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Abstract

Crisis problems from energy shortages and problems with air pollution from cars, especially the release
of carbon dioxide. The issue of rising temperatures in the atmosphere due to global warming is another
public concern and has received a great deal of attention. Electric vehicles have come into play
due to the need to reduce emissions, including using energy efficiently to preserve the environment.
Battery technology is one of the keys to electric vehicles. Electric vehicle-producing countries such
as the United States, Japan, China, and Germany have launched special projects to improve battery
performance to meet the needs of electric vehicles. As a result of much research, various technologies have
been invented and introduced in the battery, and this process continues to achieve the desired
performance target. This article presents a battery management model for electric vehicles that have
reached the end of their useful life. As an example of battery management for electric vehicles from
leading electric vehicle-producing countries, such as the European Union, there are requirements for
recalling used electric vehicle batteries. In the United States, environmental agencies require batteries to be
handled according to the Universal Waste Rules. In Japan, there are laws to address the problem of

electronic waste. And China has set a policy regarding battery recycling, etc.
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1. gnusualnihwasunay vislause (Hybrid 3. grusud i InSsuLUnme3 (Battery
Electric Vehicle--HEV) Electric Vehicle--BEV)

2. usuR i nunaLUUEsUUe YiYe 4. gnugud i ndauadwawmas (Fuel
U&naulaun (Plug-in Hybrid Electric Vehicle—PHEV) Cell Electric Vehicle--FCEV)

Global GHG emissions for 1990-2019 and preliminary estimates for 2020
Billion metric tons of COze
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AN 1 LanIUSINUReEauUNTEaN Sausd A.A. 1990 - A.f. 2019
Note. From Preliminary 2020 Global Greenhouse Gas Emissions Estimates by Rhodium Group, LLC, 2020,

retrieved from https://rhg.com/research/preliminary-2020-¢lobal-greenhouse-gas-emissions-estimates/
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Note. From Qil products domestic consumption by Enerdata, 2022, retrieved from https://yearbook.

enerdata.net/oil-products/world-oil-domestic-consumption-statistics.html
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Global emissions by sector
Share of 2019 net GHG emissions (%)

Electricity
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Note. From Preliminary 2020 Global Greenhouse Gas Emissions Estimates by Rhodium Group, LLC., 2020,

retrieved from https://rhg.com/research/preliminary-2020-global-greenhouse-gas-emissions-estimates/

EV sales, cars, World, 2010-2022
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Note. From Explore and download the full data behind the Global EV Outlook by International Energy

Agency, 2023, retrieved from https://www.iea.org/data-and-statistics/data-tools/global-ev-data-explorer
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LUALABITN LY HIMSUITUBUA WaZEI WU LA

Hagtuiluunnedifies 3 wlawiduiigni
uldlugugudlndy fo wumweIUssianaziange
wusneIUssaniinifawvialeladn wazuumined
Uszinndiiealossu Tnsuunneiaiiouinuandd
Amunziunsiunldaulugugudlaiinuinige
\losnnauanifsuanuuiundsauigs 3
wusLaedatenfivuiauagimindesnduunines
g wazkuameIdnAafifiannugwiniu

1. wunwesUsznnaziangm (Lead Acid battery)
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battery)
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3 wuawmesUssnvinifawsialelage (Ni-MH
battery)
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Iron Battery)
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1. Lithium Iron Phosphate--LFP

2. Lithium Nickel Manganese Cobalt Oxide--
NMC

3. Lithium Titanate--LTO

4. Lithium Nickel Cobalt Aluminum Oxide—
NCA
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(NHC) 39"\0' m

A 5 msidSeuiisupuaudivesiunweiaiisulosouluunig o

Note. From A detailed comparison of popular Li-ion battery chemistries used in electric vehicles by

Circuit Digest, 2023, retrieved from https://circuitdigest.com/article/a-detailed-comparision-of-popular-

li-ion-battery-chemistries-used-in-evs
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A1579 1
MssUSyuigUYsLInM U a5 lueg v s [ Wil

Specification Lead Acid Nickel Lithium
Based Based
Cost Cheap Expensive  Average
Maintainance  High Low Moderate
Required
Estimated Life  Short Longer Long
Time (Years)
Application Solar Power Aircraft Space Vehicles,
Storage Applications, Cell Phones,
Emergency Laptops
Lightening
Depth of  20% for 500 20% for 20% for 300
Discharge  Cycles 2500 cycles Cycles
(Approx)
Charging Constant ~ Constant ~ Constant
Technique Current- Current Current-
Constant Constant
Voltage Voltage
Climate SevereEffect Moderate  Great
Effect Sustainability

