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Abstract: Water demand from the municipal sector experienced a considerable increase and will continue growing as
populations urbanize. In developing countries, poor water quality is due to the lack of water treatment facilities. As of 2022,
2.2 billion people were without access to safelymanaged drinking water (SDG Target 6.1) (Statistics | UN World Water
Development Report, 2024.). The research addresses the pressing concern of clean drinking water scarcity, driven by
industrial contamination and the insignificant upkeep of existing water filtration plants for urban households. The
methodology presents research and development of a sequential schematic process to address the problem. To identify
current condition of drinking water availability, testingand analysis of samples collected from different areas of Lahore,
Pakistan was conducted. Thereafter, the design optimization for the development of a portable water purification system
powered by solar energy was performed. It integrates a parabolic sunlight concentrator with a solar tracking system which
maximizes efficiency to distillate brackish groundwater, reducing contaminants while minimizing energy consumption by
employing renewable energy. The study will not only provide a framework to improve water quality and public health but
also align with the sustainable development goals (SDG 3, SDG 6, SDG 7) ultimately contributing towards worldwide
sustainable water management practices.

Introduction: Pakistan, the under developing country, has the most pressing problem which is thepollution of water used for

drinking (S. Ali, 2023). As the developing nations will face the greatestimpact, with poor water quality and limited access

contributing to 80% of infections in these regions (HELAIMIA, 2023). Due to growing population, excessive use of

chemical fertilizers is degrading the quality of groundwater (Sadasivuni et al., 2022). According to the 2017 Census, Lahore

has a population of 11.13 million growing at the rate of 3% on yearly basis (Shah et al., 2021). For water supply in Lahore,

there is a high dependency on groundwater as around 7 millionpeople of the city use groundwater for drinking as well as for

domestic use (Abbas et al., 2015).

Therefore, it is imperative to develop innovative solutions to ensure sustainable water andsanitation (Pusch et al., 2005).

Groundwater quality is severely stressed due to unregulated and unsustainable abstraction (Rasheed et al., 2021.). There are

480 tube wells for drinking water supply that were installed by WASA in Lahore (Environmental-Issues-and-Concerns, n.d.). It is

necessary to focus on the major reason for the shortage of fresh drinking groundwater. The significant reasonsare seepage

contamination, brackishness and salinity of available groundwater which makes thegroundwater available but not suitable

for drinking. The major risk to groundwater quality is the disposal of solid waste. A landfill leachate containing thousands of

intricate components seeps intothe groundwater table (Muhammad & Zhonghua, 2014). The groundwater is predominantly

saline andunsuitable for both drinking and agricultural purposes (Sabir Hussain & Abbas, 2019). On segregatinggroundwater

contamination factors with respect to rural and urban areas, following are the main factors affecting groundwater quality in

both areas:

1. Rural areas: The primary reasons for groundwater pollution stem from the application of pesticides and fertilizers on
agricultural lands (Bhubaneswar Pradhan, 2023).

2. Urban areas: The main cause for groundwater contamination is the inclusion of toxic chemical substances and dangerous
microbes inaugurating from home and industrial waste,as well as urban expansion (Bhubaneswar Pradhan, 2023).

Moving on to groundwater extraction sources, as neatly all of the population depends on groundwater supplies for their

nutritional needs. Given below are the groundwater resources available in Lahore (Sajid Rashid, 2012):

1. Tube wells

2. Shallow wells

3. Canals (groundwater recharge source)

The shallow wells having depth of 45-50 feet has the most toxic agents dissolved (Malik Muhammad Akhtar, 2013). In
addition to that, shallow wells of which are 120-150 Feet deep contain sewage waste trespass so, for obtaining clean
groundwater for drinking the groundwater extraction wells should be 400 to 700 feet deep (Sajid Rashid, 2012). Although,
water filtration plants exit in Lahore district for filtering brackish groundwater. As the main drinking water supplyto Lahore
city goes from WASA but the clean water demands of Lahore metropolitan city are notfulfilled by WASA due to improper
ground water capital management (Mirza et al., 2018a).

