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Foreword 

 

Foliage COST Action 

Energy geostructures are a special type of ground heat exchanger installed within 

ground contact structures, such as retaining walls, piles, tunnels and other buried 

infrastructure. They are a relatively mature technology whose physical behaviour has been 

studied, including a number of pilot sites. 

However, both technical and non-technical barriers still prevent actual implementation at 

a large scale. This applies both in terms of quantities and geographical coverage. Some of the 

challenges may be related to: 

• Integration issues, including the incorporation of shallow geothermal energy with other 

renewables, and the integration of energy geostructures with other shallow geothermal 

sources. 

• Upscaling from the mastering of individual structures to the planning of geothermal 

district heating systems and their connection with city-scale infrastructure. 

• Ensuring long-term sustainability through Environmental Impact Assessment and 

knowledge of the long-term energy performance. 

• The absence of a comprehensive database documenting existing energy 

geostructures, their implementation, characteristics, and performance. 

• Retrofitting of existing buildings and/or existing geostructures. 

• Non-technical issues related to legislation, financial incentives, social impact, lack of 

standardization, or under-developed skills in the workforce. 

In addition, the full potential of this technology has not yet been fully explored and there 

are still opportunities that need further investigation. Among them are the waste heat storage 

or the balance of energy loads at the district scale. 

The aim of this COST Action is to gather all needed information to reduce these barriers 

and foster development by creating a multidisciplinary network among various stakeholders 

(local authorities, communities, developers, designers, academics, contractors, …).  

For more information, you can visit https://www.ca-foliage.eu/. 

 

  

https://www.ca-foliage.eu/
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Training School & Conference organisers:  

- COST action CA21156 european network for FOstering Large-scale ImplementAtion 

of energy GEostructure (FOLIAGE) 

- Geological Survey of Slovenia (GeoZS) 

- Faculty of Natural Sciences and Engineering, University of Ljubljana (NTF) 

- Slovenian National Building and Civil Engineering Institute (ZAG) 

- Faculty of Civil Engineering, Transportation Engineering and Architecture, University 

of Maribor (FGPA) 

Training School & Conference coordinator: Nina Rman, GeoZS 

Trainers & Conference committee (alphabetically):  

Mihael Brenčič, Faculty of Natural Sciences and Engineering of University of Ljubljana & 

Geological Survey of Slovenia, Slovenia  

Fiona M. Chapman, Institut national de la recherche scientifique, Canada  

Hrvoje Dorotić, Energy Institute Hrvoje Požar, Croatia 

Primož Jelušič, Faculty of Civil Engineering, Transportation Engineering and Architecture of 

University of Maribor, Slovenia  

Stanislav Lenart, Slovenian National Building and Civil Engineering Institute, Slovenia  

Nikolas Makasis, School of Engineering of University of Surrey, United Kingdom 

Nina Rman, Geological Survey of Slovenia, Slovenia  

Grzegorz Ryżyński, Polish Geological Survey, Poland 

Rao Martand Singh, Norwegian University of Science and Technology, Norway 

Maja Turnšek, Faculty of Tourism of University of Maribor, Slovenia 

 

The event is supported also by the Ministry of the Environment, Climate and Energy, the 

Slovenian Research and Innovation Agency’s programme groups P1-0020 Groundwaters 

and geochemistry and P2-0273 Building structures and materials, infrastructure programmes 

I0-0007 Geological Information Center and I0-0032 Testing of Materials and Structures, and 

GeoZS projects INRIGeoTeam and Geo-OPT which are co-funded by the Slovenian 

Research and Innovation Agency within the framework of DFP (Developmental funding 

pillar).  
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Agenda 

DAY 1 Monday 30th June : Geothermal concepts & student conference 

Venue: Naravoslovnotehniška falukteta - NTF, Aškerčeva 12, Ljubljana  

 

9:00 – 9:15 Welcome talks  

- Faculty of Natural Sciences and Engineering 
- Tomislav Tkalec, head of Department for RES, Energy 

Directorate at the Ministry of the Environment, Climate and 
Energy 

9:15-9:20 Presentation of the project CA21156 - european network for 
FOstering Large-scale ImplementAtion of energy GEostructure 
(FOLIAGE) (R.M. Singh) 

9:20 – 10:20 SHALLOW GEOTHERMAL ENERGY  

• Concepts of heat transfer, thermal properties of geological 
matrix and tests (R.M. Singh) 

10:20 – 10:30 Coffee break 

10:30 – 11:00 SHALLOW GEOTHERMAL ENERGY (continuation, R.M. Singh) 

11:00 – 12:00 GROUNDWATER  

• Groundwater flow concepts and hydraulic tests for shallow 
geothermal (M. Brenčič) 

12:00 – 13:00 Light lunch  

13:00 – 14:30 THERMALLY-ACTIVATED GEOSTRUCTURES   

• Concepts, examples and challenges of energy geostructures  
(N. Makasis) 

14:30 – 14:45 Coffee break 

14:45 – 17:45  Flash student presentations (all trainees alphabetically; each 5 
minutes – 3 min for presentation and 2 min for questions) 

17:45 – 18:15 Introduction to student projects and selection of topics 

Introduction to needed codes and data for exercises 

19:00 Walk through Ljubljana city centre with welcome reception  
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DAY 2 Tuesday 1st July: Field trip with site visits – day 1 

Venue: Meeting at BUS STATION MIRJE where we head on the bus 

 

 

7.45-16.00 

Geothermal settings of Slovenia and visited sites (D. Rajver) 

Heat pump technologies at the factory KRONOTERM d.o.o.   

Polygon of RES technologies in Velenje (S. Lenart)  

BTES system in Trbovlje by DEWESoft Inspiretech d.o.o. 