Note: From Comparison of batteries used in electrical
vehicles (a review) by S. Muslimin, Z. Nawawi, B.
Y. Suprapto and T. Dewi, 2022, Proceedings of the
5th FIRST T1 T2 2021 International Conference
(FIRST-T1-T2 2021), pp 421-425.
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Note. Adapted from. End of Electric Vehicle
Batteries: Reuse vs. Recycle by Y. Kotak. et al,,
2021, Energies, 14, pp 1-15
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AN 6 TuURBUMENAIMTUNNS Recycle WUMADIALY
udrdmsuE s AL

Note. From Study on recycling and reuse of waste
battery of electric vehicle by Y. Du and H. Jiang,
2018, Proceedings of the 2018 8th International
Conference on Mechatronics, Computer and
Education Informationization (MCEl 2018), pp.
296-299 Copyright by the Authors. Published by

Atlantis Press
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WA (Battery University, 2017)
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1) nsiwieunsaNnau Recycle (pre-processing)
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4) fumeunisusnquuandinisnienines
@9 (physical separation) dletudrununnein
n3¥UIUNIS Cell disruption Wdl AzgNARLENAIY
AuantAnenenm iethingAundululdause
1 TnenszuiunsAnkentagldnaaudfnisnisnin
vos¥an lutumeuiisuseneulufeisnmsanzdnu
VAINVAIENTTUIUNITAIAITIN 6

Materials/ components Mass (kg) Relative (%)
Battery cells 80.0 32.0
Steel (stainless steel, ...) 75.0 30.0
Plastics (PP, PA..) 26.0 10.4
Aluminum 21.0 8.4
Copper 7.0 2.8
Electronic components (BMS, fuses, ...) 2.3 0.92
Elastomers 3.6 1.44
Composite materials 35.1 14.04
Summed 250 100

Note. From European Li-lon battery advance manufacturing for electronic vehicles by ELIBAMA project,
2011, retrieved from https://cordis.europa.eu/project/id/285385

M19319 4

UAPNANRRYTINTUYAALUNNDTUN AL UTLAY

Cell type unit NMC NCA LFP
Total mass ke/Battery 141 100 118
Total mass g/kg 1000 1000 1000
Energy content kWh/t 86 96 71

Note. From European Li-lon battery advance manufacturing for electronic vehicles by ELIBAMA project, 2011,

retrieved from https://cordis.europa.eu/project/id/285385
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nsrvaunIsaaueninglinmuautaniniIgnImvesiag

Cell Material NMC NCA LFP
(g/kg) (g/ke) (g/kg)
Cathode 191 175 173
-Lithium 14 13 7.6
-Cobalt 39 16 0
-Nickel 39 86 0
-Manganese 36 0 0
-Aluminum 0 25 0
-Iron 0 0 61
-Phosphorus 0 0 34
-Oxygen 63 58 70
Electrolyte 114 101 85
Separator 54 50 43
Anode-Carbon 140 131 111
Cathode foil - Al 39 a0 34
Anode foil - Cu 66 70 60
Cell case - Al 21 20 17
Others 6 10 8.5
total 630 598 530

Note. From European Li-lon battery advance
manufacturing for electronic vehicles by ELIBAMA

project, 2011, retrieved from https://cordis.europa.

eu/project/id/285385
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Note. From European Li-lon battery advance manufacturing for electronic vehicles by ELIBAMA project,
2011, retrieved from https://cordis.europa.eu/project/id/285385
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Duesenfeld (Germany) Recupy! (France) Retriev (USA)
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I%aqﬂlﬁﬁqﬁ (Harpe et.al., 2019)
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materials separation)
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A 8 uanINsUTeuTiBuTuRauNS recycle wummadaIueuRlinanuIEnTisuduRans recycle
Note. From Recycling lithium-ion batteries from electric vehicles, by G. Harpe. et. al., 2019, Nature,
575(7), pp. 75-86 Copyright 2019 by Springer Nature Limited
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Note. From Vehicle Battery Recycling by S. S. Alam, 2021, retrieved from https://www.researchgate.

net/publication/355477797

3. MTIATEINRITIN (Life-Cycle Analysis—LCA)
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businesses) ¥iuthiluenans CFC aonane1uBs
InlfinAuunsgIuns Recycle 9ntuiians CrC
deandululiiun gudnvsetidnsnsus uazdseueud
Trifisolulviun Juseneugsfanendiusasud

