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Abstract: As an emerging large-scale electricity storage technology, the Carnot battery has the advantages of low
cost, large capacity, and being free from geographical limitations. Aiming at the current situation that the low
discharge cycle efficiency restrains further improvement of round-trip efficiency of the Carnot battery, combined
with the heat demand of the thermally integrated Carnot battery and the relatively high discharge efficiency of the
Kalina cycle, a heat pumped-Kalina cycle Carnot battery system driven by extraction steam of a coal-fired power
station is proposed. A thermodynamic model of the Carnot battery system is established, and the influences of
thermal energy storage temperature, temperature difference in thermal energy storage, and ammonia mass fraction
on thermodynamic performance of the Carnot battery are mainly studied. The results show that, with different
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temperature differences of thermal energy storage and at different temperatures, the round-trip efficiency can
reach 44.8%~108.0%. With the increase of the ammonia mass fraction, the round-trip efficiency will be
significantly improved. However, when the ammonia mass fraction exceeds 90%, the efficiency will drop sharply,
and the Kalina cycle is close to a one-component cycle. Therefore, when designing a Carnot battery based on the
Kalina cycle, the ammonia mass fraction should be controlled within 80%~90%.

Key words: Carnot battery; Kalina cycle; heat pump; thermal integration; thermodynamic analysis
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Fig.1 Schematic diagram of the heat pump-Kalina cycle Carnot battery coupling system driven by the steam extracted from
coal-fired power plants
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Fig.2 Schematic diagram of the integrated case of heat pump-Kalina cycle Carnot battery driven by steam extraction in
coal-fired power station
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