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Abstract

Solar-driven interfacial evaporation (SDIE) is a desalination technology based on 
interface heating and evaporation, which provides a potential strategy for developing 
green, environmentally protective, and economically efficient desalination. By now, 
the evaporation performances of solar-driven interfacial evaporation systems have 
been significantly improved due to the developments of photothermal materials and 
evaporator structures. Herein, the up-to-date approaches and results are summarized 
and elaborated on the mechanism of efficient photothermal conversion achieved by 
photothermal materials. The principle of enhancing the evaporation performance of 
SDIE systems has been systematically studied, and the existing feasible salt-resistant 
strategies for long-term desalination are summarized. Finally, the current challenges 
and outlooks of SDIE technology are discussed, providing a possible path for the 
development of this technology.

Keywords: solar-driven interfacial evaporation, photothermal conversion, evaporation 
performance, desalination, salt-resistant

1. �Introduction

Water stands as the cornerstone of sustaining human life, fostering socio-economic 
progress, and enhancing material civilization. It intertwines deeply with diverse 
production endeavors and the day-to-day lives of individuals. Nevertheless, amidst the 
relentless economic expansion and burgeoning population, humanity’s thirst for water 
resources continues to escalate. Compounding this challenge, environmental pollu-
tion and the unsustainable exploitation of water resources have culminated in water 
scarcity crises of varying intensities across numerous nations and regions, particularly 
in the Middle East and North Africa, where extreme water dearth is a perpetual reality 
[1]. For coastal metropolises and island nations, harnessing advanced desalination 
technologies to transform ocean waters into potable freshwater represents a viable 
solution to mitigate freshwater shortages [2]. However, conventional desalination 
methods, including reverse osmosis (RO) [3], multi-stage flash [4], and lectrodialysis 
[5], grapple with drawbacks like prodigious energy consumption, intricate and costly 
infrastructure requirements, and greenhouse gas (GHG) emissions, hindering their 
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widespread adoption in economically challenged regions. Hence, the urgent pursuit of 
novel desalination technologies that are cost-effective, energy-efficient, eco-friendly, 
sustainable, and highly productive holds paramount significance in reconciling the 
desalination-energy consumption paradox and alleviating the global freshwater crisis. 
By vigorously investing in such innovations, we can pave the way for a more secure 
and sustainable water future.

Solar energy, an abundant and pristine resource, has been harnessed since 
antiquity, contributing immensely to the advancement of human civilization. 
Photothermal conversion, a pivotal mode of harnessing this energy, not only provides 
the power for the natural processes of hydrological cycles and atmospheric circulation 
but also offers a beacon of hope in addressing water scarcity. Solar-driven evapora-
tion, leveraging solar energy exclusively as its power source, circumvents the need 
for fossil fuels, thereby reconciling the conflict between freshwater availability and 
energy consumption. According to the position of photothermal materials in liquid 
media, the early solar-driven evaporation systems can be divided into two categories: 
bottom-heating system and bulk heating system (Figure 1a and b) [6]. The bottom-
heating system is a solar-driven evaporation system in which sunlight usually needs 
to pass through the bulk water to be absorbed by the photothermal materials at the 
bottom surface (Figure 1a). This evaporation system requires heating the entire water 
body, resulting in significant heat loss, and its evaporation efficiency is only 30–45% 
[7]. The bulk heating system is a solar-driven evaporation system that directly 
absorbs and converts solar energy through nanoparticles dispersed in the fluids 
(Figure 1b) and can generate steam without heating the bulk water to boiling point. 
However, this system also faces the challenges of difficult pumping, easy aggregation, 
and deposition of nanofluids [8, 9].

