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The purpose of this review is to give an up to date overview of the existing literature on water evaporation from the
sand. The paper summarizes the factors influencing evaporation rates in water evaporation from sand such as solar
radiation, air temperature, air moisture, the temperature at the water-table, relative humidity of the air, depth of the

ground water table, wind speed, vapor pressure difference, sand capillary, hydraulic conductivity and particle size of
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sand. Limitations and constraints identifying existing gaps are discussed, as well as the potential applicability.
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INTRODUCTION

Evaporation from porous media is a common process
important for industrial processes such as drying of foods and
building materials, and many environmental applications and
hydrological processes such as evapotranspiration. Evaporation
from soil affects energy balance, land surface-atmosphere
interactions, and agricultural water management and
influences many biological activities in the vadose zone. Most
evaporation processes from porous media can be viewed as an
immiscible displacement process [1]. The study of this process
has significant practical benefits in various fields: predicting
evaporation flux in design of soil cover of mine tailings [2-4],
investigating the long-term performance of moisture-retaining
soil covers [5], designing evapotranspiration cover systems for
waste containment and mining sites [6], classifying landfill
sites according to climatic water balance [7], etc. Moreover, the
investigation of soil water evaporation is also an important issuc
in geotechnical engineering. For bare soils, the water evaporation
process is controlled by both atmospheric conditions and soil
conditions [3,8,9]. The objective of this study was to investigate
the mechanisms of water evaporation from sand and the factors
influencing evaporation rates in water evaporation from sand,
as well as the potential applicability.

Heat Conductance

Every material or material such as oil, water, metal, iron,
aluminium, copper, sand and others have different heat
conductivity values. Sand can transform sunlight energy into
thermal energy greater than soil and red brick [10]. Coastal

sand is generally poor in nutrients, has a fast infiltration rate,
sandy soil texture, loose and single-grained soil grains and low
water-holding ability and low chemical fertility and high soil
temperature [11-13]. According to Buckman and Brady [14],
Hanks & Arschoft [15], and Hillel [16] the sand is dominated
by macro pores so that water that falls into sandy soil will
immediately undergo percolation and capillary water will easily
escape due to evaporation.

Heat transfer from sand to water is about 150 times faster than
from sand to air. If the water content in the sand increases, the
air in the sand will decrease so that the resistance to conduction
or conductance of heat will be low. In general, sand has a very
low content of organic matter so that the soil temperature is very
high. Some physical properties of sand such as heat volumetric
capacity, thermal conductivity and thermal diffusivity are also
known as sand thermal properties [16]. These three properties
of sand affect the heat transfer and dynamics of water transfer
to and from the soil. Evaporation which is the process of
transferring water mass from the sand into the atmosphere is
greatly influenced by the internal factors of the sand, especially
by the three physical properties of the sand. While external
factors are energy to the surface of the sand, the depth of the
sand and relative humidity above the surface of the sand that
causes changes in sand temperature [17]. Sand temperature
is related to the absorption of solar radiation by the soil. The
absorption of radiation itself depends on the water content in
the soil.

In general, the average sand temperature is greater than the
temperature of the surrounding atmosphere. This is caused
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by storing heat in the sand longer than in the air. Because
the propagation of heat into the soil requires time, the soil
temperature at each deceper depth experiences a reduction. The
temperature distribution in sand depends on several factors,
including thermal conductivity, volumetric heat capacity, and
soil colour [18]. The use of sand itself is intended so that when
the intensity of solar radiation decreases, the sand is expected
to heat up the fluid flowing in the absorbing pipe. Energy input
from the sun changes with time and is generally not according
to need, so we need a kind of heat storage media [19].

Water Evaporation

Evaporation from porous media involves mass and energy
transportation including phase changes, vapor diffusion, and
liquid flow, producing complex displacement patterns that
affect the rate of evaporation. The force balance considers the
properties of the media that can affect the transition in the
evaporation rate from the liquid-based first stage which is limited
by the exchange of steam with air to the second stage which is
controlled by the diffusion of steam through the media [20].
Initially, the rate of evaporation from saturated porous media is
rather high and relatively constant (called evaporation stage 1)
largely limited by meteorological factors, followed by lower
evaporation values (called stage evaporation 2) which is limited
by the nature of porous media transportation [20-23]. In porous
media the evaporation process is controlled by atmospheric
conditions (meteorology) and media conditions [2,3,8,9].

The rate of evaporation is influenced by meteorological factors
(humidity, temperature, and air velocity around the pore space of
the media) and the properties of conductivity transport (thermal,
hydraulic conductivity and steam diffusion). As a result, complex
and highly dynamic interactions between media properties,
transportation processes, and boundary conditions produce
evaporation [21,24]. The way to maintain a constant evaporation
rate during step 1 is hydraulically continuous liquid path
persistence through capillary-induced fluid flow from larger pores
on the dry surface to finer water-filled pores on the evaporation
surface [20,22,25,26]. Stage 2 evaporation is characterized by the
receding fluid surface of the media and forming a dry layer that
interferes with continuity [26-29]. Understanding the dynamics
of continuity of the liquid phase pathway is important to illustrate
the evolution of salt deposition and concentration distribution
during evaporation from porous media [30,31].

