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Abstract

Maximizing the quantity, quality, and cost-efficiency of salt production requires innovative approaches. This
study presents a novel geo-membrane (GM)-based salt production technique that significantly improves salt yield
and quality for Indian salt producers. The GM method is simple to implement across various salt production
facilities, requiring only basic equipment. Compared to traditional methods, statistical analyses demonstrate
substantial improvements in both the quantity and quality of salt produced with the GM method. The process
enhances salt purity by 12-15%, reduces production costs by 15-20%, and prevents brine leakage, optimizing solar
energy utilization in crystallization ponds.
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Introduction

Salt manufacturing is a key industry in India, supplying essential minerals for both industrial and domestic
applications. Traditional salt production, which involves evaporating seawater in large, shallow ponds, has been
practiced for centuries. However, these methods often lead to significant inefficiencies, both in the quantity and
quality of salt produced. Furthermore, traditional techniques require extensive manual labor and are vulnerable to
environmental challenges suchas rainfall, humidity, and temperature fluctuations.

A promising alternative is the use of geo-membrane (GM) technology in salt production. Geo-membranes are
synthetic liners widely used in industrial applications to prevent fluid leakage and contamination. When applied
to salt production, GMs line crystallization ponds to reduce brine loss, increase evaporation efficiency, and
ultimately improve the quantity, quality, and cost-efficiency of salt production. This paper evaluates the effectiveness
of GM-based salt production in India and compares it with traditional methods.

Literature Review
Traditional Salt Production
Salt production has been a vital industry in many economies for centuries, including in India, where traditional

methods have been in use for hundreds of years. These techniques typically involve the evaporation of seawater in
large, shallow ponds called salterns or salt pans. The process consists of several stages:
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1. Brine Collection: Seawater is directed into shallow ponds.
2. Evaporation: Solar energy causes the water to evaporate, leaving behind salt crystals.
3. Salt Harvesting: The crystallized salt is then collected and processed.

Although traditional methods are culturally and historically significant, they suffer from several limitations:

° Environmental Sensitivity: Salt yields are often affected by weather conditions like rainfall, humidity, and
temperature, leading to inconsistent production and inefficiency.

° Labor-Intensive: The process requires significant manual labor for both maintenance and salt harvesting,
making it time-consuming and costly.

° Environmental Impact: Traditional methods contribute to soil salinization and the uncontrolled dispersion
of brine, which can damage local ecosystems.

Handoyo et al. (2023) highlight the inefficiencies in traditional salt production, identifying problems like inconsistent
salt quality and labor-intensive processes. Additionally, market volatility exacerbates these challenges, impacting the
overall performance of the salt industry. The study emphasizes the urgent need for innovative strategies to improve
productivity and the long-term sustainability of these traditional practices.

Geo-Membrane Technology

Geo-membrane technology presents a promising solution to the limitations of traditional salt production. Lavoie et
al. (2021) examined the use of High-Density Polyethylene (HDPE) geomembranes in mining facilities to prevent
environmental contamination. These synthetic liners have significant implications for salt production, as they can be
used to line crystallization ponds, reducing brine loss and preventing soil contamination. The enhanced containment
improves evaporation efficiency, leading to higher yields and better-quality salt. This technology represents a key
advancement in addressing the inefficiencies associated with traditional methods.

Technological Innovations in Salt Production

Spray Dryer Technology

Ansar et al. (2022) introduced a novel approach to salt production using a spray dryer, a significant technological
innovation. The spray dryer atomizes brine into fine droplets, which are then dried using hot air. This method
accelerates evaporation while ensuring consistent salt quality. Such technological advancements demonstrate the
potential to overcome the limitations of traditional salt production, improving both efficiency and product quality.

Framework for Evaluating New Technologies

Prakash et al. (2017) developed a framework to assess the impact of new production techniques on productivity,
quality, and overall business performance. This framework provides a valuable tool for evaluating how innovations
like geo-membrane technology and spray dryers influence productivity and financial outcomes in the salt production
industry.

Advancements in Research

Real-Time Monitoring and Smart Sensors

Kumar et al. (2024) explored the integration of real-time monitoring systems and intelligent sensors in salt
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production. These technologies continuously monitor brine concentration, temperature, and humidity, allowing for
more precise control over the evaporation process. Real-time data improves salt quality and increases efficiency,
offering a modernized approach to traditional salt production.

Renewable Energy Integration

Patel et al. (2024) analyzed the potential of using renewable energy sources, such as solar panels and wind turbines,
to power salt production systems. Their study showed that integrating renewable energy can reduce reliance on fossil
fuels, lower operational costs, and decrease the carbon footprint of salt production, making it more sustainable.

