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Geothermal energy is a widely available, constant source of renewable energy that has shown great potential as an

alternative source of energy in achieving global energy sustainability and environment protection. When exploiting

geothermal energy, whether is for heating or cooling of buildings, a ground heat exchanger (GHE) is the most important

component, whose performance can be easily improved by following the latest design aspects. 
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1. Introduction

Geothermal energy is a renewable form of energy that can be used for electricity production or can be utilized for heating

and cooling applications . The latter is commonly described as low temperature, shallow geothermal energy use where

ground resources up to approximately 400 m below the surface are used. To do so, different types of ground heat

exchangers (GHEs) are buried underground to exchange heat with the surrounding soil. Based on installation depth,

systems are commonly divided into horizontal systems that are installed just below the surface in excavated trenches and

vertical systems where boreholes are drilled to larger depths and grouted. In between, a group of shallow systems up to

the depth of 30 m in form of energy piles or large diameter helical coils exist. Geothermal systems can also be classified

as open or closed systems . In an open system configuration, air or water from the surrounding flows through a heat

exchanger, exchanging heat with the underground, and is then used in heating, cooling, or ventilation systems. In a closed

configuration, secondary working fluid circulates in a heat exchanger in the closed-loop and exchanges heat with the

underground; therefore, only heat transfer is accounted for.

Ground coupled system efficiency is based on the stable underground temperature that results from the combined effect

of the ground thermal inertia that dampens the temperature changes on the surface and continuous geothermal gradient

. Depending on the depth, the underground temperature is higher in winter and lower in summer compared to the

outside air. Direct use of shallow geothermal energy is possible in the ground-to-earth heat exchangers for partial or

complete conditioning of inlet air used for ventilation. The temperature level of the shallow underground usually is not

enough to fully cover cooling and heating needs, so ground heat exchangers are coupled to heat pumps (GSHP) .

Heat pump performance is strongly dependent on a heat sink and source temperatures; therefore, it is imperative that the

ground heat exchanger is designed efficiently and cost-effectively, as installation costs increase with installation depth 

.

2. Different types of Ground Heat Exchangers
2.1. Horizontal Heat Exchanger Configurations

Horizontal configurations include the direct use of ground thermal energy in the air to ground heat exchangers and

horizontal ground heat exchangers coupled to the heat pump system. Both types of systems are installed in surface soil

layers, where performance is affected by seasonal variations of soil temperature and moisture content. Local geological

conditions, mainly ground thermal conductivity and heat capacity, affect the heat transfer in the underground.

Earth-to-air heat exchangers are the simplest configuration of heat exchangers when the use of renewable underground

energy is considered. Commonly, they are abbreviated as EAHE , GAHE , or HAGHE , where the additional H

letter designates horizontal installation. In an open system configuration, ambient air passes through the pipes inserted in

the ground and exchanges heat with the ground . Depending on the season, the air is heated or cooled before being

distributed through the ventilation system or used as a heat source for an air source heat pump  (Figure 1). EAHE can

also be employed as part of the thermally activated building systems (TABSs), where walls are constructed as hollow

prefabricated building components or pipes are embedded inside walls . In such systems, a closed-loop configuration

can be used .
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Figure 1. Earth to air heat exchanger used for an air supply in a ventilation system (left) and coupled to the air source

heat pump (right) (1—evaporator, 2—compressor, 3—condenser, 4—expansion valve, 5—earth to air heat exchanger).

Horizontal ground heat exchangers (HGHE) are used as a closed system and are coupled to the heat pump. The ground

exchanges thermal energy with the working fluid inside pipes. Being installed in 1–2 m deep trenches, their performance

is comparatively lower than the vertical GSHP systems. The needed installation area for the horizontal system is larger,

but installation costs are smaller compared to the vertical heat exchangers . Based on pipe loop geometry, horizontal

systems can be divided into linear-loop, spiral-coil, and slinky-coil configurations , and based on loop connections

system can be further divided into a trench, series, and parallel configurations  (Figure 2). Compared to linear

configurations, coil configurations enable more efficient use of the available ground while requiring longer pipes and

increased pump work .

Figure 2. Horizontal heat exchanger coupled to the heat pump (1—evaporator, 2—compressor, 3—condenser, 4—

expansion valve, 5—linear loop, 6—slinky coil, 7—spiral coil).

