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Estimating thermal conductivity from lithological 
descriptions – a new web-based tool for planning 
of ground-source heating and cooling

Claus Ditlefsen, Inga Sørensen, Morten Slott and Martin Hansen

It is the overall policy of the Danish Government that by 
2050 electricity, heating and transport will be 100% based 
on renewable energy. In order to reach this goal a number 
of different green technologies will have to interact. In areas 
with no district heating, ground-source heating by heat pump 
technology (Sanner 2011) could well be one of the solutions. 

The potential energy extraction from closed-loop bore-
holes for ground-source heating depends to a large degree 
on the thermal conductivity of the surrounding geological 
formations, although other parameters such as the thermal 
gradient and the extent of groundwater flow also affect the 
transport of heat to the borehole. Initial estimates indicate 
that in Denmark there may be as much as 40% difference 
between the most and the least favourable geological condi-
tions, determined by the thermal conductivity of the differ-
ent sediment or rock types alone (Vangkilde-Pedersen et al. 
2012). Therefore specific knowledge of the thermal conduc-
tivity of the geological formations is essential when estimat-
ing the optimal drilling depth and the number of boreholes 
required for a specific plant. In co-operation with research 
and industrial partners, the Geological Survey of Denmark 
and Greenland is conducting a three-year project with the ti-
tle ‘GeoEnergy, tools for ground-source heating and cooling 
based on closed-loop boreholes’ (www.geoenergi.org). The 
objective of the project is to acquire knowledge and develop 
tools and best practices for the planning, design and instal-
lation of shallow geothermal energy systems. This paper de-
scribes a web-based tool developed to estimate the thermal 
conductivity in the area surrounding a potential new plant. 
The tool was developed within the GeoEnergy project and 
can be used by administrators, energy planners and drillers 
of closed-loop boreholes.

Thermal conductivity of shallow Danish 
sediments
The thermal conductivity of sediments or rocks depends on 
their mineral composition, the texture, and the water con-
tent. Above the water table, where air is present in the pore 
spaces, sediments generally have a low thermal conductivity. 

Hence information about the position of the water table in 
the borehole is important when planning a new site.

Relatively few investigations of thermal properties of 
Danish sediments have been carried out (Balling et al. 1981; 
Porsvig 1986) and thermal conductivity values published in 
international literature show broad ranges for the individual 
sediment types (e.g. Banks 2008; VDI 2010). This is gener-
ally the case for clayey sediments and particularly for glacial 
till, see Vangkilde-Pedersen et al. (2012) for details. There-
fore a programme was initiated to investigate the thermal 
properties of common shallow sediments. The work focused 
on determining the thermal conductivity of prevalent water-
saturated sediments. The range of the thermal conductivities 
within common sediment types was determined from meas-
urements of 51 samples from well-characterised exposures at 
different localities (Figs 1, 2). The samples were water satu-
rated in the laboratory and placed in a thermal cupboard at 
20°C for at least 16 hours before measurements were made. 
The thermal conductivity was determined using the needle 
probe method (Wechsler 1992; Hukseflux 2003). Detailed 
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Fig. 1. Map showing sample locations. One sample from northern Ger-
many was kindly provided by Reinhard  Kirsch, Landesamt  Schleswig-
Holstein. For sample details see Ditlefsen & Sørensen (2014). The arrow 
shows the location of the map included in Fig. 3.

http://www.geoenergi.org
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descriptions of sampling and laboratory procedures, as well 
as data analysis and statistical analysis were published by 
Ditlefsen & Sørensen (2014) and Sørensen et al. (in press). A 
summary of the results is provided in Table 1. Each sample 
has been measured 2 to 5 times and an average value repre-
senting the sample was calculated. The variation amongst 
samples of the same sediment type is given as one standard 
deviation using the average values of each sample. The results 
indicate that the different sediment types have thermal con-
ductivities within characteristic ranges with one standard 
deviation corresponding to approximately 20% of the mean. 
This further implies that it will be possible to estimate the 
thermal conductivity around a specific borehole from thor-
ough descriptions of borehole samples alone.

The national borehole database Jupiter
The Geological Survey of Denmark and Greenland has ac-
quired data on boreholes since 1926 in accordance with the 
Danish water supply legislation. The data include informa-
tion about location, construction, geology, water table and 
groundwater chemistry (Hansen & Pjetursson 2011). Sam-

ples from approximately one third of the boreholes have been 
described and interpreted by geologists; the rest have been 
described by drillers in the field. Since 1969, drillers have 
also been obliged to submit representative borehole samples 
to the Survey where they are described according to strict 
standards as outlined by Larsen et al. (1995). In addition, 
geological interpretations of age and depositional environ-
ment are made (Gravesen & Fredericia 1984). The data are 
stored in the national borehole database, Jupiter, which can 
be accessed on the internet free of charge (www.geus.dk). The 
database includes data on more than 270 000 boreholes, cor-
responding to about six boreholes per square kilometre. In 
2001, training and certification of drillers operating in Den-
mark became mandatory, including instruction in making 
a simple but rigorous description of borehole samples. This 
allows for an overall assessment of the character and possi-
ble origin of samples that have been described in the field by 
drillers. All in all, the national borehole database provides 
planners, drillers and administrators with a unique possibil-
ity to evaluate local geological conditions at a given site.

