(Energywith )

IFI—I94 AT I=AILK—F
Energywith Technical Report
=35 ,2025.05

Cyclability

7 AN
@ 3
"= gutomotive
> N
S,

\\&
’@harg-discharge
LS

IFI-94X%AEH



- .
IFI—94XFI=AILKR—b ( Energywith’
Energywith Technical Report

$35,2025.05

O
i |
i}

® ITFI—U 4 XTTZHILUIR— NERRE
EREWTRE HNERABE #AK EB

HHER

@ BEFHROINFTTLINNS
BHAY EYDESAE HE FBEh

@ UF O LAZFVEMDHEFRIET IV LIEE M OBATEEM
MRS INVVIRG stEREey9—

aBEFE F—-dull BA-BE =F

B LAR— bk

@ BEXBEEFEVY1—v3v 14
JISF B2
HITRE

@ BEIXTEYATLADIVA MY FYY 1—Y 3 Y EFERT 3 BRI
HE - ¥E-SE BB S-S5 G858 g
EEEMI AT LAEEAL BEIRT LASHEHHEDD

© GEHIIMRIRIC & B EMAER 5 DX DERHMR S SHE 25
BE BT -Eoll B
DX#IESE DX - T—95REIIL—

Rk Kt6- B BHZ
BRI - FELLS

IFI—DU4XFTZAILUR—K No.03 (2025-58)



CONTENTS

@ Energywith Technical Report 3

Masakatsu Suzuki

Contribution

@ Lead Acid Batteries, Past and Future 5

Toshihiro Inoue

@ Frontiers in Lithium-lon Battery Degradation Modeling
and Application tO Lead'ACid Batteries .................................... 9
Yoichi Takagishi . Hayato Kitagawa . Ryohei Baba

@ Proposal-Based Battery Solutions 14
Akihiko Emori

@ Development of Core Technologies for
Providing One-Stop Solutions in Renewable Energy Storage Systems e 19

Hiroshi Arita . Hiroo Nishiyama . Harutoshi Kaneda . Yoshikazu Hirose . Yoshiki Miyamoto . Shunsaku Sato

@ Decomposition and Evaluation of Battery Performance Variation
Based on Statistical Interpretation ............................................ 25

Kohei Shimada . Kei Hasegawa . Daisuke Hosaka . Noriyuki Tamura

IFI—DU4XFTZAILUR—K No.03 (2025-58)



EBUTRE HiTREEASE

gnA IR

g

Il

IFY—T74RK
T 7 =HIVLE—F
SBHHRE

IF V=7 4 ARSI, FEEMORE R CIRGER o NCEBMDO Y AT
L —ERFEERZEAL WX T, 100FE EIch T 2 & EhELERERZ
BL. 20214, =¥ — (Energy) &3t (with) 2 &EICEWTH
A7 —=+2YIDE L1z TXNX—% EPTH] 28D, 5FTTCOENEE
ThIMEBMOIE - e THD [HD] o H o, LI OHRFEKET
DE=FNYYa—varv27 A by 7 TRETSE 2L BOANEEYR
AETINEBRZEDTOET, [ME~NDIZZDLD | ZBRL., BEHKOHED

LATH U il 7o R SR 2 TR ICIR R T 5 2 L THEEMEEX —H o (12
%E%@VUJ—VEVJﬁ¥mﬁmL\#x%4%fwﬁﬁ%®%ﬁmﬁﬁ
LE9d,

HEBEMIE, 12T 100% A H A ZVAEETY, BEZEINL T, HLWE
@uﬁﬂmjﬁﬁaxmm#m&wﬁ BT, T, VF U LA U E
ICHRLERBERMY AT LZ2EG IR TE, BEIF LY —HE~NDEH
BRPGFINET, ERLIED Y T IAF 22—V DI/U—XF VAT LD
R, YthidshEEE [REABFEV Va2 —vav] OoF—T LR LM
BEOTTWET, $B S o2 2%E0m EICHROHAGEEDbIc, EBBOY AT
L —ERTBNA Y=L U TRBERBFRKE P =SV T IF4F -
DWEIZHMOHATHEE T, £, Sthid, FHU < EMRITAKBERZH .
VYA INVBEG T, VFULAAVEMI D BBELRRECERTE=2y
VESHEmO BB ICH I HA TV E T,

