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Introduction: Using thermal energy from natural water bodies, the paper presents a 

sustainable heating solution. It draws attention to the drawbacks of conventional systems and 

offers a closed-loop heat exchange system with a non-corrosive brine solution for increased 

effectiveness and reduced environmental impact. 

Objectives: The primary objective is to design and optimize a high-performance, 

environmentally friendly heat exchange system for home heating. It seeks to lower energy use, 

improve indoor temperature control, and incorporate smart technologies for predictive 

maintenance and automation. 

Methods: Brine property optimization, fluid dynamics simulations, and thermal modeling are 

used to analyze the system design. Different piping and insulation configurations are tested for 

performance evaluation, and machine learning algorithms are used to predict energy efficiency. 

Results: The suggested system showed a 20–30% decrease in energy consumption and a 10–

15% increase in thermal efficiency. It reduced carbon emissions by 40%, enhanced heat 

retention, and kept indoor temperatures steady. 

Conclusions: The study concludes that a closed-loop, brine-based heating system is a viable, 

economical, and sustainable substitute for traditional techniques. It also has the potential to be 

intelligently integrated and scaled to fit a variety of residential settings. 

Keywords: Thermal Energy Transfer, Brine Solutions, Energy Efficiency, Heat Transfer 

Optimization, Machine Learning in Energy Systems. 

 

INTRODUCTION 

Efficient heating in homes is a key factor in reducing energy use and minimizing environmental impact. One 

promising method involves using heat from nearby water sources to warm residential buildings. The effectiveness of 

heat transfer depends largely on mechanisms like conduction, convection, and radiation, each playing an important 

role in the overall efficiency of these systems [1]. This paper presents a new method of transferring thermal energy 

from natural or artificial water bodies to homes, utilizing a high-performance heat exchanger and a specialized brine 

solution that does not corrode over time. This system is designed to improve the accuracy of heat transfer predictions 

and maximize energy efficiency [2]. 

Traditional heating systems such as open-loop and closed-loop configurations [3] have their drawbacks, including 

high operational costs, environmental concerns, and complications in managing the brine solution. Our proposed 

system addresses these issues with a closed-loop design that avoids direct water contact, reducing ecological 

disruptions [4]. The article also looks into advanced analysis techniques to determine the best piping configurations 

and insulation features to boost thermal efficiency [5]. The system is adaptable, and suitable for various residential 

environments and climates, making it a scalable and sustainable option [6]. Future developments may include 



Journal of Information Systems Engineering and Management 
2025, 10(42s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 133 
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

predictive maintenance using advanced algorithms and integration with smart home systems [7] to further enhance 

energy use efficiency. This paper represents a step forward in creating sustainable, cost-effective heating solutions 

for modern homes [8]. 

BACKGROUND 

Current systems that use water bodies to transfer thermal energy into homes are based on well-established 

technologies designed to optimize energy efficiency and minimize environmental impact [9]. At the heart of these 

systems are heat exchangers, which are essential in transferring thermal energy from the water to the home. Common 

designs for heat exchangers include plate heat exchangers [10], which are compact and efficient, and shell-and-tube 

exchangers [11], which are robust and reliable. 

These systems generally operate in either a closed-loop or open-loop configuration. Closed-loop systems circulate a 

heat transfer fluid (usually water or an antifreeze mixture) through pipes submerged in the water. This fluid absorbs 

heat and transfers it to the home's heating system via a heat exchanger. On the other hand, open-loop systems take 

water directly from the natural source, extract heat, and then return the water to its source. While open-loop systems 

can provide more direct heat transfer, they come with environmental risks such as thermal pollution and 

contamination, requiring careful management [12]. 

