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+ near-surface Geothermal 
REsources in the Territory of 
the Alpine space 

+ Fostering shallow geothermal 
energy acting on: 

+ Knowledge 

+ Regulation 

+ Geo-referenced data 

+ Energy planning 

 

The GRETA project 
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+ Leader: TUM 

+ Work Packages: 

+ WP1 Management 

+ WP2 Regulation (GEOZS) 

+ WP3 Operational criteria 
(GBA) 

+ WP4 Mapping (POLITO) 

+ WP5 Energy Planning 
(EURAC) 

+ WP6 Interaction (ARPA 
VDA) 

+ WP7 Communication 
(BRGM) 

 

GRETA project partners 

TUM  

POLITO 

GEOZS 

EURAC 

ARPA VDA 
REG.LOMBARDIA 

UNI BASEL 

BRGM 

GBA 
TRIPLE-S 

University 

Public administration 

Public body 

SME 

INDURA 

CLIMATE ALLIANCE 
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+ Fields of intervention: 
+ Technologies: 

+ Closed-loop 

+ Open-loop 

+ Existing installations: 
+ Good practice examples 

+ Operational and design issues: 
+ Literature reviews 

+ Focus groups with stakeholders 

+ Original research 

WP3 – Operational criteria 
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+ Advantages: 
+ Scale economies 

+ Smaller area required 

+ Higher efficiency 

+ Issues/limits: 
+ Drawdown at abstraction well 

+ Uprising at injection well 

+ Thermal recycling 

+ Thermal plume propagation 
downstream the well doublet 

Design issues of GWHPs 
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Propagation of thermal plumes from GWHPs 

Plant and  
cadastral 

plot 

Other 
wells or 

GHPs 
E I 
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Land management of GWHP plumes: an 
example 

POLITO 
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+ Which are the driving factors of GWHPs’ plume propagation? 

 

 

 

 

+ Modelling assumptions: 
+ Boundary conditions 
+ 2D or 3D? 
+ Thermal load time resolution 

+ Is any analytical formula available? 

Heat transport in saturated porous media 

Advection 

Conduction Dispersion 

Source/sink 
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+ Well doublet with sinusoidal thermal 
load 

+ Geometry: 
+ 6000x3000 m mesh 
+ 3 main layers (vadose zone, aquifer, 

aquiclude) 

+ Flow BC: 
+ 1st kind hydraulic heads US-DS 
+ 4th kind abstraction-injection wells 

+ Heat BC: 
+ 1st kind: 

+ US temperature 
+ Injection well (∆𝑇) 

+ 2nd kind no-flux from bottom 
+ 3rd kind temperature-dependent flux 

from g.s. 

Numerical modelling with FEFLOW 

Thermal load 

Modelling assumptions 
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Sensitivity analysis results (1/3) 
Thermal plume dimensions Influence of Darcy velocity 

Plume separation Thermal dispersivity 
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Sensitivity analysis results (2/3) 
Ground surface BC: no-flux or 3rd kind BC? 

Thermal conductivity 

Depth to water table 

Aquifer saturated thickness 

http://www.alpine-space.eu/projects/greta
http://www.alpine-space.eu/projects/greta
http://www.alpine-space.eu/projects/greta
http://www.alpine-space.eu/projects/greta


29/11/2018 12 

See more at www.alpine-space.eu/projects/greta 

Sensitivity analysis results (3/3) 
Load imbalance Flow rate / thermal power 

Sensitivity index 
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+

Simplifying assumptions 
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+ Thermal plume assessment is key for GWHP management 

+ Three heat transport mechanisms: advection, dispersion, conduction 

+ Key parameters: 
+ Darcy velocity 
+ aquifer thickness 
+ flow rate 
+ heating/cooling ratio 

+ Heat exchange with atmosphere 

+ Simplifications: 
+ analytic solutions for plume width 
+ constant thermal load for plume length 

Summary 
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+ GRETA project 
+ Project website: 

http://www.alpine-
space.eu/projects/greta/en/ho
me  

+ LinkedIn: 
https://www.linkedin.com/com
pany/10922281/  

+ Leader: kai.zosseder@tum.de  

+ GW engineering @POLITO 
+ Website: 

http://www.polito.it/groundwa
ter  

+ Alessandro Casasso 
alessandro.casasso@polito.it 

Thank you for your attention!!!! 

TUM: Kai Zosseder (project leader), Christine Haas (project manager), Fabian Boettcher; POLITO: Rajandrea Sethi, Alessandro Casasso, 
Simone Della Valentina, Arianna Bucci, Matteo Rivoire, Bruno Piga; ARPA VdA: Pietro Capodaglio, Alessandro Baietto, Marcela Olmedo, 
Ilaria Stringa, Marta Padoan; EURAC: Pietro Zambelli, Valentina D’Alonzo, Roberto Vaccaro, Simon Pezzutto, Andrea Vianello, Chiara 
Scaramuzzino; Regione Lombardia: Francesco Spinolo, Francesca Messina; BRGM: Charles Maragna, Fanny Branchu, Aline 
Humbertclaude; GEOZS: Joerg Prestor, Simona Pestotnik, Dušan Rajver; GBA: Magdalena Bottig, Stefan Hoyer, Gregor Goetzl; Climate 
Alliance:  Andreas Kress, Janina Emge; INDURA: James Gilbert; Triple-S: Reiner Wittig; Universitaet Basel: Peter Huggenberger 
…e altri ancora! 
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