
 IEA ECES ANNEX 21 – Subtask 1 

Thermal Response Test State of the Art 2011 

1

 

IEA ECES ANNEX 21 
Thermal Response Test (TRT) 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Thermal Response Test (TRT) 

 
State of the Art 2011 

 
Subtask 1 

 



 IEA ECES ANNEX 21 – Subtask 1 

Thermal Response Test State of the Art 2011 

2

 

 

 

December 2011 

Thermal Response Test (TRT) 

State of the Art 2011 
 

Prof. Bo Nordell 

 

Renewable Energy Group 
Div. Architecture and Water 

Dept. Civil, Environmental and Natural Resources Eng. 
Luleå University of Technology 

SE-97187 Luleå, SWEDEN 
-------------------------- 

Room: F659C 
Phone: +46-920-491646 

bon@ltu.se 

 

 

This report is partly compiled from the TRT State of the Art 2001  

within IEA ECES Annex 13 which is part of Gehlin, 2002. 

 

Thermal Response Test for BTES Applications 
State of the Art 2001 

 

Signhild E. A. Gehlin 
Division of Water Resources Engineering 

Luleå University of Technology 
Luleå, Sweden 

 

Jeffrey D. Spitler 
School of Mechanical and Aerospace Engineering 

Oklahoma State University 
Stillwater, Oklahoma, USA 



 IEA ECES ANNEX 21 – Subtask 1 

Thermal Response Test State of the Art 2011 

3

ACKNOWLEDGEMENTS ................................................................................................ 5 

 

1. BACKGROUND ..................................................................................................... 6 

1.1. Thermal Response Test (TRT)............................................................................... 6 

1.2. TRT Operation......................................................................................................... 7 

1.3. IEA ECES Annex 21 – Thermal Response Test................................................... 8 

1.4. Objectives and Scope.............................................................................................. 8 

 

2. THEORETICAL BACKGROUND OF TRT EVALUATION ............................ 9 

 

3. OPERATIONAL EXPERIENCE.......................................................................... 11 

3.1. Running the Test................................................................................................... 11 

3.1.1. Starting and Ending the Measurement ............................................................. 11 

3.1.2. Determining Undisturbed Ground Temperature ............................................ 12 

3.1.3. Duration of Measurement ................................................................................... 14 

3.2. Operational Problems and Considerations....................................................... 15 

3.2.1. Heat Losses or Gains ............................................................................................ 15 

3.2.2. Power Stability ...................................................................................................... 15 

3.2.3. Ground Temperature ........................................................................................... 16 

3.2.4. Influence of Variations in Thermal Conductivity with Depth....................... 16 

3.2.5. Groundwater Flow ............................................................................................... 16 

3.2.6. General Operational Experience......................................................................... 17 

 

 



 IEA ECES ANNEX 21 – Subtask 1 

Thermal Response Test State of the Art 2011 

4

4. WORLDWIDE USE OF TRT ............................................................................... 18 

4.1. Reported TRT Data............................................................................................... 26 

4.1.1. Number of TRT Organisations ........................................................................... 26 

4.1.2. Types of TRT Equipments ................................................................................... 27 

4.1.3. Heat Injection or Extraction ................................................................................ 27 

4.1.4. Typical Ground Temperature ............................................................................. 27 

4.1.5. Type of Applications ............................................................................................ 28 

4.1.6. Type of Fillings...................................................................................................... 29 

4.1.7. Type of Pipes ......................................................................................................... 29 

4.1.8. Borehole Depth ..................................................................................................... 29 

4.1.9. Heat Injection/Extraction Power ....................................................................... 30 

4.1.10. Weight of TRT Equipment .................................................................................. 30 

4.1.11. Miscellaneous Functions...................................................................................... 31 

4.1.12. Analysis Methods ................................................................................................. 32 

 

5. CONCLUSIONS ................................................................................................... 32 

 

6. REFERENCES AND USEFUL TRT LITERATURE.......................................... 34 



 IEA ECES ANNEX 21 – Subtask 1 

Thermal Response Test State of the Art 2011 

5

ABSTRACT 

Proper design of ground heat exchangers in ground source heat pump systems 
requires a good estimate of the thermal conductivity of the ground to avoid over-
sizing or under-sizing of the ground heat exchanger. A good estimate of the 
thermal conductivity is also needed when designing a BTES (Borehole Thermal 
Energy Storage) system. The ground thermal properties may be measured at a 
specific location (in situ) using what is usually referred to as a thermal response 
test (TRT). In such tests, a heat injection or extraction (often at constant rate) is 
imposed on a test borehole. The resulting temperature response is used to 
determine the ground thermal conductivity, and to test the performance of 
boreholes. Since the initial mobile test rigs were built in 1995 in Sweden and the 
U.S.A., this technology has spread to an increasing number of countries. 

Within the framework of the International Energy Agency (IEA), and the 
Implementing Agreement on Energy Storage through Energy Conservation 
(ECES), the overall objectives of the international co-operation project Annex 21 
“Thermal Response Test” were to  

 compile TRT experiences worldwide in order to identify problems;  

 carry out further development;  

 disseminate gained knowledge; 

 promote the technology. 

