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ARTICLE INFO ABSTRACT
Method name: An appropriate salt production methods must be implemented to increase salt production’s quan-
Geomembrane-based salt production method tity and quality. This paper was prepared to introduce and demonstrate a new method, namely

a geomembrane-based salt production method, which can contribute directly to increasing the

quantity and quality of people’s salt production. This method can be applied quickly with sim-

Small-scale salt producer ple equipment, so this method is easy to replicate in various salt production center areas. The

Geomembrane results of statistical tests directly show that there is a fundamental difference between the quan-

Salt crystallization pond tity and quality of salt produced by salt farmers using conventional salt production methods and
geomembrane-based salt production methods, where geomembrane-based salt production meth-
ods are capable of producing much higher quantities of salt production with better quality.
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» The geomembrane-based salt production method is easy to implement because it uses simple
equipment and can be made independently by salt farmers.

+ Using a geomembrane in this method can prevent leaks in the salt crystallization pond and
optimize heat from solar energy to optimize the quantity of salt production.

« This method prevents direct contact of seawater with soil. The effect is that the quality of salt
produced from geomembrane-based salt production methods is higher than conventional salt
production methods.

Specifications table

Subject area: Food Science

More specific subject area: Salt production

Name of your method: Geomembrane-based salt production method

Name and reference of original method: Rochwulaningsih Y, Sulistiyono ST, Utama MP, Masruroh NN, Rukayah S, Efendy M, et al. Traditional knowledge
system in palung salt-making in Bali Island. J Ethn Foods. 2019;6(1):10. Available from: 10.1186/542779-019-0018-2

Resource availability: Reservoir ponds, evaporation ponds, salt crystallizers, solid cylinders, trenching tools, wooden stakes, geomembranes

Method details

The geomembrane-based salt production method is a salt production method that utilizes solar energy to process seawater to form
salt crystals. This method is an improvement of the conventional method of salt production where the salt crystallization pond is lined
with a layer of geomembrane to avoid direct contact of seawater with the ground during the salt crystallization process, whereas
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in the conventional salt production method, the salt crystallization pond is deliberately designed, directly on the ground [1]. This
difference will directly affect the quantity and quality of salt farmers produce.

The geomembrane-based salt production method is considered to have several advantages, namely being able to minimize leaks
in the embankments and bottom of crystallization ponds due to marine biota such as shellfish and sea snails, so that the quantity
of salt production can be increased [2]. In addition, crystallization ponds that are not in direct contact with the ground cause salt
production to have low levels of pollutants. Furthermore, the geomembrane layer can optimize the heat from solar energy received by
the crystallization pond [3,4] so that the salt formation process becomes faster and the salt’s NaCl content can be adequately increased.
The geomembrane-based salt production method has one stage of method adjustment compared to the conventional method, where
in the geomembrane-based salt production method there is a stage of installing a geomembrane which will become the base of the
salt crystallization pond.

The application of this method depends on the availability of the geomembrane installed in the salt crystallization pond. Apart
from that, the geomembrane specifications will also affect the resistance of the salt crystallization pond to marine biota, which can
easily penetrate the geomembrane [5,6]. Furthermore, it is also necessary to ensure that the stages of installing the geomembrane
layer are carried out correctly (there are no folded geomembrane layers) so that the use of geomembrane in the crystallization pond
can be optimized to obtain harvests with superior quantity and quality.

Several stages must be carried out to implement a geomembrane-based salt production method. The first stage is preparing the
equipment to install the geomembrane in the salt crystallization pond. These equipment are:

1. Solid cylinder, used to level the soil in salt crystallization ponds. The solid cylinder used in practice is a simple tool made
independently by salt farmers using wood, bamboo, iron and cement (Fig. 1a). The size of this tool varies greatly between salt
farmers. On average, this tool weighs 1 quintal with a tube height of 1 m;

2. The trench-making tool is used to make small trenches to connect geomembranes. Salt farmers made small trench-making tools
directly using leftover wood from building materials no longer used (Fig. 1b). This tool has the characteristic of forming the
letter “V” at the bottom with tapered ends. The size of this tool varies greatly among salt farmers in Indonesia because it is
made from simple materials and adapted to the ease and practicality of the tool by each salt farmer;

