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Aquathermal energy: energy from water







Icon project: heat battery 
www.cellsius.com

Transport industrial waste heat to residential buildings without pipeline losses
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Thermochemical heat storage: 
Salt Hydrates (potassium carbonate)

𝐊𝟐𝐂𝐎𝟑 ∙ 𝟏. 𝟓 𝐇𝟐𝐎 +𝑯𝒆𝒂𝒕  𝐊𝟐𝐂𝐎𝟑 + 𝟏. 𝟓 𝐇𝟐𝐎
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Equilibrium pressure lines

1.5 − 0 K2CO3 line

Water vapor pressure
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Hydration mechanism:
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Hydration mechanism:
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Hydration mechanism:
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Hydration mechanism:
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Hydration mechanism:
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𝑇ℎ𝑦𝑑𝑟𝑎𝑡𝑖𝑜𝑛 @ 10°C 𝑤𝑎𝑡𝑒𝑟
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Δ𝑝 = 0 mbar



Heat storage materials
material type density

(kg/m3)
Energy
density
(kJ/kg)

energy
density
(MJ/m3)

energy
density
(kWh/m3)

Temperature

Water SHM 1000 250 250 65 ΔT = 60 0C

Concrete SHM 2400 10 24 7 ΔT = 12 0C

Water/ice PCM 1000 330 330 92 0 0C

Sodiumacetate
in water

PCM 1300 175 228 63 52 0C 
(onderkoeling)

Paraffines and
salt hydrates

PCM 540-765 149-260 80-200 22-56 7-85 0C

Sunamp PCM 58 PCM 229 148 41 58 0C

Sugar alcohols PCM 1200 200-300 240-360 67-100 70-180 0C

Zeolite sorption 360 100 < 100 0C

MgCl2 – CaCl2 TCM 1569-1710 490-1250 136-347 < 100 0C

SaltX TCM (1600) 1450 (2300) (640) 500 0C

gasoline chemical 10,000 combustion
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Low temperature







River Rhine: 2200 m3/s = 2.2 million kg water per second, 
velocity 2.2 m/s

Photo: Boorsma BV



‘Collse watermolen’, painted by Van Gogh

Kinetic energy:
4,4 MW (200 keer less than 1 traditional power plant)
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Potential energy with 4 m height difference: 
88 MW (10 times less than 1 traditional power plant)



Cool down 1 degree: 9,2 GW (10 times more than 1 traditional power 
plant)
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1 kWh 
electricity

4 kWh 
Outdoor heat

5 kWh 
Indoor heat

Heat pump with COP 5: efficiency = 500 % 



Heat-extraction regulations

Only above 15 0C water temperature

Water temperature not cooled down
below 12 0C

ΔT water max  6 0C



air- and water temperatures 2019

20 May 7 October



Storing heat for winter (ATES system)



 

  

 

12 5.S74 - Nationaal potentieel van aquathermie – september 2018 

Figuur 3 – Verdeling opslagcapaciteit bodem 

 
 

Berekeningsmethode oppervlaktewateronttrekkingscapaciteit 

Warmteonttrekking (WO) aan oppervlaktewater  

Door het onttrekken van warmte het water waaraan dit onttrokken wordt kouder.  

Warmteonttrekking (kortweg WO) is dus equivalent met het afkoelen van water.  

Bruikbare warmte kan worden onttrokken in de zomer wanneer het oppervlaktewater 

warmer is dan bijvoorbeeld 15°C. De hoeveelheid warmte (MW) die gegeven de 

ATES potential

below 1 million GJ/y
(≈ 20.000 houses)

more than 35 million GJ/y



--- : more than 500.000 GJ/y
available

: 100% match between 
demand and potential



Balancing ATES : resupplying the soil 
with aquathermal energy

Winter: cool soil; 
heat house

Summer: heat soil;
Cool house



Importance of aquathermal solutions

Source: CE Delft



Pilot project ‘de Zweth’ near Delft
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Energy quay ‘de Zweth’ near Delft



Pilot project quay walls Amsterdam



Pilot project Theme Park ‘De Efteling’







‘Swettehus’ city of Leeuwarden