Current report is the result of the work within the Annex 21 Subtask 1 and gives a 
summary of known thermal response testing activities in the world and the state-
of-the-art of the technology until December 2011.  
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1. BACKGROUND 

Underground Thermal Energy Storage (UTES) is a reliable and sustainable 
technology for cooling and heating of buildings and industrial processes and is 
now widely spread in the world. In the past 30 years, various applications of UTES 
have been constructed. The IEA Implementing Agreement, Energy Conservation 
through Energy Storage (ECES), has during that time been a platform within much 
of the expertise on UTES has developed. 

The acronym UTES refers to underground thermal energy storage in general, and 
is often divided into subgroups according to the type of storage medium that is 
used. The acronym BTES (Borehole Thermal Energy Storage) refers to storage 
systems using boreholes or ducts and pipes in the ground. 

The thermal conductivity of the ground and thermal resistance of the ground heat 
exchanger (GHEX) are the two most important design parameters for BTES 
systems. These two parameters may be determined from in situ measurements, 
which give reliable design data. Such tests are usually economically feasible when 
designing BTES systems comprising more than a few boreholes. The 
measurement method has rapidly developed in the last decade and is now usually 
referred to as Thermal Response Test or just TRT. 

1.1. Thermal Response Test (TRT) 

Thermal Response Test (TRT) is a measurement method to determine heat 
transfer properties of a borehole heat exchanger and surrounding ground in order 
to design and to predict the thermal performance of a ground-source energy 
system. The two parameters identified are the effective thermal conductivity of the 
ground and thermal resistance within the borehole. The TRT equipment is 
commonly built in a few portable boxes or mounted on a car trailer for easy 
transportation to test sites.  

This mobile TRT method has been important in the rapid spreading of BTES 
systems. It has been a door opener for introducing the technology in “new” 
countries. 

The first paper suggesting mobile TRT equipment was presented by Mogensen 
(1983) at the International Conference on Subsurface Heat Storage in Theory and 
Practice in Stockholm. This was the second conference in a series that since 1985 
became known as the “Stock” conferences. Mogensen suggested a system with a 
chilled heat carrier fluid being circulated through a GHEX system at constant heat 
extraction rate, while the outlet fluid temperature from the GHEX was continuously 
recorded. This method itself was used to evaluate GHEX systems, before the first 
mobile TRT existed. (Mogensen, 1985; Eskilson, 1987; Nordell, 1994; Hellström, 
1994).  

It took until the mid 90ies until TRT was developed. The first mobile measurement 
devices for thermal response testing were independently constructed in Sweden 
and USA in 1995. The Swedish response test apparatus (“TED”) was developed at 
Luleå University of Technology as reported in a MSc Thesis by Eklöf and Gehlin 
(1996). At the same time a similar device was developed at Oklahoma State 
University (Austin, 1998). Both apparati are based on Mogensen’s concept but 
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with a heater instead of a chiller. One of the most important publications in 
promoting TRT is Gehlin (2002). This doctoral thesis has been downloaded more 
than 100,000 times from the LTU website.  

The TRT technology has spread rapidly and is now available in about 40 countries 
in Europe, Asia, North America, South America and Africa. Each Stock conference 
since the TerraStock’2000 in Stuttgart has arranged a special TRT session. At 
Effstock’2009 two sessions were assigned for TRT (Nordell & Gehlin, 2009). 
Because of the world wide use of TRT a new annex within IEA ECES 
Implementing Agreement was started in November 2007 (Reuß et al. 2009). This 
annex is further described in Sections 1.3 - 1.4. 

1.2. TRT Operation 

There are basically two ways to operate the TRT equipment (see Figure 1); to 
inject or extract heat from/into the tested borehole. This is done by circulating a 
fluid, through the borehole, that is warmer (injection) or colder (extraction) than the 
surrounding ground. There are also TRT equipments in which both modes are 
available. Various TRT units have been developed in different countries. The size 
and shape of such equipments vary from suitcase, to caravan, to shipping 
containers. 

The first step of the test is to determine the undisturbed ground temperature. This 
is usually made by temperature logging in the borehole, or by evaluating the fluid 
temperature of the circulating fluid before the heating/cooling is switched on.  

The thermal response is the measured change with time in the mean temperature 
of the fluid’s inlet and outlet temperatures. Superimposed temperature fluctuations 
usually depend on the varying ambient air temperature or corresponding 
fluctuations in the power supply to the electric heater and the circulation pump. Air 
temperature and the power consumption are therefore often measured to separate 
such disturbances in the evaluation. Several equipments compensate these 
fluctuations by using a control to provide constant power. 

 

Figure 1: Thermal response test set-up (Gehlin, 2002). 
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1.3. IEA ECES Annex 21 – Thermal Response Test 

The idea of an IEA ECES Annex on Thermal Response Test, came up at the 
Ecostock’2006 conference in the USA. The reason was that TRT rapidly had 
spread to countries around the world and the risk was that it was used in such 
different ways that TRT results would not be comparable. The basic idea of Annex 
21 was to document and disseminate a best practice manual to safeguard the 
method from misuse (Reuß et al., 2009) which possibly could discredit TRT.  

1.4. Objectives and Scope 

The general objectives of Annex 21 were defined as: 

 Compilation of TRT experiences worldwide in order to identify problems, 

 Further developments, 

 Dissemination of gained knowledge and  

 Promotion of the technology 

The following five subtasks were defined to carry out the work within Annex 21. 