Light lunch  

Geothermal drilling site (S. Adrinek)  

GeoCOOL FOOD research geoprobe near Krško (N. Rman, K. 
Borko) 

16:00-16:30 
Arrival at accommodation Hotel Sport Otočec 

Grajska cesta 2, 8222 Otočec 

16:30-18:30 
Free time for swimming (included in accommodation) or a walk to 
Krka River and Otočec Castle  

18:30-19:30 Buffet style dinner (included in accommodation) 

19:30-21:00 
Public perception of geothermal and communicating technologies 
(M. Turnšek) 
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DAY 3 Wednesday 2nd July: Field trip with hands-on exercises - day 2 

Venue, part 1: Terme Šmarješke Toplice, Šmarješke Toplice 100, 8220 Šmarješke 

Toplice  

Venue, part 2: GeoZS, Dimičeva ulica 14 ; ZAG, Dimičeva ulica 12, Ljubljana  

 

7:15-8:15 Breakfast (included in accommodation) & individual payment of 
accommodation 

8:15-8:30 Bus transfer to Šmarješke Toplice 

8:30 – 12:30 Venue: Terme Šmarješke Toplice 

Direct use of thermal water and efficient cascade systems (T. 
Luštek)  

field work in groups: field temperature and heat flow exploration 
methods, groundwater investigation, geothermal wells and springs, 
water sampling and field tests (all trainers)  

12:30 – 13:30 Bus travel to Ljubljana 

13:30 – 14:30 Light lunch at ZAG 

14:30 – 18:00 Venue: GeoZS &  ZAG  

Practical demonstrations: 

Geomechanical and geophysical laboratories at ZAG (S. Lenart) 

Geophysical well logging at GeoZS (S. Mozetič, J. Udovč) 

Geothermal laboratory at GeoZS (D. Rajver)  

Hydrogeological laboratory at GeoZS – INRIGeoTeam project (N. 
Rman, K. Koren)  

Fibre optic experience from GeoCOOL FOOD & Geo-OPT projects 
(F. Chapman, K. Borko)  

TRT tests and experience from TopDISPERZ project (S. Adrinek) 
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DAY 4 Thursday 3rd July: Design and integration of energy piles and advanced methods 

Venue: NTF, Aškerčeva 12, Ljubljana  

9:00 – 10:00 Geothermal driven energy pile foundation: An innovative heating 
and cooling solution (R.M. Singh) 

10:00 – 10:15 Coffee break 

10:15 – 12:00 Integration of geothermal with other renewables / hybrid systems 
(N. Makasis) 

12:00 – 13:00 Light lunch 

13:00 – 14:00 Drilling for shallow geothermal, open & closed loops (G. Ryżyński) 

14:00 – 15:30 Thermal response tests and use of fibre optics in geothermal (F. M. 
Chapman)  

15:30 – 15:45 Coffee break 

15:45 – 17:15 Challenges of underground thermal energy storage (UTES) (N. 
Makasis) 

Day 5 Friday 4th July: Optimization of energy piles and geothermal grids & stud. 

projects 

Venue: NTF, Aškerčeva 12, Ljubljana  

9:00 – 10:00 Structural optimization: recommendations for design of energy piles 
(P. Jelušič) 

10:00 – 10:15 Coffee break 

10:15 – 12:15 District heating and cooling systems – power and heating sector 
coupling (H. Dorotić) 

12:15 – 13:00 Light lunch 

13:00 – 14:00 QGIS / R code mapping & simple statistics for shallow geothermal 
(G. Ryżyński)  

14:00 – 14:45 Operational challenges and environmental constraints (N. Rman) 

14:45 – 15:00 Coffee break 

15:00 – 18:00  Preparation of student projects (all trainees) 

Day 6 Saturday 5th July: Preparation and presentation of student projects & final 

exam 

Venue: NTF, Aškerčeva 12, Ljubljana  

9:00 – 12:00 Preparation of student projects (all trainees) 

12:00 – 13:00 Light lunch 

13:00 – 14:00 Exams  

14:00 – 14:30 Presentation of student projects (all trainees; each group 15 
min) 

14:30 – 14:45 Coffee break 

14:45 – 15:45 Presentation of student projects (all trainees; each group 15 
min) 

15:45 – 16:00 Granting certificates of attendance and closing event 
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Abstracts of the student conference  

 
1. Experimenting Solar assisted Ground-Coupled Heat Pump Integrated with Biomass 

Fuel for Autonomous Heating ............................................................................................ 9 

2. Optimizing High-Temperature Borehole Thermal Energy Storage (HT-BTES) 

Systems, a Case Study from Trondheim, Norway ............................................................ 10 

3. Estimating Groundwater Velocity Across Multiple Porosity Regimes with Fiber-Optic 

Heating Tests ................................................................................................................... 11 

4. Seasonal Heat Storage for Decarbonized District Heating ....................................... 12 

5. Numerical Hydro-Thermal (T-H) Modelling of Subsurface Flow and Heat Transfer in 

Energy Tunnel Applications ............................................................................................. 13 

6. Numerical Validation of Energy Walls Using Field Data from the Shanghai Natural 

History Museum .............................................................................................................. 14 

7. Static Strain and Velocity Changes Analysis from Fibre Optic Sensing to Constrains 

Volcanic Processes on Western Reykjanes Peninsula, SW Iceland ................................ 15 

8. Renewable Energy Policies in Turkey: Global and European Trends and the Potential 

of Energy Piles ................................................................................................................ 16 

9. Investigating the Cyclic Thermo-Mechanical Behaviour of an Energy Pile Subjected 

to Combined Loading by Using Physical Modelling in Centrifuge ..................................... 17 

10. A Short Bibliometric Review of Experimental Geothermal Energy Research (1970–

2025) 18 

11. 3D Numerical Modelling and Analysis of Heat Harvesting and Pavement 

Temperature Regulation of a Thermo-Active Road .......................................................... 19 

12. Long-term Performance Monitoring of a Ground Source Heat Pump in a Belgian 

Single-Family House ....................................................................................................... 20 

13. Modelling and Optimization of Energy Pile Systems for Enhanced Efficiency in 

Sustainable Building Applications .................................................................................... 21 

14. Social Acceptance and Project Management Aspects of Geothermal Systems .... 22 

15. Numerical Analysis of Mine Water Geothermal Systems for Sustainable Energy 

Solutions ......................................................................................................................... 23 

16. Feedback from a Fully Equipped Geothermal Metro Station: Numerical Modelling 

and Comparison with Monitoring Data ............................................................................. 24 

17. Overcoming Geothermal Data Gaps with AI: Predictive Modeling and Imputation in 

the Lower Friulian Plain ................................................................................................... 25 

18. Enhanced Underground Thermal Storage Solution Utilizing Diaphragm Walls for 

Heat Storage ................................................................................................................... 26 

19. Enhanced Thermal Response Testing (ETRT) in Shallow Geothermal: An 

Introductory Overview ...................................................................................................... 27 
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20. Thermal Waters near Izola (Slovenia) .................................................................. 28 

21. Analytics for the Win: Predicting Geothermal Production Temperature Without 

Numerics ......................................................................................................................... 29 

22. Feasibility Study for GSHP Technology Implementation for Large Housing Estate in 

Warsaw............................................................................................................................ 30 
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1. Experimenting Solar assisted Ground-Coupled Heat Pump 
Integrated with Biomass Fuel for Autonomous Heating 

