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Abstract

The “Most Easy, Efficient and Low Cost Geothermal Systems for
Retrofitting Civil and Historical Buildings” (GEO4CIVHIC) project aims
to accelerate the deployment of shallow geothermal systems for
heating and cooling purposes when retrofitting existing and historical
buildings. Analyzing the implementation process of borehole heat
exchangers (BHEs), allows the understanding of how to promote the
long-term sustainability of shallow geothermal energy systems. The
thermal interference between BHE systems represents a problem,
especially due to the increasing deployment of this technology and its
spread in densely built-up areas.

The main goal of this paper is to propose a conceptual model and to
apply this to different case studies. The methodology includes phases
to adopt an integrated approach for preventing long term thermal
interference in neighbouring borehole heat exchangers, by providing
management strategies and technical suggestions for design and
operation.

The method developed follows the following steps: 1) literature review
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to determine what are the main drivers for thermal interference
between shallow geothermal systems, in the context of the Strasbourg, France
GEOA4CIVHIC project case study sites; 2) to create a conceptual model
to limit thermal interference at both design and operational phases; 3)
to apply the developed method to real and virtual case studies in article can be found at the end of the article.
countries with different regulatory frameworks and to test its main

strengths and weaknesses. The application of this conceptual model

to specific case studies provides evidence of critical planning and

operational characteristics of GSHP systems and allows the

identification of measures to mitigate impacts of thermal interference

to be identified.

Any reports and responses or comments on the
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13787 Amendments from Version 1

e The title was changed from “A method for the
sustainable...” to “Application of a method for the
sustainable...” to highlight the fact that the results part
is basically an application of a defined method to case
studies, and the result is intended to show which are the
strongest and weakest points in the context of European
case studies of the GEO4CIVHIC project.

e Part of the abstract has been clarified.

e Figure 1 has been updated with new references, adding
the timing information “before realization”, “realization”,
“after realization”. This update has been applied also
to Figure 2. New references have also been added and
contextualised in the text.

e The difference between real and virtual case studies was
better explained.

e The complete calculation procedure that produced results
in Figure 5 has been described in detail, including the
formulation and a table with “scores”. This is an important
point and all reviewers agreed on the improvement of this
part.

e Small typing errors have been fixed.
e Acomplete revision of English was carried out.

e In the “conclusions” sections, an attempt was made to
explain why phase 3 achieved a better result

Any further responses from the reviewers can be found at
the end of the article

Introduction

In the last decades, the European geothermal heat pump
market has continued to increase, reaching 2.1 million operating
units during 2020'. Despite the COVID-19 pandemic decreas-
ing the sales of ground source heat pumps (GSHPs) in some
countries, around 100,000 were sold in countries with Nordic
or Alpine climates such as Sweden, Germany, and Netherlands.
These countries cover half of European sales' where high
GSHP penetration rates prevailed. Moreover, Switzerland
represents one of the first five countries using shallow geo-
thermal energy where borehole heat exchanger (BHE) systems
are the dominant application® in terms of installed capacity of
thermal power per population (MW, /population), land area
(MW, /km?) and annual energy use for area (TJ/yr/km?)*.

Despite the increase in global market sales of heat pumps in
the latest years, GSHPs maintain an average of 90 thousand
units sold in the period 2014-2018% The use of vertical ground
source heat exchangers (GSHEs) has increased in urban and
built environments. For example, in Stockholm, more than
one third of all single-family houses, not connected to district
heating, have a ground source heat pump*.

The EU’s energy policy is focused on improving efficiency’
and the use of the renewable energy®. These two factors have
to be addressed in the context of the sustainability, which
requires that the resource must be available even in the long
term’.
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In urbanised areas, a combination of district heating and stand-
alone GSHP systems can result in minimum primary energy
demand to supply heat to all the users. Nevertheless, differ-
ent constraints on GSHP such as thermal interferences between
neighbouring systems, must be considered®’.

