The Second International Scientific Conference

Jadl p sl Ll Sl AN Y5l alal) 5l

For Marine Science Technology
Sl agle L o gicil i
Sabratha — Libya 09-10/03/2021 Ll - 43l ua

Multistage solar photovoltaic membrane distillation
system to solve water and energy problems

simultaneously (a review article)

Z_Gebrel

Department of physics, Faculty of Science Sabratha , University of Sabratha-Libya,
Corresponding author: zohra Ali Gebrel Tel.: +218944016851.
E-mail address: z_gebrel@yahoo.com or z.gebrel@sabu.edu.ly

Abstract

Clean energy and clean water are among the major challenges for
sustainable development .approaches to electricity generation
consume huge amounts of water as well distillation of sea water use a
lot of energy. Certainly the energy crisis will increase water scarcity,
water scarcity will certainly energy problems. The most potential
solution to solve this problem is by using desalination technology
powered by renewable energy like solar energy. In recent years,
significant efforts have been devoted to developing and testing
innovative solar based water treatment technologies .Researchers have
found a way to purify water and produce electricity from a single
device powered by sunlight. The concept of simultaneous production
of clean water and electricity by solar energy has been recently
investigated by researches group. The objective of this study is to
present an overview of current and future technologies applied to the

desalination of seawater to produce freshwater Also, In this review
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study , we exhibit configuration and process of photovoltaics-
membrane distillation (PV-MD) device that can stably produce clean
water from seawater while simultaneously having uncompromised
electricity generation performance by renewable energy.

Keywords: Desalination water, fresh water , Renewable energy, Solar
collectors ,Photovoltaics; PV-MD

Introduction

Water is the basis of life on this earth. which covers about 75% of the
Earth’s surface Water is a widely available natural resource,. However,
about 97% of the earth's water is salt water like sea water , and a only
3% is fresh water surface water like rivers and lakes, which are readily
to use [1-3]. The only nearly inexhaustible sources of water is (sea
&oceans), which, however, are of high salinity. Therefore, one of the
best methods to solve this freshwater scarcity problem is by using
desalination technology [4].1t would be feasible to address the water-
shortage problem with seawater desalination; however, separating
salts from seawater requires large amounts of energy which, when
produced from fossil fuels, can cause environmental damage.
Therefore, there is a need to use environmentally friendly energy
sources for seawater desalinate.

Water and energy are two key factors in human life that always
control the growth and development of human societies. Climate

changes, increasing the population in urban areas and
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industrialization, have increased the demands for freshwater around

the world. Using seawater as a source of fresh water supply could be a
solution to the increasing globalwater stress. Nonetheless, intensive
energy requirements and prohibitive costs of desalination technologies
restrain their massive use in many communities affected by water
scarcity, even though having unlimited access to seawater.
Desalination is one option for producing clean water from seawater in
many parts of the world, but most water desalination technologies are
energy and capital intensive. The main desalination technologies
currently used are reverse osmosis, electro dialysis, and distillation.
Continual improvements in desalination processes, particularly in the
past decade, have made these systems more reliable and have reduced
capital costs, but high energy requirements remain[5-6].

Recently, Increasing attention is being placed on developing
desalination processes powered byrenewable energy, such as solar
power. Global scarcity of fresh water has driven intensive research in
solar desalination to provide clean water directly using processes with
minimum environmental impact.Converting solar energy to electricity
by photovoltaics (PV) is the most accepted way to produce solar
power owing to its low barrier of entry and thus low and flexible
capital investment, making it suitable at any scale.

In recent years, the concept of the simultaneous production of

electricity and clean water via sunlight has attracted tremendous
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attention due to its potential to balance the relationship between the
water and energy supply, but met with very limited success[7-8].There
are several types of conventional desalination processes, e.g. Multi-
Effect Distillation (MED), Multi-Stage Flash (MSF)¢< Reverse
Osmosis (RO), and Vapor Compression Distillation (VCD), etc [3]
Thermally driven MD is a new process that is being studied as alow-
cost, energy-saving alternative compared to conventional separation
processes like distillation and RO. Membrane distillation (MD) is a
thermally driven separation process that involves phase conversion
from liquid to vapor on one side of the membrane and condensation of
vapor to liquid on the other side. The exploitation of waste heat
energy sources such as solar energy enables MD more promising
separation technique for industrial scale[9]..

All desalination systems of seawater, require heat sources or electrical
energy input. In this article we report an overview of current and
future technologies applied to the desalination of seawater to produce
freshwater . Also we report about photovoltaics-membrane distillation
(PV-MD) device which remove. salts from the seawater and in the
same time produce additional energy[10].