Noureddine Alawawdeh1, Jasmin Raymond1, Martin Bourbonnais2, 
Gildas R-Tapsoba2 
 

1 Institut national de la recherche scientifique, Quebec, Canada 
2 Cégep de Jonquière, Jonquiere, Quebec, Canada 

Corresponding author: noureddine.alawawdeh@inrs.ca 

Keywords: Hybrid sustainable system, Ground-Coupled Heat Pump systems, Autonomous 

Heating 

 

This research study focuses on transitioning to autonomous heating in remote off-grid 

buildings by integrating different renewable alternatives. These alternatives are solar, 

geothermal, and biomass that will be implemented at a demonstration site in Jonquière for a 

research facility of the Centre TERRE. The first step of this research study is subsurface 

characterization of the field site where is the pilot building. This experimental facility will be 

constructed by the Centre TERRE and will aim to demonstrate the use of renewables that can 

be integrated into off-grid buildings. Then, models will be developed to simulate the operation 

of the ground heat exchangers, in addition to reproduce conditions encountered in the 

Canadian North. Finally, this research aims to prepare experiments using the heating system 

of the pilot building in Jonquière which could improve scientific knowledge of heating for 

remote buildings. Although Jonquière is connected to the electrical grid via Hydro-Quebec, 

the scope of this study is to provide realistic and detailed models that can emulate remote off-

grid communities. 

 

 

 

 

 

  

mailto:noureddine.alawawdeh@inrs.ca
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2. Optimizing High-Temperature Borehole Thermal Energy Storage 
(HT-BTES) Systems, a Case Study from Trondheim, Norway 

Alessandro Berta1, Glenda Taddia2, Arvind Umar Tiwari3, Rao 
Martand Singh3 

 

1Department of Energy (DENERG), Politecnico di Torino, Torino, Italy 
2Department of Environment, Land and Infrastructure Engineering (DIATI), Politecnico di 

Torino, Torino, Italy 

 3Department of Civil & Environmental Engineering, Norwegian University of Science & 

Technology (NTNU), Trondheim, Norway 

 

Corresponding author: alessandro.berta@polito.it 

Keywords: HT-BTES; Norway; Zero Emission Neighbourhood; FEFLOW; QGIS 

 

Climate change continues to be recognised as one of the most significant global challenges, 

with rising greenhouse gas emissions from the energy sector necessitating the rapid 

deployment of renewable resources and effective energy storage solutions. Borehole Thermal 

Energy Storage (BTES) systems present a compelling strategy for seasonal energy storage 

by converting surplus thermal energy, derived from sources such as waste heat, solar energy 

etc. into a storable form within the subsurface. The present paper expounds upon a high-

temperature BTES project situated in the Norwegian city of Trondheim. The project is located 

in the Nyhavna neighbourhood, where an industrial harbour is undergoing a transformation 

into a Zero Emission Neighbourhood (ZEN). In this project, surplus heat from a nearby waste 

incineration plant is stored in a circular configuration of Borehole Heat Exchangers (BHEs) 

drilled to a depth of 100 m. The system is designed to operate with an inlet temperature of 80 

°C during the heat storage phase (summer) and 10 °C during the heat extraction phase 

(winter). A set of advanced numerical simulations were conducted, in conjunction with 

Geographic Information System (GIS) tools, to generate a three-dimensional model that 

accurately represents the heterogeneous subsurface, which comprises sand, clay, and 

fractured rock.  The integrated modelling approach presented demonstrates the potential of 

high-temperature BTES systems to enhance grid stability, reduce energy consumption, and 

lower greenhouse gas emissions in northern climates. 

  

mailto:alessandro.berta@polito.it
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3. Estimating Groundwater Velocity Across Multiple Porosity Regimes 
with Fiber-Optic Heating Tests 

Karlo Borko1, Fiona Chapman2, Nina Rman1, Jasmin Raymond2 

 

1Geological Survey of Slovenia, Dimičeva ulica 14, 1000 Ljubljana, Slovenia 
2Institut National de la Recherche Scientifique, Quebec City, Quebec, Canada 

Corresponding author: karlo.borko@geo-zs.si 

Keywords: Groundwater flow, Active distributed temperature sensing (A-DTS), Porosity 

variability, Fiber-optic heat tracing 

 

Quantifying groundwater flow velocities in heterogeneous aquifers is crucial for understanding 

subsurface heat transport. This study presents a methodology for determining specific 

discharge using active distributed temperature sensing (A-DTS) with a heating cable in 

multiple wells across various geological settings. The sites include porous sediments, 

fractured rocks, and formations with low permeability, representing conditions relevant to 

shallow aquifer systems. A-DTS tests involve controlled heating along fiber-optic cables and 

continuous high-resolution temperature measurements, enabling depth-discrete detection of 

advective heat transport. By fitting analytical or semi-analytical solutions to the observed 

temperature responses during heating and cooling phases, we estimate groundwater flow 

velocities without requiring precise knowledge of the relative position of the heating and 

sensing elements. The method builds on recent advances applied in unconsolidated sands 

and fractured carbonates (des Tombe et al. 2019; Maldaner et al. 2021). We tested 3 

boreholes in Slovenia to assess flow variability at different depths and porosity regimes. The 

technique proves especially valuable in environments where conventional hydraulic testing is 

limited due to borehole cross-connection or structural instability (Maldaner et al. 2021). These 

findings support the integration of A-DTS into site characterization workflows for 

hydrogeological modelling, contaminant transport assessment, and geothermal or ATES 

system design. By expanding its use across different aquifer types, A-DTS offers a scalable 

and minimally invasive approach to characterize groundwater flow dynamics under natural 

conditions. 

References: 

des Tombe, B. F., Bakker, M., Smits, F., Schaars, F., & Van Der Made, K.-J. (2019). Estimation 

of the variation in specific discharge over large depth using Distributed Temperature 

Sensing (DTS) measurements of the heat pulse response. Water Resources Research, 

55(1), 811–826.https://doi.org/10.1029/2018WR024171 

Maldaner, C. H., Munn, J. D., Green, B. A., Warner, S. L., Chapman, S. W., Ashton, A., 

Daubert, L., & Parker, B. L. (2021). Quantifying groundwater flow variability in a poorly 

cemented fractured sandstone aquifer to inform in situ remediation. Journal of 

Contaminant Hydrology, 241, 103838. https://doi.org/10.1016/j.jconhyd.2021.103838 

This work was supported by the Slovenian Research and Innovation Agency’s programme 

group Groundwaters and Geochemistry (P1-0020), its Young Researcher Programme for K. 

