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Executive summary

An evaluation panel consisting of Prof. Dr. Clare Bond (University of Aberdeen), Prof. Dr. Helle Pedersen
(Universite Grenoble Alps), Dr. Michiel van der Meulen (Geological Survey of the Netherlands) and Prof.
Dr. Eric Mackay (Heriot-Watt University), assessed GEUS Programme Area 3 (Energy Resources and
Geological Storage) for the period 2017-2024. Using publications, interviews, presentations, and facility
visits, they identified strengths, gaps, and made recommendations on the research areas CCS, geothermal
energy, seismic monitoring, offshore wind farms, decommissioning of abandoned oil and gas fields, and
hydropower potential of Greenland. They also offered some general recommendations on the position
of research area 3 within the larger GEUS organisation, data, internationalisation and strategy building.

General findings

During a period marked by the green transition and the COVID pandemic, GEUS navigated a shift from
lucrative hydrocarbon consulting to sustainable geo-energy and geological storage research, adapting to
reduced direct industry funding by competing in the science funding arena. Staff and management
displayed resilience and motivation, turned out an increasing number of peer-reviewed publications,
developed strong research partnerships, and acquired high-profile new hires. GEUS has an informal
organizational structure that fosters collaboration and free idea exchange. Within this stimulating
research environment, challenges remain regarding clear strategic direction, mentoring and diversity.

GEUS demonstrates broad interdisciplinary strength and solid national and European engagement. GEUS
maintains strong ties with Danish universities, despite occasional cost barriers hindering student
supervision and other forms of participation in academic research. Excellent research facilities and
extensive data foster international collaboration. The general impression from the evaluation is positive
and promising.

Subject-specific recommendations

CCS — GEUS has rapidly expanded its CCS research by leveraging expertise from the oil and gas industry
to support Denmark’s emerging CO, storage efforts. The focus has been on site characterisation, baseline
monitoring, and research with world-class core flooding facilities to support industry. These strengths
position GEUS to lead in modelling multi-scale thermo-hydro-mechanical-chemical processes critical to
CCS and reaching Net Zero. The organization must validate experimental results through partnerships
and international networks. Actions include appointing a scientific advisory board, clarifying GEUS's role
with respect to CCS, and strengthening community engagement.

Geothermal energy — Geothermal energy could become a key driver for Denmark’s energy transition,
leveraging its robust district heating network and developing assets like the Deep Geothermal Energy
Portal. The organization has efficiently capitalized on EU funding, yet its efforts remain hampered by
inconsistent political support, funding uncertainties, and the need for strategic, targeted industry
networks. GEUS is advised to define its geothermal role, update its portal, and develop multidisciplinary
research integrating geochemistry, seismology, and thermal analysis. Engaging with the Danish
government appears to be needed to promote geothermal energy in Denmark.

Offshore wind farms — GEUS is world-leading in mapping complex, glacially deformed terrains and near-
surface geophysical imaging, leveraging bespoke processing methods and Denmark’s excellent survey
conditions. This expertise supports offshore wind farm siting, benefiting from strong collaborations with
industry, academia, and international partners. GEUS is recommended to replicate their successes in this



research area, referring to the agile approach, the application of probabilistic inversion techniques, and
advanced processing methods, as well as to systematically harvest wind farm data for future reuse.

Decommissioning of abandoned oil and gas fields — Proper decommissioning of Danish oil and gas fields
nearing end-of-life is becoming urgent in view particularly of adjacent future activities such as CO, storage
that could trigger fluid migration and fugitive emissions. GEUS is urged to develop expertise for risk
assessment, facilitate reuse of abandoned sites for storage, and harness historical data from extraction
projects. Emphasis is placed on forming partnerships for monitoring, data transfer, and research
addressing safety and pressure management.

Hydropower potential in Greenland — The panel recognized the research’s potential for Greenland’s green
energy and economic growth. It highlighted the value of studying hydropower to understand climate
impacts on ice caps, floods, and biodiversity, recommending ongoing interdisciplinary communication.
After dialog between GEUS and the panel it has been decided that research topics related to hydropower
in Greenland (glaciology and associated hydrology) should be assessed under program area 5, where
glaciology and related hydrological topics are in focus, and research related to hydropower in Greenland
are therefore not assessed in this report.

Geological hazard and seismic monitoring — GEUS’s seismology team employs advanced seismic imaging
and monitoring techniques potentially useful for research across all programme areas, from climate
impacts and glaciology to deep Earth studies. The team fulfills the national mandate for seismic
monitoring in Denmark and Greenland, however this mandate should be extended to cover the full range
of natural and human created events that are monitored with seismic methods. Enhanced through
projects like GLISN and strengthened by recent recruitment, the group publishes internationally and
contributes to crisis management. New equipment, including dense nodes and fiber optics, offers
opportunities for frontier research. However, limited staffing and a small national seismology community
present the risk of underutilizing these innovative technologies. Recommendations call for expanding
capacity and international collaboration.

General recommendations

GEUS-wide considerations — The panel recommends GEUS embrace a multidisciplinary approach to
advance research across diverse subjects in the Programme Area 3 and beyond. Rather than
concentrating on CCS to the extent we see today, for example, GEUS should strengthen its core
disciplinary expertise to maintain flexibility for emerging topics and adapt. Integrating and linking 3D
geological models across varying depths will leverage exceptional national data, reveal gaps, and guide
future research. Additionally, studying interactions among different subsurface use scenarios and the
impacts on, for example, groundwater quality will enhance understanding of interrelated processes and
serve sustainable management of the subsurface. Emphasizing probabilistic methods for uncertainty
estimation and sharing key disciplinary knowledge in areas like seismology, chemistry, and mechanics is
crucial for maintaining international research excellence.

Data — In GEUS, data availability is a critical driver for research careers and innovation, yet concerns
emerge regarding long-term evolution of data services and assets, and ensuring future researchers are
adequately supported. GEUS is urged to continue to invest in its data assets, maintain openness and
integration with international standards, and develop robust harvesting, storage, and distribution
strategies. Recognising researchers as key data users and fostering interdisciplinary collaboration which
capitalises on the GEUS’s data holdings will ensure GEUS remains a dynamic hub of globally competitive
research.



Internationalisation — The GEUS national mission targets research areas vital for Denmark while
demanding an international framework to remain at the forefront of knowledge. Despite notable
progress and enhanced global collaborations, the panel recommends further improvements. They advise
GEUS to continue to develop distinct, world-class facilities and at the same time promote shared facilities
with international partners. Strengthening international exchange, sabbatical programs, and cross-
border cooperation around key geological structures is essential. A long-term vision for engaging in
international research infrastructures, such as EPOS and ECCSEL, will ensure GEUS maintains its
international leadership.

Strategy building — Research in Energy Resources and Geological Storage has rapidly evolved from oil and
gas towards green energy and subsurface storage. While oil and gas activities have declined, increased
CCS research has offset this change. The panel urges GEUS to develop long-term strategic planning across
all levels. Recommended strategies include identifying emerging topics, integrating cross-disciplinary
investments, clarifying academic roles, and enhancing internal collaboration and informal exchanges.
Strengthening partnerships with universities and sharing research facilities with international partners
will help align strengths. These measures will enable GEUS to better navigate evolving funding landscapes
and national priorities for success.
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Framework for the Evaluation

This section summarises a comprehensive review of the evaluation process.

