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1 ABSTRACT

Beyond its energy mission, Krafla Magma Testbed (KMT) will establish a long-term magma observatory to
advance volcanic monitoring, deep Earth science, and extreme-environment technology development—this
paper focuses on the energy program. KMT in northeast Iceland will be a purpose-built research infrastructure
to develop and validate technologies for superheated, supercritical, and near-magma geothermal
environments. By providing a safe, instrumented test environment above a rhyolitic magma body, KMT enables
iterative field validation of drilling, completions, high-enthalpy flow handling, and extreme-temperature
monitoring systems—capabilities that conventional wells cannot reliably support. The testbed’s mission is to
unlock globally scalable, firm, carbon-free power by de-risking operations in conditions exceeding 400 °C and
150 bar. Building on lessons from Iceland’s deep drilling efforts and an international technical consortium, KMT
emphasizes modular infrastructure, rigorous governance, and replicability beyond Iceland. The paper outlines
why a dedicated testbed is essential for superhot geothermal, how KMT’s technical program and governance are
structured, and how this platform can accelerate transferable solutions for superhot development worldwide.

2 INTRODUCTION

While KMT’s remit spans magma observatory science, hazard forecasting, and technology training, this paper
concentrates on the energy component and its implications for scalable superhot development. Superhot
geothermal resources—comprising superheated, supercritical, and near-magma systems—offer substantially
higher energy density than conventional hydrothermal wells, with the potential to deliver compact, high-
capacity-factor, carbon-free power. Yet the same conditions that make these systems attractive—extreme
temperatures, aggressive chemistry, and high pressures—demand a different pathway for technology
maturation. Iceland’s Krafla volcanic system, where the IDDP-1 well intersected shallow rhyolitic magma and
demonstrated record geothermal output, provides a uniquely accessible environment to address these
constraints and establish a repeatable, risk-managed route from laboratory innovation to field deployment
(Fridleifsson and Elders, 2012; Elders and Fridleifsson, 2016).

3 BACKGROUND AND MOTIVATION

The Iceland Deep Drilling Project (IDDP-1) at Krafla revealed both the extraordinary energy potential and the
technical limits of operating in superhot geothermal environments. The well’s unplanned intersection with
rhyolitic magma at 2.1 km depth produced superheated steam above 450 °C and 140 bar, providing invaluable
data on high-temperature fluids, casing performance, and material behavior (Fridleifsson and Elders, 2012).
However, adapting conventional well designs proved insufficient for sustained operation under such extreme
conditions.

Experience from IDDP-1—and from later deep drilling at Reykjanes (IDDP-2)—underscores that purpose-
designed infrastructure is essential for systematic learning. Without a dedicated facility, high-enthalpy drilling
remains opportunistic, limiting both technological progress and safety. KMT builds directly on these lessons,
creating a controlled environment for testing tools, materials, and completion systems under realistic thermo-
hydro-chemical gradients, enabling high-fidelity observation and the development of reliable, standards-ready
technologies for superhot and magma-enhanced geothermal systems.

4 THE IMPORTANCE OF BUILDING A TESTBED FOR SUPERHOT GEOTHERMAL DEVELOPMENT

A dedicated testbed bridges the gap between laboratory trials and commercial deployment. It provides a
controlled, instrumented environment to run phased experiments, gather decision-quality data, and learn
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quickly without jeopardizing commercial assets. Strategically, it enables risk-managed innovation in the most
challenging subsurface settings, establishes shared protocols needed forindustry standards, and makes results
transferable across regions—turning one-off breakthroughs into global practice.

Global relevance and scale further reinforce the need for a testbed approach. Superhot conditions occur at
economically accessible depths in many regions; recent assessments indicate widespread potential and
evolving pathways for integration into power systems. A field-scale testbed that produces transferable designs
and operating playbooks is an efficient way to convert that geologic opportunity into deployable, firm power
systems (Tester et al., 2006).

5 KRAFLA MAGMA TESTBED: CONCEPT AND ARCHITECTURE

The Krafla Magma Testbed (KMT) will be a dual-well infrastructure established above a rhyolitic magma body in
the Krafla volcanic system. The planned Energy & Experimentation well (KMT-E) will provide a controlled
environment for high-enthalpy flow and materials testing, while the Monitoring well (KMT-M), drilled into magma,
will continuously record pressure, temperature, and seismic responses. Although the wells will not be
hydraulically connected, their combined measurements will create an unprecedented framework for studying
thermal coupling, reservoir behavior, and subsurface response near magma.

5.1 EGS Potential of the Dual-Well Concept

Once operational, the dual-well configuration will serve as a prototype for superhot and magma-enhanced
geothermal systems. By conducting simulated circulation and flow tests in KMT-E while monitoring real-time
signals in KMT-M, researchers will be able to observe how fractures form and evolve as injected fluids encounter
rock at superheated conditions. These controlled experiments will provide insight into fracture propagation, heat
extraction efficiency, and reservoir sustainability—key design inputs for future superhot EGS projects operating
at >400 °C and >150 bar. The resulting knowledge will guide the development of stable, high-enthalpy
geothermal reservoirs and improve the scalability of superhot EGS systems.

