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Abstract 
The potential for the exploration and exploitation of geothermal energy for greenhouses in Franekeradeel in the north of the 

Netherlands has been investigated. Available borehole and seismic data have been used for the evaluation of the subsurface. 

These data show that the Slochteren Formation sandstone reservoirs are very likely present at a depth of ca 3,000 m. These 

reservoirs are deemed to be suitable for the production of hot water. From interpreted 2D seismic lines could be inferred that 

the Slochteren Formation is around 200 m thick at the proposed location. Based on the local geothermal gradient, the 

temperature at the top is estimated to be around 100 ºC. At the surface location a fault zone is present in the subsurface 

complicating the siting of the injection and production wells. Towards the northeast the proposed reservoir is seemingly less 

faulted. A minimum transmissivity of 11 Dm is expected, based on the measured porosity in nearby boreholes and porosity-

permeability relationships in the surrounding area. A potential flow rate of 160 m3/h is hence inferred, leading to a thermal 

capacity of 11 MWt which can be delivered with one doublet. Different well configurations were studied. The conclusion is 

that deviated wells from the edge of the surface location towards the northeast carry the lowest risk at still acceptable costs. 

From financial analyses taking different options into account, it was concluded that geothermal energy can deliver significant 

amounts of renewable energy for heating of greenhouses. In the optimum situation, the cost price of heat amounts to 6,20 

Euro/GJ delivering annual 202 TJ of energy. This price is below the current price (January 2008) of natural gas at 0,20 

Euro/m
3
. 

 

Introduction 

In Franekeradeel, the province Friesland in the northern Nertherlands, near the village of Sexbierum an expansion of 

greenhouses is foreseen for the nearby future. The ambition of the regional government is a reduction in the water- and energy-

consumption compared to exisiting greenhouses. One of the options to reduce the amount of fossil fuels is to use geothermal 

energy for the heating of the greenhouses. Within this paper, the 

opportunities for geothermal energy are discribed.  

Geologically speaking, the area is located within the Northwest European 

basin and its history has been influenced by sedimentation rates, tectonic 

phases and sea level changes. The oldest penetrated sediments in the area are 

of Carboniferous age. The geology of the area consists of different types of 

sediments with unconformities and NW-SE oriented faults. An overview of 

the different formations, their depth, thickness and temperature are given in 

table 1. The reservoir temperatures have been estimated by uncorrected 

bottomhole temperatures, from which the geothermal gradient could be 

estimated. The number of log-runs in the wells was insufficient to correct 

bottomhole values to the real temperature of the reservoirs, leading to an 

underestimation of gradients. 
Figure 1: the location of Franekeradeel      

Table 1: Overview of the stratigraphy in Franekeradeel.  
Chronostratigraphy Formation of 

interest 
Age Dominant lithology Depth [m] Tav [ºC] 

   top base  

Noordzee Group - Tertiary Clay and sand 0 1,130 29 
Ommelanden Formation Ommelanden Cretaceous Limestone 1,130 1,440 50 
Holland Group - Early Cretaceous Marl 1,440 1,550 57 
Vlieland Group Vlieland Sandstone Early Cretaceous Sand- and claystone 1,550 1,860 63 
Schieland Group Zurich Late Jurassic Silt-, clay- and sandstone 1,860 2,020 70 
Lower Buntsandstein Formation - Early Triassic Claystone 2,020 2,090 74 
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Zechstein Group - Late Permian Halite, anhydrite, limestone 2,090 2,950 88 
Upper Rotliegend Group Slochteren Late Permian Sand- and claystone 2,950 3,300 106 
Limburg Group - Carboniferous Sand- and claystone, coal 3,300 ? >106 

 

Data  
In this area, only 2D seismic data are available. In figure 2 the locations are shown of the seismic lines and the wells which 

have been used. The green lines show the outline of gasfield in the neighbourhood. The seismic data comprises seven 2D lines 

which have been gathered in 1975, 1985 and 1989. Only the line FR89-10 has been migrated. The gasfields shown are located 

within the chalk of the Ommelanden Formation and within the Vlieland Sandstone. 
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Figure 2: location of the wells in red, seismic 2D lines in blue, gasfields in green and the proposed location for the greenhouses in 
yellow. 

