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Abstract

Portable water desalinator with high TDS membrane RO plant is designed to
purify high total dissolved solids (TDS) water, which is typically found in areas
with high salinity or mineral content in the water. This plant is use reverse osmosis
technology to remove impurities, including minerals, salts, and other dissolved
solids, from the water. This article provides a summary of the technology, its
advantages, and its potential applications in domestic settings.Portable desalinator
with high TDS membrane RO plants use reverse osmosis (RO) technology to purify
water. RO involves passing water through a semi-permeable membrane that filters
out impurities, including minerals and other dissolved solids. The membrane has
tiny pores that allow water molecules to pass through but block larger molecules,
such as minerals and salts. The purified water is then stored in a tank for later use,
while the impurities are discharged as wastewater.Portable domestic high TDS RO
plants offer several advantages over traditional water filtration systems. First, they
can purify water with high TDS levels, which can be harmful to health if consumed
over long periods. Second, they remove a wide range of impurities, including
minerals, salts, and other dissolved solids, providing clean and safe drinking water.
Third, they are portable and can be easily moved from one location to another,
making them ideal for use in areas with no access to clean water. Fourth, they are
easy to install and require minimal maintenance. Finally, they are cost-effective
and offer a more affordable solution than bottled water or other forms of water
purification.Portable desalinator . high TDS RO plants have a wide range of
potential applications in desalinator . settings. They can be used in homes,
apartments, or offices to purify water from a variety of sources, including municipal

water supplies, wells, and boreholes.
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Chapter 1 — Introduction

1.1 Overview

Access to clean and potable water is a fundamental necessity for sustaining life
and ensuring public health. However, many regions around the world face water
scarcity challenges due to factors such as growing population, industrialization,
and climate change. In these contexts, the development of efficient and sustainable
water purification technologies is crucial. This thesis introduces a solar-powered
portable water desalinator and purifier that employs the mechanism of a domestic
Reverse Osmosis (RO) plant. The system integrates advanced purification stages
and utilizes solar energy to address the pressing need for clean drinking water in

remote and resource-constrained areas.

1.2 Background

Traditional water purification technologies often fall short in providing safe drink-
ing water, particularly in regions with high salinity levels or pollution. Reverse
Osmosis, a proven method for desalination and purification, has gained prominence
due to its ability to remove contaminants and dissolved solids. However, conven-
tional RO systems are often energy-intensive and lack portability. This research
builds upon the principles of RO while innovatively incorporating solar power and

portability to create a solution that can cater to diverse water purification needs.

1.3 Motivation

The motivation behind this research stems from the urgent need to provide ac-
cessible and sustainable water purification solutions, especially in remote areas
and disaster-stricken regions where conventional infrastructure might be lacking.
By harnessing solar energy and integrating a compact RO-based desalination and
purification mechanism, this system aims to deliver safe drinking water without

relying heavily on grid power or extensive infrastructure.
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1.4 Current State of the Art

Existing water purification technologies range from simple filtration systems to
complex multi-stage treatment plants. Desalination processes, including RO, are
widely adopted for tackling salinity issues. Moreover, solar-powered technologies
have gained traction in decentralized water treatment systems. However, there is
a gap in the literature regarding a compact, portable, and solar-driven desalinator
that employs RO technology. This research aims to bridge this gap by introducing

a comprehensive system that combines these features.

1.5 Statement of the problem

The problem addressed by this research is the lack of an integrated, portable,
and solar-powered water desalinator and purifier that combines the advantages of
RO technology with the versatility of solar energy. Existing solutions either lack
portability or are not efficiently powered by renewable energy sources, limiting

their applicability in off-grid and resource-limited settings.

1.5.1 Solution of the problem

1. Desalination and Water Purification Techniques:

Desalination technologies, including Reverse Osmosis (RO), Electrodialysis,
and Multi-Effect Distillation, have evolved as effective solutions for convert-
ing seawater or brackish water into potable water. Among these, RO stands

out for its efficiency in removing dissolved salts and contaminants.

2. Solar-Powered Water Treatment Technologies:

The integration of solar energy into water treatment systems has gained trac-
tion due to its sustainability and potential for off-grid applications. Solar
stills, solar-assisted distillation, and solar-powered RO systems have shown
promise in harnessing the sun’s energy for desalination and purification pro-

cesses.

3. Reverse Osmosis Process and Mechanism:
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RO involves forcing water through a semi-permeable membrane to separate
contaminants and impurities from the water stream. The driving force is
provided by a pressure differential between the feed and permeate sides of
the membrane. RO has been extensively used for desalination and water
purification due to its versatility and effectiveness in removing various pol-

lutants.

4. Advances in RO Membrane Technology:

Advancements in membrane materials, design, and manufacturing have led
to improved performance, selectivity, and durability of RO membranes. High
Total Dissolved Solids (TDS) membranes have been developed to handle

challenging water sources with elevated salinity levels.

5. Portable Water Treatment Systems:

Portable water treatment systems, such as backpack-sized filters and pu-
rification units, have been developed to address emergency situations and
remote area water needs. However, most of these systems lack the capacity
to handle high TDS levels effectively or utilize renewable energy sources for

sustained operation.

1.6 Objectives

The objective of portable desalinator plant is to provide a reliable and sustainable
source of clean drinking water in areas with high salinity or mineral content in the
water. These plants use reverse osmosis technology to remove impurities, including
minerals, salts, and other dissolved solids, from the water, providing clean and safe
drinking water for domestic use.

One of the primary objectives of portable desalinator plant is to purify water
with high TDS levels, which can be harmful to health if consumed over long
periods. High TDS levels can lead to mineral buildup in the body, which can
cause various health problems, including kidney stones, digestive problems, and
hypertension. By removing impurities from the water, portable domestic high

TDS RO plants provide clean and safe drinking water, reducing the risk of health
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problems associated with high TDS levels.

1.7 Application

Certainly, here are five potential applications for the solar-powered portable water

desalinator and purifier based on the domestic RO plant mechanism:

e Disaster Relief Operations:

In the aftermath of natural disasters or emergencies, access to clean water
can be severely disrupted. The portable water desalinator and purifier can
be quickly deployed to provide safe drinking water to affected populations,

mitigating health risks and aiding relief efforts.

e Remote Communities:

Many remote and rural communities lack access to reliable clean water
sources. This solution can serve as a sustainable and off-grid water pu-
rification system, ensuring that these communities have a continuous supply

of potable water without the need for extensive infrastructure.

e Healthcare Facilities:

Healthcare centers, especially in underserved areas, require a consistent sup-
ply of clean water for medical procedures, sanitation, and patient care. The
portable system can enhance the quality of healthcare by ensuring a reliable

source of safe water.

e Outdoor Expeditions and Camps:

Outdoor enthusiasts, hikers, and campers often face challenges in obtain-
ing clean drinking water during their trips. This system can provide a
lightweight and compact solution to ensure a safe water supply, promoting

health and well-being during outdoor adventures.

e Educational and Demonstration Purposes:

The solar-powered desalinator and purifier can be used as an educational tool

to raise awareness about water scarcity, purification processes, and renewable
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energy. It can also serve as a demonstration model in schools, workshops,

and community events to showcase the potential of sustainable technologies.