1. TRT State-of-the-Art Study (current report) 

2. New Developments 

3. Evaluation methods and developments 

4. Standard TRT procedures 

5. Dissemination activities 

Current report is the final documentation of Subtask 1 that is a summary of the 
TRT state-of-the-art survey of its worldwide use. The objective of this report is to 
summarize various aspects of how TRT is used internationally: 

 Which countries are using TRT? 

 Purpose of TRT data, e.g.: design, R&D, quality control, or failure analysis. 

 Applications for TRT, e.g.: GHEX, energy piles, or horizontal ground 
collectors. 

 Description of different TRT setups. 

 Test procedure e.g. like heat injection or extraction 

 Evaluation models – analytical or numerical models  

 The basic theoretical background for TRT will be included. 

 References – a list of available scientific literature  

 Experiences from ‘non-mobile’ measurements should be included 

In order to collect TRT data from around the world a fill-in form was developed 
(see appendix). This questionnaire was sent out to potential users and is also 
available in several languages at the Annex 21 website. This report gives a 
summary of known thermal response testing activities in the world and the state-of 
the art of the technology until April 2011.  



 IEA ECES ANNEX 21 – Subtask 1 

Thermal Response Test State of the Art 2011 

9

2. THEORETICAL BACKGROUND OF TRT EVALUATION 

TRT means that the thermal response of heat injection or heat extraction into/from 
a borehole is measured and analyzed. The analysis gives the apparent (effective) 
thermal conductivity of the ground and the thermal resistance of the borehole. The 
methods to evaluate response test data are based on the principle of fitting 
measured and calculated fluid temperatures.  

The difference between the different evaluation methods is the way in which the 
fluid temperature is calculated. The most detailed method is to calculate the fluid 
temperature by 3D numerical modelling though also 2D modelling is used. In other 
methods the heat flow and the temperature field around the borehole are 
calculated by assuming the borehole to be a cylinder (heat) source or a line (heat) 
source.  

The most common method is the line source model also known as the Kelvin Line 
Theorem.  The theoretical background is based on a few assumptions:  

 

 heat transfer in the ground is a result of conduction only,  

 the ground is assumed to be initially at a uniform temperature, 

 the ground has uniform thermal properties, 

 the long borehole is drilled vertically into the ground, 

 though the ground temperature varies with depth its mean temperature is 
used for the full depth of the borehole. 

Analysis of transient 1D heat conduction (Ingersoll and Plass, 1948) gives the fluid 
temperature as a function of time as: 
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This equation is only valid if the time is not too short i.e. that the time criterion 

25 brt   is fulfilled 

fT   Fluid temperature (°C) 

gT   Initial ground temperature (°C) 

Q  Total heat injection into the borehole (W) 

 L Borehole depth 

br  Borehole radius (m) 

bR  Borehole thermal resistance (m,K/W) 

  Thermal conductivity of the ground (W/m,K) 

 c Volumetric heat capacity of the ground (J/m3K) 

  Thermal diffusivity = c/ (m2/s)  

  Euler’s constant = 0.5722… 

 t Time (s) 
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By replacing the constants in equation (1) by k and m the equation becomes  

mtktTf  )ln()(      (2)  

which means that Tf versus ln (t) becomes linear with the slope k and the abscissa 
m. By plotting the fluid temperature against logarithmic time k and m are obtained 
as:   
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from which  Rb is obtained after fitting. 

 

 

 

 

Figure 2: Left/ Measured mean fluid temperature of the borehole. Right/ Measured 
mean fluid temperature in a logarithmic scale and the fitting linear function y, which 
corresponds to the temperature function Tf(t), see Eq. (2). 

 

Figure 2 gives an example of the mean fluid temperature [(Tinj + Text)/2] variation 
with time during the TRT test. The graphs show measured temperature with linear 
and logarithmic time scales. The thermal conductivity is determined by the slope, 
k, of the linear curve as shown in Eq. 3. The borehole thermal resistance Rb is 
derived by inserting the m value given of Fig. 2 in  Eq.4. 
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3. OPERATIONAL EXPERIENCE 

3.1. Running the Test 

3.1.1. Starting and Ending the Measurement 

Thermal Response Tests are conducted on one or more test boreholes, 
representative of the rest of the boreholes needed for the full BTES system. In 
case of large BTES systems more than one TRT may be conducted at several test 
holes on the site. The test borehole should be drilled to the design depth and fitted 
with the same type of piping, heat carrier and borehole filling as will be used for 
the rest of the BTES system. The response test facility is placed as close as 
possible to the test borehole and is connected to the borehole pipes. The test loop 
(i.e. the collector pipes and the response test device) is filled with brine and 
purged. All exposed parts between the borehole and the response test apparatus 
must be thermally insulated to minimize ambient influence, see Figure 3. 

In this case however, when the air temperature amplitude is relative constant the 
effect on the evaluation becomes small provided that mean values of temperature 
and power are used in the evaluation. 

Figure 3: The graph shows how the injected heating power varies with the ambient 
air temperature variation. The difference in injection power results from heat 
losses i.e. the injection power deceases with the air temperature. 

 

The temperature development of the circulating brine is recorded at a set time 
interval, normally in the range 1-10 minutes depending on the flow rate and the 
depth of the borehole. The temperature of the borehole changes much faster at 
the beginning of the test and after the first day the measurement could be made 
with greater intervals (hours).This might be of extra importance for manual 
measurements. If modern loggers are used very short measurement intervals 
(seconds) are recommended throughout the test. The test proceeds until steady-
state conditions are obtained, i.e. the thermal conductivity converges towards a 
constant value, see Figure 4.  
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Figure 4: The graph exemplifies how the evaluated thermal conductivity 
converges, in this case at 2.3 W/m,K, with increasing hours of measurement data 
used in the evaluation.  

