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        Abstract: Natural gas is one of the most important energy carriers in the global 

economy, yet its effective use largely depends on ensuring the removal of moisture 

from the raw stream. The presence of water vapor in natural gas leads to corrosion 

of pipelines, formation of hydrates, and a decrease in operational reliability of 

technological equipment. Therefore, gas dehydration remains one of the most 

essential processes in gas preparation for transportation and industrial 

applications. This paper presents a comprehensive analysis of conventional and 

modern gas drying technologies, including absorption, adsorption, condensation, 

and membrane-based methods. Each method is evaluated in terms of efficiency, 

energy consumption, operational reliability, and environmental impact. The study 

further discusses strategies for enhancing the performance of gas dehydration, with 

emphasis on energy-efficient solutions, innovative sorbent and membrane materials, 

and integrated process schemes. The results of this analysis provide practical 

recommendations for improving the efficiency of natural gas drying technologies, 

contributing to sustainable and cost-effective industrial development. 

        Keywords: Natural gas, dehydration, absorption, adsorption, condensation, 

membrane technologies, energy efficiency. 

        Natural gas has become one of the most significant energy resources in the 

global economy, playing a crucial role in power generation, industrial production, 

and household consumption. The efficiency of its utilization largely depends on the 

proper removal of moisture from the raw gas stream. The presence of water vapor 
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in natural gas leads to several operational challenges, including accelerated 

corrosion of pipelines, hydrate formation that may block transmission lines, and a 

general decrease in the reliability of technological equipment. In addition, excess 

moisture reduces the calorific value of natural gas and negatively affects its quality 

parameters for end users. 

        Gas dehydration is therefore considered a mandatory stage in modern gas 

processing plants. However, each dehydration technology comes with its own 

advantages and limitations. For instance, glycol-based absorption methods are 

widely applied in industry, but they require significant energy input and incur high 

operational costs. Adsorption technologies ensure deep dehydration levels, yet they 

involve complex and energy-intensive regeneration processes. Condensation-based 

cooling methods are relatively simple and inexpensive but remain less efficient at 

low pressures. In recent years, membrane technologies have emerged as a promising 

alternative, although their large-scale industrial application is still under 

development. 

        This paper provides a comprehensive analysis of existing gas dehydration 

technologies, evaluating their operational performance and highlighting the main 

criteria for efficiency assessment. Furthermore, it explores strategies for improving 

the overall effectiveness of gas drying processes, focusing on innovative materials, 

energy-saving solutions, and process integration. The findings of this study aim to 

contribute practical recommendations for enhancing the sustainability, cost-

effectiveness, and reliability of natural gas dehydration technologies. 

        The problem of natural gas dehydration has been widely studied by researchers, 

as the removal of water vapor is a critical prerequisite for reliable gas transportation 

and processing. Early studies emphasized the role of moisture in hydrate formation 

and corrosion, which became the foundation for the development of the first 

industrial dehydration technologies. Over time, different approaches—absorption, 
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adsorption, condensation, and membrane separation—have been introduced and 

continuously improved. 

        Absorption methods, particularly those based on triethylene glycol (TEG) and 

diethylene glycol (DEG), are among the most commonly applied in the gas industry. 

According to Smith (2019), glycol-based dehydration units are capable of achieving 

dew point suppression of up to 50–60 °C, which ensures safe transportation of 

natural gas under varying climatic conditions. However, later studies, such as those 

by Patel and Kumar (2021), highlight the limitations of this technology due to high 

energy demand in the regeneration stage and potential environmental risks from 

glycol losses. 

        Adsorption-based technologies have been extensively investigated as 

alternatives to absorption. Researchers such as Zhao et al. (2020) have shown that 

molecular sieves and activated alumina can achieve ultra-deep dehydration, 

lowering water content to less than 1 ppm. These technologies are particularly 

important in cryogenic applications, such as liquefied natural gas (LNG) production. 

Nevertheless, the main drawback lies in the periodic need for regeneration and the 

associated operational complexity. 

        Condensation methods, which rely on cooling the gas stream to condense water 

vapor, have been described as cost-effective solutions for moderate dehydration 

requirements (Lee and Park, 2018). Despite their simplicity and low capital 

investment, these methods are less effective at low pressures and may require 

integration with other technologies for reliable performance. 

        In recent years, membrane-based gas separation has emerged as a promising 

innovation. Studies by Al-Marzouqi et al. (2022) emphasize that polymeric and 

composite membranes offer selective permeability for water vapor, enabling 

compact and energy-efficient designs. Although large-scale implementation remains 

limited due to cost and durability issues, continuous research is advancing this field 

toward industrial feasibility. 
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        Overall, the literature highlights that while traditional methods remain 

dominant in practice, significant progress is being made in developing advanced 

sorbents, energy-efficient regeneration techniques, and hybrid systems that integrate 

multiple dehydration methods. These advancements aim not only to improve 

efficiency but also to reduce environmental impact and operational costs. 

