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Tuyén bo

B&o c4o nay dwoc thuc hién bdi mot lién danh gdm Vién Tw van Phat trién (CODE), Vién Khoa
hoc Vat liéu (IMS) triee thudc Vién Han lam Khoa hoc va Cong nghé Viét Nam (VAST), EconomiX,
va Cong ty Tw van Dau tw Nang lwong & Méi trwdng E3 Viét Nam.

Moi nd lwc da dwoc thwe hién nham dam bao tinh chinh xac va day dd cla cac théng tin dwoc
trinh bay. Tuy nhién, cac tac gia va don vi tham gia khdng cam két hay bdo dadm, du ré rang hay
ngu y, v& mirc do chinh xac, do tin cay hay tinh day dd ctia néi dung bao céo. Cac phat hién, div
liéu va khuyén nghi trong bao céo dwoc xay dwng dwa trén thong tin, phan tich va thuc tién tot
nhét hién cé tinh dén ngay 1 thang 3 ndm 2025. Can lwu y rang nhirng thay dbi hodc dién bién
m&i sau thoi diém nay cé thé anh hwdng dén tinh hiéu lwc ctia mot sé két luan hodc khuyén nghi
trong bao cao.

Quan diém va y kién duoc trinh bay trong bao cdo la clia cac tac gia va khéng nhét thiét phan
anh chinh sach hoac 1ap trwéng chinh thirc clia Chuong trinh H8 tro Chuyén dich N&ng lwong
DPéng Nam A (ETP), UNOPS, B6 Ké hoach va Dau tw (hién la Bo Tai chinh), hodc béat ky t6 chirc
hay co' quan nao dwoc dé cap trong tai liéu nay.

Céc tac gid va don vi tham gia khéng chiu bat ky trach nhiém nao déi véi ton that hodc thiét hai
trwc tiép, gian tiép, ngau nhién hodc hé qua phat sinh tr viéc st dung, phu thudc vao hoac dién
giai thong tin trong bao cao nay.
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Tém tat ndi dung

Quaé trinh chuyén déi nang lwong toan cau la
mot thach thirc mang tinh quyét dinh, thuc day
cac quéc gia hwdng téi muc tiéu phat thai rong
bang 0 (NZE) va mé ra nhirng co hdi chwa tirng
c6 cho cac nha hoach dinh chinh sach, nha dau
tw va doanh nghiép. Sy gia tang nhanh choéng
clia cac cong nghé sach, chdng han nhu xe
dién (EV) va hé théng Iwu tri nang lwong pin
(BESS), doi héi phai mé rong quy md san xuét
nhanh chéng dé dap (rng nhu cau ngay cang
tang. Chudi cung ng pin déng vai trd then
chét, cung cap nang lwong cho cac nganh cong
nghiép tr EV dén BESS. Nam 2023, viéc trién
khai pin EV tang vot 40%, v&i 14 triéu xe EV
m¢&i dwoc dang ky, mét xu hwéng dw kién sé
manh mé khi xe EV dy kién s& chiém 25%
doanh s ban 6 t6 toan cau vao nam 2025. Sau
nhiéu ndm d4u tw, cdng suét san xuét pin toan
cau da dat 3 TWh vao ndm 2024, vé&i tiém nang
tang gap ba lan trong ndm nam t&i néu tat ca
cac dy an da 1&n ké hoach déu thanh hién thyc.

Tuy nhién, sw tap trung ctia chudi cung tng pin
da lam day lén lo ngai vé& an ninh di v&i cac
chinh pha. Nhitng déng thai gan day, chang
han nhw dé& xuat han ché xuét khiu céng nghé
xt ly lithium va cwc &am pin ctia Trung Quéc,
cling nhuw viéc ap thué déi véi thwong mai
khoang san, da lam gia tang sw chu y dén véan
dé nay. Pa dang hda san xuat va ndi dia hoa
chudi cung wng la mot nhiém vu phtre tap, doi
héi thdi gian, dau tw va chuyén mén dé thu hep
khoang cach chi phi véi Trung Quéc. Nhu cau
on dinh, cha yéu dwoc thic ddy béi xe dién
(EV) va hé théng lwu tri nang lwong pin
(BESS), la yéu tb thiét yéu dé hién thuc hda
diéu nay. Pong luc toan cau nay mang lai co
hdi quan trong cho Viét Nam, mét thj trwong
mai ndi voi tiém ndng xay dwng nganh céng
nghiép pin canh tranh.

Viét Nam c6 vi tri chién lwoc tai Dong Nam A,
s& hiru lwc lwgng lao dong khoang 54 triéu
ngwdi, ngudn tai nguyén khoang san quan
trong doi dao (vi du: mangan, dat hiém, nhém)
va mdi quan tdm ngay cang tang déi voi xe
dién (EV) va hé théng lwu trir nang lwong pin
(BESS). Quan hé thwong mai vixng chac cla
Viet Nam dwoc hé tro bdi 17 Hiép dinh
Thwong mai Ty do (FTA) da ky két va cac
quan hé dbi tac chién lwgc—bao gébm kim

ngach thwong mai 15 ty USD véi Uc vao nam
2024 (tang 4,5% so v&i nam 2023) va 86,7 ty
USD vé&i Han Quéc (tang 9,2% so véi nam
2023)—tao nén tang virng chac. Tuy nhién, van
con nhiéu thach thirc: han ché vé chuyén mén
trong khai thac va tinh ché, sw phu thudéc 80%
vao nguyén liéu thd nhap khau, cung vai viéc
thiéu mot chinh sach ddng bd, doi hdi cac hanh
doéng cap bach.

Dy &n Tdng cwong Chuébi Cung Ung Pin cho
Xe Dién, Hé Théng Lwu Trir Nang Lwong va
Nang Lwong Tai Tao la mét sy hop tac chién
lwoc gitka B6 K& hoach va Dau tw (nay 1a Bo
Tai chinh) va Déi tac Chuyén dbi Nang luwong
Déng Nam A (ETP) — Van phong Dich vu Dw
an Lién Hop Quéc (UNOPS). Sang kién nay
nham cing ¢ chudi cung &ng pin cta Viét
Nam bang cach thic day dau tw, dbi mai sang
tao va cung cp tw van chinh sach dé hé tro
qua trinh chuyén déi nang lwong cha dat nuéec.