A photovoltaic-membrane distillation (PV-MD) device was designed
in 2019 to effectively generate clean water and electricity
simultaneously[10]. In this review paper it is described a modified

photovoltaics-membrane  distillation (PV-MD) system, which
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simultaneously remove both salts from the sea water and produce
additional electricity .

The idea of simultaneous production of clean water and electricity by
solar energy has been recently studied and investigated by several
groups. A device that can produce electricity from sunlight while
simultaneously purifying water from sea/polluted water has been
invented by researchers. This development can solve two problems in
one stroke the device is not only a source of green energy but also
offers a cheaper alternative to current technologies for clean water.

A photovoltaic-membrane distillation (PV-MD) device was designed
in 2019 to effectively generate clean water and electricity
simultaneously] [10].

DESALINATION TECHNOLOGIES OVERVIEW

Desalination is one selection for producing clean water from seawater
international, but most water desalination technologies are energy and
principal intensive [3,11].There is a large number of different
desalination technologies available and applied in many parts of the
world . Some of them are totally developed and applied on a large
scale, while others are still used in small units for research and
development or for demonstration purposes..

Desalination technology processes can be divided into two broad

categories thermal evaporation and membrane separation as shown in
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table (1).Thermal desalination processes employ heat to evaporate,
and the water vapor is then condensed and recovered[12].

Table(1) Display Desalination Technologies and processe

Membrane Technology Thermal Technology
Electrodialysis (ED) Multi-Effect Distillation(MED)

Multi-Stage Flash Distillation
Electrodialysis reversal (EDR (MSF))
Vapor Compression Distillation
Reverse Osmosis (RO) (VCD)

ERO
H MSF
i MED

4 Others

Figure 1: presents the proportions of global freshwater production by
the main desalination technologies
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Thermal technologies were the only options available for seawater
desalination until 1960s were reverse osmosis (RO) membranes
developed . Since that, RO membrane processes have steadily been
improved, and the efficiency has increased to the point that they are
now the technology of choice for most seawater desalination
applications[13]. Figure 1 presents the proportions of global
freshwater production by the main desalination technologies As a
heat-driven membrane separation process, membrane distillation
(MD) has a wide range of applications in industry, such as seawater
desalination . Compared with other separation technologies as shown
in table 2, MD has lower requirements for heat source quality, so it
can be combined with abundant solar energy and industrial waste heat
resources in mining areas. Besides, the content of organic content in
the mine water is low, reducing the risk of membrane wetting.
Therefore, MD can be used for the secondary treatment of reverse
osmosis (RO )concentrated mine water to achieve higher recovery
[13-14]. An exception to MD, where low energy costs allow for
thermal desalination to remain relatively competitive. RO and MD are
commonly used for desalination of sea water, brackish water,
groundwater and other salty surface water resources. The most
accepted among the existing commercial membrane technologies for
the desalination of sea water is RO. The disadvantages of RO are high

operating pressure, high energy consumption, brine disposal problems
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and environmental hazards. This has led to the introduction of new
technologies like MD[15]. The advantages of MD are low operating
temperature (below the boiling point of water), no salt water disposal
problems, stability of membrane (hydrophobic), and being possible for
small-scale processes in rural communities. Renewable energy like
solar energy is abundant in arid and semi-arid regions. Hence to make
the desalination method more viable for low production requirement
and environment-friendly, application of renewable energy integrated
with thermaldriven MD is found to be more attractive[13-14].

Table 2. Typical total electrical energy consumptions in different
desalination technologies.Source: Reproduced from Ref. [15, 16]

Desalination Technology Specific Energy Requirements
Multi-Effect Distillation (MED) 4-6kWh/m?
Multi-Stage Flash (MSF 20 — 27 KWh/m?

Mechanical Vapor Compression 7 — 12 kWh/me
MVC

Thermal Vapor Compression 16.26 kWh/m?

(TVC)

Seawater Reverse Osmosis (RO) f 14 — 21 kWh/m?

Use of Renewable Energy in Water Desalination

Desalination technology is one of the best methods can be using to
solve freshwater scarcity problem [3]. in the countries with very
limited resource of surface freshwater, Like North Africa and Middle
East, desalination process might become the only solution to solve the

freshwater scarcity problem in their countries [17]. But this method
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required high value of energy as shown in Table 3. shows the energy
required to produce 1 m3 of fresh water from distinct types of water
sources.

Conventional fossil fuel-powered desalination techniques consume
substantial amounts of energy to produce fresh water and have a very
damaging impact on the environment [17-18]. By increasing attention
to the environmental problems of fossil fuels, and grow developing of
renewable energy technology. providing a wide variety of
conventional desalination methods driven by various types of
renewable energy. Table 3 shows the specific energy requirements to
produce one cubic meter of fresh water from currently available
technologies for commercial seawater desalination . use of renewable
energy for seawater desalination has increased from 3% in 1999 to
21% in 2017 [9]. The main conventional renewable energy sources of
interest for water desalination is solar energy.

