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Flywheel 'e"'hergy storage. Flywh age,

also known as kinetic energy storage, is a form of .
mechanical energy storage that is a sui e
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In Fig. 9, the flywheel energy storage system
supplies power to the sun gear of the second
planetary gear through clutch 2. The second
planetary gear is used to modify the speed-torque
characteristics to match the traction requirements.
Mechanical and electrical flywheel hybrid
technology to store energy in vehicles. In: Folkson,
R. (ed

Key-Words: - Flywheel energy storage system, ISG,
Hybrid electric vehicle, Energy management, Fuzzy
logic control 1 Introduction Flywheel energy storage
system (FESS) is different from chemical battery
and fuel cell. It is a new type of energy storage
system that stores energy by mechanical form and
was first applied in the field of space industry.
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Fig. 4 illustrates a schematic representation and

%ﬁ‘”” ‘ architecture of two types of flywheel energy storage

~ unit. A flywheel energy storage unit is a mechanical
system designed to store and release energy
efficiently. It consists of a high-momentum flywheel,

TORAGE SHETEM Y precision bearings, a vacuum or low-pressure

EMS reatime mor
Noc.

enclosure to minimize energy losses due to friction
and air resistance, a ???
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Hybrid energy storage systems (HESSs) are
promising to obtain enhanced performances in
terms of both capacity and responsiveness, yet their
feasibility may be hindered by design and
management choices impacting the economic
competitiveness. The status and future of flywheel
energy storage. Joule, 3 (6) (Jun. 2019), pp.
1394-1399. View PDF

The test platform of the hybrid energy storage
system is composed of battery simulator, flywheel
battery, system control unit, vacuum pump and
electronic load. The electronic load, controlled by
the system control unit, can calculate and simulate

the power required by the operating vehicle in real
L] T T time.
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Irish company Schwungrad Energie Limited is
behind the initiative which will be based in Rhode,
" Co. Offaly and is being developed in collaboration
B with the Department of Physics & Energy at
University of Limerick. It has received the support of
Beacon Power, LLC, a US based company and

global leader in the design, development and

i | commercial deployment ??7?
@
@
—i The load frequently oscillates in large amplitude like
. ;“ - | pulses when the draw-works lift or lower in the oil
i "I? | well drilling rig, and that makes the diesel engine
L LI run uneconomically. A new solution for the pulse

load problem is to add a motor/generator set and a
flywheel energy storage (FES) unit to the diesel
engine mechanical drive system to form a hybrid

)
»

power system with ??7?

Flywheel Energy Storage Systems (FESS) work by
storing energy in the form of kinetic energy within a
rotating mass, known as a flywheel. Here's the
working principle explained in simple way, Energy
Storage: The system features a flywheel made from
a carbon fiber composite, which is both durable and

capable of storing a lot of energy.
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IS Mraxreee N EIES SIS A novel approach to composite flywheel rotor design
is proposed. Flywheel development has been
dominated by mobile applications where minimizing
mass is critical. This technology is also attractive for
various industrial applications. For these stationary
applications, the design is considerably cost-driven.

Hence, the energy-per-cost ratio was used as the
??7?
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Innovative hybrid system combines a large battery
storage system with flywheels to keep the grid
frequency stable; S4 Energy, a Netherlands-based

g energy storage specialist, is using ABB regenerative
drives and process performance motors to power its
KINEXT energy-storage flywheels, developed to
F[ ‘ [ng stabilize Europe's electricity grids.
L ‘

OverviewApplicationsMain componentsPhysical
P bl — characteristicsComparison to electric batteriesSee

él - alsoFurther readingExternal links
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Recently, the appeal of Hybrid Energy Storage

i Systems (HESSs) has been growing in multiple
il application fields, such as charging stations, grid
f‘ services, and microgrids. HESSs consist of an
' ! integration of two or more ???
== '&
- — The fluctuation and intermittency of wind power
_ A —E generation seriously affect the stability and security
“'Ii”ri : —_—t of power grids. Aiming at smoothing wind power
| B — fluctuations, this paper proposes a
= flywheel???battery hybrid energy storage ??7?