In recent years, researchers have devoted significant efforts toward the develop-
ment of advanced and highly efficient solar-driven evaporation systems, notably 
the interfacial heating system (depicted in Figure 1c). A pivotal moment occurred 
in 2014 when Prof. Chen’s team at MIT and Prof. Deng’s team from Shanghai 
Jiao Tong University concurrently published groundbreaking articles in Nature 
Communications [10] and Small [11], introducing the novel concept of interfacial 
evaporation at the air-water interface, respectively. The solar-driven interfacial 

Figure 1. 
Solar-driven evaporation through various forms of solar heating. (a) Bottom-heating system in which solar is 
absorbed by a solar absorber and converted into thermal energy to heat the bulk water from the bottom. (b) Bulk-
heating system in which homogeneously dispersed solar absorbers (nanoparticles) convert incident solar photons 
into thermal energy to heat the bulk water. (c) Interfacial-heating system in which the solar-thermal conversion 
and evaporation are localized at the air-liquid interface.
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evaporation (SDIE) system distinguishes itself from other solar-driven evaporation 
systems by precisely locating the conversion of solar energy into thermal energy at the 
air-liquid interface, only heating the water at the interface thereby reducing heat loss 
and achieving excellent evaporation performance and efficient photothermal conver-
sion efficiency. Furthermore, the effective evaporation process inherent in SDIE 
systems keeps the surface temperature of the absorbing material relatively low, which 
in turn mitigates convective and radiative heat losses at the material’s surface [6].

A conventional solar-driven interfacial evaporation system adopts a bilayer 
structure, as illustrated in Figure 2. The top layer comprises a solar-absorbing layer 
designed to efficiently capture and convert solar energy into heat, while simultane-
ously permitting the passage of steam through its surface without substantial contact 
with the underlying bulk water. The bottom layer serves a dual purpose: it restricts 
the conduction of heat generated by the photothermal materials into the bulk water, 
ensuring minimal heat loss, and provides mechanical stability and support for the 
solar-absorbing layer. Furthermore, this bottom layer necessitates a microporous 
structure featuring interconnected channels to efficiently supply water to the heated 
region, fostering rapid and stable evaporation rates.

In the past decade, this technology has experienced rapid development, with evap-
oration efficiency increasing to over 90% under conventional solar concentration, 
mainly enable by the continuous improvement and innovation of new photothermal 
materials and evaporator structural engineering [12–15]. The emergence of these new 
photothermal materials is mainly benefited from the continuous progress and devel-
opment of modern nanotechnology in materials science. The vast majority of these 
photothermal materials has a light absorption rate of over 95% [16], which provides a 
guarantee for efficient solar-driven interface evaporation. Furthermore, a reasonable 
evaporator structure design has also made an important contribution to minimizing 
the system’s heat loss. With the continuous development of solar-driven interfacial 
evaporation technology, it is possible to provide new insights for the application of 
the energy industry in modern society. Currently, solar-driven interface evaporation 
technology has achieved zero greenhouse gas emissions while providing clean water, 
making it an attractive advantage in addressing clean energy demand, water scarcity, 
and global warming issues.

Figure 2. 
The overall structural scheme of a typical bilayer interfacial solar-driven evaporation device.
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This chapter provides a detailed introduction to the development of solar-driven 
interfacial evaporation technology, including the selection of various types of photo-
thermal materials and supporting substrates and structural engineering strategies to 
improve thermal efficiency, and points out the opportunities and challenges faced by 
the further development of this technology.

2. �Design principles to high evaporation performance

The evaporation performance of solar-driven interfacial evaporation systems is 
closely related to three factors, namely the solar absorption, thermal management 
and water transport [17]. It is worth noting that these three factors are closely related 
rather than independent of each other. The use of reasonable photothermal structure 
design to synergistically match these factors is intuitively important for optimiz-
ing the evaporation performance of the interfacial evaporation system. Therefore, 
this section first introduces the performance evaluation indicators of the interfacial 
evaporation system and then describes in detail three key strategies to improve evapo-
ration performance: (i) efficient solar absorption; (ii) rapid and sufficient water 
transport; and (iii) excellent thermal management.