The objective of this article is to present recommenda-
tions, starting from the state of the art used to find a method to
address thermal interference and applying this method to the
case studies collected and analysed during the GEO4CIVHIC
project'® by giving indications to resolve or prevent possi-
ble thermal interference between nearby geothermal systems.
These preventative recommendations would help to maximise
and guarantee long term efficiency for all geothermal systems.
Since the end of the 20% century, studies have confirmed
that if geothermal systems are near to each other, there are ther-
mal interferences that can have important effects on the sustain-
able operation over time, leading to inefficiencies and potential
system failure®!!. For these reasons, interference must be con-
sidered during the planning phase of any geothermal project.
The incorrect management of the resource can generate prob-
lems: the thermal and physical interference, malfunction
and blocking operation of the systems and ground freezing'*">.

Methods

The most important key factors necessary for the correct plan-
ning of GSHP installations are presented on the right side of
the diagram in Figure 1. These factors were chosen based on
the analysis of the data and of the different regulatory proce-
dures implemented in several countries that were individually
assessed as part of the GEO4CIVHIC project and described in a
public deliverable'.

Based on previous literature review described in 14, the
present research updates and present a literature review of the
state of the art related to interferences between geothermal
systems with BHE (Figure 1).

The literature review involved in particular:

. national and international technical reports (consid-
ering documents in English, German, French and
Italian);

. the Scopus database using specific keywords in the
field of proximity of shallow geothermal systems
(e.g.: proximity of borehole heat exchangers system,
ground source heat pumps in neighbourhood, geother-
mal interference, geothermal installations in dense
urban areas);

. documentation the authors of this article have
accessed through participation and collaboration
with professional associations, working groups, and
research programs in the shallow geothermal context.

The approach was not only to include the technical standpoint,
that is usually considered in papers and technical studies, but
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Figure 1. Schematic of the research and main technical references considered related to thermal interference.

also considering other key factors that are also necessary in the
correct installation of a geothermal plant (i.e., administrative
procedures, system location tracking and monitoring, etc.).

A set of basic chronological steps were structured to define
all the stakeholders involved in the licencing, planning,
design, construction, and operation of geothermal systems. A
conceptual model, that simplifies the major phases of the
BHE systems installation was elaborated and is presented as a
6-phase circular procedure (P1, P2, etc.) in Figure 2. The licenc-
ing system (P1), the presence of an official database where
data are collected (P2) and the optimisation phase (P3) are
the first three steps of the procedure. An official database is a
geo-referenced list of existing installations, managed by a
central authority, with related and dedicated information, such
as the position, number and depth of boreholes drilled, the
thermal power and energy exchanged, and the year of instal-
lations. After the realization of the geothermal system, the
correct implementation of the project must be verified (P4).
After this verification of the implementation, the updating
of the database (P5) is essential to ensure that data recorded
corresponds to the information declared as part of the plan-
ning, installation and optimisation phases. This is important

for the future planning of nearby installations. The last
phase of the procedure (P6) includes monitoring and supervi-
sion. This last step allows the verification of the efficiency of
the operating system, the updating of the licensing system and
the database and finally to evaluate the need for any possible
adjustments.

The conceptual model was then applied to the GEO4CIVHIC
virtual and real case study sites with a semi-qualitative
approach'*. The possibility to apply the model on case stud-
ies located in different European countries and frameworks
allowed bringing to light more critical points to consider in the
European policy to prevent future thermal interference effects.

A conceptual model for geothermal planning

As mentioned in 8, since 1999 “how sustainable is shallow geo-
thermal energy?” has been a question needing to be answered.
Thanks to the monitored data, the importance of the correct
sizing was stressed as a fundamental aspect®. At that time, the
importance of the cooperation between different stakehold-
ers and professionals involved operating in the geothermal
sector already appeared clear, as well as the presence of a
political guideline at European level. Specific software for
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P1 - LICENCING SYSTEM

- Closed/open loop
- Depth of borehole
- Power/energy exchanged

P6 - MONITORING
SUPERVISION
- Continuous collection of data
- Adjustment of possible and
unplanned working conditions

P5 - UPDATING OF DATABASE

Data on new plants are updated in the
official database, with useful
information (groundwater, thermal
response test, number and depth
of drillings, etc.)