Borko, and DFP (Developmental funding pillar) project Geo-OPT - Using optical fibres to 

evaluate subsurface heat and flow transfer effects.  

mailto:karlo.borko@geo-zs.si
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4. Seasonal Heat Storage for Decarbonized District Heating 

Petar Dundović1 

 

1Energy Institute Hrvoje Požar, Zagreb, Croatia 

Corresponding author: pdundovic@eihp.hr 

Keywords: STES, District Heating, Decarbonization, Sustainability 

 

Seasonal thermal energy storage (STES) plays a vital role in enabling the decarbonization of 

district heating systems by bridging the temporal gap between renewable energy supply and 

heat demand. As the transition towards low-carbon heating accelerates, the ability to store 

excess thermal energy during periods of low demand and retrieve it in winter becomes 

increasingly important. This presentation explores the basic principles of STES, focusing on 

underground storage solutions and their integration into modern district heating networks. 

Drawing from current research and practical developments, particularly those from the 

ongoing USES4HEAT project, it highlights how innovative technologies can improve system 

efficiency, reduce greenhouse gas emissions, and support a more resilient and sustainable 

heat supply. The goal is to provide a clear and accessible overview of STES as a key enabling 

technology in the future of clean energy infrastructure. 

References: 

Fredriksen, S., Werner, S. (2013). District Heating and Cooling. Studentlitteratur, 586 pages. 

 

  

mailto:pdundovic@eihp.hr
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5. Numerical Hydro-Thermal (T-H) Modelling of Subsurface Flow and 
Heat Transfer in Energy Tunnel Applications 

Tao Fan1, Zili Li1 

 

1School of Engineering and Architecture, University College Cork, Cork, Ireland 

Corresponding author: 123120275@umail.ucc.ie 

Keywords: Energy tunnel, FEflow model, Shallow geothermal energy, Open-loop, Thermal-

hydro (T-H) coupling 

 

With the increasing demand for sustainable urban energy solutions, underground structures 

such as tunnels, subways, and utility corridors present new opportunities for geothermal 

energy utilisation. This study investigates the hydro-thermal (T-H) interactions around 

underground structures through coupled numerical modelling of flow and thermal fields using 

Dublin Port Tunnel (DPT) as a representative case. By simulating seepage flow and heat 

transfer processes within the surrounding geological media, the model developed by FEFLOW 

software aims to evaluate the geothermal potential of tunnel environments under varying 

hydrogeological conditions. 

The study focuses on the influence of groundwater flow rate, hydraulic conductivity, and 

thermal properties of both soil and lining materials on the efficiency of heat extraction and 

thermal recovery. A coupled T-H model is developed to simulate the interaction between 

convective groundwater movement and conductive heat transfer at the ground–structure 

interface. Sensitivity analyses are performed to explore how variations in groundwater 

availability, permeability, and thermal gradients impact the long-term performance of energy 

tunnels. 

The results provide a scientific basis for optimising geothermal system design, particularly in 

open-loop configurations that utilise tunnel drainage groundwater. The findings also 

demonstrate the potential of retrofitting existing large-scale underground infrastructures with 

geothermal energy system and highlight the practical value of combining onsite 

hydrogeological data with advanced T-H modelling tools. This research contributes to the 

broader application of energy geostructures and supports the integration of underground 

geothermal systems into future urban energy planning. 

References: 

Bidarmaghz, A., Narsilio, G. A. (2018). Heat exchange mechanisms in energy tunnel systems. 

Geomechanics for Energy and the Environment, 16, 83-95. 
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6. Numerical Validation of Energy Walls Using Field Data from the 
Shanghai Natural History Museum 

Mert Guner1, Semra Polat2, Ugur Can Erginag1, Melis Sutman2, Ozer 
Cinicioglu1 

 

1Department of Civil Engineering, Bogazici University, Bebek, 34342 Besiktas/ Istanbul, 

Turkey 
2Institute for Infrastructure and Environment, School of Engineering, University of Edinburgh, 

Edinburgh EH9 3DW, UK 

Corresponding author: mert.guner@bogazici.edu.tr 

Keywords: Energy wall, Validation, Geothermal energy, Numerical modelling  

 

Shallow energy geostructures, such as energy piles, slabs, and walls, are increasingly utilized 

for heating and cooling buildings and infrastructure by harnessing renewable geothermal 

energy, a sustainable and efficient resource growing in popularity. Energy walls exhibit unique 

characteristics among energy geostructures due to their complex geometries and boundary 

conditions, which present challenges for accurate performance assessment. As a result, the 

design and evaluation of energy walls require advanced numerical modelling techniques. 

However, validating these numerical models is essential to ensure their reliability. In practice, 

obtaining complete field measurement data can be challenging, necessitating well-considered 

assumptions by researchers to fill data gaps. 

In this study, validation of a numerical model was performed using field experimental data from 

the Shanghai Museum of Natural History. The heat exchange quantities obtained from the 

numerical simulations were compared with field measurements, and the results demonstrate 

a strong agreement between the model and the observed data. This validation provides 

confidence in the proposed modelling approach and highlights its potential for predicting the 

thermal performance of energy walls under various operating conditions. The findings 

contribute to advancing the design and implementation of energy walls as efficient 

components of sustainable building systems. 

  

mailto:mert.guner@bogazici.edu.tr
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7. Static Strain and Velocity Changes Analysis from Fibre Optic 
Sensing to Constrains Volcanic Processes on Western Reykjanes 
Peninsula, SW Iceland  

Lise Holstein1,4, Philippe Jousset1, Egil Á. Gudnason2, Gilda 
Currenti3, Christopher Wollin1, Regina Maass5 

 

1GFZ, Potsdam, Germany 
2ÍSOR (Iceland GeoSurvey), Kópavogur, Iceland 
3INGV-OE, Catania, Italy 
4ENSG, Nancy, France 
5DIAS, Dublin, Ireland 

 

Corresponding author: lise.holstein9@etu.univ-lorraine.fr 

Keywords: Ambient noise interferometry, eruption, distributed acoustic sensing (DAS), 

velocity changes 

 

Volcanic eruptions are highly destructive and present serious risks to populations living nearby. 

