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ENERGY STORAGE SYSTEMS
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H Avaykn yia AtoBnkevon eVePYELOC

H evépyela mou mapaystat ano Ti¢ dtataéelc twv AMNE, onwc sivat ta dwtoBoAtaika (O/B)
TAQLLOLOL KOL Ol OVEUOYEVVATPLEG, KUUOLVETOL ONUAVTIKA OE wplaia, NUEPAOLO KAl ETTOXLAKN
Baon.

Avavtiotolyia tng mapaywyns (mpoodopdg), n onoia dev emidExetal avOpwrivo EAeyxo, LE
NV KatavaAwon ({Ntnon) evépyelag.

Anpoupyeital, EMOUEVWC, N AVAYKN TNEC EVOWHATWONCG TNC EVEPYELOKAC amoBrikevong ota
cuoTApaTa mapaywyng twv AME



High Voltage

Low Voltage

Low Voltage
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Compressed Air Energy Storage

PUMPED HYDRO STORAGE - HOW IT WORKS

When demand increases, or wind/solar

: production drops, water runs downhill
—— I ' from upper reservoir
More stable, less variable supply results o
PRESSURE

from adding electricity from turbine to
original renewable power

Station

Genefator
40 Renewable energy such
“‘.‘ ll ' 'I o as wind or solar used to
| pump water uphill during
Sorteir - | : times of low demand

b Water runs through turbine,

creating electricity

Turbine/Pump

Mnyxavikn ArtoBnkevon Evepyetag
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HAektpoxnuikn AmoBnkevon
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Secondary Batteries commonly used in
Hybrid Systems

 Lead acid batteries

e Lithium ion Batteries



Charging and Discharging

a Lithium - ion Battery
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Charging and Discharging
a Lithium - ion Battery

[ Conventional battery structure ] [ New battery structure ]
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Schematic of morphological changes that occur in Si during
electrochemical cycling.

Initial substrate
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Good contact with current collector



Charging and Discharging
a Lead—Acid Battery




Battery Specifications

Voltage

Battery Capacity and Energy
Rate and Depth of Discharge
Energy and Charge Efficiency
Days of Autonomy

Life Expectancy
Environmental Conditions



Voltage Level

Theoretical Voltage

Open — circuit Voltage [f(SOC)]

Closed — circuit voltage [f(SOC, T, I)]
Nominal voltage

Working voltage

Average voltage (Aver of Working Voltage)
The end of discharge voltage

The end of charge voltage



Turuikad Auvapika HAektpoxnKwV Avtidpacewv

Electrode reaction E° W
Pb** + 2e —— Ph —0.13
0, + H,0 + 2e == HO; + OH —0.08
D'+e‘=‘%[); —0.003
H* +e:‘]§1—12 0.000
HgO + H,O + 2e =—— Hg + 20H 0.10
CuCl+ e —0Cu+Cl 0.14
AgCl+e = Ag+Cl 0.22
¥-MnO, + H,O+ e — o-MnOOH + OH 0.30
Cu* + 2e —— Cn 0.34
Ag, O+ H,0 + 2e =™ 2Ag + 20H 0.35
¥-MnO, + H,O+ e — A-MnOOH + OH 0.36
%0: + H,O + 2e == 20H 0.40
NiQOH + H,0 + e m— Ni(OH), + OH 0.45
Cu"+e=—Cu 0.52
L+ 2e~—2I 0.54
240 + H.O + 2e —— Ag,0 + 20H 0.57
LiCoO, + 0.5 = Liy:Co0. + 0.5Li* ~0.70
Hg™ + 2e — 2Hg 0.80
Agt+eT—— Ag 0.80
O, + 4H (107 M) + 4e m=— 2H.D 0.82
Pd* + 2e == Pd 0.83
I +3e~—Ir 1.00
Br; + 2e —— 2Br 1.08
O+ 4H" + 4e =—— 2H,0 1.23
MnO, + 4H™ + 2e ™—— Mn*" + 2H.O 1.23
ClL+2e——2(Cl 1.36
Pb(y, + 4H™ + 2e =— Pb** + 2H.O 1.46
PbOy, + 507 +4H + 2e m=— PbS50O, + 2H.O 1.69
F. + 2e —— 2F 287

