
Local-scale maps of the NSGE potential in the Case Study areas 
  

 

 

GRETA is co-financed by the European Regional Development Fund through the Interreg Alpine Space programme. 
Send us an email at contact@greta-alpinespace.eu and see more about GRETA at www.alpine-space.eu/projects/greta. 

 

Local-scale maps of the 

NSGE potential in the Case 

Study areas 

 

 

 

 

 

Version: Revision 02, 04 September 2018 

This document is the third deliverable of the Work Package 4 (or WPT3 according to the EmS 

numbering of WPsύ άAssessment and mapping of the potential of Near-Surface Geothermal Energy 

(NSGE)έ. Politecnico di Torino (POLITO), as responsible partner in the WP4, elaborated this report with 

the contribution from the involved project partnersΥ ¢¦aΣ 9¦w!/Σ !wt! ±ŀƭƭŜ ŘΩ!ƻǎǘŀΣ DŜƻ½{Σ .wDaΣ 

GBA, University of Basel. 

This deliverable focuses on the local-scale mapping of the NSGE closed-loop potential (Borehole Heat 

Exchangers, BHEs) and open-loop potential (Groundwater Heat Pumps, GWHPs) in 6 case-study areas. 

Among the various existing mapping methods, the G.POT method developed by POLITO was chosen 

for closed-loop potential while, for open-loop, a method was developed by TUM in collaboration with 

POLITO and ARPA VdA. The common outputs are closed- and open-loop maps of geothermal potential 

expressed in MWh/y. Regarding the open-loop potential, maps of technical volume flow potential (l/s) 

and power (kW) were also realised. All maps in this document are available and downloadable as raster 

files (tiff ), contained in zipped folders, at: 

 https://areeweb.polito.it/ricerca/groundwater/zip/GRETA_NSGE_potential/.  

This report serves as a reference guide for the methodology applied, as well as for a better 

understanding of the outputs of NSGE potential assessment. It is meant to help installers, designers, 

and public authorities involved in the design, approval and installation of NSGE systems. 

  

Deliverable D.4.2.1 ς Local-scale maps of the NSGE potential in the Case Study areas 

16/12/2015 ς 01/06/2018: The deliverable will present the work carried out in each Case Study by 

the relevant project partners, and it will be the input for WPT4 to implement the Near-Surface 

Geothermal Energy in the energy planning procedures. 

mailto:contact@greta-alpinespace.eu
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http://www.alpine-space.eu/projects/greta
http://www.alpine-space.eu/projects/greta
https://areeweb.polito.it/ricerca/groundwater/research/shallow-geothermal-energy/gpot/
https://areeweb.polito.it/ricerca/groundwater/zip/GRETA_NSGE_potential/
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1 Introduction 

This deliverable focuses on the local-scale mapping of the Near-Surface Geothermal Energy (NSGE) 

potential of Borehole Heat Exchangers (BHEs) and Ground Water Heat Pumps (GWHPs) in 6 case study 

ŀǊŜŀǎΣ ƻƴŜ ŦƻǊ ŜŀŎƘ ǇǊƻƧŜŎǘ ǇŀǊǘƴŜǊǎΩ ŎƻǳƴǘǊȅΦ  

Possible negative interferences and legal constraints, as highlighted in the Deliverable 4.1.1 

(https://goo.gl/gEud2m), limit the possibility to use NSGE [1]. In addition, the technical and economic 

feasibility of NSGE systems strongly depends on the local environmental conditions, in particular 

ground thermal properties (for BHEs) and aquifer hydrogeological properties (for GWHPs). This 

document is meant to help the reader to better understand the NSGE applicability and limitations 

depending on the local climatic, geological and hydrogeological features. 

The deliverable is structured as follows. Chapter 2 reports a literature review of the existing 

geothermal potential assessment methods, finding common features, limitations, strengths and 

weaknesses. Chapter 3 describes the methods adopted for the assessment of closed-loop and open-

loop geothermal potential. The other 6 Chapters report the application of the two methods is carried 

out to assess the near-surface geothermal potential in the 6 pilot areasΥ ±ŀƭƭŜ ŘΩ!ƻǎǘŀ όLǘŀƭy, Chapter 

4), Cerkno (Slovenia, Chapter 5), Oberallgäu (Germany, Chapter 6), Parc des Bauges (France, Chapter 

7), Saalbach-Leogang (Austria, Chapter 8), and Davos (Switzerland, Chapter 9).  

The results of the potential assessment are displayed both in this document and in a downloadable 

zipped folder at https://areeweb.polito.it/ricerca/groundwater/zip/GRETA_NSGE_potential/ 

Table 1: The six pilot areas of the Alpine Space. 