Advances in Geomembrane Materials

Recent developments in material science have improved the durability and efficiency of geomembranes. Singh et al.
(2023) studied advanced polymer composites used in geomembranes, which provide greater resistance to
environmental stress and chemical degradation. These improvements extend the lifespan of geomembranes, reduce
maintenance,and enhance their overall efficiency in salt production.

Economic Impact of Technological Innovations

Mehta et al. (2023) conducted an economic analysis of implementing technological innovations like spray dryers,
geo-membranes, and renewable energy systems in salt production. While the initial investment in these technologies
may be high, the long-term benefits—such as increased salt yield, reduced operational costs, and improved
environmental sustainability—far outweigh the costs. This study supports the argument that adopting modern
technologies enhances the economic viability of salt production.

Methodology

Experimental Design

A comparative study was conducted to evaluate the efficacy of traditional salt production methods versus the geo-
membrane (GM)-based method. This study was carried out at two salt production centers in India. One site used
conventional methods, while the other implemented the GM-based approach. The goal was to assess improvements

in salt yield, quality, and cost-efficiency associated with the GM-based method.

Components and Apparatus

The production of salt using the GM-based method required the following components andapparatus:

° Geo-Membranes (High-Density Polyethylene - HDPE): These synthetic liners were installed in
crystallization ponds to prevent brine leakage and contamination, ensuring a more controlled environment for salt
production (Lavoie et al., 2021).

° Installation Tools: Tools such as shovels, rollers, and other standard equipment were used to install the geo-
membranes smoothly and securely across the pond surfaces.
° Standard Salt Production Equipment: Pumps and pipes were used for transferring brine into the ponds

and for harvesting the crystallized salt. These are standard acrossboth traditional and GM-based methods.
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Steps to Conduct the Experiment

1. Site Preparation

o At both the traditional and GM-based salt production sites, crystallization ponds were drained and
cleaned to remove any contaminants or debris.

o For the GM-based site, HDPE geo-membranes were installed on the bottom and sides of the ponds

to prevent brine seepage and ensure containment. The
membranes were laid flat with no gaps to guarantee optimal brine retention (Singhet al., 2023).
o Traditional Site: At the conventional site, the ponds were left unlined, allowing

direct interaction between the brine and the soil.
2. Introduction of Brine

o Seawater was pumped into both the GM-based and traditional ponds. The quantity of brine
introduced at each site was carefully measured to ensure consistency for
comparison.

o At the GM-based site, the introduction of brine was managed in a controlled and systematic manner
to maximize surface exposure and optimize evaporation
conditions (Patel et al., 2024).

3. Evaporation Process

o Traditional Site: The brine was left to evaporate naturally through exposure to sunlight, with no
additional controls over temperature or humidity. Some loss ofbrine occurred due to seepage into the ground.

o GM-Based Site: The HDPE geo-membranes enhanced evaporation by reflecting solar energy and

preventing brine seepage, resulting in better heat retention and faster evaporation (Kumar et al., 2024). Real-time
monitoring sensors tracked temperature, humidity, and brine concentration to maintain optimal evaporation
conditions.

4. Salt Crystallization

o As the brine evaporated, salt crystals began to form at both sites. However, therate of crystallization
and the quality of salt produced varied between the two methods.

o Traditional Site: Salt was collected manually as it crystallized, with workers determining the
appropriate harvesting time by visual inspection.

o GM-Based Site: Salt crystallized more uniformly due to the optimized

evaporation process facilitated by the geo-membranes. This allowed for easier collection, with minimal manual
intervention.

5. Salt Harvesting

o Salt was harvested from both the traditional and GM-based ponds once the brine had evaporated
sufficiently.

o Traditional Site: Harvesting was labor-intensive, requiring manual tools to scrape the salt from the
pond floors.

o GM-Based Site: The smooth surface of the geo-membranes allowed for quicker and more efficient
harvesting, reducing the time and labor required for salt

collection.
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6. Quality Analysis of Salt

After harvesting, the salt was subjected to a series of quality assessments:

o Purity Analysis: A chemical analysis was conducted to determine the purity of the salt, specifically
its sodium chloride (NaCl) content.

o Mineral Content: The mineral composition of the salt, including the presence of any impurities,
was measured using industry-standard analytical techniques (Ansar et al., 2022).