P2 - OFFICIAL DATABASE
- Collection of data
(regional or national)

- Restrictions and
information

/
VSTaLLATON

P4 - REALISATION GUARANTEE
- Experience and certification of

all involved companies
- Final and official check
(number, position, length, etc.)

Figure 2. Conceptual model (CM) considering the complete and ideal phases for the realisation of a ground source heat pump

system.

simulation has been used to counteract the mutual influ-
ence in heat extraction, providing longer probes lengths in the
case of dense buildings (i.e.: EED">, TRNSBM'®)'!.

Knowledge of the geothermal potential of an area is very
useful to sustainably exploit shallow geothermal energy!” and
to perform technical and economical pre-feasibility assess-
ments for new systems's. Planning with an integrated strategy
is also necessary to manage conflicts between resources in the
urban planning of the underground".

According to the multidisciplinary nature of the activities
involved (geothermal energy resources, heating/cooling facili-
ties and environmental concerns)®, clear regulations are
necessary to implement and realise the BHE systems? 2.
The licencing system should be as simple* and centralized
as possible in such a way as to facilitate end-users interested in
installing BHE systems. For large systems, a more complex
authorisation is more appropriate, including risk assessment,
environmental impact assessment, authorisation and subsequent
monitoring”. The presence of a public platform or geo-
graphic information system (GIS) based map can be very
useful'>?2242627 Tn Europe there is a lack of a common regula-
tive framework, preventing an easy and efficient application

of BHE?*. Some countries (e.g., Netherland and Switzerland)
propose the definition of different areas based on the energy
demands of the buildings to manage future installations®.
Measures need to be taken to prevent thermal interference in
densely populated areas that take into account the presence of
neighbouring boreholes during the design phase’. In addition,
some GIS based methods to estimate the technical potential
of BHE systems considering potential thermal interference
have been developed®*'.

In some cases, simulation of BHE systems'*> and regeneration
could be a way to prevent interference®—°. Monitoring should
be implemented***’ in order to observe if the system is oper-
ating as planned and, if not, allow any correction or changes
to be made. The updated Swiss standard'?> also underlines the
importance of measurements, which should observe the ther-
mal behaviour of the BHE over time, allowing the GHSP
system to be optimised if needed.

The diagram in Figure 1, brings together information from dif-
ferent publications and groups them into macro-areas, emphasis-
ing that very different aspects (regulation, planning/management,
technical aspect) have a direct impact on the possible thermal
interaction between geothermal systems. The diagrammatic
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representation of the review analysis aims to systematically
describe the topics that should be introduced, at a regional or
national level, for an efficient management of GSHP systems.

Based on the review analysis completed as part of the previous
report underlying this work', it was possible to highlight key
points that have been simplified and integrated to propose
a circular licensing system as a 6-phase conceptual model
(Figure 2). The circular nature shows the connection between
the steps and demonstrates that, if any conditions are not
compatible with the previous steps, the process must be
repeated. For example, if the monitoring (P6, Figure 2)
shows parameters out of the range addressed in phases 1 to 5
(e.g., temperatures or heating requirements) it is necessary
to check that the licensing system requirements for the
operating system are respected.

The P1-Licencing system phase is necessary to check if the
project fits the existing requirements, which should be clear,
rigorous, and inclusive of all relevant aspects for the BHE
system installation process. The licencing system should be
simple and not too onerous or, at least, not for smaller systems
that normally have a small thermal impact. All relevant
aspects in the field of interference should also consider. To
avoid misunderstandings between private individuals, profes-
sionals and public administrations, the licensing system should
be coherent and approved at least at national level, whilst its
management can be delegated at regional level.