Llectrode reaction £ W
Li" +e ——Li —-3.01
Rb*+e—Rb —2.98
Cs'+e——Cs —2.92
K'+e=—K -2.92
Ba™ + 2e=——Ba —2.92
Li* + 6C + e m—— LiC, —2.90
S+ 2e ——Sr —2.89
Ca**+2e—Ca —2.84
MNa'+e——MNa -2.71
Mg(OH), + 2e —— Mg + 20H -2.67
Mg + 2e —— Mg —2.38
ANOH); + 3e —— Al + 30H —2.34
Ti** +2e ——Ti -1.75
Be™ + 2e = Be —1.70
AP+ 3e=—— Al —1.66
Zn(OH),+ 2e ¥=— Zn + 20H -1.25
Mn®** + 2e =—— Mn —1.05
Fe(OH), + 2e =—— Fe + 20H —(.88
2H.O + 2e ™ H, + 20H —0.83
H' +M+e—— MH —0.83
Cd{OH), + 2e m—— Cd + 20H —0.81
In*+le=—1Zn —0.76
Ni(OH); + 2e = Ni+ 20H —0.72
Ga*+3ev——Ga —0.52
S+2e—§° —0.48
Fe'* +2e — Fe —0.44
Cd*+2e—0cCd —0.40
PbSO, + 2e = Pb + S0 —0.36
In* 4+ 3e ——In —0.34
TI'+e=—TI1 —0.34
Co*+2e—Co —0.27
Ni* + 2e == Ni —0.23
Sn* + 2e=——8n —0.14




TYTIIKO AYNAMIKO XTOIXEIOY =
ANOAOZ (AYNAMIKO OZEIAQYHY) + KAGOAOX (AYNAMIKO ANAT'QI'HY)

e Li—ion cell

ANOAOX LiCgo> Co + Lit + e~ +2.8V
KA®OAOS Co0, + Lit + e~ o LiCo0, +1.25V
SYNOAIKH ANTIAPAZH

Li Cg + Co0, < LiCo0O, + Cq

TYTIIKO AYNAMIKO XTOIXEIOY
2.8V +1.25V=4.05V



TYTIIKO AYNAMIKO XTOIXEIOY =
ANOAOZ (AYNAMIKO OZEIAQYHY) + KAGOAOX (AYNAMIKO ANAT'QI'HY)

e Lead — acid cell

ANOAOX Pb + SO?~ &PbS0, + 2¢~  +0.36V
KA®OAOX PbO, + SO2™ + 4H* + 2e~ &PbSO, + 2H,0 +1.69V
YYNOAIKH ANTIAPAZH

TYIIIKO AYNAMIKO ~XTOIXEIOY
0.36V + 1.69V =2.05V
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Battery voltage |V]

Open and Closed Circuit Voltage
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Battery Capacity

* A battery's capacity (in ampere-hours (Ah)) is
the amount of electric charge it can deliver.

* Factors that affect battery capacity:
— Rate of discharge
— Depth of Discharge (DoD)
— Temperature
— Age
— Recharging characteristics