To mitigate these dangers, volcanoes are closely monitored using seismological techniques 

in order to predict eruptions and issue timely warnings. One promising approach is to improve 

the spatial and temporal resolution of the recordings by transforming existing fibre optic cables 

into dense arrays of seismic sensors, named Distributed Acoustic Sensing (DAS). Recent 

studies have demonstrated that DAS can highlight subsurface structures and processes with 

significantly higher resolution than traditional seismometers (Jousset et al. 2018). 

The aim of this study is to combine ambient noise interferometry and DAS to detect small-

scale changes in the Earth’s crust during the 2023-2025 sequence of repetitive eruptions in 

Reykjanes Peninsula in southwest Iceland. Our data revealed microstrain deformation before 

the eruptions and intrusions, which can be related to magma migration from the source to the 

surface. Furthermore, we observed ground velocity changes up to 4% close to the volcanic 

source by using hourly cross correlations. This could help understanding mechanisms in the 

magma reservoir, such as pore pressure changes. The results are also used to image the 

Earth’s crust and locate fault systems. Due to the closeness of magmatic and geothermal 

systems, these methods can be applied to geothermal exploration and harnessing, to enhance 

the comprehension of the reservoir structure and mechanisms. 

References:  

Jousset, P., Reinsch, T., Ryberg, T., Blanck, H., Clarke, A., Aghayev, R., Hersir, G., P., 

Henninges, J., Weber, M., Krawczyk, C. (2018). Dynamic Strain Determination Using 

Fibre-Optic Cables Allows Imaging of Seismological and Structural Features. Nature 

Communications, 9/1, 2509. https://doi.org/10.1038/s41467-018-04860-y. 

Maass, R., Schippkus, S., Hadziioannou, C., Schwarz, B., Jousset, P., Krawczyk, C. (2024). 

Stacking of Distributed Dynamic Strain Reveals Link Between Seismic Velocity Changes 

and the 2020 Unrest in Reykjanes. Journal of Geophysical Research: Solid Earth, 129, 

e2023JB028320. https://doi.org/10.1029/2023JB028320   

mailto:lise.holstein9@etu.univ-lorraine.fr
https://doi.org/10.1038/s41467-018-04860-y
https://doi.org/10.1029/2023JB028320
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8. Renewable Energy Policies in Turkey: Global and European 
Trends and the Potential of Energy Piles 

Başak Kaya1,2 

 

1Boğaziçi University, Department of Civil Engineering, Bebek, 34342 Istanbul, Türkiye 
2Maltepe University, Department of Civil Engineering, Büyükbakkalköy, 34857 Istanbul, 

Türkiye 
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Buildings account for approximately 30% of global final energy consumption and 26% of 

energy-related carbon emissions, making them a critical sector in the fight against climate 

change (IEA, 2024). In line with international climate goals, Türkiye became a party to the 

UNFCCC in 2004 as an Annex I country under special conditions, ratified the Kyoto Protocol 

in 2009, and signed the Paris Agreement in 2021, thereby integrating into the global climate 

regime. 

Accordingly, the use of renewable energy sources in the building sector has gained strategic 

significance. The European Union has initiated a wide-scale transformation by implementing 

binding regulations such as the EPBD, RED, and EED, which promote energy performance, 

the integration of renewables, and financial incentives. In Türkiye, renewable energy policies 

began with the Renewable Energy Law No. 5346 (2005), which supports the use of 

renewables for electricity generation; the Energy Efficiency Law No. 5627 (2007), which sets 

sectoral efficiency targets; and the Regulation on Energy Performance in Buildings (2008), 

which introduced building classification and performance monitoring. However, the first 

binding regulation mandating the use of renewable energy in buildings was published in the 

Official Gazette on February 19, 2022, and entered into force on January 1, 2025. According 

to this regulation, new buildings with a total construction area exceeding 2000 m² must meet 

at least 10% of their energy demand through renewable sources. 

In light of this new requirement, energy piles—a form of shallow geothermal technology—

stand out for their advantages, including integration directly into piled foundation systems 

without requiring additional ground space or structural components, as well as their low 

operational costs. These systems can utilize the soil's natural thermal potential to meet heating 

and cooling needs within buildings. Therefore, energy piles present a feasible, sustainable, 

and efficient solution for achieving Türkiye’s 10% renewable energy target in new buildings 

and are emerging as a technology with strong future potential for widespread adoption.  
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This study investigates the thermo-mechanical behaviour of an aluminium energy pile 

subjected to combined lateral and thermal loading in centrifuge conditions (26.7g). 

Experimental tests with optical fibre instrumentation highlight cumulative deflections in 

heating and cooling cycles. A numerical model using the H1 constitutive law is developed 

and calibrated using test data. The results show that the pile remains largely elastic, with 

thermal effects having limited influence. The study provides valuable information for the 

design of laterally loaded energy piles. 
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Geothermal energy comes from the heat under the Earth’s surface. It is a clean, renewable 

source that works all the time and produces very low emissions [1]. Unlike wind or solar power, 

it does not depend on the weather, so it helps keep the energy system stable [2-3]. New 

technologies, such as Enhanced Geothermal Systems, let us use this energy in more places, 

increasing research and invest in this field [4].  

A study was done using the Scopus database to look at research on geothermal energy, with 

a focus on experimental work. The keywords used were “Geothermal Energy” and 

“Experimental” in the title, abstract, and keyword fields. From 1970 to 2025, 2026 studies were 

found. The number of studies has increased in the last 10 years. In 2024, there were 202 

articles, the highest number. In 2019, there was a 63% increase from the year before, showing 

more interest in this topic. The studies were in 24 subjects. The most common were Energy 

(26%) and Engineering (24%). Most studies (about 70%) were research articles. There were 

70 review papers and only 3 books, showing that most research is shared as articles, not 

books. China had the most studies (612, or 24%), followed by the USA (269), Germany (124), 

and Italy (119). Most work was supported by funding groups. The National Natural Science 

Foundation of China supported the most (286 studies). The European Commission supported 

52, and Horizon 2020 supported 35. These results show how policy and funding support 

geothermal energy research. 

This study shows a clear rise in geothermal research due to fossil fuel concerns, energy price 

changes, and climate goals. Most studies focus on energy and engineering, showing strong 

interest in technical solutions like better drilling tools and heat systems. From 2026 papers, 

about 70% are research articles, but only 1% are books or chapters. This shows a gap in long-

form knowledge. More books and teamwork across fields are needed to support learning and 

smart planning in green energy. 
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Thermo-active roads are a relatively new and underdeveloped type of energy geostructures. 

