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Abstract Summary

Thermal Energy Storage (TES) is a promising technology to reconcile the economic
constraints of capital-intensive low-carbon thermal generators such as nuclear power
plants with the operational flexibility required to ensure reliability in deeply decarbonized
systems. While nuclear and renewable generation capacities are expected to grow
significantly to reach decarbonization targets, this paper aims to demonstrate that TES has
significant value in facilitating the introduction of next-generation technologies. The
increasing penetration of variable renewable energy drives a growing spread in the
marginal value of generation across hours through a day and throughout the year. On the
one hand, when renewables are plentiful and residual load is small or even zero, the
marginal value of generation is zero. On the other hand, when there is a drought of
renewable energy and residual load threatens to exceed firm capacity, the marginal value
of generation spikes. Integrating Thermal Energy Storage enables baseload production of
heat, even during hours when the marginal value of electricity is low, which can then be
converted to electricity when the marginal value of generation is high. This creates a new
operational paradigm in which nuclear assets can behave simultaneously as firm baseload
providers to maximize rate-of-return and as flexible resources to match system needs. We
unpack the primary drivers of TES value and illustrate (i) the significant value of Thermal
Energy Storage in raising the breakeven cost of nuclear assets and (ii) the high
concentration of profits in a small number of hours and a few years of a 20-year sample.

This contribution is expected to be impactful in enhancing the decision-making about
future nuclear-TES investments and necessary capacity accreditation to enhance the
system reliability and, ultimately, the energy security.
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