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ABSTRACT 

Norway has increased its share of geothermal energy. 
Total estimate of direct use of geothermal energy is 3.0 
TWh an increase of 28 % since, 2015 (Midttømme et 
al., 2015). Deeper boreholes is a general trend, and the 
average reported length is now estimated to about 220 
m. A geothermal installation at Oslo airport 
Gardermoen with two boreholes to 1500 m is set in 
operation. The heat is used for de-icing of the test 
engine area. This is one of the first geothermal 
installation for heating without GSHP in Norway. In 
addition, the first BTES in Norway with high 
temperature is built and will start test-operation in 
2019. 

1. INTRODUCTION  

The geology of Norway is crystalline rocks sparsely 
covered with marine clay and other quaternary 
deposits. The heat flow is low. The median heat flow 
value for mainland Norway, derived from recent heat 
flow research, works is equal to ~58 mW/m2, (Pascal, 
2015). Because of the low temperature level and 
gradient, almost all geothermal installations are GSHP. 
There is no geothermal power plants or geothermal 
district heat (DH) plants in Norway.  

Norway is unique with respect to energy resources with 
an electricity supply almost totally dominated by 
hydropower, Norway’s power production is about the 
same amount as it consumes, with some variation from 
year to year depending on the weather condition (SSB, 
2018a). This gives Norwegians access to highly 
flexible and cheap electricity. The low prices comprise 
a challenge to renewable technologies, as example 
GSHP (NOVAP, 2018).   

2. USE OF GSHPS 

The Nordic Countries have been among the leading 
countries utilizing GSHP (Lund et al., 2015). Single U-
pipe in a water filled no grouting borehole (d= 115 mm) 
is still the dominating Borehole Heat Exchanger (BHE) 
, and almost  all GSHP installations  are used mainly 
for heat extraction, as the heat demand in Norway 
exceeds the cooling demand. Still, the cooling peaks 
may be substantially higher than the heating peaks 

(Sivertsen, 2018), and the cooling demand is increasing 
due to higher level of insulation in new buildings. In 
general, the BHEs operates in the temperature range 
0C – 15C. 

3. REPORTED BHES  

All new boreholes shall be registered in the national 
database operated by Geological Survey of Norway 
(NGU). However, there is an unknown amount of 
underreporting, especially for early years. Figure 1 
shows a gap between new boreholes for energy purpose 
and sold brine-to-water heat pumps before 2010, but 
thereafter, comparable numbers until around, 2015. As 
each heat pump can be connected to several boreholes, 
and there are several large plants in Norway 
(Midttømme, et al., 2015), the underreporting can still 
be significant after 2010. From the registered data on 
boreholes at NGU and on heat pumps from the 
Norwegian Heat Pump Association, NOVAP, there are 
about 1.3 times as many boreholes as plants. Examining 
numbers on boreholes for energy purposes from NGU, 
there seems to be a lag in reporting of boreholes. From 
2014 and onwards there is show a slow decrease in the 
number of new boreholes in Figure 1, and large 
reductions for the period, 2016-2018 which is due to 
delay at NGU with respect to quality assurance of the 
reported boreholes from the driller companies. The heat 
pump industry has not reported any reduction in 
demand, and the sale of brine-to-water heat pumps is 
not reduced in the same way in 2017 (the number for 
2018 was not part of the NOVAP data). Assuming the 
heat pump numbers truly represent the number of sold 
GSHPs, the deviations is due to the time-lag in borehole 
reporting by NGU as well as a consequent 
underreporting. The drilling of boreholes for energy 
purposes and sale of suitable heat pumps show similar 
values and are the best indicators available on the use 
and sale of GSHPs. The accumulated numbers in Figure 
2 have a similar change with time, but different offset, 
believed to be caused mainly by the underreporting of 
boreholes. With the same offset, the number of heat 
pumps increase a bit faster than boreholes, so the 
increase does not match over time and is attributed to 
underreporting and the amount of brine-to-water heat 
pumps that are not GSHPs. 
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Figure 1: Comparison of drilled boreholes for energy purpose and sold brine-to-water heat pumps per year in 
Norway. The data on heat pumps are provided by Norwegian Heat Pump Association, NOVAP, and the data 
on boreholes is provided by Geological Survey of Norway, NGU. 