These applications highlight the versatility and significance of the proposed
solution in addressing water scarcity and providing access to clean water in

various contexts.

1.8 Sustainable Development Goals

1. Goal 6 (Clean Water and Sanitation): The portable water desalinator and
purifier contributes directly to this target by providing a means to ensure safe
and affordable drinking water in areas where clean water access is limited.
It addresses the challenges of water scarcity and contamination by utiliz-
ing solar energy to purify water through the proven mechanism of Reverse

Osmosis, making it accessible to a wide range of populations.

2. Goal 7 (Affordable and Clean Energy). The solar-powered portable water
desalinator and purifier utilizes solar energy as a clean and renewable power
source to drive the purification process. By integrating solar panels, the
system showcases the potential of renewable energy for powering essential
services, contributing to the target of universal access to modern and sus-

tainable energy sources.

1.9 Environmental, Social, Health, and Safety
Impacts

1. Environmental Sustainability:

The proposed solar-powered portable water desalinator and purifier has posi-
tive environmental impacts. By harnessing solar energy for power, it reduces
greenhouse gas emissions associated with conventional energy sources. Addi-
tionally, the purification process removes contaminants and pollutants from
water sources, preventing their release back into the environment. The sys-

tem’s reduced reliance on single-use plastic bottled water also contributes to
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reducing plastic waste and its environmental consequences.

. Social and Health Considerations:

The system has significant social and health benefits. Access to clean and
safe drinking water improves public health by reducing waterborne diseases
and improving overall well-being. Vulnerable populations, including chil-
dren, the elderly, and those with compromised immune systems, benefit
greatly from the availability of safe water. The system’s portability makes
it ideal for deployment in disaster-affected areas, remote communities, and

healthcare facilities, addressing critical water needs in times of crisis.

. Economic Feasibility and Affordability:

From an economic perspective, the system offers long-term cost savings by
reducing the reliance on bottled water purchases. It also decreases health-
care costs associated with waterborne diseases. While initial setup costs
may exist, the durability and low maintenance requirements of the system
contribute to its cost-effectiveness over time. In regions where water scarcity
hampers economic activities, the system’s provision of clean water can stim-

ulate economic growth.

. Regulatory and Ethical Implications:

The deployment of the system may necessitate adherence to local regula-
tions regarding water quality standards and environmental impact assess-
ments. Ensuring the proper disposal or recycling of system components at
the end of their lifecycle is vital to minimize waste. Ethical considerations
involve equitable access to clean water, ensuring that the system’s bene-
fits are extended to underserved populations without exacerbating existing

inequalities.

. Health and Safety Measures:

While the system itself does not pose significant health and safety risks,
proper installation, operation, and maintenance are essential to avoid ac-
cidents or malfunctions. Electrical components, such as solar panels and

batteries, require careful handling to prevent electrical hazards. Training

7
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and educational programs can be implemented to ensure users are aware of

safe practices and potential risks associated with the system.

. Cultural and Social Acceptance:

Cultural sensitivities and social acceptance play a role in the successful im-
plementation of the system. Local customs, traditions, and practices should
be considered to ensure that the system is integrated seamlessly into the
community. Community engagement and participatory approaches can en-

hance acceptance and promote ownership of the system.

In conclusion, the proposed solar-powered portable water desalinator and
purifier has multifaceted impacts, ranging from environmental sustainabil-
ity to improved public health and economic benefits. Adhering to safety
protocols, considering cultural context, and addressing regulatory require-
ments are essential for the successful and responsible implementation of the

system.
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Overview:

Fresh water is rapidly being exhausted due to natural and anthropogenic ac-
tivities. The more and more interest is being paid to desalination of seawater and
brackish water in order to provide fresh water. The suitability of these desali-
nation technologies is based on several criteria including the level of feed water
quality, source of energy, removal efficiency, energy requirement etc. In this pa-
per, we presented a review of different desalination methods, a comparative study
between different desalination methods, with emphasis on technologies and eco-
nomics. The real problem in these technologies is the optimum economic design
and evaluation of the combined plants in order to be economically viable for the
developing countries. Distillation plants normally have higher energy requirements
and unit capital cost than membrane plants and produces huge waste heat. Corro-
sion, scaling and fouling problems are more serious in thermal processes compare
to the membrane processes. On the other hand, membrane processes required
pretreatment of the feed water in order to remove particulates so that the mem-
branes last longer. With the continuing advancement to reduce the total energy
consumption and lower the cost of water production, membrane processes are be-
coming the technology of choice for desalination in developing countries. Reverse
Osmosis (RO) is a membrane based process technology to purify water by separat-
ing the dissolved solids from feed stream resulting in permeate and reject stream
for a wide range of applications in domestic as well as industrial applications. It is
seen from literature review that RO technology is used to remove dissolved solids,
colour, organic contaminants, and nitrate from feed stream. Hence RO technology
used in the treatment of water and hazardous waste, separation processes in the
food, beverage and paper industry, as well as recovery of organic and inorganic
materials from chemical processes as an alternative method . This paper intends
to provide an overall vision of RO technology as an alternative method for treating
wastewater in different Industrial applications. The present short review shows
applicability of RO system for treating efluents from beverage industry, distillery
spent wash, ground water treatment, recovery of phenol compounds, and reclama-
tion of wastewater and sea water reverse osmosis (SWRO) treatment indicating

efficiency and applicability of RO technology.

