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Environmental Policy Paradox in Li-ion Batteries and Expectations for

Post Li-ion Batteries

[EH = A

Shigeto Okada

Recently, there has been an accelerating trend toward the electrification of automobiles as a
trump card for reducing carbon footprint. On the other hand, electrification using the current
lithium-ion battery, which uses a lot of minor metals, has a larger resource footprint than gasoline-
powered cars, which are mainly made of steel. This paper introduces the expectations for post
lithium-ion batteries to solve this paradoxical problem of environmental policy.
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Fig.1 Close relationship between the shipment amount
of Li-ion batteries and the cellular phones in Japan
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~2010 4 ~2015 4 ~2020 4 ~2030 4 2030 4~
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D I 1000 Wrkg* | 1200 W/kg® | 1500 W/kg* | 1000 Wrkg* 1000 Wkg*
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Fig.2(a) Dependence of the total automobile cost with
various power units on the gasoline price,
assuming the battery with 30,000 yen/kWh
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Fig.2(b) Dependence of the total automobile cost with
various power units on the gasoline price,
assuming the battery with 5,000 yen/kWh

4. RAMIFULA FVE D EFENSHNNSE
(EO0IZvyavEE

2009 fE R & % B BEREV, -MIiEV % L
L, HWRADOEV~—7 v MIFEEE-FFRE) 2F
2L, 0%, PERRCRSE DS KA X RIZ
HHEW LA EVEROBRFEIL. EVADA V&
T4 TETV) CEADNRT )T 4 Ol THAR
LVHEBHYTHD (£3). FEIZHESD SDGs DA
EOBFED & & BT, BUSED 2 REBILEOR
WAL KRGS E 2355 5 4 T CIREIN T ERE 100% EEL
R =Ry Za— I NVEEDHA EEKY (K3Y)
S, HROEEHEHFE X - — S EEHFE TV
BHBGECE WL L, EEMLEE (£4) 25%
EDEMRLVKRIICH Do F72. HEIHESMHIZR
59, HOOHENHEHE % 100%F =4 T
Zr xR BRTEENA =377 1 7 REI00” ~D%
A2 RHTLEELHA LW TWD, HRERD
AR 235 2000 4F KR E 2 T O P g K IE
FUZT20EFTOHRTOI Ry =a—1+7
WEBZEICEMNIEFR, 2021 4£5 A, rEEkiR
BRALXT AL & L TSN 5128 D . 2050 4F
=Ry =Za—bFINVESF%Z LENIHA 123 7 .
1 Hi 25720 L L. WEEDOREY TldHARRE
W BB FEA IS S 5 EV ERIE K72 064%
T, 748% O 7 vy = — 2, RS 26 7 &k
ECKRERITON TV S,



=3 SEBMREROEVERICAEIFLEOISI v Y 3 VBER
Table3 Zero emission policy for the spread of EV
announced by each goverment

EV % R ik T S
el W PHEV AV Y HRFER
YV F 4 =B EOMRTEE L& B
i RO | BRSO | Ny i (e i) Cl HY b (REBAT A
Ny =— Sk 85 5 - JedimE D+~ % EV,/PHEV {k
K1 e 48 5| k) 36 5 | 2030 4EE TISH U L HOBGEAIE
A F - - 2030 fF £ TIZT X TOHHi4 BV {b
TIURA - - 2040 fEETICH Y Y VL, T o — B HOMGEF I
[EIEIEES - - 2035 LU, HV 2512 ToOH Y Y CHOBGETIE
ENE] - - 2040 EFETICH VY Vi, 7 1 — B ROMGERIE
W N B B B 2018 F7> 5 HV bR 454
ol 2050 4F £ TIZAMA O FBYHE & 4<C BV ft
Zofi 26 Ji ') 16 4719 N7 T BB U 7S Y e
H A HV # = 30 —WBixt% 2050 4EH —R Y =a— FTLES

