
FLY WHEEL ENERGY STORAGE
SYSTEM

What is a flywheel energy storage system?

First-generation flywheel energy-storage systems use a large steel flywheel rotating on mechanical bearings.

Newer systems use carbon-fiber composite rotors that have a higher tensile strength than steel and can store

much more energy for the same mass.  To reduce friction,magnetic bearings are sometimes used instead of

mechanical bearings.

Can small applications be used instead of large flywheel energy storage systems?

Small applications connected in parallel can be usedinstead of large flywheel energy storage systems. There

are losses due to air friction and bearing in flywheel energy storage systems. These cause energy losses with

self-discharge in the flywheel energy storage system.

Could flywheels be the future of energy storage?

Flywheels, one of the earliest forms of energy storage, could play a significant role in the transformation of

the electrical power system into one that is fully sustainable yet low cost.

How long does a flywheel energy storage system last?

Flywheel energy storage systems have a long working life if periodically maintained (&gt;25 years). The cycle

numbers of flywheel energy storage systems are very high (&gt;100,000). In addition,this storage technology

is not affected by weather and climatic conditions . One of the most important issues of flywheel energy

storage systems is safety.

Why do flywheel energy storage systems have a high speed?

There are losses due to air friction and bearingin flywheel energy storage systems. These cause energy

losses with self-discharge in the flywheel energy storage system. The high speeds have been achieved in the

rotating body with the developments in the field of composite materials.

How much energy does a flywheel store?

Indeed, the development of high strength, low-density carbon fiber composites (CFCs) in the 1970s

generated renewed interest in flywheel energy storage. Based on design strengths typically used in

commercial flywheels, s max /r is around 600 kNm/kg for CFC, whereas for wrought flywheel steels, it is

(C) 2025 Solar Energy Resources 1 / 9 Web: https://www.gebroedersducaat.nl



FLY WHEEL ENERGY STORAGE
SYSTEM

around 75 kNm/kg.

The Amber Kinetics flywheel is the first

commercialized four-hour discharge, long-duration

Flywheel Energy Storage System (FESS) solution

powered by advanced technology that stores 32

kWh of energy in a two-ton steel rotor. Individual

flywheels can be scaled up to tens or even

hundreds of megawatts. Amber Kinetics has

engineered a highly 

The flywheel energy storage system (FESS) offers a

fast dynamic response, high power and energy

densities, high efficiency, good reliability, long

lifetime and low maintenance requirements, and is

particularly suitable for applications where high

power for short-time bursts is demanded. FESS is

gaining increasing attention and is regarded as a 

The flywheel energy storage system is useful in

converting mechanical energy to electric energy and

back again with the help of fast-spinning flywheels.

This system is composed of four key parts: a solid

cylinder, bearings, a motor/generator and a vacuum

sealed casing.
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The 20-megawatt system marks a milestone in

flywheel energy storage technology, as similar

systems have only been applied in testing and

small-scale applications. The system utilizes 200

carbon fiber flywheels levitated in a vacuum

chamber. The flywheels absorb grid energy and can

steadily discharge 1-megawatt of electricity for 15

minutes.

Flywheel energy storage systems. In 2022, the

United States had four operational flywheel energy

storage systems, with a combined total nameplate

power capacity of 47 MW and 17 MWh of energy

capacity. Two of the systems, one in New York and

one in Pennsylvania, each have 20 MW nameplate

power capacity and 5 MWh of energy capacity.

They report 

The flywheel energy storage system (FESS) offers a

fast dynamic response, high power and energy

densities, high efficiency, good reliability, long

lifetime and low maintenance requirements, and is 

(C) 2025 Solar Energy Resources 3 / 9 Web: https://www.gebroedersducaat.nl



FLY WHEEL ENERGY STORAGE
SYSTEM

In electric vehicles (EV) charging systems, energy

storage systems (ESS) are commonly integrated to

supplement PV power and store excess energy for

later use during low generation and on-peak periods

to mitigate utility grid congestion. Batteries and

supercapacitors are the most popular technologies

used in ESS. High-speed flywheels are an emerging

???

converter, energy storage systems (ESSs), flywheel

energy storage system (FESS), microgrids (MGs),

motor/generator (M/G), renewable energy sources

(RESs), stability enhancement 1 | INTRODUCTION

These days, the power system is evolving rapidly

with the increased number of transmission lines and

generation units

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 ???
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These systems work by having the electric motor

accelerate the rotor to high speeds, effectively

converting the original electrical energy into a stored

form of rotational energy (i.e., angular momentum).

