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Abstract
An accurate estimation of State of charge (SOC) of the lead-acid battery isof paramount importance for the efficient and reliabl e operation of
solar photovoltaic (SPV) sytem. There are mainly four methods used for estimating SOC of the battery, viz. chemical, voltage, current integration
and kalman filtering. In this present study, the SOC asindicated by the solar power conditioning unit (SPCU) wastaken asreference and at every
5% SOC reduction, the other parameters such as- i) specific gravity of electrolyte, ii) battery terminal voltage, iii) (Ampere Hour) Ah andiv)
energy deliverd to theresistive load were recorded. Based on thisrecorded valuesthe SOC was predicted. The standard deviation (S.D.) of the
difference of predicted SOC to the reference SOC was cal cul ated based on specific gravity, Voltage, Ah and energy. The SD obtained was6.17,
5.67, 0.33, 0.75 respectively. The specific gravity value for the battery electrolyte decreases with the decrease in the battery SOC%, the
maximum value of SG at 100% SOC was 1.23 and the minimum at 20% SOC was 1.14. The terminal voltage was al so got reduced with the
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reductionin SOC, from 24.85V at 100% SOC to 22.4V at 20% SOC. The energy stored by the battery during charging was 3.65 unitsand the
energy delivered from the battery to theload was 3.245 units. Theefficiency of solar panel, lead-acid battery and the combined SPV systemwas
12.79%, 88.9% and 9.68% respectively. It wasfound that the SOC of thelead-acid battery would be more accurate when it is estimated based
on current integrationi.e., Ah, the SOC estimation based on energy is also acceptable since the SD for both islessthan 1. Hence, through this
investigation we can say that SOC prediction based on Ah or kWh measurement is more appropriate than specific gravity and voltage methods.
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(f) @ Tt (KWh) T @it <dite

b & feEfofm & S 100% TESTEY § 20%
TEHA™T T TA® 5% U™ § HHI W @ T 719
(S-G-, Volt, Ah, g=dt Ah, KWh, Tt kWh) @i arefi-1
¥ fem@mar mr &) -8 § 9ef # srawr 99 i) SG,
i) V, iii) Ah, iv) S=4dt Ah, v) fafdre St iR vi) gt
Tl & wiie & @ T B

TW & T AROT F BH g9 Ghd & [ gl
TS & fau fafe a9a &1 aF Jb uwshdr
gfagrd & & & arg-ary gedr g, fafirte wwa @
AR A 100% THIAEN W 1.23 &7 AR FAq9 A
20% THIAEN W 1.14 97| I <@ 141 971 b 94F 5%
T § AT & faT e 0.0056 fafirse a9 & A
H Hr e ot | o uHSEl 100% ¥ 20% Tk HET B,
9 i AT & I @ dieed o 24.85V F HIHT

et 1— S8t % =i ofr feenfsfn & g SG, V, Ah sir &t &1 /9

SOC ISEIEn
%) == gaagrg SGawm DC Ah
Volt(V)

(fre) () A Volt(V) (DC)
100 00 00 1.230 24.85 0.000
95 30 30 1.225 24.33 7.997
90 34 64 1.221 24.12 9.202
85 31 95 1.220 24.04 8.434
80 33 128 1.218 23.97 9.008
75 38 166 1.217 23.89 10.409
70 29 195 1.215 23.79 7.969
65 33 228 1.211 23.70 9.107
60 34 262 1.203 23.60 9.424
55 34 296 1.200 23.45 9.476
50 30 326 1.198 23.31 8.411
45 35 361 1.187 23.21 9.858
40 29 390 1.181 23.05 8.214
35 33 423 1.175 22.66 9.462
30 33 456 1.169 22.30 9.617
25 29 485 1.163 22.62 8.458
20 31 516 1.140 22.40 9.022

et
s Ah s KWh
(DO) KWh(AC) w=f kWh (DC)
0.000 0.0000 0.0000 3.65 25.80
7.997 0.2001 0.2001 3.4 25.74
17.199 0.2071 0.4072 3.17 25.66
25.633 0.1912 0.5984 2.97 25.60
34.641 0.2121 0.8105 2.74 25.58
45.050 0.2497 1.0602 2.56 25.55
53.019 0.1807 1.2409 2.34 25.53
62.126 0.2236 1.4645 2.15 25.50
71.550 0.2151 1.6796 1.92 25.41
81.026 0.2107 1.8903 1.63 25.32
89.437 0.2006 2.0909 1.36 25.18
99.295 0.2196 2.3105 1.13 25.02
107.509 0.1787 2.4892 0.89 24.80
116.971 0.2172 2.7064 0.62 24.43
126.588 0.1922 2.8986 0.43 23.95
135.046 0.1557 3.0543 0.23 23.67
144.068 0.1907 3.245 0 23.20