3. Wooden stakes are used to lock the geomembrane installed in the crystallization pond. The stakes for installing the geomem-
brane are made from bamboo or other wood with sharp ends, which will then be driven into the ground through the geomem-
brane. These stakes are installed with the aim that gusts of sea breeze do not easily blow away the geomembrane layer;

4. Geomembrane as the bottom layer of the salt crystallization pond. The recommended geomembrane for salt crystallization
ponds is a minimum thickness of 0.5 mm. A lower thickness can increase the risk of gecomembrane leakage, thereby hampering
the salt production process in the crystallization pond (Fig. 1c). Choosing geomembrane specifications in the smallholder salt
production process is very important because it is related to the costs and benefits that salt farmers will obtain. The use of
thick geomembrane results in a longer usage period. A thick geomembrane has relatively better resistance than a thinner one.
However, the use of thick geomembrane also directly impacts increasing production costs that farmers must incur.

Once the equipment is available, the next stage is cultivating the land used as a salt crystallization pond using a geomembrane-
based salt production method. Geomembrane installation begins with preparing the land used as a salt crystallization pond. These
stages include:

1. Make ripening of the salt crystallization pond
The construction of embankments can be done manually by salt farmers. The embankment in the crystallization pond has an
essential role as a barrier between the evaporation pond and the reservoir pond. Leaks in the embankment can make it difficult
for salt crystals to form, and the NaCl content of the resulting salt will be lower. The embankment construction takes 2-3 days
with 2-3 people for a crystallization pool measuring 1000 m2. Wider crystallization pools require a larger number of people
and a longer number of days.

2. Level the ground in the crystallization pond
The land in the crystallization pond must then be leveled to facilitate the salt harvesting process. Land leveling is done with
the help of a solid cylindrical tool. This stage is carried out repeatedly using a solid cylinder until the soil in the crystallization
pond is completely solid and even. The average time needed to complete this stage is between 3 and 4 days with a workforce
of 1 to 2 people for a salt crystallization pond area of 1000 m?. This stage is one of the most crucial in the geomembrane-based
salt production process. Several things underlie this statement. First, using geomembrane requires a flat pool bottom, so the
geomembrane installation process becomes easier and neater. This will make the salt harvesting process easier later. Second,
geomembrane is a layer that is easily torn, especially the use of geomembrane with a thin layer (layer thickness below 0.5 mm)
so that an uneven pool bottom can increase the risk of geomembrane leaks during salt production.

3. Installation of the geomembrane layer
After the soil layer in the crystallization pond is solid and even, the next stage is installing the geomembrane layer. Ge-
omembrane layers generally have a size of 6 m x 50 m per roll, so installation on large areas requires more than one roll of
geomembrane. Geomembrane installation begins with measuring the area of the crystallization pond. This measurement is
carried out to determine the number of geomembrane rolls needed to cover the entire surface of the crystallization pond. After
that, a small trench was made according to the size of the geomembrane (Fig. 2a). This trench connects one geomembrane to
another so that the entire surface of the crystallization pond is entirely covered by a layer of geomembrane (Fig. 2b).
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Fig. 1. (a) Solid cylinder, (b) Trench-making tools, (c) Geomembranes.

The geomembrane connection is carried out by inserting the edge of the geomembrane into the trench that has been made. Then,
the trench is pressed with a footstep to make the trench tighter and prevent water leaks from the trench. This step is carried out
repeatedly until the entire surface of the salt crystallization pond is covered by a layer of geomembrane (Fig. 2b). Finally, on the
embankment, the geomembrane layer is locked using the wooden stakes provided, and then the salt crystallization pond is ready for
use.