Bao c4o nay la bao cao dau tién trong pham vi
dw an, cung cap phan tich toan dién vé chudi
cung trng pin toan cau, mot Iinh vue quan trong
nhwng con non tré doi vai Viét Nam. Bao cao
dwa ra nhirng hiéu biét thuc tién danh cho cac
nha hoach dinh chinh sach, Ianh dao nganh va
nha dau tw théng qua viéc nghién clru cac
théng 1& qubc té tét nhat, nhivng tién bd cong
nghé& ma&i ndi va cac xu hwéng thi trwdng quan
trong. Théng qua cac nghién ctu dién hinh
chuyén sau tlr cac qubc gia san xuét pin hang
dau—Trung Quéc, Nhat Ban, Han Quéc, An Do
va Uc—bao cdo rat ra nhirng bai hoc phu hop,
gitip Viét Nam dinh hwéng chién lwgc nham
tang cwdng hodi nhap chudi cung ng, thu hat
dau tw va phat trién bén virng.



Béi canh céng nghé va
thi trwong

Vé cong nghé, thi trwérng pin hién nay cha yéu
do pin lithium-ion (LIB) chi phéi, nhe mat do
nang lwong cao va hiéu suat vuot troi, cung
cap nang lvong cho hon 60% xe dién trén toan
cau (IEA 2024). Nhirng cong ngh& maéi néi nhw
pin natri-ion, v&i nguyén liéu déi dao va chi phi
thap, dang dan dwoc wa chuédng cho lwu triv
nang lwgng tinh, trong khi pin lithium-kim loai
hra hen dét pha vé hiéu suét, thic day mot
cudc dua d6i mai trén toan cau. Tuy nhién,
cudc dua nay khéng déng déu—Trung Quéc
kiém soat hon 50% coéng suat ché bién nguyén
liéu thd va 75% cong suét san xuét pin, trong
khi chau Au (d6ng gép 25% san lwgng xe dién)
va My (chiém 10% san lwong xe dién, 7% san
xuét pin) dang phan (rng bang cac chinh sach
nhw Quy dinh vé& Pin cGa EU va Pao luat Gidm
Lam phat cia My. Twong lai cia nganh phu
thudc vao nhirng d6t pha vé mat do nang
lwong, tudi tho, an toan va chi phi, déng thoi
nh&n manh tdm quan trong cua tai ché nham
giam tac dong moi trwdng va loai bd cac vat
liéu doc hai.

Trén toan cau, chudi cung &ng pin lithium-ion
(LIB) Ia mot hé sinh thai phire tap, trai dai tow
khai thac nguyén liéu thé & thwong ngudn—
noi Chile (34%), Australia (22%) va Argentina
(13%) ndm gitr phan I&n tri lwong lithium—
dén san xuat vat liéu trung nguén va ché tao
san pham ha ngudn, trong d6 Trung Quéc gilr
vi thé théng linh. Trung Quéc tinh ché hon
50% lithium carbonate va 80% lithium
hydroxide, chi phéi san xuat cuwc am va cuc

dwong (85% ngudn cung graphite toan cau),
dong thdi san xuét 77% pin trén thé gidi (600
GWh chi tinh riéng CATL va BYD, theo IEA
2024), sau d6 lap rap chung thanh mé-dun va
bd pin hoan chinh. 0] giai doan tai ché, Trung
Quéc kiém soat 80% codng suét toan cu, véi
nha may tri gia 2,79 ty bang Anh cta CATL tai
Quang Dong du kién tang san lvong gap bbn
l&n vao nam 2026, cang clng cb vi thé dan dau
cla nwdc nay. Sy tap trung cao do nay boc 10
nhirng rdi ro dang ké, thuc day I1&i kéu goi da
dang héa chudi cung &ng trén pham vi toan
cau.

Thi trwdng pin hién do mét sé tap doan I&n ndm
gir: Trung Quéc san xuét 70% tbng san lwong
pin lithium-ion (LIB) toan ciu v&i cac “ga khdng
16" nhw CATL va BYD; Han Quéc chiém 20%
thi phan (v&i cac cong ty nhw LG Chem,
Samsung SDI) va d&n d4u trong san xuét cuc
am (chiém 25% nguén cung toan cau, theo IEA
2024); Nhat Ban chiém 6% thi phan (tiéu biéu
la Panasonic) va ndi bat trong san xuét véi do
chinh xac cao (85 GWh, theo METI 2024). Viét
Nam dang néi Ién nhw mét déi tha tiém nang,
xép thir 20 toan cau, véi VinFast thuc day nhu
cau xe dién va thi trwong pin du kién dat
302,85 triéu USD vao nam 2024, tang lén
420,21 triéu USD vao nam 2029 (téc do tang
trwdng CAGR 6,77%). Du con & giai doan so
khai, vi tri gan Trung Quéc va sw phat trién
manh mé cla nganh xe dién mang lai tiém
nang Ién cho Viét Nam. Tuy nhién, sy phu
thudéc 80% vao nhap khau nguyén liéu va co
s& ha tAng con han ché van |a nhirng thach
thirc dang ké.



Cac trwong hop nghién ctru va
bai hoc kinh nghiém

Sau khi phan tich chudi cung &ng pin clia bén
quéc gia hang ddu—Trung Québc, Nhat Ban,
Han Quéc va Uc—culing véi mét thi truerng méi
ndi nhw An Do, c6 thé rut ra nhirvng bai hoc
quan trong dé phat trién nganh céng nghiép
pin cla Viét Nam.
Trung Quéc chiém wu thé trong chudi cung
&ng pin toan cau, kiém soat 70-90% céac céng
doan va 77% coéng suat san xuat pin, voi
nhirng tap doan dan dau nhw CATL va BYD.
Thanh céng cGa Trung Qudc bat nguén tir
chién lwgc dau tw manh mé do nha nwéc dan
déat va cac chinh sach quy mé Ién. Chinh pha
da cung cp cac khoan tro' cip khdng 16 (230
ty USD tir 2009-2023) dé hé tro' cac doanh
nghiép trong nuwéc, dong thoi tai tro nghién
clru va phat trién chién lwoc cho cong nghé pin
thé rén, hwéng téi muc tiéu thwong mai hoa
vao ndm 2027. Thé manh cta Trung Québc
nam & coéng nghé pin LFP (Lithium Iron
Phosphate) va vi thé théng linh trong linh vuc
tinh ché nguyén liéu (80% thi phan, nhd vao
cac thwong vy thau tom & nwédc ngoai). Tuy
nhién, quéc gia nay ciing déi mé&t véi nhivng
thach thirc nhw duw thira cong suét, lo ngai vé
moi trwéng (30% lwong khi thai dén tir san
xuét pin) va cang thang dia chinh tri.
Han Quéc chiém 20% thi phan pin toan cau véi
cong suét san xuat 400 GWh tir cac tap doan
[on nhw LG Chem, Samsung SDI, va SK On,
dwoc hé tro bdi khoan dau tw 35 ty USD vao
R&D va Chién lwgc K-Battery (2021). Thé
manh cia Han Qudc ndm & hé sinh thai hoan
chinh, bao gébm nha cung cip nguyén liéu tho,
nha san xuét thiét bi, hang xe dién va doanh
nghiép tai ché, ddng thdi dan dau trong cong
nghé NMC (Nickel-Mangan-Cobalt) va dat
muc tiéu thwong mai héa pin thé rén vao ndm
2027. Tuy nhién, Han Quéc ciing d6i mét voi
thach thirc 16n, bao gébm sy phu thudc 80%
vao Trung Quéc cho nguén nguyén liéu va thi
phan sut gidm do &p lwc canh tranh ngay cang
gia tang.
Nhat Ban git* 6% thi phan pin toan cau voi
cong suét trong nwéc dat 85 GWh vao nam
2024, dat muc tiéu tang 1én 150 GWh vao nam
2030. Quéc gia nay s& hiru mot chudi cung
&ng dwoc quan ly chat ché, dan dau bdi
Panasonic, cung v&i khoan dau tw I&n vao
R&D phat trién pin thé rén (vi du: Toyota d&t

