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Rapid urbanization and climate change have intensified water scarcity challenges in

NOISIAI

Pakistan, particularly in cities like Peshawar. This study assesses the feasibility of

reusing mosque (masjid) ablution water to irrigate nearby green belts in Hayatabad,
Peshawar, as a cost-effective and sustainable alternative to conventional tubewell irrigation.
Spatial analysis showed that most green belts are located within a 450-meter radius of mosques,
enabling the use of low-energy pumping systems. Economic analysis indicated that reusing
ablution water could reduce daily transport and pumping costs by more than thirteenfold,
significantly decreasing fuel consumption and greenhouse gas emissions. Water quality tests
found that ablution water had BOD levels of 4.6-6 mg/L and COD of 10-12 mg/L,
remaining within acceptable limits for non-potable irrigation use. Overall, the results
demonstrate that the reuse of ablution water is technically feasible, environmentally beneficial,
and aligns with Sustainable Development Goals (SDG 6 and SDG 13). This approach offers
a scalable model to improve urban water resilience and reduce pressure on groundwater
resources in water-stressed regions
Keywords: Ablution Water Reuse, COD, BOD, Groundwater Conservation, Energy
Efficiency, SDGs
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Introduction:

Water scarcity is among the most critical challenges facing the world today, particularly
in arid and semi-arid regions like Pakistan. The country has witnessed a substantial reduction
in per capita water availability, from 5,260 cubic meters in 1951 to less than 1,000 cubic meters
in recent years, placing it in the category of “water-scarce” nations [1], [2]. Climate change has
further intensified this dilemma through altering precipitation patterns, increasing drought
frequency, and shrinking glacier reserves, posing severe threats to water security, agriculture,
and urban sustainability [3].

Urban areas like Peshawar are witnessing rapid population growth and significant land
use changes, leading to higher water consumption and placing increased strain on the city's
aging water infrastructure [4], [5]. In addition to domestic use, a significant portion of urban
water is used for maintaining green belts and landscapes. Landscaping, while essential for
urban aesthetics, microclimate regulation, and ecosystem services, becomes a substantial
burden on municipal water supply, especially during dry seasons [6]. With the growing severity
of climate change impacts, it has become crucial to implement adaptive strategies that ensure
the long-term sustainability of water resources. One potential solution is the reuse of
greywater, which is defined as wastewater generated from non-toilet sources such as showers,
sinks, and ablution (Wudu) facilities [7], [8]. Greywater reuse has been successfully adopted in
various parts of the world for landscape irrigation, toilet flushing, and industrial processes,
offering considerable potential to reduce freshwater demand and improve resilience to water
shortages [9], [10].

Hayatabad, a planned township in the city of Peshawar, is home to dozens of mosques
as well as green belts, gardens, and public parks. The potential to harness ablution water from
mosques for the irrigation of local landscapes remains largely untapped in this area [11], [12].
By integrating greywater reuse within the existing urban structure, municipalities can reduce
stress on freshwater resources, slash utility costs, and encourage environmentally conscious
practices in line with both religious and sustainable development principles [13].

This study explores the feasibility of reusing ablution water from mosques for
landscaping in Hayatabad, Peshawar, as a practical and culturally appropriate climate change
adaptation strategy. The research aims to estimate the volume of ablution water generated
across selected mosques and assess its physicochemical and microbiological characteristics to
evaluate its suitability for non-potable reuse in landscape irrigation. It also examines the water
demand for maintaining green spaces in Hayatabad and matches it with the available greywater
supply to assess potential coverage. In addition to its environmental benefits, reusing ablution
water provides substantial economic advantages. It decreases dependence on expensive
freshwater supplies, reduces the need for extensive transportation or pumping systems by
utilizing water close to its source and point of use, and eases the burden on rapidly depleting
groundwater reserves. The findings emphasize how low-cost, locally sourced solutions can
enhance water resilience, reduce environmental impact.

Study Area, Data Collection, and Methods:
Study Area:

Hayatabad is a well-planned residential township located in the southwestern part of
Peshawar, the capital city of Khyber Pakhtunkhwa (KPK), Pakistan, as shown in Figure 1,
which shows the township’s boundary, main phases (Phase I-VII), major roads, and
distribution of green belts. Established in the 1970s, the area is recognized for its systematic
layout, modern infrastructure, and the integration of essential public amenities such as schools,
hospitals, parks, and mosques. The township is divided into seven phases (Phase I to Phase
VII), each further subdivided into sectors, providing a structured and manageable framework
for urban planning. Situated at coordinates approximately 33.974° N latitude and 71.454° E
longitude, Hayatabad lies near the western boundary of Peshawar, close to the tribal areas and
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the Pak-Afghan border. The area serves as a hub of cultural, educational, and economic
activities, housing both residents and a growing population of Afghan refugees. The area is
also known for its extensive green belts, numerous public parks, and tree-lined roads, which
enhance its environmental quality and visual appeal.

