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Construction 
U-value 

(W/m2K) 

External wall 0,08  

Roof 0,085  

External floor 0,1  

Internal walls  0,38  

Internal floor 0,25  

Glazing 1st type U-window 0,83  

Glazing 2nd type U-window 0,79 

Envelope 
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IDA-ICE  
Load Calculations 

Radiant floor sizing 
EN 1264/HEAT2 
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HEATING 
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Demand distribution over 
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SCOP 3,8 
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Supply water temperature 
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simulation 
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Copenhagen Paris 
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Heating demand =1,6 kW 
Cooling demand = 1,5 kW 
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Load Calculations 
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Choice of the floor covering 

Tiles: λ = 1,5 W/mK 

Chipboard: λ = 0,15 W/mK 
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Determination of the water supply temperature 

Supply 28,5°C 
Room 20°C 

Supply 15,6°C 
Room 26°C 
 

Surface temperature in the range 20-24°C, no condensation problem  
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q (W/m2) Δϑ heating = 7,9°C Δϑ cooling = 8,6°C 

EN 1264 50,1 39,5 

HEAT2 46 39,9 

8% 1% 

Case of the tiles as floor covering 
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IDA-ICE Simulation 

Paris 32 kWh/m²/year  

(net area) 

Copenhagen 38 kWh/m²/year  

(net area) 

SCOP; EER 

13 kWh/m²  
for 

appliances 
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Operative Temperature 

Range 

Competition 
range (±1°C) 

based on 
EN15251  

Lower limit 
not 

considered 

Percentage of time 
outside the range 

27 % 2 % 

Results – Comfort Conditions 

Relative  
Humidity 

CO2 level  

Range 
40% < RH < 55%  < 800 ppm 

Percentage of time 
outside the range 

6% 11 % 
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Sub contest 
Points earned by Team 

DTU 

Ranking of Team 

DTU 

Electrical Energy Balance 79,22 / 120 #7 

Energy Efficiency 71,84 / 80 #9 

Comfort Conditions 99,23 / 120 #8 

TOTAL 780,01 / 1000 #8 
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Nighttime radiative cooling 

Unglazed collector  vs.  photovoltaic thermal (PVT) 

Outputs:  
cooling power (W/m2), energy (kWh), COP (-) 
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Cooling powers 

Theory Heat flux 
sensors 

VFS - Water 

Plane radiant & surface 
temperatures  

Weather data 
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Experiment results 

PVT 
Unglazed  
collector 

Cooling power (average per night) 28 to 74 W/m2 20 to 72 W/m2 

Cooling power (literature) 60 to 65 W/m2 ~50 W/m2 

Cooling COP 19  to  58 

Heating power (average Aug 28th) 247 W/m2 241 W/m2 

Heating energy (Aug 28th) 9,25 kWh 5,74 kWh 
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TRNSYS: flow rate selection 
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TRNSYS vs. Experiment 
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Discussion 
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EMBRACE 
 
• Reliability of simulations  supported by Standards-Experiment 
• Time issues/ difficult central control changes 
• Competition rules 
• High consumption per m2 

 consumption per person 

 
Nighttime radiative cooling 
 
• Inaccuracies in the measurements (VFS, rain) 
• Limited potential in Denmark 
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Conclusion 
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EMBRACE 
 
• EMBRACE ranking: #8 
• Good performance in Comfort Conditions, Energy Efficiency 

and Electrical Energy Balance 
 

Nighttime radiative cooling 
 
• High savings potential in cooling (high COP) 
• Economical potential (PVT, unglazed) 

o Possibility of utilizing existing solar installations 
o Residential use in Southern climates 
o Public buildings use in Denmark 
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Future research 
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• Sheltered garden 
• Potential of nighttime radiative cooling in different climates 
• Coupling with PCM  
• Coupling with heat pump condenser 
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