2.1 Evaluation indicators for evaporation performance

The performance of the solar-driven interfacial evaporation (SDIE) system is 
critically evaluated through two key indicators: evaporation rate and evaporation 
efficiency. The evaporation rate represents the mass variation of the SDIE system 
per unit time and unit area, which can be mathematically quantified using Eq. (1). 
In addition, evaporation efficiency measures the fraction of incoming solar flux that 
is effectively converted into stored thermal energy within the generated vapor, a 
calculation facilitated by Eq. (2). Both indicators provide valuable insights into the 
system’s operational effectiveness and efficiency.
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where M refers to the evaporation rate of water, △m refers to the mass changes of 
the system, S is the projected area of the evaporator, t is the running time of the sys-
tem, η refers to the evaporation efficiency, heva is the total liquid-vapor phase-change 
enthalpy (including the sensible heat), P0 is the nominal solar irradiation value of 
1 kW m−2, and Copt represents the optical concentration.

The theoretical limit of the evaporation rate of water under 1 kW m−2 illumination 
is 1.47 kg m−2 h−1 (3600 × 1 kW m−2/2450 kJ kg−1 ≈ 1.47 kg m−2 h−1). Nevertheless, 
numerous evaporator systems reported in literature exhibit evaporation rates surpass-
ing this theoretical limit, leading to evaporation efficiencies that exceed 100% [18]. 
Consequently, when assessing the actual evaporation efficiency of a system, it is 
imperative to account for the environmental energy absorbed by the system and the 
variations in the enthalpy of water evaporation. Taking these factors into account, the 
precise evaporation efficiency of the system can be accurately calculated by
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where Mdark refers to the evaporation rate of water in dark conditions and hact is the 
verily liquid-vapor phase-change enthalpy.

2.2 Efficient solar absorption

In a solar-driven interfacial evaporation system, when sunlight illuminates on the 
photothermal materials, they are absorbed and converted into thermal energy, which 
is used to heat the water at the air-liquid interface, a process known as solar heat 
localization. Thus, photothermal materials with a wide spectrum of solar absorption 
and efficient conversion of solar energy into heat to drive water evaporation are the 
key factors in achieving efficient solar-driven interfacial evaporation [6]. So far, 
hundreds types of photothermal materials have been developed and explored, which 
can be classified into carbon-based materials, plasmonic particles, and semiconductor 
materials based on the differences in photothermal conversion mechanisms [19–22].

2.2.1 Carbon-based materials

Carbon based materials typically exhibit strong solar absorption abilities and 
can convert solar energy into thermal energy through lattice vibrations. As shown 
in Figure 3a, in carbon-based materials, loosely held electrons can be easily excited 

Figure 3. 
The photothermal conversion mechanism and corresponding spectral absorption wavelength range of different 
types of photothermal materials. (a) Carbon-based materials. (b) Semiconductor materials. (c) Plasmonic 
particles.
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from π orbitals to π* orbitals even with a small amount of energy input. When the 
photon energy of the incident light matches the possible electron transitions within 
the molecule, the excited electrons are lifted from the ground state (highest occupied 
molecular orbital, HOMO) to a higher energy orbital (lowest unoccupied molecular 
orbital), causing the excited electrons to relax back to the ground state and release 
heat [23, 24].

Because of their high solar absorption across a wide range of wavelengths (range 
from 250 nm to 2500 nm) and relatively low cost, carbon-based materials have been 
widely used in the field of solar-driven interfacial evaporation, such as graphene [25, 
26], graphene oxide (GO) [27], reduced graphene oxide (rGO) [28], carbon nanotubes 
[29–31], and carbon black [32]. In addition, due to the strong stability and process-
ability of carbon-based materials, they can be well integrated with porous substrates 
to enhance their solar absorption abilities and form stable evaporation structures.