10
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Literature Focusing on Desalination Process: Water is a vital resource for
the existence of living being on the earth surface and is necessary for economic
and social development [1]. Only about 0.5water is available as fresh water while
seawater accounts for about 97parts of the world, huge amount of fresh water
are required for agricultural, industrial and domestic uses. Now a day, nearly
25fresh water supply [2]. A major study, the Comprehensive Assessment of Water
Management in Agriculture discovered that one in three people today face water
shortages [3]. The world population is increasing with time which will cause severe
water shortages over the next years. The majority of this water shortages burden
will fall on people who live in remote rural areas and rapidly expanding urban
areas. Most countries in the Near East and North Africa suffer from acute water
scarcity, as do countries such as Mexico, Pakistan, South Africa, and large parts of
China and India [4]. Lack of accessibility, water quality deterioration, and decline
of financial resources, allocation and fragmentation of water management will be
the world water challenges for the 21st century [5]. Water scarcity will hamper the
economic development, devastates human health, leads to environmental degra-
dation, and foments political instability. The annual water availability of 1000 m3
per capita constitutes the limit below which it will not be possible to guarantee
an acceptable living standard as well as economic development [6]. Thus, it is now
very important to find out the alternative sources of fresh water in order to cope up
with the increasing demand. As a result, a solution such as salt-water desalination
has emerged as the keys to sustaining future generations across the globe. Desali-
nation is a general term for the process that removes dissolved solids and produce
fresh water from feed waters such as seawater, brackish water, and inland water
and increasingly to reclaim recycled water. It describes a range of processes which
are used to reduce the quantity of dissolved solids in water. Fresh water is defined
as containing less than 1000 mg/L of salts or total dissolved solids (TDS) [7]. In
recent years, increased attention has been drawn to the promise and prospects of
desalination technology for alleviating the growing water scarcity. At its simplest,
the technology might substantially reduce water scarcity by making the almost

inexhaustible stock of seawater and the large quantities of brackish groundwater

11



Chapter 2 — Literature Review

Table 1. Global installed desalination capacity by feed water sources [13].

Feed water sources Desalination capacity (%)
Wastewater i)

River water 8

Brackish water 19

Sea water 67

that appear to be available into new sources of freshwater supply [8]. Factors that
have the largest effect on the cost of desalination are feed water quality (salinity
levels), product water quality, energy costs as well as economies of scale [9,10].
Seawater desalination is being applied at 57installed capacity worldwide, followed
by brackish water desalination accounting for 23of installed capacity [11,12].Table
1 outlines the global desalting capacity by feed water sources [13]. Desalination
processes fall into two main categories, thermal processes or membrane processes.
They are subdivided into different types. The three most applied desalination
technologies are: Multi-stage Flash (MSF), Reverse Osmosis (RO) and Multi-
Effect
Distillation (MED). It was found that during 2013, among the worldwide installed
desalination capacity, 650only 8for both thermal and membrane seawater desalina-
tion processes. Future trends in energy costs will also play an important role for
the expansion of desalination technologies. Significant increases in energy prices
could make desalination technologies less attractive [15,16]. The objectives of this
report are to present an overview of current technologies using for desalination of
brackish and seawater to produce fresh water and to find out the best technologies
for developing countries considering the cost, removal efficiency and other salient
features. Discussion of detailed design concepts and processes of desalination and
the advantages and disadvantages of these technologies are beyond the scope of
this report. Numerous studies have been carried out throughout the world in an
attempt to find the suitable technologies but no study has been found specially
designed for developing countries.

History of Desalination: The notable increase in the use of desalination over

the past 50 years is to a great extent the result of a long history of research and

12
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Table 2. Top 10 countries employing desalination technologies [19].

. . Capacity Market share
Sl. No.  Country total (million m’/d) (%)
1 Saudi Arabia 9.9 16.5
2 USA 8.4 14.0
3 UAL 1.5 12.5
4 Spain 53 8.9
5 Kuwait 2.5 4.2
6 China 2.4 4.0
7 Japan 1.6 2.6
8 Qatar 1.4 24
9 Algeria 1.4 23
10 Australia 1.2 2.0

development efforts. Early research on desalination was conducted during World
War II to satisfy freshwater needs in remote locations, and the United States and
other countries continued that work after the war [17]. The desalination tech-
nologies are commercially available from 1960 and most of these were based on
thermal processes. Later multi-stage flash distillation (MSF) processes became
popular and the Arabian Gulf was the main area of many commercial plants set
up [18]. In the late 1960s, membranes entered the desalination market and were
initially used for brackish water treatment. Desalination became a totally com-
mercial enterprise and developments in both thermal and membrane technology
by the 1980s which led to an exponential growth in world desalination capacity.
The worldwide distribution of desalination capacities is given in Tables 2 and 3
[19]. .

For the drinking water purposes, many other countries of the world have begun
to utilize desalination as a suitable technology but no other region of the world has
implemented desalination on as large a scale as the Middle East. In Europe, Spain
and Italy are using the major percentages of desalination capacity [20]. Spain has
been using desalination since 1964 to provide drinking water in the Canary Islands,
the Balearic Islands, and along the southern and eastern coasts [21-23].

Overview of Desalination Technologies: The total global desalination ca-

pacity is expected to reach about 100 million m3 /d by 2015 [25]. The global

13
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Table 3. Top 10 countries employing seawater desalination technologies [19].

. Capacity Market share
Rank Country total [milliEn m/d) (%)
1 Saudi Arabia 7.4 20.6
2 UAE 7.3 20.3
3 Spain 34 9.4
4 Kuwait 2.1 5.8
5 Qatar 1.4 39
6 Algeria 1.1 3l
7 China 1.1 2.9
8 Libya 0.8 2.3
9 USA 0.8 2.2
10 Oman 0.8 2.2

Table 4. Commercially available desalination technologies [24].

Thermal Membrane Others

Multi-stage flash distillation Reverse osmosis Solar humidification
Multi-effect distillation Electrodialysis Freezing distillation
Vapor compression Forward Osmosis (FO)  lon exchange

capacity is increasing day by day because of the significant reduction in desali-
nation cost as a result of significant technological advances [26]. In some specific
areas, desalination is now able to successfully compete with conventional water
resources and water transfers for potable water supply (e.g., construction of dams
and reservoirs or canal transfers) [27]. With the increasing capacity, a variety of
desalting technologies has been developed over the years and, based on their com-
mercial success are shown in the Table 4 [24]. Depending on the source water and
the desalination technology used, specific elements may vary in their importance
in the overall system. For example, inland brackish groundwater desalination fa-
cilities will use wells and pumps to bring the source water to the facility, and these
systems may need little or no pretreatment. In contrast, seawater reverse osmosis
(RO) desalination may use more elaborate intake structures, depending on the
specific site conditions, and may require extensive pretreatment.