The data collected in the first phase (licensing system), should
be uploaded as part of the second phase (P2-Official data-
base) to a common geo-localized database to facilitate
improved territorial management of the BHE systems. This
database should be implemented, managed, and maintained by
national or regional public offices, depending on the specific
regulation. The geo-localized database allows the valorisation
of information, an increase in knowledge and reduction in
data gaps, a better monitoring of deployment trends of BHE
systems, preventing interference and offering clear guidance
for GSHP systems in areas where legislative restrictions
occur. This database makes the development of systems more
efficient and rapid, increasing awareness and management
of past and future installations., GIS is fundamental for the
sustainability of every BHE project, as demonstrated by the
Swiss standard'? where the necessary data including: drilling
location, depth, expected annual amount of energy extracted
and annual amount of heat injected are recorded.

The third step is the P3-Optimisation and the final design
phase an optimal system allows the temperature of the heat
transfer fluid and the minimum number of BHE installed to be
satisfied simultaneously. The optimisation of the system must,
therefore, make it as efficient as possible, from an economic,
energetic, and from an environmental standpoint. The ther-
mal requirements must be accurately estimated and it must
remain the same over the years of operation, or in any case,
their modification should not penalize the overall functioning
of the system, in order to ensure long-term, sustainable system
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operation. Moreover, the number and layout of drilled bore-
holes is a fundamental parameter to correctly evaluate the
geothermal system operation. The proximity of boreholes
close to the property boundaries can increase the probability
of thermal interference with neighbouring systems in dense
urban areas'”. Finally, where other geothermal plants are in
close proximity, it is necessary to evaluate solutions that can
cancel or limit the negative effects of thermal interference
between these plants.

The fourth step is the P4-Realization guarantee: once the tech-
nical aspects are defined, one of the steps that is often miss-
ing is a verification that the project is carried out and installed
as described, and therefore all the specifications considered
during phase 3 are put into practice. The realization guaran-
tee can be verified in two ways. The first is that the compa-
nies responsible for the construction and installation of the
system, are certified or that they are able to carry out the work
using state of the art methods. This aspect can be improved
through training of professionals with regular courses and
updates in techniques and construction materials. The second is
that competent authorities verify, during the construction phase,
that the implementation is realised in accordance with P1.

The fifth step (P5-Updating of database) requires that varia-
tions in the original project planned due to unforeseen ground
conditions during the drilling and construction phase are
recorded. Impediments related to some geological or aquifer
water pressures issues may force the length, number or loca-
tion of the perforations to be reconsidered. For these reasons,
updating the information on the databases, after the imple-
mentation phase is essential to ensure that the correct data is
present. When the data is not updated, the information in the
database remains incorrect and consequently erroneously influ-
ences future considerations in the planning and recommendation
for deploying GSHP systems.

The sixth phase (P6-Monitoring phase) allows any discrep-
ancies from what was initially planned to be identified. If,
during the operational phase, the planned conditions are not
respected, it is possible to subsequently adapt the system and to
repeat the licensing procedure (P1) evaluating the compli-
ance with the regulations and the subsequent steps. For large
BHE systems, monitoring equipment that tracks at least the
flow and return temperatures from the probes and the thermal
regeneration of the ground has to be recorded'.

Application of the model to the real and virtual
cases

Within the framework of the GEO4CIVHIC project, 16 case
studies, located in several European countries, were exam-
ined (Figure 3). These consist of 4 real and 12 virtual cases
studies. The virtual cases are existing buildings where the
technology developed in GEO4CIVHIC project has been
applied in a virtual way by means of simulations. On the
other hand, in the real cases the technology has been trialled
and installed through the completion of new systems. The
assessment of the licensing and regulatory systems with
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Figure 3. Maps of the real (red labels) and virtual (black labels) case studies of the GEO4CIVHIC project.

respect to thermal interference has not differentiated between
real and virtual case, where the study has equally considered
local regulations and conditions.

Each one of the 4 real and 12 virtual case studies were analysed
and assessed using the proposed 6-phase conceptual model
(Figure 2). For the details of the single case studies, see chap-
ter 2 of the deliverable D6.3 of the GEO4CIVHIC project',
where each case study is described.

