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ABSTRACT 
The GeoERA project MUSE “Managing Urban 
Shallow geothermal Energy” (2018 - 2021) addressed 
novel management approaches of urban shallow 
geothermal energy from the point of view of 
Geological Survey Organisations (GSOs). A 
consortium of 16 different regional to national GSOs 
from 15 countries joined forces for developing and 
testing concepts and products, which support 
integrative and adaptive management procedures for 
urban shallow geothermal energy (SGE) use.  

MUSE investigated the interlinking of resource and 
limitation of use to mapping in urban areas with 
management strategies and legal requirements and 
administrative procedures. The main findings were 
summarized in methodological catalogues and 
guidelines, which are publicly available at the project 

related website (https://geoera.eu/projects/muse3/). In 
addition, a prototype of a low-scale web data has been 
developed inside the European Geodata Infrastructure 
(EGDI) of EuroGeoSurveys (https://www.europe-
geology.eu/). MUSE covered 14 pilot areas across 
Europe at different climatic, hydrogeological as well 
as socio-economic settings, in which the harmonized 
and further developed mapping and resource 
modelling approaches have been tested and evaluated. 
Managing urban SGE use is still at its beginning in 
Europe, but the outcomes of MUSE set an important 
starting point to better integrate this important topic in 
the portfolio of GSOs, which might lead to new 
competences and responsibilities of Geological 
Surveys in the future. 

1. INTRODUCTION  
SGE use for heating, cooling and seasonal heat storage 
is continuously growing in European urban areas. 
Some cities, such as Zurich (Switzerland) or 
Stockholm (Sweden) already show effects of 
overexploitation when it comesto interference of 
neighbouring installations. Moreover, there are new 
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trends towards large-scale SGE installations for the 
supply of commercial buildings or low temperature 
heating and cooling networks (e.g., 5th generation 
DHC networks).  

Inside the overall European heating and cooling 
market, SGE still covers a niche at a level of around 
2% of the total heat production. Current European 
policies, especially in light of the ongoing geopolitical 
crisis, are expected to put pressure on the 
decarbonisation of the heating and cooling market and 
therefore might lead to a stronger interest in SGE in 
urban areas, which currently host around 75% of the 
European population. A high population density 
entails a high heating and cooling demand as well as a 
high number of subsurface installations, which all 
increases thermal and spatial pressure on the 
subsurface. 

In order to ensure a sustainable and efficient use of the 
underground, subsurface management is required. The 
level of awareness among policy makers and 
authorities towards the possible future role of SGE is 
still rather low in many European countries. 
Therefore, the current legal framework as well as 
managing procedures, mostly follow the "first come 
first served principle". This could lead to 
shortcomings regarding the efficiency and 
sustainability of SGE use in selected place including 
urban and industrial areas. Consequently, alternative 
approaches to ensure integrative and adaptive 
management procedures need to be identified and 
implemented. 

2. APPROACH 
MUSE was part of the ERA-NET Co-Fund action 
“Establishing the European Geological Survey 
Research Area to deliver a Geological Service for 
Europe” (GeoERA). GeoERA consisted of 3 year 
projects and started in July 2018. Aside from 14 
thematic projects, the GeoERA Information Platform 
Project (GIP-P) was set up to support the other 
projects in organising and disseminating their results. 
The technical platform to display the spatial data sets 
was chosen to be the already existing European 
Geological Data Infrastructure (EGDI). 

The main thematic objective of GeoERA was to 
contribute to the optimal use and management of the 
subsurface. MUSE focused on the use of the 
subsurface for SGE. The international consortium 
consisted of partners from all across Europe, namely 
Austria, Belgium, Croatia, Czech Republic, Denmark, 
France, Ireland, the Netherlands, Poland, Slovakia, 
Slovenia, Spain, Sweden, Ukraine and United 
Kingdom. 