Scotland France Internal combp§tlop engine
bans or electrification targets

e

Slovenia China

S m

m

Ireland

new
Net-zero emissions pledges m
United
Kingdom

100% electrified sales

B 100% zEV sales

0 100% ZEV stock

[0 Netzero pledge

X3 BEOHIRE100%ES L
A=KV =2—prSIVESHRHFH®

Fig.3 Realization year of electrification of commercial vehicles
in each country and carbon neutral declaration ©
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Table5 Consruction plan of major Li-ion battery
megafactories in Europe
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Table6 Annual production of Li-ion batteries in each region *
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Fig.4 Total material requirement (TMR) and CO, emissions
at each strage of manufacturing, running and disposal
of various automobiles '
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Fig.5 Breakdown of total material requirement (TMR)
involved in manufacturing of various automobiles '”
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running, and disposal of various automobiles

6. FRUDLAFVE M DHASF
(L7 X9V TVU—TREER)

) F LA T BB S LR OBRERE ST
Ry 7 A3 95008 LT, 2004 FOFERE
Y CRIB SN HAREOMERET Y T b
[TCREEE DD 5. BAITEEMICEST.E—F —
RTA4 AT VA, FEE, MEEERL L, RHSE
DA T 7 T, EMPREL. BENTIZIEE A
EHEHTELZWVL T AT IVORLFEEDE VN E W
EHREL IR TE 72 PIZIE VF T4+ V&
Mo IERA RN S L H S Tw7z Co ld 22D THERR
DEFEED 3EEL Y ZHAPWNELTBY., UV F
TAAF VERTEETLHIZE, FEDEE,
PODOFEEREDT A MEET AMEESROT L
YR TBY . 2B RIET A, B
RO L 7 X 5 VALDSEET S LR WHIED B o 72,
—H. UF T AE WRFICHE LRSI OREE LT
BARBICAEFLTWAEZELH->T, £TLLE
) A 7 A2 7oA @l L IR SN TWi
Vo HIER ETO) F v ZEIFED 66% 7 13, il A

FB TECHNICAL NEWS No.77 (2021.12)

UF O LA VERDRABRIBEBR/NSRYIRERANIF O LA TV EMN DR

KZgEn, VF v aEALOES &) #EE TR
TORERT ADIEENL 7 {, BiEa 2 bk
CEMIAFON S, L L. HEPS A THIRD X
Pl BEREILT) 7 OEHMTONAKKHETF LIC
2D 70t 2, SOOI L DI A B9 57217 T
% L ARERE DR ORI IIKET 5, DL
b 2015 4F F TG BEFILARIZ o720 F 7 A OFRG
IR Td %5, 2020 - A 5 D EV i S5 K12
HIHLENT, —ifs L CHRGEEICHS 2 &AL
10 4E L BRI 2 5354 1Y STz, /P, EV 4
EEE50 B (20 GWh) DT ATOFH 7 7 7 b
1) —73EV 2 8 ERMG L 72013 iMIEV O X )
SIEHD 20175 TH B D5, Z DRIAE 2016 4F- A
5. BEICHRER) F 7 A O FRHA A 4 55T 5
e, WHREZR) F 7 LA OFEAH AL LI L
D, HYVERTHRVIZE b LT, ) F 7 LEH
DOWERDEV KIEEROT ¥ L AETH 5 Z EHH
SN TWD, 2023, K3ITRT & 9122050
FEFCICHRALES Y — Ky =2 — b TV EERT
b0, BEEEN 1 ERLEDNLEMAD 4§
BHERICEIT) — 727 9 ADEVICETEESIRR S
YD L ZIUIE L T HAEERE RS R ILH 40
kWh x 15 =4 TWh &% b, ShEE) DIZE
$5)F AL, FORFRAE 386 Ah/g L)

