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BATTERIES AND ENERGY STORAGE SYSTEMS

CO Coverage: - Test the performance of batteries and energy storage systems used for EV
applications.
Content (Syllabus)

3.1 Energy storage technology: EV Batteries, Super capacitors, flywheel energy storage.

Battery Parameters: Cell and Battery Voltages, Charge (or Amp hour) Capacity, Energy

Stored, Specific Energy, Energy Density, Specific Power, Amp hour (or Charge)

Efficiency, Energy Efficiency, Self-discharge Rates, Battery Geometry, Battery

Temperature, Heating and Cooling Needs, Battery Life and Number of Deep Cycles.

3.2 Batteries: Lead-acid, NiMH (Nickel-Metal Hydride), Li-Ion (Lithium-Ion), Ni-Zn
(Nickel-Zinc), Ni-Cd (Nickel-Cadmium), Aluminum-Ion batteries (Al-Ion batteries),
Aluminum-air batteries (Al-air batteries)- their basic construction components, life time
(cycles), efficiency, advantages and disadvantages. Comparison of various batteries.
Factors influencing the operation of battery, and selection of battery. Series and Parallel
connection of Batteries, Calculation of battery capacity.

3.3 Battery Management Systems (BMS): Need of BMS, Block diagram of BMS, function
of each block, Battery Condition Monitoring, “3R” (Reduce, Reuse, Recycle) process for
battery.

3.4 Fuel Cell: Difference between fuel cell and batteries, Fuel Cell Terminology: Anode,
Cathode, Electrolyte, Catalyst, Reformer, Direct Fuel Cell, Working principle of fuel cell.
Types of Fuel Cells used in EVs: Alkaline Fuel Cell (AFC), Polymer Electrolyte
Membrane Fuel Cell (PEMFC), Phosphoric Acid Fuel Cell (PAFC), Molten Carbonate
Fuel Cell (MCFC), Solid Oxide Fuel cell (SOFC), Their comparison on the basis of
Electrolyte type, Cell voltage, Operating temperature, System output (kW), Efficiency (%)
and Applications.
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oy  CQavbon based matedals os dhe cathode . |

— These bakberies offe, (3o Chafraéra Capablities » },'@h Bafely and
Qye  hpwe enw’wnmen}uﬁfﬁ {:w'encffy thhan  Ji-10n  pakkesiey

- Nf‘houq—h Al-ion bakleai®s ave skl in the o€Seqyel, and d@ve/opmnf
Stage Jheir h‘@h (’onduch'u:'+7 and dor(‘] Cdf:i(‘ Jdife mawe  them |
o Prvomiof l}echnofo(jtﬁ (o Fubare eleckyic  vehicle QPP}"@L%'@;

—P Typiced Life c\f({e s SooD~ (0000 + C,hafra( c{r'SChOTat Cljdeé-

ithiad: o« Ml B

-



Aluminium
Anode and
Current Collector

{Current Collector) Aluminium Foil
Current Collector

(Current Collector)

Discharging
Aluminium and
Lithium Metal Plates
(Metal Plates) Graphite Cathode
(Graphite Cathode)
LiPF , Electrolyte
(LiPF, Electrolyte) Separator

{Separator)
Fig. No. 3.2.2.6: Aluminium-ion (Al-Ion) battery

® Advaningsy ;-

O Very dong Iite Gycles o8 Compoaed o other vechasjeable bathaf
8.

2 fast Chowan‘?j quqb}lr'{\r. e

:_g (B‘e’_kw sa{:}}\l ,&;i}hdq dower risk of dhermad  aunguway .
D Envivonment frviendly and  easier o aecyc e ‘Hhi
il y 81"3 Han many Jithium

%) Good hewp stabiliy and aeduced Fve sl .
* Disadvankgges ;-

D skt undes eseqreh  and not wr'c(ep\r avatlable Commen*cfaia-

lo o
31_@"’% PW@ vodkage than  Lithium - Ton  bakbrees
imted dmmeneiad] manuﬁchuﬁr@

* Applications -

Y Eleckric Wehicles ( fugrve Applicaltions )
2) Portable electronice .

2 Renewable enemyy 5{'0')“0@6.
4) Aerospace and defence Systern

3)11_ ) _i'}_iui_?'lih_f"'m ﬁi'a__ Eal’,}‘f-'l‘kf :"“

= Aluminfum air  pakbeyiex d{nega}e electniCal eneryy Lﬂlwlﬁlh the

D



> These hakbenies ane iﬁhl' wef&h} and offe, very hgh energy
density encrbh'?j elechryic vehces (EVe) 4o qchiewy Jonﬁ drn‘u;'/ﬁ
vanges .

= Howeves, dhey ave not @nvenkionally aechargeable and aequires
e the aeplacement of aluminium plabes after wuee .

7 Thewefort , Aluminium ~Aix  bakbeses gre more qui
exttension »athexr  hap cervuf

Rleckric Vehicles,

table (o vonge
7 ab Jhe primay IDCLHQ/‘[\'{ N

Air Cathode
(Air Cathode}

Fig. No. 3.2.2.7: Aluminium-air (Al-Air) Battery

“ ;jw_{*qﬁ,gég ) LI&M‘COQ'&M due tge of O}mOsp}ae/aj( O';aw.er).
-2 Aluminium jo abundank , inexpergive and recq clable .