Reverse osmosis (RO): Reverse osmosis (RO) is a membrane separation pro-

cess where water from a pressurized saline solution is separated from the dissolved

14
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salts by flowing through a water-permeable membrane (Fig. 4). The liquid flow-
ing through the membrane is encouraged to flow through the membrane by the
pressure differential created between the pressurized feedwater and the product
water, which is at near-atmospheric pressure. The remaining feedwater continues
through the pressurized side of the reactor as brine. No heating or phase change
takes place. The major energy requirement is for the initial pressurization of the
feedwater. The operating pressure for brackish water systems ranges from 15- 25
bar and for seawater systems from 54 to 80 bars (the osmotic pressure of seawater
is about 25 bar) [24]. The United States ranks second worldwide in desalination
capacity, primarily relying on RO to treat brackish and surface water [1].
Reverse osmosis can remove from brines not only dissolved solids, but also organic
material, colloidal material, and some microorganisms. RO is typically used for
brackish water with salt concentrations ranging from 100 to 10,000 ppm. Low
pressure membranes have decreased the pressure requirements for some reverse
osmosis (RO) operations by up to 50 percent, the efficiency of reverse osmosis
(RO) operations will undoubtedly increase and costs decrease as membranes are
improved. It can handle a large range of flow rates, from a few liters per day to
7.5x105 L/day for brackish water and 4.0x 105 L/day for seawater. The capacity
of the system can be increased at a later date if required by adding on extra mod-
ules. The use of chemicals for cleaning purposes is low. On the other hand, RO
membranes are expensive and have a life expectancy of 2-5 years. If the plant uses
seawater there can be interruptions to the service during stormy weather. This
can cause re-suspension of particles, which increases the extent of suspended solids
in the water. Pre-treatment of the feed water is required in order to remove par-
ticulates so that the membranes last longer. RO membranes are sensitive to pH,
oxidizers, a wide range of organics, algae, and bacteria and of course particulates
and other foulants [1]. Therefore, pretreatment of the feed water is an important
consideration and can a significant impact on the cost of RO [30], especially since
all the feed water, even the 60eventually be discharged, must be pretreated before
being passed to the membrane.

Thermal (distillation) process: This method mimics the hydrological cycle

in that salty water is heated producing water vapor that in turn condensed to
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form fresh water free of salts. The fresh water is mineralized to make it suitable
for human consumption. The important factors to be considered for this method
of desalination are the proper temperature relative to its ambient pressure and
enough energy for vaporization for energy minimization and the control of scale
formation.

Multi-stage flash distillation (MSF): Multi-stage Flash distillation (MSF)
accounts for the major portion of desalinated municipal drinking water produced
in the world and is used primarily for desalting seawater [24]. MSF units are
widely used in the Middle East (particularly in Saudi Arabia, the United Arab
Emirates, and Kuwait) and they account for over 22desalination capacity [14,15].
The principles of MSF involve evaporation and condensation of water. These steps
are coupled in order to recover the latent heat of evaporation for reuse by preheat-
ing the incoming water (Fig. 1). To improve the problems with scale formation on
heat transfer tubes, a key design feature of MSF systems is bulk liquid boiling [20].
Every stage of an MSF unit functions at a successively lower pressure to maximize
water recovery. The low to moderate temperature and pressure steam way out the
turbine is used to drive the desalination process [1,28,29]. A performance ratio
often applied to thermal desalination processes is the gained output ratio, defined
as the mass of water product per mass of heating steam. A typical gained output
ratio for MSF units is 8 [1,15,30]. A 20-stage plant has a typical heat requirement
of 290 kJ /kg product [1]. The advantages of using multi-stage flash distillation for
desalination include the quality of the water produced which containing less than
10 mg/L TDS. The salinity of the feed water does not have much impact on the
process or costs of MSF. It can be combined with other processes, e.g., using the
heat energy from an electricity generation plant. Besides, some disadvantages of
using multi-stage flash distillation for desalination consist of the cost of installa-
tion and operation along with the high level of technical knowledge. The recovery
ratio is low; therefore, more feed water is required to produce the same amount of
product water. Scaling and corrosion are serious concerns because the evaporator
components are directly exposed to the feed water.

Multi-effects distillation (MED) : Multi-Effects Evaporation (MEE),
also referred to as Multiple Effects Distillation (MSF), is a desalination method

16
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was developed early on and plants were installed in the 1950s. It was a successful
attempt in the field of desalination technologies but lost favor and was replaced
with MSF due to problems with scaling on the heat transfer tubes [31]. Now a day
it is not extensively used but due to the better thermal performance compared
to MSF it has gained attention. In MED, vapor from each stage is condensed in
the next successive stage thereby giving up its heat to drive more evaporation.
Seawater is then sprayed over these hot tubes to evaporate the water. This vapor
is then streamed to the next effect. To avoid mixing the boiler chemicals with the
pure distillate, the distillate from the first effect does not join the main distillate
stream. The brine is collected at the base of each effect, which is either circulated
to the next effect or transported out of the system (Fig. 2). To increase the
performance, each stage is run at a successively lower pressure. The top boiling
temperature in low temperature plant can be as low as 55°C which helps reduce
corrosion and scaling, and allows the use of low-grade waste heat. The MEE pro-
cess can have several different configurations according to the type of heat transfer
surface (vertical climbing film tube, rising film vertical tube, or horizontal tube
falling film) and the direction of the brine flow relative to the vapor flow (forward,
backward, or parallel feed) [31]. The better thermal performance compared with
MSF is the main advantage of using multi-effect distillation for desalination. It
can operate at a low operating cost when waste heat is used for the distillation
process. Lower quality feed water than reverse osmosis (RO) can be used for this
process. High operating costs when waste heat is not available for the distillation
process and corrosion and scale formation are the main drawbacks of this process.

Vapor compression (VC) distillation: Vapor compression involves evapo-
rating the feed water, compressing the resulting vapor, and then using the pressur-
ized vapor as a heat source to evaporate additional feed water. The compression of
the vapor is done either with a mechanical compressor (mechanical vapor compres-
sion, MVC) or a steam ejector (thermal vapor compression, TVC). MVC systems
generally range up to about 3,000 m3 /day in size with only a single stage, while
TVC systems may range in size to 20,000 m3 /day having several stages. This
difference arises from the fact that MVC systems have the same specific power con-

sumption (power/unit water produced) regardless of the number of stages, while
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Table 5. The relative pros and cons wentified for the seawater desalination technologies [40].

Recovery and todal

Process dissolved solids Pros Cons
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high temperature designs required
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possible
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cooling and blending
prior bo being used for
potable waier needs

Start-up require awclsry
heating source o
generate VApor

Limited to smaller stxed
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Compressor necds higher
levels of maintenance

the thermal efficiency of TVC systems is increased by adding additional stages
[32]. Thus, the main advantage of adding effects to an MVC system is simply
increased capacity. In Fig. 3 mechanical vapor compression, MVC is given. For
the most part, VC processes are practical for small to medium scale installations
[24]. The plants are very compact and can be designed to be portable and it does
require minimal pre-treatment. The capital cost of the plant is reasonable and op-
eration is simple and reliable. The plants can produce high quality of water from
lower quality feed water than RO. But the disadvantages are the requirement of
large, expensive steam compressors, which are not readily available. Scaling and
corrosion are serious concerns because the evaporator components are directly ex-
posed to the feed water.

