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MATeiIgUszasdiiaAnwnsianisuunmedsusud i finuaengmslinuluussmedlne Taolideya
mneenemzoususudlnihuazAunuinuuumaeiiidugeogmslinulaeédanurgunimuuniaes (State
of Health: SoH) $auAungud Stock Turnover Han1sAnwIAIAIY Aelud 2035 Uszmalneaziivunineinuneny
Uszana 2,132,653 uiAiionsinnsfidussansnim mema%"gm‘hl,l,uﬂaaﬂﬂu 3 seau bewn (1) First Life (SoH 80—
100%) Tdaulugnueudlnirelu (2) Second Life wuadu High Performance (SoH > 80%) dwisusugus wag Low
Performance (SoH <80-40%) dmSuszuuiniundaau (ESS) (3) Third Life (SoH < 40%) 1i1dnsyuiunissteiaa
fvualiinsvaouguAmMLUAWeINN 5, 10 uar 15 I neld 3 wamsnisvdn wmen1si 1: laifins3luAa (BAU) Udes
B1e CO, dzay 14.8 fiu/fu, 11AsA57 2: Tn53letAanuALAes UdosRng CO, 8.2 fu/fu, 11Asn157 3: BEV3R
(Refurbish, Reuse, Recycle) Uaasnne CO;, G%’]E:lﬂ 7.0 fu/fu HanSANWITIN U1MIN1S BEVAR HUszansnmgegaly
nsannsUassfingiFounszania 52.7% tgannansgnudodundon Tininensed1sdud uazatiuayuiivang
Net Zero Carbon 2050 vasUszineegnadugusssy.
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Reused, Recycle) / maidennisaamsdaseinwiseunsyan / lausuuguluiguuninesvunaignisideu



2 g e e Loga o Yo o1 “waluaimansznuiiteiudeuuasian (Real World Impact)”
M3UILAUIYINITIZAUYIAN NINAIUIDEIERY (ATIN 1)

P | a
EN Sustainable Development National Conference AN 5 UQUIBY W.A. 2568
(ENSD Conference) a ANZRWIRAINLATNSWENNSAERS NI INeNduNing

End of Life Management of Electric Vehicle Battery in Thailand
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Pathumwan District, Bangkok, Thailand
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* Corresponding author: jakapong.p@chula.ac.th

This study aims to investigate the management of end-of-life electric vehicle (BEV) batteries in Thailand.
The research utilizes data from EV registrations to estimate the volume of end-of-life batteries, based on the
State of Health (SoH) in conjunction with the Stock Turnover theory. The findings estimate that by 2035,
Thailand will have approximately 2,501,198 end-of-life battery packs requiring proper management. The
batteries are categorized into three levels for effective handling: (1) First Life (SoH 80-100%): Batteries continue
to be used in EV. (2) Second Life: High Performance (SoH > 80%): Suitable for vehicle applications. Low
Performance (SoH < 80-40%): Used in Energy Storage Systems (ESS). (3) Third Life (SoH < 40%): Batteries enter
the recycling process. Battery health checks are scheduled every 5, 10, and 15 years under three main policy
scenarios: Scenario 1: No Recycling (Business as Usual, BAU) — Accumulated CO, emissions of 14.8 tons per
vehicle. Scenario 2: Battery Recycling - CO, emissions reduced to 8.2 tons per vehicle. Scenario 3: BEV3R
(Refurbish, Reuse, Recycle) — Lowest CO, emissions at 7.0 tons per vehicle.

The study indicates that the BEV3R strategy is the most effective, reducing greenhouse gas emissions by
up to 52.7%. This approach minimizes environmental impact, maximizes resource efficiency, and concretely
supports Thailand's Net Zero Carbon 2050 target.

