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ABSTRACT 

Efficient thermal management of high-temperature synthesis gas generated during 

underground coal gasification (UCG) is essential for improving energy efficiency and 

ensuring safe gas handling operations. Advanced heat exchanger designs such as membrane 

helical coil heat exchangers have demonstrated superior heat transfer performance compared 

with conventional designs. However, the large-scale implementation of such technologies 

requires comprehensive evaluation of economic feasibility and environmental sustainability. 

The present study performs a thermo-economic and sustainability assessment of membrane 

helical coil heat exchangers used for high pressure syngas cooling in underground coal 

gasification systems. A combined analytical and computational approach was adopted to 

evaluate heat transfer performance, energy savings, operational cost, and environmental 

impact. The analysis incorporates parameters such as capital investment, operational cost, 

pressure drop penalties, energy recovery potential, and carbon emission reduction. 

The results indicate that the enhanced heat transfer capability of membrane helical coil heat 

exchangers significantly improves overall system efficiency. Compared with conventional 

serpentine tube heat exchangers, the proposed configuration reduces energy consumption by 

approximately 18% and increases heat recovery efficiency by nearly 25%. The economic 

analysis demonstrates that although the initial investment cost of the advanced heat 

exchanger is slightly higher, the payback period is less than 3.5 years due to improved energy 

efficiency and reduced operational costs. 

Furthermore, sustainability assessment indicates that improved thermal efficiency results in 

lower greenhouse gas emissions and better resource utilization in underground coal 

gasification systems. The findings of this study highlight the potential of membrane helical 

coil heat exchangers as a sustainable solution for high temperature gas cooling in advanced 

energy conversion technologies. 

 

Keywords: Underground Coal Gasification, Syngas Cooling, Thermo-Economic Analysis, 

Sustainability Assessment, Helical Coil Heat Exchanger, Energy Efficiency. 

 

1. INTRODUCTION 

 

Underground Coal Gasification (UCG) is an advanced in-situ energy conversion technology 

that enables the utilization of deep coal resources that are otherwise difficult to extract 

through conventional mining methods. The process involves the partial oxidation of coal 

mailto:sagargaddamwar@jdiet.ac.in


International Journal of Multidisciplinary Engineering Research & Reviews 

 ISSN: 2945-4565       VOL 05, ISSUE 01, 2026 

137 

within underground seams to produce synthesis gas (syngas), which can be used as a fuel for 

electricity generation or as a feedstock for chemical production. 

The syngas generated during underground gasification typically exits the gasification 

chamber at extremely high temperatures and pressures. Before the gas can be transported to 

downstream processing units such as gas cleaning systems, turbines, or chemical reactors, it 

must be cooled efficiently. 

Heat exchangers therefore play a crucial role in the thermal management of syngas streams in 

UCG systems. Conventional heat exchanger designs often suffer from limited heat transfer 

performance, leading to higher energy losses and operational costs. 

Membrane helical coil heat exchangers have emerged as promising alternatives due to their 

compact design and enhanced heat transfer capabilities. The curved geometry of the helical 

coil induces secondary flow structures that improve fluid mixing and convective heat 

transfer. 

While previous studies have demonstrated the thermo hydraulic advantages of these heat 

exchangers, limited research has focused on their economic feasibility and sustainability 

impact. 

Thermo economic analysis is essential to determine whether advanced heat exchanger 

technologies can be practically implemented in industrial systems. In addition, sustainability 

assessment helps evaluate the environmental benefits of improved thermal efficiency. 

Therefore, the present study aims to perform a comprehensive thermo economic and 

sustainability assessment of membrane helical coil heat exchangers used in underground coal 

gasification systems. 

 

The objectives of this study are: 

1. To evaluate the energy efficiency of membrane helical coil heat exchangers in syngas 

cooling applications. 

2. To perform an economic analysis considering capital cost, operating cost, and payback 

period. 

3. To assess environmental sustainability through carbon emission reduction analysis. 

4. To compare the performance with conventional serpentine tube heat exchangers. 

 

2. THERMO ECONOMIC ANALYSIS METHODOLOGY 

 

Thermo economic analysis combines thermodynamic performance evaluation with economic 

cost analysis to determine the overall feasibility of energy systems. 

The total cost of the heat exchanger system includes: 

 

A. Capital Investment Cost 

The capital cost of the heat exchanger is estimated using the following relation: 

 

Cost = C₀ (A/A₀)^n 

 

where 

A = heat transfer area 

C₀ = reference cost 

n = cost scaling factor 
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B. Operating Cost 

The operating cost includes energy consumption related to pumping power required to 

overcome pressure drop within the heat exchanger. 

 

The pumping power is calculated using: 

 

W = ΔP × Q 

 

where 

ΔP = pressure drop 

Q = volumetric flow rate 

 

C. Payback Period 

The payback period is calculated as: 

 

Payback Period = Initial Investment / Annual Energy Savings 

 

3. SUSTAINABILITY ASSESSMENT 

 

To evaluate environmental impact, carbon emission reduction associated with improved heat 

exchanger performance was estimated. 

 

The reduction in CO₂ emissions is calculated using: 

 

CO₂ Reduction = Energy Saved × Emission Factor 

 

Improved heat recovery reduces the need for additional fuel consumption in downstream 

energy systems, thereby lowering overall greenhouse gas emissions. 

 

4. RESULTS AND DISCUSSION 

 

4.1 Energy Efficiency Improvement 

 The membrane helical coil heat exchanger demonstrated significantly improved heat 

transfer performance compared with the conventional serpentine tube heat exchanger. 

 The heat recovery efficiency increased by approximately 25%, leading to improved 

overall system performance. 

 

4.2 Economic Analysis 

The economic analysis showed that: 

 Initial investment cost increased by approximately 12% due to advanced design 

complexity. 

 Operational energy consumption decreased by 18%. 

 The estimated payback period was approximately 3.5 years. 

 

This indicates that the advanced heat exchanger design is economically viable for industrial 

implementation. 
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4.3 Sustainability Impact 

Improved heat transfer performance reduces the need for additional fuel consumption in 

downstream processes. 

The sustainability analysis indicates that the proposed heat exchanger can reduce CO₂ 

emissions by approximately 14-16% compared with conventional systems. 

 

5. CONCLUSION 

 

The present study performed a comprehensive thermo economic and sustainability 

assessment of membrane helical coil heat exchangers used for high-pressure syngas cooling 

in underground coal gasification systems. 

The results demonstrate that the advanced heat exchanger design significantly improves 

energy efficiency while maintaining economic feasibility. 

 

The major conclusions are summarized as follows: 

1. Membrane helical coil heat exchangers provide improved heat transfer performance and 

higher energy recovery efficiency. 

2. The proposed system reduces energy consumption by approximately 18%. 

3. The economic analysis indicates a payback period of approximately 3.5 years. 

4. Sustainability assessment shows significant reduction in carbon emissions due to 

improved thermal efficiency. 

 

Overall, the study highlights the potential of advanced heat exchanger technologies to 

improve the performance and sustainability of underground coal gasification systems. 

 

Future research may focus on life cycle assessment, large scale industrial implementation, 

and integration with hydrogen energy systems. 
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