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Motivation

The integration of renewable energies and the increasing market share of electric mobility set new
challenges for the stability of the electricity grid. Industries were for long time considered as pure
electricity consumers that could not actively contribute to the grid stability [1]. However, the integration
of small generation units and the application of energy storage make the industries capable of
accomplishing this goal [2]. Industries tend to create high power peaks during operation, for example
due to the startup of machinery. Power peaks are inconvenient for the electricity network, since they
impair the power quality as well as the grid stability. In order to cope with this issue, the energy operators
introduce the so-called power price. The power price defines what an industry should pay for its
maximum power demand within a fixed period. The power price should be paid additionally to the energy
price. The industries can initiatively improve their electricity costs by reducing their power peaks, i.e. by
applying Peak Shaving (PS). Energy storage is a flexible option for industries to implement peak
shaving, since no additional scheduling for their production and generation is needed. As long as the
nominal capacity and power of the energy storage is appropriately dimensioned, it can compensate for
the power peaks, keeping the industry around a predefined power limit [3].

In this work, a Hybrid Energy Storage System (HESS) capable to enable peak shaving application for
small industries is presented. The presented HESS combines the advantages of a lithium-ion battery
and a flywheel. The lithium-ion battery features a high energy density, while the flywheel features a high
power density. Using the flywheel for the high and the battery for low dynamic part of the power peaks,
among others, a reduced aging of the battery is achieved.

Methodology

The HESS built within the framework of the publicly funded project “PHI-Factory” can been seen in
Figure 1. The Kinetic Energy Storage System (KESS) having a nominal power of 100 kW and an
energetic capacity of 1.4 kWh is designed and built by the Institute for Mechatronic Systems within the
previous project “ETA-Fabrik” as described in [4]. The Battery Energy Storage System (BESS) consists
of four parallel-connected battery systems of the company AKASOL AG each of them having an
energetic capacity of 30.6 kwWh.

Figure 1: Hybrid Energy Storage System 1: Flywheel, 2: Lithium-ion battery
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Results

The developed HESS is capable of compensating the power peaks and thus reducing the electricity
costs. In order to divide the power between the energy storage units, a power dispatch strategy using a
frequency dependent allocation was applied. The BESS compensates the low dynamic part, while the
KESS the remaining high dynamic part. The results of a peak shaving test application in the model
factory “ETA-Fabrik” are presented in Figure 2.
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Figure 2: Peak Shaving (PS) applied on the ETA Factory limiting the power consumption at around 30 kW

It is obvious that through the HESS the power consumption of the factory is limited around the target
value of 30 kW. The KESS responds faster than the BESS and allows for a spare operation of the latter.
In this way, the high power density of the KESS and the high energy density of the BESS are
synergistically combined.
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