Starting point was a description of state-of-the-art 
technical solutions for heating and cooling supply with 

SGE, their management practices and the current legal 
framework related to SGE use. The SGE technologies 
installed in the pilot areas were investigated using 
partner questionnaires and the findings were 
supplemented with literature research. The partners 
provided specific details of selected good practice 
examples in their pilot areas. 

Extensive partner questionnaires have been used to 
analyse the current legal framework and management 
of SGE use in the participating countries. A similar 
survey from Rupprecht et al (2017) on the legal 
framework from the preliminary project 
GeoPLASMA-CE was adapted towards the objectives 
of MUSE. The analysis of the current situation of SGE 
in the MUSE countries enabled the identification of 
barriers and challenges that currently hinder a wider 
application of SGE technologies in Europe. Based on 
this analysis, we elaborated a guideline with adaptive 
management approaches for a sustainable and efficient 
use of SGE in urban areas. 

Aside from recommendations for management 
strategies, concrete knowledge about resources and 
possible limitations are equally necessary to use SGE 
in a sustainable way. The project team collected 
existing methods and workflows about estimations of 
resources and possible limitations of SGE. This led to 
a catalogue of workflows representing the state-of-the 
art. Fourteen cities across Europe showing different 
climatic, hydrogeological as well as socio-economic 
settings served as the pilot areas (Figure 1) where the 
harmonized and further developed mapping and 
resource modelling approaches have been tested and 
evaluated. The project partners carried out field 
measurements in the pilot areas to complement 
existing data sets. By doing so, they were able to 
retrieve all input data sets necessary for an estimation 
of resources and possible limitations of use. 
Addressed stakeholders for the workflows were other 
GSOs and research organisations as well as city 
planners and authorities. 

Stakeholders in the pilot areas not only delivered 
important input data sets for the resource estimations, 
but they also gave input and feedback to our work in 
MUSE. Unfortunately, due to the COVID-19 
pandemic joint stakeholder activities were only 
possible to a smaller extent, than planned originally. 
Focus of the work related to stakeholders was to 
exchange experiences between the partners and to 
elaborate a guideline for targeted stakeholder 
communication in future projects. The guideline 
addresses the difficulties of communicating topics that 
are more scientific with a lay public and gives 
recommendations how to identify relevant 
stakeholders and communicate with them in a way 
that is beneficial for both sides.  
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Figure 1: MUSE covers 14 urban areas as pilot areas all across Europe. 
 

Webinformation systems provide a useful tool to make 
project results more visible and transfer them to the 
stakeholders. Hence, it was one goal of MUSE to 
develop a prototype of a low-scale web data viewer 
for SGE inside the European Geodata Infrastructure 
(EGDI) of EuroGeoSurveys in cooperation with GIP-
P. All spatial data-sets elaborated in the pilot areas, 
covering resources and possible limitations of SGE 
use, were implemented in the specific MUSE 
webinformation system. The SGE webviewer 
developed in GeoPLASMA-CE served as an example 
for it. All other more descriptive project results were 
published on the MUSE website, which was also 
useful to update the stakeholders about the progress of 
the projects. The partners wrote blogs about their pilot 
area activities and general topics of SGE on a regular 
basis to update the content on the website.  

Managing urban shallow geothermal is still at its 
beginning in Europe but the outcomes of MUSE 
intend to set an important starting point to better 
integrate this important topic in the portfolio of 
European GSOs, which might lead to new 
competences and responsibilities of Geological 
Surveys in the future. 