RETIE IR E 0 20057272 & Lo ZOBEIZEWDT 7 =H)L L R—

MZZHIRZHFROZEEHEA L BP9, 1HFIIEHRS BT REAL
OHERAELD BAEBHMOIhE L Inh S| LEL THEBMOER L
REERVIED ., SHBOMBEEMANOIRFICOVWTIREZ VWL EE L, 160
Y EOERZRDL, % ORMIOBHPESZBERTELICH 21D O T,
AR E L CESALEICEEL ., Zhro bR 7o 2, FIHAERED

IFI—DU4XFTZAILUR—K No.03 (2025-58)



ESPHFCE BN LB TH Y, ST HHICEREZL VDD, ik
ZHTTHEERL TARRLVW L DRSS 2 VWAL EE L, b5 1. hEE
M@%M?M&ﬁ:Obfﬁﬂé%%ﬁfbtﬁmfw%%TAﬁﬂNwﬂﬂ
W itEREE Yy —RRIC TV F LA 4 v EMOZLFHET LV EHEE
~NOFEMEENE] LELCHERCALEEE L, BBV ) 2 —Ya v HE]
ZHEET B 2, HLFRIESNIMS TEE Y, MEEMIIBEBRIERIG

WCVRMRNTHZES MY F VLA A VB KX D RBME A W =X LPEHETH D,
FEEIZWRE LFPHTRBAELZDORESDECRIETRTZDH DDAH
ThsILHEL, ZOFHTHIFEMRICET 2HROARRE . BEAE M
R Z AR DELZF YLy YV ST —2 0 £, YtkbH EEESE
Moo & L7 AR DS 750 2~V aRHRD & 5 2o SXEE W2 E
BNS, EEMBOME., HEERES, VAT LYY 2 —Y 3 VI 3 EER
MiOBFICHR Y A TE VWD T T,

BffiL R— b 3D 5 b, 2#@[%%@%%7”1—937JK%T5W
BTT, EH REMEEY YV 2—vav] 3, EBBOYRATL - HF—ER
TunNAg ¥ —EF Y OFE T, éﬁ@%%&%ﬁvun—yaywm%%i&w
ibkogﬁﬁwﬁaémﬁm CHEL, ROVREREBV AT LE2RMET

DI HFEART] R 72 E B D PRI EL i 1 @LT\uﬂiﬁ@Lm%ﬁﬁb

%@&mﬁ%mﬁnﬁ%ﬁafmi?ozﬁﬁmrﬁlz% VAT LDY
VALY VY 2=y arvEERTIEREMER] k. Stk EBEA - E
EMMEEM, BHREEICRCESIOFEOHEL L HEMN T 2HAEEY
AT LIZOVWTORETT, BLrHY A 7 IVEFaEE (LL1500VY) —X),
PCS ()87 —av 74 ¥ a+—), EMS (Energy Management System) 7
EDRIEE - R ad-HIAERBY AT k%, FEH~BREBE~ 20T F
yx~%ﬁiﬁvyxva?%ﬁ?%%%%VZ%A Hlfs 27 o, B
VAT LOMBEE[ANALE T, KO 14 [FHEHERIC X 2 Eithikigir s> &
DEZRSMREFE] DX (FYINVETF VAT —A—=Yarv)] #IFHL
THEMNAETYT, B CHEALZED, DXiX, £33 [WE] ZEOT—<
D OREEHENTY — VR IEH LD flAa, BENRRESBENTE L L, $8
hD7E ¥ b F¥EH O FEBMO M ZlifE & U TR T 2 7 1 DXIEH L H4H
ThHbO, EHEZIBERIEXT,

DT 7=ANLR—FZBEL T, Y EET AAEEZ CHBEW 7210 %
FTEILBDTSVETOT, JIEHETHEEZ LA LS BEOELET,

IFI—DU4XFTZAILUR—K No.03 (2025-58)



C Energywith)

thZE/MDINFTTEINNLS

Lead Acid Batteries, Past and Future
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The lead acid battery has over 160-year improvement for various applications. It is generally used for SLI car battery
with combustion engine and for energy storage devices in the back-up system around the world, because of its low
cost, valuable reliability and technology improvements.