Evaluation Panel

The evaluation panel consisted of the following four people:

e Clare Bond, Professor at University of Aberdeen, Department of Geology and Geophysics,
Aberdeen AB24 3UE, UK (clare.bond@abdn.ac.uk)

e Helle Pedersen, Professor and Physicienne CNAP at Universite Grenoble Alps, Institute des
Sciences de la Terre, Grenoble Cedex, France (helle.pedersen@univ-grenoble-alpes.fr)

e Michiel van der Meulen, Chief Geologist and deputy director at the Geological Survey of the
Netherlands, @ TNO, Princetonlaan 6, 3584 CB Utrecht, The  Netherlands
(michiel.vandermeulen@tno.nl)

e Eric Mackay, Professor and Energi Simulation Chair in CCUS and Reactive Flow Simulation at
Heriot-Watt University, Institute of GeoEnergy Engineering, Edinburgh EH14 4AS, UK
(e.j.mackay@hw.ac.uk)

Evaluation Process

The evaluation panel was given the following terms of reference by Lars Nielsen, Deputy Director of GEUS:

Background

According to the Danish Statutory Order from the Ministry of Climate and Energy of January 20, 2009, on
Evaluation of Research conducted by the Geological Survey of Denmark and Greenland (GEUS), the GEUS
Board has decided that the next research evaluation will cover Programme Area 3: Energy Resources and
Geological Storage.

Objectives

The panel is asked to undertake an evaluation of research and dissemination activities to identify
strengths and gaps as well as needs for amendments and improvements in relation to GEUS’ strategy and
mission within the GEUS Programme Area “Energy Resources and Geological Storage”. The evaluation
concerns the period 2017-2024, constituted by the following main themes/research areas:

e Geological storage

e Geothermal energy

e Geological hazards and seismic monitoring

e Offshore wind farms

e Decommission of abandoned oil and gas fields
e Hydropower potential in Greenland

The evaluation must be based on a thorough examination of selected GEUS publications and reports in
addition to a visit to the premises of GEUS in Copenhagen.



Tasks

The task of the panel is to evaluate the research, and the research outreach activities based on:

e Publications, reports and other relevant material produced over the period 2017-2024
e Presentations by GEUS researchers

e Interviews with GEUS’ researchers and management

e Visits to laboratories and work facilities at GEUS.

e Informal discussion during lunches and dinners

In order to improve GEUS’ ability to fulfil its main mission within the Programme Area seen in the
perspective of the GEUS’ statutes and general mission, the evaluation needs to:

e |dentify areas of high-quality research

e Identify areas where the research and facilities of GEUS could be strengthened

e Provide comments and suggestions as to strategic changes, amendments, and improvements to
GEUS’ activities within the Programme Area.

Organisation of the evaluation

The evaluation panel carried out their work at GEUS 8-11 April 2025 according to the original planning
and the detailed agenda shown in Annex A with presentations day 1 of main research areas focussing on
achievements in the period 2017-2024. Day 2 was dedicated to shorter presentations of present and
future initiatives and activities as well as presentations on research quality and outreach followed by
visits to laboratories and demonstration of tools and techniques. At day 3, the panel interviewed staff
members and started preparing the outcome of the evaluation, a task that was continued at day 4 which
was concluded with a debriefing by the panel to the involved staff, head of departments, and Directors.
The final report was prepared during the following weeks and delivered to GEUS in a final version by the
end of April.



General Context and Findings

The evaluation period was a time of change. The green transition marks the end of Denmark’s
hydrocarbon era. GEUS lost a significant amount of income from hydrocarbon exploration related
consultancy. This means that GEUS researchers in Area 3 had to reinvent themselves in two ways: moving
from hydrocarbons to geological storage and sustainable geo-energy and moving from the benefits of a
relatively direct income from industry to competing in the Danish science funding arena, all whilst
transitioning towards further focussing on research. On top of that, the COVID pandemic took place
during this transition.

Having said that, we were struck by the positivity of, and management we met and heard during the
evaluation. Our first finding is that some of the most basic prerequisites for success in the Programme
Area are met: GEUS demonstrates resilience and motivation. Our second general finding is that GEUS has
thus far successfully navigated the green transition. In accordance with the transient nature of the
evaluation period, our focus was on the most recent accomplishments and trends, we consider that it
would have been unnecessary to evaluate hydrocarbon research that was still undertaken in the first
years of the evaluation period.

Other general successes include increasing the number of peer-reviewed publications, which is one of
the recommendations of the previous evaluation. These publications also identify that GEUS has built
research partnerships with other organisations, especially universities. This demonstrates that GEUS built
a reputation in the research community, which is also evidenced by some of the recent high-profile hires
that are discussed below.

Organisation and way of working

A proper appraisal of the research activities required us to familiarize ourselves with the organisation of
GEUS, which has discipline-based departments that serve the different programme areas in varying
proportions. While diving into the specifics of the research themes, we learned about the way in which
GEUS manages research and drives research strategies. Fully aware of the fact that this falls outside our
remit, we took the liberty to also make a few general recommendations, which we believe could help
Area 3 in GEUS in realising their research ambitions. We were free to decide which members of staff we
wished to discuss further with. We focussed on interviewing two groups. First, with department leaders
to better understand each subject area. Secondly, we discussed with newly appointed professors and
researchers to gauge the potential impact that the recent professor recruitments have had / could have,
and to understand how the working environment and research at GEUS is perceived by new staff.

Finally, GEUS is a geological survey, i.e., an organisation that studies the geology of its national territory
in order to identify geological resource and hazard potentials. Studying is more than conducting research;
activities of geological surveys typically also include data and information management, and government
advice on resource or hazard management. Even though we were tasked to focus on research, we also
made a few recommendations on how research in Area 3 could both strengthen and benefit from the
other functions.



Research environment

The panel recognised that a constructive and supportive research environment with excellent facilities is
an integral element to the production of high quality research. To assess the research environment and
culture at GEUS the panel were informed by discussions and interviews with key researchers at different
levels within the organization and had the opportunity to visit two laboratories and discuss the facilities
and research with laboratory managers, researchers and technicians. Recommendations related to our
findings within this section are included in the section ‘GEUS scale considerations with impact on research
within Area 3’.

Research Culture

Discussions with staff both formally in interviews, in response to questions following presentations and
in informal discussions, highlighted to the panel that a culture of collaboration and support is the normal
modus operandi in GEUS. All staff we interviewed enjoys the freedom to speak to others and to engage
collaboratively to form projects and discuss ideas. Department structures and topics were not seen as
barriers or silos by researchers, neither were topics or themes. This creates an apparently flat structure
with liberty for researchers to develop ideas and for new research areas, subjects and collaborations to
emerge organically. However, within this free culture, personnel were well aware of GEUS’s role and
position within Denmark in terms of the mandatory elements of work, as the custodian of data and
resources and in the role as a national advisor to government and in the support of government policies
and procedures. Personnel were intrinsically motivated to contribute to GEUS across all elements of
work. In general individuals we interviewed were enthusiastic about working at GEUS and had a clear
idea of how they contributed.