2) suilable For dova 7ange  applicaltions .

W lew ek of fine and thezmal Punaway

| . D (aa (J\; Q iLl‘ﬂ_‘T &

1) Non rechan; ‘.ablﬁ 51 wnentiona) electical C’“""’ﬂf”ﬂ d
?) Elechrolyte ™ yainkenance por- aeplacement
) Limited  Commercial Wj/qg,'/,',af ,

N App licakions - Lor@ Tange electrie vehicles,

2) Ff"?ef’a—fnc backyp  poroer Sysfern -

2 Militer! deRnee equipments .

W movin® and undevwate, app licakiors .

— No ¢ycle dihe (rMon vechargeable bathery) opewates untill He

aluminium anode e mpletely  consumed..
- Eleckyicad erficienty 16 go-po.

O

re 'a‘qu"a'f’f{-
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. |
fadtors ok uencing Jhe opewvation of bathey 5

D Tempevabuve - The efficiency and difespan of a bablery depend
on demperakyre -

D) Dr'?)chuq*aa rofe - A Mg]h clf@dn@fff( yabe inureases heat @&mwza.@forw
and reduces Hhe ugable bakber Capacity , which can showten the
bakbery's oveyalf Lifespan.

D chavge yobe - High speed chamging  withoul propes bakher{ monagement
car Q‘CCUWC’_ bcmk%frr\f‘ Je{]uzqc{ ron , whezead, Slow and copvolled
iﬂgﬂ“ﬂ helps maintain bekFery health apd estlends ibs Sexvice

4) Depth of Discharge (DoD) '~ Frequently dischawying a battery to
very dew Jevals oeduces b6 overalf cycle fe.

%)) Cdde Life = The no:of complere change fclfechqme Q{CJ&S dhat a
ba.Uemf can withstand dr‘frecH‘f determinel b6 usable seyvice
Jéfe .

§) TInternal Resishance - Hﬁhb?é internal presistance couses E'ht‘ffﬂ\f

Usse n hhe pD'TTf) of hGCbp'; oeduci bﬁ“‘@‘ﬂ effrcien GP’)C’
nereading  thesmo) shese, . ?j | &T

¥) stake o Churxac kﬁepfﬁ Hre ’9&”@’“1 wikhin q modesabe
stake of Cho'agj«e (50C) mnge (e 201 ~ &0 1.) aeduces Stress
on uhe beblery and helps eselend it usefdd life .

#) Vibsskion and mechanica/ 5taecs '~ Psical Shoels  ond Uibyokions

excpenenced by vehicles ean 'dqmaﬂﬁ ba.U”C'TT e o eletiriad
Connechons .

D Age and usage pakberns - Babery  pesformance  geadially
de&ﬁadeb to M age . Tte difespan  aloo dependg on  how

foﬁuen}lj b fs used  and  uUhe Churra:érq % dr’qcha*rgjr‘nd patherng
Fllowed over time,

N gel )’f N of S0 i '
‘_Sf 00 of, battewy Followipy Jechnical qnd applicakion

specific fackovs Should be Considectd while Sdedr"@ a pakhery '~
D Babheries coibh high en o

densi - ,
o prefersed for e S IH (such as, LiFhidmy = Ton bme%‘)

¥) Power dendity pffects e accelewakion and overall peyformance

of the vehde . pakkernies  wikh hiph  powes dew'H can defiver
enevyy frqpfdlu{.



D Gyele Life |- Babberies wlkh q oo Gqele life can withstand a
@zecd‘t“'/ﬁ‘ ho. of change ~dfsdowae ce]‘cle,g, vﬁsxt@-i'rﬁ in a Jov&e/{
sexvice Jdife and veduced weplacement Cofg ,

1) Fach Chow@{‘?j Capabil/ty improves users Gonvenience .

5) Bathew| should sperate efficiently undey diffepent envivonment
Condrtions.

¢) L;’@Mwef&ht‘ and Gompact bakberies Tmprove dHhe em'c;'enbf £
pexformance of Ev's .

) Sadeby feahures Such a8 hepmal Sf*dbf/r?af , oo wisk 0P Cjore o

eseplosion ¢nd Yistance o ow:’rcha'rfd—t'n ,
7) Cogh’- Pakbery 1o e oSt expenarve Q‘omponen,f'_ﬁ of an Ev-

9) Recarclf‘rﬁ and Pyo pes cffgpo%cd Should  aleo be considered
duw‘nd battery seleckion .

16> APP,('CCH/"I'OF\ HPQ ) I,Ou_) CQPQC"I'\T BCLkJ'e/’V"f —- f—orﬁ gm(},u EV!(_"'Jf

= igh Capacity pakhery - for High performance EVs-

X ‘-f-('r,i(';x, '\}m{ }'a-;alf{‘i fpr];u‘_(har'& -_’)(I_ Z:;a:{“)‘f;;;'(_j i

D Sexley Comnechion - Ty gerien comnechion ; the posikive Jerminal of
oné bai}m i Connecked o Jhe nqgah’ue devminal of nexet ba.Hem}.

