
FLYWHEEL ENERGY STORAGE LONG-TERM
DISCHARGE

What is flywheel energy storage system (fess)? Flywheel Energy Storage

System (FESS) can be applied from very small micro-satellites to huge

power networks. A comprehensive review of FESS for hybrid vehicle,

railway, wind power system, hybrid power generation system, power

network, marine, space and other applications are presented in this paper.

Can flywheel energy storage system array improve power system

performance? Moreover,flywheel energy storage system array (FESA) is a

potential and promising alternative to other forms of ESS in power system

applications for improving power system efficiency,stability and security.

However,control systems of PV-FESS,WT-FESS and FESA are crucial to

guarantee the FESS performance.

Are flywheel energy storage systems eco-friendly? However,due to the

recurrent and rigorous operational cycling inherent to BESS,attention is

directed toward battery durability when integrated with new power system.

In contrast,flywheel energy storage systems (FESS) have garnered

significant global attention as environmentally-friendlyshort or medium

term energy storage solutions.

What is a 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 motor/generator for energy conversion,and a sophisticated

control system.

When did flywheel energy storage system start? In the years between

1800 and 1950,traditional steel-made flywheel gained application areas in

propulsion,smooth power drawn from electrical sources,road vehicles.

Modern flywheel energy storage system (FESS) only began in the

1970???s.
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Can flywheel technology improve the storage capacity of a power

distribution system? A dynamic model of an FESS was presented using

flywheel technology to improve the storage capacityof the active power

distribution system . To effectively manage the energy stored in a

small-capacity FESS,a monitoring unit and short-term advanced wind

speed prediction were used . 3.2. High-Quality Uninterruptible Power

Supply
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qzp@mail.iee.ac.cn ABSTRACT As a clean energy storage method with

high energy density, flywheel energy storage (FES) rekindles wide range

Flywheel energy storage systems: A critical review on  discharge rates,

cost of investment, scale, application, technical enhancement, and

environment impact among all ESSs has been carried out.  ??  Long term

response ??  Low maintenance ??  No environmental hazard

The flywheel storage technology is best suited for applications where the

discharge times are between 10 s to two minutes. With the obvious

discharge limitations of other electrochemical storage technologies, such

as traditional capacitors (and even supercapacitors) and batteries, the

former providing solely high power density and discharge times around 1 s

???

Flywheel energy storage (FES) can have energy fed in the rotational mass

of a flywheel, store it as kinetic energy, and release out upon demand.  It

is very suitable to such applications that involve many

charge???discharge cycles and little in the way of long-term storage

applications including International Space Station (ISS), Low Earth 
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A brief background: the underlying principle of the flywheel energy storage

system???often called the FES system or FESS???is a long-established

basic physics. Use the available energy to spin up a rotor wheel (gyro) via

a motor/generator (M/G), which stores the energy in the rotating mass

(Figure 1). Electronics is also required for the motor 

Magnetic bearings offer very low friction enabling low internal losses

during long-term storage. High speed is desirable since the energy stored

is proportional to the square of the speed but only linearly proportional to

the mass.  (to accommodate the gradual slowing of the flywheel during

discharge) and diodes to deliver DC electricity 

This chapter provides an overview of energy storage technologies besides

what is commonly referred to as batteries, namely, pumped hydro storage,

compressed air energy storage, flywheel storage, flow batteries, and

power-to-X ???

Some of the key advantages of flywheel energy storage are low

maintenance, long life (some flywheels are capable of well over 100,000

full depth of discharge cycles and the newest configurations are capable

of even more than that, greater than 175,000 full depth of discharge

cycles), and negligible environmental impact.

Electrical energy is generated by rotating the flywheel around its own

shaft, to which the motor-generator is connected. The design

arrangements of such systems depend mainly on the shape and type 
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no-load Long Term Flywheel Energy Storage (LTFES). Load capacity is

the main parameter of an Active Magnetic Bearings (AMB) design. This

parameter has to take into  Flywheel discharge time has been

The flywheel energy storage system (FESS) is based on the short-term

storage of the kinetic energy of a rotating body - the flywheel [15, 16].

Flywheels, having a short response time (<1 sec), are used in the

transport industry (hybrid ???

