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Abstract:

An integrated desalination system with a combination of electrical heating by power supply and solar
heating by Fresnel lens with sun tracking system was investigated in this study. The experiments were
carried out under the climatic conditions of Kaohsiung City (22°36°’58” N, 120°18°47 " E), Taiwan. With
only solar heating by Fresnel lens, the temperature of the seawater is strongly dependent on the position of
the seawater tray and climatic conditions, and seawater evaporation is not stable. To maintain the uniform
evaporation of seawater, an electrical heating plate was also used to provide energy for the desalination
process. The results indicate that the production of distilled water is greatly improved with this solar/
electrical desalination system. At a power of 60W, the commercial energy efficiency of the system can reach
85 %, and the recovery efficiency can approach 56.52 %. Additionally, a higher annual productivity (6036

L) is obtained, and the cost per liter of distilled water is about 0.152 (US$/L).
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1. Introduction

The problem of freshwater shortage has been
one of the main challenges of mankind. According
to a United Nations Organization report [1],
throughout the early to mid-2010s, about 1.9 billion
people lived in areas where water was potential
severely scarce, and by 2050 this could increase
to some 2.7 to 3.2 billion. This situation can be
tackled only if mankind finds additional methods to
produce freshwater.

With over 71 % of the earth’s surface area
covered by oceans, restoring freshwater from
seawater is considered the most reliable method.
This method is based on modern desalination
technologies with high efficiency, such as reverse
osmosis (RO), membrane distillation (MD),
multi stage flash distillation (MSF), multi effect
distillation (MED) [2]. However, one problem that
hinders the wide application of all desalination
technologies is the high energy consumption. In
addition, using fossil fuel feeding will contribute to
the crisis of air pollution, and rising fuel prices will
also increase the total operating cost.
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For countries that lie in the high solar
insolation band, desalination based on solar energy
presents a sustainable alternative to using fossil
fuel. This technology is especially cheap because
it uses cost-free energy and does not have any
serious impact on the environment. However, the
efficiency of traditional solar thermal desalination
technologies is only in the range of 30-40 % [3].
Therefore, in the present study, the electrical
heating module and the solar heating module are
integrated together to improve energy efficiency,
maintain stable water productivity and decrease
the cost of production. Additionally, the effects
of different system operating conditions, such as
electrical input power and evaporation temperature,
on the desalinated water production rate, energy
efficiency, annual productivity, and cost per liter
of distilled water are experimentally investigated
to evaluate the feasibility of this solar/electrical
desalination system.

2. Experimental setup and theoritical analysis

In this study, experiments are carired out on a
hybrid desalination system, which consists of four
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main components: a vaporization chamber, a solar
heating subsystem, an electrical heating subsystem,
and a measuring system. The schematic diagram
of experimental setup is shown in Figure 1. The
structure of the desalination system is depicted in
Figure 2. This desalination system is integrated
by a solar heating module and an electrical
heating module to form the solar/electrical heating
desalination system (SEHDS).

In order to understand the energy consumption
and distilled water production of system, a single
point load cell (Xiamen LoadCell Technology
Co., Ltd.), and pyranometer (SONG YIH
TECHNOLOGY CO., Ltd.) are used to measure the
weight of the distilled water, and the solar irradiation
power from the sun, respectively. Additionally, the
thermocouples are also used to measure the ambient
temperature (T ), temperature of seawater
), and the
). After
that, all measured signals in experimental processes
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determined as follows [4]:
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Figure 1. Schematic diagram of the SEHDS
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Figure 3. (a) The position of seawater tray at (1) over-focus (2) in focus and (3) under-focus of Fresnel

lens and (b) the temperature profiles of seawater by solar heating with Fresnel lens at different

positions of seawater tray
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3. Results and discussion
3.1. The effect of the position of the seawater tray

