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METHOD AND DEVICE FOR WATER EVAPORATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application
No. 62/576,251, filed on October 24, 2017, entitled “METHOD AND DEVICES FOR
ENHANCED WATER EVAPORATION FROM SALTY AQUEOUS SOLUTION BY
USING SUNLIGHT AS ENERGY SOURCE,” the disclosure of which is incorporated

here by reference in its entirety.

BACKGROUND
TECHNICAL FIELD
[0002] Embodiments of the subject matter disclosed herein generally relate to
methods and devices for water evaporation, and more specifically, to methods and
systems for enhancing water evaporation from salty agueous solutions using sunlight

as energy source.

DISCUSSION OF THE BACKGROUND

[0003] Sunlight is the most abundant and accessible renewable energy
source. The annual solar energy incident on the Earth’s surface is 104 times the
current annual global energy consumption. One of the promising options to utilize
solar energy is the solar-driven water evaporation, also known as solar steam
generation. This method is widely utilized in various applications. The most important
application is the solar distillation, which uses solar-driven water evaporation to

produce steam and then collects the condensate as fresh water.
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[0004] Solar distillation is able to effectively deal with a variety of water
sources, including seawater, industrial wastewater, brine, brackish water, etc. Unlike
other water-related technologies, solar distillation does not involve any moving parts,
electronic devices and high pressure operations, which makes it attractive and
economical especially for small to medium scale applications. The solar-driven water
evaporation process also has a great potential for many types of water removal
processes, such as in wastewater treatment, to reduce the volume of the wastewater
and to incidentally obtain fresh water, especially in oil and energy sectors.

[0005] A conventional passive solar still (see “Renewables: Wind, Water, and
Solar,” A comprehensive decade review and analysis on designs and performance
parameters of passive solar still, December 2015) 100, as illustrated in Figure 1, has
a container 102 that holds water 104. A black photothermal paint 106 that absorbs
sunlight 108 is coated on the bottom of the container 102. The top of the container
102 is covered with a glass 110 for allowing the sunlight to enter inside the container
and heat the water. The water source 104 sits on top of the photothermal paint 106.
The sunlight 108 enters through the glass cover 110 and hits the water surface first,
before reaching the bottom photothermal layer 106. The entire water source 104 is
slowly heated up during daytime due to the direct exposure to the sunlight and also
due to the heat released by the photothermal paint 106.

[0006] Part of the water source 104 evaporates forming vapors 112, which
move upward and arrive at the glass cover 110. Because the glass cover is cooler
than the water vapors, the water vapors condensate on the glass cover, forming a
condensate 114. The condensate 114 includes pure (distilled) water. All the

impurities and/or salts from the water source 104 are left with the water source. The
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purified water 114 falls due to the gravity (the glass cover is tilted) to an output 116.
In this way, pure water is separated from the water source 104. Note that the water
source 104 may be a mixture of water and any other substances.

[0007] This is not a zero-liquid-discharge process as the concentrated source
water 104 has to be disposed before the formation of salt crystal on top of the
photothermal layer 106 to avoid a cleaning operation. Furthermore, in a conventional
solar still as illustrated in Figure 1, as the water evaporation goes on, the salt
concentration increases in the water source 104, which undesirably decreases the
water evaporation rate and therefore degrades the system’s performance.

[0008] In industrial practice, disposal of brine water is chosen instead of drying
out the source water completely in solar-still based operations. Disposal of a small
quantity of brine is not a problem, but brine disposal at a large scale is a great
challenge because a continuous disposal of highly concentrated brine on land or sea
would cause soil salinization, affect vegetation, and impact the health of marine life.
Most of the current clean water production technologies, such as reverse osmosis
(RO), membrane distillation (MD), ion exchange, etc., generate a large quantity of
brine wastewater and the water production plants using these technologies are all
facing great challenge in brine disposal management.

[0009] In the last decade, the interfacial heating idea was introduced to the
solar-driven water evaporation processes to reduce heat loss and to ensure a fast
response in steam generation by concentrating all of the heat that is generated by
the photothermal materials within a thin top surface water layer (see, “The
emergence of solar thermal utilization: solar driven steam generation,” J. Mater.