Once the crystallization pond is ready, the salt production process using the geomembrane-based salt production method can be
carried out. The salt production begins by channeling seawater into a reservoir pond (Fig. 3). The pond stores young sea water (sea
water with low salt content). Apart from having a low salt content (average salt content of 3 %), sea water at this stage also has a
characteristic cloudy color because it is mixed with soil or mud particles. Sea water enters the reservoir pool assisted by windmill
power, making the production process more cost-effective. The reservoir pool holds sea water for approximately 4-7 days to increase
the salt content of the sea water through the evaporation process. This pool’s sea water salt content is targeted at 3.5 %—4 %.

After reaching the salt level, the sea water from the reservoir pool will flow into the evaporation pool. In evaporation ponds,
the salt content of sea water is increased gradually from the first evaporation pond to the last evaporation pond. The salt content
in sea water that is expected from the evaporation process of sea water in the pool is 19 %-25 % or, commonly referred to as old
water (seawater with a high salt content). When the target salt content has been met in the evaporation pond, the old water will
flow into the crystallization pond coated with a geomembrane layer. Salt crystals will begin to form when the old water in the salt
crystallization pond is 2-3 days old, and after that, the salt is ready to be harvested.
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Fig. 2. (a) Making a small trench to connect one geomembrane to another, (b) Salt crystallization pond that has been entirely covered by geomem-
brane.

Fig. 3. The salt production flow uses a geomembrane-based salt production method.

Next, we carried out an evaluation to show the differences in the performance of people’s salt production that uses geomembrane
and those that do not. Several indicators are the main focus that can show the positive impact of using geomembrane in the process
of smallholder salt production, namely the quantity and quality of production [7,8], the length of time for salt production and the
number of harvests [9], the use of labor [10,11], and the income level of salt farmers [12,13]. This evaluation was analyzed using
the independent sample t-test statistical test method. We took a sample of 154 salt farmers, of which 68 used conventional methods
and 86 used geomembrane-based salt production methods.

The results of the analysis show that the geomembrane-based salt production method can produce higher production results than
conventional methods. Salt produced through conventional methods can only produce an average of 1280.9712 kg per hectare per
harvest (Table 1). This value is much lower when compared to the geomembrane-based salt production method, which can produce
salt with a quantity of 1908.2791 kg per hectare per harvest. Statistically, the t-test probability is 0.0008, lower than the alpha level
of 1 %, meaning there is a significant difference between conventional and geomembrane-based salt production methods.
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Table 1

T-test of salt production using conventional and geomembrane-based salt production methods.
Variable Obs. Average production (kg/ha) Std. err. Std. dev.
Conventional 68 1280.97 81.00 667.94
Geomembrane-based salt production 86 1908.28 149.80 1389.20
t-test -3.42
Prob. 0.00

Source: Primary data analysis, 2024.

Table 2
T-test for the length of time for salt production using conventional methods and geomembrane-based
salt production methods.

Variable Obs. Production time (days) Std. err. Std. dev.
Conventional 68 5.08 0.24 1.98
Geomembrane-based salt production 86 2.41 0.11 1.03
t-test 10.77
Prob. 0.00

Source: Primary data analysis, 2024.

Table 3
T-test for the number of salt harvests per season using conventional methods and geomembrane-based
salt production methods.

Variable Obs. Number of harvests (times/season) Std. err. Std. dev.
Conventional 68 33.49 2.41 22.35
Geomembrane-based salt production 86 47.12 3.54 29.26
t-test -3.28
Prob. 0.00

Source: Primary data analysis, 2024.

Table 4
T-test of labor use for salt production using conventional methods and geomembrane-based salt pro-
duction methods.

Variable Obs. Labor (man-day) Std. err. Std. dev.
Conventional 68 208.17 15.36 126.66
Geomembrane-based salt production 86 161.89 14.01 130.00
t-test 2.21
Prob. 0.02

Source: Primary data analysis, 2024.

The higher production using the geomembrane-based salt production method is due to the characteristics of the geomembrane
which can optimally absorb solar heat, so that more salt crystals are formed. Furthermore, using geomembrane in the salt production
process causes the seawater evaporation process faster, meaning that the time required for the salt production process is shorter than
conventional methods (Table 2.).

