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Abstract

Earth-Air Heat Exchangers (EAHE) are an effective passive cooling and heating technology that utilizes sub-
surface soil temperature to condition air before it enters a building. The choice of pipe material plays a crucial
role in determining the efficiency and longevity of an EAHE system. This paper investigates the impact of
various pipe materials on heat transfer efficiency, pressure losses, durability, and overall system performance.

Keywords: Earth-Air Heat Exchanger, Pipe Material, Heat Transfer Performance, Corrosion Resistance, PVC.

Introduction

As the world economy is rapidly developing in recent decades,
large-scale consumption of conventional energy has increased
greenhouse gas emissions, thereby exacerbating global climate
change [1]. Particularly, the building sector accounts for 40%
of the global energy consumption [2, 3]. The energy consump-
tion of buildings is mainly attributed to the provision of a com-
fortable indoor environment, with space cooling and heating
accounting for up to 18-73 % of it [4]. With increasing global
urbanization, the energy demand of buildings will continue to
increase worldwide in the coming decades [5].

Therefore, to reduce greenhouse gas emissions from such large-
scale energy consumption, renewable energy sources should
replace conventional energy sources for cooling and heating
buildings. Among the renewable energy sources, shallow geo-
thermal energy sources are widely distributed, easily accessible,
and convenient. In most cases the soil temperature at a depth of
1-6 m is lower than the ambient temperature in summer, higher
than the ambient temperature in winter, and relatively constant,
indicating that it can be used as a good energy source for heating
and cooling [6-8].

Earth-air heat exchanger (EAHE) is an environmental control
system that utilizes shallow geothermal energy by placing one
or more pipes in the ground at a certain depth. Air is used as
the heat transfer medium, and a fan is used to pump air into the
pipes to exchange heat with the underground soil, which is then
transported to the building for heating and cooling [9, 10]. Such

Page No: 01 /

www.mkscienceset.com

systems typically require only a compact fan to circulate air and
require very little electricity consumption, with significant ener-
gysaving potential [11, 12]. Therefore, they are widely used in
residential buildings, such as homes, hospitals, schools, offices,
and other civil and agricultural buildings such as greenhouses
and farms, in various climate zones [13-17] evaluated the perfor-
mance of a large EAHE system in a hospital in India and found
that the system could meet the cooling requirements of the build-
ing, however, could not meet the heating requirements [18].

Introduced an EAHE in a 150 m2 greenhouse in Athens, which
resulted in a minimum mean night air temperature inside the
greenhouse that was 8.9 °C higher than that outside [19]. studied
the thermal performance of an EAHE constructed at the Institute
for Unconventional Energy Research in Gossi, where the heat
exchanger was used in a recirculation mode in eight rooms of the
institute. The results showed that the EAHE could create good
thermal comfort conditions in the building, and that the coeffi-
cient of performance (COP) of the system could be as high as
3.35. In Delhi, India; [20]. buried a serpentine EAHE made up
of polyvinyl chloride (PVC) pipes (length: 39 m, diameter: 0.06
m) in 1 m of soil on the west side of a 6 X 4 m greenhouse. the
average winter and summer temperatures of the test greenhouse
were 6—7 °C higher and 3—4 °C lower than those of the control,
respectively. Chel and Tiwari [21] applied an EAHE system in
an adobe house, and the test results showed that the indoor air
temperature in winter was 5—15 °C higher than the ambient tem-
perature, and the annual energy saving potential of this building
increased by 5375 kWh by integrating an EAHE system [22].
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Proposed a modular pig house with an integrated EAHE and
conducted a one-year pilot study. The results showed that the
system could provide 489,820 kWh of heating and 18,455 kWh
of cooling for the modular pig house that housed 1280 fattening
[23]. conducted long-term monitoring of an EAHE comprising
seven parallel buried pipes (length:50 m,diameter: 0.25 m) in a
cafeteria building in southern Taiwan, China, and showed that
the system could achieve an annual COP of 27.2 used a rectan-
gular EAHE assisted by phase change materials in a room with a
ceiling mounted phase change material to help achieve thermal
comfort conditions in the room in an extreme desert climate.
Consequently, this configuration resulted in an average room
temperature that was 0.6 °C lower than the comfort tempera-
ture; moreover, the maximum room temperature exceeded the
comfort temperature by only 0.33 °C, and the average COP of
the room system varied between 264 and 288. Although EAHE
has been proven to be feasible in various types of buildings, it
still has several disadvantages, such as a large footprint and high
construction costs. To widely apply EAHE and achieve sustain-
able development, reducing the footprint and cost has become
the focus of current research. To achieve this, the first step is
to select the appropriate pipe. Previous studies have primarily
focused on smooth, flat-walled pipe, which is mainly influenced
by the pipe material. The effects of rough pipe and bottom per-
forations on the heat transfer performance of EAHE remain
unclear. Therefore, to bridge this gap in literature, an empirical
study was conducted on the effect of different pipe types on the
performance of EAHE to facilitate the selection of EAHE pipes
[24].