Hayatabad Green Belts e

P 7 . ¥

ayatabad, Peshawar

Figure 1. Location map of H
Data Collection and Methods:

To evaluate the irrigation requirements of Hayatabad’s green belts, a combination of
techniques was employed, including satellite imagery analysis, field surveys, and data retrieval
from the Peshawar Development Authority. Water requirements per unit area were computed
and subsequently scaled up to determine the total water demand. The number of tankers
needed was estimated by dividing the total water requirement by the capacity of a single tanker.
Daily water consumption was calculated by multiplying the per-unit area requirement by the
total green belt area. Data on tubewell depths were collected to compute the energy required
for pumping operations. The number of mosques in Hayatabad and their associated
population coverage were assessed. Specific water usage data from selected mosques were
gathered, and water quality tests were conducted to determine per capita consumption rates.
Storage tanks for repurposing ablution water for irrigation were designed, and assessments of
potential energy conservation and economic feasibility were carried out. All estimates and
analyses were refined using precise data, environmental considerations, and expert input to
ensure reliable results.

Site Selection:

A representative mosque within Hayatabad was selected as the primary study site based
on factors such as size, accessibility, daily footfall, the volume of water used for ablution, and
proximity to green belts. This site was considered typical of urban mosques in the area and
suitable for pilot-scale assessment.

Data Collection:

A digital water flow meter was installed at the mosque’s primary ablution point to
accurately measure the volume of water used for ablution. Water usage was monitored during
all five daily prayer times over four weeks to capture variations in consumption patterns.
Additionally, data on energy consumption related to water pumping operations was collected
using power meters and electric bills. This included both ablution-related water uses and
conventional tubewell-based irrigation energy demands.

Water Quality Assessment:

Ablution water samples were collected from the selected mosque following sampling
guidelines for irrigation water quality assessment in Pakistan. Biochemical Oxygen Demand
(BOD) and Chemical Oxygen Demand (COD) were analyzed following the APHA Standard
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Methods (Method 5210 for BOD and Method 5220 for COD) to ensure reliable and
standardized measurements. The methodology of the research is shown in Figure 2
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Figure 2. Methodology of research
Results and Discussion:
Ablution Water Per Namazi:

For this analysis, six different mosques from various localities were selected. In each
mosque, worshippers (Namazi) were observed during ablution, and the time taken for each
individual to perform ablution was recorded using a stopwatch, as detailed in Table 1. For
each recorded time, a graduated container was placed under the open tap to measure the
volume of water used. This process was repeated for all other observed durations of tap usage
to ensure accurate measurement of water consumption. Throughout the analysis, efforts were
made to include participants from all age groups to capture the diversity in ablution habits and
ensure that variations in water usage across different age demographics were accurately
represented.

To ensure accurate estimation, all taps within each mosque were used during the data
collection process, as each tap may vary in discharge rate. This approach accounted for
differences in water flow among the taps. Volumes of all various recorded times from
different taps giving all various volumes per namazi per ablution, thus an average is calculated.
Average Water consumption from ablution water was calculated to be about 1200 liters per
masjid.

Pumping station (Masjids) and green belts of Hayatabad:

The spatial analysis of Hayatabad, Peshawar, revealed that a total of 62 mosques are
located within a 450-meter buffer of the main green belts, as shown in Figure 3. The yellow-
highlighted areas indicate approximately 40.16 actres or 1749283.3ft” of landscaped green belts
distributed across Phases 1 to 7. This proximity enables the potential reuse of mosque ablution
water as an irrigation source, reducing the average water transport distance from the source to
green belts from 4 km (in the case of tubewells) to only 450 meters. This shorter distance
significantly lowers pumping energy requirements and infrastructure costs. Additionally, the
presence of 7 phases ensures that mosque-generated greywater can feasibly be matched with
local irrigation demand across the township. This spatial alignment supports the design of
decentralized irrigation systems powered by mosque ablution water reuse, enhancing both
operational efficiency and sustainability
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Table 1. Data collection from different masjid

