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ventilation in various built environments. This study evaluates the performance of
these systems through an analysis of existing installations in different countries and
assesses their operational outcomes. Key parameters influencing the efficiency of
EAHX systems include pipe material, burial depth, pipe length and diameter,
surrounding soil type and moisture content, soil thermal conductivity, and airflow
rate. Optimal selection and design of these parameters significantly enhance system
efficiency and optimize heat exchange between air and the ground. The findings of

this research demonstrate that the proper implementation of EAHX systems can lead
to substantial energy savings, improved indoor thermal stability, and reduced
environmental pollutants. Moreover, the performance of these systems has been
examined in several greenhouses across the country, where their positive effects on
reducing final production costs and increasing energy efficiency have been
confirmed. In some greenhouse applications, a temperature differential of up to 10°C
resulted in as much as 70% energy savings, along with improvements in both the
quantity and quality of the crops. This has encouraged private sector investment in
this field. Given the relatively low initial cost, minimal maintenance requirements,
and high efficiency under proper design conditions, EAHX systems can serve as a
sustainable and cost-effective solution for greenhouse energy supply in various
regions of Iran.
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Introduction

The growing global demand for energy, along with environmental concerns and the need for
sustainable development, has led to increased interest in alternative and renewable energy solutions.
Among these, Earth-to-Air Heat Exchangers (EAHX) have emerged as a passive and energy-efficient
method for providing heating, cooling, and ventilation by utilizing the relatively constant temperature
of the subsurface soil. These systems are particularly suitable for regions with significant temperature
fluctuations, offering a reliable solution with minimal environmental impact. EAHX systems can be
effectively applied in various sectors, including residential buildings, industrial facilities, and
agricultural greenhouses. Their simplicity in design, low operational costs, and compatibility with
local climatic and geological conditions make them an attractive choice for improving energy
efficiency. This study investigates the key design and environmental parameters influencing the
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performance of EAHX systems and evaluates their effectiveness in real-world applications, with a
particular focus on greenhouse operations in Iran.

Discussion

The results of this study highlight the significant potential of Earth-to-Air Heat Exchanger systems as
a passive and energy-efficient solution for heating, cooling, and ventilation. Various parameters
including pipe material, burial depth, pipe length and diameter, soil type and moisture, and airflow rate
were shown to directly influence the system’s thermal performance. Among these, soil properties and
airflow velocity had the most significant effect on heat transfer efficiency. PVC pipes, due to their low
cost and adequate thermal conductivity, were frequently used in practical applications. In Iran, the
application of EAHX systems in greenhouse environments demonstrated notable success. Field data
showed considerable reductions in energy consumption and improvements in indoor temperature
stability, particularly during seasonal extremes. Moreover, the decrease in energy-related costs
contributed to lowering the final production cost, encouraging greater private sector investment in
such technologies. Despite their advantages, proper system design remains essential for optimal
performance, especially when adapting to specific climatic and geological conditions. The findings
support the feasibility of expanding EAHX systems in various regions of Iran as part of a broader
sustainable energy strategy. Future studies should focus on long-term performance monitoring and
integrating these systems with other renewable technologies to maximize energy efficiency and
environmental benefits.

Conclusion

Earth-to-Air Heat Exchanger (EAHX) systems offer a promising, low-cost, and energy-efficient
alternative for thermal comfort in various applications, especially in agricultural greenhouses. This
study has demonstrated that appropriate design considerations such as pipe depth, length, material, soil
type, and airflow rate play a vital role in the overall performance of the system. The evaluations of
Iranian greenhouses with these systems showed significant temperature moderation throughout the
year, leading to reduced reliance on conventional heating and cooling systems and a noticeable
decrease in energy consumption. The economic benefits, including lower production costs and higher
energy efficiency, make EAHX systems an attractive option for private sector adoption. Their
scalability and adaptability to local environmental conditions further enhance their practicality across
diverse regions in Iran. To maximize the potential of these systems, future work should focus on
optimizing design standards based on regional soil and climate data, promoting integration with other
renewable energy sources, and developing government support mechanisms to encourage widespread
adoption. EAHX technology can play a key role in national strategies for sustainable development and
energy independence.
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1. Horizental Earth Piping
2. Vertical Earth Piping
3. Air flow

4. Intake fans

5. Exhaust fans
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