Figure 4 shows real and virtual case studies, for details of the
single case studies, see deliverable 6.3'“.

Each phase of the conceptual model was applied to each
case study, by assigning a qualitative score from 0 to 3 (with
0 = not implemented at all, 3 = fully implemented) considering
the following requirements:

° Score = 0 : the phase is not implemented at all;

° Score = 1 : the phase is only partially implemented,
but can be significantly improved;

° Score = 2 : the phase is implemented, but can still
be partially improved;

o Score = 3 : the step is fully implemented in an optimal
manner.

The following table shows the scores assigned to the case stud-
ies for each of the six phases, based on the data collection
performed as part of the GEO4CIVHIC project.

A calculation has been performed for each phase, in order to
indicate the level of detail to which a phase is performed in all
the case studies analysed.

A percentage (P) has been calculated for each phase, using the
following formula:
n
zizl Sij

P = - %

n-max(S)
Where:
e  j:specific phase analysed (from P1 to P6);

. i: specific case study analysed (from 1 to 16);

. s : scored assigned to a specific phase (j) and to a
specific case study (i). This can vary from O to 3 (only
integer numbers assigned);
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V9. Carnegie Clondalkin Library

(Dublin, IE) (Muzzano, CH)
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“Palacete delaCruz (Valencia, ES)  Avangarde Forest (Bucharest, RO)

V6. Historical building “Palace of

V10. Administrative building AIL

V3. Residential building
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(Bucharest, RO)

o

V7. University Building
(Erlangen, DE)

V8. Historical building “Castle of
Attre” (Attre, BE)

V11. Residential Building
(Soest, NL)

V12. Residential Building
Alsamora 6 (Lleida, ES)

Figure 4. Real and virtual case studies of the GEO4CIVHIC project.

o n : total number of case studies (16);

o max (s) : best score that a phase can reach (always 3).

The results obtained from the application of the model are
shown in Figure 5, which describes an overall framework of
the situation at each case study site. More details on the data
used and underlying this figure are available in 14.

Many interesting aspects emerged by analysing the different
real and virtual buildings located in several countries. However,
it is not possible to generalize at national level, as the
license systems can be at national, regional, or municipal

level with different conditions and requirements, even in the
same country.

The results based on the 16 cases show that typically the
best addressed phase is the “optimisation and final design”
phase (P3, Figure 5).

The licencing or permit system (P1, Figure 5) represents the
second-best addressed phase (58%). However, even if many
countries show that usually a general licencing system is
present, the assessment has noted that sometimes these generic
systems lack specific or clear licencing procedures especially
for closed-loop systems. In addition, the drilling permission

Page 8 of 20



Open Research Europe 2022, 2:58 Last updated: 25 MAY 2023

Table 1. Scores assigned to the case studies for each of the six phases. Virtual
case studies n°6 and n°12 (V6 and V12) provided data only for phase 1 (P1), while virtual
case study n°5 (V5) provided data only for phase 1 and phase 6 (P1 and P6). References
numbering R1-R4 and V1-V12 correspond to Figure 4.

R1T R2 R3 R4 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12
- 3 2 3 0 3 0 1 2 2 0 3 3 0 3 3 0
P2 1 o 3 0 2 0 0 O 3 3 0 3 3
P3 3 3 1 3 3 1 3 3 2 1 3 2 3
P4 2 2 1 0 3 0 1 1 3 2 0 1 3
- 1 o 2 0 2 0 0 O 301 0 1 3
- o 3 0 0 2 2 0 0 3 3 0 0 1 3

P1
Licencing system
P6 P2
Monitoring supervision Official database
P5 P3

Updating of database Optimization and

final design

P4
Realization guarantee

Figure 5. Results of the application of the model to the GEO4CIVHIC case studies.

is not always required. This leads to a lack of knowledge of
existing and future installation and prevents the implemen-
tation of adequate management and planning strategies that
can promote the suitable development of resources.