Table 3. Energy requirements for different water sources. Source:
Reproduced from Ref. [19, 20, 21]

Water source Energy (kWh/m3)

Surface water (lake or river) 0.37
Groundwater 0.48
Wastewater treatment 0.62 — 0.87

Wastewater reuse 1.0-2.5

Seawater 2.58-8.5
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As a substitute or replacement for electrical energy, desalination
systems power-driven by renewable energy represent a real option to
reduce operating costs in conventional desalination systems . Studies
have shown that low cost makes the solar PV driven desalination
process a technically cost viable system for freshwater production in
remote areas over a period of five years due to an increase of fossil
fuel prices.

Solar power thermal Membrane Distillation:

conservative technologies often use large amounts of electricity and
require infrastructure beyond the reach of many communities that lack
basic access to safe drinking water. Solar energy can be used very
simple to convert seawater into freshwater, low cost and cost-
effectivetechnology . Recent developments have verified that solar
powered desalination processes MDis better than thealternatives
membrane desalination technology like RO. There are two types of
solar power MD:

1- direct systems are those where the heat gaining and desalination
processes take place naturally in the same device,(Solar still) . in this
approach employing direct solar desalination, large-scale deployment
is limited by expensive cost and losses in system efficiency, for
example, estimated production rate 3-12 kg m > per day,[11,13]
where the low efficiency created from the heat and mass transfer

occurring during evaporation and condensation.
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2- In indirect method, the plant is separated into two subsystems, a
solar collector and a desalination unit.indirect solar desalination using
photovoltaic (PV) panels and other traditional
desalinationtechnologies, for example, MD distillation, MSF and
reverse osmosis (RO) . Typical total electrical energy consumptions in
different desalination technologies .

Table 4 provides an overview of the specific energy consumption of
different desalination technologies

Table 4: Specific Energy Consumption of Conventional
Desalination Plants

Process Electricity Heat (MJ/m3
(KWh/m3)

2.03-4.05 Cal97

Simultaneous production of clean water and electricity

Clean energy and clean water are among the key challenges for
property development approaches to electricity generation consume
lots amounts of water likewise distillation of sea water use plenty of
energy. definitely the energy crisis can increase water insufficiency,
water insufficiency will definitely energy issues. the foremost
potential resolution to unravel this downside is by mistreatment

chemical process technology battery-powered by renewable energy
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like alternative energy. In recent years, vital efforts are dedicated to
developing and testing innovative renewable energy based mostly
water treatment technologies .Researchers have found some way to
purify water and turn out electricity from one device battery-powered
by daylight. The thought of concurrent production of fresh water and
electricity by alternative energy has been recently investigated by
researches bunch. the target of this study is to gift an summary of
current and future technologies applied to the MD process of water to
supply fresh additionally, during this review study , we tend to exhibit
configuration and method of photovoltaics-membrane distillation (PV-
MD) device that may stably turn out clean water from water whereas
at the same time having uncompromised electricity generation
performance by renewable energy
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Figure 3. Schematic illustration of the integrated photovoltaic panel-
membrane distillation (PV-MD) devices with three stages MSMD

devices operated at a dead-end mode and b cross-flow mode
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The PV-MD process

The idea of simultaneous production of clean water and electricity by
solar energy has been recently investigated by several of scientists
groups.lIts high clean water production rate is realized by constructing
a multistage membrane distillation (MD) device at the back of the
solar cell to recycle the latent heat of water vapour condensation at
each distillation stage. In most of these challenges , solar distillation
was utilized for clean water production and some side effects of the
solar distillation were utilized for electricity generation, which led to
low solar-to-electricity energy efficiency (<1.2%).

In 2019, Wang's research team developed) strategyof photovoltaic
membrane distillation (PV-MD), which exchanges the excess heat
generated by the photovoltaic panels into a power source to multi-
stage membrane (MD) distillation system to produce fresh water from
seawater. Figure 1 shows PV-MD lab-made MD device by Wang's
recharges group , a commercial polycrystalline silicon solar cell was
adopted both as electricity generation component and photothermal
component.