The storage energy with renewable wind power and/or solar power can supply local grid and grid systems. It can also
supply as an emergency power source in the event of a disaster. In addition, the production of lead as a material is not
the specific region. It has advantages in resource security, easy handling and recycling. The lead acid battery is excellent
storage devices that can be realized to develop materials, processes, and system control methods for further progress.

lleome

BEERLE T, BV Tw R k&l FERE) 3. HEBM. = v 7 VkEE, VF Y L4 4 Bl
H2, TNOORBAEAEBMOHT T, = v 7 ILKEBML Y F 7 LA 4 > BMlF 1990 £/ 12 AL S N7 REET L
WEIhTH %,

—75. $h&BHMXG. Plante DFH Y 5 160 £ LOEHR 2 HESEELTH 0. SHTHMAFTHAVLATVS, &5
CRFEAFIET A+ (Her s —3E) OMEE L THHESN 2 Y ElTdh 2,

MEBMIABEOL Y VBB L L TBEIRICHBL TOEM. Ny 27y PR EOEBME L TOMMAE WS IERN
FWoh %3 2EE0OH2BMTH 2L LI, BMEOMB VI A 703Nz EnS, BESERICHEN-BEEE
LTW3, $HEBRMOEWERZIEVIES LE b, TADPSOREREIZOVWTELTLELL,

| 3 | wEmnoEE 5

EEEMIIT B L & DICERD 2B TDH 305, AR A H = X LLRIGOFERZ & ORI fTb N D
11950 4Bt & TH 5, Bz X, HIIS Y 0. N. A. Hampson & ¥ 0 &EMiIcBI$ 3 3CHR. J. Perkins®. P. Ruetschié)
CE2RFEBELLLDOLIMDP A SN B, pH-BAKLHOEEALZ £12 2w Tid]. Burbank”. P. Ruetchi & *7,
Bullock'” 72 EDHBFITFEL Ve S HITIE, %gaﬁmﬂﬂit%mx5HmmwwﬂUMDAUDmwnmmy@%b
EETIED.A.J.Rand & ¥, D.Pavlov'? It & 2 ED A SN B, £72. D.A.J.Rand" OFEL WRHD H 5,

B EM TR IOy (CMbsh. MLIRIV) 25, AfIE ARy VROMPH o, BREICIIFERESH S
N3, MEEBMZNET 2 L. EMBICIIRERSERL. BRI HHRBIRAERT 2, 07O, EFRROAREDIRE

5 IFI—DU4XFTZAILUR—K No.03 (2025-58)



HEL 725, SREBMOEARGIIMTO L S emsn®, BE NIV Y70 1F
W12V DIF6 L AAEICERIN TV B0 5 TH b,

X2VARON S, HEHEOMBA Ny 7 —

DISCHG
B : Pb+SO,> «—— PbSO, + 2e- (1)
CHG
DISCHG
IEA® : PbO, + 4H* + SO,> + 260 «——> PbSO, + 2H,0 (2)
CHG
DISCHG
U 1 Pb + PbO, + 2H,50, «——— 2PbSO, + 2H,0 (3)
CHG
#2847 1 E= 2.041 - 0.1182pH %)

B EMORISII MR- DICRE VIR UARMEZITI ZENTE S, —H T, KiZ1.23VTEKDHEEINS Z L IZHRE
KHEDPNTWE I L THEH, HEBMIKODBBEEL D bFON2VERL CTRARES NS, ZoHEE., BRROM
Wilgh TR DA DM TN S W 2 EPEMRO pHIMEN 2 &, BT OMNA 4 v DBWEMENZ L Ik > T,
FNY A NORPSIEME AMOEMNEZRD S L, ZIF2VORETERILE LTHET 2 28BN 2 Y, HEIZAR
PIREICH L BH, L4720 1.6V o 24VEEQCHFETRKEI NS Z 5% 0,

RETSTHOON T 2MEEMIZ. 7TA NV Y I ALy THZED-ABEOT Y YV UVIREIH L L TORNAE B,
PEEF & L CoOMASAEEM & HlfA=NErEEith (Valve Regulated Lead Acid) #'d %, EFANHTCIRERELRED NNy 2
7w 7, BAELR EOBEHEL 7 +—2Y 7 F. AGV (Automated Guided Vehicle) 7z ED ¥4 2 )0VHEIZH WS
T3, HlfFNhEEMIFRENICIEGD O F AT 2 BE %2 AMIC TRINES ¥ TERR OB % B <RI & b :,t;h
1960 4RI Z DFRBIABAF S Nizo WIS REMRRICEKT A BBO a0 4 FIERICHREZMA TELL, BRRE LS
WRBBRDPH VO Tz, 1970FRICIZZNE TO7IVIREBIRICRD b FHEHHER230.8~20pm Ol /7 7 2= v
I AGM (Absorbent Glass Mat) & FEIEN 2 &8 — 7 I FifilE % &R S B BHEDOVRLADIE 2 L 2IZE->TWVWb, ZD
BBIC DV TR LG D Gates HDRFFF ' IZFEL Vo