—> The dotal l/ouUua( 5 eqaal o Hhe sum of whe individual
of a¥ Connecked hakberies .

—r The dotal capacity remaint same a3 dhat of g single. bakleey

Vol a{’__g

— Tolad Vod}cr(?’e (V) = Vi+ Vs +V3 - .. Wn.

36V -

—e +

12 Volts
Battery

Fig. No. 3.2.6.1: Example of Series connection of batteries

s Shown above, uhwee 12V, 10Ah, balleries ave onnecked in sesiey -
oV ~VitVa+ Uy o 12 (2412 = 26V
bakbe2ies gnre Gonpnedred in senfey , (Fhe wsduf‘nd o/P I8 36V I°AK,



dexrminals awe Connected &s@dhed ,and alt dhe nedune terrminalb
are Connecked m}odeHaw.

- The l/odJ‘oae remainy Same o thhak of a sina{Q bakf%‘f.

' The doted capacity jo equal to Uhe sum of Hhe capacitp@s (Ah)
of all the Connected bakherres .

24V
Battery

Fig. No. 3.2.6.1 Example of Parallel connection of bafteries

= From uhe qbove drba&qﬂ) ;
Total Capacity = (24,V,200AhY) + (24Vv,2008h) + (24V, 200 Ah)

-, (‘MU, 600 Ah)

2) Seeild payellef Connection - th o senes paral®) Connectioyy, pabbertts

A fivst connected 10 g ity

_ 48V, 400Ah a0d o inorease voukage and

=t i =y — § A ey then Connected in parallel
- + - + , :
24V, 200Ah 24V, 200Ah bo intrease Veskterge .Capacity-
— — P ™ Both vvﬂqg« and capatiky
- = - + ave jntyease
24V, 200Ah 24V, 200Ah ‘
— The fotal voltoge io equaf

Fig. No. 3.2.6.1 E I f Series-Parallel i f bat -’-‘D +be Su”’) oc que Uod’h}
12, 0. J.4.0. xample o eries-Parallel connection o atteries
& j of Mhe habieries Connected
in each Sepes §eoup-
e, : ‘g) O_P g
The dokal Capacity 1© €quat o Gym of dthe Capacities (k) of
UWhR  panalle) connected feoups .



NUMERICALS ON BATTERY CAPACITY

Basic Battery Capacity Calculations

1.

D

2)

4)

Current & Time Formula:
Capacity (Ah) = Current (A) x Time (h)
Energy & Voltage Formula:
Capacity (Ah) = Energy (Wh) / Voltage (V)
A 100 Ah battery is discharged at a constant current of 10 A. How long will it
take to fully discharge the battery?
Solution:
Time = Battery Capacity / Current
Time =100 Ah/ 10 A= 10 hours.
A battery is rated at 7.4 Wh with a voltage of 3.7 V. What is its capacity in Ah?
Solution:
Capacity = Energy / Voltage
Capacity =7.4 Wh/3.7V=2 Ah.
A battery is 25% charged and has a total capacity of 200 Ah. How many more Ah
will it charge if it receives 10 A for 4 hours?
Solution:
Initial Ah =25% of 200 Ah = 50 Ah.
Charge in 4 hours = 10 A x 4 h =40 Ah.
Total Ah =50 Ah + 40 Ah =90 Ah.
If a Battery allows a current of 7 amperes to go through it for 8 hours, calculate
its storage capacity in amp-hour (Ah).
Solution:
By using the formula;
Battery Capacity (in Ah) = (Current x Time)
Battery Capacity = (7A x 8 h)
Battery Capacity = 56 Ah
A battery has a storage capacity of 70 ampere-hours (Ah) and gives a constant
current of 4 amperes. How long will the battery last?
Solution:
Using the rearranged formula:
Time (in hours) = (Battery Capacity) / Current
= Time=(70Ah)/4 A

)



6)

7)

8)

9)

= Time = 17.5 hours
There is a battery with a storage capacity of 60 watt-hours (Wh) and a constant
current of 20 amperes with 1 volt. Find how long will the battery last.
Solution:

As we know, P= VI =20 x 1 =20 Watts

Thus, Time (in hours) = Battery Capacity (in Wh) / Power (in watts)

= Time = 60 Wh / 20 watts

= Time = 3 hours
A battery has a storage capacity of 80 ampere-hours (Ah) allowing a current of 4
amperes for 6 hours. Calculate the total amount of charge transferred during the
given time.
Solution:

Using the formula:

Charge (in coulombs) = Current x Time x 3,600

= Charge =4 A x 6 h x 3,600

= Charge = 86,400 coulombs
A battery with a storage capacity of 100 ampere-hours (Ah) and it is discharged
with a constant current of 10 amperes. How long will it take to fully discharge the
battery?
Solution:

Using the rearranged formula:

Time (in hours) = Battery Capacity (in Ah) / Current

= Time =100 Ah/ 10 A

= Time = 10 hours
The capacity of a battery is 60 Ah. For how long can the current of 5 ampere be
drawn from this battery 12 hours.