muc tiéu pin cé pham vi hoat déng 1.200 km
vao giai doan 2027-2028) va kha nang thich
&ng linh hoat v&i cac bién dong thi trvdng. Tuy
nhién, Nhat Ban ciing déi mat voi nhirng han
ché dang ké, bao gdbm phu thuéc 90% vao
nhap khiu nguyén liéu thd, chi phi san xuét
cao va vi thé suy gidm truwdc sw canh tranh tir
Trung Quéc.

Uc & nha cung cap nguyén liéu thd hang dau,
chiém 47% san lwong lithium toan cau va dat
19,9 ty AUD kim ngach xuét khau trong giai
doan 2022-2023, dwoc hé tro bdi Chién
lwoe Pin Quéc gia 2024, dat muc tiéu dat 10
GWh c6ng suét vao nam 2030. Nhirng diém
dang chu y bao gom: khoan tai tro dang ké
ttr chinh pha (vi du: 532,2 triéu AUD cho
chuwong trinh “Battery Breakthrough”), tap
trung vao tinh ché va tai ché (v&i muc tiéu tai
ché 80% vat liéu vao nam 2030), va cac thda
thuan hop tac song phwong nhdm dam bao
chudi cung rng 6n dinh. Tuy nhién, Uc van
ddi mé&t vai nhivng thach thirc Ion, bao gom
sw phu thudc 90% vao xuat khau nguyén liéu
thd va cong suét ché bién trong nwéc con
han ché, anh huéng dén kha néng phat trién
chudi gia tri pin trong nwoc.

" SN N

An Do 1a mét quéc gia méi ndi, chiém 3% thi
phan pin toan cau, véi thi trudng xe dién
dang phat trién nhd cac sang kién nhw
Chwong trinh Day nhanh S dung va San
xuét Xe dién (FAME) Il va Chuwong trinh
Khuyén khich Lién két San xuat (PLI) v&i 2,4
ty USD tién hé tro. Thé manh cta An Dd nam
& chinh sach chién lwgc, hd tro thué va quan
hé dbi tac (vi du: hop tac véi Uc), tao nén
tang cho cong suét 3 GWh vao nam 2024 va
muc tiéu xady dwng nha may gigafactory 50
GWh vao nam 2030 (FAME I1). Tuy nhién, An
Do van d6i mat voi nhirng thach thiec 1on,
bao gébm chudi cung rng con phan manh,
phu thudc 90% vao nhap khau, va nhu cau
dau tw dang ké dé mé réng quy mo.
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Khuyén nghi

Dwa trén phan tich vé chudi cung (ng pin va
nhirng thach thrc hién tai, chung t6i téng hop
cac khuyén nghi quan trong sau dé hé tro' cac
nha hoach dinh chinh sach xay dwng mét hé
sinh thai pin vitng chéc, bén virng va co tinh
canh tranh toan cau.

Khung Chinh sach va Quy dinh

Chinh phu déng vai tro thiét yéu trong viéc thuc
day sy phat trién ctia chudi cung &ng pin. Dé
hé tro' cac nha san xuét trong nudc, chinh ph
nén trién khai chwong trinh thu mua wu tién cac
linh kién pin san xuét trong nwédc, dam béo sy
on dinh cua thi trwd'ng. Cac quy trinh phé duyét
dau tw vao nguyén liéu, ké hoach san xuét va
co s& R&D can duwoc tinh gon, gidm thiéu tha
tuc hanh chinh dé& day nhanh tién d trién khai
dw an. Bén canh do6, cac chinh sach nganh lién
quan dén xe dién (EV) va hé théng lwu tri» nang
lwong (BESS) can dwoc cling cb va phat trién.
Ma&c du 16 trinh va wu dai cho EV da twong dbi
rd rang, cac chinh sach danh cho BESS van
dang trong giai doan dau va can tiép tuc hoan
thién.

Uu dai tai chinh va thu hat dau tw

Do coéng nghé pin con mang tinh ddi mai va
dang trong giai doan phat trién, chinh phi nén
ap dung cac wu dai tai chinh manh mé dé
khuyén khich d4u tw vao nghién cru va phat
trién (R&D) pin. Viéc thanh 1ap quy dau tw mao
hiém qudc gia danh riéng cho R&D pin, wom
tao cong nghé va mé réng san xuét trong nwéc
sé thuc day d6i méi sang tao. Bong thdi, cac
wu dai thué chuyén biét nhw gidm thué doanh
nghiép va mién thué nhap khau nén duoc ap
dung cho cac coéng ty diu tw vao ché bién
nguyén liéu thd, san xuat pin va ha tang tai ché.
Ngoai ra, chinh phu nén khuyén khich hop tac
cong tw (PPP) dé phat trién trung tam R&D pin,
nha may thi diém va co s& ha tAng chudi cung
(rng quan trong, nhdm tao nén tang virng chac
cho nganh cdng nghiép pin trong nuéec.

