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Abstract: A model for a pumped thermal energy storage system is presented. It is based on a Brayton
cycle working successively as a heat pump and a heat engine. All the main irreversibility sources
expected in real plants are considered: external losses arising from the heat transfer between the
working fluid and the thermal reservoirs, internal losses coming from pressure decays, and losses
in the turbomachinery. Temperatures considered for the numerical analysis are adequate for solid
thermal reservoirs, such as a packed bed. Special emphasis is paid to the combination of parameters
and variables that lead to physically acceptable configurations. Maximum values of efficiencies,
including round-trip efficiency, are obtained and analyzed, and optimal design intervals are provided.
Round-trip efficiencies of around 0.4, or even larger, are predicted. The analysis indicates that
the physical region, where the coupled system can operate, strongly depends on the irreversibility
parameters. In this way, maximum values of power output, efficiency, round-trip efficiency, and
pumped heat might lay outside the physical region. In that case, the upper values are considered. The
sensitivity analysis of these maxima shows that changes in the expander/turbine and the efficiencies
of the compressors affect the most with respect to a selected design point. In the case of the expander,
these drops are mostly due to a decrease in the area of the physical operation region.
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1. Introduction

Increasing production of electric energy from renewable sources like wind or Sun
makes essential energy storage technologies due to the inherent intermittency of such natu-
ral resources [1]. Substantial efforts are being devoted to the so-called Pumped Thermal
Energy Storage (PTES) systems [2]. They are aimed at storing energy during the hours
with an excess of, for instance, wind or photovoltaic production. When electric energy is
subsequently required, heat is transformed again in electricity through some thermody-
namic cycle. Required storage periods could be not very long, from four to eight hours. At
grid-scale, the only proven competitors of this concept are Pumped Hydro Energy Storage
and Compressed Air Energy Storage [3]. Nevertheless, these technologies require very
particular geographical and geological scenarios that make difficult their implementation
where required [4]. On the other hand, electric batteries, as with lithium ones, are still very
expensive at grid-scale.

Recently, Dumont et al. [5] have proposed the term Carnot batteries to those systems that
are used to store energy by establishing a temperature difference between two media (low
and high temperature reservoirs). In the charge period, energy is stored (usually by means
of a thermal heat pump). And after a storage period, electric energy is produced by a heat
engine that works between those reservoirs. Several configurations and thermodynamic
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