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This thesis focuses on the time-dependent charge—discharge efficiency degradation of lithium-ion
batteries and proposes efficiency degradation diagnosis methods, besides, it is shown that the
degradation diagnosis of lithium-ion batteries will lead to an improvement of the operation economy of
battery aggregation.

A large amount of penetration of renewable energies are required for the climate change measures.
For instance, battery aggregation and lithium-ion battery storage systems are expected as basic
technologies of it. Meanwhile, the degradation of lithium-ion batteries deteriorates the charge—discharge
energy efficiency and the overall operation economy of battery aggregation. To prevent it, the estimation
methods of charge—discharge energy efficiency of each lithium-ion battery, so called ‘efficiency
degradation diagnosis’, is necessary. There are many papers related to the battery capacity estimation
methods, however, the battery energy efficiency estimation method has not been reported. Therefore,
this thesis aimed to establish the novel efficiency degradation diagnosis methods of lithium-ion batteries,
and furthermore, to demonstrate an improvement of the operation economy of battery aggregation.
Consequently, the method of improving the economic index by about 20 % was elucidated, so that it
was showed that the method was innovative and valid.

At first, a battery degradation model using voltage difference indicators was generated, as well, an
efficiency degradation diagnosis method based on this model was established. Further, SOEc (State of
Economy), as the quantitative evaluation index of battery operation economy, was proposed. It was
shown that the economic merit of battery aggregation improves by 2000 JPY/kWh by considering
SOEc. This is the innovative achievement that elucidates the improvement of operation economy by
efficiency degradation diagnosis.

Then, the electric current generalization of the efficiency degradation diagnosis was investigated by
focusing on the charge—discharge energy can be broken down into three components, namely, full-

charge capacity, open-circuit voltage, and internal resistance. Besides, battery degradation models were



generated from the relationship between the equations of three components and voltage difference
indicators. Thereafter, the models were applied to the simulation of the battery aggregation. It showed
the improvement of charge—discharge energy efficiency of photovoltaic energy surplus measurements,
consequently 8% increase of economic gain, by the effective operation based on efficiency degradation
diagnosis. The demonstrability was greatly improved since the simulation model of battery aggregation
have the real characteristics of electric vehicles and chargers.

Moreover, the problems of the generation methods of battery degradation models were extracted from
the aspects of the training data, further, the methods suitable for real battery aggregation were proposed.
One is neural network aimed for decreasing the amount of training data. The other is the MGFFD
learning, without training data, modified from image processing technique GFFD. Particularly, MGFFD
was studied as the method of the adaptive learning of open-circuit voltage during operation. The
adaption with less than 0.7 % error was demonstrated under conditions of 10 % offset error and 25 %
disturbance noises. The accurate adaption method of open-circuit voltage as functions, not as single
value, is innovative since it has not been reported.

It is thought that the appropriate cooperation of these generation methods of battery degradation
models will lead to the efficiency degradation diagnosis of lithium-ion batteries including unknown re-
used batteries. It is expected that the improvement of the operation economy of battery aggregation, that
is obtained by efficiency degradation diagnosis, will result in the expansion of renewable energy

penetration, and consequently contribute to the climate change restraint.