Phat trién va ndi dia héa chubi cung trng

Dé giam phu thudc vao nhap khau, Viét Nam
can phat trién nang lwc tinh ché va ché bién
trong nwéc ddi voi cac khoang san quan trong
nhw nicken, cobalt va lithium. Chinh phd nén
ap dung yéu cau ty 1& noi dia hda trong san xuét
pin dé& cting c¢6 mang lwéi nha cung cép trong
nuéc déi vai dién cuc, chat dién phan va mang
ngan. Béng thdi, cac doanh nghiép vira va nhé
(SME) tham gia vao san xuét linh kién pin can
dwoc hd tro théng qua cac chwong trinh dao
tao ky thuat chuyén séu va goi hé tro tai chinh.
Viéc thanh l&p cac khu cdng nghiép chuyén
biét danh cho san xuét pin sé tao diéu kién
thuan lgi cho viéc dat chung co s& tinh ché
nguyén liéu, san xuat pin va lap rap mo-dun,
giup giam chi phi logistics. Ngoai ra, chinh pha
can thyc thi nghiém ngéat cac tiéu chuan moi
trwdng va lao déng trén toan bd chudi cung
&ng pin dé dap &ng cac tiéu chuan ESG toan
cau (Méi trwdng, Xa hoi va Quan tri), qua do
nang cao kha ndng canh tranh cla san pham
Viét Nam trén thj trwdng quéc té.

D46i méi cong nghé va phat trién thi trirong

Thic day d6i méi cong nghé la yéu té then chét
dé phat trién chubi cung (rng pin va phu hop vai
cac wu tién quéc gia cta Viét Nam, nhuw dwoc
néu trong Nghi quyét s6 57-NQ/TW do B Chinh
tri ban hanh ngay 22/12/2024, nhdn manh dot
pha trong khoa hoc, cdng nghé va chuyén dbi sb
quéc gia. Hoc hdi ttr Han Quéc va Nhat Ban, Viét
Nam can wu tién dau tw vao R&D dé nang cao
céng nghé pin. Trung tdm D&i m&i Sang tao
Quéc gia (NIC) thudc B Ké hoach va Dau tw da
dong vai trdo quan trong trong viéc xay dwng
chudi cung rng chat ban dan tai Viét Nam, va
pham vi hoat ddng cua trung tam nay nén duwoc
mé réng dé bao gdm ca cong nghé pin. Cac vién
nghién ctu, nhw Vién Han lam Khoa hoc va
Cong nghé Viét Nam (VAST), déng vai tro thiét
yéu trong phat trién céng nghé va hoach dinh
chinh sach. Do d6, cac nghién ctu vé khoang
san quan trong va coéng nghé pin can duoc day
manh, dac biét la tap trung vao cac thé hé pin
tién tién nhw pin thé rdn ASSB (All-Solid-State
Battery). Chinh phu can tang cudng hop tac
chat ché v&i cac doanh nghiép tw nhan, bao gém
VinFast, d& gan két nghién cru v&i (ring dung
cdng nghiép. Quan trong hon, chwong trinh



quéc gia va quy dau tw chién lwoc vé phat trién
cbng nghé va cdng nghiép nén dwoc thanh lap,
bao gdbm mét nén tang chia sé tri thtrc do nha
nwdc hd tre, nham thuc day chuyén giao cong
nghé va thwong mai héa cac nghién clru. Bén
canh do, mét sd doanh nghiép nha nwéc da
tham gia phat trién hé théng tram sac, hd tro
chuyén dbi sang xe dién. Vi du: VinFast da hop
tdc voi Tap doan Xang dau Viét Nam
(Petrolimex) va Téng coéng ty Dau Viét Nam
(PVOIL) dé 1&p dat tram sac pin tai cac cay
xang trén ca nuwdc. Tap doan Dau khi Viét Nam
(PV Power) cling da thi diém tram sac xe dién,
dat nén moéng cho chién lwgc dai han nham
thic day s dung ndng lwong sach va goép
phan gidm 6 nhiém méi trwong.

Hop téc quoc té

Viét Nam can wu tién thiét 1ap va mé réng cac
quan hé hop tac quéc té dé ciing c6 chudi cung
trng pin. Sy hop tac hién tai gitra Viét Nam va
Australia trong linh vyc tham do khoang san
quan trong thdng qua Blackstone Minerals la
bwdc khéi dau quan trong gidp gidm sy phu
thudc vao nhap khau. Bén canh do, Viét Nam
nén tan dung cac méi quan hé ddi tac sén co,
bao gdbm Quan hé Déi tac Toan dién, Dbi tac
Chién lvgc Toan dién, ciing nhw 17 Hiép dinh
Thwong mai Tw do (FTA) da ky két, d& dam
bao ngudn cung nguyén liéu thd én dinh va da
dang. Viéc tang cuwéng hop tac qubc té khong
chi gitp Viét Nam héi nhap sau hon vao nganh
cong nghiép pin toan cau, ma con nang cao Vi
thé canh tranh cta Viét Nam trong chudi cung
(ng pin trén thé gidi.

Béo vé moi trromg va phaét trién bén vieng

Viét Nam can ting cwéng cac chinh sach va
quy dinh lién quan dén tai ché pin va nén kinh
té tudn hoan. Quyét dinh 222/QD-TTg, ban
hanh ngay 23 thang 1 nam 2025, dwa ra ké
hoach quéc gia vé thwc hién nén kinh té tuan
hoan dén ndm 2035, va chinh phd can dam
bado réng cac nhiém vu dwoc néu trong ké
hoach nay dwoc chudn bj va thwc hién mot
cach khan trvong. Phu hop véi cac nhiém vu
3.2.2 va 4.2.2 cluia ké hoach québc gia, Bo Ké
hoach va Dau tw can tdng cwdng cac mé hinh
kinh t& tudn hoan trong cac khu céng nghiép,

khu kinh té va trung tdm san xuét lién quan dén
san xuét pin. Cac nha san xuét pin nén dwoc
khuyén khich dau tw vao cac mé hinh san xuét
bén virng nham gidm thiéu chat thai va téi da
héa hiéu qua s dung tai nguyén.

Phét trién Nguén Nhan Lwc va Cai Thién Co
Sé& Ha Tang

Dé hé tro sy phat trién ctia nganh cdng nghiép
pin, Viét Nam can mé réng va hién dai hoa co
s& ha tang logistics, bao gdm mang lwéi dwong
sat, cang bién va duong cao tdc, nham tao
diéu kién thuan loi cho viéc van chuyén nguyén
liéu thé va san pham pin hoan chinh. Viéc phat
trién nguén nhan lyc cling déng vai trd quan
trong, do d6 can thiét ké cac chwong trinh dao
tao d& nang cao chuyén mén vé héa hoc pin,
ky thuat san xuét tién tién va tiéu chuan an
toan. Chinh pht nén khuyén khich c& doanh
nghiép trong va ngoai nwée thanh lap cac trung
tam dao tao nghé chuyén vé san xuét pin va
cbng nghé lwu trir nang lvong.