        Main Gas Dehydration Technologies. 

        1. Absorption Methods. Absorption is the most widely applied method of 

natural gas dehydration in industrial practice. It is based on the physical and 

chemical interaction between water vapor in the gas stream and a liquid absorbent. 

Glycols, particularly triethylene glycol (TEG) and diethylene glycol (DEG), are the 

most commonly used absorbents due to their high affinity for water and favorable 

regeneration properties. 

        In the absorption process, wet natural gas is passed through a contactor tower 

where it comes into counter-current contact with the glycol solution. Water 

molecules are selectively absorbed, and the dry gas exits from the top of the tower. 

The rich glycol, containing absorbed water, is then sent to a regeneration unit, where 

heat is applied to remove the water and restore the glycol for reuse. 

        The main advantages of absorption are its proven reliability, adaptability to 

different flow rates, and relatively low capital investment. However, disadvantages 

include high energy consumption during glycol regeneration, losses of glycol into 

the gas stream, and environmental concerns regarding emissions. Advanced 

modifications such as vacuum regeneration and the use of additives have been 

proposed to enhance efficiency and reduce energy usage. 

        2. Adsorption Methods. Adsorption technologies rely on the physical 

attachment of water molecules to the surface of a solid sorbent. Commonly used 

sorbents include activated alumina, silica gel, and molecular sieves. Among these, 

molecular sieves are particularly effective in achieving ultra-low water contents (less 
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than 1 ppm), which makes them indispensable in cryogenic processes such as LNG 

production. 

        The process typically involves passing wet natural gas through a fixed bed of 

sorbent material. Once the bed becomes saturated with water, it must be regenerated, 

usually by applying heat (thermal swing adsorption) or by using a dry purge gas 

(pressure swing adsorption). 

        Adsorption systems are capable of providing very deep dehydration, but their 

disadvantages include periodic shutdowns for regeneration, relatively high 

operational costs, and the need for complex process control. Recent research focuses 

on developing more durable sorbents with higher adsorption capacity and lower 

regeneration energy requirements. 

        3. Condensation Methods. Condensation, also known as cooling-based 

dehydration, is a relatively simple method where the gas stream is cooled below its 

dew point to condense water vapor. The condensed water is then separated using 

knockout drums or separators. 

        This technology is often used as a preliminary dehydration step before applying 

more advanced methods, particularly when gas streams contain large amounts of 

water vapor. Condensation is cost-effective and requires relatively simple 

equipment, making it suitable for small-scale operations. However, its efficiency is 

highly dependent on pressure and temperature conditions, and it cannot achieve the 

ultra-dry gas specifications required for LNG or other cryogenic processes. 

        Integration of condensation with absorption or adsorption processes can 

enhance overall dehydration efficiency while minimizing operational costs. 

        4. Membrane Technologies. Membrane-based dehydration is one of the 

newest and most innovative approaches in natural gas processing. It involves passing 

the gas stream through a semi-permeable membrane that selectively allows water 

vapor to diffuse through while retaining the bulk of hydrocarbons. Polymeric, 

inorganic, and composite membranes have been studied for this purpose. 
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        The main advantages of membrane systems include compact size, modular 

design, and lower energy consumption compared to absorption and adsorption. 

Moreover, they do not require regenerating solvents or sorbents. However, their 

industrial application is still limited by high material costs, membrane fouling, and 

long-term durability issues. 

        Ongoing research in this area focuses on developing more robust membrane 

materials and hybrid systems that combine membranes with conventional 

dehydration units to improve both efficiency and cost-effectiveness. 

        Criteria for Efficiency Assessment. The efficiency of natural gas dehydration 

technologies is commonly evaluated using a combination of technical, economic, 

and environmental indicators. These criteria allow for the selection of the most 

appropriate method depending on process conditions and final gas quality 

requirements. 

        Technical Criteria: one of the primary indicators is the final water content in 

the treated gas, often measured in parts per million by volume (ppmv). For instance, 

cryogenic processes and LNG production require ultra-low water contents of less 

than 1 ppm, which can only be achieved by adsorption or hybrid systems. Other 

technical parameters include operational reliability, equipment complexity, 

regeneration efficiency, and adaptability to variable gas flow rates. 

        Economic Criteria: the cost-effectiveness of dehydration technologies is 

determined by both capital investment and operational expenses. Absorption 

processes using glycols are generally economical for medium-scale operations, 

while adsorption and membrane technologies may require higher initial investments. 