2.2.2 Semiconductor materials

Recently, low-cost and low-toxicity semiconductors have emerged as a new type of 
photothermal material for solar-driven interfacial evaporation. Compared to carbon-
based materials, there are fewer types of semiconductor materials, mainly metal oxide 
compounds, such as hydrogenated black titania [33], Fe3O4 [34], oxygen-deficient 
MoO3 quantum dots [35], and bimetal oxides [36, 37]. As shown in Figure 3b, 
semiconductor materials have a high absorption for light in the wavelength range of 
300–1500 nm [38]. In semiconductor materials, when the material absorbs light with 
energy similar to the bandgap, electron hole pairs are generated. In narrow bandgap 
semiconductors, due to the fact that the energy of most photons in the incident sun-
light is higher than the energy of the bandgap, electron hole pairs above the bandgap 
will be generated. These electron hole pairs above the bandgap will then relax to the 
band edge, converting additional energy into heat through a thermalization process. 
In sharp contrast, when electron hole pairs recombine near the bandgap edge, most 
of the absorbed light energy is re-emitted in the form of photons in the wide bandgap 
semiconductor, resulting in much lower photothermal conversion efficiency [39].

2.2.3 Plasmonic particles

Plasmonic particle absorbers refer to various metal nanoparticles, such as gold 
(Au) [40, 41], silver (Ag) [41, 42], germanium (Ge) [43], and Au-Ag bimetals [41], 
etc., which have high solar absorption for light with wavelengths ranging from 
300 nm to 1100 nm (Figure 3c) [44]. The photothermal conversion of the plasmonic 
particles is caused by the localized surface plasmon resonance (LSPR) effect of metals 
[45]. LSPR is a resonant photon-induced charge coherent oscillation that occurs 
when the photon frequency matches the natural frequency of the metal surface 
electrons. When sunlight shines on the surface of plasma, it excites electrons from 
occupied to unoccupied states, forming hot electrons (phonons) and redistributing 
energy through electron and electron-phonon scattering, causing the local surface 
temperature of the metal to rapidly rise. Then, the lattice cools through coupling and 
dissipates heat to the surrounding fluid.

In the early stage of research, to explore the solar evaporation performance 
using plasma nanoparticles, a self-assembly Au nanoparticles thin film with wide 
solar absorption spectrum was fabricated and placed at the air-liquid interface [46]. 
There is a significant heat loss from Au NP film to the bulk water because of their 
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direct contact. The photothermal conversion efficiency of the film system is only 
about 44%, but this is still more than twice as high as the efficiency of the gold NPs 
suspension system. To further improve the efficiency of photothermal conversion, 
plasmonic particle absorbers were deposited on the porous substrates (such as rough 
paper [19], wood [47–50], and multi-channeled anodic aluminum oxide (AAO) 
structure [51]) to reduce the heat loss of system. Due to the complex micro-interface 
morphology of porous substrates, multiple reflections and refractions of sunlight 
have been achieved, resulting in an ultra-high solar absorption of approximately 99% 
for plasmonic particle absorbers [41, 42].

2.3 Continuous and efficient water transport

Maintaining sufficient and continuous water supply through excellent water pathway 
design is the fundamental guarantee for achieving efficient and sustainable solar evapo-
ration. In conventional solar evaporators, porous substrates typically have 3D random 
and interconnected porous structures that can continuously transport water from the 
underlaying water to the evaporation interface (Figure 4a). For example, it is by using 
natural porous materials [55–57] or commercial porous sponges [58] with rich internal 
porous structures as substrates to ensure sufficient water supply, and the interfacial 
evaporation system can be prepared by surface carbonization or loading photothermal 
materials. However, the thermal conductivity of these substrate materials increases after 
wetting, which leads to an increase in thermal loss from the evaporation interface to the 
bulk water, thereby weakening the thermal localization ability of the system.