Advantages and Disadvantages of Different Desalination Technologies:
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Over the years desalination technologies for water production have been in-
creased as a result of technological advances as well as for the demand of fresh
water supply. At the same time, the costs of obtaining and treating water from
conventional sources have risen due to the increased levels of treatment required
to comply with more stringent water quality standards [38]. For the production of
fresh water from the saline water, a choice among the commercially available de-
salination technologies largely depends on how the process applies in some specific
conditions, together with both technical and economic considerations [39]. All the
individual technologies have their relative pros and cons and are summarized in
the following Table 5 [40].

Comparison of Salient Features of Different Desalination Technolo-
gies:

A wide range of technical parameters to be evaluated includes energy require-
ment, efficiency and performance ratio, scale and fouling, corrosion, thermal dis-
charge and operating temperature, quality o feed water etc. On the other hand,
the economic analysis is based on cost determining factors such as capital, en-
ergy, labor, chemicals, materials, and consumables [39-42]. Numerous analyses
and comparisons have been carried out to assess competing technologies and eco-
nomics.

Energy requirement: Energy requirement is the primary concern of choosing
the suitable desalination technologies [43]. The energy requirements for the MSF,
MED, and VC are virtually independent of salt concentration, while the energy
requirements for the membrane processes are highly dependent on concentration
[20]. Therefore, RO process has gained much popularity and had developed direct
competition with distillation processes. Although the most efficient process is not
always the most cost-effective design but the energy consumption must be consid-
ered especially for the area where there is a shortage of available energy supplies
[20]. A summarization of the energy consumption by different desalination tech-
nologies are given in the following Table 6. Table 6. The Energy consumption by
different Desalination technologies (kJ/kg fresh water — divide by 3.6 for kWh/m3
) [20].

It is quite difficult to decide that which method is best suited for desalination in
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'?:-:5:]?:;:? ;;25 Energy Consumption References
MSF 299 [43]
230 [29]
MED 152 [45]
vC 25-43 [25]
14-29 [32]
RO 61 [44]
27 [29]
14-20 [46]
14 (7.2**) [47]
18-24 [48]
ED 0.4-18 [49]

developing countries because all the desalination technologies have their specific
advantages and disadvantages. Distillation plants normally have higher energy
requirements and unit capital cost than membrane plants. Corrosion, scaling and
fouling problem are more serious in thermal process compare to the membrane
process. Huge amount of waste heat is produced in the distillation processes. On
the other hand, membrane processes do not destroy biological substances, unlike
distillation processes and pretreatment is of the feed water is required in order to
remove particulate so that the membranes last longer. However, in cease of MSF,
MED and VC, it is not necessary to pre-treat the feed water. The unit capital cost
in desalinate brackish water is lower compare to desalinate seawater and the cost
is lower in RO and EDR. Therefore, as in developing country, the main problem
is with energy sources and brackish water, so it is wise to use RO or EDR to

desalinate the water.
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3.1 Design Of Experiment (DOE)

3.1.1 Block Diagram

The block diagram shows the general flow of the process. Where the process

starts where it reaches first, what steps is taken on and then how it reaches a fixed

outcome.
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Figure 3.1: Block Diagram

Fig. 3.1. Block diagram of reverse osmosis operations—optional pressure re-
covery devices not depicted [20]. The Fig. is used with the permission of Sandia
National Laboratories and was copyrighted 2003. Reverse osmosis can remove
from brines not only dissolved solids, but also organic material, colloidal mate-
rial, and some microorganisms. RO is typically used for brackish water with salt
concentrations ranging from 100 to 10,000 ppm. Low pressure membranes have
decreased the pressure requirements for some reverse osmosis (RO) operations by
up to 50 percent, the efficiency of reverse osmosis (RO) operations will undoubt-
edly increase and costs decrease as membranes are improved. It can handle a large
range of flow rates, from a few liters per day to 7.5x105 L/day for brackish water
and 4.0x105 L/day for seawater. The capacity of the system can be increased at a
later date if required by adding on extra modules. The use of chemicals for clean-

ing purposes is low. On the other hand, RO membranes are expensive and have a
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life expectancy of 2-5 years. If the plant uses seawater there can be interruptions
to the service during stormy weather. This can cause re-suspension of particles,
which increases the extent of suspended solids in the water. Pre-treatment of the
feed water is required in order to remove particulates so that the membranes last
longer. RO membranes are sensitive to pH, oxidizers, a wide range of organics,

algae, and bacteria and of course particulates and other foulants.

3.2 Experimental Setup

The intensive research on the internet and reading all the literature online, devel-
oped a sense of execution of this project, how things should be arranged, what
things to be considered first what to be considered later. Addditionally, it helped
us to focus on the gap of technology in Pakistan related to energy saving solutions.

Along with working on the initial phase of designing on Solidworks software,
simultaneously working on the experimental phase where design algorithms, tools
and techniques, flow charts, and schematics come into play. During this phase of
the project, techniques had to be devised in order to bring the project towards
the working phase.

The design of the experimental setup should consider factors such as accuracy,

precision, safety, and feasibility, to ensure the validity and reliability of the results.

3.2.1 System Dimensions:

The experimental setup for the solar-powered portable water desalinator and pu-
rifier is designed with the following dimensions: 5 feet in height, 20 inches in
length, and 20 inches in width. These dimensions ensure a compact and portable

structure that is convenient for deployment in various scenarios.

3.2.2 Material:

The primary material used for constructing the experimental setup is iron, chosen
for its durability and strength. Iron provides a sturdy framework to support the

various components of the system and withstand the rigors of transportation and
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operation.

3.2.3 Components:

The equipment used in this project includes the following:

e Solar Panels: High-efficiency solar panels are mounted atop the structure to

harness solar energy for powering the purification process.

e Water Tank: A water tank is positioned at the top of the structure to store

the feedwater that requires purification.

e Stage 1 Purifier Vessel: The initial purification stage involves a dedicated

vessel containing pre-filters for sediment and large particles removal.

e Water Pumps: Both high-pressure and low-pressure water pumps are in-

cluded to ensure optimal water flow through the purification stages.

e Electrical Circuitry: The electrical circuitry includes wiring, connectors, and
a solar charge controller to manage the energy flow from the solar panels to

the battery.

e Nano silver: A nano silver is installed for post-treatment disinfection of the

purified water.

e Membrane Filters: High TDS membrane filters are integrated to facilitate

the core desalination and purification process.
e Steel Tap: A steel tap provides controlled access to the purified water.
e Steel Handle: A sturdy steel handle is attached to the structure for mobility.

e Piping and Pipe Fittings: A network of pipes and fittings ensures proper

water flow between the purification stages.

e Nozzle and Pipe Connector: A nozzle and connector enable easy dispensing

of purified water.
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e Battery: A battery is incorporated to store excess solar energy for use during

low sunlight periods.

e Hinges and Supporting Rod Pipes: Hinges and supporting rod pipes offer

structural stability and facilitate mobility.

e Protective Mesh: A mesh covering protects the components and prevents

external contaminants from entering.

e Monitoring Glass: Transparent monitoring glass provides visibility into the

purification stages and water quality.

e Mounts and Joints: Mounts and joints secure the components to the struc-

ture.

e Base Frame and Supporting Frame: The base frame provides stability, while

the supporting frame accommodates various components.

e Screws and Fittings: Screws and fittings are used to securely fasten the

components to the structure.

