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Abstract5

Renewable energy sources are essential to cover the current energy demand but, especially6

wind and solar, have a variable and intermittent nature. Therefore, new large-scale energy storage7

units need to be built up. Pumped Thermal Energy Storage (PTES) is an innovative way to store8

energy because it is free of geographical constraints and electricity is stored as sensible heat in9

two man-made tanks. Despite these positive aspects, PTES suffers of high irreversibility and10

losses. At this purpose, an innovative plant configuration which adopts an electric heater to convert11

electricity into thermal energy is proposed. A one-dimensional two phase model for the packed12

bed is adopted to simulate the performance of the hot and cold storages. Being the PTES working13

fluid, the storage material and the plant management strategy crucial aspects, in this paper, two14

heat transfer fluids, nine storage materials and different control strategies are tested. The round-15

trip efficiency and the specific energy are evaluated while an economic analysis is also performed16

to compute the plant price per energy unit stored.17

Keywords: Pumped Thermal Electricity Storage, PTES, Electricity Storage, Energy analysis,18

Economic Analysis, Numerical Modelling.19

1. Introduction20

Renewable energy sources (RES), such as solar radiation, wind, waves, and tides are environ-21

mental friendly but highly variable, uncontrollable and to some extent unpredictable, characteris-22

tics which cause large fluctuations in their power production. This aspect, coupled with their rapid23
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