BJ
(2008) Efficient water use in residential urban landscapes. Hort Sci
43:2081–2092

Inman D, Jeffrey P (2006) A review of residential water conservation tool
performance and influences on implementation effectiveness. Urban
Water J 3:127–143. https://doi.org/10.1080/15730620600961288

Irfan M, Kazmi SJH, Arsalan MH (2018) Sustainable harnessing of the
surface water resources for Karachi: a geographic review. Arab J
Geosci 11:1866–7511

Kahlown MA, Majeed A (2002) Water-resources in Pakistan: challenges
and future strategies. J Sci Develop 7

Licata A, Kenniff V (2013) Water demand management plan. NYC
Environmental Protection, New York

Loubet P, Roux P, Loiseau E, Bellon-Maurel V (2014) Life cycle assess-
ments of urban water systems: a comparative analysis of selected
peer-reviewed literature. Water Res 67:187–202

Lu T (2007) Research of domestic water consumption: a field study in
Harbin, China. (Master of Science of Loughborough University.),
Water, Engineering and Development Centre Department of Civil
and Building Engineering

Madungwe E, Sakuringwa S (2007) Greywater reuse: a strategy for water
demand management in Harare? Phys Chem Earth Parts A/B/C 32:
1231–1236. https://doi.org/10.1016/j.pce.2007.07.015

Majeed Z, Piracha A (2011) Water conservation of Pakistan’s agricultur-
al, municipal and industrial water. Int J Water Resour Arid Environ
1:232–238

Makropoulos KC, Butler D (2010) Distributed water infrastructure for
sustainable communities. Water Resour Manag 24:2795–2816.
https://doi.org/10.1007/s11269-010-9580-5

MehtaM (2009)Water efficiency saves energy: reducing global warming
pollution through water use strategies. Water Fact. Report, 862.
Natural Resources Defense Council

Millock K, Nauges C (2010) Household adoption of water-efficient
equipment: the role of socio-economic factors. Environment
Attitudes Policy Environ Resour Econ 46:539–565. https://doi.org/
10.1007/s10640-010-9360-y

Mubushar H, Arsalan MH, Siddiqi K, Naseem B, Rabab U (2005)
Emerging geo-information technologies (GIT) for natural disaster
management in Pakistan: an overview. In: Technologies RAiS (ed)
RAST 2005. Proceedings of 2nd International Conference on, IEEE,
pp 487-493

Naseer E (2013) Pakistans water crisis vol 1. Spearhead Research, Lahore
OCL (2012) DHA city Karachi planning report. Osmani Company (PVT)

Limited and Pakistan Defences Officers HousingAuthority, Karachi

Table 4 Projected sewage volume of fully developed DCK

S. no. Land use types Projected sewage (MGD)

1 Residential 14.84

2 Commercial 6.05

3 Mixed (Res Cum Com) 5.92

4 Amenities 2.99

Total 29.80

Source: OCL (2013)

1203    Page 10 of 11 Arab J Geosci (2020) 13: 1203

https://doi.org/10.1007/s11269-010-9768-8
https://doi.org/10.1007/s11269-014-0595-1
https://doi.org/10.1016/j.watres.2004.04.002
https://doi.org/10.1016/j.resconrec.2009.01.001
https://doi.org/10.1016/j.resconrec.2009.01.001
https://doi.org/10.1029/2010wr009685
https://doi.org/10.1029/2010wr009685
https://doi.org/10.1080/15730620600961288
https://doi.org/10.1016/j.pce.2007.07.015
https://doi.org/10.1007/s11269-010-9580-5
https://doi.org/10.1007/s10640-010-9360-y
https://doi.org/10.1007/s10640-010-9360-y


OCL (2013) Interim report-1, Feasibility study for alternate water supply
strategy including recharge, reuse and small dams. Osmani
Company (PVT) limited and Pakistan Defences Officers Housing
Authority, Karachi

Raschi L (2004) Assessment of wastewater irrigation practices in selected
cities of less developed region. IWMI, Battaramulla

Sense W (2013) Water sense labeled: showerheads. Report, 2340. EPA
United States Environmental Protection Agency

Sharpe WE (2008) Household water conservation. Report, 2212. Te
Pennsylvania State University 2

Siddiqui RA (2016) Modeling artificial groundwater recharge and low-
head hydroelectric production: a case study of southern Pakistan.
Colorado State University, Fort Collins

Sokolow S, Godwin H, Cole BL (2016) Impacts of urban water conser-
vation strategies on energy, greenhouse gas emissions, and health:

Southern California as a case study. Am J Public Health 106(5):
941–948

Tabassum R, Arsalan MH, Imam N (2016) Estimation of water demand
for commercial units in Karachi City. FAST-NU Res J 2:21–26

United Nations. Department of E, United Nations. Department of Public I
(2012) The millennium development goals report 2012. United
Nations Publications

Ward FA (2007) Decision support for water policy: a review of economic
concepts and tools Water Policy 9:1-31. https://doi.org/10.2166/wp.
2006.053

WorldBank (2018) Doing business 2018: reforming to creat jobs.
Economy Profile, Pakistan

Zeng S, Chen J, Fu P (2007) Strategic zoning for urban wastewater reuse
in China. Water Resour Manag 22:1297–1309. https://doi.org/10.
1007/s11269-007-9226-4

Page 11 of 11     1203Arab J Geosci (2020) 13: 1203

https://doi.org/10.2166/wp.2006.053
https://doi.org/10.2166/wp.2006.053
https://doi.org/10.1007/s11269-007-9226-4
https://doi.org/10.1007/s11269-007-9226-4

	Sustainable urban water conservation strategy for a planned city of a developing country: a perspective from DHA City Karachi
	Abstract
	Introduction
	Worldwide studies for water conservation
	Water efficient devices
	Recycling and reclamation of wastewater

	Urban water conservation strategy for DHA City Karachi
	Case study
	Materials and methods
	DCK land use classification
	Water demand estimation criteria
	Conserved water estimations


	Results and discussions
	Water demand for DCK
	Water demand optimization

	Conclusions
	References