 

Figure 2: Comparison of accumulated new drilled boreholes for energy purpose and sold brine-to-water heat 
pumps in Norway. The data on heat pumps is provided by Norwegian Heat Pump Association, NOVAP, and the 
data on boreholes is provided by Geological Survey of Norway, NGU. 

 

4. SHARE OF RENEWABLE ENERGY 

There are no numbers giving directly the amount of 
installed capacity and produced heat per year for 
GSHPs today, but estimations can be made. Previous 
estimations have come to similar conclusions regarding 
the amount of renewable energy from the GSHPs in 
Norway: 

 According to World Energy Council (2016), 
Norway has an installed geothermal capacity of 1.3 
GW and produces 2.3 TWh per year.  

 Macic and Birkeland (2018) reports that brine-to-
water heat pumps in 2017 contributed with 2.1-2.2 
TWh renewable energy.  

All these numbers are similar and should give an 
indication of the amount of renewable energy the 

GSHPs deliver. Assuming that the last number includes 
underreporting, one could expect that the number for 
2018 would be about 2.5-3.1 TWh. As the numbers are 
similar, it should also indicate that GSHPs dominate the 
brine-to-water HP capacity completely.  

4.2 Estimating current capacity based sold brine-to-
water heat pumps 

The heat pump data are claimed to be more complete 
than the data for drilled boreholes for energy purposes 
as all heat pumps below 20 kW is said to be included 
the statistics (Hagemoen, 2018). Based on the reported 
sales of heat pumps, for which data was sorted by 
capacity for 2010-2017, an estimation based on their 
capacity can be made. Following the method in (Eggen 
2005), the average capacity of each interval was 
assumed to represent the capacity of each group. Eggen 
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(2005) also presents the same type of data for 2004, 
sorted by capacity, shown together with the numbers 
for 2010-2017 in Figure 4. Again, the assumptions of 
4000 hours of operation per year for heating was 
applied, and an expected life time of 15 years for heat 
pumps (Hofstad, 2007, Ramstad, 2011) was assumed. 
The latter imples that data for 2003-2017 should be 
used, as data for 2018 was not available. However, for 
2003 and 2005-2009 only the total numbers were 
available (Figure 3). Table 1 and Figure 4 show that the 
fractions of heat pumps sold in each interval were quite 
similar in 2004-2014. The intervals used for reporting 
in 2004 were slightly different from those in 2010 an 
onwards, thus it was decided to: 

1. Artificially change the intervals in 2004 to the 
same format as in 2010-2017. 

2. Assume that linear interpolation (for 2005-2009) 
and extrapolation (for 2003) from the average 
fractions in 2010-2012 and the fractions in 2004 
applies for the years without data. 

3. Compare the estimated savings of 2004 with 
artificial and non-artificial data to estimate the 
errors of this method. 

Table 1: Number of heat pumps sold in different  
capacity ranges from 2010 and 2004  

kW Year, 2010 kW Year 2004 

0-10 2220 0-12 1704 

11-20 353 12-25 164 

21-50 162 26-50 84 

51-100 52 51-100 55 

101-500 64 
101-1000 72 

501-1000 10 
1001-++ 2 1001-++ 5 

 

 

Figure 3: Data from NOVAP on total number of  
sold brine-to-water heat pumps 

 

Figure 4: Data from NOVAP number of sold brine- 
to-water heat pumps sorted by capacity. 

 
The resulting distributions for all years is shown in 
Figure 5 through Figure 7. Delivering 4103 GWh 
during 4000 hours gives an installed effect of 1.023 
GW, which is similar to the value reported by (World 
Energy Council, 2016). As the exact average SPF is 
unknown, two estimates are used. A value of 3.3 vas 
used in (Eggen, 2005). An SPF of 3.5 was a result in 
(Ramstad, 2011) and newer plants have reached values 
around 5 (Sivertsen, 2018) the calculation is made for 
SPFs of 3.3 and 3.9. Hence, the share of renewable 
energy is about 2962 GWh per year. 

