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Voltage x Current (V x A)
Current x Time (A x h)
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walum Anode : Negative (lower voltage) electrode
wainm Cathode : Positive (higer voltage) electrode
aantaslas

load charger

T ol Yl T
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Positive Negative Positive Megative
cathode anode anode cathode

Discharge Charge
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*Specific enery density Wh/kg pruqnasiusia *Cost per unit energy cycle S/kWh-cycle s1an
Unmiin WA UBRATALNTT 1T

*Volumetric energy density Wh/liter aauqnasas  *Cost per unit power cycle S/kW-cycle a0

FARLTNMT nas i sasaunigld
*Specific power density W/kg rasluirsiasinmin “Efficiency % % raalninildlgsarasiiing s
*Volumetric power density W/liter rasluinse *Life Cycle Cycle saunsldanunaanansuuee
IEFRlh,

*Shelf cycle year angnsifiuiuns

*Capital cost per unit energy S/kWh sasendsau _ 5 R
*Discharge rate %/Year snsnisanasaasnsaneilseq An
*Capital cost per unit power S/kW spsaraalnin 1l % el

*Operating temperature rate °C aauugildsnu



Performance, test and running
characteristics

* Voltage curve

» State of Charge (SoC)

* Depth of Discharge (DoD)

* C-rate

* Power to Energy Rate

* Energy Efficiency

* Cycle life Cycling temperature characteristics

* Self discharge rate, Storage temperature



Voltage curve, SOC, DOD
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Voltage curve, SoC, DoD
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Cycle life vs. Temperature

Manufacturer’s Cycle Test Results

100 Foom Temperature
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Cycle Life (Cycles)



nseumeunuauiasznin Lead Acid nu Li-lon

Energy Density (W/L) 60-110 100 — 700

Specific Energy (Wh/kg) 40 100 — 250

Specific power density 180 250 -350

(W/kg)

Cycle life 800 @ 50% DoD 2000 @ 80% DoD

Temperature Senitivity Degrades significantfy Degrades significantfy
above 25 C above 45 C

Cost (S/kWh) 100 400

Mainternance free BMS



JONITZI

* AIENIT FNNUAEAARIUNINAANL WA NN N4

* @1gnglreuaranasviinldulug ) igs




A A A
LL‘]J@]LG]@'EﬂL‘V]fJiJllE]@@u

° LHARLAL TN

v
Q/

90// T Aa a A v
° Jaau/dnuaniuaLanfATaLLazanedlaauls

° Li+, e- Wusampanud

v
[ %4 [ %4 o %

* dnelliazauetiudannvingo

q




9
9) ~ AAa A 1 1
PofFouMeuvoaUanes NN lopouLnazIIY YUDY
aumsiaenld

Type Specific Specific Safety Performance | Life span Cost
Energy Power

L|th|um nickel-cobalt-
aluminum

NMC

Lithium-nickel-
manganese- cobalt
LMO
Lithium-manganese-
spinel

LTO
Lithium-titanate

LFP
Lithium-iron-phosphate



~
HUADST |DUAA

aq1iu AUIAR

* LiCoO, 410 Wh/kg * LiCoO, 508 Wh/kg
Graphite Silicon

* LiFePO, 385 Wh/kg * Layered Oxide 952 Wh/kg
Graphite Silicon

* Layered Oxide 830 Wh/kg * Li,S 1,550 Wh/kg
Graphite Silicon
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Norminal voltage
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Cut-off voltage / End-of-discharge voltage (EODV)

1 o v dl dl o %
© AL muu@ﬂmﬁmm@muim

Charge voltage
° usaaugegaiia charge Tiifiunaug mazldidunimimeslunisaqurunis charge



C-rate

Charge/Discharge Rate
* C/x = x hr to charge/discharge the battery
* For example
* Charge rate 2C = 0.5 hr to charge
* C/2 =0.5C =2 hrto charge
* Discharge rate @ C/4
* C/4 =0.25C =4 hr to discharge
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* Terminal voltage / Closed-circuit voItage (CCV)

Wﬂmeu@vmwﬂmmLLummmmeﬂuTmm Feszminanns charge/discharge usssutiazlaenulas
Immu@qﬂ‘u SoC/DoD uazrnszua charge/discharge

- aquz charge CCV i
- aruz discharge CCV anas

* Open-circuit voltage
ABLAUTZMINNTasuUmAaie il laFaiu van

* yas charge OCV anas
* wias discharge OCV i
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C-rate C/x
° X fif1 g1 => charge/discharge faaaunnszuann
=> lfna1lunns charge/discharge wu

C-rate gega/snga/ivnnzas 1esiunmesusazmin uazusiazive azlimieuiy
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Type of batteries Li-ion (C/LiCo0,)

Norminal voltage (V) 2.0 3.6

End of discharge 1.75 3.0

Charge voltage 2.4 4.2
C-rate (Charge/Discharge) C/5 (<1) 1C limit
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Lithium Charging
o CC: Constant current nszugmaei

> CV : Constant voltage usssunasi
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* a1unsovn quick charge 16 usazinasiaangnisldanu

* anflusiasil Battery Management System (BMS) Ansisaauglisng ilaiinnstuumimesiane-
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P55z lums dischargeuummesamon

* Fagsrdyaningain1amnenu SOC yira DoD watinangnisldeu uazinaadnuilaansis

° FRNNNNTIANLANA UMY NI AATTA

* C-rate ga 2ngnslieuazanad
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* over/under voltage
> Qvercharge fan13mnda aunsyiivseauLsAUgaiundl charge voltage

o Qverdischarge aannshaanFaaunseivseauusesumingt cut-off discharge voltage

* over current, shot circuit current Aantsansa vise Ratnfasenszuangaiuiuun

* over/under temperature




DoD & SoC

DoD : Depth of discharge ifluanuansfzununaseunldlivisuuaiiuwde fausaas
ANTNARIAA

SoC : State of charge \luruansfzununasnunmaeeslulaqiiuiunlasiausaes
ANNAGIAA

\

= A
v
L
State of charge Depth of discharge
(50C) (DoD)




SoH

Stage of Health (%) \dunfiwmesmuanis
© ANNATNNTOURILLALAET MUNTAZANUAZ A NANUTBIULALAET

° FUNNUBIULAILAET
¥ o o 14 o o/ Aﬂl
° yandayad iUl ld (anssnus, n19ingedne uaznisas)
o \{ludeyadmiu SOC estimation uaz ginsalaidanseiind uazszuuatuansine wu BMS, ECU, EMS «a-

° \Wainslduummnes SOH fazanas iasannilaldaulilscazutisaziianis degradation sasda vinlmnadaunla
anunsndaunauls (irreversible loss) siza nasldeunligneas iiu over-charging, over-discharging

o angnisldewanuiusau charge/discharge azauriy

- C-rate
-DoD




BMS

BMS : Battery Management System wsa stuunisdnnisuusmnes inurihnvanlunis Maintain

balance cell battery wadalWlvisiuunngs waziinagnisldeuuusmes lnansinaniuznisanga

(SoC) anuzgunnaasiaaa (SOH) sudantsmsasaauidumassne (SOF)

BMS azyinismsaaauduiingiu Ae n1snsaasauwsadulninaesusasiaad grungivessas n1sinnseua
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* Internal resistance / Impedance / Conductance
* Capacity

* Voltage

* Self-discharge

* Ability to accept a charge

* Number of charge—discharge cycles
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BMS
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1. Passive balancing

2. Active balanceing




Passive balancing
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— energy is wasted
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— Energy Transfer
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— each cell’s full capacity used
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