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INTRODUCTION

70% of the earth’s surface is covered by water, but fresh water only accounts for 2.7% of total water in
the world, and only 0.3% of freshwater can be directly used by humans (Zapata-Sierra et al,, 2021).
With the development of the world economy, population growth, and consumption of freshwater
resources, the global per capita average of freshwater resources has dropped by half in the past
50 years, and the developed cities, island areas, and ships have more urgent demands for freshwater
resources (Jones et al., 2019). It is predicted that three-quarters of the population in the world will
suffer from freshwater shortages by 2050. In addition, the pollution of freshwater resources is more
serious due to the impact of COVID-19, which has also accelerated research progress in the fields of
freshwater protection and seawater desalination (Zhang et al., 2022).

Desalination technology, which produces freshwater by removing salt and other mineral
components from seawater, has become one of the most important solutions for water
treatment and drinking water production in the world (Lin et al., 2021). At present, there are
19,000 existing desalination plants, which can produce more than 1 x 10® m’/day of freshwater
(Alrowais et al., 2022). Most desalination plants are located in countries with a shortage of freshwater
resources but rich in energy, such as the United States and Gulf states. In addition, China and India
have developed rapidly in the field of seawater desalination and carried out a great deal of seawater
desalination research (Liu et al, 2019; Eke et al., 2020). An overview of the major desalination
technologies in the world and the desalination technology based on ocean thermal energy is
introduced in this paper, and the possible challenges and future development prospects of seawater
desalination technology in the future application are discussed to provide a reference for the
subsequent development of the seawater desalination industry (Rey and Lauro, 1981).

DEVELOPMENT STATUS OF SEAWATER DESALINATION
TECHNOLOGY

Desalination technologies can be classified according to the driving energy required in the
desalination process, namely thermally-driven, mechanically-driven, and electrically-driven
desalination methods (Nassrullah et al, 2020). Thermally-driven desalination technologies
mainly include multiple effect distillation (MED) and multi-stage flash (MSF) (Aly et al.,, 2021).
Mechanically-driven desalination technology mainly refers to membrane processes, among which
reverse osmosis (RO) has been widely used due to its lower energy consumption and flexible installed
capacity (Qasim et al., 2019). Electrically driven desalination technology allows ions to pass through
selectivity exchange membranes under a direct-current electric field to obtain fresh water. Due to this
technology’s high consumption of direct electrical energy, it only accounts for 2% of the desalination
capacity in the world (Subramani and Jacangelo, 2015). Additionally, emerging desalination
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FIGURE 1 | Schematic of the seawater desalination process: (A) MED, (B) MSF, (C) RO, (D) FO, (E) ED/EDR, (F) low-pressure flash evaporation system powered

Seawater

technologies, such as membrane distillation (MD) combining
thermal energy and membrane separation, can be driven by low-
grade heat rather than electricity. They are promising although
currently being investigated at laboratory.

Figure 1A shows the schematic of the MED system (Al-
hotmani et al., 2020), the steam enters the first effect to heat
the seawater as the heating medium. The seawater is heated to
boiling temperature and then a part is evaporated. Condensation
occurs once the generated vapor has flowed into the next effect, and
the process repeats for all the effects. In the final condenser, the
vapor produced in the last effect is condensed while the seawater is
preheated (Wang et al., 2011). In the late 1970s, the technology of
low-temperature multiple effect distillation (LT-MED) that utilizes
low-grade steam at temperatures of 50-70°C is developed by IDE
company, which reduces desalination costs, mitigates corrosion
and scaling issues, resulting in the cost of producing fresh water is
reduced to $0.738 per ton (Liu et al., 2021). The MSF is based on
the flash evaporation principle, and the MSF process is shown in
Figure 1B (Zhao et al,, 2018). The seawater is heated by the steam
and flows into the flash evaporator, and the hot seawater is rapidly
vaporized due to the lower pressure in the flash evaporator than the
saturation pressure. The generated vapor is condensed into fresh
water while heating the front seawater, and the remaining seawater
is sent to the next flash evaporator and vaporized at lower pressure
(Khawaji et al., 2008). MSF technology is highly reliable and is easy
to be scaled up, but it is often combined with thermal power plants
to achieve “co-generation of fresh water and power” due to its large
heat requirements, and the cost per ton of water production in this
combined system is about $1.023 (Semiat, 2008).