Keywords: End-of-life Battery Management / Estimation of End-of-life Battery Volume / BEV3R Concept
(Refurbish, Reuse, Recycle) / Greenhouse Gas Emission Reduction Options / End-of-life Battery Policy
Recommendations
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1. unih

UszinalnglddinisuansanunsudannisuaesfiFounssaniiieitrgainandunarsnanfusunielud 2050
waztlmnensUdesiedeunsyangvdidugud melul 2065 Fsorueudludi (Battery Electric Vehicle : BEV) 1u
wianesnsiitiannisuasefeidounszan (Greenhouse Gas Emission) luukundsanuni (National Energy Plan)
[1] 9ndeyaadinisaanzidoususudlninvesnsunisvudasunlud 2023 wuin f8nsnsidulads +684.4% 39
wanslfifuisnnnuiouuagnisneviviiddes usudludin BEV) viall nisiulndinandsaenadesiuulouis
sefUUsze WU EV30@30 waw EV3.5 fisduaiumsldousudliiifiorugsbu iesanlutag 6 Weiuan Faus
¥ 2562 quiislagtin) YSunagueudliihazay 160,389 Au (Toya o wiousuinau 2567) FaunsIanIsuUALAeS
grugudliihivunoignsldnu Sadudsaduidedimudfyuasrdoumundounsuulouisiazannsniiie
annansznusedwandenlusuinn [2]

2. Inguszasd
1. efnwilangiidumavesiunineisusudliiniivuneignisldau 8n 10 Ydamth (2035) uazdraes
LUINIINIATINISTANI L UALAeS B usuRliiinneld (Battery Electric Vehicle 3R: Refurbish, Reuse,
Recycle): BEV3R
2. iediausumansiansuuainesusudltiniivuneignislinu ieaanisudesaniueulaoonled
(CO») aeldidouly BEVAR Wisuiisuiunumneismeudlnliniivuneignislinuilifinigdanis BEV3R
ludseine

3. YBULUAYRINITANEN
nsAnuiigfoasutiunsinmeilas Seouumminsdansuunneieusudvihiinee gnisldaly
au1An 10-15 Y919utn Inglduwi@An BEVAR (Battery Electric Vehicle 3R: Refurbish, Reuse, Recycle) Lﬁaajaaﬂms
UaesA1suaulasenlan (CO,) lulsimnelng
1. AnwdnnuTnauuameieusudlihiivuneignislénu (se.1 sasuddiuyana) faameid susueud
Iwiludseima 8n 10 Vidhandh iflednnisuiasinissesiumsdnnisuunimednuneignisldenilusasud
Tviihanelsd BEV3R
2. AAT1eiNa (Business as Usual: BAU) 99nn1sdnnisuunineietusudlniiiivunegnisldau amnsaan
mMsUsesaiuaulaeenlus (CO) meldieuly BEV3R wasuunmedsuesudliiiiinuneignisldemdlad
nsdans BEV3R lulssiminiaueteiausuugmailounsdanmsuummedlnihidensneignisldau

4. F3n13fnw

4.1 sausudeyasusudivilulszmalng

nssrvsweeneueud il 2019 Sedagtu wagsimdudmanewnunismsdaasueusudlniiing s1g
91y (BEV) vesUszina sanleunsdaasususudlvlinnsldau (BEv) deilunlud) 2025 ssisuueeusdlvidiion
vzlouds 225,000 #u (30%) wazaziindudy 440,000 Au (50%) uag 1,154,000 fu (100%) lud 2035 zifiuldin
Snusnaeusudliihdsiungd 3] wdldudnmangul Stock Turnover siiiasesinsmyudounumaeou
guAlWihvensuvuamIsun [4]
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4.2 favuaReulvinsussilingunweaduaanumAes % SoH 3 Scenario

1) Lithium-ion Battery Business as Usual scenario imunseuszeznaInsilasununinedlusivng 5 7,
10 U uaz 15 U lnewdflonsurivun LL‘umLma‘%‘lﬁmsgﬂmaﬂaaﬂLLasme‘/'ié'amwmma%iqﬂimi Taglifinssndunisifiady
Ta Aunummesgnifia uansiagui 1

