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Integration Methods for Hybrid Systems to Reduce Life-Cycle Costs Using High-Power Battery Equipped with
SCiB™ Batteries for Electric Power Systems
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Battery energy storage systems and generators have been attracting attention in recent years as a means of regulating the frequency of power
grids to which a number of renewable energy systems are connected. However, the short-term frequency fluctuations that tend to occur in such power
grids shorten the lifetime of the batteries due to frequent charging and discharging cycles and increase the fuel consumption of the generators,
leading to higher life-cycle costs. Hybrid systems combining a high-power battery specialized for frequency regulation with conventional high-
energy batteries and generators have therefore been considered as a countermeasure against these problems.

The Toshiba Group has developed integration methods for hybrid systems applying a high-power battery equipped with its SCiB™ lithium-
ion rechargeable batteries for frequency regulation, which have notable features such as long life and high power input/output performance, to
conventional high-energy batteries and generators. These hybrid systems make it possible to reduce life-cycle costs through optimization of the

equipment configuration and control method, taking advantage of the features of SCiB™ batteries.
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Example of frequency regulation signals for conventional high-energy
battery operation
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Configuration of hybrid system combining high-power battery with
conventional high-energy battery
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Example of power distribution of frequency regulation signals
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Example of frequency analysis of frequency regulation signals
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Control block diagram of hybrid system combining high-power battery
with conventional high-energy battery
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Comparison of life-cycle costs of single high-energy battery and hybrid
battery with high-energy battery
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Configuration of hybrid system combining high-power battery with
generator
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Control block diagram of hybrid system combining high-power battery
with generator
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Comparison of life-cycle costs of single high-energy battery and hybrid
battery with generator
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Energy storage system using high-power battery installed at Drogenbos
Gas-Fired Power Station, Belgium
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