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Energy and Heat  

In 2008, the total world energy production  

   amounted to 12000 Mtoe 

 

 

Approximately one third of it (4000 Mtoe) was used as heat. 

50% of this heat was for residential homes, commercial businesses 

and public services (hospitals, schools, universities, offices)  

 

Total space heating and cooling demand  ~ 20000 TWh  

 World District Heating and Cooling ~ 2500 TWh  

 
The potential of DHC increase is very large  

Heat has always been an issue for mankind  
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District Heating  
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Source: Euroheat  and Power, 2009  

District Heating is developed in northern European countries 

Percentage of citizens having access to district heating 
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District Heating networks are expanding  

Source: D. Magnusson, Linköping University,   Sweden 

District Heating  
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Source:  CPCU at  www.cpcu.fr  

District Heating in large cities  
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District Heating 

network in Paris is the 

largest in France: 

V 2 x 440 km 

V 5700 GWh 

V 25% of total heating 

V 8 production sites 
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       District Cooling networks in warm areas 

District Cooling  

Source: R. Sagarra,  District  Cooling Workshop,  May 2010 

City of Barcelona, Spain 
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Nuclear Power Plant 

Recovery of Nuclear Heat  

2/3 of the fission 

energy is lost in heat 

1/3 of the fission 

energy is converted 

into electricity 
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T 

hot

T

 cold
Wp Qi WHP WBP W gross Qs

h 

carnot
h

(°C) (°C) (MW) (MW) (MW) (MW) (MWe) (MW) (%) (%)

288 39 9 3 920 -417 -936 1 353 -2 562 44.4% 34.3%

Exergy  

ü  Ambient temperature heat is of no use 

ü  The Exergy concept allows to also valuate the 

temperature at which the heat is produced. 

.S0T-H=E

Case of 1300 MWe Nuclear Power Plant  

)
T
0T

  -  (1 . Q=E
Exergy of a quantity of heat Q 

at a temperature T 
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Exergy: Electrical Efficiency  

i
Q

WWW
  = PBPHP -+

h

ü WBP on the Low Pressure Turbine decreases with 

increasing temperature 

BPHPiout WWQQ +-º

)
T

T
 -  (1 . Q=E 0

outout

ü The output exergy increases with increasing temperature 
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Exergy: Electrical Efficiency  

Trade-off between electric output and Exergy 
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Thermodynamics: The Rankine cycle  

Modify the low pressure turbine: outlet at 2 bars 
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Thermodynamics: The secondary circuit  

Switch between two low pressure turbines  
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Example of Substations  

Source: Janne Lavanti,  PÖYRY,  
Finland Oy Energy, May 2011 



               H. Safa 15 

The Main Transport Line  

In a Tunnel  

In a Trench  
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Copenhagen District  Heating  Bore Tunnel, 2010 

(may be used as a 

common utility)  
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The Main Transport Line: Thermal Losses  

Ç  Diameter F  

Ç  Insulator thickness e 

Ç  Insulator conductivity l < 0.04 W/m.K 
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Total heat loss ~ 2% of the transported power! 
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The Main Transport Line: Hydraulics  
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Ç  Diameter F  

Ç  Water velocity U 

Ç  Water density r 

Ç  Friction coefficient C 
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Moodyôs Diagram 

for straight pipes 
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Loviisa 3 Nuclear Power Plant Project in Finland  

Source: Harri  Tuomisto,  FORTUM, Finland , October  2010 
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Loviisa 3 Nuclear Power Plant Project in Finland  

Source: Harri  Tuomisto,  FORTUM, Finland , October  2010 