It involves two sets of horizontally placed pipes at different depths to exchange heat between 

the pavement surface and the ground. Thereby, thermal energy can be stored into the ground 

beneath the road in summer and can be extracted and used to heat up the road surface in 

winter to reduce freeze-thaw cycles. This research focuses on the development of a detailed 

three-dimensional (3D) finite-element (FE) model in COMSOL Multiphysics to explore the 

thermal performance of a thermo-active road. The 3D FE model developed was extensively 

validated against the experimental data from a full-scale field test undertaken in Toddington, 

UK. The validated model is further employed to analyse the effects of soil thermal conductivity, 

embedded depth of pipes, fluid flow rate and insulation layer on energy harvesting and 

extracting efficiency of the geothermal system. System optimisation is proposed based on the 

analysis. Results show that the embedded depth of storage pipes influences the energy 

harvesting efficiency the most, with energy storage increasing by 1.75 times when the 

embedded depth of storage pipes increased by 1.6 m. Higher soil thermal conductivity led to 

a higher energy harvesting efficiency of the system as well. The energy storage value 

increases from 0.56 to 0.86 MWh when soil thermal conductivity increased from 0.4 to 2.0 

W⁄(m∙K). This research study indicates that this system can regulate road temperature, 

thereby potentially preventing road rutting in summer and freeze-thaw cycles in winter and 

extending its lifespan. 
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Closed-loop and vertical Borehole Heat Exchangers (BHEs) are a common solution adopted 

for shallow geothermal energy systems. However, due to assumptions made during the design 

of such systems, the Ground Source Heat Pump (GSHP) may not operate at its full potential. 

To improve geothermal system performance, it is essential to perform long-term monitoring 

data analysis of operating BHEs. 

In this contribution, four years of monitoring data (inlet and outlet fluid temperatures, flow rate, 

and electricity consumption) were collected at the GSHP of a Belgian single-family house 

equipped with one 107 m deep borehole. Using this data, the monthly heat load extracted or 

injected into the ground, and the Coefficient of Performance (COP) are evaluated. For 

domestic hot water, system performance remains stable throughout the years. In contrast, 

performance for floor heating decreases significantly between the first and second year due 

to changes in GSHP settings, resulting in fewer starts of the heat pump and shorter operating 

cycles. Despite this performance drop, these changes lead to a significant reduction in the 

annual electricity consumption of the house. Moreover, the evolution of the heat carrier fluid 

temperature over one complete winter/summer cycle repeats each year, suggesting that the 

system is thermally balanced despite evolving consumption patterns. 

In the future, this dataset can be used to feed and calibrate a heat transfer model that outputs 

the temperature profile of the ground. This would allow GSHP settings to be adjusted not only 

based on the building’s heating and cooling demands, as is currently done, but also 

considering the thermal state of the ground, enabling more sustainable system control. 

Acknowledgement:  

This work was supported by the Walloon Region, and especially the SPW Economy, 

Employment, Research and the Walloon Recovery Plan in the frame of the research project 

n°2310143 “Enhanced Flexibility in Energy Systems (EFES)”. 

 

  

mailto:mahaut.magin@ulb.be


                                                                                                                                            

21 
 

13. Modelling and Optimization of Energy Pile Systems for 
Enhanced Efficiency in Sustainable Building Applications 

Anastasis Maras1 

 

1Faculty of Civil Engineering and Geosciences, Delft University of Technology, Stevinweg 1, 

Delft 2628CN, The Netherlands 

Corresponding author: marasanastasis@gmail.com 

Keywords: Energy piles, Geothermal energy, Borehole Energy Storage System (BESS), 

Numerical modelling, System optimization 

 

This project focuses on integrating energy pile systems—a type of borehole heat exchanger 

(BHE)—into the sustainable energy sector. It directly supports the goals of Sustainable Energy 

Technology by exploring how a Borehole Energy Storage System (BESS) can enhance the 

efficiency of a novel building’s heating and cooling system. Studying energy pile performance 

enables better design of low-carbon thermal solutions for new buildings. The link to 

Sustainable Energy Technology lies in improving energy efficiency and reducing emissions 

through optimized renewable heating and cooling methods. Energy piles are effectively short 

BHEs that also serve as structural foundation elements. This dual function raises several 

design questions, such as: How do thermal plumes interact? What is the system's efficiency? 

How much energy is lost to the atmosphere? 

The project combines computational and experimental approaches. A key focus is developing 

and validating a numerical model using COMSOL—initially for a single pile and later for a 

system of multiple piles. The model simulates thermal behaviour under various heating and 

cooling demands, accounting for surface conditions, thermal interactions between piles and 

surrounding ground, and system efficiency. Instrumented energy piles have been installed in 

a building at the Green Village (TU Delft Campus) and integrated into an innovative energy 

system. Data from this real-world setup will support model validation in COMSOL, enabling 

accurate performance analysis. 

By analysing the thermal interactions of energy piles in relation to building energy states over 

seasonal cycles, the research aims to optimize both the design and operational efficiency of 

such systems. Lastly, the project explores how energy piles could support local microgrids, 

contributing to reduced carbon emissions and electricity use at the neighbourhood level. 
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One of the barriers for implementation of new technologies such as geothermal systems is the 

lack of social acceptance. Identified social barriers are grouped in several categories, such 

as:  

• Environmental - Risk of pollution of the environment, seismic activity, distrubing/polluting the 

local land, volcanic activity etc. (Farghali et al., 2023). 

• Economic – Citizens afraid of high cost and low benefit, conducting local development 

programs (improving infrastructure, environment protection, strenghtening local economy and 

entrepreneurship, promotion of and sports etc.), higher upfront investment for authorities, 

some citizens see value in increase of their property value etc (Farghali et al., 2023). 

