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Abstract 

Vertical geothermal heat exchangers can be used for heating and cooling of buildings and entire 

neighbourhoods. In winter operation, they provide heat at temperature levels close to the mean annual 

ambient temperatures to heat pumps and thus improve the heat pump seasonal performance factor. In 

summer they can be used for direct cooling of buildings, if surface cooling provides large areas for 

cold distribution. Furthermore, heat rejection of chillers at temperature levels well below ambient is an 

interesting option for low depth geothermal energy use. Geothermal energy use is possible for 

decentral building installations, but also on a district level, where either a district heating network can 

be supplied with a geothermal heat pump or cold distribution with decentral heat pumps takes place. 

The paper presents monitoring and simulation results from a low energy building using a heat pump 

with vertical ground heat exchangers.  

Introduction 

Water or brine filled ground heat exchangers are either designed in a horizontal configuration with a 

shallow depth of about 2 m or installed as vertical loops. Vertical ground heat exchangers are usually 

constructed by inserting one or two high density polyethylene U-tubes in vertical boreholes of 75 to 

220 mm diameter. Vertical loops are usually connected in parallel to reduce pressure drop. In Europe, 

double U-tubes are common, whereas in the United States single tubes prevail. Zeng et al. [9] show 

that double U-tubes reduce the borehole resistance by 30 - 90% and thus improve heat transfer. 

 

Vertical pipes up to a depth of 100 meters are mainly used for heat pump applications, but also 

increasingly for closed - loop direct cooling of buildings, with water as the heat transfer fluid. The 

high heat capacity of water is advantageous, as the electrical energy needed for circulating the fluid 

through the earth heat exchanger is considerably lower than if air is used. The water cooled through 

contact with the earth is then distributed in the building using either activated concrete slabs with 

buried pipes or an air - based ventilation system, in which the air is cooled by the water in an 

additional heat exchanger.  

If the ground temperature level is too close to the desired room temperature, the cooling power of such 

a system is too low to be cost effective. This problem may be overcome by one of two methods: 
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 By employing indirect cooling systems, such as reversible heat pumps (chillers), which use 

the ground as a heat sink and are therefore more efficient compared to similar systems 

exposed to cooling tower temperatures or hot ambient air (Karagiorgas et al [3]).  

 By cooling the soil below its undisturbed temperature prior to circulating fluid through the 

heat exchanger. When horizontal heat exchangers at shallow depths are used, soil temperature 

may be influenced by surface treatment. At greater depths, the ground may be cooled in the 

winter season, as heat pumps in the heating mode extract energy from the soil. Li et al. [5] 

show that unbalanced heat extraction from the ground reduces temperature levels by 6°C 

within 5 years for heat pump operation only. If only heat is rejected to the ground from a 

cooling machine, after 13 years the soil temperature was over 35°C and no longer suitable for 

air conditioning. Only balanced heat fluxes kept ground temperatures constant over a 30 year 

period.  

 

The main task of the design process is to determine the required length of tubing for the required 

thermal energy to be extracted or rejected. Modelling the thermal response of the surrounding soil 

requires information about the ground temperature distribution, the moisture content, groundwater 

movement, freezing or thawing of the soil and the geometry of the heat exchanger. Furthermore, 

experimental results showed that the temperature distribution around soil tubes is often not symmetric 

(Bi et al. [1]). The soil surrounding the borehole is usually considered as homogeneous with a mean 

thermal conductivity and mean diffusivity.  

Numerical models offer more flexibility in the temperature field calculation for arbitrary geometries 

and time varying heat fluxes and inlet temperature levels (Signorelli et al. [7]. Such models were 

developed and implemented in this work and implemented in the simulation environment INSEL [8] 

to carry out parameter studies. The potentials and limits of geothermal energy use for heating and 

cooling of buildings is analysed in the following. 

Monitoring results from a low energy building 

Building design and performance 

A low energy building with geothermal energy supply has been designed and implemented in the 

Southern German City of Ostfildern with a low energy district Scharnhauser Park. The building was 

constructed in 2006 with a gross surface area of 475 m² and is used as a Youth Centre. Its location is 

special in the sense of urban planning in Scharnhauser Park because it is situated outside the main area 

of the urban master plan at the end of a series of sports fields. The distance of the Youth Centre to the 

last building supplied by district heating was too long and the calculated heating demand was too 

small in relation to the effort to connect the building to the grid.  Furthermore there would have been 

hydraulic problems because of the small flow of heating energy to the dead-end pipe.  Supply of 
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natural gas could also be excluded because a new gas pipe to the Youth Centre building would have 

had high costs.  Systems based on other fossil combustibles like oil where not taken into account. 

From the point of building legal requirements, the Youth Centre had to fulfil the German EnEV 2004 

(Energieeinsparverordnung).  The level of insulation of the building envelope is almost as good as at 

the level of the passive house standard.   

 

The heating distribution is done by a floor heating system and the ventilation system. The ventilation 

system is a central ventilation unit (Zehnder Comfoair 3200 B with a size of 2.45 x 1.40 x 1.40 m).  

Additionally it is equipped with a summer by-pass in case that the use of the earth heat exchanger is 

not necessary.  The maximum electric power of the unit is 2370 W.  Fresh air can be drawn in from a 

48 m long earth heat exchanger consisting of a tube 400 mm in diameter equipped with a special anti-

bacterial layer.  With this equipment, hot air in summer can be pre-cooled and in winter pre-heated.  

This can happen at three different levels: 1520 m3/h, 2000 m3/h or 3000 m3/h. 

The pre-heater of the ventilation unit has a power of 5.2 kW with 1700 l/h and temperatures of 0/4°C.  

In winter, the pre-heater can transmit a thermal load of 7,4 kW of fresh air with 636 l/h and a 

temperature of 25/35°C. 

 

Geothermal heat supply and distribution system 

All the requirements led to a concept for heating supply based on a heat pump in connection with 

geothermal energy.  The necessary drilling took place in March 2007 when two bore holes (each 134m 

deep) were made. The U-formed tubes are of polyethylene (PE) with a diameter of 1½” and are 

installed as double U-tubes. Within 1.5 days the drilling was finished and later on connected to the 

heat pump.  At the same time a geothermal profile of the soil coming out of the drilling hole was 

established and the heat-gains could be calculated more in detail. 

The geothermal circuit was connected to the heat pump (Vitocal 300 Type BW from Viessmann) that 

works on two levels.  The maximum output power is 16.6 kW.  The thermal energy goes into a storage 

tank where temperatures up to +35°C are provided for the floor heating and the ventilation.  The 

calculated temperature levels range from 25-35°C for the supply temperature related to an outside 

temperature of a minimum of -12°C. 

The coefficient of performance in the datasheet of Viessmann is specified with 4.61 (calculated by 

DIN EN 255; supply temperature 35°C and 0°C heat source temperature).  In its primary circle, 4200 

l/h are circulating with a temperature minimum between 0° and 4°C, in its secondary circle 1400 l/h 

with temperatures of 25°/35°C. 

 

The supply system for the heat with the geothermal heat exchangers is also the source for cooling in 

summer.  Cool ground heat exchanger water goes into the floor heating system which operates in that 
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