4 TWh/(3.86 Ah/g X 3.6 V) = 287,000 t

ED, CHNRBEDY F 7 ADEHERD S EL
FEWwHIEHENLREE 25,
ORI EFMT N, BRSBTS N A A

=7 FRFNUDLAFVEHMRI— BT v S
Table7 Major startup companies of Na-ion batteries

ELizd [E2] RHEE IEf ki A
Ame Power #E 1907 | Na GABBERRILS | Fn—g P
i ’ 754 BRMA 2
NaiM.(P:09),POs ) NaCIOJ/PC
Faradion %18 2010 a3
Na:M:(PO.):P-0r NaPFs /EC+DXC+PC
ERET EES 2011 NaCrO: Na &4 NaFSA+KFSA ~ st
Natron Energy KE 2012 TN T T N— TNT T — FH
Energy 11 IE 2013 e e E]
Tiamat Energy 1L 2017 HY 7= AR )
HiNa Battery i 2017 | Na-CuFeMnO V7 W=ty i)
Technology
; [, TNYT I RTA R e R .
Altris AB AV =—F | 2017 NawFelFe(CN)d Rl —af ElZ s
Indi Energy AR 2019 NaMnSiO, ? N—FH—R [E R TEARE 2
CATL hE 2021 TNYT VR TA b N K=K T




I vEMOTHALICATAEY) #HIFTBY, 55
i ERAKOEBMSE, CATL & 4HEEohlifk
2EHTEICESTWS (7).

7. RANUFOLLFVEUNDOF7O—-F

BaEER LN WA REMEREBICIZ, =v 7
VKEBM, VF AL F BB, F N T LRE
BAH Y . ZTNEINT —EE, TR F—HEE,
TAMNRT = AR R (W7), KR
AN TEEMOEWEA N F I A A( F Bl s
LTHIfR SN0, &FEEF M) 7 444+ Eilh
THY) ., THITERBBO) F7 a1+ Eithe L
TAZNT)—=OF M) LEEBO VG E ZH
DEM- B LTHfEshs ™Y, —J, &
B WS ENRA M) F L4 F B
ELTHIFEESRDEDH, KR F LA F U EBT
HY. BREBEZKERICTLHIET, VF LA
vEMOEEERBEEICLoOL KB, mil
T, AMEOEBZH) O THH Vs KR F
T AAF EBMOBMBINK G D Li BEEIE
REREAL L, KOWEEZEMT S 2 LT, BUE
PR T B 2 EHFERLENY T TIE 20 mol/kg
LiTFSI + 8 mol/kg LiBETI ®&/E KA H 2 TKA
Lif4 &l O3VIHEIHESNLICEST
Who FlZIE LiTIEKRESF Y AT A D
5. BIEEKRGTICxT 5 LI EREEOELVILESY
/5 FICIEEIC4 52 L THEKZHERTE 55
BIZRA0, COREIEEENVEE M (= mol/
kg) IZLC I1lm2F 0. K1kg4720 11 mol (€
VIEETIE6M (= mol/L)) db0%E0 Liliza
U 7CREAREICAH ST %, Lo L. LiPF 2 &
DB ARE 27 —CT#Mi% LIETIIEOREES
THRIZEDPT ZEHTET, BHAKEZZEIIHERT
B720121E, o Eli e KRB E D55
Bz A I FLiA KEICELTLESH D, 2
2o CHAKRERBL ) B 2o TLE) AL
FEDDH - 720 Na DA IIIAKIEAL™ L7420,
HHEHAKDHEBRDO 01213 Li £ ) S S ICERED 14
miEENaBER A ELLENHALDOD, 17Tm b

FB TECHNICAL NEWS No.77 (2021.12)

DK & 7 BIMIERE % F5 0 %Al 7 NaClO, % i 2 % A
)y NAH BT, BICRERIFL ) a— vk
EOaF Oy ZENFIY L) KNOBYE
BREZ & P, BB, WHEotE D
WHEE 2o TBY . KARFT N7 A1+ &Eith ™ »
DAL, KR T AT a4+ VBT 7 &,
KBZAM A + » BEOKE b 4%iERILT 5 L Bb
o,