Namazi's average

. No of No of Namazis :
Mosque Name Namaz Time . . . water consumption
Namazis | Doing Ablution ..
per ablution in litres
Masjid Ibrahim Phase | Fajr, Zubhr, 45.60.40
7, Hayatabad Ast, Maghrib o7 20,38, 32, 39, 34 4.5
55,60
Peshawar Isha
Masjid Saad bin Abi Fajr, Zuhr, 35,233,
Wagqas Phase 0, Asr, Maghrib 245, 250, 18, 52, 67, 84, 91 5.1
Hayatabad, Peshawar | Isha 555
ﬁiﬂgﬁga‘ah Fajr, Zuhr, 25140,15
yan, Ast, Maghrib 5,171, 15,44, 62,71,79 4.8
Phase 3, Hayatabad
Isha 188
Peshawar
Masjid Bilal, Fajr, Zuhr, 415047
Hayatabad Phase 1 Asr, Maghrib o 20,38, 32, 39, 34 4.7
68,75
Peshawar Isha
Masjid Mustafa Phase | Fajr, Zuhr, 35,117,
3, Hayatabad, Asr, Maghrib 140, 212, 18, 54, 57,77, 98 5.5
Peshawar Isha 301
ﬁiﬂﬁgﬁgaah s | Fair, Zubr, 25113,12
yan, Ast, Maghrib 0, 155, 17, 31, 48, 55, 60 4.9
Phase 6, Hayatabad
Isha 197
Peshawar
Table 2. Green belt area in each phase
S.No | Phase | Area (ft})
1 Phase-1 | 45202.8
2 Phase-2 | 621164.9
3 Phase-3 | 320914
4 Phase-4 | 168113.4
5 Phase-5 | 167549.9
6 Phase-6 | 300439
7 Phase-7 | 125900
Total Ar 174928.3

SHAEOBER BARA KHYBER

Figure 3. Spatial distribution of mosqes as potenal i)pig stations within a 450-meter
buffer around green belts.
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Pumping station (Tubewell) and green belts of Hayatabad:

Figure 4 highlights the spatial distribution of green belts (marked in yellow) and the
locations of two primary tube well pumping stations (marked in blue) within the urban layout
of Hayatabad, Peshawar. The spatial analysis, as shown in Figure 5, indicates that the two main
tubewell pumping stations currently irrigate green belts distributed across Phases 1 to 7 within
an average service radius of 4 km. This centralized system depends on groundwater extraction
and requires higher pumping energy due to the longer distances between tubewells and the
green belts they supply. In contrast, spatial data from Figure 3 shows that most green belts,
40.16 acres or 1749283.3ft2, are located within a 450-meter radius of mosques. This shorter

distance significantly reduces the required pumping head and daily energy consumption.
"’hw' 2 BRI/

Figure 4. Location of existing tubewells and their service areas relative to urban green belts.

Figure 5. Current irrigation practice in Hayatabad
Difference in Average Water Consumption:

The study came up with the result that an estimated 105,000 liters of water per day
were consumed in the process of irrigating the green belts around 40 acres in Hayatabad. Seven
specially designed tankers, all with a capacity of 5,000 liters, made 3 trips a day, supplying this
volume. The mean of the number of liters of ablution water produced daily per mosque was
approximately calculated at 1,000 liters in each mosque, with a standard deviation of 120 liters
ot less, signifying variation in the size of mosques and congregations. All the 62 mosques in
the study area produced a volume of grey water per day of approximately 62,000 liters with a
general margin of error of approximately 7 percent. These numbers illustrate the fact that
though the supply of ablution water varied, the total amount that was made available showed
a significant potential to meet or partially satisfy the daily irrigation requirement of lush green
belts by the township.

Comparison of irrigating the green belt from the Pumping station (tubewell) and
Masjid’s Ablution water:

The comparison revealed that ablution water reuse offers a more energy-efficient, low-
cost, and sustainable solution for landscape irrigation, particularly in urban areas like
Hayatabad, where mosques and green belts are closely located.

Maximum travel distance from the Tubewell to the farthest green belt was calculated
to be 4km, and maximum travel distance from Masjid to the nearby farthest green belt was
calculated to be 450 m, thus covering all green belts from all masjids of Hayatabad as shown
in Figure 6.
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Figure 6. Buffer of Masjid and the pumping station
Cost Analysis:

As Figure 6 indicates, the comparative daily operational cost of a conventional
tubewell from a depth of 750ft based irrigation system and the proposed reuse green belt
irrigation system of ablution water in Hayatabad was evaluated. The estimation was based on
an electricity tariff of PKR 52 per kWh, and 60 HP (= 45 kW) and 0.5 HP (= 0.373 kW) pumps
were assumed in the tubewell system and the mosque-based reuse system, respectively. The
transport price of the tubewell water to the green belts was identified to be the steepest at
PKR 8000 per day on account of long pipeline terrains, an average of 4 km. On the other
hand, the ablution water transportation cost was relatively cheaper as compared to pumping
higher water bill, as the green belts were within a range of 450 meters to the mosques, hence,
shortening the pipeline length and the required pumps. The saving in time and energy was
estimated to be as much as 13-fold in the cost of tubewell water as opposed to ablution water,
whose cost was calculated to be much lower.