THE KMT TECHNICAL CONSORTIUM AND WORKING GROUPS

KMT’s technical program is executed through the KMT Technical Consortium (TC), a multi-disciplinary network
spanning utilities, service companies, research institutes, and universities. The TC coordinates end-to-end
problem solving—aligning well design and drilling practices, integrity and completions, downhole
measurements, and wellhead/production systems—so that solutions co-evolve and are validated together. A
Steering Committee provides integration and governance across four working groups:

e Well Design & Drilling — responsible for defining the architecture, drilling strategy, and risk
management approach required for long-term operation under extreme high-temperature and
high-pressure conditions.

e Downhole Measurements — develops high-temperature logging and monitoring systems to
characterize downhole conditions, validate models, and guide safe operations

e Well Integrity — ensures the structural stability and corrosion resistance of casings, cements,
and seals throughout the well’s operational lifespan

e Wellhead & Production — designs and tests the surface and discharge systems that enable safe
handling of superheated fluids and in-situ energy experiment.

This consortium model turns fragmented R&D into an integrated, field-validated program. Working together
under the Steering Committee, the four groups form a unified technical framework that supports drilling,
monitoring, and energy-production activities across the Krafla Magma Testbed, ensuring that critical safety and
performance criteria are met before replication in new regions.
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Figure 1. Role of a dedicated testbed in the superhot innovation pipeline: lab screening -> field validation
at KMT ->replication and scale.

6 METHODS, OBSERVABILITY, AND DATA

KMT’s experimental program couples laboratory screening, numerical modeling, and staged field trials. High-
bandwidth, high-temperature measurements—temperature, pressure, microseismicity, deformation, and fluid
chemistry—support both real-time decision-making and post-test analysis. Observability is treated as a first-
class objective: distributed sensing along and behind casing, heat-up surveys, and tool survivability tests
characterize the thermal-mechanical-chemical environment and validate models relevant to Enhanced and
Advanced Geothermal Systems.

7 PHASED PROGRAM AND RISK MANAGEMENT

KMT follows a phased approach: (i) preparation and design reviews; (ii) pilot well(s) and base monitoring; (iii)
iterative test campaigns across drilling, completions, and measurement systems; and (iv) integrated high-
enthalpy flow handling and energy conversion trials. Each phase is executed under formal hazard analysis and
step-wise decision gates, ensuring that lessons learned directly inform subsequent campaigns and that the
operating envelope remains within validated limits.

8 GLOBAL RELEVANCE AND SCALABILITY

KMT is designed for exportability. Its purpose is not to create bespoke Iceland-only solutions but to establish
reference designs, operating practices, and datasets that developers and regulators can adopt elsewhere.
Superhot conditions are present at accessible depths in many countries (CATF, 2024), and energy-system
analyses point to the importance of firm, low-carbon sources that complement variable renewables (IEA, 2024).
A successful testbed at Krafla can therefore act as a springboard—qualifying tools, training teams, and reducing
time-to-first-power for future projects.
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Figure 2. Dual-well infrastructure: KMT-E tests high-enthalpy systems; KMT-M provides continuous
magmatic observation. The wells are not hydraulically connected.

9 DISCUSSION

Testbeds have been decisive in other complex, safety-critical fields by shifting development from isolated trials
to structured campaigns that mature technology readiness. Applied to the superhot frontier, KMT’s approach is
expected to deliver validated operating envelopes, interoperable sensing and data standards, integrity and
safety protocols, and playbooks that regulators and developers can trust. These products are prerequisites for
large-scale replication, enabling superhot geothermal to become a practical, firm source of clean power across
diverse geologies.

10 CONCLUSIONS

The Krafla Magma Testbed provides the missing infrastructure to unlock scalable superhot geothermal
development. By combining a dual-well indrastructure with an integrated technical consortium and a phased,
observability-first program, KMT offers a pathway to de-risk operations in extreme conditions and to export field-
tested solutions worldwide. The result is accelerated readiness for high-energy-density, firm, carbon-free
geothermal power—helping meet global clean energy goals with a technology built for replication and scale,

11 ACKNOWLEDGEMENTS

We acknowledge the contributions of all KMT partners and members of the Krafla Magma Testbed Technical
Consortium. The authors wish to recognize the Government of Iceland, the National Power Company of Iceland
(Landsvirkjun), Reykjavik Energy (Orkuveitan), Iceland Drilling (Jardboranir), and the International Continental
Scientific Drilling Program (ICDP) as the principal funders supporting the development of the Krafla Magma
Testbed as of October 2025. Their sustained commitment has been essential in advancing research and
innovation in superhot geothermal development.

REFERENCES

Fridleifsson, G.O., and Elders, W.A.: The Iceland Deep Dirilling Project (IDDP-1), Krafla—Drilling to Magma and
Lessons for High-Enthalpy Operations, Geothermics, (2012).

Elders, W.A., and Fridleifsson, G.O.: Magma-Enhanced Geothermal Systems—Progress and Prospects,
Proceedings World Geothermal Congress, (2016).

Tester, J.W., et al.: The Future of Geothermal Energy—Impact of Enhanced Geothermal Systems (EGS) on the
United States in the 21st Century, MIT Press, (2006).

International Energy Agency (IEA): World Energy Outlook, (2024).

4



Gudmundsson and Einarsson

Clean Air Task Force (CATF): Superhot Rock Resource Potential—Global Assessment, (2024).