 

When a sufficient number of measured hours have passed, the heat/cold injection 
is switched off. Normally this is the end of the measurement and the test device is 
disconnected, but in case the temperature decline will also be measured, the 
circulation pump is left on for another number of hours until the borehole 
temperature is back to the approximate initial conditions. After the response test, 
the test borehole is included in the full BTES system. 

 

3.1.2. Determining Undisturbed Ground Temperature 

To evaluate the effective ground thermal conductivity from measured TRT data the 
undisturbed ground temperature, often determined before the start of the test, is 
required.  

The geothermal gradient is a factor that cannot be neglected, and causes the 
undisturbed ground temperature to increase with depth. This gradient is a result of 
the geothermal heat flow and the thermal conductivity of the ground. The 
continental geothermal heat flow varies normally between 40 and 80 mW/m2 

though it in volcanic active areas, e.g. in Iceland, is considerably greater. The 
geothermal heat flow is generally greater ~0.1 mW/m2 in the oceans. The resulting 
temperature gradient varies globally, but is normally in the range 0.5 – 3.0 K per 
100 meter. Global data of geothermal heat flows are collected and made available 
by the International Heat Flow Commission (IHFC, 2011) 

Eskilson (1987) showed that it is not necessary to consider the temperature 
variation along the borehole for BTES applications. The mean temperature along 
the borehole may be used as a homogeneous undisturbed ground temperature 
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around the borehole. However, in BTES systems used for cooling the undisturbed 
ground temperature is more important. 

The undisturbed ground temperature may be determined in different ways. The 
most commonly used method is to lower a temperature sensor down the fluid-filled 
U-tube before the circulation has started and the fluid temperature is in equilibrium 
with the ground. A measurement should be carried out every few meters along the 
U-pipe and recorded. To avoid any disturbance and mixing of the fluid in the pipe 
special small sensors have to be used. The temperatures are used to calculate an 
arithmetic mean borehole temperature. There are more detailed techniques e.g. 
with optical fibers that measure temperatures almost continuously along the 
borehole at the same time.  

Another method is to circulate the fluid through the borehole heat exchanger 
before the heater is switched on for the test. The undisturbed ground temperature 
can be derived by analyzing the fluid temperature from the start of circulation for 
the time that corresponds to the travel time of the fluid from pipe inlet to the pipe 
outlet. The temperature amplitude, which pictures the ground temperature at 
different depths of the borehole, will disappear because of mixing after some time. 
One problem with this method is that the circulation pump injects heat into the 
system, which thus induces an increased fluid temperature.  

Gehlin and Nordell (2003) compared the result from three methods of estimating 
the undisturbed ground temperature for thermal response tests. A manual 
temperature log was first conducted on a well documented 60 m (197 ft) borehole 
in hard rock, fitted with a single U-pipe collector. After the manual log, the pipe 
was connected to the TRT rig and the collector fluid was circulated without heat 
injection for more than 70 minutes while inlet and outlet temperatures were 
recorded every 10 seconds. The undisturbed ground temperature calculated from 
the manual log and the temperature recordings of the first few minutes of 
circulation in the pipes were compared and showed an agreement within 0.1oC. 
These estimates were also compared to temperature readings of the fluid after 20, 
30 and 60 minutes and showed clearly that the heat gain to the fluid from the 
circulation pump gives an over estimation of the undisturbed temperature by 0.4 °C 
already after 30 minutes. The value at 20 minutes circulation agreed well with the 
manual log. The influence of the heat gain from the circulation pump depends on 
the power rate of the pump related to the borehole depth, see Figure 5..  
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Figure 5: The graph shows temperature measurements with different methods in 
the same borehole at Dinslaken, Germany (2010-02-09). It is seen that the 
temperature outside the pipe (NIMO-T) gives a higher temperature value than 
measurements inside the pipes. 

 

3.1.3. Duration of Measurement 

The measurement time necessary for obtaining sufficient data for a reliable 
analysis has been discussed much since the beginning of response test 
measurements. Austin, et al. (2000) found a test length of 50 hours to be 
satisfactory for typical borehole installations. Gehlin (1998) recommends test 
lengths of about 60 hours. Smith and Perry (1999a) claim that 12-20 hours of 
measurement is sufficient, as it usually gives a conservative answer, i.e. a low 
estimate of thermal conductivity. Witte, et al. (2002) performed tests over 250 
hours. Austin, et al. (2000) and Witte, et al. (2002) have compared tests of 
different duration. In some countries, especially in North America, test costs are 
related to test length. One contractor (Wells 1999) who performs in situ tests in 
Ohio, USA, estimated the cost to the customer for a 12 hour test at $4500; and 
$6800 for a 48 hour test. About $2000 represents the cost of drilling the borehole, 
installing the U-tube, and grouting the borehole. Labour costs for this contractor 
are about $42/hour. Furthermore, according to the contractor, since many of the in 
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situ tests are done as part of utility-funded feasibility studies, the additional cost for 
a 50-hour test is hard to justify. 

3.2. Operational Problems and Considerations 

Operational experiences of the test units have shown some sources of error that 
can affect the results. These include heat leakage to or from the air, fluctuations in 
electrical power, and inaccurate measurements of the undisturbed ground 
temperature. 