• Social – Limited general knowledge on how the technology works and its benefits, lack of 

accepting novel technologies, previous bad experience with former industrial sites in their 

area, negative impact on tourism, religious aspects, experiential aspects, visual pollution of 

the area etc. (Farghali et al., 2023),  

• Political barriers – Possibility of lack of political support on a local/central level, corruption 

etc. (Peterson et al., 2015),  

• Project management - Untransparent project not inolving all stakeholders and/nor the public, 

improperly managed project, lack of communication plan with the public, unfavourable/lack of 

media coverage, low levels of community participation in consultation processes and in the 

project development etc. (Vargas Payera, 2018). 
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Delivering sustainable, low-carbon heating solutions remains a pressing issue, especially in 

densely populated urban environments where energy demand is high. Flooded disused mines 

present a promising opportunity for geothermal energy extraction, offering both heat storage 

potential and favourable locations near city infrastructure. Nevertheless, their practical 

application is often constrained by heterogeneity in geological settings, intricate underground 

conditions, and insufficient long-term observational data. This research introduces and initially 

verifies numerical modelling techniques designed to evaluate mine water geothermal systems 

amid these complexities. Two complementary methods were developed: a one-dimensional 

conduit-based model for simplified tunnel flow representation, and a three-dimensional porous 

media model for simulating integrated heat and fluid dynamics. The 1D approach aligned well 

with theoretical benchmarks, validating its accuracy under controlled conditions. Meanwhile, 

the 3D model was compared with empirical data from field-based hydraulic and thermal 

experiments. While drawdown patterns were closely replicated, temperature recovery 

exhibited slight discrepancies. These findings demonstrate the capabilities and boundaries of 

each method and support the creation of adaptable modelling tools suited to a range of 

subsurface scenarios. This work aids the progression of reliable geothermal design strategies 

for broader application in legacy industrial zones. 
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In response to global warming, shallow geothermal energy presents a promising alternative to 

traditional fossil-fuel-based methods for heating, cooling, and domestic hot water production 

(Ball, 2020). Energy geostructures utilize shallow geothermal energy in a closed-circuit 

system, harnessing the earth's natural heat through structural elements like walls and slabs 

equipped with heat exchangers. The particularity of these structures is that they have a dual 

role to play, both structurally and in terms of energy supply (Lyesse Laloui, 2020). This study 

focuses on the geothermally activated Cleunay metro station in the city of Rennes and was 

carried out as part of the "THERMETRENNES" research program, which aims to assess the 

thermal performance of operational metro stations equipped with heat exchangers to provide 

feedback on real applications of energy geostructures and help in the development of other 

projects of this type. 

Completed in 2020, the station is fully equipped with heat exchangers in both the cast 

diaphragm walls (exchange surface of 1394 m2) and the slab (exchange surface of 1532 m2). 

Using COMSOL Multiphysics finite element software, this work develops an advanced 3D 

numerical model of the station, incorporating the entire thermal environment and a fully 

coupled thermo-hydraulic formulation. The main input data include the initial ground 

temperature, external and internal station temperatures, inlet flow rate and desired heat power. 

The model takes into account the heat exchanges between the pipes, the concrete structures, 

the soil and the air in the station. 

To validate the model, a quite unique set of monitoring data is available on the thermal 

performance of Cleunay station. They include a Thermal Response Test in Operational 

conditions (TRTO) and the monitoring data for a three-years period of normal operation during 

which the station geothermal plant was used to heat two buildings. The results indicate a 

prominent level of accuracy in reproducing observed field data, confirming the model's 

reliability. Furthermore, a parametric analysis reveals that initial ground temperature, thermal 

conductivity of concrete and air velocity inside the station are the main influent factors in 

system performance. In addition, a study of the temperature distribution along the concrete of 

the cast walls containing the heat exchangers enables to understand the thermal loads applied 

to these walls. 
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Accurate prediction of aquifer temperatures is essential for optimizing low-enthalpy 
geothermal systems. However, hydrogeochemical datasets often suffer from significant 
missing values, particularly at greater depths, hindering reliable geothermal resource 
assessment. This study focuses on the lower Friulian Plain (north-eastern Italy), where over 
30% of temperature data is missing beyond 600 meters depth. Initially, a clean subset of the 
data was used to predict reservoir temperatures using six machine learning algorithms, 
including eXtreme Gradient Boosting (XGBoost), decision tree, generalized regression neural 
network, extreme randomized trees, radial basis function, and elastic net. XGBoost 
outperformed all others, achieving an R² of 0.9930, RMSE of 0.788, and MAE of 0.587, as 
confirmed by Wilcoxon signed-rank test. Sensitivity analysis highlighted bicarbonate as the 
most influential feature (0.51), followed by magnesium, electrical conductivity (0.11 each), and 
water depth (0.08). 
 
Following this, a deep learning autoencoder (ConvAE) was employed to impute missing values 
across the full dataset. ConvAE demonstrated high reconstruction accuracy (R² > 0.95) even 
under synthetic noise, enabling more comprehensive modelling. This two-step AI framework, 
first using ML for temperature prediction on clean data, then DL for imputation, offers a robust 
methodology for enhancing geothermal exploration and planning in data-scarce regions. 
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This research explores a novel concept for Underground Thermal Energy Storage (UTES) 
using diaphragm walls to enclose a thermally efficient storage volume. The proposed system 
aims to overcome several limitations of conventional UTES technologies, such as high heat 
losses in borehole storage, dependency on favourable hydrogeological conditions in aquifer 
and cavern systems, and extensive excavation requirements of pit storage. By forming a 
structural thermal barrier, diaphragm walls can reduce lateral heat loss, improve storage 
efficiency, and allow integration in dense urban environments. 
 
The study will focus on the numerical modelling and evaluation of the system’s thermal, 
hydraulic, and mechanical performance. Key objectives include: (1) 2D and 3D thermo-hydro-
mechanical simulations to assess heat retention, efficiency, and ground-structure interaction; 
(2) analysis of serviceability impacts such as settlement, heave, and groundwater changes; 
(3) parametric studies of soil and design variables (e.g. thermal conductivity, wall material, 
insulation); and (4) case study applications in Lisbon and Graz, to evaluate performance under 
contrasting climatic and subsurface conditions. The research also considers energy source 
integration (e.g. PV or solar thermal systems), construction alternatives (e.g. jet grouting, cut 
soil mixing), and a preliminary technical-economic appraisal. 
 
Key research questions address thermal efficiency relative to existing systems, sensitivity to 
design and environmental parameters, and practical scalability. The overarching goal is to 
advance ground energy storage systems by demonstrating that diaphragm wall-based UTES 
offers a compact, adaptable, and thermally effective solution for urban energy storage. 
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Thermal Response Tests (TRTs) are a fundamental part of designing and evaluating borehole 
heat exchangers in shallow geothermal systems. However, standard TRTs provide averaged 
values for thermal conductivity and borehole resistance, which limits insight into vertical 
heterogeneities in the subsurface. 
 
While this simplification is usually sufficient for small systems, such as single-family houses 
or compact BHE fields, it may be limiting for larger installations. In bigger projects, where 
subsurface conditions vary more and background groundwater flow may be significant, 
understanding depth-specific thermal parameters becomes more important. In such cases, 
Enhanced TRT (ETRT) techniques - combining distributed temperature sensing (DTS) with 
controlled heating cable can offer more detailed data to support better system design and 
optimization.  
 