An earth-air heat exchanger (EAHE) is a green technology
suitable for regulating the thermal environment of buildings;
however, it requires a large space and high construction costs.
The effectiveness of an EAHE system is influenced by soil con-
ditions, pipe geometry, airflow rate, and, most importantly, the
pipe material. This study focuses on analyzing different pipe
materials such as metals (stainless steel, aluminum), polymers
(PVC, HDPE), and concrete to determine their suitability for
EAHE applications.

Earth-Air Heat Exchangers (EAHEs) are becoming increasing-
ly popular in passive cooling and heating systems, primarily
for their ability to leverage the stable temperature of the earth
for conditioning ventilation air. The performance of EAHEs is
influenced by a variety of factors, including the design, depth,
and material of the pipes used. Among these factors, the pipe
material plays a critical role in the thermal performance, energy
efficiency, and durability of the system. This literature review
examines existing research on the effect of pipe material on the
performance of Earth-Air Heat Exchangers, focusing on key
variables such as thermal conductivity, corrosion resistance, and
long-term reliability.

Factors Affecting EAHE Performance

Thermal Conductivity of Pipe Material

The ability of a material to transfer heat influences the rate at
which air inside the pipe is cooled or heated by the surround-
ing soil. Materials with high thermal conductivity improve the
heat exchange process. The thermal conductivity of the pipe
material in an Earth-Air Heat Exchanger (EAHE) significantly
impacts its performance. Materials with higher thermal conduc-
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tivity, like metals (e.g., steel, copper), facilitate better heat trans-
fer between the air inside the pipe and the surrounding earth.
Conversely, materials with lower thermal conductivity, such as
PVC or HDPE, will result in reduced heat exchange efficiency.
Copper is often regarded as the material with the highest ther-
mal conductivity, typically around 399 W/m-K. Several studies
suggest that copper pipes can provide superior heat transfer effi-
ciency due to their high conductivity. For instance, the research
by highlights that the use of copper piping in heat exchanger
systems, including EAHEs, could improve energy efficiency
by enhancing heat exchange rates between the soil and the air.
Copper’s ability to quickly transfer heat from the surrounding
soil to the air flow results in more effective pre-conditioning of
ventilation air. Aluminum, with a thermal conductivity of ap-
proximately 235 W/m-K, is another popular option for heat ex-
changers. While not as thermally efficient as copper, aluminum
is lightweight, cost-effective, and corrosion-resistant. According
to aluminum pipes can be a viable alternative for EAHEs when
high thermal efficiency is not the primary concern. However, the
reduced thermal conductivity of aluminum compared to copper
can lead to slightly lower performance in terms of heat trans-
fer rates. Polymeric materials, including High-Density Poly-
ethylene (HDPE) and Polyvinyl Chloride (PVC), are also used
for EAHES, although their thermal conductivity is significantly
lower than that of metals. Typically, the thermal conductivity
of HDPE and PVC is in the range of 0.4 W/m-K. A study by
suggests that while these materials are less effective in terms
of heat transfer, they are often chosen for their durability and
ease of installation. When used in EAHEs, polymer pipes may
require a longer length or larger surface area to compensate for
the reduced thermal conductivity.

Corrosion and Durability

The underground environment presents various challenges to
the longevity of the pipes used in Earth-Air Heat Exchangers,
including corrosion from soil moisture, biological growth, and
environmental chemicals. The material chosen for the pipes sig-
nificantly impacts the lifespan and maintenance requirements of
EAHE systems. Copper is known for its excellent corrosion re-
sistance. Copper pipes are resistant to corrosion from soil acids,
moisture, and microbial activity, making them an ideal choice
for systems that need to operate for long periods without signifi-
cant maintenance. Research by indicates that copper's resistance
to corrosion reduces the need for regular inspection and replace-
ment of the pipes in EAHE systems, thus improving the overall
longevity of the system.

Aluminum, while relatively corrosion-resistant, is more suscep-
tible to corrosion in specific soil conditions, especially in acidic
or highly saline environments. However, studies suggest that
protective coatings or alloys can mitigate some of these issues.
For instance, aluminum alloy pipes with a corrosion-resistant
layer have been shown to extend the lifespan of EAHE systems.
The work by suggests that the use of aluminum alloy pipes in
EAHE:s could strike a balance between cost and durability, of-
fering sufficient resistance to corrosion in most environments.
Polymeric pipes, especially HDPE, have a notable advantage in
terms of corrosion resistance. Since they are not affected by soil
moisture or microbial activity, HDPE pipes often have longer
operational lifespans compared to metal pipes in harsh under-
ground conditions. According to research by HDPE pipes are
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durable and require minimal maintenance, making them a reli-
able choice for EAHE systems in regions with high soil acidity
or moisture content.