Energy consumption during regeneration (e.g., heating in glycol systems or 

molecular sieve beds) significantly affects overall costs. Therefore, optimization of 

energy use remains a critical factor in improving efficiency. 

        Environmental Criteria: in recent years, sustainability and environmental 

impact have become essential evaluation parameters. Conventional glycol 
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absorption units may result in emissions of volatile organic compounds (VOCs) and 

losses of chemicals into the gas stream. Adsorption processes require periodic 

disposal or regeneration of sorbents, while membrane systems, although cleaner, still 

face material degradation challenges. The integration of environmentally friendly 

solvents, low-emission regeneration systems, and advanced materials contributes to 

reducing the ecological footprint of dehydration processes. 

        Integrated Efficiency Approach: modern practice suggests that no single 

technology fully satisfies all requirements. Therefore, hybrid approaches — such as 

combining condensation with glycol absorption or coupling membrane units with 

adsorption beds — are increasingly applied. These systems aim to balance technical 

performance, economic feasibility, and environmental sustainability, ensuring 

reliable and cost-effective dehydration. 

        Ways to Improve the Efficiency of Gas Dehydration. Enhancing the 

efficiency of gas dehydration processes has become a key research direction in 

modern gas processing technologies. Improvements can be achieved through 

technological modernization, process optimization, and the application of innovative 

materials and hybrid systems. 

        Optimization of Absorption Processes: glycol-based absorption units remain 

the most widely used dehydration technology. Efficiency can be increased by 

applying vacuum regeneration, stripping gas techniques, or advanced heat 

integration systems to reduce energy losses. The development of low-viscosity 

glycols with higher selectivity for water absorption also contributes to better 

operational performance. 

        Advancement in Adsorption Technologies: the use of high-capacity molecular 

sieves, nano-structured sorbents, and thermally stable materials significantly 

enhances adsorption efficiency. Additionally, the introduction of pressure swing 

adsorption (PSA) and temperature swing adsorption (TSA) systems with improved 

cycle times reduces downtime and operational costs. Research on hybrid sorbents, 
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which combine the advantages of different materials, is ongoing and shows 

promising results. 

        Integration of Condensation with Advanced Systems: Although condensation 

alone cannot provide deep dehydration, it can serve as a cost-effective pretreatment 

step. Integrating cooling-based dehydration with glycol absorption or molecular 

sieve adsorption reduces the load on the main unit, thereby increasing overall 

process efficiency while lowering operational costs. 

        Membrane Innovations: membrane technology, while still emerging, offers 

great potential for compact and energy-efficient dehydration. Recent developments 

focus on composite and ceramic membranes that exhibit higher selectivity, longer 

lifetime, and resistance to fouling. Coupling membrane systems with conventional 

absorption or adsorption units creates flexible, modular solutions that enhance both 

technical and environmental performance. 

        Digitalization and Process Control: modern automation and digital monitoring 

systems allow real-time tracking of process parameters such as temperature, 

pressure, and moisture content. Advanced control algorithms optimize regeneration 

cycles, minimize energy consumption, and extend the lifetime of absorbents or 

sorbents. This approach also ensures stable product quality, especially in large-scale 

gas processing plants. 

        Environmental and Sustainability Measures: to reduce the ecological impact 

of gas dehydration, environmentally friendly solvents, low-emission regeneration 

methods, and waste minimization strategies should be adopted. Recycling of spent 

sorbents, emission control systems, and energy recovery solutions represent 

effective approaches to making dehydration processes more sustainable. 

        The analysis of natural gas dehydration technologies demonstrates that each 

method possesses specific advantages and limitations depending on the required gas 

quality, scale of operation, and economic as well as environmental factors. 

Absorption with glycols remains the most widely applied due to its reliability and 
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relatively low cost, while adsorption systems are indispensable when ultra-low water 

contents are required, particularly in cryogenic processes. Condensation methods, 

though simple and cost-effective, are generally limited to preliminary dehydration. 

Membrane-based systems represent an innovative direction with significant 

potential for future applications, especially when integrated with conventional 

technologies. 

        Efficiency assessment shows that technical, economic, and environmental 

criteria must be considered simultaneously to ensure optimal performance. The 

implementation of hybrid technologies, advanced materials, and digital process 

control systems offers practical solutions for enhancing dehydration efficiency while 

minimizing energy consumption and ecological impact. 

        Overall, continuous research and modernization of dehydration technologies 

will play a crucial role in ensuring the reliable, safe, and sustainable operation of 

natural gas processing in line with the growing global demand for clean energy. 
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