As the most widely used seawater desalination technology in the
world, RO is used in 84% of desalination plants (Ng et al.,, 2021). The
principle of RO is as follows (Figure 1C): when the pressure applied
to the seawater is greater than the osmotic pressure, the water
molecules in the seawater will enter the freshwater side through the
RO membrane, and the solute is isolated in the seawater side by the

membrane. The research of RO technology mainly focuses on the
improvement of membrane performance. The ideal RO membrane
should have good mechanical properties, thermal stability, high
desalination rate, low cost, and less impact on pH and temperature.
RO technology has been substantially improved over the past few
decades, resulting in the energy consumption per ton of fresh water
produced has been significantly reduced to $0.749 (Patel et al., 2022).
Nanomaterials, such as SiO, nanoparticles (Nguyen et al., 2021),
carbon nanotubes (Ghanbari et al, 2015), and metal-organic
frameworks (Ji et al,, 2019), are receiving increasing attention for
the preparation of RO membranes based on thin-film
nanocomposite (TFN). This TFN membrane has the advantages
of high chemical, thermal stability, and water permeability. Forward
osmosis (FO) technology is different from RO technology. In the FO
process, water is permeated from seawater to the draw solution
through the FO membrane because of the higher osmotic pressure
than the seawater. The main problem with this technology is that the
fresh water in the draw solution is difficult to separate, the principle
of FO is shown in Figure 1D.

The scheme of electrodialysis and electrodialysis reversal (ED/
EDR) driven by electricity is shown in Figure 1E. The ED/EDR
system consists of repeated unit pairs, each unit pair includes a
desalination chamber and a concentration chamber. When
seawater is introduced and energized, the Na® in the
desalination chamber is migrated to the cathode through the
cation exchange membrane (CEM), and the Cl™ is migrated to the
anode through the anion exchange membrane (AEM), thus the
fresh water is generated from the seawater in the desalination
chamber and the concentrated seawater is formed in the
concentration chamber. The scaling of EDR is reduced by
periodically switching the polarity of the electrodes. ED/EDR
has the advantages such as simple pretreatment of feedwater
because only the charged ions are affected by the electric potential
during the desalination process, thus ED/EDR technology is
suitable for treating feed water with high suspended solids and
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achieving high recovery rates. However, the capacity of seawater
desalination plants using ED/EDR technology is generally small
due to the high electricity consumption. In a study by Liu et al,,
the desalination rate of brackish water in ED/EDR reached 90%
with electricity consumption of 1 kWh/m? (Liu and Wang, 2017).

The traditional seawater desalination technologies have the
problems such as high investment, high energy consumption, and
environmental pollution, the seawater desalination technology
based on renewable energy is an effective way to solve the above
problems (Chen et al., 2014). As marine renewable energy, ocean
thermal energy is considered to have great development potential
due to its huge reserves and stable energy supply (Gao et al,
2021). The seawater desalination technology based on ocean
thermal energy is suitable for low latitude regions with the
most effective method of flash evaporation technology (Gao
et al, 2019). In this flash evaporation system, the surface
warm seawater is flash evaporated by a vacuum pump at a
low temperature, and the vapor produced is exchanged with
the deep cold seawater and condensed into fresh water (Jin et al.,
2017). However, the non-condensable gas (NCG) dissolved in the
seawater is gradually released during the flashing process, and
then the condensation process is hindered by the NCG, resulting
in the yield of fresh water being reduced (Zhang et al., 2017).
Therefore, a part of the electric energy must be consumed to
ensure the operation of the vacuum pump to extract the NCG in
the desalination process. To reduce electricity consumption,
natural vacuum technology can be used in the flash tank (Al-
Kharabsheh and Goswami, 2003). The natural vacuum
technology is based on the Torricelli phenomenon, which
makes the warm seawater at 30°C vaporize at a 10.33 m-high
water column under natural conditions (Figure 1F). The
electricity consumption and recovery rate achieved by this
technology are 0.126 kWh/kg and 1.5%, respectively (Wang
et al,, 2022). It can be seen that the cost of ocean thermal
energy only used for seawater desalination is higher than that
of traditional desalination technologies such as RO due to the
difficulty in extracting deep cold seawater. Therefore, this
desalination technology is usually used as a supplement to
ocean thermal energy conversion (OTEC) to improve the
utilization efficiency of ocean thermal energy.
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OPPORTUNITIES AND CHALLENGES

With the economic development and population growth, human
demand for freshwater resources will continue to increase (Deng
et al., 2017). This brings opportunities and challenges to the
application and development of desalination technology,
especially seawater desalination. This paper introduces the
traditional seawater desalination technologies and the
desalination technology based on ocean thermal energy with
great development potential. Considering the research status
and practical application requirements of seawater desalination
technology, the following aspects need to be further studied in the
future:

1) High cost is the worst problem for the development of the
desalination industry, thus, more attention should be paid to
the development of low-grade energy utilization for
thermally-driven desalination processes. In addition, the
performance of the membrane and the stability of
membrane-based desalination processes should be improved.

2) Develop new technologies for desalination technology using
renewable energy. Although renewable energy has abundant
reserves and is environmentally friendly, it is generally
inefficient and uneconomical. Therefore, a new desalination
technology using renewable energy sources such as wind,
solar, marine, and nuclear should be introduced to reduce
traditional energy consumption and carbon emissions.
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