Influence Factors

Evaporation on porous media, water evaporation process is
controlled by atmospheric or meteorological conditions, such
as solar radiation, temperature, relative humidity, wind speed,
etc., and porous media conditions, such as texture, initial
water content, hydraulic conductivity and water retention
capacity [2-4,8,9,32,33]. The following explanation of the
evaporation factors in porous media:
1. Solar radiation
Solar radiation is a major factor influencing evaporation
rates. Evaporation rates and air temperatures are the result
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of the energy supplied by solar radiation [34,35]. High clean
solar radiation can produce high latent heat fluxes which can
therefore increase evaporation rates, most evaporation occurs
during the daytime [7,36]. The high rate of evaporation is
directly proportional to high solar radiation [6,37].

Air temperature

High temperatures can produce high evaporative rates as well
[1,6,37,38]. However, air temperatures affect evaporation
indirectly due to increased evaporation and air temperature
are energy obtained from solar radiation [35,39,40].
Temperature on the surface of the water

Water temperature at the surface of the water affects the
evaporation of sand indirectly due to increased evaporation
and air temperature is the energy obtained from solar radiation.
Rising temperatures on the surface of the water is directly
proportional to rising temperatures, and vice versa [35].
Relative humidity of the air

An increase in relative humidity decreases the rate of
evaporation and vice versa [6,29,37]. The relative humidity
value of the air at different elevations becomes the
evaporation factor. Evaporation of water from the sand
causes the relative humidity of the air near the ground
surface higher than in other elevations. This relative
moisture difference will continue to occur when the water
needs to evaporate sufficiently. Along with the evaporation
process, sand surface resistance to evaporation is increased
and the amount of moisture coming into the air decreases.
Thus, the relative humidity difference at different elevations
decreases. Finally, the evaporation of the water will cease
when the vapor pressure of the sand becomes equal to the
surrounding air [4]. On the other hand, from the evolution
of relative humidity, the effect of air temperature and the
rate of air flow on evaporation can also be observed, at the
same airflow rate, the higher the temperature of the air in
the chamber, the lower the humidity relative in space. At
the same air temperature, the lower airflow rate only raises
a slightly higher relative humidity [41].

In contrast to the results of the research of Davenport [34]
and Hickman [42] that there is no direct correlation between
relative humidity and evaporation because the relationship
of the effect of relative humidity on various evaporation
and other climatic factors is much more influential on the
evaporation process.

Wind speed

Evaporation rates are high at high wind speeds [6,37].
Evaporation rates are sensitive to wind velocity at the
beginning of the process when the surface of the porous
media is wet [29,43], whereas an increase in wind speed
results in a reduction in evaporation rate when the surface of
the porous media is dry [44]. Wind speed has a considerable
influence on evaporation, especially when air humidity is
relatively high at the test site [35].

Height of water level

The water level significantly influences the evaporation
process [5]. The air content in the zone close to the surface
decreases rapidly at the beginning of evaporation and then
gradually decreases, the deeper the air level the lower the
evaporation rate. The effect of ambient conditions on
evaporation decreases with decreasing water level [45-47].
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This is consistent with the results of Hellwig’s study [48]
that maintaining the air surface 30 cm below the sand
surface reduces evaporation from the sand of average
diameter 0.32 mm to about 50% of the open air surface.
Maintaining an air level 60 cm below the sand surface
reduces evaporation from the sand of average diameter
0.53 mm to 10% of the exposed air surface. Other research
says that evaporation from the surface of the water on the
surface of the sand is 8% lower than the surface of open
water [35].

Difference in vapor pressure

Evaporation is directly proportional to the difference in vapor
pressure except in tests carried out at high humidity [40,49].
Evaporation stops when the vapor pressure on the surface
of a porous medium becomes equal to air [4].

Sand particle size

Evaporation decreases faster with increasing size of sand
that is inversely proportional [48]. Internal factors of sand
can be ignored if the surface of the water is on the surface of
the sand. Significantly internal factors of sand can affect the
rate of evaporation, if the water level is below the surface of
the sand. In this case the factor of increasing sand capillarity
will increase evaporation. This is consistent with the
description of the evaporation process which considers the
decline in groundwater levels by Koliasev [50], Hide [51]
and Gardner [52].