 

Petrofysical results 
Due to composition and transmissivity of the different formations, only the Slochteren Formation of the Upper Rotliegend 

Group is interesting for the extraction of heat from formation fluids. The transmissivities of the other possible formations are 

too low, as shown in table 2. Porosities and thicknesses have been determined for each well from the gamma ray, sonic, 

density and neutron logs. Core measurements have been used to determine the relationship between porosity and permeability. 

This relationship has been inversely applied using porosities derived from well logs and the resulting permeabilities have been 

summed over the interval to determine the transmissivity. 

 

Table 2: Overview of the characteristics of the formations from which geothermal water can be extracted. 
 

 

 

 
 

From well logs the type of deposit for the Slochteren Formation could be determined. The Slochteren Formation consists in 

Franekeradeel of two members; the Upper- and the Lower Slochteren member which are separated by the Ameland Claystone 

of the Silverpit Formation. The Upper Slochteren consists of eolian sands while the Lower Slochteren consists of fluvial sand 

deposits. 

Core data were not available of the Slochteren Formation in Franekeradeel. Therefore, the relationship between porosity and 

permeability has been determined from the core measurements by Amthor and Okkerman (1998). These cores are from wells 

located 20 km to the NNW. Given the large-scale geological setting of the Slochteren Formation, the amount of clay within the 

formation is expected to be lower in Franekeredeel and thus a higher permeability is expected than by the relationships 

determined from the data of Amthor and Okkerman. The data are plotted in figure 3. Relationships based on Pape et al. (1999) 

are also plotted in figure 3. This last set of relationships requires only one equation for the whole range of porosities. The 

relationship for the Upper-Slochteren member is given by  
102 7.8920 φφφ ++=k , where k is the permeability in mD and φ is the porosity in percentage. The relationship for the Lower 

Slochteren member is given by 102 2.884 φφφ ++=k . 

Deposit Avarage Porosity [%] Permeability [mD] Thickness [m] Transmissivity [Dm] 

Ommelanden Formation 20.0 1.7 310 0.5 
Vlieland Group 18.6 7.4 50 0.4 
Schieland Group 28.0 28.0 40 1.1 
Slochteren Formtion 17.0 60.0 200 12.0 

N 
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Figure 3: core data of a) the Upper Slochteren member and b) the Lower Slochteren member from Amthor and Okkerman (1998). 

 

From data of the eolian sands, as well as from the fluvial sands, a probability distribution of the permeability has been derived. 

The results are shown in figure 4. The percentage on the x-axes shows what the probility is to have a higher value for the 

permeability. From figure 4a it can be concluded that there is a 50 % chance of permeability higher than 80 mD. Futhermore, 

the values are more or less log-normal distributed. From these graphs the average and median permeability can be derived. The 

results are shown in table 3. From porosity and resistivity logs, the amount of total dissolved solids (TDS) has been estimated 

for both members. These values are expected to be the equal as the members are in communication. These results are also 

shown in table 3.  
 

 
Figure 4: Probability curves of a) the Upper Slochteren member and b) the Lower Slochteren Member. 

 
Table 3: Results of the petrophysical evaluation of the Slochteren Formation in Franekeradeel 
 Upper Slochteren Lower Slochteren 

Average Porosity [%] 17.5 16.5 
Average Permeability [mD] 290 93 
Median Permeability [mD] 80 40 
TDS [g/l] 250 250 

 

Geophysical results 
In order to determine the structure of the Slochteren Formation underneath Franekeradeel, the available seismic data have been 

interpreted. The well MNG-01 has been used to characterize the signature of the reflection of the Slochteren Formation. The 

other wells where either not drilled deep enough to reach the Slocheren Formation, or the seismic image was disturbed by a 
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sideswipe of the Zechtstein Basal Anhydrite. This was specifically observed around DJM-01.  