Bdo cdo tiép theo, tap trung vao bdi canh trong
nuwdc, sé cung cap danh gia vé chudi cung tng
pin cGa Viét Nam, dac biét nhan manh vai tro
clia nganh nay trong béi cdnh phat trién ctia dat
nuwdc. Bao cao sé phan tich cac yéu td quan
trong nhw tinh sdn cé va chéat lwgng cla
nguyén liéu thd, nang lwc sén xuét, nhu cau
twong lai va tién bd cong nghé dé xac dinh cac
cébng nghé pin phu hop nhat voi Viét Nam.
Ngoai ra, bao céo ciing sé lap ban dd chubi
cung ng va cac bén lién quan chinh, danh gia
lgi ich kinh t& vi md cla sw phat trién nganh
pin, déng thoi dwa ra co s& cho viéc dau tw vao
san xuét pin trong nwédc. Cudi cung, bao céo
s& xem xét cac quan hé dbi tac chién lwoc tiém
nang va hé sinh thai nhadm tbi wu héa co hoi
trong khi gidm thiéu ri ro.



Qua trinh chuyén d6i nang lwong la mot trong nhirng thach thire I6n nhat ctia thé ky nay, nhung dong
thoi cling mang lai nhirng co' hdi chwa tirng c6 cho cac nha hoach dinh chinh sach, nha dau tw va
doanh nghiép trong viéc thic day phat trién bén virng. Khi cac quéc gia cam két dat mirc phat thai
rong bang 0 (NZE), cac cong nghé sach—déc biét 1a xe dién (EV) va hé thdng lwu trir nang luong
bang pin (BESS)—dang tré thanh trong tdm cla cac nd lwc khir carbon. Sy thay dbi nay doi hoi sw
mé rong nhanh chéng cla san xuat pin, khién chudi cung (ng tré thanh yéu té then chét trong qua
trinh chuyén dbi nang lwong.

Pin, dac biét Ia pin lithium-ion (LIB), dong vai trd quan trong trong s phat trién va tién bd cda xe dién
(EV) va hé théng Iwu trir nang lwong bang pin (BESS). Sy théng tri ctia LIB trén thi trieong dw kién sé
tiép tuc, v&i nhu cau toan ciu dwoc du bao sé tang gan gap bay lan vao nam 2030. Tam quan trong
ngay cang Ién cda LIB dac biét rd rét trong linh viec xe dién, khi sb lwong pin duoc trién khai tang
40% vao nam 2023, véi 14 triéu xe EV méi chiém phan I&n lwong pin st dung trong nganh nang
lwong. Cac nha phan tich dw doan ndm 2025 sé& la mdt ndm bwédc ngoat dbi vdi xe dién, véi kha nang
chiém 25% tbng s6 6 t6 m&i dwoc ban ra trén toan cau, ting t 20% vao ndm 2024. Dang chu v,
Trung Québc dwoc ky vong sé& dan dau sw thay doi nay, khi doanh sb ban xe dién Ian dau tién vuot
qua xe str dung déng co dbt trong (ICE) vao nam 2025. Thanh céng nay dwoc cling ¢b béi chinh sach
hé tro’ chién lwoc ctia chinh pha Trung Quéc trong toan béd chudi cung (rng, quy mé thi triedng ndi dia
réng lén va nhikng tién bd nhanh chéng trong san xuét pin ctia cac cong ty nhw CATL, BYD va Tiangi
Lithium. D4u tw vao BESS ciing dat gan 40 ty USD vao nam 2023, dwoc thic day bdi vai trdo ngay
cang mé réng cua nang lwgng tai tao va hoat dong Iwu trik pin cé lgi nhuan. Thi trwdng BESS toan
cau dv kién sé tang Ién 120-150 ty USD vao nam 2030, v&i 90% chi tiéu cho pin EV va BESS tap
trung & Trung Quéc, chau Au va Hoa Ky. Tai Trung Quéc, hon 8 GW BESS da dwoc trién khai vao
nam 2022, trong dé pin lithium-ion chiém 94,5% téng cdng suét 1ap dat mai, tiép theo 1a khi nén (2%),
pin dong chay (1,6%), pin axit-chi (1,7%) va cac céng nghé khac (0,2%), nhw dwoc thé hién trong
Bang 1.1.

Bang 1-1.Téng céng suét Iap dat theo céng nghé

Cong nghé lwu trir nang lwong Ty lé cong suat lap dat (%)
Pin Lithium-ion 94,5
Lwu trir khi nén 2
Pin Axit-chi 1,7
Pin dong chay 1,6
Khac 0,2
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Gid tri thi trudng tinh béing ty d6 la My

Hinh 1-1. Quy mé thi trwwéng pin lithium-ion trén toan thé gi¢i vao nam 2022 va 2023, véi dw bao
dén nam 2032".

Quy mé thj trwerng pin lithium-ion trén toan thé gidi vao ndm 2022 va 2023, v&i dy bao dén ndm 2032

Chubi cung (rng pin dwgc mé ta nhw hinh 1-2, bao gém bao gébm céc giai doan thwong ngudn (khai
thac nguyén liéu thd), trung ngudn (ché bién vat liéu), ha ngudn (sén xuét va I&p rap té bao pin), va
cudi vong ddi (EOL). O giai doan thwgng ngudn, cac khoang san quan trong nhuw lithium, nickel,
cobalt, mangan va phosphate dwoc khai thac va tinh ché, cung véi céc vat liéu carbon va héa chét
cong nghiép. Giai doan trung ngudn, cac vat liéu nay trdi qua qua trinh ché bién tiéu tén nhiéu nang
lwong dé tao thanh tién chat va cac thanh phan chinh nhw cuc dwong (vi du: NMC, LFP), cuc am (vi
du: graphite, silicon), chat dién phan, mang ngan va chét két dinh. Giai doan ha ngudn, cac thanh
phan nay dwoc 1ap rap thanh té bao pin va tich hop thanh cac bd pin danh cho xe dién (EVs), hé
thdng lwu trir nang lwong (BESS) va thiét b dién tor.

' Statista Research Department. 2024. Forecast global lithium-ion batteries market size 2022 — 2032.
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Hinh 1-2. So’ dé chudi cung rng 2

Lwu y: 1. MGS = Silic c4p luyén kim. 2. LiPF la phé bién, nhung céc mudi dién phan khac ciing cé thé duoc st dung. 3. PVDF =
Polyvinylidene Fluoride, polyme duoc str dung lam chét két dinh va trong vat liéu mang ngéan. 4. uSPG = Graphite tinh khiét hinh
cau khong trang phi. 5. cSPG = Graphite tinh khiét hinh cau tréng phu. 6. LFP = Héa hoc catét Lithium-S&t-Phosphate. 7. NMC =
Héa hoc Niken-Mangan-Coban. 8. pCAM = tién chét catdt. 9. CAM = Vit liéu hoat dong catét. 10. AAM = Vit liéu hoat déng anot.
11. BEV = Xe dién chay bang pin. 12. BESS = Hé théng Iwu trik ndng lwong pin (vi du: dé lwu triv c6 dinh).