16 AR IS Ue STelfiien e af=en ay 27 3 (1&2) 57 Ud feq=r 2019

124,
. 5.0+
. =
1224 v
s - 2.5
A -
1204 - ’
z - * M0 I L)
gm ) . g ._.-I"..
2 1184 - g D51 -
3 . s Ey
"lr:I]. Ll - '..l
1164 I.’ > B0
' .
i 2.5 . /
114w ] " %
T T T T T T T T T 1 2.0 T r . r r
o 40 i &) 1 20 40 il o 100
Slale al I:harg& (B0C) % State l:lfICharnu tsoc:h“
12 -
160 =
L I - Battery Effeiency based on Ah
104 . n 140 4 . =(144/2001*100 =T2%
e A 1 -
94 L e e L 120 = “u
u K - [ . .
a4 L ] = an L
T = . .. -
o X
o B o B0 ‘-
s = : L ]
b4 3 60~ =
s
4] E - l...
5 O 40
] '\.
24 20 = -
1] y \..‘\
0 - [ ]
0 T T T T T T T T T 1
0 20 30 4 s0 B0 T 8D 80 100 a0 T —— —— —
State of Charge (SOC), % e a0 £0 &0 100
State of Charge (S0C), %
(=1
g B Evegy daing O chaging
‘:: 03 - 4.0 5 W= Panigr dweg G biaing
= E
g 0t = 38 . *
o 1 =
[ - L]
o - 104 '""-.. .
FRL=E _ - LN -
L - . = zi . - . EFHrey smsa s Eaagy
',; 037 o - ] " g T L * B EASEEFIOR . B R0
4 - L] x 204 =
= 0D !l!-i-l-ii--.i-..lq.-.l.. - ] -
- - r ‘|
= - = o g u
ERALE i " H . L
- = 7 - -
E w104 =
s " i ] - .
"ERE e . L] l._-
£ o 1 .°
= B1q 0d - -
- 3
ﬂ":- o1 1 1 L] L] L L L | 1
= 0 3 ] & ] ™ 1] W WO ] T T T T T T T T T
Y 40 &0 B 100

Shat ICh S0C), %
@ alCharge FOC) State of Charge (SOC), %
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22.40V & ST €| 928 uHSRT § 9 5% FHI b,
ST 0.153V d2d 9@ aieest § T a@r | Ah
H AE JEAT H I I, A GHT b A Fedl T
THIEN § YAF 5% P BN b A ST 9.004 Ah H
Fhg @ T AR 100% F 20% T I & fEw=iT
% IR B 144.068 Ah & A9 & 9fg g2 of | J2i &
100% | 20% T fe&amt & & S @ig &l faaika
HA HoAr 3.245 KWh &t | I8 4 <@ 7 T uEeiEr |
Ud® 5% B HHI ® [0 I G STET 0.2028 KWh
Tl @rs b faaRa gem an, BE - se # @r o
T &1 THART 100% & 20% % 920 & 400W
gieRrel s & @ et § Ba 99 8 H5e 36 fiee
T | 280 & THAAT § qIH 5% B wHI H A0
ST 32.25 oA @ 91 20% THIET H 100% THIMET
% Je8 a1t & & T F/A 3.65 KWh ot @it o
3R YA® 5% THAEl gha @& fow ofEd 0.2281 St
AT Y | =T & SR et 23.2V I goh! 25.8V &
T SR UdE 5% UESHT i & fau o deed
7 gfg 0.1625V 9T @1 471

THIAR™T FT MHAT ¢ QT TT FHEOT 1 § 4 Tk &
ST Fe e 89, dicedt, Ah 3R St & STER
T AT TSI aren-2 # faamr @ g

2

N
e faaa SD. = [y -9

fafere =9, aicest, Ah, eI & SR WX 3T {ad
TR 3R Hed UHSHl & F H WA (agwd
(TEET) &7 MO (FHERTOT 5 T SUANT i) T T ST
fer BT 6.17, 5.67, 0.33, 0.75 &1 | 39 YR & 91,
T W T 6 TaeiE oW ofR fafire wa iR
A B B YR W fHar @ g, O TE 3w
Tldk el BN Hifh T8 (0 AW {aaeq &1 A9
6.17 3R 5.67 T | fafire a9 & forw S=aumes foaam
3T T HROT, HYAd: I8 & bl & [ Ioidal @2 &
AEE H gRad iR ds-ufe 92if & 3y I & e
% BHRT A g § T8 YHIId &l 41 &l | diced &
T Sea9e [aaae &1 ST 99ad: @8 & o @ 9
J =T dies # R B9 At & 8 el 2
T @1 T o7 o TEsiE 30% Si¥ 20% & < gaad
T ATH M & HA Hs IR @S T § feepae