A contradicton in interpretation has been encountered. According to the seismic interpretation, correlating from all wells, 

Triassic deposits should be present in well MNG-01. However, according to the composite well log these are absent. An 

alternative interpretation for the stratigraphy in this well is very plausible, based on the log readings. Another interpretation is 

possible for the base of the Schieland Groep on seismic line FR89-10, see figure 2. It is not clear on the seismic and a second 

interpretation is also possible in which case the Schieland Group would be much ticker. For time-depth conversion this is not a 

problem as both the Schieland Group and the Lower Germanic Triassic Group exhibit comparable interval velocities. FR89-10 

is however the only seismic section on which this second interpretation is possible while the first interpretation corresponds 

with the other sections.  

The TWTs have been converted to depth values using the velocity distribution of well DJM-01. The results of the seismic 

mapping are shown in figure 5. Applying the geothermal gradient to the depth of the Slochteren Formation results in a 

temperature in excess of 100 ºC.  
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Figure 5: Map of the depth of the top Slochteren Formation. The red lines are faults, the blue lines are the locations of the 2D seismic 
data. The location is shown in grey. The coordinates are given in RD. 

 

Figure 5 shows the resulting map of the top of the Slochteren Formation. Given the fact that this map is based on interpreted 

2D lines, inherent uncertainties are present. Examples are the straight lines in the northwest corner of the map. Artefacts like 

the small depressions are likely the result of erroneous interpolation of sparse 2D data. 

In the map several faults are visible. Due to the fact that 2D seismic data have been used, the location of faults is subject to 

significant error. Their accurate location can only be determined by 3D seismic data.  

The resolution in depth of the seismic data at the target depth of the Slochteren Formation is around 26 m. As the thickness of 

the individual members is around 100 m, both top and bottom should be seperately recognizable on seismic with their correct 

amplitudes. However, the resolution is not enough to exclude the presence of thin anhydrite floaters within the overlying 

Zechstein salt.  

 

From seismic data the thickness of the Upper Slochteren member is determined to be approximately 120 m. The Lower 

Slochteren has a thickness of 110 m. Both thicknesses have an error of 25 m. This results in a transmissivity for the Upper 

Slochteren of 9.6 ± 2.0 Dm and 4.4 ± 1.0 for the Lower Slochteren. For the calculation of the flowrate a minimum 

transmissivity of 11 Dm for the whole Slochteren Formation is assumed. 

 

Geothermal installation 
For the design of the geothermal installation, an estimation of the potential flowrate is needed. The flowrate can be estimated 

N 
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by assuming a Coefficient of Performance (COP). The COP determines the proportion between the thermal energy that can be 

extracted and the electrical energy consumed by pumps. A relation between the COP and the flowrate can be used to determine 

either of them when the other is assumed. The assumption of a minimum COP of 20, an injection temperature of 35 ºC and a 

total transmissivity of 11 Dm gives an optimal flowrate 160 m
3
/h. This is the capacity on which the wells are based. With this 

COP, a thermal power of 11 MWt can be extracted. 

A well design and a cost-estimation have been made for two different concepts each consisting of a production and injection 

well. The first concept comprises of two deviated wells from the intersection of the two black lines to a as seen in figure 6. The 

second concept contains two vertical wells at location b and b’. 

 

In table 4 a summary of the well designs is given for both concepts. For 

the two vertical wells, the costs are estimated at 14.074 M€. The costs 

for the deviated wells are estimated at 13.723 M€. These costs exclude 

the heat-exchanger and the heat-distribution network. Costs for licenses 

and further research are also excluded. From these estimations, it can be 

concluded that the deviated wells are less expensive due to the costs of a 

distribution network connecting the vertical wells.  

