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 Summary 

In order to make the transition to a low-carbon energy system, sustainable energy 

sources are required as alternatives for fossil fuels. The heating and cooling sector 

is of major importance for the final energy consumption in Europe, and therefore the 

deployment of the thermal energy sector could be a good contribution to a sustainable 

energy system. In the HEATSTORE project the technical, economic, environmental, 

regulatory and policy aspects required to support efficient, safe and cost-effective 

deployment of underground thermal energy storage (UTES) technologies in Europe 

are being investigated. Within this report potential risks associated with high 

temperature aquifer thermal energy storage (HT-ATES) have been assessed. This 

has been done by building a Risk Inventory tool, which includes potential risks for 

HT-ATES systems. This tool has been built from an extensive literature study and 

from expert interpretations, which  led to the development of a structured Risk 

Inventory tool. The Risk Inventory contains risks and their potential mitigation 

measures associated with HT-ATES. The aim of the inventory is to serve as a 

checklist for identifying and managing all risks that are applicable for a specific case 

study. The robustness and value of the Risk Inventory was tested by applying the 

tool to the Dutch demonstration case on HT-ATES in Middenmeer in The 

Netherlands, from which the added value of the tool could be validated.  
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 1 Introduction 

The decrease in production and consumption of natural gas and the increasing 

necessity of the transition to a low-carbon sustainable energy system in the 

Netherlands require sustainable alternatives to natural gas (Platform Geothermie et 

al., 2018). As the heating and cooling sector is responsible for half of all consumed 

energy in Europe the deployment of the geothermal energy sector is of prime 

importance for working towards a sustainable energy system. HEATSTORE is one 

of nine projects under the GEOTHERMICA - ERA NET Cofund with the aim to 

accelerate the uptake of geothermal energy. In HEATSTORE there are 23 

contributing partners from 9 countries with complementary expertise and roles, 

composed of a mix of scientific research institutes and private companies. In the 

HEATSTORE project the focus is on underground thermal energy storage (UTES) as 

a complementary technology to increase the flexibility for managing variations in 

supply and demand of heat at different scales, and during different times/seasons. 

The main objectives of HEATSTORE are: 1) advancing and integrating different types 

of UTES in the energy system, 2) providing means to maximize geothermal heat 

production and optimize the business case of geothermal heat production doublets, 

and 3) addressing technical, economic, environmental, regulatory and policy aspects 

that are necessary to support efficient, safe and cost-effective deployment of UTES 

technologies in Europe (Kallesøe & Vangkilde-Pedersen, 2019; Nielsen & Vangkilde-

Pederson, 2019).  

 

The objectives of the HEATSTORE project are primarily being achieved by applied 

research on 6 demonstration pilots and 8 case studies of existing systems with 

distinct configurations of heat sources, heat storage and heat utilization. One of these 

UTES demonstration pilots is planned at Middenmeer in the Netherlands, which is 

carried out by Energie Combinatie Wieringemeer (ECW). The UTES system is a new 

High Temperature Aquifer Thermal Energy Storage (HT-ATES) system in the 

Netherlands where water will be stored at temperatures of up to 90ºC in an aquifer at 

a depth between 300 and 400 meters (Kallesøe & Vangkilde-Pedersen, 2019). 

 

The development and operation of a HT-ATES site does not come without risks. The 

risks can be of various nature; i.e. technical, economic, environmental, commercial, 

organisational, political and social (TEECOPS). In this chapter the assessment of the 

risks of HT-ATES in general, and for the Middenmeer case specifically will be 

discussed. The evaluation of risks and potential mitigation measures can be of great 

support for reducing technical uncertainties, optimizing the business case, the social 

acceptance and the license to operate (including permitting) of thermal energy 

systems. In a first phase an extensive literature study has been done on potential 

risks and mitigations associated with HT-ATES.  The literature study was used to 

develop a Risk Inventory. This Risk Inventory contains risks and mitigation measures 

associated with HT-ATES that are relevant for all phases and system components of 

an HT-ATES system, and each of these risks are assigned to their respective 

TEECOPS category. The aim of the inventory is to serve as a contribution and/or 

checklist for identifying and managing all applicable risks and to provide their 

associated potential mitigation measures for preventing or decreasing the 

consequence of the risk. This inventory will aid in identifying risks that were perhaps 

overlooked by project teams. In order to test the robustness and value of the Risk 

Inventory Tool we applied it to the ECW Middenmeer pilot study.  
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 2 Risk Inventory 

The aim of the Risk Inventory, developed in Excel, is to serve as an instrument to: 1) 

visualize and increase awareness of important risks, and 2) indicate the impact of 

mitigations relevant for communication and/or permitting. The Risk Inventory can be 

found in Appendix 1 – Risk Inventory (van Unen, M., et al., 2020) and can be shared 

on request. 

 

The goal of the Risk Inventory was to build a structured template, which is self-

explanatory, has a clear scope and boundaries, and has the possibility to filter risks 

on relevance. This has been achieved by categorizing each risk to its respective 

project phase and system component, and to classify each risk into the TEECOPS 

criteria. 