Data Collection

Data were collected over six months to ensure robust findings. The following parameters were monitored and
recorded:

1. Quantity of Salt Produced: The weight of the salt produced at both sites was measured monthly in tons.
This allowed for a direct comparison of the production efficiency of thetwo methods.
2. Quality of Salt Produced: Both purity and mineral content were evaluated through lab-based chemical

analyses (Prakash et al., 2017). These metrics helped determine the overall quality of the salt produced by each
method, ensuring it met industry standards.

3. Cost Analysis: Production costs were carefully tracked, including expenses related to labor, equipment
maintenance, brine loss, and energy consumption. This provided insight into the cost-efficiency of the GM-based
method versus traditional methods.

Environmental Impact Assessment

The environmental impact of each method was also evaluated through:

° Soil Contamination Testing: Soil samples were collected from around both sites to assess salinization
levels, with the GM-based method expected to reduce soil
contamination due to the use of geo-membranes.

° Water Conservation: Water loss was monitored at both sites to determine the
effectiveness of the GM-based method in reducing brine leakage and promoting water conservation (Kumar et al.,
2024).

This comparative study aimed to provide insights into the efficiency, cost-effectiveness, and environmental impact of
integrating geo-membrane technology into traditional salt production processes. Through a detailed examination of
both the quantity and quality metrics, the study highlights the benefits and potential enhancements offered by the
GM-based method over conventional approaches.

Results and Discussion
Salt Production Quantity
The study revealed that the geo-membrane (GM)-based method significantly increased salt production compared to

traditional methods. Over the same period, ponds lined with HDPE geo-membranes produced, on average, 30% more
salt than conventional ponds. Two mainfactors contributed to this substantial increase:

© 2024, IJSREM | www.ijsrem.com DOI: 10.55041/IJSREM37956 | Page 5



http://www.ijsrem.com/

&%’ ‘3 3%

IJSREM
W ¢ International Journal of Scientific Research in Engineering and Management (IJSREM)
A Volume: 08 Issue: 10 | Oct - 2024 SJIF Rating: 8.448 ISSN: 2582-3930
1. Prevention of Brine Leakage: Traditional salt ponds often experience brine seepage into the ground,

reducing the available volume of brine for evaporation. Geo-membranes

effectively prevented this leakage, ensuring that ponds retained the maximum amount of brine for evaporation
(Lavoie et al., 2021; Singh et al., 2023).

2. Optimized Evaporation Process: The geo-membrane liners enhanced heat retention within the ponds,
accelerating the evaporation process. This optimization led to more efficient salt crystallization, resulting in higher
yields (Kumar et al., 2024).

Salt Quality

The GM-based method also demonstrated improvements in salt quality, with a 12-15% increase in purity levels and
a reduction in contamination. Several factors contributed to this improvement:

1. Higher Purity Levels: The controlled environment provided by the geo-membranes minimized the
introduction of foreign materials such as soil and organic matter, which are common contaminants in traditional
methods (Ansar et al., 2022).

2. Reduction in Soil Contamination: Traditional salt production methods involve direct

contact between seawater and soil, leading to contamination from soil particles and other impurities. Geo-membrane
liners eliminated this direct contact, producing cleaner, purersalt crystals (Prakash et al., 2017).

Cost Optimization

The cost analysis revealed that the GM-based method reduced production costs by 15-20%. This cost efficiency was
achieved through several mechanisms:

1. Reduced Labor Costs: The GM-based method required less manual labor for pond maintenance and salt
harvesting due to the reduced need for frequent repairs and the increased efficiency of the evaporation process
(Handoyo et al., 2023).

2. Decreased Brine Losses: The geo-membranes minimized brine leakage, ensuring a larger volume of brine
remained available for salt production. This reduced the need for additional brine pumping, thereby lowering
associated costs (Patel et al., 2024).

3. Improved Evaporation Efficiency: The optimized evaporation process not only increased salt production
but also reduced the time required for crystallization. This increased efficiency resulted in lower operational costs
and more streamlined productioncycles (Kumar et al., 2024).

Overall Analysis

The analysis clearly demonstrates that the GM-based method surpasses traditional methods in terms of production
guantity, quality, and cost efficiency. The implementation of geo-membrane technology addresses many of the
inefficiencies and challenges faced in traditional salt production. This method represents a significant advancement
in salt production, delivering improved efficiency and product quality while reducing operational costs. Future
research and broader adoption of this technology could lead to even greater improvements, setting new industry
benchmarks.
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Discussion

The GM-based salt production method offers substantial advantages over traditional methods, including increased
production, higher quality, cost efficiency, ease of implementation, and environmental benefits. Each of these
improvements contributes to a more sustainable andprofitable salt industry.

