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Fig. 5. Required rated power to utilize at least 99 % of the available excess 
energy for a given storage size. 

Given the slope of the curve in Fig. 4, a reasonable storage 
size would be in the range of 4 to 5 kWh, resulting in 80 to 90 
% utilization of the produced excess energy. Looking at Fig. 6 
this requires a power rating of 1 kW or above, since additional 
power can be beneficial especially in evening hours. Todayôs 
available home energy storage solutions (e.g. Tesla Power Wall, 
etc.) also show similar specifications. 

B. Profitabili ty of Storage Systems - Estimation of Cost Limits 

By using the present electricity tariffs in Austria (around 20 
cent/kWh buy and 5 cent/kWh sell) and a given storage unitôs 
amortization period, cost limits for the storage can be calculated. 
The calculation itself is kept simple (i.e. no deterioration of 
photovoltaic system and storage device, no repair costs, no 
inflation) to get an overall  image and not to be lost in details of 
predicting the future. Still, it must be noted that current situations 
in Germany and Austria indicate that feeding electricity from 
small unregulated PV arrays into the grid will be less profitable 
in the years to come. The results regarding payback period of the 
energy storage device are shown in Fig. 6. 

 
Fig. 6. Storage cost limits per kWh depending on storage size, feed-in tariff 

and amortization period. 

 For a given time to amortize, the lower line in Fig. 6 assumes 
5 cents/kWh feed-in tariff and the line with higher costs per kWh 
assumes that the consumer is not paid for feeding power back to 
the grid. Using lead-acid batteries for example ï which have an 
estimated life time around 10 years for such an application ï the 
storage should amortize itself after around 5 years, so that some 
profit is earned. Given the previous statement, that the storage 

capacity should be about 5 kWh, the storage costs should be less 
than 110-150 EUR/kWh including installation (end customer 
price), with the higher price possible, when the feed-in tariff is 
cut to 0 c/kWh. Using a state of the art battery technologies (e.g. 
Li thium-Ion), the life time is increased to about 20 years, so the 
payback period can be increased as well. Assuming a value of 
10-15 years, the storage cost limit increases to about 220-450 
EUR/kWh. But this is still well below the price range for 
currently available home storage solutions as presented in I.B. 
Hence, prices of storage technologies still need to drop in order 
to be profitable for private homes. 

III.  FESS BASICS 

The concept of flywheel energy storage systems (FESS) is 
based on the principle of storing energy in a rotating mass. The 
FESS is characterized by its moment of inertia I and its rotational 
speed . The content of energy can easily be quantified by using 
the simple equation:  

 (1) 

Power can flow from and to the flywheel by var ious means 
of energy transport and since the process is reversible the FESS 
acts like a battery. Although some purely mechanical FESS have 
been used successfully in hybrid vehicles [6], only electro-
mechanical FESS are considered in this paper. A possible layout 
of an automotive flywheel system is shown in Fig. 7. 

 
Fig. 7. Schematics of an electro-mechanical FESS  [7]. 

 

Flywheel energy storage offers a series of advantages 
compared to chemical batteries, which make them interesting for 
storing energy from renewable sources. Some advantages are: 

Å Power/ energy content are designed independently 

Å Extremely high number of charge/discharge cycles 

Å No temperature dependence 

Å No capacity fade over time 

Å Precise state of charge (SOC) determination 

So far, most FESS have been used in highly dynamic 
applications such as grid stabilization (power quality), 
uninterruptable power supplies (UPS) or load averaging in 
hybrid vehicles. A reason for that is that these applications avoid 
one of the major shortcomings of FESS, the high self-discharge. 
In recent years, several prototypes have proven that the general 
concept of FESS works well for certain applications, but small 
batch production and high-end components such as fiber 
composites and active magnetic bearings have kept costs high 
and prevented a successful comprehensive entry into the market.  

Komponente Prototyp-
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Abschätzung 
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Rotor 3200 1100

Gehäuse 1500 420

SmCo-Magnete 1400 250

Welle mit Lagersitzen 500 50

Wuchten des Rotors 300 50

Befestigungsmaterial 40 5

Motor/Generator 125 80

Frequenzumrichter 105 60

Vakuumpumpe 60 30

Gesamtkosten (5 kWh) 7230 2045
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Eigenschaften von Schwungradspeichern:
�‡ Hohe Leistungsdichte
�‡ Hohe Zyklenlebensdauer
�‡ Unkritische Tiefentladung

�‡ Exakte SoC-Bestimmung
�‡ Gute SoH-Bestimmung
�‡ Einfaches Recycling

Überblick

Kosten aktueller Batteriespeicher: 
�¾ um 800 �t �í�ð�ì�ì���¦�l�l�t�Z��

Quelle: www.photovoltaik4all.de (07/2016)

Amortisation nach 15 Jahren bei:
�¾ 350 �t �ð�ñ�ì���¦�l�l�t�Z

Kostenschätzung des LCSS-Konzeptes:
�¾ �Œ�µ�v�����ð�í�ì���¦�l�l�t�Z

Quelle: HuanyangInc. / MucolaInc.

Kontakt

Eigenschaft Option 1 Option 2

Kosten:

Geringer, da E-Maschine 
aus Großserie über-
nommenwerden kann.

Höher, da Sonderan-
fertigung der E-Maschine 
(Synchrone Reluktanz-
maschine) erforderlich.

Selbst-
entladung: Höher, da Strömungs- und 

Lagerverluste der externen 
Maschine mitgeschleppt 
werden müssen.

Geringer, da Lagerstellen 
und Strömunsgverluste
der E-Maschine wegfallen

Thermisches 
Verhalten: Kurzfristige Überlastung 

(S2-Betrieb) möglich 
aufgrund externer Luft-
und Wasserkühlung.

Schwungmasse wirkt als 
thermische Senke. 
Potential für S2-Betrieb 
geringer.

System-
komplexität:

Höher, da eine 
Magnetkupplung für 
Momententransfer aus 
Vakuum an externen 
Generator erforderlich ist

Geringer, aufgrund 
Entfallens der 
Magnetkupplung, welche 
auskragend gelagert 
werden muss.

Simulation und Parameterstudie:

Verwendung von Low-Cost 
Komponenten aus der Großserie:

Vakuumpumpe

Frequenzumrichter

Generator

Für weitere Informationen

zu diesem Projekt QR-
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Problem Lösung

Nachteile aktueller Batteriespeicher:
Lebensdauer, Kosten, Recycling

Entwicklung eines Low-CostSchwungradspeichers:
Hohe Zyklenzahlen, einfaches Recycling

Hohe Selbstentladung

Bis dato hohe Kosten durch 
Einzelanfertigung 

Entwicklung eines verlustarmen Lagerkonzeptes mit 
Silikonlagersitz und Magnetentlastung

Einsatz von Standard-Komponenten aus der 
Großserie
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�‡Messdaten von Erzeugung 
und Last (in ¼ h)

�‡Simulationszeitraum 1 Jahr
�‡Betrachtung verschiedener 

Einsatzszenarien

�‡Variation Speicherleistung 
und Speicherkapazität

�‡Optimierung Autarkiegrad 
und Eigenverbrauchsanteil