3.2.1. Heat Losses or Gains 

Uncontrolled heat losses or gains to or from the environment due to insufficient 
thermal insulation cause problems (Austin 1998; Reuß, M. et al. 2002, Witte, et al., 
2002) in the analysis of the experimental data. Even though the heat transfer to or 
from the environment may be relatively small compared to the heat transfer to or 
from the earth, it can have a significant adverse influence when the results are 
analysed with the line source method. This problem may be overcome by 
adequate insulation of the experimental apparatus and piping. In systems where 
the injected/extracted heat is determined by measuring the inlet and outlet fluid 
temperatures and flow rate, moving the temperature sensors into the piping in the 
ground (Witte, et al. 2002) may also help. It is helpful to measure ambient air 
temperatures during the test so that the effects of changing ambient air 
temperature may be investigated. It may be possible to correct for these effects 
with some analysis procedures if a good estimate of the heat loss or gain can be 
made. 

3.2.2. Power Stability 

A common problem is fluctuations in the electrical power supply (Austin 1998). 
This can cause problems with line source analysis, which usually assumes a 
constant heat injection rate. One solution is to control the temperature difference 
directly, while maintaining a constant flow rate or to control the temperature 
difference while measuring the flow rate, so as to maintain a constant heat 
injection or extraction rate. This approach has been utilized by Groenholland 
(Witte 2002) and ZAE Bayern (Zervantonakis et al. 2006a, 2006b). Another 
solution is to use electricity stabilization (Reuß, M., 2004) to obtain a constant 
supply voltage. A third solution is to use an analysis procedure that can account 
for fluctuating power, which requires that electricity measurement is part of the test 
procedure. Figure 6 gives an example of how supplied electricity (voltage) varies 
diurnally depending on the societies varying consumption of electricity during the 
day. 
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Figure 6: Measurement of supplied electricity and ambient air temperature during 
a TRT test in Kiruna, Sweden. The test started 3 p.m. on 2004-09-24.  

 

3.2.3. Ground Temperature 

All analysis procedures depend on the ground being thermally undisturbed. The 
ground is necessarily disturbed by the drilling process, which may result in the 
ground surrounding the borehole being warmer (due to energy input or exothermic 
heating with cementitious grouts) or wetter (due to circulation of drilling fluid) or 
dryer (due to circulation of air) than it would otherwise be. The time required for 
the ground to return to an approximately undisturbed state has not received 
enough systematic studying. Kavanaugh (2000) recommends that a thermal 
response test be delayed at least 24 hours after drilling, and at least 72 hours if 
cementitious grouts are used. Earlier work by Lilja (1981), Bullard (1947), 
Lachenbruch and Brewer (1959) might also be helpful in determining temperature 
disturbances caused by drilling. 

3.2.4. Influence of Variations in Thermal Conductivity with Depth 

For the analysis of a thermal response test it is normally assumed that the ground 
thermal conductivity along the borehole is homogeneous. However, there is 
normally a different top-soil layer with a considerably lower thermal conductivity 
than the deeper rock or sediments. According to Eskilson (1987), a numerical 
simulation of a deep borehole in granite (λ=3.5 W/m,K) with a 5 m thick top-soil 
layer (λ=1.5 W/m,K) shows that the thermal performance changes less than 2% for 
a 100 m (328 ft) deep borehole. His conclusion is therefore that the effect of a top-
soil layer of less than 10 m (33 ft) can be neglected. If the soil layer is thick, an 
arithmetic mean thermal conductivity may be used. 

3.2.5. Groundwater Flow 

The influence of groundwater flow on the performance of borehole heat 
exchangers has been a topic of discussion. Field observations have suggested 
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that there is a groundwater aspect on the borehole performance (Gehlin 1998, 
Helgesen 2001). Some theoretical studies have been published on the subject. 
Eskilson (1987), Claesson & Hellström (2000) and Chiasson et al (2000) 
presented models for the influence of regional groundwater flow based on the 
assumption that the natural groundwater movements are reasonably 
homogeneously spread over the ground volume. This applies well on a 
homogeneous and porous ground material. Eskilson and Claesson & Hellström 
use the line source theory for modelling the groundwater effect on a single vertical 
borehole. They conclude that under “normal conditions” in crystalline rock, the 
influence of regional groundwater flow is negligible. This is further discussed in 
Subtask 2 and Subtask 3 of Annex 21. 

Chiasson et al. use a two-dimensional finite element groundwater flow and 
mass/heat transport model and come to the conclusion that it is only in geologic 
materials with high hydraulic conductivities (sand, gravels) and in rocks with 
secondary porosities (fractures and solution channels in e.g. karst limestone), that 
groundwater flow is expected to have a significant effect on the borehole 
performance. Simulations of the effect of groundwater flow on thermal response 
tests give artificially high conductivity values. 

The influence of single or multiple fractures and fracture zones on the TRT 
evaluation could have great influence on the results (Gehlin, 2002) of TRT 
measurements.  