To alleviate the problem of excessive thermal conductivity loss, a two-dimensional 
water pathway structure (Figure 4b) is formed by wrapping the water transport 
material on the surface of an insulation material with low thermal conductivity [47]. 
The evaporation system with this two-dimensional water pathway physically isolates 
the absorber from the bulk water through insulation materials, greatly suppressing 
parasitic heat loss. Compared with the overall water supply in conventional designs, 
the limited two-dimensional water channel structure reduces the dimensionality and 
volume of the water pathway, thereby minimizing the heat dissipation of the evapora-
tion system to the bulk water [55]. Furthermore, as shown in Figure 4c, the dimension 
of the water pathway structure is reduced from 2D to 1D, forming a transport mecha-
nism similar to water being transported from the mushroom stem to the cap [55]. 
And the water can be directly transported to the photothermal material through the 

Figure 4. 
The three types of evaporators with different water transport paths [52–54].
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artificial core. In this 1D water pathway, the downward heat loss is perfectly mini-
mized due to negligible contact with the bulk water.

2.4 Excellent thermal management

In the evaporation system with different water pathway, water transport and heat 
transfer are closely related. If water transport is too fast, it will increase the system’s 
heat loss. Therefore, reasonable thermal management is also crucial to improve 
system performance.

After the photothermal material at the interface absorbs sunlight and converts it 
into thermal energy, it is necessary to ensure that the heat is effectively absorbed by 
the water at the interface and avoid significant heat loss as much as possible. Figure 5 
illustrates the heat transfer process in a solar-driven interface evaporation system. 
After the solar energy is absorbed and converted into heat, the vast majority of heat 
is absorbed by water to produce steam, and the remaining heat is consumed through 
convection, heat conduction, and radiation.

	 ( )α = + + + +solar evap conv, , cond,water ,waterair rad air radq q q q q q 	 (4)

where α is the solar absorption, qsolar refers to the solar flux, qevap is the energy used 
for water evaporation, qconv,air and qrad,air are the radiative heat loss and convective heat 
loss at the evaporation interface, and qcond,water and qrad,water are the radiative heat loss 
and conduction heat loss from the evaporation interface to bulk water.

Figure 5. 
The heat transfer process within a solar evaporator.
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Generally, the heat loss transferred from the evaporator surface to the bulk water 
accounts for the largest proportion of the total heat loss [18]. The three types water 
pathways shown in Figure 4 correspond to the three thermal management methods. 
For the evaporation system with 3D water pathway, the water is transported to the 
evaporation interface through the water transport paths. When the water transport 
layer is submerged in water, its overall wet thermal conductivity significantly increases 
due to the high thermal conductivity of water (approximately 0.60 W·m−1·K−1, 20 °C), 
resulting in increased heat loss. Therefore, it is necessary to choose materials with 
lower wet thermal conductivity to prepare the evaporators. Fortunately, many natural 
materials in nature have 3D water pathways and still have good thermal insulation 
properties after immersion. By carbonizing or adding coatings to these materials, high-
performance evaporators can be made. Evaporation systems with 2D water pathways 
often use hydrophilic materials to transport water, avoiding extensive contact between 
the evaporator and the bulk water, thereby reducing heat loss. Materials commonly 
used as hydrophilic materials include cellulose, silk fabrics, and air-laid paper, etc. For 
the evaporation systems with 1D water pathways, the contact between the absorption 
layer and the water transport channel can be ignored, and the downward heat loss is 
greatly reduced, thus greatly improving the evaporation performance of the system.

Although the reduction of water pathway dimensions helps to reduce system 
heat loss and achieve higher evaporation efficiency, the limited water convention 
between the evaporation system and bulk water will possibly pose a risk of salt accu-
mulation, especially in seawater desalination, which is one of the major challenges 
faced by this technology.

3. �Salt-resistant strategies

Although significant progress has been made in improving evaporation efficiency 
through the development of various new materials or structures, there is still a big 
gap from practical applications, and one of the main problems is salt precipitation 
on the surface of the evaporator. When dealing with the seawater, non-volatile salts, 
like NaCl, will precipitate on the evaporator, consequently decreasing the solar 
absorption, blocking the water transport, and reducing the evaporation rate. Even the 
evaporator stops working when the salt is severely accumulated [59]. Thus, the long-
term stability of the evaporator depends on its salt resistance. Recently, some delicate 
and effective salt-resistance strategies have been put forward and developed, which 
significantly enhance the salt resistance and stability of the evaporator.