Mentoring and Support

The panel observed that the recommendation from the previous review of the Energy Resources and
Geological Storage theme to introduce a Professor programme had been actioned and, although
appointments were relatively recent, that the Professor team was now in a position to act strategically
and develop areas of focused high quality research. How to practically leverage on the professors as
strategic drivers of research seems not yet to be fully clear to all. This initiative has attracted some strong
international talent, but is mainly based on internally developed staff. The panel noted that the internal
Professorial team working in Energy Resources and Geological Storage is male. Thought may be needed
on how to create role models for and mentor women and minorities within Energy Resources and
Geological Storage research at all levels. Opportunities exist through the engagement of Adjunct
Professors and GEUS Professorial appointments in other sectors.

The free research culture of the organization provides an apparently open opportunity for all, but could
also result in a lack of structure or clear sets of goals for some researchers. It was apparent that
researchers in general lack a picture of the GEUS strategy for Energy Resources and Geological Storage,
or how they contribute to it, beyond broad themes and direction. Within a rapidly evolving funding
landscape this easily leads to funding proposals that are prepared without knowledge of, therefore no
contribution to, overarching goals, whether in Area 3 or, possibly, broader within GEUS. It may also put
unnecessarily strong constraints on each individual’s assessment of which subjects to work on; a shared
feeling among the staff was how funding opportunities limited potential research activities. Also, the
informal nature of appraisals and targets or goal setting, while clearly working for many, may be less
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helpful for others' development as researchers. Existing programmes for research development may help
in inform a future more structured approach?.

Administrative support for research activities and staff seemed informal, and non-bureaucratic, providing
an environment in which researchers can focus on their core skills and expertise. The level of
administrative support during proposal preparation and submission stages seemed strong: perhaps
consideration could be given to greater Project Management support during the lifetime of projects. It is
understood that during one-to-one consultancy activities project management can often most efficiently
be provided by the researchers themselves, thereby saving overhead. However, for larger scale and
especially multi-party projects, the administrative overhead can limit the time for researchers to
undertake research, and, indeed researchers are not always best suited to fulfilling such a role.

Heads of Departments spoke of encouraging a culture for publications, rather than reports, and
strategically targeting conferences to raise the profile of researchers and GEUS. Similarly, researchers
spoke of the need to move from report writing to papers and discussions and thoughts on how to do this
effectively within budgeted time were openly discussed. The breadth of outputs was noted by the panel
and the leadership of some Heads of Department, for example, in media relations and public
engagement, as well as engagement with schools, the design of outreach activities, alongside reports and
publications, evidenced the breadth of active communication. It is noted that GEUS put effort into and
are effective at public dissemination at many levels - more so than would be characteristic of academic
institutions. They are therefore well placed to lead the debate in the public square during the Energy
Transition, where other countries have not fared as well, and so have lost out on opportunities to
decarbonise.

Engagement Beyond GEUS

The presentations highlighted a depth and breadth of capacity and competence across different
disciplines. The strength of integration within this diverse capacity appeared to be serendipitous rather
than strategically managed, but the capacity to collectively carry out high level scientific projects and
research was evident. As would be expected for a national survey, some of the work by its nature was
nationally focused and there was evidence of good connections with Danish Universities that were
actively being grown. However, some researchers spoke of barriers to engagement, mainly related to
costs, with a significant impact on willingness to take on student and Ph.D. supervision time unless they
work on short-term, funded, project goals.

GEUS is well established, and fully embedded into the European landscape of geological services and
participates in cross-European geological survey initiatives. It has well established European connections
in CCS as demonstrated by significant EU grants. Researchers and managers spoke of being invited to
participate in programmes and bids by other research groups and organisations.

! Examples of existing frameworks and tools and resources include VITAE (vitae.ac.uk), EURAXESS
https://euraxess.ec.europa.eu/career-development/researchers#tools--resources), European Competence
Framework (https://research-and-innovation.ec.europa.eu/system/files/2023-04/ec rtd research-competence-
presentation.pdf)
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Research Facilities and Data

Research facilities seemed to be a priority with significant investment and ongoing development to keep
abreast of technological advancements and demands. Investment was evidenced by the refurbishment
and co-location of equipment in the laboratory ‘stack’, the inhouse designed and manufactured
equipment, e.g., facilities seen in the core-flooding labs, investment in significant seismological capacity
- 1200 nodes and 2x DAS interrogators, CT core scanning facilities, and in plans to submit proposals for
DAS cables and geomechanical rigs. Technicians and staff were proud of the capacity and equipment,
some of which is clearly world class (e.g. node facility and core flooding laboratory). Specialised
instruments and kit seemed well supported by more generic facilities for rock sample preparation,
analysis and workshop facilities. Safety awareness and briefing was noted by the panel and applauded.

The wealth of data GEUS holds was discussed by many researchers and managers, issues around curation,
accessibility and long-term custodianship were discussed. Solutions to some of these issues were not
apparent. Access to data and facilities had attracted international collaboration, engagement and talent.
Further, leveraging the benefits inherent in the wealth of data available to GEUS and others could support
significant world class science and international engagement.

12



Main Research Areas

Geological CO; Storage

Status/evaluation

Industrial scale subsurface CO, storage has been undertaken by Statoil/Equinor in Sleipner since 1996
and Snghvit since 2008, both in Norway; however, it has taken till now for projects elsewhere in the North
Sea to reach FID. This means that in the current reporting period there has been a rapid expansion in
research in CCS, and GEUS have been very adept at switching and leveraging expertise and capacity
previously applied to supporting the oil and gas industry to addressing the requirements of the nascent
CO; storage industry in Denmark. As a result, CCS has become a major, if not dominant part, of the
activities in Area 3 — as the new name of the portfolio itself might hint at — successfully attracting
significant research funding.

As a national survey, it will be important to distinguish between specific baseline monitoring and site
characterisation efforts on the one hand, and more general research work to support industrial storage
projects on the other. The baseline monitoring is key to identify migration of CO, and other pore fluids
out of storage complexes, pressure responses in wider connected pore volume, and any arising seismic
activity. These latter are subject of intense research, and baseline monitoring makes such research
possible, as well as giving key information to GEUS in an advisory role.

GEUS is custodian to an impressive coverage of seismic data across Denmark and offshore Greenland,
and has a strong capacity for seismic data interpretation. This means that not only is it well placed to
support CCS prospect identification, identification of risk/opportunities arising for multiple users of
connected pore space, and monitoring pre, during and post storage operations, it is well placed for doing
these at the highest international level.

The research covers a broad range of areas. Core flooding facilities are world class, clearly benefiting from
in-house workshop and technical expertise, and give GEUS the potential to develop frontier research
themes and support thermo-hydro-mechanical-chemical modelling and other cutting-edge initiatives,
across a range of subsurface storage and energy technologies. Whilst in the past some oil and gas
operators and the service sector had in house laboratory facilities for generating field specific relative
permeability and capillary pressure functions needed for numerical modelling of hydrocarbon recovery
systems, companies working on CCS may be too small to have their own in house facilities, or may not
have developed or adapted the expertise to carry out this function well, meaning that GEUS is well placed
to offer this as a service. As well as generating income, to do so would inevitably also help identify arising
critical research questions.