B7 WRAMUFOLAFVEHRDORRA X—Y
Fig.7 Realization image of post Li-ion batteries

8. fa

AETIX, BHE, ZetrimL-fks R
)T AEMERE EZ AR ER LI, e
FMZoOWCR, MEOH L H Y. 5IHTEICIE
T2 852 ZE W& v, RAN)F7LE
e LTt Bee WFEE0 S B % o724
B FRDOT- LS BIRESI N, S h T
T BEOMERELTWAEY, HITEH LD
ZFNZNUIREEZRZTBY ., @XERZITTHL
TV BMRADP L VO LHETHL, LrL, 22
& T MIYOEEEY F ALV EBSLEE
DR F 7 LA F EM, HAESHT O &K
F R T LA F B EOFEEIHHGLETOLRB
MENDLRE, RA M) F 7 LEBOWIER D
BRI LFEAEEIZY 7 Ty 7 LTET
BY, WKEOWALEZ T 2B HE BOJI, LD
By =74 Y OWEE T Bz KD RE PR FES
*EZDGCX (V) =V NF VAT —RA = a V)
DEZRELRDEZ M) F 704 F 2 BUMGEHH S H
W BDIZSIIERE-IE D52 0nhd L,



© 00 0O
= o

10)

11)

12)

13)

SEN

[HE N, SO, 2 (2020) 8-15.
https://www.nedo.go.jp/library/battery_rm.html

R. Hensley, J. Newman, M. Rogers, M. Shahinian,
Battery technology charges ahead, McKinsey (2012)
Q. 3, 5-50.
https://about.bnef.com/blog/battery-pack-prices-
fall-as-market-ramps-up-with-market-average-at-156-
kwh-in-2019/?sf113554299=1

Ju N & I (http//www kyuden.cojp/user_menu_
plan_jikantaibetuhtml)

IEA Publications, Global EV Outlook, (2021) 47.
http://www.datsutanso.jp/14876691304429

IEA Publications, Global EV Data Explorer, (2020).
[RIAREEM - KIERE—F OS] 7oy
7 M BEITERSE - agEE o Ik, K5
FEEBBERER, 202147 H . (https//www.
meti.go.jp/shingikai/sankoshin/green_innovation/
industrial_restructuring/pdf/003_02_00.pdf)

S. Kosai, K. Matsui, K. Matsubae, E. Yamasue, T.
Nagasaka, Resour, Conserv. & Recycl., 166 (2021)
105256.

KSR, Sem s, ME®RA, HA LCA &3k,
17 (2021) 22-28.

R. Kawamoto, H. Mochizuki, Y. Moriguchi,
T. Nakano, M. Motohashi, Y. Sakai, A. Inaba,
Sustainability, 11 (2019) 2690.

LG JCRERNE 47 v E 2 R (2013)

14)
15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

FB TECHNICAL NEWS No.77 (2021.12)

UF O LA VERDRABRIBEBR/NSRYIRERANIF O LA TV EMN DR

JOGMEC News, 21 (2010) 10.

Me 5 BB, R & &, JOGMEC £ )& & I 1% #t,
21_03_vol51 (2021).

fR7THE N, JAEA Review2010-057, (2010) 84.

A. Inoishi, T. Omuta, E. Kobayashi, A. Kitajou, S.
Okada, Adv. Mater. Interfaces, 4 (2017) 1600942-
1600944.

O, [T 3 v 7 2 VRS Tl ],
201744 427 H .

WA, PR, BT, M R, P
HEE, HhE, a4, IWO#YE, MEEREA,
Electrochemistry, 87 (2019) 220-226.

L. Suo, O. Borodin, T. Gao, M. Olguin, J. Ho, X. Fan,
C. Luo, C. Wang, K. Xu, Science, 350 (2015) 938.

Y. Yamada, K. Usui, K. Sodeyama, S. Ko, Y.
Tateyama, A. Yamada , Nat. Energy, 1 (2016)
16129.

J. N. Israelachvili, Intermolecular and Surface
Forces, Academic Press, Chapter 4, (2011) 79.

K. Nakamoto, R. Sakamoto, M. Ito, S. Okada,
Electrochemistry, 85 (2017) 179-185.

YA | AR, HRIEN , MEHEA , 4560 ME
thETER S | 3E07 (2019).