Energy storage technologies are of great practical importance in electrical

grids where renewable energy sources are becoming a significant

component in the energy generation mix.

Beacon Power currently operates the two largest flywheel short-term

energy storage plants in the United States, one in New York and one in

Pennsylvania. Each plant an operating capacity of 20 MW and is primarily

used for frequency regulation to balance changes in power supply and

demand.  Extended discharge of storage systems can enable long 

Video Credit: NAVAJO Company on The Pros and Cons of Flywheel

Energy Storage. Flywheels are an excellent mechanism of energy storage

for a range of reasons, starting with their high efficiency level of 90% and

estimated long lifespan.Flywheels can be expected to last upwards of 20

years and cycle more than 20,000 times, which is high in ???
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round-trip efficiency (charge/discharge) of up to 90% -> in the range of

what Powerwall claims (92.5%, source)  Datasheet from a long term

flywheel energy storage retailer shows their solution at ~86% efficient. The

full details give a better view: a 32kWh storage what consumes 55W when

idle and consumes 140W when charging/discharging at 8kW

The attractive attributes of a flywheel are quick response, high efficiency,

longer lifetime, high charging and discharging capacity, high cycle life,

high power and energy density, and lower ???

To extract the stored energy, the same machine acts as a generator,

slowing down the flywheel during discharge. The design of this machine is

crucial. It needs to be highly efficient, have high power density, and have

low idle and rotor losses. High efficiency ensures the flywheel energy

storage system (FESS) works effectively.  but they are 

Although a flywheel energy storage system is a promising technology for

short period applications, the self-discharge problem impedes them from

being applied in keeping energy for long periods.

A brief background: the underlying principle of the flywheel energy storage

system???often called the FES system or FESS???is a long-established

basic physics. Use the available energy to spin up a rotor wheel ???
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Flywheel energy storage, characterized by a rapid charge and discharge

response, high frequency, and long lifespan, can not only meet the energy

storage requirements for voltage support and frequency stability in

high-proportion renewable energy grids [1,2,3,4] but can also be applied to

short-term high-frequency peak shaving in independent 

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 

In this paper, we will study the effect of losses (non including losses in the

power electronic) of an optimized eight pole radial AMB on the discharge

time of a no-load Long Term Flywheel 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 

1 INTRODUCTION. Pure Electric Vehicles (EVs) are playing a promising

role in the current transportation industry paradigm. Current EVs mostly

employ lithium-ion batteries as the main energy storage system (ESS),

due to their high energy density and specific energy [].However, batteries

are vulnerable to high-rate power transients (HPTs) and frequent ???
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A review of flywheel energy storage systems: state of the art and

opportunities  which significantly lowers the long-term operational cost.

Beacon Power  The result is optimal flywheel size and depth-of-discharge

for a particular vehicle to achieve a balance between high transmission

efficiency and low system mass. In 

Energy Storage Systems (ESSs) play a very important role in today's

world, for instance next-generation of smart grid without energy storage is

the same as a computer without a hard drive [1].Several kinds of ESSs

are used in electrical system such as Pumped Hydro Storage (PHS) [2],

Compressed-Air Energy Storage (CAES) [3], Battery Energy Storage

(BES) ???

The global energy storage market is projected to reach $620 billion by

2030. The increasing urgency for sustainable energy solutions in

industries like Electric Vehicles (EVs) drives this growth.Above that,

governments worldwide are tightening regulations and setting ambitious

targets, such as the European Union's goal to achieve 60% renewable

energy by 2030.

Discharge time. Max cycles or lifetime. Energy density (watt-hour per liter)

Efficiency. Pumped hydro. 3,000. 4h ??? 16h. 30 ??? 60 years.  Flywheel.

20. secs - mins. 20,000 ??? 100,000. 20 ??? 80.  Flywheels are not

suitable for long-term energy storage, but are very effective for

load-leveling and load-shifting applications. 

Flywheel Energy Storage System (FESS), as one of the popular ESSs, is

a rapid response ESS and among early commercialized technologies to

solve many problems in MGs and power systems [12].This technology, as

a clean power resource, has been applied in different applications

because of its special characteristics such as high power density, no

requirement ???
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