Chem. A, 2017, 5, 7691-7709). Unlike in the conventional solar still method
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discussed above, the photothermal material 106 is placed on top of the water
surface in this method. In some of the variations of this method, the source water is
pulled up from a bulk water body by capillary effect, in a confined water path, to
diminish the heat loss by decreasing the heat transfer from the top water layer to the
water body. The advantage of this type of design is that the energy utilization
efficiency is greatly increased.

[0010] In all of the existing interfacial heating photothermal system designs,
there is one commonality: the light adsorption surface of the photothermal material is
physically/geometrically the same as the water evaporation surface. In these
designs, the photothermal material is located right at the water/air interface and the
water evaporates directly above/from the photothermal material surface and into the
overlying air.

[0011] However, there is an intrinsic problem as a result of these designs. Salt
crystallization and solid precipitation appear on the surface of the photothermal
material as water evaporates, leaving behind solid deposits on the surface of the
photothermal material. As the amount of crystallized salt and other solids
accumulates on the photothermal material surface, the light capture capability of the
photothermal material is suppressed considerably, which would necessitate frequent
physical cleaning and rinsing of the salt/solid off the surface.

[0012] It has been reported that as the salt accumulated on a graphene-oxide
(GO) photothermal membrane, the water evaporation rate was reduced from 2.0 to
0.5 kg.m?/h, representing a 75% decrease in performance (see, Environmental

Science & Technology 2017 Sep 27, doi: 10.1021/acs.est.7b03040).
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[0013] Thus, the existing methods and devices are limited in the sense that
their efficiency decreases over time as the salt accumulates on the light absorbent
material. Therefore, there is a need for a method and device for water purification

that overcomes the limitations noted above.



WO 2019/081998 PCT/IB2018/057330

SUMMARY
[0014] According to an embodiment, there is a solar-powered system that
includes a support portion and an evaporation portion having a pumping layer and a
photothermal layer. The support portion pumps a fluid to the evaporation portion, the
pumping layer evaporates the fluid based on solar power; and the photothermal layer
is insulated from the pumping layer.
[0015] According to another embodiment, there is a solar-powered system
that includes a support portion and an evaporation portion having a pumping layer
and a transparent non-porous, layer covering a first face of the pumping layer. The
support portion pumps a fluid to the evaporation portion, and the pumping layer
evaporates the fluid at a second face, opposite the first face, based on solar power.
[0016] According to yet another embodiment, there is a method for
evaporating water from a source, the method including a step of placing a solar-
powered system into a water source, and a step of evaporating water from the water
source with the solar-powered system. The solar-powered system includes a
support portion and an evaporation portion having a pumping layer and a

photothermal layer. The photothermal layer is insulated from the pumping layer.
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BRIEF DESCRIPTON OF THE DRAWINGS

[0017] The accompanying drawings, which are incorporated in and constitute
a part of the specification, illustrate one or more embodiments and, together with the
description, explain these embodiments. In the drawings:

[0018] Figure 1 illustrates a traditional solar still;

[0019] Figure 2 illustrates a solar-powered system that has a pumping and
evaporation layer separated from a photothermal layer;

[0020] Figure 3 illustrates another solar-powered system that has a pumping

and evaporation layer separated from a photothermal layer;

[0021] Figure 4 illustrates a variation of the solar-powered system of Figure 2;
[0022] Figure 5 illustrates another variation of the solar-powered system of
Figure 2;

[0023] Figure 6 illustrates yet another variation of the solar-powered system of
Figure 2;

[0024] Figure 7 illustrates still another variation of the solar-powered system of
Figure 2;

[0025] Figure 8 illustrates another variation of the solar-powered system of
Figure 2;

[0026] Figure 9 illustrates yet another variation of the solar-powered system of
Figure 2;