Estimating thermal conductivity values 
from sediment descriptions
As described above, it has been possible to establish a rela-
tionship between lithology and thermal conductivity for a 
number of common Danish sediment types. The national 
database holds a large number of lithological descriptions 
from throughout the country, and by combining the litho-
logical and thermal conductivity data the borehole database 
can be used in a new way. To do this it has been necessary 
to develop a routine that could relate a lithological descrip-
tion to one of the sediment groups in Table 1. This task 
was facilitated by the structure of the lithological table in 
Jupiter, where different components of the lithological de-
scription e.g. rock type, minor components, mineralogy, grain 
size, overall interpretation etc. are stored with unique codes 

A B

Fig. 2. A: Sampling of clayey till. B: A sediment sample with a needle probe 
installed. 

Gyttja 3 0.68 0.58–0.86 0.15
Smectite-rich clay 3 0.98 0.80–1.14 0.17
Silty clay 10 1.15 0.90–1.42 0.17
Chalk* 4 1.62 1.49–1.80 0.13
Mica-rich, fine-grained  sand 8 1.81 1.48–2.19 0.27
Till 19 1.89 1.40–2.66 0.30
Glacial sand, gravelly 4 2.24 1.98–2.43 0.19
Pure quartz sand 3 2.75 2.41–3.34 0.51

Table 1.  Thermal conductivity of some common, shallow, Danish sediments 

* Selected data from Balling et al.  (1981).
Measurements were conducted with a needle probe (Hukseflux 2008) using water-saturated samples.

Sediment type Number of samples Average thermal conductivity Range One standard deviation 
  W mK–1 W mK–1 W mK–1
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in individual data fields, which makes rigorous queries into 
the lithological data possible. In this way most samples de-
scribed and interpreted by geologists could fairly easily be 
assigned to one of the sediment groups in Table 1. In addi-
tion granite, gneiss and sedimentary rocks found near the 
surface on the island of Bornholm (Fig. 1) are tentatively 
ascribed thermal conductivities in accordance with VDI 
(2010). Water-lain sediments consisting of alternating layers 
of sand and clay are tentatively ascribed an average thermal 

conductivity of 1.5 W mK–1 in accordance with the values 
for sand and clay (Table 1). For samples where only the over-
all sediment type was noted by the driller, interpretations 
had to be made (Table 2). Finally, to compensate for the fact 
that sediments which are not water saturated have reduced 
thermal conductivities (VDI 2010), all deposits above the 
water table in the borehole are tentatively ascribed a conduc-
tivity of 1.0 W mK–1.

Table 2.  Interpretation of thermal conductivity 

* Sediment type according to driller.
§ The values are based on measurements of thermal conductivity (Table 1) and our interpretations of sediment types.
$ Clay deposits with sand, gravel or stones are interpreted as till. Other clay deposits are interpreted as clay deposited in water.

Sediment type* Supplementary information from driller Suggested thermal conductivity (W mK–1)§

Sand   2.24
Limestone   1.62
Clay   1.15
Clay$ Containing, sand, gravel or stones 1.89
Clay, sand, and stones$   1.89

Fig. 3. Results from the web application shown in a standardised report window. http://geuskort.geus.dk/termiskejordarter/
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It is the intention of the web application to show the ex-
pected thermal conductivity in a new project area from exist-
ing lithological descriptions and further to show the varia-
tion in thermal conductivity with depth as a function of the 
lithological variations. The calculations include all available 
boreholes within a user-defined rectangle, and the estimated 
thermal conductivity is calculated in depth intervals of 25 m 
from the available lithological descriptions. Furthermore, 
it is required that at least 80% of the interval is covered by 
descriptions that can be related to a thermal conductivity 
value. If this requirement is not met, the borehole is excluded 
from the calculations for the specific depth interval. Within 
each interval the percentage of each sediment type is then 
calculated and from this distribution the resulting thermal 
conductivity of the interval is estimated from the reference 
values for water-saturated sediments or rocks (Fig. 3). Fur-
thermore, the average depth to the water table is calculated 
from the most recent soundings in each borehole. Above 
this depth a reduced thermal conductivity of 1 W mK–1 is 
estimated overruling the thermal conductivity related to the 
water saturated sediment.

The web application is available at http://geuskort.geus.
dk/termiskejordarter/. From the initial map, the user can 
zoom in on the relevant project area and see all boreholes. By 
using the box search button and clicking on the individual 
boreholes, a standard lithological report appears and the qual-
ity of the individual borehole data can be accessed. By drag-
ging a rectangle over one or more boreholes, calculations based 
on the selected boreholes are made as described above. In order 
to obtain a reliable estimate of the thermal conductivity, it is 
important that the selected boreholes represent the geology at 
the new site, and a rectangle size of not more than 1 km2 is rec-
ommend unless an initial data inspection indicates otherwise.

The results are shown in a standardised report window 
(Fig. 3). The report shows the average lithological compo-
sition of each 25 m interval as bars and a plot of expected 
thermal conductivity values versus depth. A plot of the depth 
to the water table calculated from soundings in the area is 
shown to the left. The report also contains a locality map that 
shows the boreholes in the area and a legend that includes av-
erage thermal conductivities of different sediment and rock 
groups. The properties of the different groups can easily be 
adjusted or more groups can be added by the web administra-
tor when more information about the thermal conductivity 
of different sediments and rocks becomes available. 

So far, the web application has been tested and released. 
The next step will be to introduce it to different end users 
such as administrators, drillers and energy planners. We 
also plan to conduct a number of interviews to get feedback, 
which may lead to adjustment of the system.
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