In this experiment, a convergent Fresnel lens
(the area and focal point of Fresnel lens is 729
cm? and 30 cm, respectively) is used to determine
the optimum distance from the Fresnel lens to the
seawater tray. Figure 3(a) presents the temperature
profile of seawater in the seawater tray with different
three positions: (1) over-focus, (2) in-focus, and (3)
under-focus of Fresnel lens. The results indicate
that the temperature of seawater in the seawater tray
is highest if the seawater tray is put on the focus
of Fresnel lens (in-focus) as shown in Figure 3(b).
Hence, in the following experiments, we all put the
seawater tray on the focus of Fresnel lens.
3.2. The effect of solar heating, electrical heating,
and the combination of both solar heating and
electrical heating on the desalination system

In this study, there are three heating modes
for the desalination experiment: solar heating
by Fresnel lens; electrical heating with a power
supply; and a combination of both solar heating and
electrical heating subsystems.
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Figure4. Thevariation of seawater temperature,
temperature of the copper plate, and distilled
water production of desalination system with
solar heating mode on May 20, 2018

With solar heating by Fresnel lens alone, the
productivity of water is influenced by climatic
conditions such as solar radiation, ambient
temperature, and cloud isolation [5]. Indeed, Figure
4 shows that in the early stages of solar heating,
from 9:00 to 10:30, the intensity of solar irradiation
was unstable due to the influence of clouds, and the

seawater temperature T oscillated noticeably in

Seawater
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the range of 45 °C to 75 °C. After 10:30, the seawater
temperature increased slightly as the intensity of
solar irradiation increased. In this solar heating
mode, the seawater temperature is more stable than
the solar irradiation profile because of the high heat
capacity of the copper plate under the seawater tray,
but strongly depends on the solar irradiation. At the
beginning of the experiment, from 9:00 to 10:00,
there was no production of distilled water. The input
of solar energy was used to raise the temperature
of both the initial and replenished seawater in the
vaporization chamber. At 10:00, distilled water
began to be produced as the seawater began to
evaporate from the surface. As shown in Figure
4, in the period from 10:00 to 14:00, the distilled
water production was higher, but the distilled
water production rate was very unstable because
a little cloud blocking or gusts of wind made the
solar irradiation unstable. Besides, the temperature
of seawater in seawater tray was also reduced as
seawater was added. These factors lead to a great
variation in the seawater temperature, which causes
instability in the distilled water production. After
15:30, the distilled water production decreased
because of cloud blocking and the decrease of solar
irradiation. Moreover, with the addition of seawater,
the solar heating power was not enough to maintain
the desalination process. Therefore, although solar
power was being collected by the Fresnel lens, the
distilled water production after 15:30 was zero.

For electrical heating mode with a power
supply alone, as shown in Figure 5, the results
indicate that the seawater temperature in the
seawater tray was almost entirely dependent on the
heat supplied by the heating plate, and the variation
profiles of seawater temperature and copper
plate temperature had marked similarity. In the
experiment, the heating power can be change by the
power supply, at an electrical heating power of 60 W,
the seawater temperature reached the boiling point
(102 °C). The vaporization of seawater was intense
due to the boiling of the seawater that occurred
at this heating power, which was high enough to
supply enough energy for both the replenished
and original seawater to reach the boiling point
quickly. The temperature profile of the seawater in
the seawater tray was also more stable than that of
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solar heating mode. As a result, the distilled water
production increased significantly to reach about
0.75 (g/min), and the system recovery efficiency
and the energy efficiency achieved were 34.3 % and
51.62 %, respectively. The results also indicate that
distilled water production is strongly dependent on
electrical power, especially at 60 W, because this
power can maintain the seawater temperature at the
boiling point.