-l
cé\o IE-E BAU: LIB Battery without Recycling Scenario
NewlIs B Factory 5=
5 Years 10 Years 15 Years
LS Rt R R P
= i A <N <D
- l % SoM fMilesge Chacking % SaM /Mileage Checking % S0M /Mileage Checking
rt;L}‘-"o @".‘ @.‘ ‘.Ea' Y
a0 1
~ Sl
0 Years

NewLIB New LB olaus NewLIB oldUB

R P
e bees

31]17; 1 Lithium-ion Battery Business As Usual scenario

2) Lithium-ion Battery with Recycling scenario MvuasaussegIaINIsasuLUnmesvtyn 957, 10 Y
= o w 1% °o v W = a .z ) Y o 4’
way 15 U mudrdu tnglvianudAgiuiuimanmssleda (Recycle) Wundnlun1sdans uaniagui 2

£E) el _ _ _
& rewmle! LIB Battery with Recycling Scenario
New LIB LIB Factory .°°
5 Years 10 Years 15 Years
T—G%\ . & 1% Assessment e 2nd Assessmen 10 years 3rd Assessment 15 years
o= °
Eﬂ AN AN N A
ol lileage Checkil % SoH /Mileage Checking
‘7’ % SoH /Mileage Checking % SoH /Mileage Checking,
RN e (== =

lcos i T T
0 Years x

& h.e
= E3
v & v &

gﬂﬁ 2 Lithium-ion Battery with Recycling scenario

3) Lithium-ion Battery with BEV3R scenario fnuaseustugiatdmiunsiasuiunmesiviyn q 5 T,
10 U uag 15 U muaiu Inglianudrdgyiuwuinia BEV3R Concept (Refurbish, Reuse, Recycle) iundnluns
FansfununmeInnuae1gnisldau uanadsgun 3
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&b BEV 3R Scenario

vewts  [luractory
(=} O
7= S 'tag\ N @ -mmmn 5
5 P
& @ Y
il 76
o oy wsesmensyens
F K o =7 3 ®
o
® I K S 3 Y Avoldd 8 Mantacars
T e — e
~ = =
% SoH /Mileage Checking N
. = -
SoH(<80-40%) i

P==N

> 10Years/ Dealer —|
SoH NG 62.5%

% SoH /Mileage Checking.

K:)
it
&

o
Aloided UB System

15 Years

3rd Refurbish for utv(isvnu

Avoided LB Manufacture:

® {)

% SoH /Mileage Checking.

--E%rl‘ é %
18.75%
ot NG 59.37%

SoH NG 18.75%

gﬂ‘ﬁ 3 Lithium-ion Battery with BEV3R scenario

4.3 AMAUANKINITNTIVFDUFUNTNUDILUALADT % SOH YILENANULFUNNVBATATUUAWMEIFUREULY
wwIRALUUIIROMAzINATINIgIUdmSUNIIEBensidnuLURmeTsaeudlinlulsEme [5] Wanifin1sei 1

M1979% 1 nawinsuszilinisveeeensidnuiunmeseueudlii [12
FIa6381 Uszin wnausin1sUszidiol 3ZUIUNTS
. . ] L3 v a
Frist Life T R I A FUANYBATAA %SoH 100% Tnuung
4 s p luusuusaiieldlueu
wunmesUsEanSanas FUAMYDIBAZ %SOH > 80% ) _
v (Refurbish)
Second life D aa . Wl dundsnumaunu
wunmeIUsEANSANEN FUANYBATAA %SoH < 80 - 40% .
&394 ESS
ihlusleAa (Recycle)

wuRMBsINeENITITNU JUANYBAUTAR %SoH < 40%

ihlusleAa (Recycle)

Third life wunmesIRAe1Nsldy AUANTBULAR %SOH < 40%
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4.4 inualderusudlin Model BYD tlusaduwuu: BYD DOLPHIN 60.4 kWh, Battery Architecture 400
V, Cell 3.2 V Battery Capacity 1261P (Cell to pack) tield@ummsnnueaduunneiuas frearsveulaoanled
(COy) sioduiioldiiu Base line AunmuummeITvinegn sl Tul 2035 [6]

