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Motivation
Cycle efficiency as the key aspect

Transcritical Rankine cycle are discussed for Pumped Thermal Energy Storage
(PTES) systems with the ambient or a latent storage as low-temperature heat
reservoir and a sensible storage as high temperature reservoir [1]. But
transcritical Rankine cycles have significant disadvantages:
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Method Results
Thermodynamic concept of a transcritical cycle  Fluid selection and cycle design
A novel transcritical cycle [3] is used to increase the heat pump (HP) and power Wwith  two  different  asymmetric Assumptions
cycle (PQ) efficiency. It is based on a former subcritical version of the Recuperative hydrocarbon mixtures for each cycle
Two-Phase Cycle (RTPC) [4]. The key aspects is the introduction of an asymmetric second law efficiencies of over 70 % can P, compressor HP 100 kW
mixture composed out of a main fluid (e.g. isobutane) with a high fraction be reached, thus the round trip efficiency AT,... of HXs 5 K
(around 95 mole%) and an auxiliary fluid (e.g. dodecane), which leads to a phase is 51,9 %. However, these must be taken :
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As a consequence, these cycles are more efficient than transcritical Rankine 0 - HP 5 HP 6
cycles with hydrocar'bons and even more WIFh .COZ as the working fluid. 0 50 100 150 200 250 300
Furthermore, the maximum pressure in the cycle is slightly lower. .
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Figures: Literature:
Fig. 1: Example of a conventional transcritical Rankine heat pump cycle with the working fluid isobutane for a low 1 Rabi, A. M., Radulovic, J., Buick, J. M (2023) Pumped Thermal Energy Storage Technology (PTES): Review.
temperature level of 15 °C and a high temperature level between 150 °C and 300 °C. https.//doi.org/10.3390/thermo3030024.
Fig. 2: Example of the novel transcritical Recuperative Two-phase Cycle in heat pump mode (HP-RTPC-TC) with the 2 Atakan, B. (2024). Thermodynamic Analysis of Carnot Batteries: Storage Temperatures, Sensitivities, and Optimal
working fluid mixture composed out of 95 mole% isobuane and 5 mole% dodecane for a low temperature level of 15 °C and Parameters. http.//dx.doi.org/10.2139/ssrn.4775278.
a high temperature level between 150 °C and 300 °C. The shown isobars are 1 bar, 5 bars and 10 bars up to 100 bars. 3 Bederna, Benedikt G. (2023). Vorrichtungen und Verfahren zum Betreiben eines transkritischen Kreisprozesses:
Fig. 3: Concept of a Pumped Thermal Energy Storage (PTES) system based on two transcritical Recuperative Two-phase DE 10 2023 113 884.
Cycles, one in heat pump mode and one in power cycle mode and a thermocline storage system filed with molten salt. 4 Bederna, B. G., Barta, R. B., Thomas, Ch. (2023). Thermodynamic concept of a novel recuperative two-phase heat

Fig. 4: T, H diagram for the entire PTES system: heat pump and power cycle connected by the temperature profile of a
storage. As an approximation the siloxane D6 is used for the calculation of the profile.
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