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Advanced Geothermal Systems with Molten Salt Heat Transfer / Advantages, Disadvantages, Risks & Mitigation

Geothermal Systems — Technology Overview

This overview explains, in general terms, the opportunities and challenges of advanced closed-loop geothermal systems that use molten salt as the heat transfer fluid. It covers the technology class as a whole — not a
specific project or site, so our audience can understand the broader engineering landscape this approach operates within. We believe being transparent about both the advantages and the real challenges this technology

faces builds the trust it deserves.

Heat Transfer
Efficiency
(Conduction-Limited)

» Closed-loop design keeps
the working fluid fully
isolated from the reservoir,
avoiding fluid loss into
surrounding rock

» Works in low permeability
“superhot rock” settings
where conventional
hydrothermal systems
cannot operate

Heat transfer relies mainly
on conduction (and limited
free convection) rather than
the forced convection used
in open-loop systems

Conduction is inherently
slower, so heat extraction
rates and therefore revenue
potential are generally
lower than open-loop
systems of comparable
scale

* Underperformance versus
modeled output if real
subsurface conductivity is
lower than assumed

Use of enhanced contact
designs (e.g., fracture-
assisted or extended-length
wellbore sections) to
increase the effective heat
exchange area

Conservative output
modeling validated against
pilot-well data before full-
scale commitment

Long-Term Thermal
Depletion

* Closed-loop systems are
generally more predictable
over time than open
systems, since fluid
chemistry and flow paths
are controlled rather than
dependent on natural
reservoir behavior

Rock immediately
surrounding the wellbore
cools as heat is
continuously extracted,
which can reduce output
over years of operation

Recovery of near-wellbore
temperature during
downtime can be slow

* Declining thermal output
over the project lifetime,
affecting long-term energy
delivery

Well spacing and rotation
strategies that allow
sections of the reservoir to
thermally recover

Long-term reservoir
temperature monitoring to
inform operating schedules

Materials & Equipment
Durability (Extreme
Temperature/Pressure)

* Advances in high-
temperature well materials
(e.g., vacuum-insulated
tubing, high-temperature
alloys) now make sustained
extreme-temperature
operation feasible

Components must perform
reliably for years under
combined high temperature
and high pressure, a
demanding materials
engineering problem

Material durability under
these conditions remains
one of the principal
technical barriers to
commercial-scale
deployment across the
industry

* Premature equipment
failure or reduced service
life if materials are not
matched to actual
downhole conditions

Rigorous material
qualification testing under
representative temperature
and pressure conditions
before field deployment

Phased deployment with
monitoring to validate
material performance
ahead of scale-up
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Molten Salt Chemistry
Management (Freeze /
Decomposition
Window)

* Molten salts can carry

much more heat per unit
volume at high temperature
than water or steam,
supporting more efficient
heat transport

Mature, well-characterized
salt formulations exist with
decades of industrial heat-
transfer experience

Molten salts solidify below
a defined freezing point,
which constrains how the
system can be shut down
or idled

Salts also have an upper
thermal stability limit
beyond which chemical
decomposition accelerates

Salt solidification within
piping during unplanned
shutdowns, requiring
extended reheating

Gradual chemical
degradation of the salt at
sustained high
temperatures, altering its
heat transfer performance
over time

* Freeze-protection / trace

heating systems on all loop
piping
Routine salt chemistry

sampling and replacement
scheduling

Corrosion &
Containment Integrity

Fully closed, sealed
circulation loop limits
exposure of the working
fluid to external
contaminants compared
with open systems

High-temperature salts and
wellbore environments can
be corrosive to metal
components over long
operating periods

Corrosion byproducts (such
as hydrogen gas in some
designs) can degrade
insulation or sealing
performance if unmanaged

Loss of containment
integrity, leading to fluid
loss, equipment damage, or
reduced system efficiency

Corrosion-resistant material
specifications and
protective design features

Scheduled inspection and
pressure/integrity
monitoring throughout
system life

Induced Seismicity

Closed-loop systems carry
materially lower induced-
seismicity risk than
enhanced geothermal
systems, since they do not
rely on large-scale
hydraulic fracturing or
sustained high-volume fluid
injection into the reservoir

Drilling and well operations
in geologically active
settings still carry some
inherent seismic sensitivity

Low-probability induced
seismic events during
drilling or operation

Seismic monitoring
networks with defined
response protocols

Site characterization and
well design informed by
independent
geomechanically
assessment

Environmental &
permitting

Closed-loop molten salt
systems generally have a
smaller environmental
footprint than open-loop
geothermal, since no
reservoir fluid is extracted,
treated, or disposed of

No continuous water supply
is required to sustain
operation, reducing
competition with other
water uses

Permitting frameworks for
advanced closed-loop and
molten-salt systems are still
maturing in many
jurisdictions, which can
extend approval timelines

Surface facilities handling
high-temperature salts
require safety and
environmental review
specific to that chemistry

Regulatory delays or
additional review
requirements due to the
technology's relative
novelty

Early, transparent
engagement with regulators
and communities on
system design and safety
measures

Adoption of industry best
practices and standards as
they continue to develop for
this technology class

Geothermal Systems — Technology Overview

Note: this table summarizes general technology-class considerations for advanced geothermal systems using molten salt heat transfer fluid. It does not represent a specific project's formal
engineering, safety, or environmental risk assessment.
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