www.KurdishStudies.net



5208 Overcoming Water Scarcity Through Solar — DrivenDesalination: A Sustainable Solution for Home use

The capital is not sufficient for training staff, bacteria control, monitoring and record keeping, equipment and maintenance
(Membracon, 2023).
Whereas the cost of digging 150 feet deep well is $3,800 to $15,300 on average. Including the well system's cost, the total
cost per foot ranges from $25 to $65 (Campbell, 2024).
Literature Review: In Lahore, the primary supply of drinking water is through groundwater wells. The groundwater is
constantly combined with contaminated materials therefore, it needs to be cleansed before being used for drinking and
household use. Sewage water gets entered in freshwater supply pipelines due to aged and cracked water supply pipelines
(Mirza et al., 2018b). According to AWQI (Averaged Water Quality Index), the locations with comparatively higher turbidity
levels are (Shahid & Igbal, 2016):

Anarkali

Baghbanpura

Allama Iqgbal Town
[l Mughalpura

Mozang
Moreover, groundwater faces multiple threats, with the most significant being the pervasive risk of contamination leading to
the low quality of this vital water resource. FEach year, 0.2 million people die from the diarrhea disease which they get from
drinking contaminated water (Majeed etal., 2023). Pollutant transmission brought on by closely spaced industrial and water
supply pipelines, the dumping of raw sewage and industrial effluents, and insufficient service providers' technical capability.
Furthermore, the quality of groundwater is under tremendous stress due to unregulated and unsustainable groundwater
abstraction (Rasheed et al., 2021.). The quality controlis getting difficult due to lack of financial resources available to country
therefore access to safe and clean water is getting difficult day by day (Hussain et al., 2019). As Pakistan's power industry
depends heavily on costly imported fuel, straining the national treasury and contributing to the depreciation of the Pakistani
Rupee against the US Dollar (STATE OF INDUSTRY REPORT CONTENTS, 2022.), a reason for high electricity bills
whereas the average salary of Pakistani ranges from 50k to 75k (Profit, 2022). Consequently, the government faces an energy
crisis due to transmission losses, insufficient power generation, and a lack of demand management policies (Ahmad et al.,
2019) so as WASA reduced regular water supply durations from 14-18 hours in 2013 to 10-11 hours in 2020 due to budget
constraints (Tamkinat Rauf, 2009), (Tubewell Timings, 2022). It does not have the desired amount for maintaining the
outdated filtration plants such thatin Data Ganj Bakhsh there are 39 filtration plants out of which only 4 are functional
(Dozens of WaterPlants in Disrepair, n.d.).
Several, in demand water filtration systems just like RO systems exhibit waste-to-clean water ratios of 3:1 or even up to 6:1
causing major water loss (Shook, 2024). In case of chemical disinfection, primarily, chlorine act as a disinfectant to kill the
micro-organisms present in groundwater (Groundwater Filtration Basics, 2016), (AOS Treatment Solutions, 2023). Another
suitable purification technique is solar still which can be integrated into water supply systems of moderate capacity, ensuring
self-sufficiency (Hancock, 2023). Harnessing the solar energy directlyto evaporate freshwater from seawater or brackish water
is termed as solar distillation which eliminates arsenic, fluorides, and chlorides (Kapadia et al., 2021). Distillation is capable
of eliminating almost all contaminants from water, including sodium, calcium, magnesium, and otherdissolved solids like iron
and manganese, as well as fluoride and nitrate (Skipton, 2013). The following ate the STEPS for purifying the groundwater
by distillation:

Boiling: The process of boiling is straightforward and involves heating water in a containerto temperatures exceeding 212
°F or 100 °C the boiling point of water. When the water reaches this temperature, it statts to evaporate, taking the
contaminants with it (Sensorex, 2021).

Condensation and Collection: As steam generated during the boiling process ascends, itexits the container and enters a

tube. As the steam travels through the tube, its temperature decreases, leading to condensation (Sensorex, 2021). As the
vapor’s temperature drops causing it to turn back into pure liquid water, which is then collected and stored in a separate
tank (Saidur et al., 2011).
This technique has been utilized for numerous years, typically on a small scale (Tzen et al., 2022). By utilizing solar power
(heating source), a solar distillation apparatus separates minerals and saltfrom brine via the mechanisms of evaporation and
condensation (Samuel et al., 2022). As the significant disadvantage faced by the distillation systems and needs to be solved is
high cost of process and equipment (DRINKPRIME, 2023) as heat is provided by burning fossil fuels which are
nonrenewable energy sources will be depleted, given their restricted supply (Cong, n.d.). Solar water heating systems (SWH)
use solar thermal collectors to convert sunlight into heat for water heating. Various setups, designed for different latitudes
and weather conditions, are available at varying price points (Solar, n.d.).
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Figure 1. Solar Water Distillation (Panchal et al., 2021)