Country Pilot area Closed loop potential Open loop potential 

Italy Aosta valley Entire valley, <2000 m a.s.l. Portion of the Aosta plain 

Slovenia Cerkno Entire municipality NO (no aquifer present) 

Germany Oberallgäu Already mapped in Bayern 
with VDI 4640 method 
(https://goo.gl/ga85qs) 

Upper Iller valley  

France Parc des Bauges 4 municipalities of the park Isère valley bottom between 
Pontcharra and Gilly-sur-Isère 

Austria Saalbach/Leogang Both municipalities Saalbach and Leogang valley 
bottoms 

Switzerland Davos NO Assessed for a specific utilisation 
(sport and congress centre) 
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1.1 Partner´s involvement 

 

No. Partner Contact E-mail 

1 TUM 
Kai Zosseder 
Fabian Böttcher 

Kai.Zosseder@tum.de 
Fabian.Boettcher@tum.de 

2 ARPA VdA 
Pietro Capodaglio 
Alessandro Baietto 

P.Capodaglio@arpa.vda.it 
baietto@gdpconsultants.eu    

3 GBA 

Magdalena Bottig 
Stefan Hoyer 
Doris Rupprecht 
Gregor Götzl 

Magdalena.Bottig@geologie.ac.at  
Stefan.Hoyer@geologie.ac.at  
Doris.Rupprecht@geologie.ac.at  
Gregor.Goetzl@geologie.ac.at  

4 GeoZS 
Joerg Prestor 
Simona Pestotnik 

Joerg.Prestor@GEO-ZS.SI 
Simona.Pestotnik@geo-zs.si  

5 BRGM 
Charles Maragna 
Charles Cartannaz 

C.Maragna@brgm.fr 
C.Cartannaz@brgm.fr 

6 POLITO 

Alessandro Casasso 
Rajandrea Sethi 
Alberto Tiraferri 
Simone Della Valentina 
Arianna Bucci 
Tiziana Tosco 

alessandro.casasso@polito.it  
rajandrea.sethi@polito.it  
alberto.tiraferri@polito.it  
simone.dellavalentina@polito.it  
arianna.bucci@polito.it  
tiziana.tosco@polito.it 

7 EURAC 
Pietro Zambelli 
Chiara Scaramuzzino 
Andrea Vianello 

pietro.zambelli@eurac.edu 
chiara.scaramuzzino@eurac.edu 
andrea.vianello@eurac.edu 

8 Uni Basel Peter Huggenberger  Peter.huggenberger@unibas.ch 

 

1.2 Acronyms and definitions referring to NSGE 

AS: Alpine Space 

BHE: Borehole Heat Exchanger 

DHW: Domestic Hot Water 

FLEH (or FLEQ): Full Load Equivalent hours 

GSHP: Ground Source Heat Pump 

GWHP: Ground Water Heat Pump 

NSGE: Near Surface Geothermal Energy 

UHI: Urban Heat Island 
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2 Literature review on near-surface geothermal potential 

assessment methods 

Geothermal potential is a concept which was first developed for medium and high-enthalpy 

geothermal resources, i.e. for direct uses and for electricity production. Different definitions are 

available but, generally speaking, the geothermal potential is the thermal power which can sustainably 

be abstracted from a reservoir for a long time. The reservoir has a limited extent, and the potential is 

estimated considering it as a whole. 

For low-enthalpy geothermal resources, such a definition of geothermal potential is generally not valid, 

since the possible supply of heat should meet an on-site demand (i.e. a building), otherwise it will never 

be exploited. This is a completely different condition compared to the production of electricity, which 

can be performed in remote areas and transported to users across long distances; to a lesser extent, 

heat-demanding productions can be installed in geothermal areas to exploit low-cost heat (e.g. a large 

number of greenhouses, dairy processing activities, breweries are located in the geothermal areas of 

Larderello and Monte Amiata).  

CƻǊ ǘƘŜǎŜ ǊŜŀǎƻƴǎΣ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ άǎƘŀƭƭƻǿέ ƻǊ άƴŜŀǊ-ǎǳǊŦŀŎŜέ ƎŜƻǘƘŜǊƳŀƭ ǇƻǘŜƴǘƛŀƭ ǳǎǳŀƭƭȅ ŦƻŎǳǎŜŘ 

on other aspects such as: 

- the economic convenience of geothermal exploitation, e.g. the meters of boreholes to be 

drilled to satisfy a certain heat demand; 

- the sustainable density of shallow geothermal installations in urban areas; 

- the maximum flow rate to be abstracted and reinjected into an aquifer. 

This section gives a brief summary of some existing methods for the mapping of near-surface 

geothermal potential. For each method, we specify whether it can be applied to Borehole Heat 

Exchangers (BHEs), Groundwater Heat Pumps (GWHPs), Shallow Geothermal Collectors (SHCs). 