Risks and Opportunities

As GEUS seeks to develop capacity and reputation in this emerging and, as yet, data poor domain, one
challenge is how to validate experimental results and interpretations, and how to confront them with
results from elsewhere and from the wider context. An opportunity is to benefit from university
experience in Denmark and abroad through forming partnerships, alliances and shared research projects
and PhD supervision.

CCS is a rapidly evolving landscape, and engaging closely with the wider academic community will also
help keep GEUS research relevant and addressing knowledge gaps, avoiding duplication. There is
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opportunity for GEUS not only to participate in building of community and networks, but to drive
development of these.

CO; storage processes and their impacts need to be modelled to address issues such as near well Flow
Assurance all the way to basin scale pressure responses, and over the time scales of pressure transients
during well start up and shut down to plume migration over millennia — much greater ranges than typical
oil and gas asset teams would need to address. This creates challenges around how to upscale from
laboratory experiments to large scale structures and over long enough time frames to identify limits of
plume migration, and CO; dissolution and mineralisation processes. Integration of different scales of
activities could be considered across a wide range of GEUS competencies (e.g., geochemistry, seismology,
modelling).

Whilst GEUS distances itself from explicitly supporting hydrocarbon extraction activities, it should not
lose sight of the fact that it has a unique opportunity to act on behalf of the nation to be a repository of
data associated with static reservoir description activities, but also of how dynamically these reservoirs
have responded to externally imposed flow conditions. This data and insights are critical to the transition
to Net Zero. For instance, it is unlikely that there will ever again be finance and motivation to pump
hundreds of millions of cubic metres of seawater to depths exceeding 1km, to be displaced across rock
formations of known mineralogies over distances of order kms, and then back up to surface, to be
analysed for changes in ionic compositions, or for pressure responses to these pumping processes to be
carefully observed and modelled at 1-100km length scales. Such data could benefit more immediate CO;
storage projects in Denmark or across the world, and future applications yet to be dreamt of.

Consideration should be given as to how the EU Net Zero Industry Act (NZIA) will change the energy
landscape. How the Act should translate to national policies that will impact GEUS; and in turn how this
might drive new areas of research and/or demand that GEUS could benefit from.

Strengthening of expertise in core disciplines associated with thermo-hydro-mechanical- chemical
processes will enable GEUS to diversify to activities other than CCS as the significance of CCS declines and
other emerging applications develop (eg geothermal, compressed air energy storage, underground
hydrogen generation and storage, disposal of nuclear waste and other contaminants, critical mineral
recovery, water purification, etc...).

Recommendations

Appoint a scientific advisory board to review undertaken and planned research in CCS. Demand for
consultancy in a competitive landscape by the mature oil and gas industry provided implicit steer and
assurance of quality of research. However, in the emerging CCS landscape such a review process has yet
to become established — hence the need for an explicit function.

Build a broader community and network across all aspects of CCS (e.g. geochemistry with DTU,
geomechanics and seismic monitoring etc...)

Engage with other national surveys and academics around the North Sea to identify key research topics
and cooperation at cross-boundary scales. This would facilitate agreement on common
recommendations for how regulators should uniformly address pressure resource management within
and across international boundaries.

Clarify and explicitly state GEUS’ future role for CCS with regard to (a) monitoring and (b) key areas of
research in which GEUS will become world leading.
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Geothermal Energy

Status/evaluation

GEUS has demonstrated that geothermal energy is a key topic for the energy transition in Denmark. The
fact that 70% of the housing stock in Denmark is linked to a district heat network makes the nation
uniquely primed to roll out low enthalpy geothermal energy without the additional costs and
complications of retrofitting housing stock and establishing new heat networks. Significant work has been
undertaken on baseline mapping and studies to inform the industry and potential for geothermal energy
in Denmark. The Deep Geothermal Energy Portal is a useful compilation of knowledge on geothermal
energy for the energy industry and authorities giving an overview of the characteristics of subsurface
suitability for geothermal energy extraction, the inclusion of geological uncertainties as well as the
density and quality of the geological data provides a significant resource for the industries and authorities
involved in development of geothermal energy in the country.

GEUS managed to efficiently capitalise on EU funding for a series of geothermal and energy storage
projects till 2021, working across Europe and with key industrial partners. The team are building a broader
network of industry contacts (e.g., GreenTherma), but these appear serendipitous rather than strategic
and targeted. A general acquiescence in the sector in Denmark appears to have created challenges to
engagement and funding in geothermal for GEUS. Researchers working in geothermal energy highlighted
that an update of the Deep Geothermal Energy Portal is needed, and that funding is required to establish
this as a long-term resource. Strategies to evolve expertise and build further competences require
thought. Given the continued development and research into geothermal in neighbouring countries,
opportunities across Europe and elsewhere, focused on fundamental issues such as resource extraction
efficiency may be fruitful and indeed current funding is through European initiatives and through the
European Geological Survey network. Opportunities for deeper geothermal plays identified by GEUS and
the associated challenges and opportunities may be of regional, cross-Europe, interest.

Synergies between competences and research questions developed for CCS are likely equally applicable
to geothermal; and building from these skills and areas of scientific enquiry to geothermal and other
areas would be beneficial (see Section General Subject Oriented Recommendations). Such areas include
understanding potential changes in geochemical processes with flow and temperature changes, and the
development of effective monitoring strategies, associated with injection and extraction strategies in the
subsurface.

In support of thermal understanding of the subsurface the team have created a thermal conductivity map
and a web tool for evaluating the potential for thermal energy storage. This database could have a range
of uses including for subsurface/buried cables from wind energy.

Risks and Opportunities

Whilst the team has built assets and databases for use in the development of geothermal energy, the
political drive to realise Denmark's geothermal energy has not developed in line with this. This is likely
due to one or two projects that have been less than successful - lack of success perhaps being attributable
to lack of technical expertise rather than overwhelmingly difficult operating conditions. A decrease in
political will and hence national funding has left research in this area uncertain. Given the sub-surface
opportunities and the high coverage of district heating networks, the geothermal potential of Denmark
will likely at some point be exploited, with significant impact on the green transition and sustainable
energy for the country. When realised, GEUS needs to be positioned to benefit from both the scientific
development of the resource and as an independent advisor to the government on monitoring policies
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and strategies. Moves by Innargi and others suggest that investment in geothermal may be realised and
developed over the coming years and ongoing connections with companies holding and developing
licences would be pertinent. Opportunities should be sought to develop engagement with government
ministers and advisors to highlight the potential importance for Denmark to realize their geothermal
assets efficiently to contribute to the green economy. Given the national uncertainty in geothermal
development, opportunities at the European and international levels may provide a better alternative for
research funding success in the short term.

The team have highlighted the potential for multiple (stacked) geothermal reservoir sources. This would
be an interesting area to develop in terms of identification of the opportunities and challenges such
stacked systems might bring for geothermal energy exploitation. Given the demands on the sub-surface
as the transition to Net Zero occurs, the co-location of storage and extraction demands, and surface
infrastructure will be a key consideration with broad research potential.

Recommendations

GEUS’ should aim to define its role in geothermal, keeping expertise to allow for efficient advice to be
given to authorities and companies on geothermal energy as it is developed.