Likewise, the cost of running electricity to draw water out of tubewells was on average
PKR 5,733 daily, which is attributed to a greater pumping head and greater pump capacity,
whilst cost of running electricity to draw water out of ablution water was about PKR 3,692
daily, which is because less energy is used since the storage tanks are shallower and the pumps
are smaller and the distance that the water must travel is also shorter.

Water quality testing of Ablution Water:

To evaluate the potential of ablution water reuse for landscape irrigation, Biochemical
Oxygen Demand (BOD3) and Chemical Oxygen Demand (COD) tests were conducted on
both fresh groundwater (used in tubewell systems) and ablution greywater collected from a
selected mosque in Hayatabad. The results showed that fresh water had BOD levels of 3-3.6
mg/L and COD values of 8-10 mg/L, which is expected for clean groundwater sources. In
compatison, ablution water exhibited BOD levels of 4.6-6 mg/L and COD values ranging
from 10-12 mg/L, as shown in Table 3. Both BOD and COD levels in the irrigation water
samples were below the maximum allowable value of 10 mg/L and 90 mg/L.

9,000

W, N
8 88 88 8
S 6 &6 & © o

PKR per Day

2,000

1,000

o |

Transport cost Transport cost Electricity cost Electricity cost
(Tubewell water to (Ablution water to  (Lifting tubewell (Lifting ablution
green belts) Green belts) water) water)

Figure 7. Comparative cost analysis of irrigation methods
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Table 3. Sample water quality result.

Sample BOD (mg/1) COD (mg/1)
Phase 7 | Phase 6 | Phase 4 | Phase 7 | Phase 6 | Phase 4
Fresh Water Sample 3 3.2 3.6 8 10 8
Used Water Sample 6 4.6 5.6 11 12 10
Discussion:

This study evaluated the feasibility of reusing mosque ablution water to irrigate green
belts in Hayatabad, Peshawar, as a sustainable alternative to traditional tubewell-based
irrigation [14], [15]. The spatial analysis demonstrated that approximately 62,000 liters of
ablution water could be collected daily from 62 mosques, which are strategically located within
an average 450-meter radius of the green belts. This proximity significantly reduced the need
for long-distance pumping and transport, improving the overall energy and cost efficiency of
irrigation operations. The cost and energy analysis revealed that the current tubewell system
requires lifting water from a depth of 750 feet using 60 HP (=45 kW) pumps, resulting in daily
electricity costs of approximately PKR 5,733 and fuel costs of about PKR 8,000 for tanker
transport. In contrast, the mosque-based system, using 0.5 HP (=0.373 kW) pumps and
shorter distribution distances, required only ~2 kWh of electricity daily (PKR 104) per tanker
and about 2 liters of diesel (*PKR 600) for tanker operations.

Greywater reuse has been successfully adopted in various parts of the world for
landscape irrigation, toilet flushing, and industrial processes, offering considerable potential to
reduce freshwater demand and improve resilience to water shortages [3], [16]. The integration
of mosque-generated ablution water into the irrigation network offers a replicable and climate-
adaptive model for cities facing water scarcity and growing urban demand [17].

Conclusion:

This study demonstrates that reusing ablution water from mosques for landscape
irrigation in Hayatabad, Peshawar, offers a cost-effective, energy-efficient, and
environmentally sustainable alternative to conventional tubewell-based irrigation systems.
With minimal treatment, the ablution water meets acceptable BOD and COD levels for non-
edible irrigation and is readily available within a 450-meter radius of most green belts,
significantly reducing infrastructure and transport costs. The system not only cuts daily
irrigation expenses by over 60% but also reduces the fuel consumption of tanker operations
by more than tenfold, contributing to lower CO, emissions and helping mitigate global
warming. Furthermore, the reuse of ablution water relieves pressure on underground aquifers,
promotes energy savings through low-lift or gravity-fed systems, and aligns with national and
global climate resilience goals. This approach supports Sustainable Development Goals
(SDGs), particularly SDG 6 (Clean Water and Sanitation) and SDG 13 (Climate Action), and
presents a scalable model for water-stressed urban areas. With strong community acceptance
and clear environmental and economic benefits, this intervention offers a practical pathway
toward sustainable urban water management in Pakistan and beyond.
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