5. Han1sANYILAZRAUIY

5.1 :nsansligud Stock Turnover ilesuauLUmEI I UBUATIVIIND YNTIHNU nudlud 2035 T
LUPLABY 2,501,198 witn Huagiioudsnisiivlnvessusudluih Seinantannsatuayuainulovisaaigniu
ulsneusene uanafaguil 4

Usnadunuwuawmeseueudliihivuaengnisldenulud 2035

3,000,000
2,501,198
2,500,000

2,000,000

1,500,000

1,000,000 650,149

422,797 460,628
266997 316951
500,000 223617 266,99

1295 1,045 1914 9626  [>°05 10673

o—0—o0o—o—~0—0——0—0o—20r=—C

2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 Total

JUN 4 Ssinadwiuiuameseueudlitihivuneignisldanulut 2035

5.291nKAI98ARY CO, YBILUAABSLTN 3.7 fiu COreq/Au, LUALADIILULAR -2.2 fiu COeq/Au YA
NANLABTTUUNITNAALUALADS -0.4 il CO-eq/AU WAz Refurbish & Reuse fALYINAU 0.2 6 CO, -eq/ A, % SoH
YDUBARLH%50 AN MALAE %50 AnN LA elunsduumalgaduuameiuarAiiy CO, [7]

5.3 NAdNSYDINTUTHTNGUANYAAVDIMUANBES % SoH 3 Scenario

1) Lithium-ion Battery Business As Usual scenario

nramIvenuitluszeziaan 15 Vmih vesazauvesdiunuwadiuameiasiindudu 504 wadnedu

' a X g o 1w = Y oA X ' oA o ‘:4'

wazn1sUany CO, autiinauly 14.8 dusoAu lnallwiluuiuTues1wmeiiin dauandlunisnem 2

A151991 2 HadNSIwAaLUAMBIRaLINY CO, Y89 Lithium-ion Battery Business As Usual scenario

0 5 10 15 0 Year 5 Years 10 Years 15 Years
Process Year Years Years | Years Process Tons CO,- Tons CO,- Tons CO,- Tons CO,-
Cells | cells | cells | cels eqg/Vehicle | eg/Vehicle | eg/Vehicle | eg/Vehicle
1% Battery cells (Factory) 126 ~ ~ _ 1 Battery Pack (Factory) 3.7 0 0 0

Recycle

Accumulation 126 252 378 504

Co2 Accumulation 3.7 7.4 11.1 14.8
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2) Lithium-ion Battery with Recycling Scenario

ANANITITENUINTUSEEZIa 15 VT9UTN 89RarauvaIR UIULYARLUMADI LAY 126 Wwadnasu hay

AsUdes CO, ILanadNaD 8.2 Fusady Fakandlimiudauilduifduilswseuiisunu BAU Scenario mawandly
A15197 3

A15197 3 HadnsIwasuUAWeIwaE A CO, UadLithium-ion Battery with Recycling scenario

0 5 10 15 0 Year 5 Years 10 Years 15 Years
Process Year Years Years Years Process Tons CO,- Tons CO,- Tons CO,- Tons CO,-
Gells cells Cells Cells eg/Vehicle | eg/Vehicle | eg/Vehicle | eg/Vehicle
1% Battery cell (Factory) 126 - = - 1% Battery Pack (Factory) 37 0 0 0

Recycle

Recycle

Co2 Net

Accumulation

Co2 Accumulation 3.7 52 6.7

3) Lithium-ion Battery with BEV3R Scenario

aw i P v ° I3 5 a X g v & s
f\]’]ﬂNﬁﬂ']ﬁ'J"ﬂEJWU'J{LUTJSEJgL')fﬂ 15 Y999 990dsaNUDIRIUIUAaLUAMDIASLANIUANUasLUY 152 1aaa

o Y & e Y Aol A ~ a o . o a

ABDAY GZNLLaWQSLVLVu@QLLU'ﬂUNW@IEU‘u 30% waUsauneuny BAU Scenario mLLﬁfﬂﬂumiﬂ\‘m a4

