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Abstract

Today, due to climate change, limited water resources and population growth, the
problem of evaporation from water reservoirs has become a global issue. Various
methods have been proposed to reduce evaporation from the water surface, which
using heavy alcohols hexadecanol and octadecanol as a powder or solution is one
of the common methods. Using these alcohols as a solution is more common
because they are less displaced by wind and have a more uniform distribution.
The emulsions used include hexadecanol, octadecanol and an equal combination
of hexadecanol with octadecanol. Class A evaporation pans were used to evaluate
the performance of the emulsions made in reducing evaporation from the water
surface. In addition to chemical compounds in this study, physical methods such
as floating balls and canopy were used. The experimental results showed that the
octadecanol emulsion had better performance against water evaporation than
other chemical compounds. Comparison of the performance of the emulsions and
the physical methods showed that the two methods of canopy and floating balls
had better performance than the chemical methods, although the octadecanol
emulsion in some cases had similar performance to the physical methods in
reducing evaporation from the water surface. The study of the effect of wind
speed on the performance of the monolayer showed that at low wind speeds the
performance of the monolayer is similar to that of floating balls and canopy, but
gradually with increasing wind speed, the performance of the monolayer
decreases sharply.

1. Introduction

The problem of evaporation from water reservoirs has become a global issue due to climate change,
limited water resources, and population growth. With increasing environmental concerns, the world is
under pressure to make optimal use of water resources, for example in Australia the rate of evaporation
is 2 meters per year and the average rainfall is 500 mm per year (Erick, 2007). At such heat, about 95%
of the rainfall evaporates before it falls to the ground. Studies have shown that more than half of the
water that accumulates behind dams or in small reservoirs is lost due to evaporation (Craig, 2005).
Various tools have been used to deal with surface evaporation, such as floating cover structures
(Elshafei et al. 2021) and covering the surface of the water with thin layers of polyethylene (Barnes,
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2008). Implementation of floating structures is not practical in large dimensions and costs a lot of money
and, is suitable for only small scales. Low cost of preparation and spraying on the water surface, ease,
and high speed of spread are the advantages of monolayers, and among the limitations of their use, we
can mention their short life and the negative effect of wind on their performance. These thin films can
be created using surfactants or some polymers or a combination of both. The surfactants spread on the
surface as soon as added to the water, reducing the surface tension of the water. The tendency of these
materials to be located at the common boundary between water and air creates an almost single-
molecular thin layer of these materials on the surface of the water, which due to the nanometer thickness
of this layer, the amount of material used is very small compared to the coated surface. For instance,
Ikweiri et al. (2008) on the Omar Mokhtar Dam achieved an evaporation reduction of about 17% by
using a substance based on a mixture of steel alcohol and stearyl alcohol. Their results showed that 80
to 100 grams of this substance can cover the area of one hectare of water. Using heavy alcohols
hexadecanol and octadecanol as a powder or solution among monolayer methods. Applying these
alcohols as a solution is more common because they are less displaced by wind and have a more uniform
distribution.

2. Materials and Methods

This research was carried out near the Ahvaz Airport meteorological station with a latitude of 31° 32',
a longitude of 48° 66', and an altitude of 16 m above sea level. In order to conduct research and evaluate
the efficiency of different methods in reducing evaporation from the water surface, Class A evaporation
pans with a diameter of 120.7 cm and a depth of 25 cm made of galvanized iron were used. In the
present study, Brij-35 was used instead of conventional solvents due to its compatibility with the
environment. In addition, Brij-35 formed a stronger polar bond than Brij-78 and showed greater
resistance to evaporation in contact with the water surface. Another advantage of Brij-35 over Brij-78
is that it melts at a lower temperature, which makes it easier to use. Based on primary experiments, Brij-
35 formed a stronger polar bond than Brij-78 and showed greater resistance to evaporation in contact
with the water surface, so in the present study, Brij-35 was used to make the emulsion. The emulsions
used include hexadecanol, octadecanol, and an equal combination of hexadecanol with octadecanol. In
this study, in addition to chemical compounds, physical methods were used to evaluate the monolayers’
performance. Physical methods used included canopy and floating balls. Chemical compositions with
canopy and floating balls were investigated in 5 Class A evaporation pans compared to the control pan.
In the floating ball pan, 100% of the pan surface was covered with balls with a diameter of 5-6 mm. In
the canopy pan, the distance of the pan from the canopy was considered to be 30 cm.

