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During winter the water is pumped either to a heat exchanger (recommended) or directly to the 
evaporator of HP (may cause corrosion and clogging problems). Typically the temperature is 
lowered with some 4-5oC. 

The chilled water being injected may cause a thermal break through by time if the distance 
between the wells is not long enough. A thermal break through between narrow wells may be 
compensated by injection of heat during summer. However such measures will turn the system 
into an ATES system, see further down.  

With open systems, a powerful heat source can be exploited at comparably low cost. On the 
other hand, groundwater wells require some maintenance, and open systems in general are 
confined to sites with suitable aquifers. The main requirements are: 

−  Sufficient permeability, to allow production of the desired amount of groundwater with 
little drawdown. 

− Good groundwater chemistry, e.g. low iron content, to avoid problems with scaling, 

clogging and corrosion��

Groundwater can also be used for direct cooling. The efficiency of such cooling is normally very 
high and is therefore of great interest. The maximum temperature requirements would typically 
be some 10oC for comfort cooling and some 25oC for process cooling. 

5.5.  Limitation in the application of GSHP systems

The potential is in many ways related to local or site specific conditions, not only climate and 
geology, but also the sector of application. The latter may be family houses, commercial and 
institutional buildings, district heating and cooling systems, or even industrial facilities. These all 
represent very different size and load characteristics in the design of a geothermal system.  

The limitations can be looked upon as the outer boundary conditions that lead to a go or a no-go 
for project concept. They can be physical, such as climate and geological circumstances, but may 
also be connected to other site conditions, for example ground availability or other interests for 
ground use. Country specific, there are also a lot of other potential limitations. These could be of 
a social, cultural or political nature, but more often economical or legal. However, these 
limitations are flexible and may disqualify one type of system, but allow another. It is of great 
importance that all potential limitations are considered early (at the feasibility stage) in any 
project. 

5.5.1. Technical limitations  

For systems using the underground for seasonal (or sometimes short-term) storage of heat and 
cold, the source of energy for storage may be different. Such a source is for example waste heat 
from industrial process cooling. Another may be waste cold from heat pump evaporators. These 
types of sources always have technical limitations such as load, duration, temperatures, 
availability, etc. that are site specific. These limits should of course be established in an early 
stage of a given project. 

�

5.5.2. Geological limitations 

In principle, one or several types of GSHP systems are technically feasible in any type of 
geology. It is more a matter of finding a proper construction method, related to the special 
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geological conditions at the site for installation. Still, the geological requirements differ accor-
ding to what type of system is to be installed, summarized in the following general statements.  

−  Closed loop systems are in general applicable in all types of geology. However, thermal 
properties and drilling problems may be a limiting factor.  

−  Open systems (based on pumping ground water) require a geology containing one or 
several aquifers. Still, aquifer geometry, hydraulic properties and water chemistry may be 
limiting factors on any site.  

�
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5.5.3.  Hydro geological limitations  

The hydro geological conditions would in practice govern the design of any open loop system. 
Inputs, such as type of aquifer, geometry, groundwater level and gradient, textural composition, 
hydraulic properties and boundaries are in fact essential for the design and realization of such 
systems. For closed loop systems these parameters are of less importance, but can in some cases 
constitute limiting conditions.  

−  Closed loop systems may be affected by flow of ground water. For systems with heat 
extraction, this is normally an advantage. For systems with storage of heat and cold 
(BTES), it may be a disadvantage for cold extraction. Furthermore, a low groundwater 
level will limit the extraction of heat and cold if no backfilling is used.  

− Aquifers used for open systems may have a limited yield (well capacity) and/or an un-
favorable chemical composition. It may also be that the size and geometry is not suitable. 
Furthermore, the aquifer may already be occupied by, for example, supply of drinking 
water. This will be a limiting factor that cannot be overcome. During such circumstances 
a closed loop system may or should be considered as an alternative. 

�

5.5.4. Climate conditions  

Climate plays an important role in the application of GSHP systems. There are many reasons for 
this, but one essential condition is that the ambient temperature of the ground is reflected by the 
average temperature in the air. 

Another climate factor is the humidity. In hot climates with a high humidity, there will be 
temperature requirement for cooling that allows condensation. In practice this means that it is not 
possible to directly cool a building from the ground. However, in such a case there are other 
technical solutions. 

5.5.5.  Environmental limitations  

GSHP energy systems will in general contribute to less global emission of carbon dioxide and 
other harmful environmental substances. However, country specific, and maybe also locally, 
there may be limiting concerns such as:  

−  Contamination of the ground and the ground water by boreholes connecting to the 
surface, boreholes shortcutting different aquifers and the usage of anti-freeze.  

−  Change of the underground temperature that may affect the chemistry and bacterial 
composition and growth in the underground.  

−  Emissions, damages and local disturbances (noise, etc.) caused by drilling and con-
struction.  

− Damage to buildings, fauna and flora operating the systems.  
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5.6.  Benefit of GSHP systems

Geothermal source heat technology has several benefits, including: 

−  Low operating cost - The efficiency of the heat pumps operating under moderate loop 
temperatures provides the basis for high efficiency and low operating cost. The cost to 
move energy around the building is also low, as heat pumps are placed at each space. 
There is no need to circulate large amounts of air around the building to transport energy, 
nor is there a need to reheat air to maintain comfort in certain areas of a building. 

−  Simplicity – The distributed nature of the system makes it easy to understand. A heat 
pump located at each space will provide independent heating and cooling. The operation 
of one heat pump does not affect any other heat pump. Control simply requires turning 
the unit on or off in response to the area that needs heating or cooling. 

−  Low maintenance – The heat pump itself is a packaged unit no more complex than typical 
residential air conditioning equipment. The components are the same as those used for 
outdoor applications that have much wider operating ranges and exposure to the weather. 
Diagnosing problems has become easier due to the distributed nature of the system. Any 
problem is typically closely related to the equipment serving the particular space. 

−  No supplemental heat required – Heat pumps can meet all of the space loads, including 
ventilation loads. Ventilation air can be tempered by separate heat pumps and/or 
conditioned with heat recovery equipment. 

−  Low cost integrated water heating – Heat pumps can be dedicated to meet hot water 
loads. These heat pumps become particularly attractive when there is a large cooling load 
relative to the heating load. By extracting some of the heat from the ground loop for 
water heating, the ground heat exchanger size and cost can be reduced. 

−  No required exposed outdoor equipment – The ground heat exchanger is buried and the 
heat pumps are located inside the building. Vandalism, noise, and visual screen problems 
are eliminated. Designers do not have to supply space on the roof for equipment, making 
options such as standing seam metal roofs or large sloped roofs possible. 

−  Low environmental impact – No fossil fuels need to be consumed on site. Pollution can 
be best mitigated at a central power plant where electricity is produced. As the efficiency 
of electricity production or renewable power generation increases, so does the 
environmental efficiency of the heat pump system has low environmental impact. 

− Level seasonal electric demand – With winter heat pump operation displacing fossil fuel 
use, and summer heat pump operation occurring at moderate, more efficient loop 
temperatures, the electric demand is more consistent throughout the year so the average 
price of electricity is reduced. 

− Longer life expectancy - Both the American Society of Heating Refrigerating and Air-
Conditioning Engineers (ASHRAE) and the Electric Power Research Institute have 
concluded, based on independent research studies, that the appropriate service life value 
for ground source heat pump technology is 20 years or more. This benchmark is the 
current industry standard. 