A13197 4 HadwsveNTaALUALMBSIYBLIthium-ion Battery with Recycling scenario

0 Year 5 Years 10 Years 15 Years
Process
Cells Cells Cells Cells
1% Battery cell (Factory) LIB 1% life 126 - - -
Avoided LIB System = 95 102 100
2" Battery cell (Refurbish)
High performance - 32 24 26
2" Battery cell (Reuse) Low performance = 32 24 26

3" Battery cell (Recycle

Material Recycle

Cell Accumulation 158

150 152

INNANTIFENUINUSEEEIAN 15 Y19min vendvauuean1suasny CO, 32anadnis 7.0 AUADAL JILaAILA

v

Windeuuldunnvuegadaauidisissuliisuniu BAU Scenario uay Recycling Scenario fiauanalunisned 5

A15790 5 nadwsAng CO, vaa Lithium-ion BEV3R Scenario

P 0 Year 5 Years 10 Years 15 Years
rocess

Tons CO2-eq/Vehicle Tons CO2-eq/Vehicle Tons CO2-eq/Vehicle Tons CO2-eq/Vehicle
CO, 1™ Battery pack (Factory) 3.7 - - -

CO, 2™ Reuse

CO, 3 Battery cell (Recycle)

CO; Net

CO, Accumulation 3.7 52 6.0 7.0
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5.4 syUradtuaTaduUnne At uulaaaurady

9n39uiifine Model BYD: BYD DOLPHIN uuninesaienlessy s1uau 126 wad ludranan 0, 5, 10 uaz 15
U Tneiasneat 4 wumnadn leud msvandeenislduumnesiug msdesusn msldeh wasmsileia dwheanvey
didnnseinduaznansznudedwandenlded1adeduy nieuduasuiasuganyuiou (Circular Economy) agail
USZANBAN Wanes st 6

A131991 6 HadNs L twaduunmeIalSuuleaurafy 15 T

, Fwuwaa A
PR y Avoided LIB System Reuse Recycling
YNRUR
0 126 \waa - - - -
5 126 wad 95 1waa (75%) 32 \waa (25%) 32 1@ (25%) 63 1waa (50%)
109 126 wad 102 1waa (81.75%) 24 \wad (18.75%) 24 \%wad (18.75%) 110 \wad (87.50%)
15 ¢ 126 \waa 100 Lad (79.68%) 26 1988 (20.31%) 26 \@aa (20.31%) 98 waa (78.12%)

5.5 agunan1suaseUdesfinwaisuaulaeanlyd (CO,) fafu

Tnewseuifisunisuaeefiedeunsyan (COz-eq) dodu u 3 wuavnandn tun (1) wumnsunf (BAU) aefiil
3.7 #iu COeq oAy azangeandl 14.80 uTu 15 T (2) uumsslatda (Recycle) annisudeswide 1.50 fiu COreq
Rofu avaud 8.20 fiu Tu 15 T (3) wwama BEV3R (Refurbish, Reuse, Recycle) anatagssaiiios 0.99 du Tuldi 15
azauil 7.00 fu COreq Ao a3y BEVAR SlUszAvBaingsan 52.7% uagn1s3luifa 44.6% TIADINLINIYIBAN
nansgnuednadeuaratuayuasugiavyudeulussezen uansdsgui 5

16.0 14.80
14.0
11.10
12.0
10.0 8.20
7.40
8.0 6.70 ‘_.

20 =0
6.0
37 a) o0

6.01 '
b 518
20 0.83
0.0

0 Year 5 Years 10 Years 15 Years

BN (o2 Net NN Co2Net MEEENEN Co2 Net/BEV3R Scenario —e=m@mmm o2 Accumulation —esm@emm Co2 Accumulation —e==@mms Co2 Accumulation

U7 5 aguran1sraesdinnisuuamessoueudliihndsdueignisldau
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5.6 d3Unan1suaeeUdesfinwaisuaulaeanlyd (CO,) Tul 2035