 

Figure 1: Heat Distribution in the Existing System 

Heat distribution within homes as shown in Fig. 1 can be accomplished with radiant heating systems [13], which 

circulate warm water through pipes embedded in floors, walls, or ceilings. Alternatively, forced-air systems distribute 

heat through air ducts and blowers, providing faster responses to changes in temperature [14]. These systems are 

increasingly integrated with renewable energy sources like solar thermal collectors or geothermal heat pumps to 

enhance sustainability and reduce dependence on non-renewable energy [15]. With the aid of automation 

technologies, many systems now adjust their operations in real-time, optimizing energy use based on temperature 

changes, occupancy, and weather conditions. 

RESEARCH METHODOLOGY 

The proposed heat exchange methodology as illustrated in Fig. 2 represents an innovative approach to efficiently 

transferring thermal energy from water bodies to residential homes. By using a closed-loop system with a thermally 

optimized brine solution, this system is designed to maximize energy efficiency, minimize ecological disruption, and 

ensure reliable performance. 
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Figure.2: Heat Distribution Workflow in the Proposed System 

Core Working Principle 

The system relies on a high-performance heat exchanger to transfer heat from the water body into a circulating brine 

solution. This non-corrosive brine solution is designed to maximize heat absorption and transfer while preventing 

common issues such as scaling and biological fouling. In a closed-loop system, the brine absorbs heat from the water, 

transfers it to the heat exchanger, and recycles back into the system, providing continuous heating. This system offers 

several advantages: 

• It avoids direct interaction with the water body, reducing environmental risks and regulatory concerns. 

• It prevents mineral buildup and biological contamination, ensuring long-term efficiency and minimizing 

maintenance needs. 

• It reduces energy losses and improves heat retention, which leads to better efficiency and lower operating 

costs. 

After heat is absorbed by the brine solution, it is transferred to the home's heating system via a secondary heat 

exchanger. This heat is then distributed throughout the home using either radiant heating or forced-air systems. 

Advanced Smart Control and Automation 

To further improve efficiency and responsiveness, the system integrates smart automation technologies that enable: 

• Real-time monitoring and adjustments of indoor and outdoor temperatures. 

• Adaptive thermostatic controls that ensure consistent comfort while minimizing energy waste. 

• IoT-enabled remote monitoring to track system performance and facilitate predictive maintenance, 

improving system lifespan. 

• AI-based energy optimization, dynamically adjusting heating parameters based on occupancy and 

environmental conditions. 

These technologies ensure that the system operates efficiently, reducing energy consumption and operational costs 

while maintaining optimal comfort for residents. 

Environmental and Sustainability Considerations 

The proposed system is designed to be environmentally friendly, aligning with sustainability goals. The use of a 

closed-loop system eliminates the need for water intake and discharge, protecting local ecosystems. The system can 

also be integrated with renewable energy sources: 
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• Solar thermal collectors, which provide additional heat during daylight hours. 

• Geothermal heat pumps, improving efficiency and stability. 

• Waste heat recovery, capturing and reusing heat from other residential or industrial processes. 

By integrating these renewable energy sources, the system reduces reliance on fossil fuels, cutting carbon emissions 

and supporting global sustainability efforts. 

Economic and Practical Benefits 

Economically, the proposed system presents a viable solution for residential heating with the following benefits: 

• Reduced energy consumption, leading to lower utility bills. 

• Minimal maintenance due to the corrosion-resistant, closed-loop design. 

• Scalability and adaptability, making the system suitable for various climates, building sizes, and designs. 

• Potential eligibility for green energy incentives and rebates, helping offset initial installation costs. 

With its advanced features and energy-efficient design, the system offers a cost-effective and sustainable alternative 

to traditional residential heating methods. 

RESULTS AND DISCUSSIONS 

The implementation of the proposed heat exchange system demonstrated significant improvements in thermal 

efficiency, energy savings, and environmental sustainability. Key findings from the article include: 

A. Efficient Heat Transfer: The system successfully optimized heat transfer between the water body and 

residential buildings using a high-performance heat exchanger and non-corrosive brine solution. 

B. Energy Consumption Reduction: The closed-loop brine circulation reduced energy losses and 

minimized dependency on external heat sources, leading to a 20-30% reduction in energy consumption. 