XOPOLKTNPLOTLKA TUTILKWYV UALKWV NAEKTPOSLWYV

Atomic or Standard Eleclnl:lchemical
molecular reduction potential ~ Valence Melting Density, equivalents
Material weight, g at 25°C, V change point, “C glcem® Ahfg g/Ah  Ah/om’
Anode materials
H, 201 0 2 — —_ 26.59 0.037 —
-0.83"
Li 6.94 -3.01 1 180 0.54 3.86 0.259 206
Na 23.0 -2.71 1 98 0.97 1.16 0.858 1.14
Mg 243 -2.38 2 650 1.74 220 0.454 3.8
-2.69"
Al 269 -L.66 3 659 2.69 298 0.335 8.1
Ca 40.1 -2.84 2 851 1.54 1.34 0.748 206
-2.35"
Fe 55.8 ~-0.44 2 1528 7.85 0.96 1.04 7.5
-0.88"
n 65.4 -0.76 2 419 7.14 0.82 1.22 5.8
-1.25"
cd 112.4 ~0.40 2 321 8.65 0.48 2.10 4.1
-0.81"
Pb 207.2 -0.13 2 327 11.34 0.26 3.87 29
(Li)C* 72.06 —2.8 1 — 2,25 0.372 2.69 0.837
MH’ -0.83" 2 — - 0.305 3.28 —
CH.OH 32.04 — 6 — - 5.02 0.20 —
Cathode materials
CuF, 101.5 3.55 2 0.528 1.89
0, 320 1.23 1 — — 3.35 0.30
0.40"
Cl, 710 1.36 2 — — 0.756 1.32
80, 64.0 — 1 — — 0.419 238
MnO, 869 1.28* 1 — 5.0 0.308 3.24 1.54
NiQOH 91.7 0.49 1 — 74 0.292 342 2.16
Cull 99.0 0.14 1 — 3.5 0.270 3.69 0.95
Fe5, 1199 — 1 — — 0.89 1.12 435
AgO 123.8 0.57" 2 — 74 0.432 2.31 3.20
Br; 159.8 L.07 2 — — 0.335 2.98
HgO 216.6 0.10" 2 — 11.1 0.247 4.05 274
AgO 231.7 0.35" 2 — 7.1 0.231 4.33 1.64
PbO, 2392 L.69 2 — 9.4 0.224 4.45 211
LiFePO, 163.8 ~0.42 1 — 3.44 0.160 6.25 0.554
LiMn, O, (spinel) 148.8 ~1.2 1 — 4.1 0.120 8.33 0.492
Li,Co0, 98 ~1.25 0.5 — 5.05 0.155 6.45 0.782
L 253.8 0.54 2 — 4.94 0.211 4.73 1.04




Theoretical Battery Capacity, Ah

* lg-equivalent of any active battery electrode
material produces 96,487 C or 26.8 Ah.

* lg-equivalent 1s the atomic or molecular weight
of the active material in grams divided by the
number of electrons involved in a reaction.



Theoretical Battery Capacity, Ah

Li—ion cell
LiC¢, MB=72
lg-equivalent = 72/1 — 26.8 Ah 11 0.372 Ah/g
Co0, MB =098
lg-equivalent =98/1 — 26.8 Ah 11 0.273 Ah/g
LiC, + Co0, © LiCoO, + Cq4

0.372 Ah/g 0.273 Ah/g

A 2.69 g/Ah 3.66 g/Ah - 6.35 g/Ah 1} 0.157 Ah/g



Theoretical Battery Capacity, Ah

Lead — acid cell
Pb AB=207.2

lg-equivalent = 207.2/2=103.6g — 26.8 Ah 11 0.26 Ah/g
PbO, MB=239.2

lg-equivalent = 239.2/2=119.6g — 26.8 Ah11 0.22 Ah/g

0.26 Ah/g 0.22 Ah/g
7 3.85 g/Ah 4.55 g/Ah — 8.4 g/Ah 1 0.12 Ah/g



Theoretical Specific Energy, Wh/kg

1.Li —ion cell

Specific  Energy = (Voltage)x(Capacity) =
4.05Vx0.157Ah/g = 0,636 Wh/g 11 635 Wh/kg

2. Lead — acid cell

Specific Energy = (Voltage)x(Capacity) = 2.05V X
0.12Ah/g = 0,246 Wh/g 11 246 Wh/kg



Rate of Charge and Discharge

» The rate or current of charge or discharge a battery is typically
expressed as a multiple of the battery capacity.

