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Carnot battery
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Abstract: Carnot battery (CB) is an energy storage technology with the advantages of high energy storage density
and low investment cost. The single-stage heat pump of basic Carnot battery have a low coefficient of performance
(COP) under high energy storage density conditions, resulting in a phenomenon of high quality but low utilization
of heat. In order to solve this problem, a CB using cascaded heat pump (CHP) and supercritical organic Rankine
cycle (ORC) is proposed. Through modeling and analysis, the optimal combination of CHP-CB working fluids is
obtained, and the effects of waste heat source temperature, high and low temperature heat storage tank temperature,
CHP intermediate temperature on system COP, energy conversion efficiency, energy storage density (Ep) and system
exergy loss are discussed. The results show that under high energy density conditions, the COP of the CHP-CB is
about 23.5% and 26.9% higher than that of the basic CB when the temperature of the low-temperature storage tank
is50 ‘C and 32 C, respeetively. When the temperature of the low-temperature storage tank is 30 °C, the energy
conversion efficiency of the CHP-CB can reach 63.11%. The Ep can reach 13.9 kW h/m?® when the temperature
difference between the high- and low-temperature storage tank is 93 “C, and cascade heating for the heat storage
working fluid can be realized.
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Fig.2 The Ccarnot battery system with cascade heat pumps
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