2.1 Tables of extractable thermal power (BHEs, SHCs) 

¢ƘŜ ŦƛǊǎǘ ƳŜǘƘƻŘǎ ǘƻ ōŜ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǎƘŀƭƭƻǿ ƎŜƻǘƘŜǊƳŀƭ ǇƻǘŜƴǘƛŀƭ ŀǊŜ άǊǳƭŜ-of-ǘƘǳƳōέ 

tables of extractable thermal power per unit length of borehole (W/m). Although these methods were 

developed for the design of small installations (e.g., below 30 kW according to VDI 4640 [2]), they have 

also been applied in several shallow geothermal potential mapping projects. Three methods are 

hereby described: the German standard VDI 4640 with its first version delivered in 2000 [2] and an 

update in 2015 [3], and the British standard MIS 3005 (2011, [4]).  

Unlike the other methods which will be presented in next paragraphs of this chapter, these are design 

methods which could be applied also for mapping purposes. 

2.1.1 VDI 4640 (BHEs) 

VDI 4640 is a norm developed by the VDI (Verein Deutsche Ingenieure, German Union of the Engineers) 

to provide a guideline for shallow geothermal installations. Its first version was released in 2000, and 

the norm is updated every 5 years; the last version was therefore published in 2015. The objective of 

http://www.alpine-space.eu/projects/greta
http://www.alpine-space.eu/projects/greta
http://www.alpine-space.eu/projects/greta
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VDI 4640 is to gather in one document the environmental aspects, the feasibility and applicability 

requisites and the technological aspects.  

The norm provides some methods for the design of small BHE fields. According to VDI 4640, BHE fields 

below 30 kW of thermal power can be sized based on the lithology and on the yearly hours of operation 

of the plant. The table reported in Figure 1 shows the values of thermal power per unit length (W/m) 

which can be extracted from the ground considering an operating schedule of 1800 hours and 2400 

hours per year. This parameter is also expressed as FLEQ (Full Load EQuivalent) or FLEH (Full Load 

Equivalent Hours) as it relates the peak power [5] and the heating/cooling need (kWh/year). The 

shortest operating schedule (1800 hours/year or FLEH) is typical of mild climates (e.g. around 2000 

HDD according to ASHRAE or Eurostat), while 2400 hours/year are typical of quite a cold climate (e.g. 

around 3000 HDD according to ASHRAE or Eurostat). 

Let us report an example of sizing procedure, which can also be applied for the MIS 3005 method 

explained in next paragraph. A single house has a heat demand of 15000 kWh/year and an operating 

schedule of 1800 hours/year. Consequently, the power to be installed is ψσσσ ὡ. For a 

dry sediment, the specific heat extraction is of 25 W/m; the length of BHEs to be installed is 
 

σσσά. For normal lithologies, the specific heat extraction is 60 W/m, and hence the BHE length to be 

installed is 
 

ρσψά. For highly conductive lithologies (84 W/m), the installed length is 
 

ωωά.  

 

Figure 1: Values of extractable specific heat for BHE unit length from VDI 4640 (2000) [2]. 

http://www.alpine-space.eu/projects/greta
http://www.alpine-space.eu/projects/greta
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An update of VDI 4640 sizing table was delivered in 2015 [3] and is reported in Figure 2. The VDI (2015) 

[3] contains several tables of maximum extractable power for BHE unit length, according to two main 

criteria: 

- the use of heat for combination of heating and domestic hot water or for heating-only mode; 

- the temperature at the outlet of the heat pump. 

Another noticeable difference with the 2000 version is the absence of lithologies, which have been 

replaced by thermal conductivity values. Also, precise values of specific heat extraction are provided, 

instead of the wide ranges of the previous version: these values have been derived through simulations 

with Earth Energy Designer (EED) [6]. Different values are provided depending on the number of BHEs 

(άAnzahl Sondenέ in the table) to consider the interference among neighbouring boreholes. Linear 

interpolation is suggested for intermediate values of thermal conductivity and/or number of 

hours/year of operation. 

 

Figure 2: Values of extractable specific heat for BHE unit length from VDI 4640 (2015) [3]. 

The VDI 4640 method, in its first version (2000, [7]), was adopted in a number of NSGE potential 

mapping methods. Ondreka et alii (2007, [8]) adopted for the mapping of shallow geothermal potential 

in South-Western Germany. They calculated depth-average values of specific heat extraction, based 

on the ground stratigraphy, and delivered maps of thermal power for a 50m and 100m-deep borehole, 

as shown in Figure 3. Gemelli et alii (2011, [9]) applied the VDI 4640 method for the assessment and 

mapping of closed-loop NSGE potential in the Marche region (Central Italy). They derived the depth of 

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


 Local-scale maps of the NSGE potential in the Case Study areas 
 

 

 
 

GRETA is co-financed by the European Regional Development Fund through the Interreg Alpine Space programme. 
See more about GRETA at www.alpine-space.eu/projects/greta. 