When considering the possible interference prevention between
neighbourhood systems, the results of the analysis from the
16 case studies shows that a minimum distance between
plants is not always defined. The reason in some cases is
that there was no clear legislative requirement for defin-
ing such distance. In some other cases, the use of adequate
design tools and methodologies to optimise the planning and
specification of the systems are not used (a detailed descrip-
tion regarding these aspects is available in 14 for each case

study analysed). The lack of specific rules or tools to deal
with interference, leads to unwritten rules which vary from
case to case and inconsistencies with results that are not
always easily assessable or demonstrable. Furthermore, without
clearly defined and specific rules and regulations on interfer-
ence, implies that specific analyses of possible interference
effects are not required and therefore are not carried out.

The realization guarantee (P4, Figure 5) resulted in a score
of 49% and the presence of a database (P2, Figure 5) a score
of 46%. The realization guarantee (P4, Figure 5) along with
the database (P2, Figure 5) are often missing and where these
exist, the information is not publicly available. The data-
base management is implemented at different levels (national,

Page 9 of 20



regional, municipal) when these are present. The lack of a data-
base does not allow knowledge of the location and lengths of
single drillings associated with GHSP systems. This hinders
the realization of future new plants and the ability to manage
new and previous installations. Moreover, obtaining informa-
tion on previous installations is difficult to impossible, hence
once the localisation of a single BHE is lost, a significant
data gap in the future management and planning of resources
is generated.

Finally, the monitoring phase (P6, Figure 5) results are 40%
and the update of the database (PS5, Figure 5) 33%. The moni-
toring phase (P6) is rarely present. Generally, the monitor-
ing is considered expensive, and if the licencing system
does not require this to be performed, it is not completed
(especially for a closed loop systems). In other cases, moni-
toring is simply performed for control and to ensure that
the system is performing adequately, but no historical data
is collected or stored to facilitate further in-depth analysis.

The database update (PS5, Figure 5) is the phase with the
worst score, in some cases as a result of a lack of database
implementation (P2, Figure 5), in others, because the final data
are not reported or updated. The database update is important
because data inserted at P2, during the planning, can differ
from the ‘as built’ data after the final implementation and
should be updated. For example, changes on the number of
boreholes drilled, on their length and position can significantly
influence the overall thermal physics in the subsoil.

Conclusions

The deployment of geothermal heat pumps within Europe is
extremely heterogeneous from one country to another; some-
times with a high degree of variability between regions of
the same country. In this context, thermal interference is not
usually well known or addressed. Thermal interference is typi-
cally related to the presence or absence of a licensing system,
procedures, management of existing data and an approach
not based on the planning of installations, especially in dense
urban areas. In such cases, interference problems can produce
long term negative effects in systems operation.

A literature review highlighted three main aspects that are
fundamental to preventing thermal interference problems:
regulation, planning/management and technical aspects.

As a result of the review and data from the GEO4CIVHIC
project, a 6-phase conceptual licensing flow chart was cre-
ated. This diagram represents a guideline to identify weaknesses
in the planning process and final realization of a BHE, giving
suggestions on how to improve the specific (national, regional,
or municipal) systems to prevent interference. The 6 steps
are: (P1) the presence of a licensing system; (P2) the avail-
ability of an official GIS database; (P3) the technical optimi-
sation and final design phase; (P4) the realization guarantee
through certification of companies involved and the final
checks from administration; (P5) the database update, to ensure
consistent and reliable data and information for future instal-
lations; (P6) the monitoring that allows problems during
operation to be identified and adjusted.

Open Research Europe 2022, 2:58 Last updated: 25 MAY 2023

The 6-phase flow diagram (Figure 2) was applied to the 16
real and virtual case studies from the GEO4CIVHIC project
in different European countries. The assessment demon-
strated how the different steps are addressed and allowed a
score according to how many of the aspects of each phase
were satisfied or present. The application of the conceptual
licensing system model to the case studies showed that the
optimisation and final design phase (P3) was the step which
received the highest score. This result reflects the great effort
performed by technicians and specialists to maximise the
optimisation of a geothermal system during the dimensioning
and planning steps (probably as a result of more national and
international technical regulations). Unfortunately, even if
the optimisation and final design are well implemented, the
failures in the previous or following phases of the methodol-
ogy can jeopardize the overall procedure, leading to potential
future thermal interferences between different systems.