3. RESULTS 

3.1 Proven technical solutions of SGE 
The first partner survey and literature research about 
technical solutions for heating and cooling supply 
based on SGE resulted in eight individual fact sheets, 
each describing proven and future concepts, good 
existing practices and lessons learned. A set of case 
studies, mainly from the pilot areas, accompanies the 
fact sheets. A joint catalogue of fact sheets 
summarizes all documents (Herms et al 2021). The 
analysis showed that vertical borehole heat exchangers 
(BHEs) are the dominant choice throughout the pilot 
areas. However, groundwater heat exchangers 
(GWHE) are preferred wherever a suitable 

groundwater body is available. This preference is most 
likely due to the lower mean costs of 0.8 €/W - 
concerning their specific CAPEX - compared to 2.03 
€/W for BHEs. Additional technologies described in 
the fact sheets are thermo-active foundations, surface 
water heat exchangers (open-loop and closed-loop), 
districted heating and cooling systems and three 
underground thermal energy storage systems (vertical 
borehole thermal energy storage, aquifer thermal 
energy storage and cavern thermal energy storage). 
Hence, the fact sheets cover all current applications of 
SGE use. Other tasks in MUSE focused on the two 
predominant technologies of BHE and GWHE. 

3.2 Legal framework and management strategies 
The second large partner survey investigated the 
current legal framework of SGE use and summarizes 
EU energy policies, strategies and initiatives 
influencing the development of SGE use (Kłonowski 
et al 2021). The survey revealed already most of the 
barriers that hinder a wider application of SGE use in 
many European countries nowadays. Until present 
most of the surveyed countries do not have a legally 
binding definition of SGE. Moreover, an 
internationally recognised joint definition of SGE is 
still lacking as well. In most countries the legal 
framework related to SGE use is rather complex and 
contains time-consuming licensing procedures which 
discourage investors or house owners to choose SGE 
as a source of heating. On the other hand, in few 
project countries the legal regulations on SGE are 
deficient or do not exist at all. 

Often many potential users are even unaware of the 
possibilities of SGE application. This lack of 
awareness and unsubstantiated prejudice towards the 
use of SGE in general keeps down the interest in this 
proven technology. 

In some countries, the SGE installations are not 
registered, which makes difficult to derive a reliable 

https://portal.geoplasma-ce.eu/
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data referring to monitoring of SGE market, including 
the general trends as well as the individual 
installations.  Without knowledge of existing 
installations, an efficient and sustainable management 
of SGE as well as development of policies and 
strategies are not possible. Most of the investigated 
countries do not legally require monitoring of SGE 
installations, in few countries this is a case-to-case 
decision. The partner’s survey has revealed that if 
there is no legal requirement for monitoring then  it is 
not applied. This is another missed opportunity to 
enhance the knowledge on system efficiencies and 
environmental impacts. Operational monitoring 
provides feedback to the user about the efficiency of 
the installation, serves as quality control of the 
environmental impact and retrieves additional data of 
the underground (e.g. groundwater level and 
temperature), which can feed into updated resource 
analysis.  

Preliminary resource estimations basic geological and 
hydrogeological data as well as information about 
possible limitations of use should be easily accessible 
to everyone interested. Knowledge, information and 
data influencing construction and operation of SGE 
systems is a key to facilitate the use of SGE. 
Unfortunately, an access to those is often limited. Web 
based information systems are a suitable tool to 
present all this information in a user-friendly way and 
thus can increase the visibility of SGE. The MUSE 
web based information system intends to serve as a 
role model for all countries lacking similar 
instruments. Aside from solely providing information, 
such systems can also be useful to retrieve information 
from the users.  

MUSE identified other facilitating measures especially 
to accelerate application procedures, which could 
significantly increase the use of SGE. Online 
application and the implementation of one-stop-shops 
would be such measures. One-stop-shop services 
include planning, licensing, drilling and installation of 
ground source heat pump systems. From a licensing 
point of view, one-stop-shop services offer a single 
access point to authorities regarding all permits 
required to install and operate shallow geothermal 
systems. Obligatory licensing and registration of the 
installation is seen to be important for the mentioned 
reasons above. However, for smaller units one could 
simplify the procedures. This and other facilitating 
measures such as self-starting permissions, where the 
permission to operate a SGE installation starts after a 
certain deadline, also help to reduce workload of the 
licensing authorities. For project plans, which need to 

be assessed more thoroughly in the licensing process, 
a maximum time limit to issue the licence gives more 
planning security. Lastly, MUSE recommends neither 
an application nor a licensing fee. 

