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Introduction and context

Increasing the contribution of

by developing geothermal heat
pumps

geothermal energy in the energy mix
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Future opportunity :
Grand Paris Express
205 km of metro Iines

-~

\

The National Project

«Ville 10D- Ville d’idées » =
Improving the contribution of the underground

resources in the urban development
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Principle of this new technology

; @
Air/Concret:antrados
Convection




Feed baC k . Tradltlonal method
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3D Numerical modelling

** Physics

Tin Echangeur contenant le fluide caloporteur

Heat transfer in solid oV

biton Concrete

Heat transfer in porous medium

TOU!

Non isothermal fluid in pipes




** Equations

s+ Heat transfer in solid

or
pCp—r = AV?T

1 % Non isothermal fluid in pipes

aT p
pCy—+ pCou. VT = V.(AVT) + fp = lul® + Qparoi
dt 2dy
1 % Heat transfer in porous medium
Continuity equation pw.div(u) =0

Darcy’s law

K
u=-—_"V(p+pgz)
Heat equation

with {

(pcp)eq = npyCpw + (1- n)pCp
Aeg = nhy, + (1 —n)A

Coupled physical phenomena

A




» 3D Model *» Mesh

« Quter diameter of the tunnel =9.5 m * Defined by user
* Thickness of the concrete ring =40 cm * Linear elements for pipes
« Widthofaring=1.8m » Tetrahedrons for

Inner pipe diameter 21mm.

[ Model without water table} [Model with water table]
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** Initial / boundary conditions

»Rock temperature T
» Convective flow
»Inlet fluid temperature T;,
»Fluid flow rate

» Fluid outflow pressure

roche

»Groundwater velocity

Temperature of the tunnel’s air

RATP data line 8

—— 11Juill-31 Déc 2003
——01 Aoit-29 Novemb 2002
——06 Sep 2005-10 Ao0t 2006
——19 Janv-12 Mars 2011

Temperature used in modelling

Time (month)




Parametric

Thermal Non-activated Thermal
Parafrlrl](ieégrs of properties of the tunnel activated tunnel
rock

7 months heating +
12 months of heat
extraction for 8 1 month break +

years 3 months cooling +
1 month break

8 mois heating + Superposition of
3 mois cooling + geological layers

1 mois break with groundwater
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Results and discussion

[ Fluid parameters }

Water pressure drop by ring according to the flow of the
fluid
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0,061/s m0,11/s m0,251/s
Flow (I/s)

A wide range of heat flux of 15 W/ mto 40 W/ m2

Heat extraction and hydraulic loss increase with fluid flow

\ 4

Finding an equilibrium between the thermic and hydraulic Hydraulic

problems

Fixed parameters /

T, in winter: 4 ° C and flow rate: 0.11/s

Thermic
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Annual energy exchanged with the rock

A\

(MWh)

[Thermal properties of the rock}

[*:* Thermal conductivity}
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0.0

1,6 W/(mK)
2 W/(m.K)

2,4 W/(m.K)

Energy exchanged increases with the
thermal conductivity:
Extracted =2 MWh / year / ring
Injected =2.5 MWh / year / ring

¥ extracted

H stored

[02* Temperature }
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M stored

Annual energy exchanged with the
©
(6}

S
o

12°C
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14°C

» Stored energy decreases with temperature
» Extracted energy increases with temperature
» Decrease of the difference
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@ by ring (W/m?)

=
(0]

=
o

(9]

o

'
(9,1

=
(5}

-
(0}

Rock temperature (°C)

o

26
24
22
20
18
16
14
12

10

Time (d)

[Non activated tunnel}

Heat exchange between

the tunnel and the rock in

both direction

dintrados
dextrados
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Warming of the rock
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Anual energy by ring (MWh)
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From march to mid-september, the
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(2,) @anesadway

¢extrados = Tair = Textrados

heat diffuses from the tunnel to the
rock and in the opposite direction In

the rest of the year

stockée déstockée

Quantity of heat
stored > extracted
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- [Thermal activated tunnel}
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[ Comparison between thermal activated and non-activated tunnel }

[0:0 The temperature distribution around the tunnel ] [~:~ The temperature profile in the rock]

o At 6m from the tunnel

Isothermes aprés 7 ans de lise enoservice du turﬂael classique 5y o Isotherme & la fin de 7 cycles d'extraction continue de chglgur
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[ Effect of groundwater flow }

{0:0 Behavior of the water table around the tunnel }
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[*:* Effect of the groundwater on the thermal equilibrium of the rock }

[Velocity 3.10° m/s } [Velocity 3.10°% m/s }

-20 -10 0 10 Al21 -20 -10 0 10 Al21
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11.99
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The velocity of the groundwater has a great influence on the thermal
equilibrium of rock and thus the heat exchange 17



Besoins (MW/h)

[ Response to heating needs, case of new offices }

Heating needs

Besoins en chauffage

35,0 MWh

31,5 MWh

[ 30,3 MWh
30,0 MWh -

- B 25,1 mwh
25,0 MWh -
20,0 MWh — 19,3 MWh

15,7 Mwh
15,0 MWh -
10,0 MWh —
6,7 MWh

50MWh — TN

[ 0 MWh 0 MWh 0 MWh 0 MWh
0,0 MWh - . : ‘ : :

RO S RN N N SN B Y Y CRRW ]
o &

M Besoins en chau

ffage

Annual needs : 140 MWh

Scenario adopted

Heating production
8.5 MWh/ year/ ring = 4.7 MWh/ year/ ml

30 meters linear of the tunnel = 17 rings must be activated
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» Ecological benefits: reducing consumption of fossil energy and thermal
disturbances of the rock,

» Stable and sustainable system,

» In the case of absence of groundwater flow, the fluid properties have more
remarkable effect than that of the thermal properties of the rock,

» Velocity of the groundwater has a great influence on the behavior of the
system: rapid flow allows the thermal regeneration but not the heat storage in
the rock.
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