crisis is crucial for the cou
development and ???

The growing demand for desalination to augment
water supply coupled with concerns about the
environmental impacts of powering desalination
using fossil fuel have spurred substantial interest in
developing desalination systems that are powered
by renewable energy (1, 2).Tremendous interest in
developing integrated solar-thermal desalination
(STD) systems has emerged in the ??7?

the-grid," a solar-driven desalination system may be
[l = ‘ more economical than alternatives such as
] | i trucked-in water or desalination driven by
diesel-generated electricity. Desalination systems
are of two broad types, based upon either thermal
distillation or membrane separation.4;5 In a solar

context, the thermal systems will heat saline water
and
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Solar electricity enables the advancement and
deployment of technologies that are strongly
influenced by clean energy availability and cost. The
economics of both desalination and hydrogen
production from water ???

People tend to find a sustainable way to drive this
process, such as solar energy, wind energy, ocean
thermal energy and geothermal energy, even
including radiative cooling technology [2], which is a
passive refrigeration mode without extra energy
consumption. Therefore, seawater desalination
based on renewable energy (RE) becomes a priority

Throughout the trial, the prototype operated under a
wide range of solar conditions, harnessing over 94
percent of the solar panel's electrical energy, on
average, to directly power desalination. "Compared
to how you would traditionally design a solar desal
system, we cut our required battery capacity by
almost 100 percent," Winter says.
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The American-Made Challenges: Solar Desalination
Prize is a four-stage competition designed to
accelerate the development of low-cost desalination
systems that use solar-thermal power to produce
clean water from salt water. Competitors receive
cash prizes as they advance through each stage,

culminating in a $1 million grand prize for the
Jo— CONTAINER
& BOImER. successful 222

— - Energy storage system
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Solar energy-driven desalination is a rapidly growing
area of research, with significant progress in the last
few years. Increasing desalination capacity and the
competing need for decarbonization and mitigation
of the adverse effects of global warming has
resulted in efforts to drive desalination with

/il ®
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=/

renewable energy sources. Solar energy in

Table 2 presents a comparison of freshwater
production and energy utilization efficiency of the
reverse solar interfacial desalination system under
different desalination stages. By summarizing
multiple interfacial desalination systems, we found
that cotton wick and metal aluminum plate are
commonly used materials for evaporators and
condensers
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i 3 ? Its environmental viability is further realized in
‘I [ the fact that the entire system runs solely on
renewable solar energy to drive both water
desalination and hydrogen production ???

The potential of harnessing solar energy is most
efficient and effective for heat to heat conversion.
The thermal desalination is a low temperature
application processes with one time investment for
life time water production up to 10 to 15 years. In
this paper, various solar thermal desalination
methods such as direct and indirect methods have

Solar energy presents a vast resource for

' addressing the global freshwater crisis, particularly
' through the desalination of hypersaline brines. This
= review examines the potential of solar ??7?
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The solar stand-alone MD desalination system (Fig.

MONITORING OF SYSTEM STATUS

5 b) is similar to the solar-assisted MD desalination
system in all aspects except that solar powered PV
collectors integrated with direct current (DC) battery

cells and electric current inverters are used instead
of the diesel generator to supply the necessary
electricity. Membrane

OverviewMethodsHistoryProblems with thermal

systemsSingle-phase solar desalinationSee
alsoExternal links
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1. Introduction. Water and energy are two
inseparable commodities which continue to
influence the growth of the human civilization.
Energy is required to supply good quality water and
water is essential to produce the energy in its useful

form [1].Electricity generated from the fossil fuel
sources requires cooling water in the range of
2577738 gal/lkwWh ???
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A basic human right is having access to clean,
drinkable water. Yet, many regions around the world
face challenges in meeting this basic necessity,
particularly in arid and remote areas where
freshwater resources are scarce [1], [2] response to
this pressing issue, innovative technologies have
emerged to harness renewable energy sources for
sustainable ??7?