Gustafsson (2010) studied the effect of thermally driven convection between pipes 
and the borehole wall, in groundwater filled boreholes. These studies were made 
with both injection and extraction (until freezing) in the same groundwater filled 
borehole. Since freezing of the water in the borehole means that no convection 
could occur Gustafsson was able to distinguish between heat transfers with and 
without convection  

3.2.6. General Operational Experience 

In addition to the problems described, which may have a more or less subtle 
influence on the results, practitioners also face problems that can have a 
catastrophic effect on the results. These include more or less unpredictable 
disturbances such as: 

Blocked U-tubes: Practitioners have arrived at a test site and then found that the 
flow in the U-tube was blocked by pea gravel (apparently caused by spilling some 
of the backfill material into a U-tube) or pecans (apparently caused by a squirrel). 

Power failure: Power failures will almost always require that the test be redone 
due to the interruption of the heat injection pulse. Power failures have occurred 
due to generators running out of fuel, electrical power plugs vibrating out of the 
generator, the power cord being disconnected by construction workers or cows. 

Fluid leakage: Since the equipment is mobile, with time it is likely to develop small 
leaks. In the right combination, this can result in air entering the fluid loop and, with 
enough air in the system, the system will begin to undergo rapid transients as 
large air bubbles form. 
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4. WORLDWIDE USE OF TRT 

In order to collect TRT data from around the world a fill-in form was developed 
(see Appendix and Table 1). This questionnaire was sent out to potential users 
and is also available in several languages at the Annex 21 website (Annex 21).  

TRT tests have currently been performed in at least the following thirty-two 
countries, see Table 2. The shadowed countries have filled in and submitted the 
TRT Data Sheet. In some cases the TRT equipment was set-up at the tested site 
i.e. they were not using some kind of mobile measurement equipment. Reported 
TRT data are available at the Annex 21 website and will hopefully be updated in 
the future. 

 

Table 1:  Requested TRT Data (see Appendix) 

Contact Information Address: 

Country: Phone: 

Contact Person (s): Email: 

Organization/Company: URL: 

General TRT data Technical TRT Information 

Type: Heat injection and/or heat extraction 
  

Type of TRT (Suitcase, container, trailer, etc.)

No TRTs: XX Heating/cooling 

Aim: Research/development/commercial Power range (stepwise/variable) 

Powered by: Electricity, gas, oil, etc.  Control/operation (remote or not) 

On/in: Trailer, pallet, container, portable, 
stationary, etc. 

Flow rate (constant/stepwise/variable) 

Size, weight: L+W+H, kg Monitored data and accuracy 

Pump: type, capacity (range)  Calibration 

Heater: type and capacity (range)  Experience 

HP/Cooler: type and capacity (range)  No of performed tests  

Temperature measurements: In which countries 

- Measurement, type, accuracy 
TRT for design, R&D, quality control/failure 
analysis 

Flow rate measurements: Horizontal/vertical/open/closed  

- Measurement and type of sensor Testing fluid (water or water/antifreeze) 

Voltage stabilization: Yes/No Duration of test  

Electricity measurement: Yes/No, accuracy Undisturbed ground temp (methods) 

Logger: type Evaluation models 

GPS:  Yes/No Line source 

Remote Control: Yes/No Cylinder source 

Remote Data Collection: Yes/No Numerical modeling 

Principle outline Name of model: 
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Figure 7 shows when the first TRT measurements were performed in various 
countries. It started in the mid 90ies in USA and Sweden and spread rapidly to 
other countries. As seen from the much longer list of countries in Table 2, several 
countries have failed to report when their first TRT was performed.  

 

Table 2: Countries in which TRT is used (shadowed = reported TRT data) 

 

 

Figure 7: The reported year of the first TRT measurement in some countries. 

Argentina (n.a.) Estonia (n.a.) Japan Spain 

Austria Finland Libya Sweden 

Belgium France (n.a.) Norway Switzerland 

Bulgaria Germany Pakistan (n.a.) Syria 

Canada Greece Serbia (n.a.) The Netherlands 

Chile Ireland (n.a.) Slovakia (n.a.) Turkey 

China Israel (n.a.) South Africa (n.a.) United Kingdom 

Cyprus Italy South Korea USA 
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Thermal response test equipments around the world 

 

Büro f. Geowissenschaften M&O GbR, Germany M&P Geonova GmbH, Germany 

UBeG Dr. E. Mands & Dipl.-Geol. M. Sauer 
GbR, Germany Eneren S.r.l., Italy 

GEOTERMICA SAVAL SRL, Italy Geo-Net s.r.l., Italy 



 IEA ECES ANNEX 21 – Subtask 1 

Thermal Response Test State of the Art 2011 

21

Thermal response test equipments around the world 

 

 
Kyushu University, Japan Hokkaido University, Japan 

NGU, Norway NGI, Norway 

KIGAM, Korea KRRAC, Korea 



 IEA ECES ANNEX 21 – Subtask 1 

Thermal Response Test State of the Art 2011 

22

Thermal response test equipments around the world 

 

TECSE Ingenieria del Terreno S.L.L., Spain Cidemco Tecnalia, Spain 

: Energesis Ingeniería, Valencia, Spain 
 

KTH, Sweden 

Neoenegy Sweden AB Groenholland, The Netherlands 
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Thermal response test equipments around the world  

 

ZAE Bayern, Garching, Germany Systherma GmbH, Starzach Felldorf, Germany 

geoENERGIE Konzept GmbH, Freiberg, Germany 

GTC Kappelmeier GmbH 
 

Edwärme-Messtechnik GmbH, Bremen, Germany 

 
Geo-Energie inc., Canada 
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Thermal response test equipments around the world  