I(A)=MxC
» For example, a 1 C rate is the current expressed in amperes (A) that

has equal numerical value to the battery capacity in Ah, 1.e., it

represents the current that would charge or discharge a battery in 1
h.

» A battery rated at 5 Ah, the specified current for a 10-h discharge,
expressed as the 0.1C or C/10 C-rate, is 0.5 A.

» A 250 mAh battery, discharged at 50 mA, has a calculated C-rate as
follows:

C-rate = 005 = ¢ (or 0.2C)

0250 5



Rate of Charge and Discharge
More examples

1. What 1s the C-rate if a current of 300 mA 1s used to charge a cell
with a rated capacity of 1200 mAh?

M=1/C=300mA/ 1200 mAh =1/4

The current chosen 1s expressed as C/4 or 0.25 C. The battery would
be fully charged using this current in 4 h.

2. What 1s the C-rate 1f a battery has a capacity of 1200 mAh and 1s
discharged using 2.4 A current?

M =2400 mA / 1200 mAh = 2 or the C-rate 1s 2C

The battery would be fully charged using this current in 0.5h.



Depth of Discharge (DoD) and
State of Charge (SOC)

» Depth of Discharge (DOD) refers to how much capacity will be
withdrawn from a battery.

— Battery life is directly related to how deep the battery 1s cycled.
» State of Charge (SOC) refers to how much capacity is available from a

battery
l 09630C
20%80C

s0C
100%DOD
80%DOD
09%DOD | 100%30C

S0C=100-DOD




Life Expectancy

 Battery manufacturers specify life expectancy in
terms of a quantity of cycles.

e Battery life (number of daily cycles) is affected by the
depth of Discharge (in percent of battery capacity).
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Environmental Conditions

e Batteries are affected by the environment’s
temperature

* Higher voltage charge termination points are
required to complete charging as a battery’s
temperature drops (the opposite is true in
warmer temperatures)

* Controllers with a temperature compensation
feature can automatically adjust charge
voltage based on a battery’s temperature



Environmental Conditions
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Energy Efficiency
N, = Wyisen / Wop (95% Li-10n, 85% Lead-acid)

Discharge curve: Lithium-lon vs Lead-Acid

13_5¥
13
Lithium-ion

125
= Lead-Acid
= 12
<
=
= 11.5
=
<
= 11
o

10.5

10

0 10 20 30 40 50 60 70 80 20 100

Depth of discharge (%)



Days of Autonomy

 Autonomy refers to the number of days a battery
system will provide a given load without being
recharged.

* The number of days of autonomy is determined
by
— the location
— total load
— types of load

* The general range of autonomy is as follows:

— 2 to 3 days for non-essential uses or systems with a
generator back-up

— 5 to 7 days for critical loads with no other power
sources



Comparison Table of Secondary Batteries

Specifications Lead Acid Li-ion®
Cobait Manganese Phosphate

Specific energy 30-50 150250 100—-150 90-120
VWWhikg)
Internal resistance Very Low Moderate Low Very low
Cycle lifeZ (80% DoD) 200-300 500—-1,000 500-1,000 1.000-2,000
Charge time* 8-16h 2—4h 1—2h 1—2h
Overcharge High Low. No trickle charge
tolerance
Self-discharge/ 5% =5%
month (room temp) Protection circuit consumes 3%/month
Cell voltage (nominal) 2V 3.6V7 3.7V7 3.2-3.3Vv
Charge cutoff 2.40 4 20 typical 3.60
voltage (Vicell) Float 2 .25 Some go to higher V
Discharge cutoff 1.75V 2.50-3.00Vv 2.50Vv
voltage (V/cell, 1C)
Peak load current 5Cs 2C >30C >30C
Best result 0.2C <1C =10C =10C
Charge temperature | —20 to S0°C 0 to 45°C=®

(—4 to 122°F) (32 to 113°F)
Discharge —20 to 50°C —20 to 60°C
temperature (—4 to °F) (—4 to 140°F)

Maintenance
requirement

3—6 months™2
(toping chg.)