The capacity of battery = 60 Ah

Current delivered =5 A

Duration of time (T) will now be:

T=60 Ah/S A =12 hr =12 x 60 min OR 720 mins

20



3% Bablery Management gstem £Bms)
331 Need of Bmg 2

D 8ms ensures dhat he battory spevales woibin safe vokoge Carrtrd
and Lkmpem}u'rc Limite, .

1) BMs Continuotdly monitors dhe voltage of each bakhry cell ag el a3
enline bal}m Jo defecl any mbalance o abnonpal ondition.

P The BMs Continuously measumes dhe babbery demperabure ayd
ackiyebes the woling ov healt sjsﬁem whene ey ’rﬂqwf'ﬂ?d'

Q) Stake of Chq’xat (50C) Estimakion ?'msgg,l.,-ma,ﬁ-% dhe Actua) sfale of
Charge of Buu'?/n( w;frzj Vodil‘c:‘d€1 Current ond demperake daky,

S BMG Monitors chonges i Gapaciky , inkerned wesistance | and Chm’gre-
discharge tcles » o bakbery 3¢ Can be eveduaked .

6') Cell I)CLJQV?CI'IE:] i The pme, Peqrforrﬂ._& QCHU‘Q oy Paﬁélv‘f cell [DGJQVJCI'!@
to equalize Jhe vedhage of all Cells, thepeby ImprOVIrg hakbor{
Pwpqunce-

) @mmunicabion cwith Vehice systenm

g) Energy eFPrc{‘enaf optimizalior

3) Babler) dife  Gepension.

%) Dala doj(]."nd £ d"quOQHCQ :

3:3.2 '~ Block diog2em of Bms and Funckion of Each 'D”—"df g

F?d- below Shows e bdaclk &fq&eom of emg System

f‘""‘"‘""‘"""‘""'"";
| Capability | 1
i therm1 ! Estimation | | .
w“ & 1|2
Pack therm2 : € State of ! 2
> L) T s
: £ Charge I s
-CEH 1 current _ bt 1 (&)
LCeli ] : 2 Stateof | 1| 3
- v, Heath 7] 2
| Celln , Vn . I O
- Thermal I
1 Management :
| ’ : . I
I
Discharger «— | Cellt /
, | Balancing 1
| BMS 1

Fig. No. 3.3.2.1 Block diagram of Battery Management System (BMS)



) ,!M_Hif_f‘-[ Pacle {cell I to Celln?) -
— The pakber{ pacic Consiste of mulkiple individuol Cell Conneched
in cexies , panalie) o7 A Combinakion of both .
—> Tt aewyves ab Jhe P'r,l'n’)q'v—\f -eJQQ"ﬂ'CCLD entrgy Souwrce CO'I Jhe

EV and stores Hhe eneryy aequined to power thhe vehicle-

) Meagypement ) This blocle Collects  jmportant elechrical and
dhefrmaj Cluj‘a ‘

) quqb{b‘l«f Eatimaltion - This bloclz eghimates Fhe bakben €5
available capacity and  power delsuery cqpabidihy-

o) gtake oF charge (SoC) |- Monitons uhe o—emainira chqq%t n Q
betbery a% Q pe;rcen}d(s]e.

8) Skube of Healbh '~ Thig blotl monttors whe overatl Condition
ond degéadal‘for) sf Uhe bakkenry, over time .

6) Thewrmal Manggement '~ This bloce mainkaiing uhe baktery pack
©ikhin 9 gafe DPW“@ dempenatie .

D) Q%L’_bsdqnch*] - This bloclkk mainbaing tee bokbery edual volhge

& Cvoss b@,uejﬂ cells .

g) Méfr '~ Du'rfr@ Cell belanci proCedS , the c{f%'('.'hu'n"a-e.a (s
uged do ~edyce Uod}q@e of ceid Jhal hove @ M@hw 0
Jewvel -

D C___f'____'_\i Bus  Cordrvolles '~ The Cap C Controllen Aveq Nefwonsle) Bu
condrslley  enables Gommunicakion behoeen the  Bakhen

quq&emenl‘ Q\fsl-eﬁ) (eme" and other GIE’C{‘YTDYL!'C Cordrol
Orite, CECVS) in the  vehicle .

>33 i~ Bakbery CGondition m-ﬂf@pﬁ =

= T ' )
BQU'W‘{ ndition monifoning s q Grlinuowh Poocess in ohich the

Condition and Pe"’@'rmance’ﬁ
4 o bakbper . .
Gv¢ measuared , monttored and an w% used in Elechic vehicley

= Thi s
> Procees assess owitical efectrical and pﬁg@,abu pamame e,

to evaluate uhe hokberieys o
' urrent ; ;
potentiel fualte, o deindabion carty ] ond defe

™ The main goal i5 to epable prevenkive measyres helore
significant “jssues amrce .
)



Need of bathory Gndition monitoripy -
) sadely ', The habbery mMay overheal oo become darmaged , which can

Jead o Gempus %0ty Such as [iye onr ex¢p (0800 » Coninuows
Mmonitowing helps o deteck (Hpese jcoues .

