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KEM Quality review   
The study on risk assessment for Ultra Deep Geothermal Energy has been commissioned to a well-qualified team of engineers 
and Earth scientists, led by Witteveen+Bos Raadgevende ingenieurs. Q-con, a German GeoEnergy consulting company, was a 
highly valuable partner, given their extensive experience in deep geothermal energy projects from around the world. The first 
draft of the final report was delivered in February 2019 and presented to the KEM panel April 1, 2019. In the subsequent review 
process a number of shortcomings were identified by KEM and by SodM, which led to two iterations on the report. These 
iterations greatly helped to improve the clarity of the report, its quality and ultimately its usefulness. The final version of the 
report was distributed to KEM in early June 2020. It consists of a main report of 142 pages, a User Manual for classification 
scheme for UDG/EGS risks, and Microsoft Excel based relational database file for risk classification. 
 
The report covers all known relevant risks in some level of details and provides useful and pragmatic approaches to rank and 
priorities them using the well-established technique of a Hazard Identification session and the so-called bow-tie approach. The 
project successfully involved external input from practitioners and scientists active on the domain, during four hazard 
identification session. The draft of the final report was also externally reviewed by two respected experts who provided 
detailed feedback that was then in parts incorporated in the final report. The final report summarizes the results of the analysis 
comprehensibly, visually attractive and the clarity of the writing and graphics is overall high. The Excel based analyses tools 
provided along with the associated User Guide is a valuable additional resource that will help practitioners and also regulators 
to analyze project risks in a semi-quantitative sense. In this sense, the KEM-06 deliverables are overall of high quality and 
represents important contributions.  
 
The reports overall are somewhat limited in the sense that they rapidly zoom into one possible approach to classify risk (the 
bow-tie approach), without considering and discussing alternatives in sufficient detail, such as more probabilistic and 
quantitative or risk-based approaches. The literature overview of existing methods and past experience is also somewhat 
limited, and in selected places decisions taken are not well justified. However, despite these limittaions, the report and 
associated tools are valuable contributions that can be a contribution to the safe development of Ultra Deep Geothermal 
Energy in the Netherlands.  
  

        

KEM Evaluation of the results 
The project plan called for two tasks conducted in sequence: Task 1: Conduct a comprehensive review and ranking of surface 
and subsurface risks. Task 2: suggest a suitable framework for risk governance of UDG project in the Netherlands. The intention 
of the tasks in this order was to first review the relevant risk and based on this list then suggest a suitable framework for 
addressing them. In the final report, this structure is followed to some extend: After a comprehensive (if a bit brief) problem 
statement and introduction in chapters 1 and 2, the main report presents a review of Health, Safety and Environmental Risks 
for UDG, a risk inventory. The report, however, immediately ties hazard identification (a prioritised list of relevant hazards, task 
1) with the bowtie analysis (a risk governance tool, an option in task 2 Task 2). There is only superficial discussion on the 
suitability of this framework and in-depth discussion of alternatives. While bowtie analysis is a well-established and proven tool, 
especially in oil and gas industry in the Netherlands, a critical review of the strength and weaknesses of the bowtie approach in 
the context of UDG and in comparison, with existing and published alternatives, would have been needed to better justify the 
choice made. For example, the most extensive and most public risk model in the Netherlands today, the Groningen Hazard and 
Risk Assessment model chain, adopts for good reasons not a bowtie, but a fully probabilistic risk assessment approach. Such an 
approach formally considers uncertainties, alternatives and low-probability but high-consequence events. All possible outcomes 
are numerically integrated, considering also the vulnerabilities and exposure, and the outcome measured against quantitative 
limits defined by the regulator (i.e., in terms of exceedance probability thresholds for losses). At least in with respect to induced 
seismicity risk, but in general with respect to low probability but high events, a more in-depth discussion of the pros and cons of 
such alternative approaches would have been useful, as would have been more input from the regulatory agencies in the 
Netherlands on the approaches that are being considered.  
 