Soil & Groundwater, Amzell, Germany 

Cukurova University, Turkey 
 

Technical University of Sofia, Bulgaria 

 
Hebei University, China 

 
Univ. Técnica Federíco Santa Maria, Chile Neoenergy, Sweden 
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Thermal response test equipments around the world 

 

 

 

Institut für Geothermie und Umwelt der Hochschule 
Bochum / Geothermiezentrum Bochum (GZB), Germany LOHRconsult GmbH & Co. KG, Hannover, Germany 

Cyprus University of Technology, Limasso, Cyprus Nippon Steel Engineering, Tokyo, Japan 

 
Blue Energy Intelligent Services, Cadiz, Spain 

 
Sialtec Geotermia, Les Preses Girona, Spain 
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4.1. Reported TRT Data 

4.1.1. Number of TRT Organisations  

Presently, 46 organisations in 22 countries are reported to have TRT equipments 
at the Annex 21 website (Figure 8). TRT have also been made in at least ten more 
countries. In some of these like the USA and UK, which have not submitted any 
TRT data, there are a great number of TRT equipments. Also in Canada there are 
several TRT equipments. Knowledge about further TRT countries, though have 
not reported their activities, is based on reports, articles, and conference papers.  

 

Figure 8:  Number of reported TRT organisations in various countries. 

 

Only twelve of these organisations have more than one TRT device and this group 
owns about half of all (74) reported TRT equipments. Figure 9 shows that most of 
the equipments are used for Research and Development while 23 % are used for 
commercial measurements only. 

 

Figure 9:  Most of the reported TRT equipments are used for R&D 
measurements though some are used for commercial measurements only. 
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4.1.2. Types of TRT Equipments 

The first mobile TRT equipments were built on trailers that could be transported 
after a car. Since then many different types have been designed and constructed. 
Today the most common type is a TRT built in a portable box, sometimes two 
boxes where the control and logger system is placed in a separate box. 

Other types of TRT used are stationary devices at research institutions, track 
driven TRT vehicles (caterpillar), and TRTs built in containers and on pallets that 
are usually transported by trucks to the site (see Figure 10). 

 

Figure 10:  Reported types of TRT. It is seen that most of the TRTs are built in 
portable boxes or on car trailers. 

4.1.3. Heat Injection or Extraction 

Almost 90% of all TRT equipments are for heat injection only.  Test rigs which 
allow both heating and cooling exist in China, Spain, Netherlands, Italy and Japan.  

In areas where BTES are mainly used for heat extraction it is reasonable to do the 
TRT testing in the same way. One reason is that the thermo-siphon effect is more 
likely to occur during heat injection, which will over estimate the thermal 
conductivity of the ground.  

By doing both heat injection and extraction as part of the same tests the effect of 
such conductive water movements can be reduced. It is even possible to totally 
stop convection in the borehole by extracting heat until the borehole freezes to ice.  

All reported TRT equipments produces heating cooling by electricity driven 
processes. In one case a generator reportedly used to produce the electricity. This 
is of course possible in all other cases as well.  

4.1.4. Typical Ground Temperature 

The typical ground temperature from where the TRT tests have been performed is 
also reported at the Annex 21 website. This temperature shows mainly in which  
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climate the TRT tests are done but it also gives an indication that TRT equipments 
are transported over long distances, see Figure 11. This graph mainly shows in 
which type of climate they are operating. 

 

Figure 11:  Reported ground temperatures where TRTs have  
been performed by the diifferetnt TRT organisations. 

4.1.5. Type of Applications 

Figure 12 shows the reported types of applications that are tested by TRT around 
the world. So, all of TRT providers perform BHE testing while more than 50% also 
performs TRT testing on energy piles. TRT testing on heat pipes have been 
performed by about 20% while horizontal systems are only tested by a few. The 
main reason might be that the evaluation methods for horizontal pipes are not 
commonly available. 

 

Figure 12:  Reported TRT tests are performed on different applications. 
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4.1.6. Type of Fillings 

The TRT providers have reportedly performed their testing in groundwater filled 
boreholes (43%), grouted boreholes including bentonite and clays (38%) and in 
sand filled holes (20%). 

4.1.7. Type of Pipes 

Almost all providers perform there TRT tests on single U-pipes (1-U) and double 
U-pipes. A few have been testing 6-U and heat piles while 40% of the TRT 
providers have made tests also on coaxial pipe systems, see Figure 13.  

 

Figure 13:  TRT tests are performed on different collector types. 

 

4.1.8. Borehole Depth 

Most of the tested boreholes are drilled to a depth of 100 - 200 m. However, 
Figure 14 shows also that some unusual TRT testing has been performed. Some 
very shallow boreholes (5-10 m) have reportedly been tested. The most extreme 
TRT test concerns the testing of a 700 m deep borehole, performed by GTC 
Kappelmeyer Gmb, in Karlsuhe, Germany. 

 

Figure 14:  TRT tests are reportedly performed to very different depths; red blue 
and green graphs represent maximum, minimum and mean borehole depths. 
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4.1.9. Heat Injection/Extraction Power 

The reported injection/extraction powers used vary from a few kW up to 28 kW, 
see Figure 15. Normally this heat power can be varied in steps, e.g. a 12 kW 
heater would be built up by 4 x 3 kW heaters. This power, 12 kW, which is also the 
most common injection power used indicates that these rigs are used for 
boreholes not deeper than about 300 m i.e. a heat injection of 40 W/m of borehole.  