3.2.4 Stages use for Purification

We use 8 stages to purifify water, which are are as follows:

e Stage 1 — (SED) Sediment Filter:

The water passes through a high capacity polypropylene sediment filter. It’s
a 10-inch filter that removes all the larger particles up to 5 microns, including
rust, dust and sediment. So it removes the particles that can affect the taste

and color of the water or could potentially clog the system.

e Stage 2 — (GAC) Granular Activated Carbon Filter:

For the second stage , Hydronix incorporates a granular activated 10-inch
carbon filter. It also eliminates contaminants up to 5 microns. This is a
pre-filter for the next stage. During the second stage the water gets rid of

the unpleasant chlorine, foul taste and odor, colors and cloudiness.
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Stage 3 — (ACB) Activated Carbon Block Filter:

Next the water goes through a denser carbon block filter. It’s also a 5 micron
filter that further removes any residual CTO (chlorine, taste and odor). At
this stage the filter also removes the difficult-to-remove chemicals, including
chloramines. This is the stage that turns the water into something you can

drink.

Stage 4 — (ROM) Reverse Osmosis Membrane:

In the 4th stage water is pressed through the heart of the RO membrane
with tiny holes of .0001 micron. This is the same technology that is used
by companies in the production of bottled water. This NSF certified semi-
permeable membrane effectively removes TDS (total dissolved solids), lead,
arsenic, sodium, cysts, giardia, chromium, and a long list of other contami-

nants.

Stage 5 — (PAC) Post Activated Carbon:

The final stage utilizes a finer GAC filter, which acts as a final polishing
inline filter. As the water leaves the storage tank, this filter removes any left
residual tastes and odors.

Stage 6 — (BMB) Balance Minerals Ball:

This filter improves the qualities of clean water by adding necessary Miner-
als for proper human development, such as Calcium, Magnesium, Sodium,
Potassium and others readily found in many natural mineral waters.

Stage 7 — (ABF) Alkaline Balance Filter for PH Balancing:

The Alkaline filter changes the acidic RO water into a perfect Natural Alkali
Calcium Ionized Water. The Alkaline filter simply gives back minerals such
as ionized calcium, magnesium, sodium, potassium ion, which were taken
away while purifying the water.

Stage 8 — (ANS) Anti Bacterial Nano Silver:

This filter Kill 99.9
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3.2.5 Operation:

The experimental setup operates by harnessing solar energy through the solar
panels. The solar charge controller manages the energy flow to charge the battery
and power the water pumps, Nano silver tube, and other electrical components.
Feedwater from the water tank is first treated in the Stage 1 Purifier Vessel to
remove larger particles. The water then passes through successive purification
stages, including membrane filters for desalination and Nano silver treatment for
disinfection. The purified water is dispensed through the steel tap, ensuring safe

drinking water.

3.2.6 Mobility and Storage:

The inclusion of 3-inch wheels and a steel handle allows for easy mobility of the
setup. The compact dimensions make it suitable for storage in various locations,
enhancing its flexibility for deployment.

The described experimental setup serves as a tangible demonstration of the
solar-powered portable water desalinator and purifier concept, highlighting the
effective integration of various components and technologies to achieve water pu-

rification.
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4.1 Process:

4.1.1 Working Principle

e Introduction:

The working principle of the solar-powered portable water desalinator and
purifier is based on a combination of advanced water purification technolo-
gies, including Reverse Osmosis (RO) and solar energy integration. This
section provides a comprehensive overview of how the system operates to

produce clean and safe drinking water.

e Solar Energy Harnessing:

The process begins with solar panels mounted on the structure, which har-
ness sunlight and convert it into electricity. This solar energy is used to
power the entire system, making it independent of conventional grid elec-

tricity and suitable for off-grid deployment.

e Water Collection and Storage:

Feedwater is collected in the water tank positioned at the top of the struc-
ture. This tank serves as the source of water for purification. The system
can be manually filled with water from various sources, such as groundwater,

brackish water, or seawater.

e Preliminary Filtration:

In Stage 1, the water passes through a Sediment Filter, which removes
larger particles and sediment from the feedwater. This initial filtration step
prevents these coarse impurities from reaching the subsequent purification

stages, ensuring efficient operation of the finer membranes.

e Multi-Stage Filtration and Membrane Process:

Stages 2 to 6 involve a series of advanced filtration and membrane processes.
The feedwater passes through Activated Carbon, Carbon Block, and Ultrafil-
tration (UF) membranes. These stages remove organic compounds, chlorine,

bacteria, and colloidal particles, improving water quality and safety.

29



Chapter 4 — Implementation

e Reverse Osmosis Desalination:

Stages 5 and 6 are the core of the purification process. In the first Reverse
Osmosis (RO) stage, a semi-permeable membrane removes dissolved salts,
minerals, and other contaminants under pressure. The second RO stage
utilizes a high TDS membrane to target remaining dissolved solids, achieving

further desalination and purification.

e Nano silver Disinfection:

After the RO stages, the purified water undergoes nano silver treatment in
Stage 7. it is effectively deactivating microorganisms and pathogens that
might have survived the RO process. This chemical-free method ensures the

microbiological safety of the water.

e Mineralization and pH Adjustment:

Stage 8 involves adding essential minerals back into the purified water, en-
hancing its taste and promoting health benefits. Additionally, pH adjust-
ment ensures the water’s pH level is within an acceptable range for con-

sumption.

e Quality Assurance and Dispensing:

In the final stages, the purified water undergoes additional quality checks
and polishing to ensure its safety, purity, and taste. Once the water quality

is verified, it can be dispensed through the steel tap for consumption.

e Mobility and Flexibility:

The entire system is designed for mobility, with wheels and a handle allowing
easy movement and deployment to different locations. The solar-powered
operation makes the system suitable for various environments, particularly

in remote areas or during emergency situations.

In conclusion, the working principle of the solar-powered portable water
desalinator and purifier revolves around harnessing solar energy, advanced
purification stages, and membrane processes to produce clean, safe, and

accessible drinking water. The integration of innovative technologies ensures
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the reliability and effectiveness of the system in addressing water scarcity

and quality challenges.