F7o. BBV F Y LA L VEMTERINEYE IMEIA — 5 —2 6 Ok HFEFER L L TE
BRI OB ED BT 22— OB M TH 2, BRTICRT LI, SHEBHOEE T 0 R IB T 2 RADRHH
IR D B D EBEROK A D, b LA IIhASP OIEONE 2 L THh B, KINEWE L L COMBIIho A4 Iy b
DOBLEAEIE X N, 2078t R L EERFER O L 7§k sl 5 ik

EihEELEL TWB A, 8

ONELTH D, BB OV T, H. Bode!”, T. L. Blair'”., L. ‘ P |
piln}
Prout™®?V i, % < DFFHRDH %, j
B LTOMIE, T3VF— - SRSVEFEHBOL K- MFEL o —
oo L 90,000Kton FRE & Wb T B, B D 41% 254 — A b e
U TIT, 20%D3FHE, 7% DL —Ewnwbi, EHRIC Rz hihs o EER *
> § AY A § ~ N 3 N ﬁﬁthX
(¥ 12,832Kton T, HEA41%., KED8%. A~ FA7%., BHHED 6% & ‘ O | jisbdrge)
WhiTwd, Thbb, HFEL ThIHIEPEIREL THhanE v {
IRBADH B, —HT. =y TIVKEEMMPY F 7 LA L ERICHS o -
\ \ | ETAmE | A bt
N% =y 7 LIRS 95,000Kton BET, ZD22%H A ¥ FA Y 7, 7o0t2
22%MF—A T YT, 17%D 7T VNT, EHAOEERIZ, ¥ Fiy 4
TH33%. HEA26%. BMA13%. HREPKA10% TAFHE 2,632Kton %ﬂﬁ,%-w ﬁzg%%ﬂrtl
LubhTuwd, 512, YF 7 aid, HEEIZ22,000Kton T, 42% 58 ‘ 3 -
UIN oL P F — 71 7. 03‘1,“‘\\55[ = — 5
FV ,%mj\\j A+7 )?’ 10%7% 7’1:!2/7-/“5 EA DA PER A H 2/t —s ‘M e a |
ALFYTH52%. FYUH25%. FEH 13% TEFF104.8Kton & vbh

T B, TiOHE G ISR D b Tl 7 < . D 2 0% \ 4

RICHEREAL S T & bITHRINE L L CRER A4 > F T 2. pR T

TRBMOMEIOR T, HREIMBOY T4 F 2 — VICRIEND L — i'_’l
BRWICIIAFLBEGREETH S, SHOHBEDIZE A EDPEBRBMHTDH
B EbWICHEN L, HATEIHERICHT 2 )44 2L 0 HEIF 20204 R LR A
T73%TH 3%, ZORIIMEBMOKRE LB TIEH 35, EUTEA %1
ENB Ny T —HH P ANOMED K ELEETDH B, ‘ Py

®1 $EEH (VRLA) OSEFOERDE

IFI—DU4XFTZAILUR—K No.03 (2025-58)



| 4 | seonzs;

ShEBII T AN T —FE I EHDOD, FHBEHFHANAL., HIREDOHOWEEZATHWEZ LDOTEZEIMETH
HBbo FIERTORNEECENRTWEDIC, HBHEOLY VBB T7A FU Y A by FIIERPERVERTH 5,

ShZEBIC O VW ToOHEMi#RE R57-01c, HARICHBES W 2A%E2, FiFER77 v + 7 +—24 (J-PlatPat) & THEF
DFEREZ T TlE R AR TShEEM] /23 BR8] PE TN 25 - FATERMBZToERE2HMEBL TR2IC
ATz 20124EED B OBEMA A SN, LADAEHELHEA TETWS, SHEBMICEBENIZEBAKRLEZVW DL E
FNTIW B, NRICIIREBBOILEDLTMAL, £8L —2, $hZEBHE Y 2 — LY X7 L OHIEIHECEREE, 5
HIEfT, VA A 20, HEICHET 250 EMLLDOBARONS, EBHND O OHES HAMEONEHFEDHZ TETEDL,
IEBMITE L ELELORME D2 Z L0, AFOEI O DEREL R TOLIBENRDH B,