grelt 2 — fafdre g9, dieest, A, iR et & Srar @

SIATI TS (%)
SOC amahRfera SOC %
(%) ffre o deas Ahs Tt &
& STER MR W MR T TR T

100 100.00 100.00 100.00 100.00
95 9556 83.02 95.56 95.07
90 92.00 76.16 90.45 89.96
8 9111 73.55 85.77 85.25
80 89.33 71.27 80.76 80.02
75 8844 68.65 74.98 73.86
70  86.67 65.39 70.56 69.41
65 8311 62.44 65.50 63.89
60 76.00 50.18 60.27 58.59
55 7333 54.29 55.01 53.40
50 7156 49.71 50.34 48.45
45 61.78 46.44 4487 43.04
40 56.44 41.22 40.30 38.63
35 5111 28.49 35.05 33.28
30 4578 16.73 29.71 28.54
25 4044 27.18 25.01 24.70
20 20.00 20.00 20.00 20.00

3R Fege I a7 | 99 @S fhY & &eige g3 i, ar
aeed § A ghe @ e O SEr 5 fae-s(b) #
feamar mar % | ZafaT, e dieddT & STER 9X UhSTT
F 6T A(eH IUGH el & Fhal & | I8 rar T
% fagd g/ & THRT I, Ah & OSTER WAl
J & THITET H b [haT AT a7 g8 AT Tleh
BT Sl & SR WX 3hfad Tgeer i w@ier
fohaT ST |ahaT &, Hifh 0% [T Tehfad TasiEl 3K
Tel THSET & (T B 9 faaaT 0.75 &, 0 1 F
H9 ¥ | 3AMT, 39 AT & AEAT 9 BF I8 HE G &
6 Ah a1 KWh & AT & 3TUR R TESE! 6T SATeha-T
e IUgE 2|

et

T I STeAAE §, TgaW WS-UfE I (24V,
200Ah) & THITMET &1 3Mhad, 500W JR bl U,
THARIY 3R 400W Uil @ig &1 ST & i) fafiree
T i) J28 A dieedt i) Ah 3R iv) St & STER
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R R T AR A A ¥ T Sl THdE. &
qTeam | 9 H "UE & T off | gg I@r mar on fh
J BT 20% THIMET F 100% THSNET dh TR Soll &
qeq § I B & [0 25 °S 45 e @ & 3R
gieRIel wis & a1 38§ Y 9 20% THSTHT 9 fSent
H § 8 °He 36 fide @ | AT & IRE T8 B/
TUE ot 3.65kWh &ft, TR fenfsfm & s &l
8.245kWh Tt {aaRa g2 &t | g 2@n an or {6
iy a9 &1 A9 THSAET H BHT & Arg-9ry "gedr
arar 21 fafire ave & siftreedw A wESTEr 100%
T 1.23 AR FAGH AW THAR 20% W 1.14 911 T8
2T T o b e diees off UEeiE ged & are-ane
gear 8, 100% UESTHr W A diced 24.85V &
HIHY 20.4% UGS W 22.4V & T 971 GR U9,
IR WS-URE de8 SR §gh TEUET YOIl i e
HHM:12.7, 9%, 88.9% 3T 9.68% & &9 & U1E TE | I8
1 2 o A ey R e T 1 e ) B 3 G
q® ®T G AAT fRAT S "edl &, 99 fagd aw
THEHOT AT Ah & SR W 3Tha fhaT AT | FHolt
R SMERT THTEl S 3R Hed UHeidr & 3y
T HHH a1 & wA o1, 3afeT Sar @ smenfa
TS b ol WieR fRar ST #) g4t 39
AT & HIEAT T W@ehl &l e & {6 Ah arkWh & A1
F YR T TEHA™T HI Mhad, [hel T qddi &
e IUYhH BN | TH AT & AER W, AT &
wM = @is & are aden, SR S uEr uel &
TR ARl & SATeTE AT & SR & f9hE &
qry, TESAEl gfawd, 0T & #regq § 9ieeday &l
THUET EeH @ 9y @ H ghke 8 9 |

AR

W@, AUasTEem I=1g ufay § 59 desd & g
FE F g & oo e, s TR-Tage AT,
Thay dqdr Hufan s, doasrdem-augendst;
I=1E IHre; oAt wier off fam, S arar UeTer wrEsy
A, TN HaAf, TTHMEAR X off W arg
ST gg IS, HOHSTESTR-UASSTE &l gIamg
T AT E
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