Nhirng ddi maéi trong cdng nghé pin tiép tuc thic day qua trinh chuyén déi nang lwong. Mot nhom
nghién ctru tlr Dai hoc Phuc Déan, do Peng Huisheng va Gao Yue dan d4u, da phat trién mot ky thuat
phuc hdi lithium béng cach str dung phan t&r CF3SO2Li dé tai tao cac pin bi suy gidm. Phwong phap
nay gilp kéo dai dang ké tudi tho clia pin—cac pin dwoc x& ly ¢ thé duy tri hiéu suét gan nhw ban
dau sau 12.000-60.000 chu ky sac-xa, so v&i chi 500-2.000 chu ky cla pin théng thwdng. Trong (rng
dung xe dién (EV), pin dwoc phuc hdi chi mat 4% dung lwgng sau 11.818 chu ky, trong khi pin truyén
théng giam t&¢i 30% dung lwong chi sau 2,7 ndm. Céng nghé nay gilp gidm réc thai dién tk, ha chi
phi san xuat va giam sw phu thudc vao ngudn lithium khai thac, mé ra hwéng phat trién bén virng cho
pin trong cac Iinh vue xe dién, hé théng lwu trir nang lwong bang pin (BESS) va thiét bi di dong.

22021-2024 Four-year review of supply chains for the advanced batteries sector, U.S. Department of
Energy, 2024, p.89.



Trong béi canh d6, Viét Nam c6 tiém nang tré thanh mot nhan té quan trong trong chudi cung (rng pin
toan cau. Nam & vj tri chién lwgc tai Dong Nam A, Viét Nam s& hiru ngudn tai nguyén khoang san
quan trong, nén tang san xuat dang phat trién va quan hé thwong mai virng chdc—dwoc hd tro bdi
17 Hiép dinh Thwong mai Ty do (FTA). Nam 2024, kim ngach thuwong mai clia Viét Nam dat 15 ty
USD v&i Uc (tang 4,5% so véi nam 2023) va 86,7 ty USD véi Han Quéc (tang 9,2% so véi nam 2023).
Tuy nhién, van con nhiéu thach thirc, bao gdm han ché vé chuyén mén trong khai thac va tinh ché
khoang san, s phu thudc t&i 80% vao nguyén liéu thé nhap khau, va viéc thiéu mét chinh sach cong
nghiép ddng bo dé thuc day san xuét pin trong nuéc.

Dw an "Tang cwéng Chudi Cung (ng Pin cho Xe Dién, Hé théng Luu trir Nang lwong va Nang lwong
Tai tao" 1a sw hop tac gitra Bd K& hoach va Dau tw Viét Nam va Ddi tac Chuyén dich Nang luvong
DPéng Nam A (ETP) — Van phong Dich vu Dy an Lién Hop Quéc (UNOPS). Du an nay nham giai quyét
nhi*ng thach thirc hién tai bang cach thic ddy dau tw, khuyén khich dbi méi sang tao va dwa ra cac
khuyén nghi chinh sach nhdm ciing cb vi thé ctia Viét Nam trong chubi cung trng pin.

Béo céo nay la bao céo dau tién trong pham vi dy an, cung cép phan tich toan dién vé chudi cung
(rng pin toan cau, mang dén nhirng théng tin thuc tién cho cac nha hoach dinh chinh sach, cac bén
lién quan trong nganh, cling nhw Viét Nam trong qué trinh hdi nhap vao linh vic quan trong nay.
Théng qua viéc nghién clru cac xu hwéng méi ndi, tién bd cong nghé va cac phat trién trong tuwong
lai, bao cao nhan manh nhitng co hdi nham day nhanh qué trinh chuyén dich ndng lwong va nang
cao tinh bén virng. Bao cdo ciing téng hop cac nghién ctru dién hinh chi tiét tr cac qudc gia hang dau
trong san xuét pin, bao gdbm Trung Quéc, Nhat Ban, Han Quéc, An Dé va Uc, dé dwa ra nhivng bai
hoc hiru ich phu hop véi bdi canh chién lwoc cla Viét Nam.

Noi dung clia béo céo bao gbm 5 phan ngoai phan tém tat ndi dung va gidi thiéu, méi phan tap trung
vao mét khia canh quan trong ctia hé sinh thai pin:

e Chuwong 1: Vai tro cia chudi cung trng pin trong chuyén déi ning lwong

Trong phan nay, chung téi phan tich vai trd clia chudi cung (rng pin trong qua trinh chuyén dich
nang lwong. Muc tiéu gidm phat thai carbon (phat thai rong bang 0) da thuc dy sw phat trién
clia ndng lwong tai tao va nang lwong sach. Cac cong nghé sach nhw xe dién (EV) va hé théng
lwu tri® nang lwong bang pin (BESS) dwoc dy bao sé tang trwdng manh mé. Sw ra ddi cta pin
Lithium-ion da tao nén mét cudc cach mang trong viéc lwu trir nang qung, tao tién dé cho sy
phat trién cong nghé tr dién thoai di dong, xe dién, cac thiét bj s6,...; m& ra tiém nang vé mot
xa hoi khong dung nhién liéu hoa thach, gép phan giam thiéu nhwng tac doéng cua bién déi khi
hau toan cau. Ngoai ra, thi treéng xe dién va nhu cau dbi vai pin lithium-ion ciing dwoc phan
tich theo tirng nam.

e Chuwong 2: Phan Tich Chién Lworc Chubi Cung Ung Pin Lithium-lon

Chuong nay cung cap danh gia chi tiét vé chudi cung &ng pin lithium-ion (LIB), xac dinh cac d&c
diém cbt 16i, dong lwe dau tw chinh va cac yéu t6 tac ddng nhuw chinh sach hd tro va kha néng
tiép can nguyén liéu thd. N6 danh gia cac muc tiéu khir carbon va d&t nén tang cho viéc phan
tich tirng giai doan trong hoat déng ctia chudi cung (rng. Phan nay di sdu kham pha céc cong
nghé pin, trong d6 pin lithium-ion (LIB) dwo'c nhan manh la cong nghé dan dau thj trwdng nhey
hiéu suét cao va khd nang mé rdng. Ngoai ra, cac cdng nghé thay thé méi néi nhw pin thé ran,
pin lithium-metal va pin sodium-ion ciing dwoc dé cap. Chuong nay xem xét cac (rng dung clia
nhirng loai pin nay trong xe dién (EV), hé théng lwu trir nang lwong bang pin (BESS) va thiét bi
dién t&r, v&i sw hé tro clia dir liéu thi trwdng. Cudi cung, chwong nay két thic bang phan tich chi
tiét vé dinh hwéng nghién clru va phat trién (R&D), bao gdbm cac dot pha cong nghé nhw ky thuat
phuc héi lithium va tac dong ctia ching déi véi kha nang phuc héi clia chudi cung (rng trong
twong lai.



