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Energy and Heat

0

Heat has always been an issue for mank

In 2008, the total world energy production
amountedo 12000Mtoe

Approximatelyone third of it(4000Mtoe) wasused ag eat.
50% of this heat wa®r residentiahomes, commercial businesses
and public serviceospitals, schools, universities, offices)

Total space heating and cooling demand0000TWh
World District Heating and Cooling 2500TWh

The potential of DHC increase Is very large
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District Heating

Percentage of citizens having access to district heating
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Source: Euroheat and Power, 2009

District Heating is developed in northern European countries
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District Heating

The Development of the District Heating Systems
in Stockholm County - Networks of Heating
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Source. D. Magnusson, Linkdping University, Sweden

= District Heating networks are expanding
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District Heating in large cities

Romainvil|

District Heating

. hetwork in Paris is the
| largest in France:

V 2 x 440 km

|V 5700 GWh

= V 25% of total heating
s \" |V 8 production sites
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“L'énergie est notre avenir, économisons-la !”
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District Cooling

eSD
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City of Barcelona, Spain
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District Cooling networks in warm areas
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Recovery of Nuclear Heat

0

rgies altemnat

Nuclear Power Plant

- Primary circuit

| ; 1/3 of the fission
o o | energy IS convertec
- into electricity
: N 2/3 of the fission
B energy Is lost in he
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Exergy

0 Ambient temperature heat is of no use

U TheExergy concept allows to also valuate the
temperature at which the heat is produced.

E=H-Ty.S
Exergy of a quantity of heat Q E=Q.(1- TO)
at a temperature T - T

Case of 1300 MWe Nuclear Power Plant

T T ) h
W I W, W, W S h
hot cold P Q HP BP gross | Q carnot
(°C) (°C) (MW) (MW) (MW) (MW) (MWe) (MW) (%) (%)
288 39 9 3920 417 -936 1353 | -2562 | 444% | 34.3%
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Exergy: Electrical Efficiency

Wip +Wep|- Wp
Q

-

U Wgpon the Low Pressure Turbigecreasewith
Increasing temperature

Qout © Q - |Wip +Wpp

T
Eout = Qout : (1 - ?O)

U The output exergycreasesvith increasing temperature
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Electric Efficiencyh (%) |
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Exergy: Electrical Efficiency
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Thermodynamics: The Rankine cycle

Temperature {C)
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Modify the low pressure turbine: outlet at 2 bars
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Thermodynamics: The secondary circuit
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Switch between two low pressure turbines
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energ

Nuclear District Heating

NuclealPower Plant Buildings

\ B rrimarycircuit DistrictHeating
-:] Secundary circuit Network
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Example of Substations

Prefabricated substations < POYRY

The main benefits of prefabricated substations
— Realiable installation at factory
— Standardized system solutions
— Small space requirement
— Site installation time can be minimized

- E“.asy to maintain ) Source: Janne Lavanti, POYRY,
— High degree of automation Finland Oy Energy, May 2011

— Easy operation

{ Limits of Pre-fabricated Substafion !
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The Main Transport Line

=
(may be used as a
In a Tunnel common utility)
In a Trench
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The Main Transport Line: Thermal Losses
ey | soil , '
pipe
Insulat
C DiameterF

C Insulator thickness e
C Insulator conductivity < 0.04 W/m.K

9= L (T-T) <120 Wim
¢dz= |n (1+Fe)

Total heat loss~ 2% of the transported power!
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Friction Factor
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The Main Transport Line: Hydraulics

cdz-+ 2F

Moody Diagram
R R R

C DiameterfF
C Water velocity U
C Water density

¢ __Friction coefficient C

Moody Os

| for straight pipes
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Loviisa 3 Nuclear Power Plant Project in Finland
PWR connection

Heat extraction from a Pressurized Water Reactor

TURBINE s

STEAM GEI'ERATOR

LOVIISA

- DSTRICT HEATING PIPELINE

HEAT EXCHANGER

Source. Harri Tuomisto, FORTUM, Finland , October 2010

HEAT EXCHANGER  (HELSINKI) METROPOLITAN AREA
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Loviisa 3 Nuclear Power Plant Project in Finland

Source. Harri Tuomisto, FORTUM, Finland , October 2010
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