Airflow Resistance and Pressure Losses

Smooth inner surfaces reduce frictional losses and enhance air-
flow efficiency. Rough or degraded pipe surfaces can lead to
increased energy consumption for ventilation. In an Earth-Air
Heat Exchanger (EAHE) system, the choice of pipe material sig-
nificantly impacts airflow resistance and pressure losses, which
in turn affect the system's overall performance. Different pipe
materials exhibit varying surface roughness and thermal prop-
erties, influencing the friction between the air and the pipe wall,
and thus affecting pressure drop and airflow.

Cost-Effectiveness and Installation

In addition to performance, cost-effectiveness is a key consid-
eration when selecting pipe materials for Earth-Air Heat Ex-
changers. Metal pipes like copper and aluminum tend to be more
expensive than polymer pipes, which can influence the overall
installation cost of an EAHE system. Copper’s high cost can
be a limitation, especially for large-scale EAHE installations.
However, its superior thermal performance and durability may
justify the higher initial investment in some cases. Studies such
as those by argue that the long-term benefits, including reduced
energy consumption and lower maintenance costs, can offset the
higher upfront cost. Aluminum pipes, although not as thermally

Table 1: Comparative Analysis of Pipe Materials

efficient as copper, offer a lower-cost alternative. Their relatively
lower cost compared to copper makes them a preferred choice
for some systems. Polymeric materials such as HDPE or PVC
are generally the least expensive and easiest to install, with sig-
nificant savings in both material and labor costs. However, as
mentioned earlier, their lower thermal conductivity may neces-
sitate larger pipe sizes or longer lengths to achieve the desired
thermal performance.

Performance in Various Climates

The performance of EAHEs is also influenced by climate, as the
heat exchange process depends on the temperature differential
between the underground soil and the air. Different pipe mate-
rials might perform better or worse depending on the ambient
temperature and soil conditions. In colder climates, the higher
thermal conductivity of copper and aluminum pipes can enhance
the performance of EAHEs by facilitating faster heat exchange,
especially during winter months when the soil temperature is
lower. On the other hand, in warmer climates, the thermal con-
ductivity of these metals might lead to a more efficient cooling
effect. However, their higher cost and potential for corrosion (in
certain soils) may need to be considered. In hot, dry climates
where corrosion is less of an issue, polymeric materials may be
more suitable due to their low installation costs and good resis-
tance to thermal expansion. However, in cooler climates, the low
thermal conductivity of these materials may reduce the overall
performance of the EAHE system.

Pipe Materi-al | Thermal Conductivity (W/mK) | Corrosion Re-sistance Durability Cost Pressure Loss
Stainless Steel 16-25 High High High Moderate
Aluminum 200-250 Moderate Moderate High Low
PVC 0.19 Very High Moderate Low Low
HDPE 0.41 Very High High Moderate Low
Concrete 1.4 High Very High High High
Discussion The choice of pipe material significantly influences EAHE effi-

Metals such as stainless steel and aluminum offer superior heat
transfer properties but are costly and prone to corrosion. Poly-
mer pipes like PVC and HDPE, although having lower thermal
conductivity, are widely used due to their affordability, corrosion
resistance, and ease of installation. Concrete pipes, while dura-
ble, present challenges in handling and installation due to their
weight and high frictional resistance.

Conclusion

The pipe material in Earth-Air Heat Exchangers plays a crucial
role in determining the efficiency, durability, and cost-effective-
ness of the system. Copper, with its high thermal conductivity
and corrosion resistance, is ideal for applications where max-
imum thermal efficiency and long-term durability are desired.
Aluminum and polymeric materials, while offering lower ini-
tial costs, may compromise heat transfer rates and longevity in
some conditions. Future research should focus on exploring hy-
brid materials or coatings that can combine the best properties
of metals and polymers to optimize EAHE performance across
diverse environments. Additionally, more field-based studies
are necessary to evaluate the long-term effects of different pipe
materials on the thermal efficiency and maintenance needs of
EAHE systems.
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ciency and system longevity. While metals provide better heat
transfer, polymers such as HDPE and PVC offer a practical bal-
ance between cost, durability, and performance. Future research
should focus on composite materials that optimize thermal con-
ductivity while ensuring durability and cost-effectiveness.
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