The flywheel continues to store energy as long as it

continues to spin; in this way, flywheel energy

storage systems act as mechanical energy 

Small-scale flywheel energy storage systems have

relatively low specific energy figures once volume

and weight of containment is comprised. But the

high specific power possible, constrained only by

the electrical machine and the power converter

interface, makes this technology more suited for

buffer storage applications.

Finding efficient and satisfactory energy storage

systems (ESSs) is one of the main concerns in the

industry. Flywheel energy storage system (FESS) is

one of the most satisfactory energy storage which

has lots of advantages such as high efficiency, long

lifetime, scalability, high power density, fast

dynamic, deep charging, and discharging capability.

The above features ???

(C) 2025 Solar Energy Resources 5 / 9 Web: https://www.gebroedersducaat.nl



FLY WHEEL ENERGY STORAGE
SYSTEM

The FESS structure is described in detail, along with

its major components and their different types.

Further, its characteristics that help in improving the

electrical network are explained. ???

Design of flywheel energy storage system Flywheel

systems are best suited for peak output powers of

100 kW to 2 MW and for durations of 12 seconds to

60 seconds . The energy is present in the flywheel

to provide higher power for a shorter duration, the

peak output designed for 125 kw for 16 seconds

stores enough energy to provide 2 MW for 1 

The core element of a flywheel consists of a rotating

mass, typically axisymmetric, which stores rotary

kinetic energy E according to (Equation 1) E = 1 2 I

?? 2 [J], where E is the stored kinetic energy, I is the

flywheel moment of inertia [kgm 2], and ?? is the

angular speed [rad/s]. In order to facilitate storage

and extraction of electrical energy, the rotor must be

part of ???
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The operation of the electricity network has grown

more complex due to the increased adoption of

renewable energy resources, such as wind and

solar power. Using energy storage technology can

improve the stability and quality of the power grid.

One such technology is flywheel energy storage

systems (FESSs). Compared with other energy

storage systems, ???

The flywheel energy storage system (FESS) offers a

fast dynamic response, high power and energy

densities, high efficiency, good reliability, long

lifetime and low maintenance requirements, and is 

Fig. 4 illustrates a schematic representation and

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,

precision bearings, a vacuum or low-pressure

enclosure to minimize energy losses due to friction

and air resistance, a ???
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Description of Flywheel Energy Storage System 2.1.

Background The ???ywheel as a means of energy

storage has existed for thousands of years as one

of the earliest mechanical energy storage systems.

For example, the potter's wheel was used as a

rotatory object

Ultracapacitors (UCs) [1, 2, 6-8] and high-speed

flywheel energy storage systems (FESSs) [9-13] are

two competing solutions as the secondary ESS in

EVs. The UC and FESS have similar response

times, power density, durability, and efficiency [9,

10]. Integrating the battery with a high-speed FESS

is beneficial in cancelling harsh transients from 

This concise treatise on electric flywheel energy

storage describes the fundamentals underpinning

the technology and system elements. Steel and

composite rotors are compared, including geometric

effects and not just specific strength. A simple

method of costing is described based on separating

out power and energy showing potential for low

power cost ???
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The arrangement of the Flywheel Energy Storage

System is shown in Fig. 14. Its constituent parts are

the BLDC motor, flywheel, generator connected in

the same shaft and a controller to control the BLDC

motor [17], [18], [19]. The function of the BLDC

motor is to act as a prime mover to drive both the

flywheel and the alternator.

4. LITERATURE REVIEW4 SL. NO TITLE OF THE

JOURNAL (YEAR) AUTHOR NAME, JOURNAL

NAME MAIN POINTS 1 A comprehensive review of

Flywheel Energy Storage System technology (2017)

S.M. Mousavi G,Faramarz Faraji, Abbas Majazi &

Kamal Al- Haddad, Renewable and Sustainable

Energy Reviews ??? The typical overview of FESS

operation as an ???

A flywheel-storage power system uses a flywheel

for energy storage, (see Flywheel energy storage)

and can be a comparatively small storage facility

with a peak power of up to 20 MW typically is used

to stabilize to some degree power grids, to help

them stay on the grid frequency, and to serve as a

short-term compensation storage.
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