At a heating power of 60 W with the addition
of solar energy source, the boiling of seawater
occurred, and the temperature profile of seawater
is also more stable than that of solar heating mode
as shown in Figure 6. In this state (saturation
condition), the temperature of the water no longer
increases and seawater absorbs the heating energy to
vaporize. The solar heating energy from the Fresnel
lens was thus absorbed by the seawater, accelerating
its rate of vaporization. As a result, the distilled
water production rate of the SEHDS increased
dramatically to reach 1.2 (g/min), and it increased
about 1.6 times compared to the electrical heating
system alone. Table 1 shows the recovery efficiency
of the system that is defined as the ratio of the total
mass of distilled water output over the total mass
of seawater input, and the energy efficiency of the
system () that is determined by the ratio between
the total energy required for the vaporization
process to the total energy supplied for the system
during operation process. With only solar heating
(heating power is zero), the recovery efficiency
and energy efficiency were 9.65 % and 18.5 %,
respectively. However, by adding solar heating, the
recovery efficiency of the SEHDS reaches 56.52
%. Moreover, as also shown Table 1, because the
SEHDS uses a solar energy source without any cost,
the commercial energy efficiency (n.,) is greater
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than the energy efficiency. The commercial energy
efficiency of the SEHDS reached 85.13 % with a
power of 60 W. This is significantly higher than the
energy efficiency (51.62 %) of the system using
only electrical heating.
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Figure 5. The variation of seawater temperature,

temperature of the copper plate, and distilled water

production of desalination system with electrical
heating mode at the power of 60 W
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Figure 6. The variation of seawater temperature,

temperature of the copper plate, and distilled water

production of SEHDS system at an electrical power
of 60W on May 22, 2018

Table 1. The recovery efficiency, energy efficiency and commercial energy efficiency of desalination systems

Item Recovery efficiency Energy efficiency
Only electrical SEHDS | Only electrical SEHDS
heating energy heating energy
Heating Power n; Nex
ow - 9.65% - 18.50% -
60W 34.3% 56.52% 51.62% 51.4% 85.13%
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3.3. The feasibility of the system
Table 2 shows the CPL and M, oy comparison
between the SEHDS and other solar desalination
systems [5, 6-7]. The results indicate that the
desalination system which integrates solar heating
with the electrical heating module has higher annual
productivity than others.
Table 2. The cost comparison with other different

desalination systems

S. No Type of solar vearty | CPL
desalination system | (US$/L)

1 [SEHDS system (present | 6036 | 0.152
article)

2 | Thermoelectric solar| 180 0.18
still [6]

3 | Passive solar still-single | 1043 | 0.024
slope [5]

4 |Passive solar still (sun| 958 0.071
tracking)-single slope [7]

In terms of the production cost of distilled
water, the CPL of the SEHDS system is about
0.152 (USD/L). The results indicate that the CPL
of distilled water in this study is higher than with
solar heating alone. However, as also illustrated
in Table 2, when this system is compared with
solar desalination systems with thermoelectric
condensation devices, the CPLs are very similar
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NANG CAO NANG SUAT NUOC CUA HE THONG KHU MUOI LAI

Tom tat:

Nghién ciru ndy dwge thuce hién dé di khdo sat mot hé thong khir man tich hop la su két hop gitta mot
mé dun gia nhiét bang nang lwong dién véi mét mé dun gia nhiét bang nang leong mdt troi sir dung thau
kinh Fresnel voi hé théng theo dau mat troi. Cdc thi nghiém dwoc thuc hién trong diéu kién khi hdu tai
thanh phé Cao Himg (22°36°58 N, 120°18°47E), Pdi Loan. Khi chi sir dung mé dun gia nhiét bang ning
lwong mat troi, nhiét do cua nuoc bién phu thuoc nhiéu vao vi tri ciia khay nwoc va diéu kién khi héu nén
sw boc hoi nude bién khong on dinh. Dé duy tri sw bay hoi déng déu cia nude bién, mot tam gia nhiét dién
da dwoc sir dung d@é cung cap nang lirong cho qud trinh khir muéi. Két qua cho thdy, viéc san xudt nueée tinh
khiét dwoc cdi thién ré rét voi hé thong khir mudi lai nay. O céng sudt nguon 60 W, hiéu sudt ndang heong
thwong mai cua hé théng 6 thé dat 85 % va hiéu sudtphuc hoéi c6 thé dat 56,52 %. Bén canh do, muc dich
ndng cao ndang sudt hang nam cia hé thong ciing di dat dwoc (6036 L) véi chi phi cho méi lit mede tinh
khiét giam con khodng 0,152 (US $/L).

Tir khéa: Khir mudi, nang lwong madt troi, hé thong theo ddu mdt troi, hiéu qua nang heong.
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