Maintenance-free

Safety requirements Thermally Protection circuit mandatory™*
stable

In use since Late 1800s 1991 1996 1999

Toxicity Very high Low

Coulombic -90% 99%

efficiency’™=

Cost Low High'=




12 Volt Battery Configurations

12-VOLT CONFIGURATION
with 12-volt batteries in parallel

12-VOLT CONFIGURATION
with 2-volt batteries in series

12-VOLT CONFIGURATION

12-VOLT CONFIGURATION with 6-volt batteries in series
with 6-volt batteries in series/parallel



MpoBAnua 1°

Y€ QLo ouoTolyia cuoowpeUTWY Ba npenet Vo EXOUUE re)\LKn Taon eEoGou
Vt . = 712V, ALOLGEtouue €L CUOCWPEUTEG PE XOPAKTNPLOTLKA OTOLEL: V)
=12V kar C, ., = 100Ah.

a)
b)

c)

d)

Na yivelL n cuvdeopoloyia TwV CUCOWPEUTWY, ETOL WOTE N OALKA TAON
NG ouvotoliag va eivat 72V.

Mol €lval n OUVOALKA xwpnukomra TNG oUuOoTOLXlOG KoL Tola N
OUVOALKN amtoBnKeUEVN EVEPYELQ,

Av 1O Baeoq ekdOpTIONG TNC ouoTolyiag eival too pe 0.8 kal o Baeuoq
omocSoor]q loog e 0.85, va UTTOAOYLOTEL N EVEPYELA TTIOU UTTOPOUE Val
TIAPOUE OO TN cuoToLyia.

Molo elval 1o pevpa ekpoOpTIong NG ouotolxiag (oAlkO pevpa), av n
LoXUC TNG KatavaAlwonc mou tpododoteitat eivat 360W;

[Molo¢ gival o XpOvoC LE TOV OTIOLO UTTOPEL N CUYKEKPLUEVN cuOoTOLK L
va TpodoOOTEL CUVEXWC LE EVEPYELO TNV KATAVAAWON;



(a)

12V 12V
C, =100Ah C, =100Ah

12V
C, =100Ah

12V
C, =100Ah

12V
C, =100Ah

12V
C, =100Ah

V,ye = 72V

OL cUOOCWPEUTEG TIou SLABETOVE EXOUV OVopaoTIKY taon V, . = 12V kal n cuotolia
Hag Ba mpemeL va xeL oUVOALKN taon V, , = 72V. Apa n cuotolyia Ba amoteleital ano:

Vior 72
Viom 12

6

(b) Epooov eivar ouvdedepeveg oe oetpa Ba woxvel C,,, = C, =C,=C;=C, = C; = C,= 100Ah
H ouvoAwn amoBnkevpevn evepyela eivat: E = C,,, xV,,, = (100Ah)x(72V) = 7200Wh 1y 7.2kWh

(c) H evépyela ou pUmopoUE VoL AVTANCOULE Ao tn protapia urtoAoyiletal amno tn oxeon:

—_

Ez = nxDODXE

Ornou n = 0.85 o Badudc anddoonc — E; = 0.85x0.8x7200 = 4896 Wh
DOD = 0.8 1o Bdaboc ekdoptiong

-




(d) H toxU¢ Tn¢ pmatapiog umoAoyiletal amnod tn oxeon:

P= Vi X1 P 360W

[ =
Orou I T0 peV A EKDOPTLONG Viot 72V

(e) O xpovog t pe tov omoilo UIMOpEL N CUYKEKPLUEVN ocuoTolxia va tpododotel
OUVEXWC UE EVEPYELA TNV KaTavAaAwon Ba umoAoylotel amnod tn oxéon:

Er 4896 Wh _

Eg=Pxt > t= = ——"—=136h




MpoBAnua 2°

JE MlO OUCTOL(lOL OCUCOWPEUTWV BOa TPEMEL va EXOUME OAWKN
)((.Upr]TLKOTI’]'COL Ci,t = 600Ah pe o?\LKn taon Vtot = 12V. ALaestouue €&L
OUOCWPEUTEG UE XOPAKTNPLOTIKA oToela V, ., = 12V kat C. . = 100Ah.

a) Na yivel n ouvdeopoloyla TwV CUCCWPEUTWY, ETOL WOTE N OALKN
XWPNTIKOTNTA TNG cuotolxiag va ivat 600Ah.

b) Mola eivall n cuVOALKA AITOBNKEVUEVN EVEPYELQ,;

c) Av to Babogc ekdpoptiong tng ocvotowxiag eivat oo pe 0,8 kaL o
BaBuoc anodoonc eival ioo¢ pe 0,85, va umoAoyLloTel n evepyela
TTOU UITOPOULLE VA TIAPOULLE ATTO TN cuoToLXia.

d) Mot Ba elval to pevpa ekpoptTiong NG cuotolxiog (oAkd pevual)
KOlL TIOLO TO pelpa €KPOPTLONG TOU KABE CUCOWPEUTN, AV N LOYXUC
NG KatavaAwonc mou tpododoteital eivat 360W;

e) [Mowog elval o XpOvVOGC HE TOV OTOLO WUMOPEL N OUYKEKPLUEVN
cvotolxla va tpododoTEL PE evEPYELA TNV KATAVAAWON;



(a)

12V 12V 12V 12V 12V 12V
C, =100Ah C,=100Ah| J c, =100Ah C, =100Ah C. =100Ah C; =100Ah

OL CUCOWPEUTEG TTOU SLOBETOUPE EXOUV OVOAOTIKN xwpntikotnta C; = 100Ah kat n
ocuotolla pag Ba mpemeL va xeL cuvoAkn xwpntkotnta C,,, = 600Ah. Apa 0 aplBuog
TWV otolxeiwv “n” mou Ba mpémnel va cuvdeBouv mapaAANAa woTe n cuoTtolyia va €XeEl
TNV anattovpevn xwpntotnta givat: C,,,=nxC, =>n=C,,,/C, =n=600/100 =6

(b) H ouvoAwkn amoBnkevpevn evepyela givac: £ = C, . x V,,, = (600Ah)x(12V) = 7200Wh nj 7.2kWh

(c) H evépyeLa TTOU UITOPOULE VO AVTAN)OOULE ATtO TN Uatapio urtoAoyilletal ano tn oxeon:

—_

E, = nxDODxE

, , , — E;=0.85x0.8x7200 = 4896 Wh
Ornou n =0.85 o BaBuoc anodoong

DOD = 0.8 to BdBog expoptiong |




(d) H toxU¢ Tn¢ pmatapiog umoAoyiletal amnod tn oxeon:

P= Vi X1 P 360W

Orou I T0 peV A EKDOPTLONG Viot 12V

Erteldn ta otolxeia eival cuvdedepeva mapaAAnAa To CUVOALKO pEUA TIPOKUTITEL ATIO
TO ABPOLoUA TWV PEVHATWY TWV OTOLXELWV:

=30 I=6l.2 I = é: 3—60=>IC=5A

(e) O xpovog t pe tov omolo UMOpPElL N OUYKEKPLUEVN cuoTtolxia va tpododotei
OUVEXWC LE EVEPYELA TNV KaTavaAwon Ba umoAoyLlotel amod tn oxéon:

Ep 4896Wh_136h
P 360W 7

ER=th$t=



MpoPAnua 3°

Y€ ULt cuoTtolla ouoowpsurwv Ba mPEMEL va. €XOULE OALKN TAON Vtot
24V Kot oAKN prr]TLKOTr]TOL C..: = 300Ah. AlaBetoupe £6L CUCOWPEUTEG
Ue xopaktnpotka otoxeta V, .. = 12V ko C, .. = 100Ah.