 

The risks in the inventory are categorized in 5 project phases (Figure 1) and one 

general category for risks that apply to all (or the majority of the) phases.  

- Pre-execution phase: All work done prior to the start of the execution phase, 

including analysis, design, permitting, forging a consortium and contracting. 

- Execution phase: Phase where the facility is built or updated for energy 

storage. 

- Operational phase: The phase where energy is actually being stored and 

produced. 

- Decommissioning phase: Includes the moment when wells are abandoned, 

surface facilities are being removed and the site is being cleared for future 

use. 

- Post-abandonment phase: The phase after decommissioning, where risks 

could come to light by monitoring of the abandoned site.  

- All phases: Risks that apply to all (or the majority) of the above defined 

project phases. 

 

 

Figure 1. The structure of the Risk Inventory in Appendix 1 is composed of 5 project phases, which 

are consistent with the typical project workflow.  

 

Each of these project phases is divided into four system components, which provide 

boundaries to the system: 

1) General: Risks that are relevant for all (or multiple) of the system components 

2) Surface Facilities: These include compressors, piping, instrumentation, 

process facilities 

3) Well: This includes the X-mas tree, wellhead, well (completion and cemented 

casings), sand-face completion 
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 4) Subsurface (reservoir): The target storage reservoir, the caprock and 

overburden 

Also an unfilled section of a project specific system component is present in the 

template. In this section risks that are project specific and probably not relevant for 

(most) other projects can be noted. 

 

Furthermore, each individual risk was classified into the TEECOPS criteria (based on 

Peterhead CCS project, 2016): 

 

- Technical: (Sub)surface, Infrastructure, Technology, Operability, Availability, 

Integrity, Sustainability, Maintenance 

- Economical: Life-Cycle Cost, Phasing, Valuation method, Capacity, 

Economic model, Regret costs 

- Environmental: Surface exposure, Subsurface environment 

- Commercial: Contracting & Procurement, Financing, Business controls, 

Legal, Terms & Conditions, Competition, Marketing, Liabilities, Collaboration 

Agreement 

- Organisational: Structure, Resources, Procedures, Project Controls, 

Knowledge Management, Systems & IT, Interfaces, Partners, Governance 

- Political: Government, Stakeholders, Employment, Regulation, Security, 

Reputation, NGOs, Export Control, Localisation 

- Societal: Community, Public opinion, Social License to Operate 

 

The Risk Inventory is compiled from risks found in literature and derived from internal 

TNO experts, supplemented with expertise from partners in the HEATSTORE 

consortium. The risks were ordered into the categories described above, 

incorporated in the Risk Inventory template and updated when required. This led to 

a total of 143 HT-ATES selected risks derived from 26 references and expert 

interpretations. The Risk Inventory template allows to filter for each of the project 

phase, system component and TEECOPS, which makes it an efficient template for 

the determination of specific risks within different fields of interest. Based on their 

consequence and probability rating the template also allows for a first estimation of 

the impact of the selected risk (see Appendix 2 – Consequence-probability matrix; 

based on DAGO, 2019).  
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 3 Risk assessment 

The Risk Inventory has not been used for advanced case studies on UTES systems 

yet. However, in order to test the robustness and added value of the Risk Inventory 

we used the template for the HT-ATES ECW pilot study in Middenmeer in The 

Netherlands, which is planned to be operational by the summer of 2020. 

 

Prior to the workshop experts from IF Technology, ECW and TNO were asked to 

select the most important risks for each system component in the Risk Inventory 

applicable for the case, through a questionnaire (Mentimeter, Figure 2). TNO 

assessed the input and selected the following top 10 risks/risk themes: 

 

1) Recovery (efficiency) of the system 

2) Demand and price forecast (in)accuracy 

3) Water treatment performance 

4) Scaling (surface facilities and well) 

5) Sand production/erosion 

6) Gases in fluids 

7) Corrosion (surface facilities and well) 

8) Skin formation due to drilling fluids 

9) Reservoir quality 

10) Temperature effect on the reservoir 

 

During the workshop each of the experts provided their knowledge on these selected 

risks by addressing the following four topics: 1) definition of the risk for the 

Middenmeer case study, 2) rating of the risk (addressing probability versus 

consequence) before mitigations, but including mitigations that are already in the 

design, 3) discuss potential (additional) mitigation options, and 4) rating of the risk 

after applying (additional) mitigation measures (by using the ranking matrices in 

Appendix 2 and 3). The ranking results of the selected risks prior and after mitigations 

have been applied are demonstrated in Figure 3.  
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 Figure 2. Mentimeter results for the system component ‘Reservoir’. Nine persons identified their 

top 3 risks for the reservoir, resulting in 17 risks. Only few risks were considered by more than one 

person for this system component. 