Core disciplines, such as geochemistry and seismology, need to input into a strategic vision for
geothermal and other subsurface technologies, developing a research vision and key research questions
that need to be answered to support a geothermal industry in Denmark and beyond. Engaging developers
in these technical discussions on challenges would provide industrial focus,

Research should be integrated and multidisciplinary, based on processes and induced hazards (e.g.,
geochemistry, induced seismicity, geomechanics, ground water).

Investigate the potential for strategic research partnerships across Europe that could leverage research
income and consolidate expertise.

Consideration should be given as to how to build funding to update and maintain the Deep Geothermal
Energy Portal as a strategic asset.
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Offshore Wind Farms

Status/evaluation

GEUS is world-leading in mapping complex glacially deformed terrains with geophysical methods.
Offshore, and on-land, near-surface geophysical imaging is at international standard. GEUS have built
their expertise in the context of several geological and operational conditions:

e A level of geological complexity that cannot be resolved with the borehole information at the
disposal of GEUS. This necessitated using geophysical techniques and developing bespoke
processing methods.

e The technical and financial ability to conduct geophysical surveys.

e Anindustrial drive for off-shore wind in the Danish energy sector (e.g., @rsted)

e The country is flat and not densely populated in most areas, making for optimal survey terrain
conditions with limited interference from buildings and anthropogenic noise for onland survey.

Denmark is particularly suited for offshore windfarm development and GEUS is particularly capable of
conducting the siting surveys, and it seems only natural that the organisation managed to assume a key
role in this field. It demonstrates that GEUS does not only possess the necessary scientific and operational
capabilities, but also the agility needed to navigate the changes associated with the green transition. Key
elements of this success include:

e Working with industry (for example Qeye)
e  Working with academia (in particular the University of Aarhus).
e Working internationally (for example in Vietnam)

Opportunities and Recommendations:

e The probabilistic inversion techniques and approaches to uncertainty analysis could successfully
be deployed elsewhere in the organisation, in particular to deeper geophysics.

e The success can be replicated elsewhere in the organisation.

e The development of processing and imaging methods should be shared across the organisation.

e GEUS developed its own approach to manage the gap between marine and land-based seismic
surveying; this could be deployed internationally.

e Pushing for arrangements to harvest the data from wind farm siting and keep them accessible
for future reuse.
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Decommissioning of Abandoned Oil and Gas Fields

Status/evaluation

As oil and gas fields offshore Denmark reach Cessation of Production, well Plugging and Abandonment
and more general decommissioning becomes a field of importance and some urgency. Protection of the
environment is, of itself, a necessary outcome of ongoing good stewardship of GeoEnergy exploitation.
However, with possible multiple users of connected or adjacent rock formations, ensuring each distinct
activity alone, and the various activities collectively do not create elevated environmental risk takes on
more importance. Say an oil or gas field is abandoned according to standard industry practices — what if
there is pressure dissipation, or injected or stranded fluid migration into the depleted field due to nearby
CO; storage operations. If there is a risk of subsequent fugitive emissions, how should this be identified,
attributed, and prevented or remediated? Seepage (including factors that could contribute to it and
monitoring of it) is a topic very fitting and relevant for GEUS to address. It is thus important to continue
to develop high-level expertise to provide for advice and management of arising risks.

Risks and Opportunities

There is opportunity to identify potential use of decommissioned (or soon to be decommissioned) sites
for storage. As well as the risk of harmful interferences, there may be potential synergies between
ongoing/terminating hydrocarbon extraction activities and CCS. These relate to opportunities for
enhanced pressure management in either or both activities due to the presence of the other.

The existence of enormous data sets from past subsurface extraction projects creates opportunities —
which opportunities, what data precisely and how best to realise these should be identified and value or
otherwise of undertaking such work should be established.

Recommendations

Identify emerging research needs to ensure effective reuse of decommissioned oil and gas fields for
storage. Due to existing knowledge and infrastructure, (temporarily) available human expertise, proven
existence of a caprock capable of preventing vertical migration of buoyant fluids, greater compressibility
of unrecovered fluids, and greater solubility of CO; in hydrocarbon rich than in agueous phases, pressure
depletion, etc., depleted oil and gas fields may be suitable prospects for permanent or temporary gas
storage. For other reasons these systems may not be suitable. Whilst public and political opinion is
against hydrocarbon extraction, GEUS has a role in understanding, and where appropriate, promoting
the use of all subsurface opportunities for the Energy Transition - including using abandoned / soon to
be abandoned oil and gas infrastructure.

Identify and harvest data from oil and gas field operators. If there is any evidence of out of zone fluid
migration events, GEUS will be expected to support the competent authority in identifying them, their
source, likely overall impact and remediation strategies. Such an ask will be untenable in the absence of
data residing with the operators at the time of Cessation of Production. GEUS are encouraged to form
and lead a task force with the regulator and industry data holders to identify, transfer and curate not just
static geological data, but time dependent field production data (production and injection volumes,
pressure responses, field operations reports, produced hydrocarbon and brine compositions, updated
geological models).
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Hydropower Potential in Greenland

The research supporting hydropower in Greenland is mainly based on hydrology and glaciology. The panel
recognised the importance of the research and the potential it brings in terms of green energy for
Greenland and opportunities for economic growth. The panel also noted that research into the
hydropower potential in Greenland provides opportunities to better understand the impact of global
warming on: ice caps, flood risks, biodiversity changes and more. On this basis the panel recommends
continued communication between all interested researchers across the breadth of issues that climate
change brings to Greenland including opportunities for hydropower. Moreover, after dialog between
GEUS and the panel it has been decided that hydropower will be assessed under the program area where
glaciology and related hydrological topics are assessed.
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Geological Hazard and Seismic Monitoring

Seismology provides not only monitoring techniques for earthquakes but also provides tools for imaging
and monitoring of the Earth, ranging across all of GEUS’s Programme Areas, from climate impact on Earth
structure, glaciology and water management to the Earth’s inner core. The target depths for GEUS's
Energy programme can also be covered by seismological techniques, providing key complementary
information with respect to other techniques.

The seismic monitoring of Denmark and Greenland is part of GEUS’s national mandate. The seismic
hazard is low across all of the monitored areas. The predominance of sea coverage presently puts severe
constraints on observational capacities due to the difficulty of permanent operation of under-water
equipment. The group in charge of the continuous monitoring are also deeply involved in cases of crisis
management in case of major national or international events. The team is fully engaged and highly
competent for this continuous monitoring and for research in seismology in general. Despite the daily
monitoring requirements, the team manages to regularly publish in peer reviewed international journals,
mainly on subjects relating to seismicity or other recorded events. The enhanced observational capacity
that occurred through the GLISN project has been partly maintained, leading to improved monitoring and
imaging of Greenland.

The recent addition of an external world-class researcher, presently in a professor position as part of the
professor programme, is a valuable addition to an already well performing team. In particular, the group
can now move into new types of research, integrating new and frontier techniques for measuring ground
displacement and a more diverse set of study objects. A key example of novel use of seismic data was
their contribution to the international effort to understand the landslide and tsunami in the Dickson fjord
in Eastern Greenland.

