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• 1997 - nowadays: great deployment of both open and closed-loop systems with peaks of 140 new 

requests/year in 2011 and 2012* 

• Current situation: more than 4300 known, georeferenced and indexed probes distributed in approx. 1157 

plants within Ticino; 1-2 probes more frequent; median weighted power ~ 25 kW 

• Estimated closed-loop cumulative nominal power of ~ 30 MW with ~ 550 Km of installed BHE                                                                                                                                                   

Geothermal probes in Cantone Ticino 

*(according to 1. Energetic Cantonal Plan – PEC 2010  

and Council of State proceedings 2014 – Statistical attachment) 
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3 Authorization process 

(+) No restrictions                   (b) admitted or rejected after a case by case analysis executed by the Authority                         (-) forbidden  

• Map of allowance within Au sector is currently available 

 

• The approach is to locate the probe/probe field at least 

at a distance of 5 meters from the parcel/lot border 

 

• The increasing number of request/year will surely raise 

a interference problem loss of performances and 

lowering of ground temperature 



21/11/2016 

4 Low enthalpy geothermal potential 

• Potential = achievable energy extraction or generation given 

different constraints 

• Natural theoretical potential is constrained by technic, 

economy and market 

 

• Mapping procedure: can spatially take into account these 

constraints, estimating an exploitable (real?) low 

enthalpy geothermal potential 

 

 

 

• Identifying the most suitable and profitable zones for BHE 

installation 

• Pre-emptively estimate the characteristics, yield or cost of a 

hypothetic new system 

• Improving the management and deployment of this 

renewable energy through optimization 

Market 

Technical 

Natural resource 

Use of EED for numerical 

modeling 

 

  

Proposed by Galgaro et al. 

(2015) 
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Ground Temperature 

• Mean annual air temperature (MAAT) values from 9 MeteoSwiss stations 

 

• Regression air temperature vs altitude   

• 𝑀𝐴𝐴𝑇 = −
𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒+2385.7

174.61
 

 

• Calculation of ground temperature (GT) from SIA 384/6 : 

 for altitude < 1000 m.a.s.l.  

𝐺𝑇= MAAT +1.55  

 for altitude > 1000 m.a.s.l.  

𝐺𝑇= MAAT + 1.55 + (𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒−1000)/800 ∗ 2.45 

• Comparison against ground temperature data from IDAWEB, TRTs and GT 

reconstruction proposed by Signorelli, Kohl (2004) 

          MAE ~ 1°C and RMSE ~ 1,3 °C 
14 

3 
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Thermal conductivity 

A. Thermal characterization of outcrops: 

• SIA 384/6, Soma (2015)  

 

B. Thermal characterization of unconsolidated 

material:  

• Hydraulic conductivity reconstruction (g,s,c) 

• Assignment of thermal conductivity values dry 

& wet (SIA 384/6) 

• Piezometric mean annual value 2015 

• Equivalent λ depending on groundwater depth 

• Comparison against λ from 1 TRT (Mendrisio) 

 error of 28% 
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8 Identification of a reference 

geothermal system 
• The Cantonal Energetic Plan of 

Cantone Ticino identifies a reference 

target = multifamily housing unit 

which energetic demand is provided 

by fuel 

 

• Possibility to refurbish the building to a 

MINERGIE® standard one and 

replacing fuel boilers with GSHP 

systems 

 

• Data from statistical office USTAT 

(www.ti.ch/ustat) regarding the most 

common residential building located in 

Ticino 

 

• Identified residential unit: composed of 5 

apartments, 100 m2 each, with an 

annual heating demand of 60 kWh/m2 

(MINERGIE ® for residential refurbished 

buildings) 

 

• The reference geothermal system has a 

peak power of 25 kW, provides 30000 

kWh/year  (for heating and hsw) and is 

composed of 4 probes 
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9 Simulations  

(Earth Energy Designer) 

• 128 simulations varying 1 parameter at 

time  

• Changed parameters were λ, heat 

flux, vol. heat cap., GT 

• Outputs were estimated BHE length 

& Tin, Tout of the fluid 

• Mathematical regression and 

identification of a polynomial function 

between GT, λ and BHE length 

 

REQUIRED BHE LENGTH = 1236 - 269.1*LAMBDA -34.83*GST + 34*LAMBDA^2 + 2.47*LAMBDA*GST 

outputs 
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10 Required BHE length 

• Higher potential is located in 

valleys, where a greater energy 

request occurs. 

 

• This is due to the ground 

temperature that is higher in valleys 

during the year than in mountains and 

due to the presence of 

groundwater, which stores and 

provides thermal energy 

 

• A relevant amount of BHE are located 

where the potential is lower (than that 

of valleys), since many towns are 

located on alluvial fans  

 

 

• But….is this map reliable??? 
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11 Required BHE length comparison 

- Estimated length vs Installed length (967 plants): 

 

1. POWER CORRECTION  

 

 

2.    N° OF PROBES CORRECTION 

 

 

- MAE ~ 27 m 21% 

Error: 

- Between 0 – 15 m : (41% of the total)   

[below 5 meters ( 16.4 % of the total)]  

- Between 15 and 30 m (33 %)  

- > 30 m (26%) 
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12 Other mapped indicators 

Heat extraction rate (W/m) 
Installation cost per residential unit (25kW) [CHF] Cost per geothermal kW (CHF/kW) 
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13 Conclusions 
 

CURRENT SITUATION 

• Major valleys, where the population density is higher, host most of the low 

enthalpy geothermal potential of Cantone Ticino, but they are interested by 

the presence of gw protection sectors (Au) 

• Exploitable zones: southern Magadino plain, Lugano, Chiasso, western and 

northern valleys 

• Current authorization process is inadequate: conflict areas, where the 

installation is allowed, show lower potential  

• Enhancement of this mapping procedure in order to improve the current 

authorization process, that should take into account the natural and technical 

potential: groundwater protection balance
geothermal systems 

(interference, overexploitation) 

 

FUTURE DEVELOPMENTS 

• Production of economic and market maps (currently under 

development): annual savings compared to fuel and methane systems, 

payback time, potential reduction of CO2 emissions etc. 

• Probe interference phenomena raising issue, need of pre-emptive 

assessment is it possible through mapping? 
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Cheap-GSHPs project aims to: 

 

• reduce the total cost of investment and operating 

costs; 

 

• increase safety & awareness of this technology 

throughout Europe; 

 

• Development and test of new technologies 

 

• Installations in cultural buildings 

 

 

SUPSI – Institute of Earth 

Sciences 

Task leader : 

Realization of thematic maps 
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