2500

o SE
2000 = EA

| P
1500 | II | I
I I

*

|

| | |

11 |

I |

1000 | = H =i
|
|

B (RANBE%)
[

500

90 DD O N VA 280 22D N () >
SO AN NN AN AN ANAN A N RN WD RO 2o
SRS I S S S S S A RS nS A RS HSRS

B2 %HFOARNIC [0FBE] K1cld [f0Eit] MSENDHHET - RAH
EOHE (BAEALEES)

7, BEBEOKSHHME LT, Uk ) OFRAMIE D £ TS0, 1AW BEOFEA & 3000Ah £ 2 5
KAEROBMAE SN T3, AR OWRARE T HEF REH IR EDE, BADF— 2> 5 —0
K979 7. EHREOIMRSREIE SLROA ¥ 7 5 E%A 5 10MWh 22 3 REROTHE LTV 51T0 2,
SO OB T 3 ZLOWNIC L D SR 2L F—2IND % B SRILAE S AT 2 20 FIAE, K
BB RN SR MBADE L FRS AT LR Y, FETIEL ¥~ A7 LOBAI LD, BB AT LORELE
B oTE e, MATIEL AL X — ORI, SERACERS AT A LRET 50, MBS CLREL, & & 3T
PR £ DL COMMINS AT Lo, FHAA 7= BB AT LERET 3 2 LRI E 75 30 HC,
R S ORI E S T 5 2 L b B0, KSR L BB EMAGDELYA 2707y FYAT b
ENTELTHRT 52 LT, ARPHEE Vo £ IEHIHCOIRAITF 33 A7 L 2% 50 WEBBILED X b OREREE
Y%7 AIMETE, KIPMRL O RGRINIDL (KSENRLC L, 3277301 ) NRRTH 5L
| SR RORY %7 SOWRRERIENS ), DERRORIRATES Y37 AThE, YT LAYT L

57 EOEBEICL D, MEBRBMIGX (FY -V FIYRATF— A=V aV)
Kﬁﬁkivb7—7/ZTA%W@@ﬁ&&bvéo

i, EROS &7 BRI LI, HEBHOUE AR TH 3, - s
HUBEOS < 15, EHORKTH LW 2 EREOR e 2 ERFWED el
KR & BMELAFT SN, HEROMEIEHDS T L ERHGO
Bk (CEIRCE 20 EMOBANEEWEOBR S ¥ OWET 1 £ A%

BNF 2 EOBREIC & 2MENESP/FTE 2, FHMEONT V22 LD -
fediciz, AMTOREZIANEDH EPR/L -8 OUR, BFRRERO e
AR OB b HETH B, EMOKT EIEWEOFE, e /L — 5 ERYRTL

& ORME, EWELBRBOREZ L, ShEBBHMANOREOMITL L% EEEEEE "

D, DX (FOINEFT VAT A —RA—=ay) T EiFons k5% #&mc- .

FYUZ NIRRT 20#Et. KIGY I al—YavIidmAdT 3
ZELEMTH B, T LHiRlE M. FGEMC AT L, VAT E3 HHRICHIFBITRILE—IRIAY RO

7 IFI—DU4XFTZAILUR—K No.03 (2025-58)



LyIal—varvofEnL, KEFEOR EZE, 0RO TV I AT LAORELHREINS,

VESOBEEMBAFEIT Y F 7 o4 4 VB MPRROFEERLONAS TV FOMEHAFEIEHINT0 LD, BEWERZ2ET
BEMBBMOMEAPES A ZAIZOVTH, YATALF =2 N ELTEATHDRITINITRSR Y, AT, BEHOY F
LA BIMOE XL EUSIECEDEBHKOH & Y It b EA I BERH D, ¥ 54 F - DSk b 70—
APV AT AL (BEMP AT LDHERGEDT) P#HELERD, VF U LALEMOIFEFAFE CHEFINIHES L 7T
MOGHP. AIOFEALREDLENHAEEMC 70 ADERIC OB 2 LEBbLNE, bLrTrLInrobEIfbh
e\t B EMITEZE L ShE RO D LR L, SHEEMD X 5 IOKET THIEEI T 2 KA R DEMICHE L 7- 2 EEMmOHF
ZEFED . SHBROESRICBVWTIFEKEWT —<D kS ICEZ 5,