[0027] Figure 10 illustrates various shapes of an evaporation portion of the

solar-powered system; and
[0028] Figure 11 is a flowchart of a method for evaporating water with a solar-

powered system.
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DETAILED DESCRIPTION
[0029] The following description of the embodiments refers to the
accompanying drawings. The same reference numbers in different drawings identify
the same or similar elements. The following detailed description does not limit the
invention. Instead, the scope of the invention is defined by the appended claims.
The following embodiments are discussed, for simplicity, with regard to a solar-
powered system that is used to evaporate water from a water source. However, the
invention is not limited to this scenario, but it may be used to evaporate water of
another fluid from a fluid source.
[0030] Reference throughout the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure or characteristic described in
connection with an embodiment is included in at least one embodiment of the subject
matter disclosed. Thus, the appearance of the phrases “in one embodiment” or “in
an embodiment” in various places throughout the specification is not necessarily
referring to the same embodiment. Further, the particular features, structures or
characteristics may be combined in any suitable manner in one or more
embodiments.
[0031] According to an embodiment, the photothermal material part, which is
responsible for light adsorption, and the water evaporation surface of a solar-
powered system are physically separated from each other so that the salt that is
formed due to the water evaporation does not contaminate the photothermal material
part. This novel configuration provides a rational solution to the long-standing

problem of salt solid-accumulation-led-performance-degradation in solar distillation
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systems. This novel design offers a variety of options to suits varying application
purposes, including solar desalination with zero-liquid discharge, salt recovery from
wastewater, salt mineral extraction from salt lakes, and brine treatment for all kind of
water plants.

[0032] Figure 2 shows a schematic of a solar-powered system 200 that
prevents the accumulation of salt/solid on the surface of the photothermal material
by separating the water evaporation interface, where the salt/solid accumulation
takes place, from the light incident interface of the photothermal material. According
to this embodiment, the solar-powered system 200 (called system herein) has a
support portion 201A and an evaporation portion 201B. The evaporation portion
201B, as discussed later, is responsible for absorbing and transforming the sunlight
into heat and using the heat to evaporate the water. The evaporation portion 201B is
shown in Figure 2 as being cup-shaped and being attached and supported by the
support portion 201A. The evaporation portion 201B has an inner surface 200A that
bears the function of absorbing light 202 and generating heat while the outer surface
200B is endowed with the function of evaporating the water at a water evaporation
interface 204. The water evaporation interface 204 is defined as a border or
boundary between the water in the liquid phase and water in the vapor phase (the
vapors happen because of the evaporation of the water in the liquid phase). The
water evaporation interface may coincide or not with the outer surface 200B of the
evaporation portion 201B.

[0033] With the solar-powered system 200 of Figure 2, the salt crystallization
and solid accumulation occurs only on the outer surface 200B and therefore, it will

not affect the light absorption capability of the inner surface 200A. Results of a few
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experiments carried on for the system shown in Figure 2 have shown that in this
case, the salt 224 is loosely accumulated on the outer surface 200B, at the water
evaporation interface 204, and thus does not significantly affect the water
evaporation rate therein.

[0034] The wall of the evaporation portion 201B of the system 200 is a
multilayered structure that includes, in this embodiment, a support layer 210, a
pumping layer 212, and a photothermal layer 214. The support layer 210 may be
made of any material (e.g., metal or composite or plastic, etc.) that has enough
mechanical strength to support the pumping and photothermal layers. As the entire
system may have a height H between 5 ¢cm to 10 m (even higher), it is up to the
support layer 210 to maintain the cup shape of the system. Note that the support
layer 210 in this embodiment extends in both the support portion 201A and the
evaporation portion 201B, i.e., the support layer 210 extends all the way through the
system 200. However, in one embodiment, it is possible that the support layer 210
extends only from the top of the system to point A (only in the evaporation portion
201B), and the pumping layer 212 acts as a support element for the top (cup) portion
of the system. The support layer 210 also has the scope of physically separating the
pumping layer 212 from the photothermal layer 214. For transferring the heat from
the heat photothermal layer 214 to the pumping layer 212, the support layer 210 may
have a thermal conductivity of at least 1 W m-k-1.