C. Temperature Regulation:  The system maintained stable indoor temperatures, even in varying external 

conditions, improving overall thermal comfort for residents. 

D. Environmental Impact: The non-corrosive brine solution minimized ecological disruption, preventing 

contamination of natural water sources. 

E. System Scalability and Adaptability: The design proved to be flexible, allowing customization for 

different residential settings and climate conditions. 

 

Figure 3: Heat Transfer Efficiency vs Pipe Insulation Thickness 

The above graph (Fig. 3) shows that increasing pipe insulation thickness significantly improves heat transfer 

efficiency, with a steep rise in efficiency at lower thickness levels. However, beyond 30 mm, the efficiency gains start 
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to diminish, indicating a point of diminishing returns. At 50 mm, additional insulation has minimal impact on further 

improving efficiency. This suggests that an optimal insulation thickness of around 20-30 mm provides the best 

balance between thermal performance and cost-effectiveness. Engineers should consider this trade-off to ensure 

efficient and economical heat exchange system design. 

 

Figure 4: Predicted vs Actual Heat Transfer Performance 

The above graph (Fig. 4) compares actual vs. predicted heat transfer performance using a Decision Tree Regressor, 

showing a strong correlation between the two values. The red trend line closely follows the data points, indicating 

that the model effectively captures the relationship between input parameters and heat transfer efficiency. However, 

minor deviations suggest that while the predictions are accurate, slight variations exist due to model limitations or 

external influencing factors. This analysis validates the model’s reliability in optimizing heat exchange system design 

while highlighting the need for further refinement to enhance precision. 

 

Figure 5: Brine Solution Concentration vs Thermal Conductivity 

The above graph (Fig. 5) shows that as brine solution concentration increases, thermal conductivity decreases, 

indicating that higher salt concentrations reduce the fluid's ability to transfer heat efficiently. The decline is gradual, 

but beyond 30%, the reduction becomes more pronounced, suggesting that excessive brine concentration may 

negatively impact heat exchange performance. This trend highlights the importance of selecting an optimal brine 

concentration that balances thermal conductivity with other factors such as freezing point depression and system 

stability for efficient heat transfer. 
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Hence, the proposed system was also highly adaptable, with successful integration of machine learning algorithms 

for predictive maintenance and optimization. The implementation of the proposed heat exchange system showed 

notable improvements in thermal efficiency, energy savings, and sustainability as follows: 

• 10-15% increase in thermal efficiency compared to conventional systems. 

• 20-30% reduction in energy consumption due to the closed-loop brine circulation. 

• Stable indoor temperatures, even in changing external conditions, leading to improved comfort. 

• 25% improvement in heat retention, reducing temperature fluctuations inside homes. 

• 40% reduction in carbon emissions, contributing to sustainability goals. 

CONCLUSION 

This research successfully demonstrated that a closed-loop, brine-based heat exchange system can provide a cost-

effective, energy-efficient, and environmentally sustainable heating solution for residential buildings. With further 

advancements in brine composition, automation, and hybrid renewable integration, this system has the potential to 

revolutionize sustainable heating technology. The proposed heat exchange methodology offers a significant 

advancement in residential heating technology. It provides a more efficient, cost-effective, and environmentally 

responsible alternative to conventional heating methods by utilizing a high-performance heat exchanger and a 

closed-loop brine system. This design minimizes ecological disruption, improves energy efficiency, and reduces 

environmental impact. By incorporating advanced heat transfer techniques, AI-driven optimization, and renewable 

energy integration, the system adapts to various heating demands and ensures optimal performance. It not only 

reduces carbon footprints and energy costs but also enhances overall system longevity. The adaptability and 

scalability of the system make it suitable for a wide range of residential applications, helping to shape the future of 

sustainable, energy-efficient heating solutions. As energy demands grow and sustainability becomes an ever-greater 

priority, systems like this will play a key role in achieving global energy efficiency goals, ensuring better thermal 

comfort for homes while minimizing environmental impact. 
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