 

Figure 15:  Maximal injection / extraction power of reported TRT equipments.  

 

4.1.10. Weight of TRT Equipment 

The reported weight of the TRT equipments varies from 20 kg to 2000 kg, see 
Figure 16. This is true with some modification since in many cases it is divided into 
several pieces. Usually the logger and the control systems or PC is separated 
from what is called TRT equipment. Normally, the tools need to connect the piping 
system have a weight that exceeds 20 kg.  

However, the heaviest systems means that the TRT is build in a container or on a 
trailer that usually include workspace, tools, electricity generator, heat carrier fluid, 
pipes etc.  

 

Figure 16:  Weight of reported TRT equipments.  
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4.1.11. Miscellaneous Functions 

Electricity Supply 

The importance of measuring and/or stabilizing the electrical supply power has 
been proven to be important. In most countries the quality of electricity varies 
which means that the supply voltage varies at least ±5%. This variation occurs as 
random spikes but there is also a systematic diurnal voltage variation. This change 
in voltage affects the supply power and thus the pump and heat capacities.  

Figure 17 shows that 88% of reported TRT rigs monitor electricity supply and that 
43% are equipped with supply power stabilization. 

 

Figure 17:  Miscellaneous functions on reported TRT equipments. 

 

Remote Data Collection and Control 

Remote data collection is very attractive (67%) and saves a lot of time for the TRT 
operator. This makes it handy to get an indication that the TRT test is going well at 
a distance from the test site. Remote operation of the TRT test is used (or at least 
possible) in the operation of 44% of all TRT rigs, see Figure 12. 

GPS i.e. a system that allows the operator to see where the TRT rig is located is 
used in 23% of all rigs. This is a nice but not necessary option unless the TRT rig 
is stolen and it is possible to retrieve it this way, 

Data Recording and Monitoring  

Not all of the reported rigs have specified what kind of logger systems they are 
using but reported monitoring and control systems are most commonly commercial 
systems or PC based software. In at least one the measurements were taken 
manually. 
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4.1.12. Analysis Methods 

The most common analysis method of TRT data is the Line Source (LS) model, 
which is used by 93% while 10% are using the Cylinder Source model, see Figure 
18. Slightly more than half are using Numerical models. Many of those using LS 
are using nothing else while almost all of those using numerical models are also 
using LS. One quarter of the numerical models analyse the TRT data 
automatically. 

 

Figure 18:  Reported analyses methods used in reported TRT data. 

 

5. CONCLUSIONS 

The main challenge with this TRT state-of-the-art study was to obtain data from 
various TRT providers in various countries. Presently, the study is based on TRT 
data from 46 organisations in 16 countries. Reported TRT data and fill-in forms for 
submission of data are available at the Annex 21 website. 

 Since the introduction of mobile thermal response tests in Sweden and USA in 
1995, the method has developed and spread rapidly to several other countries 
around the world. We know for sure that it has been used in 32 countries and 
estimate that TRT tests have been made in further 10 countries. 

 All TRT providers have reported that they perform testing of BHEs and more 
than half have also performed TRT tests of energy piles.  

 Most TRT equipments are built in portable boxes or on car trailers. There are 
examples also of TRT equipments built on pallets or shipping containers. 

 Most TRT equipments (90%) rely on imposing a heat injection into the ground, 
which is intended to be held constant by providing a constant power supply to 
an electric resistance heater element. TRT rigs which allow both heating and 
cooling exist in China, Spain, Netherlands, Italy and Japan. There was one 
such TRT also in Sweden but this rig was rebuilt for heating only after it was 
sold to Norway. However, considerably more than 90% of all TRT tests have 
been performed by heat injection. 
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 Of the reported TRT equipments 77% are used for R&D while the rest are for 
commercial tests only.  

 Reported TRT tests have been made on water filled boreholes (41%), grouted 
boreholes (37%), and sand filled holes.  

 The TRT providers perform tests on various BHEs; 1U (98%) and 2U (85%) 
and Coaxial pipes (37%).  

 Most of the tested boreholes are normally drilled to a depth of 100-200 m. 
However, some very shallow boreholes (5-10 m) and one very deep borehole 
(700 m) have also been tested.  

 The average heat injection power of reported TRT rigs is 12 kW. This is 
normally supplied by 4 x 3 kW heaters i.e. the power can be increased in steps.  

 The electricity supply to the TRT rig is in 43% equipped with supply power 
stabilization.  

 Remote data collection is commonly used (70%) as it saves time for the TRT 
operator. Remote TRT testing is an option in 44% of all TRT rigs. 

 All TRT rigs have some electronic monitoring and control systems.  

 A variety of data analysis models have been developed. Most providers use 
more than one evaluation model. 

o Line Source model (93%). 

o Cylinder Source model (10%) 

o Numerical model (55%) 

The current study includes most of the countries (30 out of 40-45) where TRT is 
used today. However, it is estimated that less than 30% of the existing TRT rigs 
are included. The main reason is that it was difficult to reach out to the TRT 
suppliers or that they cannot see any value of submitting their data to this study 
(and the Annex21 website). 

Thermal response testing will continue to spread around the world and it is of great 
importance that Annex 21 succeeds in promoting a best TRT practice manual 
world wide.   

The fill in form will be continuously available on the IEA ECES Annex 21 website. 
You are all welcome to add your data http://www.thermalresponsetest.org/ and 
you are all welcome to  

. 
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