[0035] The pumping layer 212 is configured to “pump” (or supply) water from a
source 220 (the source may be a container, the sea, ocean, lake, etc.) to the
evaporation portion 201B of the system. The pumping may be passive or active. A
passive pumping is achieved by using capillarity, i.e., the pumping layer may have

10
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plural small channels (or may be porous) 213 (only two are illustrated for simplicity,
but one skilled in the art would understand that there are many small channels that
extend all the way from the source 220 to the top of the pumping layer). In this way,
the fluid (typically water) 222 from the solution 224 (e.g., brine) stored by source 220
is transported (pumped) to a proximity of the photothermal layer 214.

[0036] In other words, the solar-powered system 200 includes a support
portion 201A and an evaporation portion 201B having a pumping layer 212 and a
photothermal layer 214. The support portion 201A pumps the water 222 to the
evaporation portion 201B and the pumping layer 212 evaporates the water 222
based on the solar power. The photothermal layer 214 is insulated from the
pumping layer 212 either by another layer 210, or by other means, as discussed
later.

[0037] An active pumping may be achieved by using a motor 230 and one or
more pipes 232, as illustrated in Figure 3, for mechanically pumping the fluid 222
from the solution 224 to the proximity of the photothermal layer 214. Other
mechanisms may be used for actively pumping the fluid 222 to the proximity of the
photothermal layer 214.

[0038] The photothermal layer 214 is located on the support layer 210,
opposite to the pumping layer 212. The photothermal layer 214 is configured to
capture sunlight 202 from the sun and convert it to heat. The photothermal layer 214
can be a porous or nonporous material. The photothermal layer 214 is directly
exposed to the sunlight.

[0039] In case that the photothermal layer 214 is porous, the other

functionality of the support layer 210 is to keep the water from the pumping layer 212
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from getting into the photothermal layer 214, i.e., the support layer 210 has to be
non-porous in this case to not transport the water from the outer surface 200B to the
inner surface 200A. In case that the photothermal layer 214 is non-porous, the
support layer 210 can be porous or non-porous or can be omitted. As discussed
above, the pumping layer 212 is a porous layer for water evaporation. The pore size
of this layer should be less than 1 mm to ensure a strong capillary force to pull water
from the solution 224.

[0040] The water from the solution 224, which may be the salty source water
of interest, such as sea water, brine water, and wastewater, spontaneously moves
from the source 220 to the interface 204 (porous water evaporation layer) due to the
capillary force and transpiration effect. Under the sunlight illumination, the
photothermal layer 214 captures the sunlight 202 and converts the solar energy to
heat. The heat energy is transferred to the support layer 210 and then to the
pumping layer 212 and the interface 204 to accelerate the water evaporation rate
there. The salt 224 will precipitate on the surface of the pumping layer 212 with a
loosely stacked structure and it will drop off the outer surface from time to time
without the need of manual intervention. In some cases, some additives need to be
added to the source brine to control the structure of the salt crystal and thus, to make
the salt easily removable. In some cases, the pumping layer 212 may need to be
cleaned after a long time operation. After the water 222 evaporates, the water vapors
226 (see Figure 2) may be recovered with known mechanisms (e.g., condensation
mechanisms).

[0041] The entire system 200 may be attached with a support mechanism 230

to the source 220. In one application, the support mechanism includes a flange and
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bolts. In another application, the support mechanism 230 may be a floating platform
(for example, a barge or a boat) that floats in the ocean (the source 220) and the
system 200 extracts independently and autonomously distilled water from the sea
water. In still another application, more than one system 200 is attached to the
source 220. In yet another application, the system 200 is a small system (e.g., in the
order of cm) and many such systems are released on a salty source (e.g., sea,
ocean or a brine storage container) for separating the water from the salt. Those
skilled in the art would understand that the device described in Figures 2 and 3 may
be used for other chemical processes that require a source of energy.

[0042] The system 200 may be modified to have a different shape than the
cup shape shown in Figure 2. For example, as illustrated in Figure 4, a similar
system 400 may have only one arm 401. Although Figure 2 shows the system 200
having two straight arms (in fact the system 200 in Figure 2 has the evaporation
portion shaped as a cup and the two arms correspond to a cross-section through the
cap) and Figure 4 shows the system 400 having a single straight arm, those skilled
in the art would understand that these arms may be curved or more arms may be
used (for example, plural arms that open up as the petals of a flower).