3. Results

The results obtained from the experiments conducted on the evaporation pans show that octadecanol
and Brij emulsion has the highest effect in reducing evaporation compared to hexadecanol emulsion
and the combination of hexadecanol and octadecanol. Compared to the two physical methods of the
canopy and floating balls, the octadecanol emulsion had a weaker performance on most days, although
in some cases, its evaporation reduction rate was equal to that of floating balls and canopy. This can
indicate the effectiveness of the octadecanol emulsion under the influence of different meteorological
parameters (Mozafari et al. 2019). A comparison of the efficiency of different methods shows that the
canopy and floating balls have the best performance with 60 and 56 percent reduction of evaporation,
respectively, and octadecanol emulsion ranks next with 36 percent reduction of evaporation.

4.  Discussion and Conclusion

The study of the performance of the three monolayers shows that in some cases their impact on
evaporation from the water surface is very high and, on some days, they have little effect. One of the
most important reasons for this is the effect of various meteorological parameters such as air
temperature, relative humidity, sunshine duration, and wind speed on the performance of monolayers.
The experimental results showed that the octadecanol emulsion had better performance against water
evaporation than other chemical compounds. Comparison of the performance of the emulsions and the
physical methods showed that the two methods of the canopy and floating balls had better performance
than the chemical methods, although the octadecanol emulsion in some cases had similar performance
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to the physical methods in reducing evaporation from the water surface. By examining the water
temperature, it was observed that the water temperature of the monolayer is not much different from
the control pan. But the water temperature of the pan has a canopy less than the control pan. The use of
floating balls increased the water temperature in the pan compared to the control pan. One of the most
important reasons for this is the covering of the water surface, which prevents the wind from affecting
the water in the pan. In addition, the presence of floating balls causes more heat to be absorbed from
the sun and transferred to the water. The study of the effect of wind speed on the performance of the
monolayer showed that at low wind speeds the performance of the monolayer is similar to that of
floating balls and canopy, but gradually with increasing wind speed, the performance of the monolayer
decreases sharply.
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Evaporation Suppression from the Water Surface Using
Monolayers

Mehrdad Karimzadeh?!, Javad Zahiri?
Abstract

Today, due to climate change, limited water resources and population growth, the problem of
evaporation from water reservoirs has become a global issue. Various methods have been proposed to
reduce evaporation from the water surface, which using heavy alcohols hexadecanol and octadecanol as
a powder or solution is one of the common methods. Using these alcohols as a solution is more common
because they are less displaced by wind and have a more uniform distribution. The emulsions used
include hexadecanol, octadecanol and an equal combination of hexadecanol with octadecanol. Class A
evaporation pans were used to evaluate the performance of the emulsions made in reducing evaporation
from the water surface. In addition to chemical compounds in this study, physical methods such as
floating balls and canopy were used. The experimental results showed that the octadecanol emulsion
had better performance against water evaporation than other chemical compounds. Comparison of the
performance of the emulsions and the physical methods showed that the two methods of canopy and
floating balls had better performance than the chemical methods, although the octadecanol emulsion in
some cases had similar performance to the physical methods in reducing evaporation from the water
surface. The study of the effect of wind speed on the performance of the monolayer showed that at low
wind speeds the performance of the monolayer is similar to that of floating balls and canopy, but
gradually with increasing wind speed, the performance of the monolayer decreases sharply.
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