Regarding management of SGE there is also room for 
improvement in many countries. The results of an 
extensive questionnaire about the relevance of 
management policies and processes indicate that 
geothermal overexploitation and an unsustainable 
development of SGE uses are the most important 
management problems (García-Gil et al 2021). 
Thermal interferences between neighbouring 
installations and an inefficient use of SGE resources 
are the problems next in line. The partners have also 
ranked assigned management objectives to the 
problems and strategies how to reach the objectives.  

To achieve a sustainable management of SGE, MUSE 
proposes an adaptive management approach, which 
connects the process of management planning and the 
process of implementation and control (García-Gil et 
al 2020). Within the first cycle, which covers 
management planning, a new policy plan has to be set-
up or an old plan analysed to identify management 
problems and select appropriate objectives and 
strategies. A resource assessment and, if possible, a 
comparison with the past status of SGE resources to 
analyse the probabilities of overexploitation is part of 
this first stage. A detailed resource assessment 
includes possible conflicts between neighbouring 
installations, other limitations and a hydrogeological 
characterization of the shallow urban subsurface.  

The second cycle about implementation and control 
focuses on the individual installations. For a proper 
management, it would be necessary at first to collect 
data from existing installations and report them in 
easy-to-access platforms to evaluate the status of SGE 
use. When both cycles are set into motion, they 
interlink and exchange information. Monitoring data 
from individual installations (implementation and 
control cycle) feed into the management planning 
cycle and enable an update of resource maps and an 
evaluation of the policy plans, which can activate a 
decision-making process and if necessary leads to an 
adaption of the policy plan in agreement with relevant 
stakeholders. The adapted policy plan for SGE 
management now sets the rules for the implementation 
of new SGE installations. They have to fulfil the 
requirements for planning, design, operation, 
maintenance and monitoring. By providing 
operational data to the management planning cycle, 
the feedback loop starts again.  
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Figure 2: Adaptive management approach proposed by MUSE for an efficient and sustainable use of SGE. 
 

3.3 Assessment of resources and limitations of use  
Based on a first assessment of existing methods to 
estimate resources and limitation of use, the 
workflows of GeoPLASMA-CE (Görz et al 2019) 
provided the most extensive collection. It was 
complemented with workflows from projects focusing 
on single output parameters and with new workflows 
that have been recently developed in the project GEL-
SEP (1Steiner et al 2021). The MUSE partners have 
tested all workflows that are included in the catalogue 
(2Steiner et al 2021), that considers BHEs and 
GWHEs, the two most common SGE technologies in 
Europe. The evaluation and testing phase revealed a 
high diversity of data availability between the pilot 
areas. To cover all scenarios, the workflows selected 
for MUSE provide methods for higher and lower data 
density. Some workflows describe alternative 
methods, which could be fulfilled e.g. with fewer data 
available. In pilot areas with a high data density, more 
complex output data sets such as energy content 
[kWh/m²/a] and thermal capacity [kW] were 
elaborated. They require detailed input data sets about 
the geological and hydrogeological settings of the 
underground and target city / energy planners and 
authorities. Whereas, data sets of basic geological and 
hydrogeological parameters are important for 
planners. Independently from those resource maps, 
workflows for traffic light maps showing possible 
limitation of SGE use have been prepared. They 
include the following traffic light colours:  

• pink – installation generally not possible 
• yellow – additional information necessary  
• green – installation generally possible 

The traffic light maps summarize all possible 
limitations for one technology in one data set.  

Multiple feedback rounds of testing the workflows and 
improving them according to the experiences in the 
pilot areas ensured a good quality and applicability. 
Since the MUSE pilot areas cover different settings in 

Europe, the workflows are suitable for other cities 
inside Europe and beyond. 