Electricity costs account for up to half of the
operating expenses for desalination operations and
require plants to be grid-connected. Solar power,
either in the form of electricity or thermal power, has
the potential to dramatically reduce the cost of
desalination, while enabling smaller, more portable
systems. Selected projects will help

Solar desalination systems are classified as direct
7 - Tf"" g- . and indirect processgs depending on -the .energy
' g L L i path to fresh wgter. Direct solar desall.natlon
T systems combine solar energy collection and
desalination in one process, producing freshwater
distillate by directly applying collected solar energy
to seawater.
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Nevertheless, there is currently a lack of a crucial
viewpoint in the existing review-research on hybrid
solar-based desalination. Hence, this survey aims to
introduce a critical review focusing on the potential
of solar energy technologies proposed in powering
different desalination systems, seeking to analyse

their estimated energy consumption saving, distilled
??7?

Historically, seawater desalination has been the
most expensive way to produce drinking water at
the commercial scale because of the high capital
and energy costs [1], [2], [3].However, desalination
is increasingly recognized as a needed and viable
option due to the rapid increase of the world
population [4] is projected that close to 70% of the

world ??7?
Utility-Scale ESS solutions The cheapest energy source on earth is the sun
@@1_ T g (Abdrakhmanov and Perevedentsev 1992;
" B Drobyshev 2014; Popel et al. 2010). In recent years,
. ﬁ TN Lo . .
: solar energy has been widely used for water heatin
%@ T e ay y g

and heating (Popel et al. 2010; Kulikov 2015;
Solovyova and Kondratenkov 2013). There are
developments and prototypes of desalination plants
using ???
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2 ? Renewable Energy Source. Solar desalination
harnesses 100% renewable solar power. Unlike
fossil fuels, solar energy is inexhaustible and clean,
producing no carbon emissions. This eco-friendly

| 18Y ]
J '
\ AN AERENEY

Tl solution can be used ???

However, the solar energy resources in this region
are relatively abundant, and the amount of saline
and semi-saline water that can be extracted reaches
3.155 billion m 3 /a [16]. If suitable solar
desalination devices can be used for the
development and utilization of saline water, it will
effectively solve the local drinking safety problem.

Despite advancements in using solar energy for
desalination technologies like multi-effect distillation
(MED), large-scale implementation remains limited
due to site requirements. Concentrated solar power
(CSP) plants need dry, sun-rich land near an
electrical grid, while desalination needs proximity to
water bodies and demand.
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On the basis of the management of solar energy,
the desalination process is broadly classified into
direct and indirect techniques as shown in Fig. 1. In
direct mode, solar radiation collection and
desalination process takes place in the same place.
Whereas in Indirect mode, the desalination unit
divided into two parts viz. solar collector part

Solar electricity enables the advancement and
deployment of technologies that are strongly
influenced by clean energy availability and cost. The
economics of both desalination and hydrogen
production from water electrolysis are dominated by
the cost of energy, and the availability of
inexpensive solar energy creates markets and offers
incentives to the ???

Seawater desalination driven by solar energy, which
is usually available in arid regions, might be a
solution to satisfy the freshwater demand. In this
study, the feasibility of a stand-alone
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Now U.S. Department of Energy (DOE) funding has
enabled one company to demonstrate a more
effective solution that is better for the environment.
Trevi Systems Inc. developed a desalination system
that runs on heat generated by solar energy. Itis
also designed to incorporate energy storage to
enable around-the-clock operation.

Coupling solar energy with desalination systems
can reduce the GHG emissions and environmental
impacts, however, the steadily increasing
research-cell efficiency does not contribute to the
solar

For questions about the Solar Desalination Prize,
email challenge@nrel.gov. Learn about other
American-Made Challenges in the Solar Energy
Technologies Office. The Solar Desalination Prize is
administered by the National Renewable Energy
Laboratory and is part of the American-Made
Challenges.
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Thermal desalination technologies rely on
phase-change to separate salt from water. This
process is inherently energy intensive, resulting in
low energy efficiency. 5 The second law efficiency is
the critical metric used within the field of
desalination to indicate how close a technology is to
the minimum least energy as defined by Gibbs free

In the direct (distillation) method, a solar collector is
coupled with a distilling mechanism. [9] Solar stills
of this type are described in survival guides,
provided in marine survival kits, and employed in
many small desalination and distillation plants..
Water production is proportional to the area of the
solar surface and solar incidence angle and has an
average estimated value of 37?7?74
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