Risks and Opportunities

GEUS has recently acquired world class equipment (‘nodes’) for dense deployments and for fiber optic
cables and fiberoptic technology. This is an immense opportunity for the team and for GEUS. For example,
the nodes can be installed for a large variety of target imaging, all of them relevant to the key targets of
GEUS (e.g., glaciers, groundwater, near-surface geology, shallow and deep reservoirs, mine security,
mineral resources), and for micro-seismicity studies, which are clearly necessary to better understand
potential induced seismicity both for CCS and geothermal applications, as well as landslides, for example.
Fiber optic technologies will potentially significantly enhance both monitoring and imaging capacities
with new off-shore and near-shore observation points, and will allow for new insight into the physical
processes, tying the seismology group to, for example, glacier and rock mechanics research.

There is, in spite of the recent professor recruitment, a significant risk for GEUS to not be able to fully
exploit these new techniques and exciting research opportunities due to the small number of
seismologists in GEUS, combined with the fact of an exceptionally small community of seismologists in
Danish universities. Also, this situation means that the capacity of having Danish joint PhDs is limited, so
that PhD projects in seismology might improve knowledge capacity without them necessarily being
applied to targets in Denmark.

Events in recent years have demonstrated that seismology is an essential component in the monitoring
of natural and human induced events which are important for Denmark, Greenland and the international
community. This includes monitoring landslides (on-shore, off-shore), monitoring critical infrastructures
at sea (for example energy transport, communication networks; civil and military), with significant
research efforts worldwide. This monitoring, which is of huge strategic security and economic importance
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for Denmark, is not part of the present GEUS monitoring mandate, and it is presently not possible to
systematically carry out this level of monitoring with the present staff and instrumental setup.

Recommendations

Grow the seismological capacity at GEUS. This would make it possible to fully benefit from new
technologies and improve research capabilities for key targets across GEUS’ programme areas, and would
place GEUS on cutting edge research for both seismological techniques and understanding the physics
and evolution of natural structures, including key targets for Area 3.

Facilitate the inter-ministry discussion that would make it possible that the monitoring of all natural
and human induced events become part of the GEUS monitoring mandate with adequate funding and
staffing levels for these new tasks.

Continue to expand the international collaborative framework to fully benefit from a fast evolving
research landscape in seismology, with major ongoing efforts on new technology and observation
methods.
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General Subject Oriented Recommendations

The panel has identified a number of cross-department research subjects that would deserve specific
attention in Area 3, and that could engage the teams in frontier research which requires a broad and
multidisciplinary approach. There is a risk that GEUS becomes very (too) strongly focussed on one
application (say, currently, CCS) and in future is not able to show the same level of nimbleness to adapt
to the next emerging key topic as it has shown to adapt to CCS. Focussing on developing key core
disciplinary strengths, and constantly developing and strengthening multi- and inter-disciplinarity, will
both mean that GEUS can retain and develop the international standing of its research capability, but
also mean that it is alert to the need for, and adept at adapting to, emerging application areas.

Connect up models from different depths. GEUS has an extraordinarily rich potential, both from a model
and a data perspective, to join world class research on integrated models. In particular, the development
of evolving 3D models falls fully within the GEUS mandate and mission, and could both benefit the
societal use of the models, and the fundamental understanding of Denmark underground, from very
near-surface to at least economic depths of ~5 km and potentially to the bottom of the crust. The actual
mathematical connection of models from different depth intervals, where the models are obtained with
different methods and datasets, is the subject of efforts world-wide. Denmark has exceptional data and
model coverage that could keep GEUS in the forefront of competence and research in this area. Such
models would have the additional benefit of easing identification of knowledge gaps and future research
targets.

Identify and study interaction between application areas. For the Energy Resources and Geological
Storage area a natural and necessary target is to study the interaction between different storage
scenarios, i.e., storage in the same formation at different locations, where the geological units
communicate through physical and chemical processes. Another natural target would be to do further
research on the links between ground water quality and storage or energy extraction.

Propagate and integrate probabilistic methods into uncertainty estimates across different application
areas. GEUS is strongly involved in probabilistic data inversion methods. These methods have the
potential of providing uncertainty estimates of the 3D earth models, and to objectivise model
hypotheses. Such approaches can be applied to many research activities in GEUS but they require
knowledge sharing and close cooperation between the specialists in these methods and the specialists
that are able to formulate model hypotheses and constrain the variability of the models that are explored.

Share and propagate novel key disciplinary knowledge across departments and programmes. While the
panel congratulates GEUS on the present ease of cooperation between all parts of GEUS, across
departments and across programmes, it would be strategic to find further mechanisms for knowledge
sharing, in particular on the core disciplines and techniques which are highly versatile - chemistry,
seismology, mechanics, etc.
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GEUS Scale Considerations with Impact on Research within Area 3

Data

Status/evaluation

Several of the researchers we interviewed mentioned that the availability of data is among the leading
reasons to develop a career in GEUS. It is a key enabler for research, which then generates a wealth of
new data and information. The interviews did raise questions about long-term data management, and
we challenge GEUS to ask themselves the question whether they are enabling future generations of
researchers as much as they are currently enabled by past efforts in data availability. Exceptions aside,
the academic institutions that GEUS benchmarks itself against lack the capabilities and infrastructure that
geological survey organisations (should) have for long-term data management.

Recommendations

Invest in data. GEUS has a unique role, indeed mandate, to enhance assets and to ensure openness and
connection with international organisations and standards, for both formats and services.

Develop a strong data harvesting, storage and distribution plan, considering workflows. This is clearly
a role GEUS is actively involved in already, but the types of data harvested, the technologies for storage
and dissemination, and the opportunities for access afforded internally and externally should be under
constant review - with some recommendations suggested above. Data collection, curation and access all
entail a significant operating cost, not just a capital cost, so a strong investment plan is necessary.

Harvest data from private operators and service companies on ongoing and decommissioned sites. A
huge investment has been made to generate these data, and while the original reason for acquiring them
may be passing, they may have immediate future usefulness, and perhaps as yet unseen usefulness in
decades to come. We would not wish for future review panels to bemoan the failure to take advantage
of a (relatively) readily but time limited data capture opportunity. A concerted (and well thought through)
exercise on this front would provide opportunity to expand the types of data that enter the data
distribution. Consideration should also be given to centralisation vs dispersal of data. For instance, a
centrally held data repository may be easier to manage, but be less accessed and hence deliver less value
for GEUS; whereas distribution of data and data usage expertise across disciplines might require greater
thought in planning formats and workflows, but yield much greater benefit in usability and usefulness of
data. Where data are being actively used, it will be much more straightforward to justify the cost of
curation.

Recognise GEUS researchers and their partners as key users of data. Linked to the above, focus on
internal and external data usage communities, including integration across disciplines, rather than focus
on the data per se, will enhance GEUS’s function as a centre of internationally excellent and vibrant
research, and guard against the risk of it slipping into the status of a museum.
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Internationalisation of Research Activities

The GEUS national mission naturally leads to study targets which are of specific interest for Denmark and
for Danish researchers, whether at GEUS or in other research organisations in Denmark. However, the
techniques to carry on research on these targets have to take place in a fully international framework to
stay at the forefront of knowledge and research. Also, some targets in Denmark are part of fully
connected systems that extend across national boundaries. GEUS is fully connected to the collaborative
landscape of geological services, for example through EGDI.

The panel observes a positive evolution in Area 3 since the last evaluation, with many publications
involving researchers from organisations outside Denmark. There is still room for improvement, which is
why the panel has prepared a list of recommendations useful for Area 3 and, intended as ideas for GEUS
to continue to progress.