Chwong 3: Phan Tich Chi Tiét Cac Giai Doan Ctia Chubi Cung Ung

Phan nay chia nhé chudi cung tng pin lithium-ion (LIB) thanh bdn giai doan: Thweng nguédn:
Khai thac va ché bién cac khoang chat quan trong nhw lithium va cobalt; Trung nguén: Tinh
ché nguyén liéu va san xuét linh kién pin; Ha nguén: San xuét pin va |I&p rap thanh pham va
Cudi vong d&i (EOL): Tai ché va x( ly pin sau sir dung. Méi giai doan sé dwoc phan tich vé
quy trinh ky thuat, tdc ddng méi trwéng va y nghia kinh té, véi cac vi du thwe t& nhw dy an
Hornsdale Power Reserve.

Chuwong 4: Cac bén lién quan va sw tham gia ctia Viét Nam trong chudi cung trng pin
Chwong nay tap trung vao cac cong ty va td chirc hang dau dinh hinh nganh céng nghiép
pin, bao gdm BYD, CATL, va Tesla, dbng thdi danh gia vai trd ctia ho trong viéc thuc day
tang trwdng thi treong va déi méi cong nghé. Bén canh d6, chwong ciing phan tich mre
dod tham gia hién tai va tiém nang cta Viét Nam, tim kiém co hdi trong san xuét, tai ché
va ché bién nguyén liéu thd, ddng thoi xac dinh cac rao can nhw han ché vé ha tang va
céac chién luvoc khéc phuc.

Chwong 5: Nghién Clru Dién Hinh va Bai Hoc Chién Lwoc cho Viét Nam

Phan nay trinh bay cac nghién ctu dién hinh nhw Trung Quéc (dan dau thi trwong EV), Nhat
Ban (cong nghé san xuét tién tién), Han Québc (ddi mdi cong nghé pin), An Do (tiém nang thi
trwong dang phat trién) va Uc ((Png dung hé théng Iwu trir nang lwong bang pin (BESS)).
Chwong nay sé phan tich cac chinh sach, chién lwgc chubi cung (ng va tién bd cong nghé
clia cac qudc gia nay, tor do6 rat ra bai hoc phu hop gitp Viét Nam nang cao nang lwc canh
tranh trong thi trwong toan cau.

Chwong 6: Két luan va kién nghi

Chuwong cudi tdng hop cac phat hién chinh ctia béo céo va dwa ra mét sd khuyén nghi quan
trong cho Viét Nam. N6i dung bao gém: Chinh sach hé tro’: Vi du nhw tro cp cho tai ché va
tai tro R&D; Pau tw ha tdng: Thanh 1ap cac trung tdm san xuét va khu cdng nghiép va Hop
tac qudc té: Thu hut dau tw tir cac ddi tac chién lwgc. Phan nay sé phac thdo mot 16 trinh gidp
Viét Nam t6i da hoa lgi ich kinh té, dat dwoc cac muc tiéu bén virng va cling cb vi thé trong
chudi cung trng pin toan cau.



2.Coéng nghé pin

Pin 14 thiét bj lwu tri» va cung cép nang lwong dién bang cach chuyén déi nang lwong hda hoc thanh
nang lwong dién. Ching bao gdm hai cuc dién, goi la cwe dwong (cathode) va cwc am (anode), dwoc
ngdn cach b&i moét chat dién phan. Khi pin hoat ddng, cac phan trng héa hoc dién ra gitra cac cuc va
chét dién phan, tao ra dong dién cung cap nang lwong cho cac thiét bi dién tv. Vi du, trong pin lithium-
ion (Li-ion) (LIBs), khi sac, cac electron di chuyén tir cwc dwong dén cwe am thédng qua mach ngoai,
trong khi cac ion lithium di chuyén qua chat dién phan dé can bang dién tich. Khi x&, qua trinh nay
dién ra nguwoc lai, v&i cac electron di chuyén tir cwc am dén cuc dwong dé cung cap néng lwong cho
thiét bi, nhw minh hoa trong Hinh 2.1.

Ancode (than chi) Chét dién phan Cathode(LiCo0,)

Hinh 2-1. So’ do nguyén ly hoat déng cua pin Lithium-ion

Pin dwoc phan loai réng rai thanh hai loai chinh: pin so cép va pin th cép, v&i cac dic diém dwoc so
sanh trong Bang 2.1. Pin so' cip, chang han nhw pin dung trong déng hé hoac diéu khién tir xa, trai
qua cac phan tng khong thé ddo ngwoc, khéng thé sac lai va bi loai bd sau khi st dung. Ching
thwong co dién tré trong cao va mat dé nang lwong 16n nhung tée dd xa cham. Pin thi cép, nhw pin
trong xe dién (EV) va thiét bi di dong, hé tro' cac phan (rng cé thé dao nguoc, cho phép sac lai nhiéu
lan. Chang c6 dién tré trong thap hon, téc dd xa nhanh hon va kha nang cung cép dong dién manh
hon, mac du cé kich thwéc Ién hon, nang hon va thiét ké phire tap hon.
Bang 2-1. So sanh dic diém cua pin so cap (primary cell) va pin thir cap (secondary cell)

Pin so’ cap Pin thi cap
Chi c6 thé chuyén héa nang . PO .
Pinh nghia lrong héa hoo thanh nang Cq thé cihuyen hoa nang ‘Iu’o’ng hoa_ hoc
a thanh nang lwgng dién va nguwoc lai
lvong dién
Phan trng hoéa Phan &rng hoa hoc khéng thé Phan (rng héa hoc c6 thé dao nguoc dién
hoc dao nguworc. ra trong pin
Sac lai Khéng the sac lai, mét khi da Co thé sac lai nhiéu 1an.
hét dién. . .
Str dung Chi c6 thé sr dung mt lan va C6 thé s dung nhiéu lan.

sau do bj loai bd.

Dién tr& ndi Cao. Thép.