Table 2: Results from estimation of heat delivery  
from GSHPs based on numbers of sold 
brine-to-water heat pumps in 2003-2017 
from NOVAP 

Based on 
data from  

Heat 
delivered  
 (GWh/yr) 

Renewable 
heat, SPF=3.3  
 (GWh/yr) 

Renewable 
heat, SPF=3.9  
(GWh/yr)  

2010-2017 2202 1535  1638 

2003-2017  4103  2860  3051 

 

5. LENGTH DEVLOPMENT 

Data from NGU shows that the average borehole length 
is increasing. 

In 2015 the deepest BHEs were 500 m deep  
(Midttømme et al., 2015). Today two 800 m boreholes 
are completed (Asker municipality, 2016) and two 
1500 m boreholes have also been drilled at Oslo airport 
Gardermoen (Båsum Boring AS, 2018). The BHEs are 
special designed coaxial collectors. One of the two 
boreholes at both Gardermoen and Asker have fibre 
optical cables installed to monitor the temperature 
development in the boreholes. The geothermal 
installation at Gardermoen is used for keeping the test 
engine area ice-free without the use of a heat pump 
(pers. com. Musæus, 2019).  
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Figure 5: Distribution of heat pumps per capacity group 0-10 and 11-20 kW for 2003-2017 (based on data from 
NOVAP). 

 

Figure 6: Distribution of heat pumps per capacity group 21-50, 51-100 and 101-500 kW for 2003-2017 (based on 
data from NOVAP). 

 

Figure 7: Distribution of heat pumps per capacity group 501-1000 kW and >1001 kW for 2003-2017 (based on 
data from NOVAP). 

6. HIGH TEMPERATURE BTES  

Norway has a high share of larger systems. More than 
900 larger installations are registered in the database of 
NGU, and the number is increasing fast according to 

(NGU, 2018). The GeoTermos – Fjell2020 in 
Drammen outside Oslo is an innovative system and the 
first high temperature HT-BTES in Norway (Ramstad 
et al, 2017). Here the core temperature is planned to 
reach up to 50-60°C. The BTES consists of 100 
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boreholes of 50-55 m depth, arranged in a circular 
pattern. The systems as a whole aims effective energy 
integration with thermal sources (solar and air source 
heat pump) and electrical sources (grid and own PVs). 
An annual storage of about 700-800 MWh from these 
sources is assumed, and the storage is expected to 
deliver about 350 MWh/year of heat. The BTES is 
designed to produce a base load capacity of 80 kW, and 
peak loads up to 300 kW. Heat loss and performance 
will be monitored. To investigate and monitor its 
performance and development during charging and 
operation, fibre-optic cables for distributed temperature 
sensing are installed in 11 of the BHEs, see Figure 8. 
Test operation is planned during the spring 2019, and 
ordinary operation from the start of 2020. Another high 
temperature BTES is planned by a DH company at 
Furuset in Oslo (Teknisk Ukeblad, 2019). The project 

has recently received funding from Enova, and is the 
planning phase (Teknisk Ukeblad, 2019).  

7. CONCLUSIONS 

The share of energy extracted from the ground in 
Norway increases and is estimated to have reached 
about 3.0 TWh per year in 2018. There are uncertainties 
in the estimates due to underreporting of boreholes for 
energy purposes. The trend is increasing lengths of 
BHEs, and the average length today is around 220 
meters. Two new installations have pushed the limit 
substantially for deeper drilling by reaching 800 and 
1500 m. Another new development is the establishment 
of Norway’s first HT- BTES in Drammen, to be set in 
test-operation in 2019. Another HT-BTES is planned at 
Furuset in Oslo. 