) Raliobility™ The ool of unexptcted  baeakdowns Caused by
bmﬁ‘aﬁ{ue an be minimjized , dﬁ?.frebk., p’mpmu;’r}d Jhe overal)
veliabiliy of uhe eleckic vehicles

2 Pm@mﬂnce - Overrtime , Jhe baﬂ%’% QBLUH to Gforre Chﬂﬁ‘aﬁ and
delivey enermyy d’ﬁﬂdu% deoqueg,. BMS  encyres oph‘ma,! baLU'E/‘f“]
UHh‘ao.Hon,oﬂowf@ the vehicle  to mainkain Onsistent pexformance

0 Babheory [ife - Eavly debeckion of éatf‘m oefated issues enables
u\—!melj maintenance , which. helps esetend the oveyul) bauw
ife and weduces e cost of baklery  weplacement |

) angs“ Poedickion "~ hecureke  infpmmakion abouk e bﬂ*}f’m{'g’
soC helpe  eshimate Uhe venicle mtmairu'rﬁ dm'u;'?j NG >

Prouiding a mowe CGonvenient chrr'ufn@ escpeeience ~ and
'afd&dn(j ronge anatffH'

* Hethods of @ndition moni izt

Babrew _C"”"J"é"o” Montoning e Carmied ouk  Fhyough he Compined
use of havdwane and Softwane , which fo ugyal housed ¢/ thin
dhe Bme (Bakben V]cmqaemen} S'qurem). Tt includes Jhe fgf]owfnd
ComponenJ‘S:"’

1) %engom'%'.“S’enéwg measywe lm?\f qume}ms Ji [ce Vod}qam
Cyrrent , 'ﬁ?mpﬂw}l{w‘l » 50C» GoR o Cle .

2) Daba  Rrocessing +— Bmes ®llece,

daka eceived bror fhe sensons
ahelyzes it and ~ detecte, any abnovmalikies os Sign of wea+ §
teas caued by usage -

t‘Hne dwq’rau'f@ /J;‘gchw@f‘ process, notifies e dyiver qbouk potentia)
155Ueh , oo joplales ?;quH cell, 4o prevent dqm_uae_

4) Gmmuhicalion ;= The Bme gends uhe bo,U'f'fr\j'é slfus to he
Ve hicles Conbvo{ it and da%boa'rd,pa-owb’ff@ yeal - fime
UPC‘O}% to e driverr,




I"’;uﬂ)-q — SR - Re duce » Re us€, fif‘(‘T(‘I(’ PyoCe5s an laal',"'f.'w;~f > _

" Eleckvic Vehicle (Ev) baklerer ontain veluable and J'J‘m}teJ na}\wmﬁ-
we30unces duch as Lithiam, Cobalt, nicke] and azaphite Mongyn]

Hhese bakbeies effectively ak every stae of dheia difecycle
minimizes envivonmentn) impack, dowens wmape  and Promoftes
sustainable devevelopement - The ap approach - Reduce » Reuse,
Reqqele - plags a crucial aole in s PrOCERS .

DRewred 3
D Reduce - To mimimize Hhe wse of waw maleriade ond e”m‘j
requived oy bakbery pwoduction, andkeparevent waste generation

Fhroughoud  uthe  beabtery's,  enbine LuPecdc.le.

— Efficient desiap ! Detigning  baktesies” with weduced usage of
e matesdele Jilke JléHm'um, coball and  Niclel .

5 Lor}i’yw Lifespan - é—'odencﬂfr&j baﬂ‘ewj Jife w_’)ir@ q gm5;fbefsd91
Vﬂc{ucfej he need R frequent replacement -

 Entwyy efficienty - Utilizing fagk charying batbeues, hat
experfence Jdowen enenyy de@g.

'_')52.3__?"_" y_s__cLae',*PvevenH%T dqmaae and fTT)P‘T“DUfr‘q efffmlenﬁ Hrmu@ﬁ
habite like qvm'cli?j ovwchawaén@-

2 _f_)\f_“_f’_‘_f “To give sewnd Life o haklery hak gue po o
Qu_ln‘"cubl{d Gr we in eve buk sHIf vehain  Finctiona) capaciky -
7 seeond dife applications - pakbeies po /s o RF oo gyl
: o EVe C
TCPUrpoced [or - 1) Dom-estic ore jndugltyi enenyy efizaﬂfg i
0 5Bl pacle yp Systems . |
in) Chmrrfjfr%j Stek6r8 Lo epmall devices
- . o
BaU-e;rT Reburbiohment - Replacing on Tepaﬁfrfﬁ dﬂmoﬁed / wea f¢

balbory modales 4o ingice e Suitable (3™ alleanabive ases .
2) Rec%,cfe‘, To esthrack valyable  pyeteryale from unsablt  hubleies
~and pwcess Fhem into weusable: oy |

—->ﬂa’_@gj RECDVW 4 E.KHUJCH@ metale Such al J_['f'l-,,‘uﬁ),('oba.@“}
nicike] and copps to manufaclpe hew ballesies.