Market Demand and Production Quantity

The ability of the GM-based method to increase salt production by an average of 30% is particularly significant given
India’s growing demand for salt. As one of the largest producers and consumers of salt globally, India’s demand for
high-quality salt for both industrial and domestic applications is steadily rising (Handoyo et al., 2023). The GM-
based method can help meet this growing demand by significantly boosting production.

Quality Enhancement and Market Value

The 12-15% increase in salt purity has notable implications for market value. Higher purity indicates fewer
impurities and better quality, both of which can substantially increase the market value of the salt produced.
Industries such as food processing, pharmaceuticals, and certain industrial applications require high-purity salt, and
this quality improvement opens up new market opportunities in these sectors (Ansar et al., 2022; Prakash et al.,
2017).

Cost Efficiency and Profitability
The GM-based method reduced production costs by 15-20%, driven by factors such as:

1. Reduced Labor Costs: Lower manual labor requirements for pond maintenance and salt harvesting resulted
in decreased labor expenses (Handoyo et al., 2023).

2. Minimized Brine Losses: Preventing brine leakage ensured more brine was available for evaporation,
reducing the need for additional pumping and lowering associated costs (Patel et al., 2024).

3. Enhanced Evaporation Efficiency: The optimized evaporation process shortened crystallization times,
further reducing operational costs (Kumar et al., 2024).

These cost reductions significantly enhance the profitability of salt producers, making the GM-based method an
economically viable alternative to traditional methods.

Ease of Implementation and Accessibility

One of the key advantages of the GM-based method is its ease of implementation. The method relies on readily
available materials such as HDPE geo-membranes and standard installation tools (e.g., shovels, rollers), making
it accessible even to smaller-scale salt producers (Singh et al., 2023). The use of conventional salt production
equipment like pumps and pipes also simplifies the transition to this technology, encouraging wider adoption.
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Environmental Benefits

The GM-based method provides substantial environmental benefits, including:

° Reduction in Soil Contamination: Geo-membrane liners prevent direct contact between seawater and soil,
reducing the risk of soil contamination and salinization (Lavoie et al., 2021).
° Water Conservation: By preventing brine leakage, the method ensures more efficient water usage in salt

production, contributing to water conservation efforts (Kumar et al.,2024).

These environmental benefits align with the increasing emphasis on sustainable production practices, making the
GM-based method both economically and environmentally responsible.

Future Technological Integration

There are additional opportunities for incorporating advanced technologies into the GM-based method. For example,
Kumar et al. (2024) explored the use of intelligent sensors and real-time monitoring systems to optimize the
evaporation process. These technologies provide continuous data on brine concentration, temperature, and humidity,
enabling precise control overevaporation conditions and improving both efficiency and salt quality.

Additionally, Patel et al. (2024) investigated the potential of integrating renewable energy sources, such as solar
panels and wind turbines, to power salt evaporation systems. This integration could reduce reliance on fossil fuels,
lower operational costs, and further minimizethe environmental impact of salt production.

Conclusion and Future Outlook

The GM-based salt production method offers distinct advantages over traditional techniques, including
improvements in production quantity, quality, cost efficiency, and environmental sustainability. These
enhancements can help meet the rising demand for salt in India while increasing the market value of the salt
produced. The cost savings achieved through the GM-based method can significantly improve profitability, making
it an attractive alternative to conventional methods.

To facilitate broader adoption, the GM-based method is accessible to small-scale salt producers due to its ease of
implementation and reliance on readily available materials. The environmental benefits, including reduced
contamination in soil and water, further contribute to its alignment with sustainable production practices.

Future research and technological integration, such as the incorporation of intelligent sensors and renewable energy,
hold the potential to further enhance the effectiveness and sustainability of the GM-based method. As one of the
oldest and most important industries in the world, the salt production industry is poised to set new standards with
these advancements, driving innovation and sustainability for the future.
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Tables

Table 1: Quantity of Salt Production (in tons) Over Six Months

[Month Traditional Method  |GM-Based Method
January 100 130
February |110 145
IMarch 120 155
April 105 140
IMay 115 150
June 125 160

Table 2: Quality of Salt Production (% Purity) Over Six Months

[Month  [Traditional Method ~ |GM-Based Method
January |85 95
February |86 96
IMarch 84 94
April 83 93
IMay 85 96
June 87 97

Table 3: Cost Analysis (in USD) Over Six Months

Cost Component Traditional Method  |[GM-Based Method
|Labor Costs 5000 4500

Equipment Maintenance 3000 2000

Brine Losses 1000 200

Energy Costs 2000 1500

Total 11000 8200
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