a) Na yivel n ouvﬁeouo)\ovia TWV CUCCWPEUTWY, £T0L WOTE N OALKN
TAON TNG ouoTtolyiac va eival 24V kat n oAk xwpntikotnta 300Ah.

b) Mola eival N cuVOALKA AIOBNKEVEVN EVEPYELQ,;

c) Av 1o Babog echoptLor]q NG ouvotolwlag sival (oo pe 0.8 kat o
Baeuoq anoSoonq loog e 0.85, va UT[O)\OVLGTEL N EVEPYELQ TIOU
UTOPOULLE VOL TTAPOULLE QIO TN cuoToLyia.

d) Mow Ba eival to pevpa ekpoptlong TG cuoToLxiog (o)\LKo psuua)
KOl TIOLO TO peUMA eKPOPTIONG TOU KABE CUCOWPEUTH, AV N LOXUG
NG KatavaAwonc mou tpododoteital eivat 360W;

e) [owg eival o XpOVOC LEE TOV OTOLO MTOPEL N OUYKEKPLUEVN
cvotolxia va tpododOoTEL PE eVEPYELA TNV KATAVAAWON;



(a)

12V
C, =100Ah

12V
C, =100Ah

12V
C, =100Ah

12V
C, =100Ah

12V
C, =100Ah

12V
C, =100Ah

24V, 300Ah

Mo va SnULoupyrnocou e TV taon twy 24V Ba
TIPETMEL va. ouvOEoou e 2 otolxela twyv 12 V
ot Oelpd evw Yy t™n Onuloupyla pLog
cuoTolXloG HME OVOMAOTIK XwpnTlkotnta
300Ah Ba mpemel va ouvbEécoupe Tpia
otowxeia twv 100Ah mapaAAnAa.

(b) H ouvoAwky amoBnkeupévn evepyeLd
givat: E = Gy XV = (300Ah)x(24V) =
7200Wh n 7.2kWh

(c) H evépyela TmoOu pmopoUpE va
OVTACOUUE Ao TN pmatapio umoAoyiletal
aro tn oxéon:

ey

E. = nxDODxE

Onou —— E; = 4896 Wh
n =0.85 o BaBbuoc anodoong
DOD = 0.8 1o Bdboc ekdoptiong

_




(d) H toxU¢ Tn¢ pmatapiog umoAoyiletal amnod tn oxeon:

P= Vi X1 P 360W .
I = = — =
Vier 24V

Omnou | To pebpa ekPOPTLONG

Erteldn ta otowxela ava dvo eivatl cuvdedepeva mapdAANAQ TO GUVOALKO PEVUO TIPOKUTITEL
arto To ABPOLoUA TWV PEVHATWY TWV OTOLXELWV:

I

I= Y3 L=3l> I = 1= "= I =5A

(e) O xpovog t pe tov omolo UMOpPElL N OUYKEKPLUEVN cuoTtolxia va tpododotei
OUVEXWC LE EVEPYELA TNV KaTavaAwon Ba umoAoyLlotel amod tn oxéon:

Er 4896 Wh _

Er=Pxt = t=—=——=136h




LEAD — ACID BATTERIES
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Li-lon Batteries

a Liquid electrolyte c
—
Cell can —
Separator— ;
Lip, Mn,05 — A] =
Se;::z}rértor2 4;%’” Liquid electrolyte
Carbon__ Cu—%
J < Cell can
3.8V A \Separator
1.5 Ah Cu/NAl
) Carbon Li;,,Mn50,
Separator
Al Mesh
b d
Liquid : /+P|astic electrode
d (Cathode)
electrolyte ol
Carbon — Plastic electrolyte
Separator —- F’Ias[}t&i\tr:1 j(ljtzt;trode
@ Cu mesh
+ Li;,,Mn;0,

\

Cell can

a. Cylindrical, b. coin, c. prismatic, and d. thin and flat.
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