Timely removal of the precipitating salt is a universal method for stable operation. 
It means regularly peeling off or washing the salt crystals on the evaporator to keep 
the evaporator clean and maintain the evaporation performance [60]. This method is 
general and valid, but additional operations for salt removal may increase the running 
cost, and this will interrupt continuous production, resulting in increased operating 
costs and decreased productivity [61].

To avoid the transfer of salt to the evaporation interface, inspired by the antifoul-
ing property of the water lily, hydrophobicity has been effectively utilized to promote 
the salt resistance of the evaporators [62]. The hydrophobic evaporator can block 
water and salt ions away from the evaporator, thus eliminating the salt precipitation. 
Furthermore, the Janus evaporator with the hydrophobic top layer and the hydro-
philic bottom layer is designed and fabricated to enhance the evaporation rate and salt 
resistance (Figure 6). The accumulated salt ions are repelled at the interface between 
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Figure 7. 
Donnan effect for separating ions and water [65].

the hydrophobic and the hydrophilic layer, and they can timely diffuse back to the 
brine through the hydrophilic bottom layer, with a higher evaporation rate than the 
all-hydrophobic evaporator [63, 64].

During water transport, salt ions are always carried and raised to the evaporation 
region, which is the prerequisite for salt precipitation. Thus, separating water and salt 
ions during water transport is an imaginative method for enhancing salt resistance. 
Donnan effect can be utilized to repel the anion/cation from the charged hydrogel 
evaporator during the transport (Figure 7). Because the water supply layer of some 
hydrogel evaporators has a fixed charge, the co-ions are almost kept away from the 

Figure 6. 
Janus structure for enhancing salt resistance [63].
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evaporator, and the counter-ions that enter the hydrogel with water are absorbed by 
the charged hydrogel due to electric neutrality, consequently separating the anion and 
cation and avoiding salt precipitation [65].

Actually, it is well recognized that the simplest and the most feasible method for salt 
resistance is to enhance the diffusion and convection of ions by accelerating the water 
transport. Because of the differences in the salt concentration and density between the 
evaporator and the bulk water, salt ions will flow back to the bulk water due to diffu-
sion and convection. For example, some evaporators can dissolve the salt crystals when 
they do not work at night [66]. Therefore, speeding up diffusion and convection is an 
effective way to block salts (Figure 8). Normally, improving water transport can pro-
mote this process. For example, enhancing the hydrophilicity and designing additional 
water transport channels can improve the water supply, and the evaporators can stably 
work even under focus radiation and high salinity brine [67, 68]. Besides, according 
to the Fick’s law, a short mass-transfer distance also causes a quick salt ion migration. 
Thus, reducing the tortuosity of the porous substance can shorten the distance of the 
ion migration and enhance the diffusion, consequently improving the salt resistance 
[69]. However, this method always promotes heat loss and reduces the evaporation rate 
because of the coupling between heat and mass transfer.

Besides the capillary force, incorporating other forces can further improve the 
water supply. For example, the Marangoni flow driven by differences in surface 
tension can quickly transport salt ions to the bulk water (Figure 9a) [70]. Moreover, 
the evaporator with a liquid level difference can form a directional flow to bring the 
ions away from the evaporation regions (Figure 9b) [71]. Besides, external electrical 
force and imbalanced torque are also utilized to migrate the ions and enhance the salt 
resistance [72, 73].

Except for the above strategies, contactless evaporation is a general and elaborate 
method for permanently blocking salt precipitation (Figure 10) [74]. The pivotal 
component of this method is an absorber/emitter unit above the water, which can 
convert the solar flux to mid-infrared radiation. Meanwhile, a thin water layer serving 
as the evaporator can efficiently absorb the mid-infrared radiation and evaporate 
(most within 100 μm layer). Thus, the solar absorber is completely and physically 
separated from the evaporator, and thus no salt will precipitate on this solar absorber. 
But this method always has a lower evaporation rate.