4. gUsznaugsRauendIuTasus (auto
dismantling businesses) Ve naiueueus
uilaenseyimusnsguns Recycle ANty d
geanilsdenaululiun dniavsedundisasud waz
dsrusudlniholuliungusenougshagostudiu
guguAlnin

5. fuseneugsiagostudusususlidi
(shredding Businesses) vutiitd oae ueus g
Igsuanlfidumenaiionlu Recycle Aavniuds
wiwnsvae ueud L lviun Judavieindisasud

6. fnasvisNiNsgA (car manufacturers
or importers) Fminfisiusin wax Recycle @13
CFC 9auilsdy waglAvHIaINNIIAIAYaLFsaIn
A3 recycle 8nuguaAlnin
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19 9 Eh
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$hwn geu wazuaniUdsununmesinuneynisly
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428lun15 Recycle faszuusnlugf
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atuinermansuazinalulad
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3. R agiinTanuansalunsidn
way Recycle wummaifignisuasidulinssedunden

4. afuayunIAT UV ImARLUTENOU
N15lUTEUUAIIANTD Recycle LWUALADT
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1. Mlsannsuszneugsia Recycle Wunme’
i SmAdeunsnulifedunahnis Recycle wunmaity
HilsiAnrls uigshafatusazedlfidosnnuleve
atfuayy wazuleuionsuImsiansLuAAeIveq
SgunalundasUssne

2. §slaifif{nAnwaduumnnes nanfusiuns
wiadilea1nnis Recycle dasdsonnlusimedang
Useinefidlsanundnigaduunne’

3. 9erneamAlulad Mseyivseansnm
Tunns Recycle geiiu andomalulaBuazesdaimg
wummenznsmersumdlneluthytuiinssuiums
naoulany

4. N33UUNT Recycle 1ABNAIIU Lag
arswniddivaunn mnkifinnsudmsdanisiinead
Jeymeunmsuimsinnisnsneinsogsliuse@nsnm
wardunndon

Jagtugninsasudlulssinalnediulngld
Bnsdwonuuninesliudilu Recycle SesnsUsyna
Fansidviedweenvendsliansanseriilaly
juit osnummedldududutngsunmesaiunsi
dhvidedweenveadesesdulumudemmunlunsesy
UayelAingdunsie w.a. 2535 wag/MIeaudyy1u1wa
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nMsiuturemithsuummeIvese Al
wazmasn1snanludne ¢ laznslminanuiimie
Fudanndouiazdeddsun1sdanisiaims Reuse uwag
n13 Recycle M3szyuunmeiazogluaniugilisn
193 Recycle 19 wualu (1) nMsszyanunmes




wummeslugum gt iulsedrinldliviednga
waz (2) wumnedilao uzHIunIsnaaaUNILEY Wy
NMIATIVABUANINANEUBN NsNAdEUsTUUlNTN NS
vagauszUUnaln 8% mneueud i ingURme
wazuunme3r019kivasnselunsiinduanldln
115 Recycle 9819UaanfBNISUUGIBLUALADIH
namndululy ldiissusaenuunnediesnaingiu
gudliiiiniu daudssnousia 9 ngﬂ%ﬂuﬁuﬁ
wynzuagldounmus Ilgadnvardmiunisuuds
wuaimeslagianizaudennauieifungnisvuds
AUAIBUNTIYNOUUTENINUTEINA (ADR) 571D
LUALABI RaeALEnTUd UL E L sa Y Recycle
1¢ls991u Recycle Wit lumanduiu minuumnos
waneueud i lduund vnisnaaeuia
wuiteliudlainuummedtiengmsldnumaesg s
warduihnulaadanulasnse (Wohrl, Geisbauer,
Nebl, Lott & Schweiger, 2021)

wumneddeulesouiedurezdunsie win
lilasunisdanisedramunyay ldifisasneliiia
uaity afiymnieiudunnden dumadogunin
Yosnrunardn’ wumnesasuulossulssnouselany
#A1971UNN (Co Ni Li Mn Al Cu Fe *1a%) A19U1
Tanefidnnarinduuldlundidunisadrslentania
\sugRafifLazaszmindsn TR mnensAddy
(Du & Jiang, 2018)

Ussifiuidosdnwifinda lutlagtiunestin
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mMsTansuummeIansususuRlii gl 3se
szuudaLiuLasdanisuumnesdmsue sl
Wuwwdaiimdaivlaaasiesizdlunats 9 du
Wl naUszloviianwnuasusianassuAneden
(Akram and Abdul-Kader, 2023)
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