
Thermal and 
geothermal storage 

 
 
 Kirsti Midttømme & Jan Kocbach 
 21.10.2014 



2 

Country  GWh/yr          MWt                 Main Use 
China  20,932         8,898         bathing/district heating 
USA  15,710       12,611         GHP 
Sweden       12,585          4,460         GHP 
Turkey  10,247         2,084         district heating 
Japan            7,139          2,100         bathing (onsens) 
Iceland     6,768          1,826         district heating 
France          3,592          1,345         district heating 
Germany  3,546          2,485         bathing/district heating 
Netherlands  2,972          1,410         GHP 
Canada         2,465          1,126         GHP 
Norway     2,300          1,300         GHP  
Switzerland   2,143          1,061         GHP 

Lund and Bertani, 2010, WGC and GRC 

Geothermal energy and  including  
Underground Thermal Energy Storage (UTES)  

Geothermal 
Heat Pumps 



Ice exported from Norway - 
Underground cold storage,  London  

 

Ice production,   Notodden, Norway  

Norwegian ice exports to Britain and 
Germany,  1860-1915 

350 000 
tons 

Underground ice storage,  
Syon Park, West London 

Building by the riverside, 
Regents Canal, London  
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Underground (Borehole) Thermal Energy 
Storage (UTES/BTES) 

Cooling 

Heat pump 

 Heating 

40 mm single 
U tubes with 
anti freeze  
brine 

Heat pump 

Ref: Jørn Stene, Cowi  



Borehole Thermal Storage System (BTES)  
Alnafossen office building, Oslo  

BTES with 52 boreholes 
to 150 m depth   

Delivered heat/cooling from 
the BTES to the building 

throughout the year  
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4 apartment 
houses Varden 

12  x 160m  

Ådnamarka school 
14 x 190 

2009 

2010 

Spar Kjøp Kokstad 
18 x 170m 

Olav Grevstad AS  
6 x 190m  

2010 

Chr M Vestreheim  
7 x 170m 

2010 2012 

Espehaugen 45  
6 x 200m 

University College 
Bergen 

80  x 220m  

2012 2013 

Haukeland 
75 x 250m  

2003 

Apeltun school 
10  boreholes 

2001 

Ahlsell Åsane  
6  x 160m  

Sælenveien 91  
18 x 170m 

2012 

2010 

Clampon  
5 x 180m  

Kleppestø school  
19 x 180m  

2011 

Kolstien  
11  x 200m  

2012 

Sartor mall 
165 x 200m 

2013 

COOP Åsane  
112 x 212m 

2013 

http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=FOMeTPKhFYTsiM&tbnid=ymWhekvRJhkH1M:&ved=0CAUQjRw&url=http://www.bygg.no/2012/09/94112.0&ei=5MnfUZasAoSg4gTg4oCAAQ&bvm=bv.48705608,d.bGE&psig=AFQjCNEXJOMocEHciCUYlfK8B1iBtSGYMQ&ust=1373707101380057
http://www.google.no/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Vw9gklKhe8kf9M&tbnid=y9W9pwF7ZpIQmM:&ved=0CAUQjRw&url=http://www.ba.no/nyheter/article6787594.ece&ei=zggKUoX7NsjXsgbSgoDoAg&bvm=bv.50500085,d.Yms&psig=AFQjCNGco3-WKQE5S96CyQqdwSMD1cxAvQ&ust=1376475681188376
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• Operation from  2008 

• 137 000 m2  

• 228 boreholes of 200 m depth  

• Heat pump, 8 MW 

• Energy production  

• Heat 26 GWh 

• Cooling incl. free cooling 8 GWh 

• Investment cost BTES 
• 100mill NOK  

  
 

BTES New Akershus University hospital (Ahus), 
Norway 



Gardermoen airport, Oslo, 1998 
Building area:  150 000 m2 

• Aquifer Thermal Energy Storage 
(ATES) system 
– 9 MW cooling 
– 7.5 MW heating 

•    9 warm and 9 cold wells 
– 45 m depth 

• Groundwater temperatures 
– Cold wells 4.1 – 4.5 ºC 
– Warm wells 4.5 – 20 º C 

• Energy production 2004 
– Heat 11 GWh 
– Cooling incl passive cooling 11GWh 

• Investment ATES system 
– 17 mill NOK 
– Payback time <4 years  

 
 
 
 
 

 
 
 

Foto: Oslo Lufthavn AS 
 



Energy Storage  
-utilizing of local available energy 
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High Temperature BTES, Emmaboden, 
Sweden 

• Seasonal storage of waste heat from 
the foundry in the summer - to be 
recovered for space 
heating during winter  

• 140 boreholes, 150 m depth   
• Borehole spacing; 4 m 
• In operation since Summer 2010 
• Designed for charging 3800 MWh of 

which 2600 MWh is predicted to be 
recovered for space heating 

• Working temperature 60 /40 ˚C 
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Hybrid system principle: The school 
utilizes the heat source with the most 
favorable temperature - either 
borehole stored or solar collected heat 

Solar ground collectors 

Borehole storage  
24 boreholes – 200 m  

       Ljan school, Oslo 
  Hybrid heating system: BTES, and solar energy  



Bergen University College 
BTES and ice storage tanks 
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81 BHE to 220 m depth 
heat 1 700 kW 
cooling 1400 kW 
 
 
 
 
 
 

4 ice storage tanks  250 m3 
 diurnal storage 
11200 kWh = 7 timer á 1600 kW 
-Freezing temperature 10 C 
 
 

 
 



Heat to power –  
VDG Craftengine  
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 UTES applications  

  
• Temperature  2-17C (60C) 
• Power      <10 MW 
• Capacity:   50 -85 % 
• Efficiency:  10 –50 kWh/t 
• Storage time: day – years 
• Operation cost: low    
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Nydalen Næringspark 
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