The analysis of the case studies led to the following general
considerations:

. regulation requires the presence of centralized and
simplified administrative processes, more structured
authorisation, especially for large systems, and an inte-
grated approach of different procedure levels (national/
regional);

. an updated, public GIS platform, which stores and
allows the visualization of collected data, includ-
ing characteristics of specific installations and their
thermal needs, would allow for better planning and
management of existing and future installations;

. the use specific tools to simulate the long-term sus-
tainability of the geothermal system before its reali-
zation in order to prevent interferences is important.
These specific tools allow for the calculation and
simulation of complex cases that can occur and that
cannot be foreseen using simple “unwritten rules”.

The application of this 6-step model was useful to understand
which aspects can cause critical thermal interference between
geothermal systems in the analysed case studies. In this way,
it is also possible to understand how they might be tackled in
order to achieve optimal functioning systems in the long term.

The results of the case study analysis showed that one of
the key shortcomings is the lack of information and data
(location, length, number of boreholes drilled). An official data-
base is usually missing and sometimes only the companies
involved in the design and installation have detailed knowledge
of these basic data. The final data in the database sometimes
only shows the project data (and not the final implementation
data). For this reason, the data might not show the right position
and layout of BHE systems.

Through a reliable database, where information is digitised
and geo-referenced in a public portal, the management of geo-
thermal systems could be improved in the short term and in the
future development of ground source heat pump systems. It is
important that data are entered correctly during implementation
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because, unlike other renewable technologies such as photo-
voltaics, solar thermal, wind or hydro, which can be easily
detected later e.g., using remote sensing or other techniques
based on high-resolution image recognition, shallow geother-
mal systems are difficult to detect after installation due to their
low visual impact. Policy should provide rules that favour
such data collection and sharing to promote the long-term sus-
tainable development of geothermal technology especially in
dense urban spaces.

This 6-step conceptual model is a method that can be extended
to all shallow geothermal systems for long-term planning.
The methodology has to be applied considering the charac-
teristic of each jurisdiction, the regulatory environment as
well as national and local standards, the presence or absence
of a database, stakeholder involvement and knowledge. The
lack of a regulatory framework in some locations is one of
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one document and three others have only two. Could the authors add some more consulted
documents? If not, please justify it.

3. Page 4, Figure 2: Six steps of the proposed conceptual model have been shown here. It is
recommended to separate the three steps before the installation of geothermal systems
from three other steps after that (ex: by a line or with different colors).

4. Page 5: It is written in the text that “Specific software for simulation was already used to
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ensure full reproducibility?
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findings presented in the article?
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The paper analyses six key aspects of shallow geothermal plants design and authorisation, namely
1) licensing systems for the authorisation; 2) official databases of existing installations and of
underground properties; 3) the design and optimization of the plant sizing; 4) the guarantee for a
correct installation; 5) the update of the database (point no. 2); and 6) the monitoring phase.

The paper is interesting and worth being published. However, there are some minor issues to be
addressed:
o The abstract states the objectives of this paper (see "a) to analyze...c) to give
technical...geothermal systems") that are not representative of its content, which focuses on
how major phases of GSHP design and implementations are addressed.

> What do you mean by "official database"? The (geo-referenced) list of existing installations,
mapping of underground properties, or of possible risks? Depending on your choice, the
definition of this parameter for P2 (and P5) may differ considerably. Also, asking the plant
designers to make all data used in the design phase publicly available is hardly feasible.