‘ The EMD decomposition for configuring flywheel
= - L 2 energy storage capacity is shown in Fig. 13: the
[u]j i H'U“m = : optimal configuration of flywheel energy storage
. et i; capacity is strongly and positively correlated with
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- Flywheel energy storage, also known as FES, is
another type of energy storage device, which uses a
rotating mechanical device to store/maintain the
rotational energy. The operational mechanism of a
flywheel has two states: energy storage and energy
release. Energy is stored in a flywheel when torque
is applied to it.

In transportation, hybrid and electric vehicles use
flywheels to store energy to assist the vehicles
when harsh acceleration is needed. 76 Hybrid
vehicles maintain constant power, which keeps
running the vehicle at a constant speed ??7?

In another work, Barelli et al. (Citation 2018)
presented the dynamic analysis of a flywheel and a
battery pack hybrid energy storage system
connected to a PV generator in a grid connected
application to improve grid safety and stability due

to high goring of renewable plants into the grid and
reducing oscillation in battery load profile. This

==
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This review presents a detailed summary of the
latest technologies used in flywheel energy storage
systems (FESS). This paper covers the types of
technologies and systems employed within FESS,
the range of materials used in the production of
FESS, and the reasons for the use of these
materials. Furthermore, this paper provides an
overview of the types of ???

Opting to develop the flywheel solution they sat
down and roughed out the basics of a design. How
it works Very simply the system comprises a
flywheel connected by a continuously variable
transmission [CVT] to the drivetrain. If you move the
CVT toward a gear ratio that would speed the
flywheel up it stores energy.

An overview of system components for a flywheel
energy storage system. Fig. 2. A typical flywheel
energy storage system [11], which includes a
flywheel/rotor, an electric machine, bearings, and
power electronics. Fig. 3. The Beacon Power
Flywheel [12], which includes a composite rotor and
an electric machine, is designed for frequency
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Scheme IlI: the hybrid energy storage jointly
suppresses the internal power fluctuation of the
microgrid, and the doubly-fed flywheel energy
storage introduces integrated inertia control, but K P
issetto0and KD =10x 10 5, that is, the
doubly-fed flywheel only participates in inertia
support and not in primary frequency regulation.

The energy storage facility provided by flywheels
are suitable for continuous charging and discharging
options without any dependency on the age of the
storage system. The important aspect to be taken
note of in this regard is the ability of FES to provide
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inertia and frequency regulation [ 141 ].

Battery energy storage system (BESS) is widely
used to smooth RES power fluctuations due to its
mature technology and relatively low cost. However,
the energy flow within a single BESS has been
proven to be detrimental, as it increases the
required size of the energy storage system and
exacerbates battery degradation [3].The flywheel

- | v energy storage system ??7?
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Several hybrid energy storage systems that employ
a flywheel have been proposed in the literature with
a renewable energy (particularly wind) emphasis.

s S The work of Prodromidis and Coutelieris [11], [12],
for example, has detailed experimental
investigations into flywheel energy store

® | design/efficiency and the application of hybrid
|- battery
12

A hybrid energy storage system combining
lithium-ion batteries with mechanical energy storage

in the form of flywheels has gone into operation in

=

the Netherlands, from technology providers
Leclanch? and S4 Energy.

FEERERAS
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The hybrid energy storage system showcases
significant advancements in energy management,
particularly in peak shaving capabilities
demonstrated over a 15-year simulation period, as
illustrated in Fig. 6. Incorporating flywheel energy

storage reduces the deterioration of the battery's
state of health (SoH).
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Recently, the appeal of Hybrid Energy Storage
Systems (HESSs) has been growing in multiple
application fields, such as charging stations, grid
services, and microgrids. HESSs consist of an
integration of two or more single Energy Storage
Systems (ESSs) to combine the benefits of each

ESS and improve the overall system performance,
e.g., ???

In order to carry out the economic analysis of a
hybrid PV/diesel system with flywheel energy
storage component incorporated, the model in Fig. 1
was created in the software. The software used is
HOMER (Hybrid Optimization Model for Electric
Renewables) which is publicly available and widely
tested software developed by the National
renewable energy ???

Flywheel energy storage: The first FES was
developed by John A. Howell in 1883 for military
applications. [11] 1899: Hybrid energy storage: 2.1.
Thermal energy storage (TES) TES systems are
specially designed to store heat energy by cooling,
heating, melting, condensing, or vaporising a
substance. Depending on the operating temperature
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