[0043] Different configurations for the layers discussed above may be used.
For example, Figure 5 shows a configuration in which system 500 includes the
photothermal layer 214 and the pumping layer 212, but no support layer 210. For
this configuration, the photothermal layer 214 is nonporous. In this case, the support
layer 210 is not needed. In other words, the photothermal layer 214 directly contacts
with the pumping layer 212. The photothermal layer 214 or the pumping layer 212 or

both is selected to provide the mechanical strength to support the entire structure.
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[0044] Figure 6 shows a system 600 for which the pumping layer 212 is
porous and it acts as both the photothermal layer 214 and water evaporation layer at
the same time. A nonporous transparent layer 602 is coated/covered on the sun
receiving side of the pumping layer 212 to prevent water evaporation from and off
the sun receiving side of the pumping layer and thus, to prevent the possibility of salt
precipitation on the inner surface of the pumping layer. The nonporous transparent
layer 602 can also be given the role of co-photothermal material to absorb sunlight to
certain extent in this case. The mechanical strength of the system can be provided
by the nonporous transparent layer 602, or by the pumping layer 212, or by both of
them.

[0045] Figure 7 shows a system 700 in which the pumping layer 212 is porous
and acts as both the photothermal layer and the water evaporation layer at the same
time. A transparent nonporous film or plate 702 (top cover) covers the top of the cup
structure as shown in the figure and the top cover 702 keeps the water vapor from
escaping from the cup structure. In other words, the top cover 702 forms a cavity
704 with the inner surface of the pumping layer 212. Thus, this structure prevents
continuous water evaporation at the inner surface 212A of the pumping layer 212.
The system 700 effectively stops the salt precipitation on the inner surface 212A of
this structure and allows water evaporation and precipitation only on the outer
surface 212B of the pumping layer 212.

[0046] Figure 8 shows a system 800 having a solid cone structure. In this
embodiment, the top layer is the photothermal layer 214, which captures sunlight
and converts solar energy to heat. The middle layer 802 is a thermal conducting

layer, which passes the heat from the photothermal layer 214 to the pumping layer
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212. The pumping layer 212 may have a porous structure and acts as the water
evaporation layer. The thermal conducting layer 802 fills in the entire cup of the
evaporation portion.

[0047] Figure 9 shows a system 900 in which the cup structure of the previous
systems is changed to a solid disk structure. In this embodiment, the top layer is the
photothermal layer 214, which captures sunlight and converts solar energy to heat.
The middle layer is a thermal conducting layer 210, which passes the heat from
photothermal layer 214 to the pumping layer 212. The pumping layer 212 possess a
porous structure, acting as the water evaporation layer, as in the previous
embodiments.

[0048] A common idea of these embodiments is to stop the continuous water
evaporation on the surface of the photothermal layer facing the sunlight, and
therefore, to prevent the surface of the photothermal layer from being covered by
salts/solid. Thus, those skilled in the art, having the advantage of this document,
would be able to design other systems that separate the water evaporation from the
photothermal layer so that no salt is deposited on this layer.

[0049] The photothermal layer used in these embodiments may include all
types of existing and potentially possible materials that have strong light absorption
capability in the solar spectrum range, such as metal nanopatrticle (gold, silver,
copper, cobalt, iron, nickel, aluminum, and there alloys), carbon based materials
(carbon black, carbon nanotubes, graphene, graphene oxide, reduced graphene
oxide, etc.), black metal oxides (C0304, MnOz, Ti203, Fe30a, CuCr204, FeCrz0s4,
CuMn204, MnFe204, ZnFe204, MgFe204, etc.), black metal chalcogenides (MoSz,

MoSe2, WSe2, CdS, CdTe, etc.), black paint and black cement materials, and black
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polymer materials. The spectrally selective absorber materials of the photothermal
layer are especially desired, which may provide best performance.