In recent times, scientists have delved into solar concentrator collectors as a viable method to capture and intensify solar
energy for application in high-temperature scenarios (Mohammed et al., 2023). Solar stills can be integrated into water
supply systems of moderate capacity, ensuring self-sufficiency (Hancock, 2023).. While active solar stills require several
equipment, Passive solarstills do not require power consumption and do not have wear and tear problems because they do
not have any moving parts (A. Babalola, 2015).

Methodology: The project addresses water purification challenges in Lahore through solar- thermal desalination,
integrating sun-based concentration for efficient desalination. Solar thermal collectors are employed by solar water heating
systems (SWH) to transform solar radiation into thermal energy for water heating purposes (Solar, n.d.).

Beginning with a literature review, it explores existing technologies and designs a system with parabolic concentrators and
condenser chambers. Then proceeds with different case studies for assessing water quality of Lahore, evaluating solar-
powered water filtration then developing a working prototype by harnessing local market components to ensure
accessibility. The system undergoes continuous testing and optimization. Data on water quality, energy use, and economic
feasibility are collected, culminating in comprehensive documentation and reporting, aimed at sustainable water solutions in

Lahore.
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Research Objectives: This project focuses on purifying brackish groundwater by reducing its salinity and contaminants,
making it safe for drinking. The proposed solution is a solar-powered water distillation system that utilizes a parabolic
sunlight concentrator and a solar tracking systemto ensure sustainable purification. Designed with readily available market
components, the systemaims to be both affordable and accessible to a wide range of users, particularly in Lahore.
Observational study: Water samples were collected from different sites of Lahore including GT Road, Baghbanpura and
Harbanspura. The groundwater taken from these sites had increased levels of TDS (Total dissolved Solids) as it is the
fundamental indicator of bad water quality. Because of things like nearby pollution sources, land use patterns, and geological
formations, groundwater quality may change in different parts of the city. Gathering samples from multiple locations
enables a thorough evaluation of groundwater quality and pinpoints regions withparticular pollution problems.
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High TDS in water can cause a bitter or briny taste, elevated lead or copper levels can lead toillness (Bisleri, 2020). A
TDS safe and unsafe zones are shown in figure 2.

Figure 2. TDS Safe and Unsafe Zones (Yida, 2020) Table 1. Water Sample Data

Sr no. Location Coordinates TDS (ppm)
1 Baghbanpura 31.5850° N, 74.3749° E 467
2 UET Lahore GT Road31.5802° N, 74.3570° E 395
3 Harbanspura 31.5761° N, 74.4262° E 325

{

Toss

1- Baghbanpura 2- UET Housing Society GT Road 3- Harbanspura

Figure 3. TDS Meter Readings
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As figure 3 indicates, the water sample from UET Lahore Bhola Cafeteria showed a TDS of 467 PPM, indicating a high
concentration of dissolved solids like salts and minerals, with the water appearing yellowish and containing suspended
contaminants. Another sample from a water filter near UET Housing Society recorded a TDS of 395 PPM, suggesting hard
water that may be unsafefor daily consumption due to its high salt and metal content. Additionally, a third sample from a
345-feet deep borewell had a TDS of 325 PPM, indicating a moderately high level of dissolved solids, which can affect the
water's taste and safety, prompting the need for treatment before humanconsumption.

Experimental procedure and set-up: The project sun-driven water purifier is focused on utilizing renewable energy
resources available on the planet. Sun, a natural heating source, is taken as a primary heating element in the proposed
product. The project incorporates the distillation process powered by sunlight. Working principle begins when solar
radiation falls on the water containing body, resulting in heating up that body, raising the water temperature and triggering
evaporation. The resulting water vapor condenses on the sloped glass cover (in our project, it willbe replaced by tubes and
the condensed pure water will then flow through these tubes into anothertank) due to pressure and temperature differences
and is then collected at the bottom through an appropriate mechanism (M. & Yadav, 2017).