 

 

Figure 3. Consequence - probability matrix demonstrating the ranking results of the 10 selected 

risks described above from the workshop with ECW, IF and TNO; blue numbers= pre-mitigation 

impact; black numbers: post-mitigation impact (the matrix is based on DAGO, 2019).  
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 4 Conclusions 

The aim of the Risk Inventory is to provide a database of risks and associated 

potential mitigation measures that can be used for HT-ATES case studies. However, 

it must be noted that this Risk Inventory is not necessarily complete and not every 

risk is applicable for every case study. Therefore, we recommend to use the Risk 

Inventory as a template/checklist for the identification of potential risks, and to select 

the important risks for a specific case study with relevant experts. Additionally, for 

ranking the selected risks from the Risk Inventory it is recommended to rate the 

consequence and probability with experts in the field of interest and to use the ranking 

templates shown in Appendix 2 – Consequence-probability matrix. The aim of the 

Risk Inventory is to serve as a contribution and/or checklist for visualizing, identifying 

(overlooked) and managing applicable risks, and to visualize the impact of the 

proposed mitigations on selected risks.  

 

The workshop on HT-ATES in Middenmeer with experts from ECW, IF and TNO was 

highly valuable and provided additional insight in risks and the benefit of potential 

mitigation measures in terms of decrease in probability and consequence of these 

risks. It demonstrated the use of the Risk Inventory in the structuring of expert 

discussions. Since the Risk Inventory contains 143 risks, a good preparation for an 

expert workshop is highly recommended, which can be done by pre-selecting the 

relevant risks for the specific site. 

 
  



 

TNO PUBLIC | FINAL VERSION | 18 MARCH 2020 

TNO PUBLIC | TNO report 2020 R10192  10 / 34  

 References 

Platform Geothermie, DAGO, Warmtenetwerk & EBN, 2018. Masterplan Aardwarmte  

in Nederland: Een brede basis voor een duurzame warmtevoorziening. 

 

DAGO, 2019. 20190903 DAGO Risico Matrix (QHSEP) 

 

Peterhead CCS project, 2016. Risk management plan & risk register. Doc No: PCCS-

00-PT-AA-5768-00001, Date of issue:  19/01/2016, DECC Ref No:  11.023 

 

Kallesøe, A.J. & Vangkilde-Pedersen, T. (eds). 2019: Underground Thermal Energy 

Storage (UTES) – state-of-the-art, example cases and lessons learned. 

HEATSTORE project report, GEOTHERMICA – ERA NET Cofund Geothermal. 130 

pp + appendices. 

 

Nielsen, J.E. & Vangkilde-Pedersen, T. (eds.). 2019. Underground Thermal Energy 

Storage (UTES) – general specifications and design. HEATSTORE project report, 

GEOTHERMICA – ERA NET Cofund Geothermal. 58 pp.  
 

van Unen, M et al., 2020: Heatstore Risk Inventory for HT-ATES, GEOTHERMICA – 

ERA NET Cofund Geothermal. 12 pp. 
  



 

TNO PUBLIC | FINAL VERSION | 18 MARCH 2020 

TNO PUBLIC | TNO report 2020 R10192  11 / 34  

 Appendix 1 – Risk Inventory 

Please find below the full risk inventory. 

 

The Excel file of the risk inventory can be shared on request by mailing to                                                                    

 
 
The following pages will show the inventory in order of the tabs that are in the excel 
file, these also include how the inventory is set-up and could be used. 
 
 
Tabs: 
 

Risk Inventory HEATSTORE 
a. Readme 
b. Input 
1. Pre-Execute 
2. Execute 
3. Operate 
4. Decommission 
5. Post Abandonment 
6. All Phases 

Review sheet 
References 
Revision control 
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 TAB: Risk Inventory HEATSTORE 
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 TAB: a. Readme 
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 TAB: b. Input 
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TAB: 1. Pre-execute 
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TAB: 1. Pre-execute (continued) 
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TAB: 2. Execute 
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TAB: 2. Execute (continued) 
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TAB: 3. Operate 
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TAB: 3. Operate (continued) 
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TAB: 3. Operate (continued) 

 

 
 
 
 

  



 

TNO PUBLIC | FINAL VERSION | 18 MARCH 2020 

TNO PUBLIC | TNO report 2020 R10192  22 / 34  

 
TAB: 3. Operate (continued) 
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TAB: 3. Operate (continued) 
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TAB: 3. Operate (continued) 
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TAB: 4. Decommission 
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TAB: 4. Decommission (continued) 
 

 
 
 

  



 

TNO PUBLIC | FINAL VERSION | 18 MARCH 2020 

TNO PUBLIC | TNO report 2020 R10192  27 / 34  

 
TAB: 5. Post Abandonment 
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TAB: 6. All Phases 
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TAB: 6. All Phases (continued) 
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 TAB: Review sheet 
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 TAB: Review sheet  
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 TAB: Revision control 
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 Appendix 2 – Consequence-probability matrix 

 

Figure 4. Consequence – Probability ranking matrix for identifying whether the effect of the risk is 

acceptable or not acceptable, and whether mitigations should be taken or the project should stop. 

The matrix is based on DAGO, 2019. 20190903 DAGO Risico Matrix (QHSEP). 
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Figure 5. Matrix for interpreting the consequence – probability relationship of a risk (Figure 4). The 

matrix is based on DAGO, 2019. 20190903 DAGO Risico Matrix (QHSEP). 