Figure 8. 
Improved water supply for enhancing salt exchange and salt resistance [67].
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Figure 9. 
Incorporating Marangoni effect [70] (a) and one-way flow [71] (b) for rapid salt ion migration.

Figure 10. 
The mechanism of the contactless evaporator [75].
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 The above strategies can significantly enhance the salt resistance, but the salts 
always flow back to the brine, which causes the increasing salinity of the brine and is 
not beneficial for mineral recycle. Zero liquid discharge (ZLD) has been recognized 
as an efficient strategy to simultaneously harvest freshwater and salts even in high-
salinity brine [ 76 ]. By purposively depositing the salt crystals on the edge of the 
evaporator and separating the photothermal surface from the salt deposit region, 
the evaporator can work steadily and recycle salts. For example, the evaporator 
with an ingenious one-way water transport channel from the central to the edge of 
the evaporator achieves a radially reduced water supply (  Figure 11  ). Thus, the salt 
concentration increases from the central to the edge, and the salt crystals finally form 
at the edge of the evaporator, which does not affect the evaporation. Moreover, the 
salt crystals precipitating on the pre-wetted evaporator prefer to automatically be 
dropped by gravity force, consequently finishing the salt recycle. Thus, this method 
shows potential for water and mineral harvest and extends the application of SDIE.  

 In general, many efficient and ingenious salt-resistant methods have been pro-
posed, and the salt resistance of the evaporator has been remarkably enhanced. Based 
on these methods, the evaporators can stably and continuously evaporate even under 
high-salinity brine. Thus, this technology shows potential for industrial desalination 
and stable access to fresh water.  

  4.  Conclusions and outlooks 

 Solar-driven interfacial evaporation shows green, sustainable, and efficient 
character, which is a promising solution for alleviating the freshwater crisis. Owing 

  Figure 11.
  One-way water transport channel for ZLD [ 76 ].          
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to the researchers’ unremitting endeavor, the past decade has witnessed the rapid 
and remarkable development in the field of the solar-driven interfacial evaporation, 
which significantly enhances the evaporation rate and the salt resistance of the evapo-
rator. Besides, it also can be utilized in the fields of electrical generation, wastewater 
purification, and fuel generation, indicating its extensive application. However, there 
are also some key issues limiting the scalable and commercial application, summa-
rized as follows:

1.	Deeper comprehension in the field of evaporation process. Though the evapora-
tion rate has been remarkably enhanced, the understanding of this multi-field 
coupling evaporation process is limited. For example, the reason for the reduced 
evaporation enthalpy is not clear, and the energy transfer and conversion in the 
multifunction system are not revealed. Deep comprehension of SDIE is con-
ducive to designing the evaporator with better performance. With the help of 
kinds of numerical simulations, the mechanism behind the evaporation may be 
uncovered.

2.	Long-term stability. Due to the complexity of the actual seawater, it is necessary 
to consider the potential failure of the evaporator caused by kinds of organics, 
microorganisms, and salts. Thus, reasonable design for the evaporator with high 
resistance to contamination can efficiently prolong the longevity of the system 
and lower the cost.

3.	Limited condensate collection. The evaporation rate in the open system has 
been remarkably enhanced, even breaking the theory limit. After integrating a 
transparent cover, this closed system can obtain freshwater. Different from the 
open system, the vapor will condense on the cover, which causes high optical 
loss. Then, limited condensation makes the humidity in the closed system quite 
high, consequently decreasing the evaporation. Eventually, the collection rate in 
the closed system is quite low, which is not beneficial for obtaining freshwater. 
Therefore, improving the collection rate by reasonable design is more meaning-
ful for application.

In brief, it is necessary to deeply investigate the solar-driven interfacial evapora-
tion, and this innovative and sustainable technology can play a more important role in 
efficiently obtaining freshwater.
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