
 

 

 

 

 

 

 

 

 Aquifers provide a large volume for storage of thermal energy with low cost of 

implementation and maintenance and with almost no adverse environmental effects. 

Storing the excess thermal energy in water by injecting it into an aquifer and extracting in 

time of demand is the main principle of an Aquifer Thermal Energy Storage (ATES) 

system. 

As a practical, environment friendly and economical system of storage of renewable 

thermal energy, the popularity of ATES systems is growing rapidly.  

Direct use of groundwater with relatively high volumetric heat capacity makes ATES 

systems more efficient than other heat storage systems. 

Using ATES systems for energy conservation reduces the dependence on fossil fuels and 

leads to energy savings, reduction of emission of greenhouse gases and significant 

reduction of cost for heating/cooling of buildings and districts. 

Subsurface Thermal Energy Storage 

Temperature distribution in the aquifer 

Fig. Variation of thermal energy discharge rate at the operation periods of 1, 2, and 3 
months in summer and winter, for different  and RGF directions. 

Fig. Schematics of an aquifer thermal energy storage system  

Mathematical and numerical modeling 

Parameter sensitivity 

Fig. Temperature distributions in the ATES system after hot-water  injection for 3 
months for  equal to  a 10-20 m/s, b 10-17 m/s and c 10-15 m/s. 
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• The fluid flow and heat transport equations in porous media are solved in this study [1,2] 

 

 

• 3D heat transport equation in porous media for single phase fluid flow 

 

 

• The rock and water properties here are considered functions of temperature 

 

 

 

 

 

 

 

• The numerical modeling of the ATES system is carried out using software code DuMux.  

• The temperature of the injection water in summer is 35°C and in winter is 5°C. 
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Fig. Temperature distribution in ATES system in summer at (a) 30 days, (b) 60 days and (c) 90 days 
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Fig. Temperature distribution in the ATES system in winter at (a) 30 days, (b) 60 days and (c) 90days 
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Fig. Temperature distributions in ATES system after hot-water injection for 3 
months for d=equal to a 40 m, b 60 m and c 80 m. 
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Thermal-energy discharge 

• The aim of the modeling and parameter studies presented in this paper is 

ultimately needed to maximize the energy production while ensuring safety from 

loss of efficiency by cooling of production wells. 

• The thermal energy discharged by the ATES system 
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• ATES system is capable of delivering 96.76 kW during winter for heating and 

48.38 kW during summer for cooling, with Q=200 m3/day.  

• When Q is increased to 300 m3/day, the energy discharge in winter becomes 

145.14 kW and 72.57 kW in summer. 

• An ATES system in a fertilizer factory in Anesong city, South Korea [2], for an  

area 500 m2 requiring heating/cooling, the thermal energy demand is around 70 

kW. Hence the present ATES system can cater this site both in summer and winter, 

when the Q> 300 m3/day.  

• But when Q>300 m3/day at the end of the cycle (90 days) the thermal-

breakthrough becomes imminent (α=0.97). Hence increasing the well spacing is 

necessary to ensure safety from thermal-interference resulting from breakthrough.  

Simulation of field study 

Fig  Temperature vs. injection time plots from 

[3] and the present study for (a) upper, (b) 

middle and (c) lower layers. The observations 

wells 1,4,7 and 10 are situated at a radial 

distance of 15 m from the injection well. 
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Fig. Temperature distributions in the ATES system after hot-water injection for 
3 months for  equal to a 18°C, b 35°C and c 70°C. 
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