2(0). Explain the principle of enevay Stocaae by a Llywheel in utilities. on
what £actors does enevay Stovaoe degend!
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The peinciple o€ 2nevay Storage by a lywheel involves Converting electvical
Qn@xﬂ\.‘ wlo Kinetic QnQWﬁk‘ \o\.l accelgvaﬁncj a vo‘\'a'ﬁnﬂ w0ss (the {\qwho_o_n
Ond then cOnvavﬁnﬁ it back to electvical 2nevay when needed. Flywheel
Cnevay ﬁ‘ovarje ystewms ave used n utilities to stove and velease
electvicity vagidly to help wmanage {luctuations in fower demand Ond SURRN.
Heve's an ovevview of the erincigle and {actors @é\\uencinrj enevay Stocaae
by a €lywheel. )
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\. Princigle of Brevgy Stocoae: E\qwhg\&.\é\:evﬁq Stocoae systems ogevate
based on the principle of mmﬂ?@ nectio. Whea 0xcess electvicity i
available in the geid, it i uee{(\% accelexate the £lywheel, increasing its
votational Speed and 9#0@%0%0. Cnrgy 05 Kinetic energy. This Kinetic
energy can be rO_'\"v'\Q/,\\{%q(i/\\a‘\"Qv by Slowing down the €lywheel, and it i

converted back into Blectvical enevay

1. Fiywheel Comgonents: A {lywheel enevay Stovage systewm consists of
5eveval components, inC\Udian the €lywheel itself, a votor assembly,
\ogar‘sz, Q mo+ov/3eneva+ov, Ond A control System. The Llywheel is
*qeica\\\' wade o€ a \iﬁh‘\"weicﬁh% watevial with a hicjln tensile G‘i‘\r@.ncﬁ‘\”h, SUCh
05 cavbon €iber composites or steel alloys, to ensuve efficient 2nevqy
c,+ou-c130_ Qnd velease.

%. factovs A{{Qcﬁnﬁ E“Q'wj\i S+ora<3a-.



a. Rotational Speed: The Qnera\i Stoved n Q €\qwheo.\ \S direcﬂ\i
propovtiondl to its votationdl speed. The hifﬁh?.\r the speed, the 5\(@.0'&‘@( the
Kinetic Qnerf)\., Stovred. However, theve ave lmits to the waximum Speed
due to wmatevial and Stvuctuval ConSidevations.

b. Mass and Moment o€ Twrevtia: The wmass and distvibution o€ wa%s n
the {lywheel affect its wmomeat of ineetia, which detevmings the amount
ok O_nO_rﬁ\i Stoved €or Q 3'NQn votationdl Speed. InCvQOQintj the wass ov
dicﬁ‘v'\\ouﬂwj +he wmass €urther €rom the axis o€ votation wncveases the
enevay Stovaae cagacity. i §\<\
(/

c. E€<€iciency: Enevcf)\i G‘\'oraﬁe SyGtewms mev\tgﬁb\q weuv 105506 dWmcj the

c,*rorac_:)o_ Qnd vetvieval process. The e?{.&@mq o€ the €lywheel system,
mc\udmﬁ Wechanical 105506 due ‘o {n;\t‘fé:\ Ond electvical 10556 a\U\rm3
QnQWj\i ConVevSion, wpacts the o&/@}h\\ QnQ\rcﬁ\i 9*‘0«"03@. and vetvieval
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d. Contvol Ond Pova,%@l‘\’romCQ'. The contvol GHG‘VQW\ Ond powey electvonics

N\
'\
glay a cvucial vole 'm\vfnanarﬁ'mﬁ the charﬁinﬁ ond a\'\c;charcjmﬁ o€ the
{\\iwhO_Q\, o?'ﬁ"\m'\?.inﬁ the QnQ\fcj\.l s+ora3e Ond v21ea%e pPvoceS5es, Gnd

wdintaining System stability and safety.

2. Eavivonmental Considevations. Flywheel syotewms ave <anQ~ra\\\.| conSideved
envivonmentally {viQnA\\' 5nce they do wot mvolve hazavdous chewicals ov
emiSSions. Howevey, the manu€ac*rwincj Pvocess nd wmatevials used Should
be as5es%ed €or theiv envivonmental imeact.

£. satety Considevations: Flywheel enevay Stovage systewms veauive safety



WRASUveS Yo prevent catastvophic €ailuves due Yo excessive 5peeds,
WRChONICAl 54v255e5, or Component €ailuveS. Containment systems and
vobust Stvuctuval a\QGiﬁn ave wmplewmented to ensuve sa€e opevation.

9. Cost: The cost of implementing a {lywheel enevay Storage system
degends on Vavious €actovs such 05 the wmatevials vsed, manu€ac+umcj
processes, control System complexity, and mamtenance veouivewments. Cost
conSidevOtions Ove 255ential in eva\uaﬂnc_:) the economic U'\a\o'\\'\'\“\.‘ o€ such
S\Gtems.

’\
Flywheel enevgy Stovaae offevs benefits such a@?aqw\ e5gonSe Fimes, high

gowey density, long sevvice li€e, Ond winimal )Qihm*renanco_ vequiewments.
o\
Howevey, it way have limitations in tevw§ ot enevay cagacity and duvation

compaved to other O.nQ\rrﬁ\i Qfovaﬁg /\&?\Pﬁno\ij\QQ like battevies or pumeed
&
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Ovexall, the design and qe{ﬁb’fmance of a flywheel enevay Storage system

degend on the ro‘\"aﬁa(s& 5peed, wmass, wmowment o€ nevtia, Q{ﬁC\QnC\,,

contvol C)\‘QJ('Q,W\C) O_n:r\\ronmen‘\"a\ €actovs, GO'GQ‘\'\l conSidevations, Ond cost

h\.'d\ro 9‘\‘0\(‘0«3@..

conSidevations. These €actors wust be caro_ﬁ)\\q evalvated to detevwmine
the suitability and e£€octiveness of {\qwfneo_\ 2nerqy 9+orac_:)e n Utility
agelications.