[0050] The water evaporation material of the pumping layer should be porous
and hydrophilic to ensure strong water absorption capability and to make sure there
is a strong capillary force to pull and spread water onto the entire water evaporation
interface. This material may be paper, quartz glass fibrous membrane, carbon paper,
copper foam, carbon foam, polymer foam, macroporous silica, etc. A thickness of
any of these layers may be in the nanometer to centimeter range, except for the
support layer, which may be thick enough to support the other layers.

[0051] During solar distillation application, a device incorporating any of the
systems discussed above may be placed directly on top of the salty source water of
interest and/or self-float there. The device may also be physically away from the
salty water surface, with a water supply path (as shown in Figure 2) provided by a
hydrophilic porous materials (e.g., cotton, silica, polymer, metal oxides, carbon, etc.)
to continuously deliver water to the water evaporation surfaces (e.g., the outer
surface in all structures).

[0052] Although same of the embodiments discussed above disclose a cup-
shaped evaporation portion of the system, one skill in the art would understand that
other shapes may be implemented for these systems. For example, as illustrated in
Figure 10, the evaporation portion of the system may have, instead of the conical
shape 1000 used for the embodiment of Figure 2, a semi-spherical shape 1002, a
cylindrical shape 1004 or a cubical shape 1006.

[0053] A method for evaporating water from a source, based on one of the

systems discussed above, includes a step 1100 of placing a solar-powered system
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200 into a water source 220 and a step 1102 of evaporating water 222 from the
water source 220 with the solar-powered system. The solar-powered system
includes a support portion 201A, and an evaporation portion 201B having a pumping
layer 212 and a photothermal layer 214. The photothermal layer 214 is insulated
from the pumping layer 212.

[0054] One or more of the advantages of the systems discussed above are as
follow: (1) no water evaporation occurs on the light adsorption surface of the
photothermal material and thus, no salt accumulates on the surface of the
photothermal material that is facing the sunlight. Thus, the light adsorption
performance in these systems is not affected by water evaporation and salt
accumulation and therefore, there is no need for regular maintenance, which is
expensive. A constant and non-degrading solar energy harvesting is thus achieved
for the embodiments discussed above, which none of the current solar distillation
systems is able to do. Thus, the rational of separating the light adsorption surface
from the water evaporation surface would offer benefit for any practical solar
distillation application. (2) The systems discussed above allow for the crystallized
salt or other solids on the water evaporation surface to leave the surface on its own
gravity, which minimizes human intervention. (3) Given the loose nature of the
surface-water-evaporation-induced salt accumulation, the effect of the surface
accumulated salt solid on the surface water evaporation rate is insignificant. (4) The
surface of the water evaporation interface can be further modified to be salt-resistant
so that salt crystal or other solids, once formed, would leave the surface
immediately, leaving behind no solid residue. This would further improve the

photothermal material’s long-term operation performance.
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[0055] Thus, the solar-distillation structures discussed above promise a
constantly high photothermal performance, reduce the maintenance requirement of
the system during applications, and extends the system’s operation longevity, all
leading to much reduced operational cost for the same level of products delivered.
[0056] The solar-driven water evaporation process used by the systems
discussed above has three emerging application directions: (1) solar-driven seawater
desalination, which, with its unmatched energy efficiency (i.e., 80% at lab scale), is
regarded as having a potential of becoming the next-generation seawater
desalination technology, especially for small scale plants; (2) brine treatment - brine
disposal is a long-lasting problem in many industrial processes, including SWRO,
mineral extraction, solar distillation, etc. These devices can be placed on top of the
conventional evaporation pond to accelerate the water evaporation efficiency; and
(3) salt extraction out of salty water for the purpose of metal salts mining from salt
lakes or sea water and salt resource recovery from some waste salt water. This is a
largely uncharted territory for solar-driven water evaporation, but represents a future
growth point of the utilization of solar energy.

