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Subsurface thermal regime in urban areas

Climate + Urbanization (Heat island effect)
* Airtemperature * Anthropogenic heat sources
* Precipitation (GW recharge) * Land cover/sealing
* Groundwater uses
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Data from CMIPS experiment retrieved from:
www.climateknowledgeportal.worldbank.org

Problem ?
Heat accumulation in the urban / \

e Need of quantification tools!
subsurface due to human activities \ Usabl , / a
sable resource ?
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Heat accumulation in the subsurface

Urban groundwater
monitoring
network in the
Milan city area
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N-S section showing the subsurface urban heat island effect
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and its sources in the Milan city area, Italy. Hydrogeology Journal, 29(7), 2487-2500.
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From monitoring to modeling... @Ussgf,;ag.y

City-Scale model domain _ Model size: Number of elements: Element size:
\ 20x 18 kmx 250 m 6,260,000 (49 slices) 3-200m

4/8

Previati A., Silvestri V., Frattini P., Crosta G.B. Evaluating the sustainability of low enthalpy geothermal applications in a subsurface heat island 23/05/2022, Vienna



i i i enera é.
From monitoring to modeling... @Ugssemg.y
BICOCCA
City-Scale model domain Z Model size: Number of elements: Element size:
| ‘ : 20x 18 kmx 250 m 6,260,000 (49 slices) 3-200m
-

Layered
aquifers

Material Properties Boundary Conditions
Hydraulic ™ 100
Conductivity 10 * Fluid Flow * Natural
[m/d] =;1 * Heat Transport * Anthropic
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From monitoring to modeling... @Ugsm.y

City-Scale model domain Z Model size: Number of elements: Element size:
| ' 2 20x 18 kmx 250 m 6,260,000 (49 slices) 3-200m

Layered
aquifers

Material Properties Boundary Conditions

Hydraulic ™ 100
Conductivity 10 * Fluid Flow e Natural

[m/d] =;1 * Heat Transport * Anthropic
' Thermal Regime

Groundwater ®19

18
Temperature 17 Previati, A., Epting, J., & Crosta, G. B. (2022). The subsurface urban heat island in Milan (ltaly) -
[°C] -16 A modeling approach covering present and future thermal effects on groundwater regimes.
4 / 8 B1s Science of The Total Environment, 810, 152119. https:/doi.org/10.1016/j.scitotenv.2021.152119
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Numerical solution = Geothermal potential
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Thermal perturbation
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Heat injection

Advective +
conductive heat
transport!

GW Flow
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Numerical solution = Geothermal potential
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temperature distribution from adopted scenarios
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Numerical solution = Geothermal potential @Uggsn;;,a,;,y

Thermal plume .. er e
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Max specific potential
[W/m3K]
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Actual specific potential @UE:S":,;% >

Restrictions based on local regulations

Max specific potential

[W/m3K] ActuaLpotentlaI A7 { 5  |Tew — Tiiml =5
- s [W/m?3] ' Tew — Tiiml|, Tew — Tiim| <5
[/~ 5-10
’
S A fue2rc A
- 6‘- ;
1 15-20 <7 . N
B 30-40 5 #5°C Usable Cooling
B 40-50 ¢ 161
o 1 v
B 50-70 E 14j _ soc A .
5 12- Usable Heating
210 0 TTTTTTTTES !\\“ v
< T T T
0 5 10 INRE
Distance (km) Surplus Potential
(heating mode)

Heating Potential

l Cooling Potential

20 T T T
0 5 10 15

Distance (km) 6/8

Previati A., Silvestri V., Frattini P., Crosta G.B. Evaluating the sustainability of low enthalpy geothermal applications in a subsurface heat island 23/05/2022, Vienna



Future variations of the thermal demand

Actual degree days

Reference period (1995 — 2021)
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3) Groundwater Lowering
Based on historical GW levels

Future scenarios = Cooling potential reduction
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1) Air temperature change
Based on RCP scenarios

2) Land Use Change

Based on city expansion
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