This presentation provides an introductory overview of EGRT based on recent developments 
and literature. Although still not widely used in practice, EGRT can be a valuable tool in 
complex geological conditions or where more accurate input data is needed. The goal is to 
present EGRT as an alternative tool worth considering in future geothermal planning. 
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Water with thermal characteristics emerges from the bottom of the seafloor from several 
locations near the Slovenian coastal town of Izola. Water with the same properties was also 
exploited on land at a spa in Izola in the 19th century, but terrestrial springs are now 
inaccessible or destroyed and impossible to investigate, leaving submarine discharge as the 
only available source for investigation.  
 
These submarine springs are located along the Izola limestone anticline which is surrounded 
by flysch. They form funnel-like depressions in the marine sediment which covers the 
limestones in the sea. Spring discharge varies significantly, ranging from diffuse, low-flow 
seeps to focused high-discharge vents. The most active spring, M03, has an estimated 
discharge rate of 3.3 L/s. Water temperatures range (also related to discharge) from 
approximately 20 °C to 33 °C. Mixing with seawater is observed in all samples, with 
contributions estimated between 21 % and 36 % based on electrical conductivity and stable 
isotope analyses. Preliminary noble gasses data suggest recharge temperatures below 10 °C, 
indicating infiltration from elevations above 1000 m or input from colder climatic periods. 
Strontium isotope ratios confirm that groundwater primarily circulates through Upper 
Cretaceous carbonate aquifers beneath Palaeocene and Eocene flysch. The presence of 
crustal helium further suggests interaction with deeper geological strata.  
 
The Slovenian coastal area has a slightly elevated geothermal gradient, especially in the Izola 
area. Temperatures are expected to be around 17-18 °C at a depth of 100 m, and 50 °C at a 
depth of 1.5-2 km. Although, geothermometric estimates remain inconclusive due to seawater 
mixing, thermal water in Izola is expected to reach at least 50 °C at 1.5-2 km if not more, but 
additional sampling and analysis are planned to refine thermal characterization. 
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In many countries with colder climates, the energy sources used for heating play an important 

role in the energy transition. Direct-use geothermal energy has great potential here, because 

the temperatures required for heating - unlike power generation - are found in many regions 

around the world. Unfortunately, the planning stage of direct-use geothermal is often 

complicated by uncertainties about subsurface properties, future economic developments, 

and technical choices. This, together with narrow profit margines, delays investments in a 

much-needed technology.  

To deal with these uncertainties, models can be used to simulate possible scenarios. 

Numerical models offer great detail but quickly become costly when a high degree of 

uncertainty requires many scenarios to be investigated. Existing analytical models on the other 

hand neglect or simplify the fact that wells can remain operational for years or even decades 

after thermal breakthrough (i. e. DoubletCalc (Mijnlieff et al., 2014), GEOPHIRES-X v.2 

(Beckers and Ross, 2023)), which results in overly pessimistic predictions. 

To fill this gap, we developed an analytical model that estimates the physical and economic 

performance of geothermal doublets in hot sedimentary aquifers. Physical performance is 

described in terms of the pressure difference between wells and the production temperature 

over time. Economic performance is described in terms of produceable power, levelized cost 

of heat, and net-present-value. 

The model is reliable under a wide range of geological, operational and economic conditions. 

Because it runs near-instantaneously, it lends itself to uncertainty quantification, sensitivity 

analysis, and optimization problems. 
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The main objective of the ongoing task of the Polish Geological Survey (PGS) entitled ‘Shallow 

Geothermal Energy Potential Maps of Poland (MPGN) in the scale 1:50,000.’ is to present 

reliable data for all those interested in the technology of ground source heat pumps (GSHP) 

which would allow estimation of shallow geothermal resources and safe, economically justified 

implementation of GSHP investments. 

The aim of the project was to provide specialised planning tools for quantitative and qualitative 

assessment of geological-thermal conditions, allowing evaluation of various options for 

location of borehole heat exchangers (BHE). The Shallow Geothermal Energy Potential Maps 

prepared for selected areas of the country can be used by those preliminarily estimating the 

feasibility of ground source heat pumps, e.g. in pre-investment cost estimates. 

Housing associations that are large consumers of system heat or have their own supply 

sources (often based on fossil fuels) are now facing the challenge of rising heating and cooling 

costs. Consequently, they are looking for alternative sources of heating and cooling. 

Therefore, there is a need to provide them with knowledge of the possibilities of using ground 

source heat pumps and underground thermal energy storages (BTES, TTES, PTES). 

The presentation includes the methodology and results of analyses based on data produced 

by the MPGN project, as well as on data on the demand for heat energy and domestic hot 

water (received from a housing association). 

Ground source heat pumps are expected to play an important role in Poland's energy 

transition, so it is important that investors and institutions interested in using this technology 

have access to tools to optimise the design of ground source heat pump systems and their 

environmentally safe installation and operation. 
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Map of the field work site at Šmarješke Toplice Spa 
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Geological map of the field work site at Šmarješke Toplice Spa 
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Map of the field work site at Šmarješke Toplice Spa with active geothermal wells and waste 

water emissions 

 

 



                                                                                                                                            

 
 

 



                                                                                                                                            

 
 

 

Field trip map 
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The growing global demand for energy, coupled with the challenges posed by climate 

change, calls for a transition to sustainable and renewable energy solutions. Geothermal 

energy, especially when combined with advanced heat pump systems, offers a reliable 

and efficient method for space conditioning, encompassing both heating and cooling. The 

use of geothermal resources is one of the available methods of energy supply and can be 

applied on both small and industrial scales. One of the advantages of geothermal sources, 

unlike other renewable energy sources, is that they are not limited by season, time of day, 

or emergency conditions, allowing for uninterrupted operation. This means that 

geothermal energy is less sensitive to seasonal and temporal limitations, as it is based on 

the Earth’s internal heat, which remains relatively stable throughout the year. One way to 

harness this energy is through the use of heat pumps or geothermal heat pumps, which 

are systems for both heating and cooling. Conventional air-source heat pumps use 

outdoor air as the medium for heat exchange, making their efficiency dependent on 

external temperatures and less effective under extreme conditions. In contrast, 

geothermal heat pumps utilize the stable underground temperature, using buried pipes in 

a ground loop for heat exchange. This ensures higher and more consistent efficiency 

throughout the year, as the underground temperature remains relatively constant, 

providing reliable heating and cooling regardless of seasonal weather variations. 
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