[s]gen

HEBMIRVEROBAENTSHOMMZ TN TELERBMTH D, LU THEHHTHEALS LS RHEI 2R &E
WTIEZEWH DD, A RHFI?? IEEEZ VOO, HEOESITHEA L Tuh T ER S v, i, FERIICIEK
BRFRZBRRE L722VOEMTH 2720, BBRCKBORGZEHICEZ RIThE R R WEMLRBIRTH 5, BRI
BN VA FORPpH-BHK., ¥ —7 2 hDORICH & O BMELOBEBERER EE2EZ BRI E U TUIHEFEN
BMRTH %5, 5B HELMFEOEER & FERICHE 2K OZ S OFfi#IC L > T, WEB MM/ ELE2HET THELEL, B
AL TV Z EZF-> T,

[BE3k]

1) G. Plante: “Note sur la polarization voltaique”, CR. Aca.Sci. Paris, vol.49, p402-404(1859)

2) Bz ENEEMIL 2007 FFEE, 201048, 20134, 20184EFE, 20194EEE, 2024 4FEE 2 ED [fbE 1] © [{upiiE] (i

3) HIJIE, AIIMER : “thEBhOBEDH#ESR”, B LY (presently Electrochemistry) , 28%, p492-500(1960)

4) ]J.P.Carr and N. A. Hampson: “THE LEAD DIOXIDE ELECTRODE”, Chemical Reviews, vol.72, p679-703(1972)

5) J. Perkins: “Materials and Mechanisms Determining the Performance of Lead-Acid Storage Batteries, An Invited
Review”, Mat. Sci. and Eng., vol.28, p167-199(1977)

6) P. Ruetschi: “REVIEW ON THE LEAD-ACID BATTERY SCIENCE AND TECHNOLOGY”, J. Power Sources, vol.2(1977/78),
p3-24(1977)

7) J.Burbank: “The Anodic Oxides of Lead”, J. Electrochem. Soc., vol. 106, p369-376(1959)

8) P. Ruetschi and R. T. Angstadt: “Anodic Oxidation of Lead at Constant Potential”, J. Electrochem. Soc., vol. 111, p1323-
1330(1964)

9) P. Ruetschi: “Ion Selectivity and Diffusion Potentials in Corrosion Layer”, J. Electrochem. Soc., vol. 120, p331-
336(1973)

10) K. Bullock: “The Effect of Anion Activity on Electrochemical Equilibria: Three-Dimensional Potential-pH Diagram for
Pb/H,S0,/H,0 System”, J. Electrochem. Soc., vol.127, p662-664 (1980)

11) H. Bode, “LEAD-ACID BATTERIES”, JOHN WILEY & SONS, 1977

12) D. A.]. Rand et.al., Ed., “Valve-regulated Lead-Acid Batteries”, ELSEVIER, 2004

13) D. Pavlov, “LEAD-ACID BATTERIES: Science and Technology”, ELSEVIER, 2017

14) D. A. J. Rand: “A Journey on the electrochemical road to sustainability”, J. Solid State Electrochem, vol.15, p1579-
1622(2011)

15) D. G. McClelland and J. L. Devitt: “MAINTENANCE-FREE TYPE LEAD ACID”, US Pat.3,862,861

16) EERER : “RrETF S SR S VRFET SR OB & HANR”, BEEREEE, 28% (1005 ), p 489-516(1925)

17) T. L. Blair: “Lead oxide technology — Past, present, and future”, J. Power Sources, vol.73, p47-55(1998)

18) L. Prout: “Aspects of lead/acid battery technology 1. Paste and paste mixing”, J. Power Sources, vol.41, p107-161(1993)

19) L. Prout: “Aspects of lead/acid battery technology 2. Tubular positive plates”, J. Power Sources, vol.41, p163-183(1993)

20) L. Prout: “Aspects of lead/acid battery technology 3. Plate curing”, J. Power Sources, vol.41, p185-193(1993)