Recommendations

Continue to develop distinct and complementary world-class facilities rather than developing similar
facilities to other organisations. While it is immensely practical to have some facilities on-site (and GEUS
are encouraged to maintain their workshop capacity at a time when many other organizations are losing
theirs), the necessity to work with other organisations is a strong incentive to develop a strategy for
sharing experiments, equipment and laboratory facilities with international partners, leading to long-
term strategic ties to other organisations with mutual and continuous benefits.

Create network opportunities on emerging subjects where joint capacity building is necessary. Creating
informal research exchange groups on exciting subjects is highly motivating and has an excellent
cost/benefit ratio. Also, informal discussion groups are an efficient way to engage researchers that might
be far from international projects because of the funding model of their research, rather than relying only
on a small number of researchers, in particular the professors, to be responsible for the international
research engagement of GEUS. Informal and low-key groups, which would need to engage also academic
partners, can be excellent for exchanges on emerging or specifically difficult subjects, such as for example
pressure propagation between different storage or energy sites, hydrogen generation and storage,
geochemistry of geothermal brine production, numerical modeling, etc. Such groups could additionally
be nurturing ground for project submission at both national and European level. This might push
researchers out of their traditional comfort zones, but in turn will provide greater security for them as
their work achieves more widespread recognition.

Actively promote and facilitate international exchanges and international sabbaticals. While it has a
cost to GEUS if some key personnel are absent for a few months to a year, it might liberate funds to host
visiting researchers. Such sabbatical/visiting programmes could enhance GEUS’s long term international
outlook.

Build strong geographical cooperation around target structures that need to be understood at their
complete scale. This could be the case for some key formations in, for example, the North Sea Basin,
where several geological surveys in Europe are highly engaged. It would also further promote the
engagement of GEUS in European funding programmes.

Develop a high level and long-term vision for engagement in international research infrastructures.
Such engagement is long-term, and is not easily carried out by departments which are evaluated on a
shorter term basis. Also, the potential for international cooperation and of transverse and multi-method
use of these infrastructures might be missed if placed at department level. GEUS’s position in EPOS could
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be significantly strengthened by a national and stronger pluri-disciplinary approach, such as, for example,
integrating into the Anthropogenic Hazard community in EPOS, which mainly works on induced
seismicity. ECCSEL and other European infrastructures might also be of long-term strategic interest for
GEUS.

Strategy Building

Research in “Energy Resources and Geological Storage” has had to adapt to a fast evolving landscape.
Indeed, the remit of Programme Area 3 has expanded since the period covered by the predecessor
evaluation panel, when it was simply “Energy Resources”. This reflects the evolution away from oil and
gas towards greener energy resources across Denmark as a whole, and towards use of the subsurface for
gas storage in the case of GEUS specifically. GEUS has adapted to the societal requirement for change
very well, and it would seem to the panel that the drop in income, publications and reports associated
with oil and gas has been very well compensated for by an uptick in CCS research activities.

However, it is also clear that there would be benefits from GEUS having processes to define and
implement long term GEUS strategies. These strategies would help researchers to navigate within a fast
moving landscape of funding and national priorities.

Recommendations

Build a process that ensures setting and working collectively towards long-term strategic goals. These
goals should be at GEUS, at department and at area level, and can apply to any type of activity so as to
ensure that individual projects are prepared and carried out with, when possible, contributions to longer
term goals.

Strategy processes could cover explicitly, for example:

— ldentification of emerging research subjects

— Whilst being very cognisant of societal trends, further develop tools on how to influence decision
makers from a scientific evidence based and informed standpoint

— ldentifying major cross-cutting and long term investment efforts (such as Data management,
integration of modelling activities across disciplines, depths, length scales, etc - see above)

— Clarifying the role of, for example, professors, in terms of mentoring and promoting research
activities from idea to publication, and informing and influencing the development of research
strategy.

— Linking individual researchers’ work towards strategy delivery, e.g., through an annual appraisal
system. Such appraisal processes can sometimes be considered exclusively in terms of building
towards promotion, and so become ineffective or even ignored if promotion is not a
consideration for whatever reason, but actually should be primarily employed for discussing and
setting the activity prioritisation, resource requirement and feedback on performance - which
may or may not then feed into discussions and actions around promotion.

— Nourishing and making space for scientific excitement and informal scientific exchange. There is
a balance between a consultancy culture where every 15 minutes may need to be accounted for,
and a tenured senior academic role that is centrally funded but where management takes no
interest in specific time allocation to tasks. Allocation of time for internal knowledge exchange
activities where less than half of the allocated time is given to monologue presentation style and
refreshments supplied could be considered, amongst other initiatives to foster internal
knowledge exchange and collaboration on proposal building.
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Strengthening and further formalising ties with universities. This serves two functions. First,
university researchers can provide an excellent resource for delivering research, where the
funding may not necessarily be direct and research topic specific; for instance, there may be
doctoral training grants for which a pertinent topic and data to work on are required. This
undoubtedly involves a time commitment in terms of co-supervision, exchanges, etc. However,
when planned with the view to delivering a specific research objective rather than just a “nice”
thing to do or good for enhancing the CV, this can be very effective. Secondly, whilst consultancy
for the oil and gas industry provided an implicit form of review and even steer, there is perhaps
not yet a critical mass of activity in CCS to ensure this occurs, and so closer interaction with
academia (and the emergent CCS industry) should actively be sought to fill this gap.

Developing a strategy for sharing facilities (laboratory, geophysical, geochemical, geomechanical,
etc.) with other partners, such that in house GEUS strengths can be aligned in partnership with
strengths that may lie elsewhere.

Other considerations

A limited and focused level of project management support could be considered to aid researchers. For
consultancy work researchers often end up undertaking their own project management activities, but,
recognising that there seems to be good support at the project proposal stage, for larger scale multi-
partner research projects, some level of project management support might be worth discussing within
GEUS, that would readily pay its way if appropriately set up.

Additionally, having recently redressed the significant shortfall in highest grade researchers, it is
important that there should be a clear pathway visible for more junior researchers, identifying what is
required for them to meet and exceed the requirements for promotion, and what are the emerging
opportunities.
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ANNEX A — Agenda for the evaluation 8-11 April 2025 at GEUS

Tuesday, 8 April

9:00

9:30

10:00

10:10

10:40
11:00

Welcome, coffee/tea.
The panel members introduce themselves.