The resource estimations based partly on existing data 
sets and partly on new field measurements. Field 
measurements in the pilot areas covered a period of 
1.5 years and were focused on hydrogeological 
surveys. This included manual as well as automatised 
groundwater level and temperature measurements as 
well as chemical analyses of water samples to 
determine the water quality in the context of open loop 
system use. Fieldwork more related to borehole heat 
exchangers comprised geophysical measurements in 
boreholes, thermal response tests and measurements of 
thermal properties on rock samples as well as on 
unconsolidated sediments in the field. All activities in 
the pilot areas, including the field measurements are 
documented in a respective report, which also 
describes recommendations and lessons learned for 
future field studies (Cypaite et al 2021). Additional 
fact sheets describe the pilot areas and their 
characteristics related to SGE (Boon et al 2021). 

The resulting resource and limitation of use related 
spatial datasets have been created using a set of 
harmonized methods and uniform formats for all pilot 
areas. The developed catalogue of methods is intended 
to be fairly inclusive and adaptable in the future 
constituting a “living document” inside the repository 
of EuroGeoSurveys. A brief analysis of the 156 
produced output data sets inside MUSE shows that the 
work in the pilot areas clearly focused on groundwater 
heat exchangers (Figure 3). This indicates that in 
many pilot areas, shallow groundwater is available 
and it emphasizes the importance of an efficient 
groundwater management for SGE use in urban areas 
(Steiner 2021). The databases built for the MUSE pilot 
areas provide important basic information for a future 
integrative management of SGE use. 
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Figure 3: All output data sets per pilot area based 
on their category. CLS = borehole heat 
exchanger, OLS = groundwater heat 
exchanger, LOU = limitation of use. The 
number next to the bar indicates the total 
number of output data sets. 

 

3.4 Publication of MUSE results  
Most GeoERA projects followed a high resolution but 
small-scale spatial data approach, which is a novelty 
inside the EGDI platform, which primarily focuses on 
the display of pan-European datasets. In that context, 
MUSE can be seen as an important pilot activity to 
expand the EGDI infrastructure of EuroGeoSurveys 
towards urban geosciences on a local scale withput 
offering pan-European spatial coverage.  

Due to the high number of created content related data 
layers, the MUSE related web based data viewer 
needed to be divided into multiple sections. The 
general MUSE viewer presents datasets from all pilot 
areas grouped into the following contents: 
“Resources”, “Limitation of use”, “Geology”. End-
user can access these datasets via “pilot areas” 
landing pages of separate viewers, which limit the 
visibility of datasets of the respective pilot area 
(Ditlefsen and Declercq 2021).  

All output reports are available for download at the 
following link: https://geoera.eu/projects/muse3/muse-
story-line.  

4. CONCLUSIONS 
MUSE addressed measures to enhance and manage 
the sustainable and efficient use of SGE in European 
urban areas to promote green energy uptakes. The 
proposed adaptive management approach for SGE 
shows a strong potential to support the work of local 
authorities and municipal energy planners on the one 
hand and other regional to national GSOs on the other. 

With this project, the topic of SGE was successfully 
introduced into the portfolio of EuroGeoSurveys.   

Activities in the pilot areas showed that methods for 
different data density are necessary to estimate 
resources for SGE in Europe, with some countries 
being at an early starting point and others more 
advanced towards the build-up of extensive databases. 
MUSE provides a broad variety of concepts that can 
be transferred to other regions to set up management 
plans and estimate resources of SGE in urban areas. 
The web based information platform inside EGDI, 
developed in MUSE serves as prototype for an 
information platform for SGE. The division of the 
MUSE platform into pilot area specific viewers has 
proven to be a suitable solution, compared to a pan-
European display. Local to regional display can 
therefore be recommended for SGE resources and 
possible limitations of use. 
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