[0057] The disclosed embodiments provide methods and mechanisms for
separating an evaporation interface from a photothermal layer. It should be
understood that this description is not intended to limit the invention. On the
contrary, the embodiments are intended to cover alternatives, modifications and
equivalents, which are included in the spirit and scope of the invention as defined by
the appended claims. Further, in the detailed description of the embodiments,
numerous specific details are set forth in order to provide a comprehensive

understanding of the claimed invention. However, one skilled in the art would
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understand that various embodiments may be practiced without such specific details.
[0058] Although the features and elements of the present embodiments are
described in the embodiments in particular combinations, each feature or element
can be used alone without the other features and elements of the embodiments or in
various combinations with or without other features and elements disclosed herein.
[0059] This written description uses examples of the subject matter disclosed
to enable any person skilled in the art to practice the same, including making and
using any devices or systems and performing any incorporated methods. The
patentable scope of the subject matter is defined by the claims, and may include
other examples that occur to those skilled in the art. Such other examples are

intended to be within the scope of the claims.
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WHAT IS CLAIMED IS:

1. A solar-powered system (200) comprising:

a support portion (201A); and

an evaporation portion (201B) having a pumping layer (212) and a
photothermal layer (214),

wherein the support portion (201A) pumps a fluid (222) to the evaporation
portion (201B),

wherein the pumping layer (212) evaporates the fluid (222) based on solar
power; and

wherein the photothermal layer (214) is insulated from the pumping layer

(212).

2. The system of Claim 1, further comprising:
a support layer (210) located between the photothermal layer and the

pumping layer.

3. The system of Claim 2, wherein the support layer provides support for the

photothermal layer and the pumping layer.

4. The system of Claim 1, wherein the pumping layer is porous and absorbs

through capillarity the fluid from a source.
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5. The system of Claim 1, wherein the evaporation portion is shaped as a cup.

6. The system of Claim 1, wherein the pumping layer extends along the

evaporation portion and the support portion.

7. The system of Claim 1, further comprising:

an active pumping system for pumping the fluid to the evaporation portion.

8. The system of Claim 1, wherein the evaporation of the fluid is powered only

by the sunlight.

9. The system of Claim 1, wherein salt left behind by the evaporation process

forms on the pumping layer and not on the photothermal layer.

10. The system of Claim 1, wherein the photothermal layer is non-porous and

the pumping layer is porous and the photothermal layer is in direct contact with the

pumping layer.

11. The system of Claim 1, wherein both the pumping layer and photothermal

layer are flat and horizontal and form a horizontal disk.
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12. A solar-powered system (600, 700) comprising:

a support portion (201A); and

an evaporation portion (201B) having a pumping layer (212) and a transparent
non-porous, layer (602, 702) covering a first face of the pumping layer (212),

wherein the support portion (201A) pumps a fluid (222) to the evaporation
portion (201B), and

wherein the pumping layer (212) evaporates the fluid (222) at a second face,

opposite the first face, based on solar power.

13. The system of Claim 12, wherein the transparent, non-porous, layer (602)

is in direct contact with the pumping layer.

14. The system of Claim 12, wherein the transparent, non-porous, layer (602,
702) allows sunlight to pass through to the pumping layer and prevents vapors from

the pumping layer to escape toward the sunlight.

15. The system of Claim 12, wherein the transparent, non-porous, layer (702)

makes a cavity with the pumping layer.

16. The system of Claim 12, wherein the pumping layer (212) also acts as a

photothermal layer.

17. The system of Claim 12, wherein the evaporation portion is shaped like a
cup.
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18. A method for evaporating water from a source, the method comprising:

placing (1100) a solar-powered system (200) into a water source (220); and

evaporating (1102) water (222) from the water source (220) with the solar-
powered system,

wherein the solar-powered system includes,

a support portion (201A), and

an evaporation portion (201B) having a pumping layer (212) and a
photothermal layer (214),

wherein the photothermal layer (214) is insulated from the pumping layer

(212).

19. The method of Claim 18, further comprising:
pumping the water with the support portion (201A) to the evaporating portion

(201B).

20. The method of Claim 18, further comprising:

evaporating the water with the pumping layer (212) based exclusively on solar

power transformed into heat by the photothermal layer.
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