Salt production using conventional methods takes 5.08 days from the time seawater enters the crystallization pond until salt
crystals that are ready to be harvested are formed. This figure is much greater than the geomembrane-based salt production method
which requires a production time of 2.41 days from the time seawater enters the salt crystallization pond. This shows that the
geomembrane-based salt production method can shorten the salt production process. In short, production time influences the number
of harvest days that farmers can harvest. Salt farmers using conventional methods can only harvest salt 33.49 times on average, while
farmers using geomembrane-based salt production methods are able to harvest 47.12 times per season (Table 3).

Another indicator, namely the labor use indicator, also shows that the geomembrane-based salt production method can minimize
the use of labor in the smallholder salt production process (Table 4). The use of conventional labor methods is 208.17 man-day.
This figure is much greater than the use of labor in the geomembrane-based salt production method which is only 161.89 man-day.
The use of labor in the salt production process includes the use of labor to create salt pond embankments, level the land, install and
maintain windmills, create water channels, install geomembranes (especially for geomembrane-based production methods), produce
and harvest salt, and market salt.

The geomembrane-based salt production method uses less labor for the salt production and harvesting process compared to
conventional methods (although there is additional labor used for geomembrane installation with an average labor force of 5.73
man-day). In the conventional method, the production and harvesting process requires more labor because salt must be washed
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Table 5

T-test of income of salt farmers using conventional methods and geomembrane-based salt production

methods.
Variable Obs. Income (IDR) Std. err. Std. dev.
Conventional 68 4.43e+07 5125.23 4234.34
Geomembrane-based salt production 86 6.04e+07 3920.98 3598.45
t-test -2.54
Prob. 0.01

Source: Primary data analysis, 2024.

Table 6

T-test of salt quality using conventional and geomembrane-based salt production methods.
Variable Obs. Average NaCl concentration (%) Std. err. Std. dev.
Conventional 68 88.77 0.39 3.21
Geomembrane-based salt production 86 92.03 0.49 4.59
t-test -2,18
Prob. 0,03

Source: Primary data analysis, 2023.

before being harvested to remove dirt or soil particles carried in the salt crystals. The conventional method for the salt production
and harvesting process requires a workforce of 102.12 man-day, while the geomembrane-based salt production method only requires
a workforce of 66.27 man-day.

The use of geomembrane-based salt production methods has an impact on increasing the costs that farmers have to pay to pro-
vide geomembrane. Salt farmers who use geomembrane-based salt production methods must purchase geomembrane for use in salt
crystallization ponds. A salt crystallization pond with a size of 1000 m? requires 4 rolls of geomembrane measuring 6 m x 50 m and
a thickness of 0.5 mm at a price of IDR 2279,400 per roll. However, the selling price of salt produced using the geomembrane-based
salt production method is much higher than the conventional method, so the overall income of farmers using the geomembrane-based
salt production method is higher than the conventional method (Table 5).

The selling price of salt using the geomembrane-based salt production method is higher than the conventional method due to
the high quality of the salt produced using this method. The quality of the salt produced can be determined by using an indicator
for the NaCl content contained in the salt. The higher the NaCl content, the higher the quality of the salt produced. The price of
superior-quality salt can reach IDR 1900 per kg, while low quality salt can only be sold for IDR 400 per kg. The analysis results show
that the NaCl content in the salt produced using the geomembrane-based salt production method is higher than the conventional
method (Table 6).

Salt produced using the geomembrane-based salt production method has an average NaCl content of 92.03 %, different from
salt produced using conventional methods, where the average NaCl content contained in the salt is only 88.77 %. The statistical
analysis results show that the t-test probability value is 0.03, where this value is lower than the alpha level of 5 %, thus indicating
that statistically, the salt produced through the geomembrane-based salt production method has a higher NaCl content than the salt
produced and produced through conventional methods. These results prove that the geomembrane-based salt production method can
increase the quantity and quality of salt production compared to conventional methods [1]. Using simple equipment and relatively
easy application of methods with great benefits for salt farmers are the main advantages of the geomembrane-based salt production
method. This can also encourage this method to be replicated and applied well in various areas of salt production centers that rely
on solar thermal energy.
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