P Concentrator /

7\ 7\ N
\J \9 \J
Brackish water Solar heating Distilled water Distilled water Steam Distilled water
feed and boiling steam supply to condensation collection
generation home

Figure 4. Stages of Solar Water Distillation

The purification process which is initiated by sun focused heat driven by parabolic concentrator has further optimized to
provide excellent sun light tracking and portability. The project is an integration of parabolic concentrator, solar tracker and
water flow system. Parabolic concentratoris considered vital as it must direct the sun rays to a single point where the low-
quality groundwateris heated. The water is supplied to this receiver profile on which all the sunlight must be focused
through a water flow system. The receiver should be in the focus of the sun with the help of a solartracker. See the figure 5.

—_—
BRACKISH
WATER —
FEED
I STEAM l WATER
LEVEL
HEATING SENSOR
BRACKISH
WATER
pume ] |
I PARABOLIC
CONCENTRATOR
CLEAN WATER
COLLECTOR

Figure 5. Working Principle
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Following diagram illustrates the complete integration of the purification unit containing all elements configured together:

Fixing
clamps

Concnetrator’s
focus point

Brackish water
supply pipe
Condensed water
carrying pipe

Dish support with
end stops

Rotating U-shaft
Nut and bolts for
resting Gt2 belt
Gt2 Belt

V-Wooden profile
for Gt2 belt support

Gear motor for dish
rotation in x-y plane

Distilled water storage

Pump for water supply

Brackish water tank

Base supports

Figure 6. Solar Water Distillation System

Given below are the step by step working details of the purification unit. The project consists of THREE major parts: 1-
Waterflow system, 2- Parabolic Concentrator, 3- Solar Tracker

‘ Water entry
[ — through T-joint Condensed clean water

Bl S

) { -

T
\
o

Maximum water level

Brackish water feed

Water-flow System

Water level sensor
signals the pump to
turn off the water supply

Pipe for transfering
the condensed
®) water into collection tank

Collection of clean
condensed water
into collection tank

Solar Tracker

Figure 7. Water Intake and Distillation Process

1. Parabolic Concentrator:

The parabolic dish, a key component of the parabolic concentrator, features a 2 ft diameter steel curved dish with tiny
mitrors on its surface. A steel elbow at the focus point tests the sunlight's intensity. The dish reflects sunlight to a single
point, heating water to boiling, converting it to steam, and then condensing it back into pure water droplets.
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Figure 8. Parabolic Concentrator

2. Water Flow System:

Water is supplied to the receiver profile where sunlight is concentrated. The system includes a steel elbow-shaped water
receiver integrated with threaded PVC pipes and a T-joint steel pipe. Water flows through the T-joint into the steel elbow at
the focal point of the parabolic concentrator. The T-joint's second route collects steam from boiled watet, all connected to a
steel rectangular profile.

A Brakish
water feed

2

o o
T 19
2 o
m 3

Ry
Clean water

collection pipe STEEL ELBOW

Figure 9. Water Flow System

3. Solar Tracker:

The tracker facilitates movement in the xy-plane using two gear motors. One motor, located at the base, moves the dish
along the x-axis, while the other motor, mounted vertically, adjusts movement along the y-axis. A pulley belt mechanism,
featuring a GT2 belt, connects the gear motor rotor to a larger pulley wheel, ensuring precise adjustments.

MODULE-1:
MOVEMENT
IN Y-PLAN

MODULE-2:
MOVEMENT
IN X-PLAN

Figure 10. Solar Tracker Isometric View
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Figure 11. Solar Tracker
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Figure 12.
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Experiment

Figure 13. Prototype
Figure 14. Water Boiling

The first experiment was done on 17 April, 2024 at 8:00am to 8:20am. The water was inserted into the elbow. The water
inside the hot steel elbow started boiling in just 10 minutes, validating the experiment and the solar concentrating system.

The evidence of boiling water is shown in figure 14.

Table 2. Ambient temperature and total distillate output.