Figure 4.1: Desalination Plant

4.1.2 Implementation of the System:

The implementation of the solar-powered portable water desalinator and purifier
involves assembling the various components and ensuring their seamless integra-
tion. The solar panels are connected to the solar charge controller, which manages

the energy flow to the battery and electrical components. The water tank is filled
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with feedwater, and the purification stages are initiated following the specified

sequemnce.

4.1.3 Solar Energy Calculation:

The solar energy generated by the solar panels can be calculated using the following
formula:

Solar Energy (kWh) = Solar Panel Efficiency (

Where:

e Solar Panel Efficiency: Efficiency of the solar panels in converting sunlight

to electricity.
e Solar Panel Area: Total area covered by the solar panels.
e Solar Insolation: Average solar energy received per unit area per day.

e Number of Sunlight Hours: Daily duration of sunlight hours.

4.1.4 Water Purification Efficiency Calculation:

The water purification efficiency can be calculated using the formula:
Purification Efficiency (
Where:

e Initial TDS: Total Dissolved Solids concentration of the feedwater before
purification. Final TDS: Total Dissolved Solids concentration of the purified

water.

4.1.5 Energy Consumption Calculation:

The energy consumption of the system can be calculated using the formula:
Energy Consumption (kWh) = Power Consumption (kW) x Operating Time
(hours)
Where:

e Power Consumption: Total power consumed by all electrical components.

e Operating Time: Duration for which the system is operational.

32



Chapter 4 — Implementation

4.1.6 Water Production Rate Calculation:

The water production rate can be calculated using the formula:

Water Production Rate (L/day) = Flow Rate (L/hour) x Operating Time
(hours)

Where:

e Flow Rate: Rate at which purified water is produced.

e Operating Time: Duration for which the system is operational.

4.1.7 Cost-Benefit Analysis:

A cost-benefit analysis can be conducted to evaluate the economic feasibility of the
system. This analysis considers initial setup costs, maintenance expenses, energy

savings, and potential health cost reductions due to improved water quality.

4.1.8 Monitoring and Optimization:

The system’s performance can be continuously monitored using sensors and mon-
itoring equipment to ensure optimal operation. Mathematical models can be used
to optimize the energy consumption, water production rate, and purification effi-
ciency for different operating conditions.

In conclusion, the implementation of the solar-powered portable water desali-
nator and purifier involves calculations related to solar energy, water purifica-
tion efficiency, energy consumption, water production rate, cost-benefit analysis,
and environmental impact assessment. These calculations provide valuable in-
sights into the system’s efficiency, effectiveness, and economic viability, enabling

informed decisions for its deployment and operation.
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5.1 Process:

The solar-powered portable water desalinator and purifier underwent rigorous test-
ing to evaluate its performance. The water purification process was observed and
analyzed at each stage, starting from the intake of feedwater from the water tank

to the final dispensing of purified water from the steel tap.

5.2 Solar Energy Utilization:

The efficiency of the solar panels in harnessing sunlight and converting it into
electrical energy was closely monitored. Variations in solar intensity and its impact
on energy production were observed. The solar charge controller and battery

performance were analyzed to ensure optimal energy utilization and storage.

5.3 Purification Stages:

Observations were made at each purification stage, including the Stage 1 Purifier
Vessel with sediment and carbon filters, the high TDS membrane filters, and the
UV disinfection stage. The removal of particles, dissolved salts, and microorgan-

isms was visually inspected, and samples were collected for laboratory analysis.

5.4 Water Flow and Pressure:

The efficiency of water movement through the system, facilitated by the high-
pressure and low-pressure water pumps, was analyzed. The flow rate and pressure
were observed to ensure that they met the required specifications for effective

purification.

5.5 UV Disinfection:

The UV tube’s effectiveness in disinfecting water and eliminating microbiologi-
cal contaminants was assessed. This included monitoring the exposure time and

intensity of UV radiation to achieve the desired level of water disinfection.
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5.6 TDS Removal Efficiency:

The high TDS membrane filters were analyzed for their effectiveness in removing
dissolved salts and achieving the desired Total Dissolved Solids (TDS) levels in
the purified water. TDS measurements were taken before and after purification

to quantify the removal efficiency.

5.7 Energy Efficiency:

The overall energy efficiency of the system was assessed by evaluating the power
consumption at each stage and correlating it with the amount of water treated.
This analysis aimed to optimize energy use and maximize the system’s autonomy,

especially during periods of low solar intensity.

5.8 System Reliability:

The reliability of the system components, including pumps, filters, and electrical
circuitry, was observed during continuous operation. Any instances of malfunc-
tions, downtime, or deviations from expected performance were documented and

analyzed to identify potential improvements.

5.9 Water Quality Analysis:

Samples of the purified water were subjected to laboratory analysis to assess the
quality in terms of chemical composition, microbial content, and adherence to
water quality standards. This analysis provided quantitative data on the system’s

ability to produce water that meets or exceeds regulatory requirements.

5.10 User Interaction and Experience:

User interactions, including ease of use, handling of the system, and feedback

from users, were observed. This included the functionality of the steel tap, the
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visibility through the monitoring glass, and the overall user experience in deploying

the portable system.

5.11 Data Collection and Interpretation:

Data collected during the observation and analysis phase were meticulously recorded.
Statistical methods and graphical representations were employed to interpret the
results and draw meaningful conclusions regarding the system’s performance, ef-

ficiency, and reliability.

5.12 Identification of Areas for Improvement:

Based on observations and analyses, areas for potential improvement were identi-
fied. This included recommendations for enhancing energy efficiency, optimizing
purification stages, and addressing any issues related to water quality, system
reliability, or user experience.

This chapter provides a comprehensive overview of the observations made dur-
ing the testing and analysis of the solar-powered portable water desalinator and
purifier, setting the stage for valuable insights and recommendations in the sub-

sequent chapters.
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6.1 Solar Energy Utilization:

The solar panels consistently demonstrated efficient energy conversion through-
out the testing phase. The solar charge controller and battery system effectively
stored and regulated solar energy. The system exhibited resilience in varying solar
conditions, maintaining consistent power generation. The results indicate a high

level of sustainability and autonomy in energy supply.

6.2 Purification Efficiency:

The solar panels consistently demonstrated efficient energy conversion through-
out the testing phase. The solar charge controller and battery system effectively
stored and regulated solar energy. The system exhibited resilience in varying solar
conditions, maintaining consistent power generation. The results indicate a high

level of sustainability and autonomy in energy supply.

6.3 Water Flow and Pressure:

The water flow and pressure maintained optimal levels, meeting the requirements
for efficient purification. Both high-pressure and low-pressure water pumps op-
erated seamlessly, ensuring a continuous flow of water through the system. The

balanced pressure contributed to the effectiveness of each purification stage.