 10/137 

BHE to be installed to cover a typical heat demand of a detached house and, based on such depth, they 

estimated the cost and the payback time of a closed-loop geothermal heat pump, compared to a gas 

boiler. 

 

Figure 3: Closed-loop NSGE potential in SW Germany, close to the Black Forest. The maps report the thermal power for a 

50m and 100m-deep BHE. Source: Ondreka et alii, 2007 [8]. 

 

Figure 4: Closed-loop NSGE potential in the Marche region (Central Italy). The map reports the extractable power per unit 

depth (W/m). Source: Gemelli et alii, 2011 [9]. 

Regione Lombardia delivered a geo-energetic map of its territory based on the VDI 4640 method, 

which is available at https://goo.gl/aRUZz9 and is reported in Figure 5. 

http://www.alpine-space.eu/projects/greta
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Figure 5: Closed-loop NSGE potential in Regione Lombardia (Northern Italy), available at https://goo.gl/aRUZz9 . 

The application of VDI 4640, both in its year 2000 and year 2015 version, has a major limitation: the 

undisturbed ground temperature is not taken into account, thus providing the same specific heat 

extraction value for a warm ground in the plain (e.g., at 14°C) and a cold ground in the mountains (e.g., 

8°C). Such a limitation is overcome by the MIS 3005 method [4], described in next paragraph. 

2.1.2 MIS 3005 (BHEs, SHCs) 
This method is provided by the Department of Energy and Climate Change of Great Britain to assess 

the geothermal potential of BHEs using tables of extractable power. The input parameters are: 

duration of the heating cycle, thermal conductivity and soil temperature [4]. The tables are divided by 

type of system (borehole, horizontal, and slinky heat exchanger) and by duration of the heating cycle 

(1200, 1800, 2400, 3000, and 3600 hours/year). We hereby report, as a comparison, the tables for 

1800 hours/year (Figure 6) and 2400 hours/year (Figure 7). The values of specific heat extraction (W/m) 

are sorted in rows based on the thermal conductivity of the ground, and in columns based on ground 

temperature. The upper part of the table reports the hypotheses of the model related to the operation 

mode (heating only+DHW), the technical and thermal characteristics of the probe, the vector fluid, the 

ground and the tube [10]. 

Compared to the VDI 4640 method, the MIS 3005 tables are more flexible since they allow to take the 

ground temperature into account. The data shown highlight the importance of the underground 

temperature for the determination of the extractable power. 

http://www.alpine-space.eu/projects/greta
http://www.alpine-space.eu/projects/greta
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Figure 6: Evaluation table for the maximum extractable power for length unit of a BHE for 1800 FLEQ (Full Load 

Equivalent) running hours [4]. 

 

 

Figure 7: Evaluation table for the maximum extractable power for length unit of a BHE for 2400 FLEQ (Full Load 

Equivalent) running hours [4]. 
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2.2 Exploitation of Urban Heat Island (GWHPs) 

The ground temperature in urban areas is usually higher than the outskirts, due to the presence of 

many heat inputs. A number of studies has already been published to quantify the subsurface Urban 

Heat Island (UHI), and to assess the contribution of different heat sources (heat transmission from 

buildings, sewers, heat absorbed by paved surfaces etc.) [11-16]. 

  

Figure 8: Subsurface UHI in Cologne, Germany (left) and Winnipeg, Canada (right) Source: Zhou et alii, 2010 [16]. 

The UHI is an environmental issue, as it contributes to increase energy consumption for building 

cooling and may have health impacts. However, the subsurface UHI can also be considered as an 

opportunity to exploit the higher aquifer temperatures for heating with GWHPs. In this light, Zhou et 

alii (2010, [16]) define the geothermal potential as the quantity of heat which can be abstracted from 

a certain aquifer volume (ὃ Ὠ) through a temperature reduction ɝὝ: 

ὗ ὃϽὨ ὲὅ ρ ὲϽὅϽ ЎὝ  

Equation 1 

where ὃ is the aquifer surface (m2) and Ὠ is its depth (m), ὲ is the porosity, ὅ  and ὅ are the thermal 

capacity (Jm-3K-1) of the fluid and solid fractions, respectively. According to the estimates reported in 

the paper, the geothermal potential of the UHI in Cologne (Germany) and Winnipeg (Canada) shown 

in Figure 8 exceed the heating demand of these cities. 
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