 
Table 4: applied hole- and casingdesign 

 
Diameter open hole 

[inch] 
Casing 
[inch] 

Top section 16 13 ⅜  
Intermediate section 12 ¼ 10 ¾ 
Bottom section 8 ½ 7 
Wire wrapped screens 6 - 

Figure 6: location of the proposed well locations 

 

Financial analysis 
The investment costs and the yearly exploitation costs are used to calculate the price for a GJ heat. This price is determined by 

a Net Present Value calculation. In such calculation costs and assets of a term are discounted to Present Value. Yearly 

investments and operating expenditure are included. For the yearly income, the amount of geothermal heat is multiplied with a 

variable price for the heat. To determine the price for the heat, two boundary conditions must be met: 

1) The internal rate of return is 6 % 

2) The Net Present Value of the geothermal installation after 30 years is zero. 

Furthermore a price inflation and indexation of 2% are applied. As greenhouses also require CO2, acquisition costs are 

included in case the concept does not generate sufficient CO2. A price of 0.12€/kgCO2 is assumed. The amount of equivalent 

full load hours depended on the annual load duration curve of the greenhouses. The price for a GJ of heat has been calculated 

for three different situations. In the first situation, all the heat is delivered by the geothermal system and CO2 is bought from 

third parties. In the second situation, the heat and CO2 are deliverd by a combination of the geothermal system, a Combined 

Heat and Power (CHP) and LED lights. The heat and CO2 in third situation are deliverd by the geothermal system and CHP 

and HPS/SON lights (a type of sodium vpor lamp). Two different areal surfaces have been calculated for each situation. The 

results are shown in table 5. For comparison, the costs of a GJ of heat produced by natural gas (with a price of 0.25€/m
3
) is € 

7.90. 

 
Tabe 5: Results of the financial analysis. 

Concept 
Surface 
[ha] 

Heat delived 
[TJ] 

Price of heat 
vertical wells 
location [€/GJ] 

Price of heat 
deviated wells 

[€/GJ] 

Geothermal heat * 15 209 7.68 8.06 
 60 326 8.64 8.88 
CHP , LED and geothermal heat** 15 83 13.39 14.37 
 60 202 6.19 6.60 
CHP, HPS/SON and geothermal 
heat*** 

15 47 22.73 24.45 

 60 152 7.86 8.39 

* includes purchase of CO2  

 

From this analysis it can be concluded that a combination of CHP and geothermal heat for a surface of 60 ha results in the 

lowest price for a GJ of heat. This price for a 60 ha surface is lower than for a surface of 15 ha as the investments are more 

spread and more heat can be generated. For a surface of 15 ha, the lowest price is reached when the heat is delivered by 

geothermics alone. At a natural gas price of 0.25 €/m3, the price of heat delivered from a geothermal doublet is lower than if 

the heat is generated from gas despite the extra costs of the CO2 that needs to be purchased.  

 

Conclusions 

a

a

b'

b
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Within Franekeradeel the data shows that a Slochteren Formation sandstone reservoir is very likely present at a depth of ca 

3,000 m below NAP. The thickness of 200 m as well as the porosity and permeability are suitable for extraction of water with 

a temperature in excess of 100 ºC at a flowrate of 160 m
3
/h. At the surface location a faultzone is present of which the precise 

location cannot be determined from the available 2D.  

A potential flow rate of 160 m
3
/h is inferred, leading to a thermal capacity of 11 MWt to be delivered with a doublet. Deviated 

wells from the edge of the surface location towards the northeast carry the lowest risk at still acceptable costs. From financial 

analyses, it was concluded that geothermal energy can deliver significant amounts of renewable energy for heating of 

greenhouses. In the optimum situation, the cost price of heat amounts to 6.20 euro/GJ, which is below the current price of 

natural gas at 0,20 euro/m
3
. 
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