— Ew ﬁn’egcﬂy Dispogecl - Gaﬂeld prmcegsfnd bakkepies do prevent fontic
 Chemicals deal ingtead of JeHing Jhem end up in dand fAlls -

—> Regycly echnologies, - Peveloping advanced  chemice)  and mechania]

Procescey for M:J»h eﬂf}ciem(f pakkery q»ecq‘ch'r@.




€ Closed Joop Syshem ; Uﬁégj\ ch!ed bakkery  mponents o cpeate hew
© bekhoies, hezeby raf'ducf%? the demard o Ui'zram rw materials.

N ’g:.;(i J"T-_Jf" {‘“".Jl

| e

A i s 8 v 2 Lae b "
Nee€2eNCe berweeny Liel Cell anaA }'l'_:":t}"" {Pe *

S;‘ Point of Comparison Fuel Cell Battery

Uses external hydrogen fuel | o chemical energy

S | Epergy Source whichl is converted into internally,
- chemical energy. y
_ - Generates electricity - - Stores energy and éupp!ies
2 Operation - continuously as long as electricity when needed.
hydrogen is supplied. Requires recharging.
: Refueling is quick. Charging takes longer,
3 Refueling/Charging | Hydrogen refueling takes typically from 30 minutes
only a few minutes. to several hours.
_ Produces only water Produces byproducts during
4 | Byproducts and heat _ production and disposal
- | (environmentally friendly). that can be harmful.
Suitable for long-range Commonly used in
5 Use in EVs and heaw—dutygEVs. # .| light-duty and short- to
' medium-range EVs.
 Does not store energy; | Stores energy and releases
v Enargy Storage generates it as needed. it when required.
Moderate efficiency, . o~
7 | Efficienc : High efficiency for most
y ggﬁ 35?:{'? ey applications. _

Requires complex systems
8 Maintenance and advanced components,
leading to higher
maintenance.

Simple and low
maintenance
requirements.

4-71.9 - -~ = -
)l -2 J'r.'f'[l L” (R ‘HU:-'I.-'_“-.’"-'.} Y

D) Anode i Apede ia Ut In abive electvode of afiel cell whene /wckmaen

46 (1) is supplied . At #he anode hﬁmﬂ@en molecules ave gpht jnto
protons () and eleckvons (o) Hhyough an eleckrochemical aeaction .

2 C@:’i"?i@ ~ The c¢athode ia dhe positive eleckrode of a fued cell where
0%y gen (00) 16 Gupplied- A} he cathode ) DOCPERN veacte, wifh phofons (4*)
and €lectrons () 4o produce  wabes (Hy0) |

°f>__FrE¢%-,-?fjH’ - The eleckolfe is g medium dbhel allows o pholor
e e (H'f") _ED Pags G,Dm bHﬂe qnf)d@_ +o L)"L’)‘Q Ca}hO(if’ ) LD(’\JLE



L]od,(i/a Jhe flow of eleckond (o)
4) g;jﬂif} SN Ca}qusf* is a9 Substance J’x’pfcaﬂj plakinum (pt), hat
speedg up rhe electvo chemical

oeadijons OCuxing et uhe elecvode
wihhouwt bemq Consumed clurn'?j Uhe  pavcess.

 Cobalyst o @w,%
D RRbomer - A atformen i a device o} hat eathracts h"({m@%

farom hjd-mcq'rbor) puﬁ)s, Guch a% hatgyal @ag or methanol,
for 8¢ in a fue) cell.

)

& Divect Luel cetd v A diveck Fued cedd o o Hype of fue) cetd Huot

usey  igeerd (uele, » Such as, methanol » AI'WCHU[ withoul (ot

CD”V‘P/TH@ vHherm F'VDLO "ddfr[ﬁ,en‘ An emmp’e 16 e DF'T’RCYL
methanol Fuel celd ¢ pmFc) -

343 _MDTLU}}T principle .9_(__' Fuyel (:(.Ug

™ A fuel ced is an eleckrochemical entr9y Converoion device thhalk

S es l‘\jdrl:@en(l-fg,) and oxygen (02 +o geneyake eleckricrh heot
and coaken .

s H?C{’maﬁh atoms (He) entex uhe anode of uhe Luel cell.
-5 A—"’ LP*hf’ QﬂOde; hﬂd’ma'eh MDI{’CUJ% an-e %P’r
end elechrons (e) \Hrrou@% an electochemical) eackion -

7> The pogiti Chavsed  protong (4*) pass d%-mua« Hhe @lechrolyte
membyane to' Uhe eathode ; while he akbively c.hqwﬂecf elechrons

te) Flow LJ‘h'Y‘OL{&P'\ an external eleckvical Cinewite, ,dfnexza}fn
eledhric Cuvrenl ¢ elechricity - R —— ]

Finko protons (')

C

Fﬁ Fued Cett pasic blacle
dr'aa@am.

| SwegueN



45 Aflery Pq%f'% dhfrouab he esxfernal CivewF, dhe electvons (€ Compine
with Protons(yt) and o2 gen (p2) ab (Mhe Cakhode Uo pmcﬁuc‘e dhe
by products of Hhe Fuel cetd * Wabes(H20) and heat

— The qale of tHhe eledochemical opackions o mia}fww s5low.