 

Figure 8: The borehole plant in Drammen during fibre installation for temperature measurements: Parts of  
the school of Fjell is seen behind the plant to the left in the picture and the future machine room in the 
middle.  
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Tables A-G 

Table A: Present and planned geothermal power plants, total numbers 

Geothermal power plants are not present or planned in Norway. 

Table B: Existing geothermal power plants, individual sites 

Geothermal power plants are not present or planned in Norway. 

Table C: Present and planned deep geothermal district heating (DH) plants and other uses for heating and 
cooling, total numbers 

 Geothermal DH plants 
Geothermal heat in 

agriculture and industry 
Geothermal heat for 

buildings 
Geothermal heat in 

balneology and other 

 Capacity 
(MWth) 

Production 
(GWhth/yr) 

Capacity 
(MWth) 

Production 
(GWhth/yr) 

Capacity 
(MWth) 

Production 
(GWhth/yr) 

Capacity 
(MWth) 

Production 
(GWhth/yr) 

In operation  
end of 2018 

    
3 plants with deep BHE 

(see table D2) 
  

Under constru-
ction end 2018 

        

Total projected 
by 2020 

        

Total expected 
by 2025 

        

 

Table D2: Existing geothermal large systems for heating and cooling uses other than DH, individual sites 

Locality Plant Name 
Year 

commis-
sioned 

Cooling 
Geoth. 

capacity 
installed 
(MWth) 

Total 
capacity 
installed 
(MWth) 

Number pf 
BHE 

Depth
m 

Operator 

Gardermoen  Oslo airport  2018 N   2 1500 Oslo Airport 

Asker  Føyka 2017 N   2 800 
Asker 
Municipality 

Drammen Skoger ca 2010    5 500  

 

Table E: Shallow geothermal energy, ground source heat pumps (GSHP) 

 Geothermal Heat Pumps (GSHP), total New (additional) GSHP in 2018 * 

 Number Capacity 
(MWth) 

Production 
(GWhth/yr)  

Number Capacity 
(MWth) 

Share in new 
constr. (%) 

In operation  
end of 2018 * 

≈55000 ≈1023 ≈4103 ≈3000* ≈76*  

Projected total 
by 2020 

≈65000 ≈1270 ≈5080 

*  If 2017 numbers need to be used, please identify such numbers using an asterisk 
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Table F: Investment and Employment in geothermal energy 

 in 2018 Expected in 2020  

 Expenditures 
(million €) 

Personnel 
(number) 

Expenditures 
(million €) 

Personnel 
(number) 

Geothermal electric power     

Geothermal direct uses     

Shallow geothermal 300 600 330 630 

total     

 

Table G: Incentives, Information, Education 

 Geothermal electricity  Deep Geothermal for 
heating and cooling 

Shallow geothermal 

Financial Incentives  
– R&D 

Yes, from Research 
Council of  Norway (RCN) 

Yes, from RCN and 
Innovation Norge (IN) 

Yes, from RCN, IN and 
Enova 

Financial Incentives  
– Investment 

 
Yes, up to 50% from 
Enova and IN 

Yes, up to 30 % for large 
and medium size installa-
tions and up to 4000 Euro 
for a single house installa-
tion from Enova  

Financial Incentives  
– Operation/Production 

   

Information activities 
– promotion for the public 

Yes, Enova’s web page 

Information activities 
– geological information 

Existing geological information is free available from Geological Survey of Norway 

Education/Training 
– Academic 

NTNU in Trondheim and the Universities  in Bergen, Stavanger and Tromsø have 
activities (lectures, master/phd students in geothermal energy 

Education/Training 
– Vocational 

CGER (Norwegian Center for Geothermal Energy 
Research) organize seminars 

CGER, the drilling organi-
zations and the heat pump 
organization organize 
courses and seminars 

Key for financial incentives: 

DIS 

LIL 

RC 

Direct investment support 

Low-interest loans 

Risk coverage 

FIT 

FIP 

REQ 

Feed-in tariff  

Feed-in premium 

Renewable Energy Quota  

-A 
 
 

O 

Add to FIT or FIP on case  
the amount is determined  
by auctioning 

Other (please explain) 

 

 