Introduction to GEUS, to the Research Evaluation, and uptake of recommendations from the
previous evaluation by Deputy Director Lars Nielsen

Introduction to and discussion on the role of the evaluation panel members, on the mission
programme, the outcome of the mission, and the time frame for the evaluation etc. by Special
Consultant Lisbeth Flindt Jgrgensen

Introduction to Programme Area 3 — Energy Resources and Geological Storage, by Heads of
Departments Charlotte Liithje, Claus Kjgller, Nina Skaarup, Signe B Andersen and Torben Bach

Questions
Coffee break

Presentations of main research areas:

Geological CO;-storage:

11:15

11:30
11:45
12:00

12:15
12:30

12:45
13:00

Geological screening & mapping of structures, reservoirs and seals by Senior Researcher Ulrik
Gregersen

Reservoir and seal properties by Special Consultant Finn Mgrk
Reservoir diagenesis and CO; induced alterations by Senior Researcher Rikke Weibel

From Lab to Simulation: CO, Core flooding Insights for Reservoir Modelling by Senior
Researcher Behzad Rostami

Biological carbon storage CDR by Professor Henrik Ingermann Petersen

Chemical reaction modelling/ reactive transport modelling by Senior Researcher Knud
Dideriksen

Question for the above presentations

Lunch with staff members presenting today

Geothermal energy:

14:00
14:15

Status of geothermal energy in Denmark by Senior Researcher Mette Olivarius

Hydrogeochemical investigations of deep geothermal reservoirs by Head of Department Claus
Kjgller

Offshore wind farms:

14:30
14:45

15:00
15:15

Local and regional geological screening for offshore wind by Senior Advisor Jgrgen Leth

Derisking offshore infrastructure by improving data and ground modelling by Researcher Lasse
Tésik Prins

Question for the above presentations
Coffee break
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Decommission of abandoned oil and gas fields:

15:30  Miocene diatomite, a unit with unique composition and properties by Senior Researcher Karen
Dybkjaer

15:45  Defining baseline of seepage offshore by Senior Researcher Bodil Wesenberg Lauridsen

Geological hazards and seismic monitoring

16:00  Seismic monitoring of earthquakes by Senior Researcher Tine Larsen

Hydropower potential in Greenland

16:15  Challenges to Greenland hydropower in a changing climate by Chief Consultant Andreas
Ahlstrgm

16:30  Questions for the above presentations

17.00 Review of the day, plans for the evaluation
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Wednesday, 9 April

9:00
9:15

9:30

11:00
11:30

12:00
12:30
13:30

14:00

15:00
15:30
16:00
17:30

Recollecting Day 1

Strategy and visions for the future introduced by Heads of Departments followed by short
presentations:

5-10 min presentation of present/future activities:

e  Saltstructures and salt tectonics: Implications for hydrogen storage in South-East Denmark
by Senior Researcher Michael Bryld Wessel Fyhn

e  Pressure interference in saline aquifers by Chief Consultant Carsten Mgller Nielsen

e Structure and mechanics of salt, reservoir and seal by Senior Researcher Simon Oldfield

e  Optimizing CO,-injection in sandstones of different mineralogy by Senior Researcher
Samira Mohammadkhani

e  (CO,-storage in depleted oil fields — implications of residual hydrocarbons on CO;-injection
by PhD-student Rasmus @rnekoll Stenshgj

e  CO,-storage in basalt by Senior Researcher Knud Dideriksen

e Marine geoscience supporting energy and climate towards 2030 by Professor Paul Knutz

e  Seismic imaging: How to connect land and sea? by Professor Thomas Funck

e  Seismic monitoring beyond earthquake monitoring: Critical infrastructures, landslides and
CCS by Professor Aurélien Mordret

e  Baseline monitoring for seismicity, ground movement and groundwater at the licensed
onshore CO;-storage sites by Senior Researcher Trine Dahl-Jensen

Discussion and questions

Research quality by Professors in the Programme Area

Outreach by Head of Department Nina Skaarup
Lunch at GEUS with staff members from the sessions today
Evaluation panel reflects on the day and decides which staff members to interview Thursday

Laboratory visit:

e  DAS-demo, by Professor Aurélien Mordret & Geologist Emil Fgnss Jensen
e  Subsurface Laboratory - Core-lab by Senior Researcher Niels Hemmingsen Schovsbo
Coffee break

Discussion including reflections on the day.
The panel starts working.

End of day 2.
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Thursday, April 10

9:00 Preparation of draft report and interviews with staff members selected by the evaluation panel
12:00  Lunch at GEUS
13:00  Preparation of draft report, preparation of debriefing conclusions.

17:00 Debriefing as needed by panel.

Friday, April 11

9:00 Preparation of final draft report.
11:30  If needed, debriefing with the GEUS’ Directors
12:00  Lunch at GEUS.

13:00 Debriefing, presentation of main conclusion, incl. a draft report (a date for the final report is
agreed). Director, Head of Departments, Presenters from the sessions Tuesday and Wednesday.

14:00 End of research evaluation mission.
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ANNEX B: Terms of Reference

EVALUATION OF GEUS’ RESEARCH AND
RESEARCH OUTREACH ACTIVITIES IN
Energy Resources and Geological Storage
(PROGRAMME AREA 3)

1. Terms of Reference - The Evaluation Panel

According to the Danish Statutory Order from the Ministry of Climate and Energy of January 20, 2009, on
Evaluation of Research conducted by the Geological Survey of Denmark and Greenland (GEUS), the GEUS
Board has decided that the next research evaluation will cover Programme Area 3: Energy Resources and
Geological Storage.

Objectives

The panel is asked to undertake an evaluation of research and dissemination activities to identify
strengths and gaps as well as needs for amendments and improvements in relation to GEUS’ strategy and
mission within the GEUS Programme Area “Energy Resources and Geological Storage’. The evaluation
concerns the period 2017-2024, constituted by the following main themes:

e  Geological Storage

e  Geothermal energy

e  Geological hazards and seismic monitoring

e  Offshore wind farms

e Decommission of abandoned oil and gas fields
J Hydropower potential in Greenland

The evaluation must be based on a thorough examination of selected GEUS publications and reports in
addition to a visit to the premises of GEUS in Copenhagen.

Tasks

The task of the panel is to evaluate the research, and the research outreach activities based on:

. Publications, reports and other relevant material produced over the period 2017-2024
. Presentations by GEUS researchers

e Interviews with GEUS’ researchers and management

e Visits to laboratories and work facilities at GEUS.

In order to improve GEUS’ ability to fulfil its main mission within the Programme Area seen in the
perspective of the GEUS’ statutes and general mission, the evaluation need to:

. Identify areas of high-quality research

o Identify areas where the research and facilities of GEUS could be strengthened

e  Provide comments and suggestions as to strategic changes, amendments, and improvements
to GEUS' activities within the Programme Area.
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Output

The evaluation panel must report their observations and conclusions to the management at a debriefing
meeting followed by delivery of a written draft evaluation report before departure.

Based on possible clarifying comments, in order to prevent misunderstandings, the evaluation panel must
deliver the final draft report in due time to be presented to the GEUS Board.

Time schedule

The evaluation panel visits GEUS for the evaluation (four days), including preparation of the final draft
report. The evaluation will take place 8—11 April 2025, and the final report must be delivered to GEUS no
later than 1 May 2025.

The findings in the final report will be presented to the GEUS Board in May 2025.

Upon accept by the board, the final report will be presented to the Minister of Climate, Energy and
Utilities, and then published at GEUS’ web page.

Based on the findings, an implementation plan will be developed by the Programme Area staff and
presented to the GEUS Board in December 2025. The Board decisions are expected to be implemented
from the beginning of 2026.

2. Confidentiality

The experts must not disclose information gained in their capacity of being a member of the evaluation
panel to any third party.

3. Expenses and compensation

GEUS will reimburse all reasonable expenses related to the visits of the experts to the institution.
Additionally, GEUS will compensate each expert for their time paying a lump sum of DKK 20,000.

Copenhagen, June 2024

Lars Nielsen

Deputy Director
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