The individual risk identification presented in chapter 3 is then quite comprehensive and a highly useful resource, based on a 
broad (although not exhaustive) literature review and expert elicitation. The advantage of the bowtie approach is here that 
threats, top events, barriers and consequences can be presented in a well-structured framework that is understandable and 
accessible to practitioners. This part of the report and the risk classification scheme presented in Chapter 4, are highly useful 
and well-executed applications of the bowtie approach to ultra-deep geothermal plays in the Netherlands. The ability to quickly 
classify projects risks into qualitative risk categories, based on simplified sets of parameters, is valuable for upcoming projects. 
While such a framework is always somewhat subjective in the individual parameter and classification choices, it does allow for a 
quick and informative scan of the potential risks, ideally allowing to focus the efforts and resources on the most relevant ones. 
In that sense the report rightly states that such a quick-scan approach can reveal the need for future (probabilistic, in depth) 
analysis, but it stops short of providing or outlining the framework for such subsequent analysis.  Overall, uncertainties in both 
data and knowledge could have been discussed in more detail, even if the objective is a practise-oriented approach.  
   

        



KEM interpretation of the outcome 
The interpretation of the results (consequences on methods/data to be used in practice, con risk instrument modules, on 
inspection procedures and operator procedures, ..) (project evaluation text website) 

The report provides a valuable inventory of HSE risks related to UDG, a useful framework and tools for qualitative assessing and 
ranking risks and suggestions for risk mitigation. The report, relational database and user guide should be made available 
openly to operators as a valuable source of information on risks of UDG projects. They also should be made available to other 
scientist openly to evaluate and criticise the approach presented. Publication of the approach in a scientific journal is a 
possibility also, as a useful and peer reviewed reference, although the methods and results in themselves are not innovative. 
Overall, while the outcome of the work somewhat diverged from the original intention of the research question, the results are 
useful and will contribute to contribute to a safe and environmentally friendly development of UDG in the Netherlands. 

However, it is important that the report is considered by operators in the right context and framing. This context must be 
provided by the regulator. The bowtie approach presented, and the quick scan approach, is useful to some extent, but it can 
only be one (the initial) part of a project (portfolio) development, especially if risks exceed a (yet to be defined) threshold. The 
regulator – SoDM – needs to give clear guidance on how UDG project risk shall be assessed. The KEM-06 report here could be 
one piece of the overall workflow needed for deep geothermal risk governance, but alternative approaches and quantitative, 
probabilistic risk assessment should be considered at least for some perils and more risk prone project categories.  

        

Closure text for the website 
A summary in simple terms of the goal, the outcome and impact on mining policies or toolboxes of the research project (project 
evaluation text website) 
 
The objective of the project is to investigate and rank potential risks associated to Ultra Deep Mining activities. The project 
includes two tasks conducted in sequence: Task 1: Conduct a comprehensive review and ranking of surface and subsurface risks 
related to deep geothermal energy exploitation. Task 2: Suggest a suitable framework for risk governance of UDG project in the 
Netherlands. The intention of the tasks in this order was to first review the relevant risks and, based on this list, then suggest a 
suitable framework for addressing them.  The study on risk assessment for Ultra Deep Geothermal Energy has been 
commissioned to a well-qualified team of engineers and Earth scientists, led by Witteveen+Bos Raadgevende ingenieurs. The 
team included Q-con, a German GeoEnergy consulting company as a highly valuable partner, given their extensive experience in 
deep geothermal energy projects from around the world.  
 
The individual risk identification presented is a quite comprehensive and a highly useful resource, based on a broad (although 
not exhaustive) literature review and expert elicitation. The advantage of the bowtie approach is here that threats, top events, 
barriers and consequences can be presented in a well-structured analysis framework that is understandable and accessible to 
practitioners. The project successfully involved external input from practitioners and scientists active on the domain, during 
four hazard identification and prioritization session. This part of the report and the risk classification scheme presented, are 
highly useful and well-executed applications of the bowtie approach to ultra-deep geothermal plays in the Netherlands. The 
ability to quickly classify projects risks into qualitative risk categories, based on simplified sets of parameters, is valuable for 
upcoming projects. The Excel based analyses tools provided along with the associated User Guide are valuable additional 
resources that will help practitioners and also regulators to analyze project risks in a semi-quantitative sense. 
 
The report, however, contains little discussion on the suitability of the bow-tie analysis framework for UDG and in-depth 
discussion of alternatives, such as probabilistic approaches. While bowtie analysis is a well-established and proven tool, 
especially in oil and gas industry in the Netherlands, a critical review of the strength and weaknesses of the bowtie approach in 
the context of UDG and in comparison, with existing and published alternatives, would have been valuable in justifying a future 
choice to be made for risk management for UDG practice. It is also important to note that the approach proposed is not yet 
anchored in a regulatory framework in the Netherlands. It can be used by operators for information purposes but needs to be 
critically reviewed, adopted or extended  before being embedded in existing regulations.   

 