Date Max./Min. Time Duration  Total Output Avg  Output (Per Solar Intensity
Temperature  (24-H format) (Minutes) (mL) Minute) w/m?
(0)

17 April, 33 - 20 8:00 to 8:20 20 64 3.33 297

2024

21 April, 35 - 22 11:00 to 13:00 65 230 3.54 732

2024

5 May, 2024 36 - 24 11:30 to 12:30 60 390 6.5 745

The three experiments were performed in both morning and afternoon timings as demonstrated bytabular values in Table 2.
The efficiency of the water purification process in this project is directlylinked to solar intensity. As the intensity of sunlight
increases, more energy is absorbed by the steel profile, which serves as the heat conductor. High-intensity solar rays allow
the steel profile to heat up rapidly, thus transferring heat to the water inside at a faster rate. This results in quickerboiling of
the water, speeding up the evaporation process and, consequently, the rate of water purification. The higher the solar
intensity, the faster the system can operate, making sunlight a crucial factor in determining the overall performance of the
solar-powered distillation process. Asindicated by Table 2. When the intensity was 732-745 w/m?, it producsed larger mLs of
pure waterthan the water purified with solar intensity of 297 w/m?. Samples collected from experimentationof our design’s
working prototype were tested in the TDS Testing Lab of Environmental Engineering Department of UET Lahore.
Samples which were collected from filters of different sites in Lahore along with prototype produced water were tested from
the Lab’s precise TDS meters. The TDS rating of the experimental water which was obtained is ranging from 50-80 MPL. A
Total Dissolved Solids (TDS) level of 50-80 MPL (Milligrams per Liter) categorizes water as exceptionally pure. This low
TDS count indicates that the water contains minimal amounts of dissolved substances such as salts, minerals, metals, and
other inorganic and organic compounds.

Table 3. Lab Experiment Data
Prototype Experimental Data

Source Output  TDS (MPL) Turbidity
Experiment-1 ~ Sample 1 80 <10
Experiment-2  Sample 2 60 <5
Experiment-3  Sample 3 50 <5
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Figure 16. TDS Meter Reading of Distilled Water Samples
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Figure 17. Factors affecting the overall performance of the solar water distillation system

Results & Conclusion: The testing results from the Environmental Engineering Lab reveal significant improvements in
the Total Dissolved Solids (TDS) levels of the experimental water samples, though some challenges related to turbidity still
persist. Turbidity, which refers to the cloudiness or haziness of water caused by the presence of suspended particles, is an
important measure of water quality and visibility. Ideally, drinking water in houses should have turbidity below 1 NTU, but
in many cases, home water treatment is necessary to ensure safe drinking water.In such scenarios, the target should be to keep
turbidity levels at or below 5 NTU (Nephelometric Turbidity Units) but water seems cloudy when it has turbidity level
beyond 4 NTU (WATER QUALITY AND HEALTH-REVIEW OF TURBIDITY: Information for Regulators and Water
Suppliers, 2017.). Water with turbidity levels below 5 NTU is considered clear and suitable for consumption (Lenntech,
2024). However, the one tested sample exhibited turbidity levels higher than 5 N'TU, indicating that further improvement is
necessary to achieve optimal clarity. This canbe accomplished through additional settling and decanting processes, which
help remove suspended particles and reduce turbidity.

In terms of TDS, the experimental results showed promising numbers, with TDS levels ranging from a minimum of 50
milligrams per liter (mg/L) to a maximum of 80 mg/L. TDS is a crucial indicator of water quality, representing the
concentration of dissolved solids, such as salts, minerals, and metals, in water. Distillation processes are highly effective at
reducing TDS, and purified water typically has TDS levels between 1 to 100 mg/L, which aligns with the results obtained in
this study (What Is TDS?, 2024.). However, while low TDS levels indicate high purity, water that is too pure lacking essential
minerals like calcium, magnesium, and potassium may notbe ideal for human consumption. Drinking water with extremely
low mineral content can lead to mineral deficiencies over time, potentially affecting health by depriving the body of vital
nutrients.Also, the low TDS water can be unsuitable for drinking due to its dull and bland flavor (Faysal etal., 2017.).
Despite this concern, water with lower TDS levels has specialized uses. For example, in certain industtial applications, such
as in batteries, low-mineral, low-TDS water is preferred. High TDS water can damage the internal components of batteries
by causing scaling and mineral buildup. Therefore, the water purified through the distillation process, with TDS levels
between 50 to 80 mg/L, can serve multiple purposes beyond human consumption, such as in technical applicationsrequiting
low-mineral water.

Overall, while the distillation process has proven effective at significantly reducing TDS and improving water purity,
addressing turbidity remains a priority for optimizing water clarity. Additionally, balancing the mineral content of purified
water is important to ensure that it is bothsafe for drinking and suitable for various industrial applications. Further
refinement of thepurification process can help achieve both goals.
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