Thic Llimitabion 15 Oventome by USI ca)vlersi's such as  platinum
Cp. ) ov paldadium (P4 , which accelevate e veackion ., To intrease

" Jhe effeckive Suxface awed, tthe C.ed'ﬂ»'d—‘fﬁ& io finely dwided indo

. micwegeopic  parhicles and urﬁ@'r‘mH coated onto the electyndes,
Howeby r‘mp-mu;*r;j JMhe overall pexformance Qnd efficienty of the

fuel cell -
4ot Types of fuel Cells used in evs -

D Rlkaline fue) cet? Carc)

D .PoNmen Elecholyte membaane Fuel cell ( pemfe)
> Phosphoric  pid Foef cell CPAFC)

&y molten Cavlbonate Fuel  Cell (mcFe)

5) Solid oxide fue) celf (goFc)

_ﬁ%-ir-[}{'i ﬁlkau;)_(’ [LU[ Cell -

™ A alkaline fue) Cetl (AFe) ublizes an alkaline elecfrolyte usuaﬂq
pottasitm Hydwoneid € (1eom) :

> The AFC opewales by facilitabing dhe movemenl- of hydwoeide
ions (oH) fom drhe  Cathode o Gnode.

— AF Jhe qnoc{e,hfdmam fue) aeacts with hydroreide fons,prmc{uci:@
wakes (Hz0) 5 electons(e> and hewl -

= The generabed elechvons, dravef Harough an externa cinewt fo
produce eleCHicf’}«’p»

> Ak dhe cathode | ooty gen (02) oeacts with wabex and electrony o
regenerefe hydvoeide jong which move back do Hhe anode.

7 AFCs exibiF A{?\h e.FFu‘cfEr}c\, and aapid elettrochemjcal oeaction
yakes .

—7 These cells qye censitive Uo corbon digoserde (Ccoo 9 Conkyminedion
whi'th ®can diminish pesformance and eFfreieny.
v meqq;ecepj :z.n%‘c;g)csp?ce missions due fo UHheir o¢lighle

= Polenkied applicekiont Forr a

Fcs include stabiono i
nd Beodnpeiaon, kel

<)



2+4:4.2 Polymey Electrolyte mempaane Fuel celd [PEMFC) -

—> The poltmey Electrolyte membyane Fue) cell uses a colid polymen
memprane ab dhe electrolite .

— s membyane PeYmits paotons (4F) fo pass rom uhe anode to the
cathode while preventing eledtyon Aow ()

—> Al Hhe anode, h\r&m@en (Hz) 1o split into Protons and eleckronk »
poofond taavense he membrein€ s whil® electyons, crecte an
eaetennal eledkyic cuvyend -

—> A Lhhe cabhsde oxq@en(fk) weacts wikh profons and  electron
to produce waker (Hgpn) @ A b\fpwcfud--

— PEMFCS pperale ab Ubw demperabures (6o-g0°c) and are
chavecteniged by Compact de.ef(?[n and High power densiky .

= Theiw quici Skytup  Capobility makes pempcy Sudtable o appli e
el wequine aapid wesponge , such as aulomshive and portable
power devices .

3.:4:3 - Phosphoric g fuel S -

= Phosphowic  Acid fae) Cell CPAFC) o a Udype of fue) cell Jhak usey
dsquesd  phosphovic acid (Hapou) as dhe electrolyte - Tpe elechrolyte

A9 Conducks paofons (H') Fyom Jhe anode #o the cathode .

= Tp a phogphoric Reid Fue) Cett (PﬁFc),bxiclxrﬁ-en qob ie, Converted ok
tHhe anode into  pootons and  elechvons .

—> Paotons dovel Hough e phosphonic acid eleckrolyfe Fo thhe
cakhode , while eleckyony genewake elechic cuxrent in an esttermal
Cinrcatt

— AF he Qnode_,o%(;ﬁn reacts with pyotons and eleckrons fo form
watex and heat-

— PRFCe Funchion ak 18o-200c and awve moae folevant {o impunities,
P:chquﬁT Cavbon monpxide » Mq L(fll&j\ them effective with nelormed
Cuels -

—7 They anve maink wsed foy slabiona oty genepedion jn ceth
lilce ho.spf'h:cps ond  hotele,  pat Q'T{YIDGPL!Q’EHQ f:da },Ieaj mpg,,eﬁ P
mobile qpph‘caﬁiom,‘ 1 "

3‘4"{_'/1 = Molten Cavbonalte Fuel cell (MCFC)

= The molleny Cavhovale fie) Cell (mcre) operakes ab b%h Fem peratees
of G'OD‘FGOOC-




— Tl wes o molten Cavbovale Qlffhwolt{f'e ) Uy picaldy  ithium , Sodium
oY potfasium Cavhonate .
2 Hﬁdmd-m o Cavbon monosede s ulkilized ab Jdhe anode to @{’nm}ﬂ
wakers, Carbon divseide , and  elecivons Corr elechkric power.
—% Ak Jhe cathode , ORYgeN , 0% ger) Com hines wibh cavbon dieseide and
electrony  }o r)ezaiz Cavbonalte jon%, Compleki Fhe cycle.
— McFCs Can us€ vavious fuels , including  nalyya) qas and hisged »
malzing them cutkable oy brrqe -Scaifﬁe POty ﬁ»enem,p-fon and Comhintd
ech Tand  power oystems -
#;f Hdvoﬂ}tﬁ-ap oy d:\{hf@*“ efficiency and Fue) Fleseipily - |
—> Challe include  inereased Comypleseiy and Coot due do N@h
ope-m,.ﬂ—irﬁ dempertyres and  covrosive envimonmenks .