S.-I. Park, I. Gocheva, S. Okada, J. Yamaki, J.
Electrochem. Soc., 158(10) (2011) A1067-A1070.

HA IS, [ F) oA+ o BHEMFEICK
EERERCTY ], 2011 4 11 A 10 H .

S. Okada, R. Sakamoto, K. Nakamoto, A. Kitajou, M.
Tto, T. Matoda, INaB2017, IN-9, 2017 4F 11 H 2830 H



FB TECHNICAL NEWS No.77 (2021.12)

02 e IEIEIC ST D
FIAREMAEDR L F2%R

Improvement of Utilization and Durability for Lead Acid Battery
Positive electrode -2nd report-
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Lead-acid battery is one of the most preferred power source in many applications because
of the lowest cost and almost 100 % recycling rate. However, modern applications such as
electric vehicles (EV) and energy storage system have required to further improve energy density
and cycle life performance while saving cost and weight of lead-acid batteries. To improve the
utilization and durability of positive active materials (PAM) is one of the important factors for high
performance lead-acid battery which can meet the demands of new applications. The use of new
additives for PAM is a key technology for improvement of utilization and durability. In this study,
we evaluated the effects of new additives on the utilization and durability. New additives showed
higher utilization and longer cycle life than conventional one. Furthermore, it was found that
additives affect to the grain structure of PAM.
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Fig.8 SEM images of positive active materials
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Battery System Products for Industrial Drones
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The widespread adoption of industrial drones in the market requires both convenience and safety.
In particular, its drive battery is one of the most important components and has a great impact on
the flight performance of the drone. The biggest challenge is to achieve higher performance while
reducing the risk of battery ignition. In order to achieve this, it is necessary to develop a system
that comprehensively links the battery, charger, and drone aircraft. This report describes the
products of industrial drone battery systems and introduces the status of the next high capacity

model under development.
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Table 3 Product specifications of intelligent LIB pack and
charger for drones

Small type Large type
62KSP545483-2 121L.0978G8D1-1

Battery structure 6S in hard case 12S in hard case

Nominal Voltage 23.1V 44.4V
. (Ah) 5.5 (typ) / 5.2 Ah (min) 9.8 (typ) / 9.5 Ah(min)
Capacity
(Wh) 127 Wh (typ) 435 Wh (typ)
Dimension (mm) 113.5h *58w*91d 124h*101w*243.5d
Weight 0.79 kg 2.6 kg
(Weight Energy Density) (161Wh/kg) (167Wh/kg)
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Development of battery state estimation system
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Battery state estimation is required for safety system with lithium ion batteries.

In particular, state of charge (SOC) and state of health (SOH) is important.

We developed more accurate estimation algorithms. Algorithms estimates battery state by
modeling the battery. We evaluated algorithms and confirmed good performance. We plan to

make further improvements in the next step.
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Table1 Max error and RSME by temperature
Temperature Max Error RSME
(°C) (%) (%)
-20 2.9 1.7
25 3.6 1.5
45 2.4 1.0
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JIS D 5306 (74U T Ay TE A

The Establishment of JIS D 5306 Lead-acid batteries
for vehicles with stop and start system
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Furukawa Battery's alkaline storage batteries have attracted

worldwide users.
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Adoption of 395LN4 Lead Acid Battery for
TOYOTA MOTOR CORPORATION
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Adoption of 350LN1 Lead Acid Battery for
TOYOTA MOTOR CORPORATION
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Valve Regulated Lead Acid Battery “FCP-500" Installed in Ecolomy’s PV
Off-Grid System “Sustainable Energy Solution”
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Intelligent lithium ion battery pack and dedicated charger for drones
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Intelligent lithium ion battery pack and dedicated charger for robots
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Cycle battery for large-scale grid stabilization“FCP-500S”
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Introduction of Battery — European Norm Type
“ECHNO EN Premium/High Grade”for Aftermarket
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Introduction of Portable Battery Tester
FBT-8000P for Automotive Batteries
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Introduction of protocol converter for sensor HUB
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