MnsiSeuliisunisdase CO, Meldl 3 aanunsaindnlugis 5, 10 uag 15 U (1) anunisal BAU Yasy CO;
avaNgagaTl 29,658,663 fu uaz CO, Net g 9,254,433 ¢ (2) annunisalsletia (Recycling) annsudenazasinide
12,030,727 #iu wag CO, Net ogffl 3,751,797 iu (3) annunnsal BEV3R Huszavsnmgeaniumsannisudes CO,avay
W9 11,420,874 fu way CO, Net Gﬁl’wqmﬁ 3,453,600 Aiu @3U BEV3R faeannisuasy CO, 14 61 % uasnisslefa
59% \ewfisuituaniunisal BAU Tnevisansanunisel \uwuimeiifivssavinmgeanlunisansansznudawindon
wazatfuamguasygiavsuisuluszorenveaszalng uansisnaad 7

msafl 7 agunanisUdestdesiinamsuaulasonlud (CO,) Tud 2035

Scenario 5Years 10Years 15Years CO, Net CO, Accumulation

Lithium-ion Battery Business As Usual scenario 7,890,817 1,356,098 7,517 9,254,433 29,658,663

Lithium-ion Battery with Recycling scenario 3,198,980 549,770 3,048 3,751,797 12,030,727

5.7 deeusuunifulsuisuuimatazinasmsianisuuamesusudvimusengldanulssne

f\‘]’mﬁy’w%aﬁuaqukqmu%ﬁlﬁamema%"‘[,uﬂismﬂ, Inlrdansuselevinnans LLdQﬂsmaumsﬁvﬁﬁm
Tasams3loida ileadsgsialual ieswghamuiiou (Circular Economy) Taerinuszansanlunslinineins anves
o wavadayaafiulviiuTanisladald, duadumaluladnsuontan uaznisiugisaduumned duasunisi
wumaesiauldluseuu Energy Storage Systems (ESS), Safuldmdnnns Extended Producer Responsibility (EPR)
Wmneligndnsusudlaihuazdmiesusudlniddusuiieve urouunineinasmsastin, sonngunedsdy
9% fudn/dunduummeifessufuuummeinunoignisldaunasnisi BEVAR wazdaksszuufinay (traceability
system) uazgutoyauuame’ sussdasdndnlunmsanasuouNanius iudeuszviduiusuaznisine, amu
Tuuinnssudidoatmneanmsitanianmeinuazaning CO, Tunszurunsnan, duesunsidouunnesi tesaans
IEnseinnsuoud, aﬁuaquamﬁwé’wé’mmﬂﬂa@'ﬁﬁ&nﬁLﬁaa%’aaﬁUﬂﬂiwamLLasﬁﬁmwmm%‘, Yeruldunsgu
arrudaendelun1slderusn (Repurposing Standards) vluluegrsuaeafonasldsunissuses IEC 63330
(Requirements for reuse of secondary batteries) Way UL-1974 (Evaluation for repurposed batteries)

6. AgUNaANISANEN

nuAteiieszinsdantsuunneieueudlih (Bev) duumengnislinululssinalne nelddeyanisan
neideusn BEV Huiniunannis Stock Turmnover LLasamuzqﬁumWmemaé (State of Health: SoH) titeUsifiuUTanm
memaé‘wmmqhﬂ 2035 Femninazilae 2,501,198 wita n¥ouswunnisldaununmeieoniu 3 sesu leun First
Life (SoH 80-100%) Tdmelugnuaudlnin, Second Life (SoH <80-40%) wualiu High Performance T4lusa uay Low
Performance Tdlussuuiniiundsnu (ESS), waz Third Life (SoH < 40%) dudndnszuiunisilaia a1nnisdiass
anrunisal 3 wwanne Tewn (1) BAU liddanasle o Udes CO, azau 14.8 du/Ay, (2) wuinnsslaiAa anvde 8.2 fiu/

fu, Waw (3) Wuame BEV3R (Refurbish, Reuse, Recycle) indaLiies 7.0 fu/du annsdos COy Iégeaniia 52.7% iile
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