Ay Y5 — 60’({_{ O){‘;d({ Q[Q} el -(soFc) ‘-

—~ Solid or_:e;'de Fue) @bl (sofFc) Obilizes a sohd cexvaric e,lec.l-wlq%e ,mafnlj

Yiriq shabj[izes Zivconia(CY5z) , Conc{uch'f%j Oseide jong (0™ .
—) Opejea}% ot FJ'dh d-empelm}u'a’t’ (#oo-1000°c) , allowi | (o a

divexge vange of (yelg - by en (H2) ynatural gas | his -
Qquid h*fclrvnajurrboﬂ%- A”’Da’ ¥ d&g

— O%ygen (02)at he cathode ia weduced to oseide ions, which favef
o the ansde, aeacking wikh fuel to genesake eleckrons (€ ), waky
CHz0) , Cavbon dio®ide C(o2) and heat .

— Elechric power io produced @8 electvons Flow hough an
exeterned Cicatl and et 4o rhe  cathode .

— known for |y efficiency 5 esecellent [ye) egp&eé%‘f ' Cleseibiliky 5
eFfeckive fmﬂ#fgh heet aecoveny mauing  GoFCs dea] o Comz'nd
heek and powen (CHP) &ystems.

= Primavily applied in &takionamy power @eneeaﬁfon forr t'nc(%hiaJ,

ve%r'dwr’ai? cmd ﬂ)f'(l"‘f’ﬂ‘r‘-‘ tuges

— ChaMQrﬁ—eg, include medesial de@@adah'oo, Slow Start-up times

and  (omplex system cfes'@n, Jead"@ to increaded Coste, and
mainkenance. .

X €84 4.6 - fof;:,f)u*5!.-’5"):""- O( c{irft;'_/(‘:l." H,‘)CS -‘3(. (H.E,f (’C”*’_—} UG('(J

1N FLB :

—_—




COMPAR!SON CH_ART OF DIFFERENT TYPES OF FUEL CELLS USED IN EVs

Cell Voltage _Operating System Efficiency -
Fuel Cell Type Electrolyte Type (V) Temperature Qutput | (%) _ Applications
! | ' o

1 Alkaline Fuel Cell ' i:?;ﬁg ~0.9V 60 - 90- o ' Upto 60 - 70% Spacecraft, Military,
: (AFC) (KOH) ' 100+ (electrical) Buses (limited EVs)
Polymer Electrolyte ' ' A )
2| Membrane Fuel Call | 01 POUMer ~07V | 60-80°C | 1-250+ | 40-60% | {;‘;ﬁ;‘ﬁ’?&iﬁﬂ
(PEMFC) P '
* Phosphoric Acid Liquid - i | ~ Stationary Power,
3 Fuel Cell phosphoric ~07V | 150-200°C | 50-400 35 - 45% CHP (Combined
(PAFC) acid ? ) Heat and Power),
. ' Backup Systems
; Molten Carbonate - Molten : 100 - 45 - 55% Utlity-scale P
% FuelCell | carbonate salts ~08V 600 - 700°C 1000+ (up to 85% I dl }‘t s Gt':en
(MCFC) [ (LiNaK) with CHP) | "o
' ! ' ~ Solid Oxide Solid ceramic _ . _ _ 50 - 65% - _
S Fuel Cell (e, Yita- ~10V | 700-1000°C ggg{; 1 (upto 90% Large Stationary Power,
T (SOFC) - stabilized b with CHP) CHP, Military
- Zirconia)




QUESTION BANK/ASSIGNMENT -03

Course & Code: EE-5K Semester: Third

Name of Subject: Electric Vehicle Technology Subject Code: 315335
Que .
No Unit 3 Controlled Converters (22 Marks)
1 Define specific energy and specific power in the context of batteries
2 List any two advantages and two disadvantages of Lithium-Ion batteries
Differentiate between EV batteries, super capacitors, and flywheel energy storage
3
systems in terms of energy storage mechanism and typical applications
Draw and explain a basic block diagram of a Battery Management System (BMS),
4 G .
. mentioning the function of each block
Compare the following battery types based on construction, cycle life, efficiency, and
5 o < ;
typical applications: Lead-Acid, NiMH, and Li-Ion
Discuss the factors influencing battery selection for electric vehicles. Include aspects
6 ;
like energy density, cost, temperature range, and safety
Explain the working principle of a Fuel Cell. Also explain how does it differ from a
. ,
conventional battery.
Compare the following fuel cells used in EVs: PEMFC, SOFC, and MCFC based on
. :
electrolyte type, operating temperature, efficiency, and application.
9
10
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