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Motivation 
Free cooling and cold water storage 

 Rule of thumb: dry cooling is economically feasible if the temperature difference between 
ambient air and the cooling application is at least 6 to 8 °C (Reference system: 13 °C) 
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2000 to 3000  

hours a year! 
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 need for storage 
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 Chiller: 
„electrical power 

input“ 

 𝑷𝒆𝒍 

 Consumers: 
„cooling capacity“ 

𝑸 𝑲 

 Re-cooler: 
„re-cooling 
capacity“  

 𝑸 𝑹𝑲 = 𝑸 𝑲 + 𝑷𝒆𝒍 

Model design 
Energy monitoring at the IISB 
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Screw compressor
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Main cold water 
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Air
coolers
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Model design 
Reference cooling system 

consumers 

modelled components 
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Model design 
Screw compressor chiller 

 COP-progression of a screw compression chiller 

Chiller data 

max. cooling 
capacity 

469 kW 

min. cooling 
capacity 

50 kW 

max. 
electrical 
power input 

119 kW 

max. 
performance 
factor 

4,5 
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Model design 
Re-cooler 

 Flow diagram of a hybrid re-cooling tower1 

Re-cooler data 

technology hybrid 

fan stages 0/1/2 

irrigation 
stage 

0/1 

max. 
electrical 
power input 

50 kW 

1 Urbaneck (2012), Kältespeicher: Grundlagen, Technik, Anwendung 
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 Modelling of important system variables 

Model design 
Re-cooler 

System impacts  

ambient temperature 

relative humidity 

fan stage 
(air mass flow) 

temperature level of 
the re-cooling 
application  
(32 °C) 
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Cold zone 

Warm zone 

Transition zone 

Model design 
Loss mechanisms 

 Cold energy storage 

Cold energy storage 

advection (flow) 

diffusion effects 

turbulences (flow) 

heat exchange over 
the walls 

Tamb 

kWand 

cp,wall 

𝜆wall 
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Model design 
Cold energy storage 

 Charging and discharging process of a cold water tank 

Cold energy storage 

cold water tank 

displacement principle 

thermal stratification 
(temperature zones) 

temperature level 
12 °C feed line 
17 °C return line 
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Operating strategy 
Performance of the cooling system 

Screw compressor chiller 

Cooling system 

        chiller 

       10 °C Tamb (90 % rh) 

       25 °C Tamb (60 % rh) 

Tamb  =  ambient temperature 

rh      =  relative humidity 
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Cooling capacity in kW 
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Operating strategy 
Performance factor of free cooling 

Ambient temperature in °C 

LU1 = fan stage 1 

LU2 = fan stage 2 
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Operating strategy 
Simulated load profile (day) 
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free cooling 

Operating strategy 
Simulated load profile (week) 
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Results and Summary 
Energy saving potentials 

 
 Free cooling and cold energy storage have high energy saving potentials 

 Adequate running times of free cooling in cold water systems > 12 °C (at least 2000 to 3000 hours) 

 Electrical energy savings of over 30 % during cold months (FC) compared to about 10 % due to storage 
(NG) 

 Better utilization of cold energy storage during the winter periods and reduced payback times for 
storage integration 

 

NG: night shift of cold water  
       generation via storage 

FC: free cooling P
a
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NG 
NG + FC 
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