Capillary sand

Monitoring the capillary fluid path continuously in the
process of drying the porous media front is a way to
understand evaporation and the mechanism of pore scale
mass transport [1]. The sand is dominated by macro pores
so that water falling into the sand will immediately percolate
and water on the capillaries will be easily loose because
of evaporation [14-16]. The evaporation rate is likely to
be limited by a diffusive exchange at the top of the air
boundary layer above the water surface [28,53]. The larger
the size of the sand the evaporation rate will decreasing [48].
Distribution of substances from the inside to the surface
with a higher concentration of the substance is in the fine-
pore sand, indicating preferential flow in the water-filled
fine pores connected to the evaporation surface [54].
Changes in water content

Basically, evaporation of ground water causes a decrease in
water content, volumetric water content in the near surface
zone decreases rapidly at the beginning of evaporation and
then decreases gradually. In addition, deeper zones begin
to lose water only when evaporation lasts a long time. This
phenomenon can be launched by the resistance of soil
evolution to evaporation [9,32]. The trend of decreasing
evaporation was also observed by Wythers et al. [32] in
plate evaporation experiments. If the water content in the
sand increases, the air in the sand will decrease so that the
resistance to conduction or heat delivery will be low, the
heat absorption in the sand will be lower [16].

Hydraulic conductivity

The hydraulic conductivity coefficient is one of the most
important soil properties, because it controls the flow of
water [41]. Reducing saturated hydraulic conductivity can
speed up time for high-level evaporation.

12.

13.

Media temperature

Temperature in the sand can be influenced by the intensity
of solar radiation. The heat-off into the sand takes time,
so the temperature of the sand at each deeper depth has a
reduction. This can be proved by the research conducted by
Hellwig [35]. The media temperature is strongly influenced
by air conditions. When the air temperature is high, the
temperature of the sand rises and heat energy to evaporate
solely from the hot air. Conversely, when the air temperature
is low, energy for evaporation comes from the air and sand.
Evaporation process also affects the temperature of sand:
When the evaporation rate is low, the energy consumed by
evaporation is reduced, so the temperature of sand increases
due to hot air heat [41].

Distribution of chemical substances

In pore scale substance distribution dynamics, during
evaporation stage 1 which is defined by a continuous liquid
structure, the solute will be directed to the evaporation
surface by capillary flow. Thus, the concentration of the
substance on the surface increases continuously with
increasing time. The spatial distribution of the liquid
phase at the surface and its downward connectivity form
the accumulation of substances in the surface arca. In the
macroscopic scale of substance distribution dynamics,
surface evaporation significantly influences the dynamics of
solute concentration. This proves that evaporation occurs
only in water [1].

Potential Applicability

The potential for sand to store and transfer heat is effective
for water-unsaturated medium. Here it is concerned with the
condition of Indonesia, however, it can be used for any place
in the appropriate area. In the condition, especially for solving
environmental problems, some potential applications of sand
as an evaporation medium are as follows.

L.

On-site sanitation system is commonly used as a means
of managing human waste in urban and rural areas in
Indonesia. There are two systems, namely:

a. Evaporation bed system. This system allows wastewater
to flow into the septic tank, and the waste is discharged
through the soil absorption system. Soil absorption can
be a mound of sand as a wastewater evaporator, called
evaporation bed.

b. Evapotranspiration bed system. To be able to increase
the flow of water into the air, the evaporation bed is
overgrown with plants, making it an evapotranspiration
bed. This system is very easy to modify from the
evaporation bed, and has become important in the era
of the COVID-19 pandemic and beyond. Since this
pandemic era, everyone must use personal protection,
the essential thing is a mask, keep distance and personal
hygiene and other inanimate objects. This essential
requirement results in the addition of wastewater, which
is enriched with antiseptic and disinfectant substances.
The quality of wastewater is effectively improved using
plant processing [55] to absorb chlorides, and together
with root microbes can degrade organic substances.
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The advantage of the evaporation and evapotranspiration of
wastewater is reducing the amount of wastewater infiltration
into groundwater, so that groundwater pollution can be reduced.
Likewise, the existence of unsaturated conditions, allows the
process to run acrobically, therefore organic wastewater materials
can be degraded properly.

2. The handling of leachate resulting from municipal waste
degradation is also still problematic. Leachate treatment
processes require precision leachate quality. The process can
be aided by reducing leachate flow. In this connection is the
use of sand as a leachate evaporation medium. In accordance
with the research of Marks et al. [56] treatment of leachate
by evaporation can reduce most of the amount of water in
leachate proportional to the high rate of evaporation, so that
it can reduce the processing load compared to conventional
processing. The evaporation process will produce leachate
concentrate. The resulting concentrate will contain most
of the contaminants and will be a fraction of the original
leachate volume. Leachate treatment by evaporation
allows the reduction of volatile organic compounds such as
ammonia and organic acids from leachate and from non-
volatile components such as heavy metals and other solids,
thus affecting the quality of the leachate.

CONCLUSIONS

Evaporation from porous media involves mass and energy
transportation including phase changes, vapor diffusion, and
liquid flow, and produces complex displacement patterns that
affect the rate of evaporation. Evaporation from porous media
has 2 stages namely the rate of evaporation from high saturated
porous media and is relatively constant. It is called evaporation
stage 1, which is largely limited by meteorological factors. Then
followed by lower evaporation values. It is called evaporation
stage 2, which is limited by the nature of transportation porous
media. In a practical sense the use of sand for the evaporation
medium is to use unsaturated conditions, so that heat can be
stored by sand and transferred to water to evaporate.
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