> The level of addressing of each phase (page 7 onwards), e.g. P1 58%: how is it calculated? Is
there any % assigned to values from 0 to 3?

o Is there any "evaluation grid" for P1 to P6? For example, for P1 "the licensing system is
available only for plants exceeding a certain power --> 2 points on 3", "not a real licensing
system but more a notification system --> 1.5 points on 3". If not, a table like this would be
of great help to understand the results of your analysis and for the replication of this
method.

o What is a "virtual" case study? Please provide more details as this accounts for most of your
case studies. Why did you choose "virtual" case studies instead of looking for more real
ones?

Is the rationale for developing the new method (or application) clearly explained?
Partly

Is the description of the method technically sound?
Partly

Are sufficient details provided to allow replication of the method development and its use
by others?
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Partly

If any results are presented, are all the source data underlying the results available to
ensure full reproducibility?
Partly

Are the conclusions about the method and its performance adequately supported by the
findings presented in the article?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Shallow geothermal energy, groundwater engineering

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Marco Belliardi

Thank you for your positive evaluation and interest in our research. Thanks to your
suggestions, we were able to improve our work in the following points:
o Part of the abstract has been clarified especially concerning the revision of the
objectives;

> The concept of official database was better explained;

o The complete calculation procedure that produced results in figure 5 has been
described in detail, including the formulation and a table with “scores”. This is an
important point and all reviewers agreed on the improvement of this part. In
addition, a table was added to improve reproducibility and the calculation of scores.
The authors really appreciate the comments and sincerely wish to have clarified and
explained the elaboration;

o The difference between real and virtual case studies was clearer explained;

o In general, a complete revision of English was carried out including an improvement
in the clarity of some sentences and concepts.

Competing Interests: No competing interests were disclosed.

Reviewer Report 16 June 2022
https://doi.org/10.21956/openreseurope.15841.r29272
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?

Cristina Saez Blazquez
Department of Cartographic and Land Engineering, Higher Polytechnic School of Avila,
Universidad de Salamanca, Avila, Spain

The research is interesting and valuable for the acceleration of efficient shallow geothermal
systems in the EU context. In particular, it focuses on providing a methodology for planning an
optimized GSHP installation, avoiding possible thermal interferences among systems.

The information provided and the scope of the paper are of vital importance for the geothermal
field and the correct development of shallow resources. The conceptual model for the system
planning is accordingly described, but I miss some specific results of the evaluations performed in
the areas under study. There is just a figure (Figure 5) with undetailed data about the application
of the model in the case studies, but there is no clear information about it. In my opinion, there
are not sufficient details for the reader to understand the possible replication of the methodology,
at least with the information provided in the paper.

The results of the implementation of the method would be of real interest to the general
geothermal community and they could be commented on in a more detailed way in the
manuscript. Despite the link provided by the authors including the information on the project,
they should have shown some of them in the paper. In this way, the results presented out of the
paper (through the provided link) ensure the full reproducibility of the work, including all the
deliverables and reports, patents, and additional publications obtained from the project.

Finally, the conclusion section is well described and presented.

Is the rationale for developing the new method (or application) clearly explained?
Yes

Is the description of the method technically sound?
Yes

Are sufficient details provided to allow replication of the method development and its use
by others?
Partly

If any results are presented, are all the source data underlying the results available to
ensure full reproducibility?
Partly

Are the conclusions about the method and its performance adequately supported by the
findings presented in the article?
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Yes
Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Geothermal energy, shallow geothermal resources, renewable energy
systems

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard, however I have
significant reservations, as outlined above.

Marco Belliardi

Thank you for your positive evaluation and interest in our research. Thanks to your
suggestions, we were able to improve our work in the following points:

o The complete calculation procedure that produced results in figure 5 has been
described in detail, including the formulation and a table with “scores”. This is an
important point and all reviewers agreed on the improvement of this part. The
authors really appreciate the comments and sincerely wish to have clarified and
explained the elaboration

o In order to ensure the full reproducibility of the work, in addition to the wording
described above, a table was added with the scores awarded (based on a clearer

description of the calculation as you suggested)

o In general, a complete revision of English was carried out including an improvement
in the clarity of some sentences and concepts.

Competing Interests: No competing interests were disclosed.
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