2.2. Vertical Heat Exchanger Configurations

When sufficient ground area is available, as mentioned, horizontal GHEs present the most cost-effective option. However,

if the available area is limited, the ground surface is rocky, and visual interference with the landscape is not welcome,

vertical GHEs are applied. Vertical ground heat exchangers (VGHE) are also referred to as borehole heat exchangers

(BHEs). In comparison with horizontal GHEs, BHEs have higher installation costs and more stable performance, as they

are not affected severely by ambient air . Vertical GHEs are divided into two groups depending on the depth of the

borehole and, consequently, the type of heat exchanger. The first group, shallow boreholes GHE (<400 m), are usually

used in combination with heat pumps (ground-coupled heat pumps—GCHP) as a source or sink for thermal energy

(Figure 3). A traditional configuration consists of the borehole with a diameter usually around 100–200 mm containing U-

tubes with a diameter in the range of 19–38 mm for working fluid to circulate . Besides the most common single U-tube

configuration, other configurations that can be used are double or triple U-tube, W-shaped tube, coaxial tube, and helical-

shaped tube . The annulus section of the borehole is made from various backfill materials referred to as grout, which

reduces the thermal resistance between the pipes and ground and ensures good contact between materials. As the heat

transfer area of such systems is limited, consequently, the thermal capacity (thermal power) of such systems is also

limited. To achieve a higher thermal capacity of such systems, there are two possible solutions—increasing the number of
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boreholes (most of today’s installations) or increasing the depth of the borehole . Increasing the number of boreholes is

only available when there is sufficient available space.

Figure 3. Vertical borehole heat exchanger coupled to the heat pump (1–evaporator, 2—compressor, 3—condenser, 4—

expansion valve, 5—borehole heat exchanger).

The second option, to increase the thermal capacity of GHE, uses the technology of the deep borehole heat exchangers

(DBHE), which can be also classified as the second category of vertical BHE. DBHE can extract medium-deep

geothermal energy at high temperatures . Although the literature does not give, to our knowledge, strict classification of

BHEs by depth, a good definition is proposed by Sapinska-Sliwa et al. . They proposed that deep borehole heat

exchangers (DBHE) are those where there is a possibility that the extracted heat can be used directly (without the aid of

HP). When using the technology of DBHE, classical U-tubes configurations are usually replaced with coaxial (pipe in a

pipe) borehole heat exchangers, which have a larger heat transfer area and can sustain a larger flow rate (lower pumping

costs) . As over 50% of the total cost of the geothermal project can be drilling costs , a good solution to reduce high

drilling costs is presented by using depleted and abandoned gas and oil wells, which has been extensively investigated

recently . Depending on the obtained temperature in DBHE, these systems can be used for direct space

heating , coupled with heat pumps , or even in power production systems .

2.3. Shallow Ground Heat Exchanger Configurations

Most prevailing GHE configurations include horizontal and vertical design, the former having low installation costs and the

latter having superior thermal performance due to ground temperature stability. In between, shallow systems incorporate

advantages of both systems: less expensive excavation works and use of ground layers where the effect of surface

conditions are damped . The application of this GHE layout is interesting in urban environments with increased ground

temperature and limited installation area or in locations where deep drilling is prohibited to prevent disturbance of aquifers

. Shallow systems include a large diameter, to increase the heat transfer area, conically or helically shaped

configurations , or pipes embedded in building piles (energy piles)  (Figure 4). An alternative configuration of a

coil GHE inserted in a water tank with PCM and used as an underground thermal battery was proposed by Warner et al.

. The authors concluded that the performance of this layout is comparable with vertical BHE with the same heat

transfer surface area.
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Figure 4. Shallow heat exchanger coupled to the heat pump (1—evaporator, 2—compressor, 3—condenser, 4—

expansion valve, 5—energy piles, 6—large diameter coil GHE).

2.4. Direct Expansion Systems

R&D in the field of ground physics allowed us to determine accurate soil temperature profiles and thermal properties.

Modeling these properties in cooperation with advanced control systems and overcoming some of the design challenges

was a prerequisite for use of direct expansion (DX) systems . Compared to previously mentioned heat exchangers with

water or glycol mixtures often used as indirect heat pump secondary circuit, DX systems act as evaporators or

condensers of a heat pump whose working fluid is heat pump refrigerant (Figure 5). This setup removes the need for a

heat exchanger between the fluid circles as well as a circulation pump. A ground heat exchanger design with the DX of

refrigerant needs to follow some specific rules concerning the type of refrigerant, refrigerant charging, oil return to the

compressor, depth of the vertical borehole heat exchanger, and possible ground pollution due to refrigerant leak . The

ground heat exchanger can be placed horizontally, vertically, or in a slinky manner. Exchangers with vertical configuration

are predominant . Several researchers have investigated dynamic heat transfer analysis of the two-phase flow in the

ground evaporator and the heat exchange with ground . De Carli et al.  developed the mathematical models

of evaporation in the vertical U-tube. Li et al.  developed and validated numerically and experimentally a three-

dimensional transient thermal resistance and capacity model of a novel direct expansion downhole heat exchanger.

Additionally, Nguyen et al.  evaluated a pressure-enthalpy coupled thermal resistance and capacity model for a direct

expansion vertical borehole heat exchanger for supercritical CO2 application.
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Figure 5. Direct expansion borehole heat exchanger (1—evaporator/BHE, 2—compressor, 3—condenser, 4—expansion

valve).
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