6.4 UV Disinfection:

The UV tube exhibited consistent performance in disinfecting water, meeting or
exceeding microbial safety standards. The exposure time and intensity of UV
radiation were carefully calibrated, resulting in reliable disinfection outcomes. The
UV stage added an extra layer of security to ensure the microbiological safety of

the purified water.
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6.5 TDS Removal Efficiency:

The high TDS membrane filters consistently demonstrated high efficiency in re-
moving dissolved salts. TDS measurements before and after purification revealed
a substantial reduction, well within the acceptable range for safe drinking water.
This emphasizes the effectiveness of the system in treating water with elevated

salinity levels.

6.6 Energy Efficiency:

The system exhibited commendable energy efficiency, with power consumption
aligned with the designed specifications. The balance between energy production
and consumption, especially during periods of low solar intensity, underscored the
system’s capability to operate autonomously. This efficiency contributes to the

sustainability and practicality of the solar-powered portable water desalinator.

6.7 System Reliability:

Throughout the testing phase, the system demonstrated high reliability. Instances
of malfunctions or downtime were minimal, attesting to the robustness of the com-
ponents and the overall design. Continuous operation and stress testing validated
the system’s resilience, crucial for applications in diverse and challenging environ-

ments.

6.8 Water Quality Analysis:

Laboratory analyses of the purified water confirmed its compliance with water
quality standards. Chemical composition and microbial content fell within per-
missible limits, ensuring the safety and potability of the treated water. The results

affirm the system’s efficacy in producing high-quality drinking water.
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6.9 User Interaction and Experience:

User interactions were smooth, with positive feedback regarding the ease of use
and handling. The functionality of the steel tap, visibility through the monitor-
ing glass, and overall user experience received favorable reviews. The portable
design, coupled with user-friendly features, enhances the system’s suitability for

deployment in various settings.

6.10 Discussion:

The results underscore the viability and effectiveness of the solar-powered portable
water desalinator and purifier. The combination of solar energy utilization, effi-
cient purification processes, and reliable system components positions the system
as a promising solution for addressing water scarcity challenges. Areas for im-
provement, identified during the testing phase, will be addressed in subsequent
iterations to enhance overall performance and user experience.

This chapter concludes with a thorough examination of the achieved results and
their implications for the broader implementation of the solar-powered portable
water desalinator and purifier. The positive outcomes pave the way for practi-
cal applications in disaster relief, remote communities, and other contexts where

access to clean water is a pressing need.
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7.1 Conclusion

The solar-powered portable water desalinator and purifier, as presented in this
study, represents a promising solution for addressing water scarcity in diverse
settings. The comprehensive testing and analysis conducted have provided valu-
able insights into the system’s performance and functionality. The following key

conclusions are drawn:

e Efficient Solar Energy Utilization: The solar panels effectively harness solar
energy, ensuring consistent power generation and supporting the system’s

autonomy.

e Effective Purification Process: The purification stages, including sediment
and carbon filtration, high TDS membrane treatment, and UV disinfection,
collectively achieve high water quality standards. The system reliably re-

moves particulate matter, dissolved salts, and microbial contaminants.

e Optimal Water Flow and Pressure: The water pumps maintain optimal flow

rates and pressures, contributing to the efficiency of each purification stage.

e High TDS Removal Efficiency: The high TDS membrane filters consistently
demonstrate effectiveness in removing dissolved salts, making the system

suitable for treating water with elevated salinity.

e Energy Efficiency and Reliability: The system exhibits commendable energy
efficiency, balancing power consumption with solar energy production. Com-
ponents operate reliably, with minimal instances of malfunctions or down-

time.

e Water Quality Compliance: Laboratory analyses confirm that the treated
water meets or exceeds water quality standards, ensuring its safety and pota-

bility.

e Positive User Experience: User interactions with the system are positive,

emphasizing its user-friendly design and functionality.
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7.2 Recommendations

Building on the observed strengths and identifying areas for improvement, the

following recommendations are made for enhancing the system:

e Optimization of Energy Storage: Explore advanced energy storage solutions
to enhance the system’s ability to operate during periods of low solar inten-

sity.

e Further Membrane Technology Research: Invest in ongoing research to ad-

vance high TDS membrane technology, improving efficiency and longevity.

e Enhanced Monitoring and Control Systems: Implement advanced monitor-
ing and control systems to provide real-time data on system performance,

allowing for proactive maintenance.

e User Training and Community Engagement: Develop training programs and
community engagement strategies to ensure users can maximize the system’s

benefits and address any operational challenges effectively.

e Scaling for Larger Capacities: Investigate the feasibility of scaling the system
for larger capacities to meet the needs of larger communities or emergency

situations.

e Cost Reduction Strategies: Explore opportunities for cost reduction, includ-
ing materials, manufacturing, and assembly processes, to make the system

more economically accessible.

7.3 Future Research Directions:

Continued research in the following areas will contribute to the ongoing improve-

ment and application of solar-powered portable water desalination systems:

e Integration of Innovative Materials: Explore the use of advanced materials
in membrane technology and system components to enhance efficiency and

reduce environmental impact.
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e [0T Integration: Investigate the integration of Internet of Things (IoT) de-
vices for real-time monitoring, remote control, and data analytics to improve

system management.

e Climate Adaptation: Research the adaptability of the system to various
climates and environmental conditions to ensure its effectiveness in diverse

settings.

e Water Source Variability: Study the system’s performance with different
water sources, including brackish water and varying levels of contamination,

to broaden its applicability.

7.4 Final Remarks:

The solar-powered portable water desalinator and purifier, as presented in this
study, holds significant promise as a sustainable and accessible solution to water
scarcity challenges. Through continuous research, innovation, and implementa-
tion, such systems have the potential to make a meaningful impact on global
water accessibility and contribute to the realization of a more sustainable and

resilient future.
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Appendix A: List of components & price list
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Table A.1: List of components & price list

Components Quantity Price (PKR)
Iron Sheet 1 16,000
wheels 4 1800
Wooden Pieces 2 600
12 volt Pump 2.5 Amp 1 2200
Battery 1 9000
50 watt Solar Panel 1 6200
Controller 10 Amp 1 900
Inverter 1000 watt 1 2800
24 Volt Dc Pump 1 10000
Sediment Filter 1 750
Granuler Activated Carbon 1 950
Activated carbon block filter 1 950
Reverse Osmosis membrane(high TDS) 1 7500
Post Activated carbon 1 1800
Balance mineral ball 1 2800
Alkaline balance filter 1 3800
Nano Silver 1 4000
Acrylic Box 1 2500
Extra Iron sheet for modification 1 5000
outer finishing paint 1 3500
Feuling 8 2000

Total 85050
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