In order to decrease heat loss into the ambient environment, the sides
of the PV-MD device were sealed by polyurethane (PU) foam with
low thermal conductivity (0.022~0.033Wm-—1 K ') [10]. Each stage of
the MD device was composed of four separate layers: a top thermal

conduction layer, a hydrophilic porous layer of water evaporation
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layer, a hydrophobic porous layer of MD membrane for vapor
permeation, and a water vapor condensation layer. Aluminum nitride
(AIN) plate was used as the thermal conduction layer because of its
extremely high thermal conductivity (>160Wm—1 K—1) and its anti-
corrosion property in salty water. The water evaporation layer and
condensation layer were of the same material, a commercial
hydrophilic quartz glass fibrous membrane with non-woven fabric
structure.In a PV-MD system, the MD component is attached directly
to the back of the commercial PV panels and the heat generated by the
PV panels flows into the MD component naturally. As the heat flows
through the multi-stage MD, the latent heat from the condensation of
the steam is collected and reused to drive multiple cycles of water
evaporation, resulting in an increase rate of fresh water
production[10].

Part of the captured solar energy is converted to electricity (ge) for
PV-MD, depending of the efficiency of the solar cell (1), the rest of
the absorbed solar energy is converted to heat (qn).

Their relation can be described as follows by equation 1,2 and 3

Qg = O X (Qgeevvvveeen. (1)
Qr =N X QR veneevennen )
Oh = Qs — Qr cevevevennnnn )

where gnsolar energy is converted to heat (s is sunlight intensity and

(n)isefficiency of the solar cell .
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which is generally in the range of 10-20% scientists Some of the
heat energy is directly lost from the top surface of the solar cell by
thermal radiation, thermal conduction, and air convection. Because of
the extremely low thermal conductivity of air (0.01~0.04 Wm ' K ™),
thermal radiation is the main pathway, which can be calculated by
Stefan—-Bolzmann equation:

E=¢e0(Th —Tg) eeeevvrnnnnn... 4)

Where ¢ is the emissivity of the material, ¢ is the Stefan—Bolzmann
constant, Tcey is the temperature of the material, and Tyis the
temperature of its surroundings

During membrane distillation process the heat loss from the face side
slight almost all the heat comes into evaporation layer transfer to
condensation layer. Is mainly composed of two pathways. throughthe
water evaporation-condensation the heat (Q1) is transferred as covert
heat of water vapor in first pathway. The mass transfer proses in this
pathway is responsible for clean water production. In the evaporation
layer, the rest (Q2)id directly transferred to condensation layer in
second pathway without any mass transferee. The heat ultization

efficiency (nheat) Can be defined as :

_a

The heat flow of Q1 can be estimated from the clean water production
rater for each stage by following equation:
Q=mXL,
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Where m is the clean water production rate m and Lv is the latent

heat of the water evaporation.

In a typical solar cell, 80-90% of the absorbed solar energy is
undesirably converted to heat, and thereafter passively and wastefully
dumped into the ambient air32in recent times, scientists have
fabricated a PV-MD device that can produce more than 1.60 kgm-2h-
1 of clean water ,of PV surface from sea water, while simultaneously
generating electricity with an efficiency of more than 11% under Sun
irradiation.[10,22]

The global PV installation ability will increase to 887 GW by
2024.1fall PV panels were retrofitted to be PV-MD by then, there
would be 10% more drinking water for the entire world. Also the
water quality were produced by PV-MD is generally better than that
of conventional drinking water treatment processes[10] .

The beauty of PV-MD is that the water desalination process on the
backside of the PV panel does not affect expected electricity
generation by PV, achieving simultaneous and efficient generation of
electricity and fresh water on the same system. This composite device
can significantly reduce costs by sharing the same mounting system
and the same land. This strategy provides a potential possibility to
convert an electricity generation plant from otherwise a water

consumer to clean water producer
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CONCLUSION

This review presents the main coupled technologies and the associated
key factors for future development for distillation water. Clean energy
and clean water are among the major challenges for sustainable
development, but producing one of these resources can deplete the
other .Desalination is more and more used as a solution to meet the
growing water demand in the world, but desalination requires more
energy than any other water supply method,6 3.5-8 kWh m™ new
technology can solve this challenge by renewable energy (Sunlight).
Waste heat generated from photovoltaic solar panels can now be used
to generate electricity and purify water simultaneously, according to
researchers  designed a device which consists of a three-stage
membrane distillation unit placed on the back of a panel containing
silicon solar cell, the proses of this system , where described in this
article.

The process is pretty simple. It includes a stack of water channels
separated by porous hydrophobic membranes and heat conduction
layers, which are attached to the underside of a commercial PV panel.
Waste heat from the panel then vaporizes seawater in the uppermost
channel. The device, through the process of evaporation and
condensation, purifies seawater into fresh water

The scientists modified a solar panel that not only generated power,

but used some of the heat energy to distil and filter sea water. They
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believe the idea could make a major difference in sunny climates with

simultaneous production of electricity and fresh water by
photovoltaic-membrane distillation (PV-MD
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