21) L. Prout: “Aspects of lead/acid battery technology 4. Plate formation”, J. Power Sources, vol.41, p195-219(1993)

22) A NVF¥— - SRV EIFHERE, SEERER, SR~ T Y 771 —2022,
https://mric.jogmec.go.jp/wp-content/up10ads/2024/02/material flow2022_Pb.pdf

23) il z1X. JETRO EV 3 AJfE [EU, Ny 7V —HHIRICBIGEE. 202480 SEREH~] 2022.12.13,
https://www.jetro.go.jp/biznews/2022/12/12e41e15f44c73df.html
51z, JETROFFHER (2 2 v ~VHBH). [EUNy 7 —BHlE FA Vv E2hLE LNy TY—EE - YT A 7 VOFIE ],
2023.11 3% L W»

24) European Commission, Batteries, https://environment.ec.europa.eu/topics/waste-and-recycling/batteries_en

IFI—DU4XFTZAILUR—K No.03 (2025-58) 8



Ener ith)
AHNSH Chergyw

UFS LAYV BHOZEFAEFILE
NEEhADBRTEEM

Frontiers in Lithium-lon Battery Degradation Modeling
and Application to Lead-Acid Batteries
=RF #— Yoichi Takagishi  1tlll A Hayato Kitagawa &% =¥ Ryohei Baba
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Secondary batteries, including lead-acid, nickel-metal hydride, and lithium-ion batteries, are being increasingly
adopted in various fields such as information devices, electric vehicles, and spacecraft. As a result, battery degradation
prediction has gained significant attention as a crucial technology for preventive maintenance. This paper provides an
overview of the numerous lithium-ion battery degradation prediction techniques proposed thus far, and presents case
studies of degradation prediction for individual cells and modules/packs. In particular, we focus on the construction of
techniques using “physics-based model” that describe degradation phenomena as equations over time. Furthermore,
we discuss the applicability and challenges of applying these models to lead-acid batteries, for which relatively few
reports exist.
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Development of Core Technologies for Providing One-Stop Solutions in
Renewable Energy Storage Systems

BHE # HiroshiArita #EW #% Hiroo Nishivama =H B&#l Harutoshi Kaneda
[L# | Yoshikazu Hirose E& {## Yoshiki Miyamoto ki #£3% Shunsaku Sato
- ERE Y AT LBEAE BEY AT LBEHHE]Y

-
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AzHE L, PCSPEMS & EORNEE - RE2EDHIAEBYATLZENL, ave=, THiLE%25—4 v bicild
mBAFEED TV B, E5IZ, AVATLDEFEEOREE 74 794 7V ekoRiE{tz Hivic, EEBiOER T — 5 21X
oM 2EBEMAL, Z0HEAT—5%2b LICBR 2R N OR#ELE EB IO A2S{LEWI T 2 EMS 2K L. &~
ATLDI VALY TV a—varvEEHTE, Sb, ThoOBIFEBMY AT LOBEZEFEMICOWTHET %,

To prevent global warming, renewable energy sources, such as PV (photovoltaic) and wind power, are becoming
throughout the world. However, power generated from renewable energy fluctuates depending on weather conditions
and time. To address this issue, renewable energy storage systems have been installed.

At Energywith Co. Ltd, we are developing renewable energy storage systems, which have our LL Series of stationary
valve-regulated lead-acid batteries for cycling use and power conditioning systems (PCS) for targeting buildings,
convenience stores, factories, and other facilities. Furthermore, to enhance the reliability of these systems and optimize
their entire lifecycle, we are developing a remote monitoring system to collect and analyze battery operations and
energy management systems (EMS) to achieve both electric cost optimization and battery lifecycle control.

In this report, we present the elemental technologies of these renewable energy battery storage systems.
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DSO: Distribution System Operator VRE: Variable Renewable Energy
TSO: Transmission System Operator
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Decomposition and Evaluation of Battery Performance Variation
Based on Statistical Interpretation
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Our company conducts periodic sampling inspections for each type of battery to ensure quality assurance. We have
established a method to decompose performance variation of the batteries into variations within the same production
lot and between different production lots for evaluation, by applying statistical theories such as the Law of Large
Numbers. This method has clarified the characteristics of performance variation for each product, making it easier to
see the whole picture of the variations and their origin. The analyzed results are expected to enhance the quality of our
products by being applied to the improvement of product development and manufacturing processes.
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