Mat do nang

I Cao Thap

wong

Téc dd xa Cham Nhanh

Dong dién Yéu Manh

Kich thrréc va Nhé gon va nhe. L&n hon va nang hon.

trong lwong

Chiphibandau  Thép Cao

; DPong hé, diéu khién tir xa, dén Pin trong thiét bi di dong, phuong tién di

Ung dung pin va nhiéu thiét bj di ddng nhd  chuyeén (xe dién, bus dién) va hé thong
khac. lwu tri» nang lwong, v.v.

Pin thir cdp chiém wu thé trong cac ng dung thudc linh vue dién tkr tiéu dung, xe dién (EV), lwu trip
nang lwong tai tao va hé théng cdng nghiép. Nghién clru hién nay tap trung vao viéc nang cao hiéu
suéat, mat dd nang lwong va tudi tho, ddng thoi gidm thdi gian sac va chi phi dé dap (rng nhu cau ngay
cang tang cla qua trinh chuyén dich nang lwong.

2.2.1. ToOng quan va xu huwdng thi treong
Pin lithium-ion (LIBs) Ia thiét bi lwu trir nang lwong cé thé sac lai dwoc st dung rong rai nhat nhe vao
mat dd nang lwong cao (150-200 Wh/kg), tbc d6 tw xa thap (1-2% méi thang) va tudi tho dai (500—
1.500 chu ky sac). Chuing hoat déng bang cach chuyén ion lithium gitra cwc dwong va cwc am théng
qua chét dién phan trong cac chu ky sac va xa, nhw minh hoa trong Hinh 2.1. LIBs cung cap nang
lweng cho nhiéu trng dung, t thiét bi di dong dén xe dién (EV) va cac hé théng Iwu trir nang lwong
quy md lwdi dién (BESS).

Thi trweérng pin lithium-ion (LIB) toan ciu dwoc dw bao sé tang trwdng manh, véi gia tri wéc tinh khoang
115,89 ty USD vao nam 2025 va dv kién dat 499,31 ty USD vao nam 2034, véi toc dd tang trudng
kép hang nam (CAGR) la 17,69% (dwa trén cac bao céo nghién ctru thj trwdng nhw Precedence
Research, 2024). Tai khu vyc chau A —ThaiBinh Dwong, thi trwdong duwoc ky vong sé vuot mbc 61,42
ty USD vao nam 2025, véi CAGR dat 17,80%, dwoc thic day b&i nhu cu tai Trung Quéc va An Do
(phu hgp v&i cac dy bao trong nganh).
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2.2.2. Thanh phan hoa hoc va cac bién thé
Pin lithium-ion (LIBs) c6 sy khac biét vé thanh phén hoda hoc tuy theo vat liéu cwec dwong, mbi loai
mang dén cac déac tinh hiéu suat va (rng dung riéng biét. Dwéi day |a cac loai chinh:

Lithium Cobalt Oxide (LCO, LiCo0,): V&i cwc duwong la LiCoO, (~60% coban) va cyc am la
graphite, pin LCO cung cap mat do ndng lwong 150-200 Wh/kg va dién ap 3,6 V (pham vi
3,0-4,2 V). Chung hé tr 500-1.000 chu ky sac nhwng cé nguy co qua nhiét & 150°C. Ung
dung gdm dién thoai di dong, may tinh bang va laptop (Hinh 2.3).

Lithium Manganese Oxide (LMO, LiMn,0,): St dung cyc dwong cu truc spinel LiMn,O.,,
pin LMO c6 mat dé nang lwong 100-150 Wh/kg, dién ap 3,7 V (3,0-4,2 V), va 300-700 chu
ky. Chung an toan hon (qua nhiét & 250°C) va phu hgp v&i dung cu dién, thiét bj y té va hé
théng truyén déng dién.

Lithium Nickel Manganese Cobalt Oxide (NMC, LiNiMnCo00O,): Pin NMC cung cap 150-220
Wh/kg, dién ap 3,6-3,7 V va 1.000-2.000 chu ky, nguy co' qua nhiét & 210°C. V&i chi phi
khoang 420 USD/kWh, chung dwoc str dung trong xe dap dién, xe dién va cac trng dung céng
nghiép.

Lithium Iron Phosphate (LFP, LiFePO,): Pin LFP cé mat dd nang lwong thdp hon (90-120
Wh/kg) nhung ndi bat vé dé an toan (qua nhiét & 270°C) va tudi tho cao (trén 2.000 chu ky).
Véi dién ap 3,2 V (2,5-3,65 V) va gia khoang 580 USD/kWh, ching ly twéng cho xe dién, luu
tri® nang lwong mat trdi va ngudn dién khong gian doan (UPS).

Lithium Nickel Cobalt Aluminum Oxide (NCA, LiNiCoAlO,): Cp mat d6 nang lvgng 200—
260 Wh/kg va dién ap khoang 3,6 V, pin NCA (qua nhiét & 150°C) ho tro khoang 500 chu ky véi
gia khoang 350 USD/kWh. Chung dwoc dung trong thiét bi y té, hé thong cong nghiép va truyén
dong xe dién.

Lithium Titanate (LTO, Li,TiO; anode): Pin LTO cé mat dé nang lvgng 50-80 Wh/kg, dién
ap 2,4 V (1,8-2,85 V) va tudi tho vuot troi véi 3.000—-7.000 chu ky, ndi bat vé d6 an toan. Vi
chi phi khodng 1.005 USD/kWh, ching dwoc st dung trong UPS va hé thdng truyén déng xe
dién.

Cac dac tinh chinh va (rng dung cla cac loai pin trén dwgc tom tat va so sanh trong Bang 2.2.

3 Lithium-ion Battery Market Size to Hit USD 499.31 Billion by 2034




Bang 2-2. Pac diém chinh cla cac loai pin khac nhau va (rng dung chinh ctia né

Cac loai pin bién ap | Vong Toc do | Tocdo xa | Nhiét do hw | Loai déong | Dung Chi phi* Chiphi | 'ng dung Chuay Tich hop hé
Li-ion v) doi(s6 | sac (C) | (C) hai pin (°C) | géi lwgng | (USD/kWh) | cho théng quan
vong) riéng moi ly pin (BMS)
(Wh/kg) vong
(USD)
Lithium Iron 32 2000+ 1C 1C 270 18650, 90-120 | 580 0.29 Tram dién voi | Dién ap xa phang, | Co
Phosphate (2.5~ 32650, dung lwong nguon I6n, dung
(LFP) 3.65) prismatic cao, EV liong thap, an
toan
Nickel 3.6 1000- 0.5-1C | 1C-=2C 210 18650, 150— 420 0.21- Xe dién Can béng githa mat| Co
Manganese (3.0- 2000 prismatic, | 220 042 (EV), cong dg nang luong va
Cobalt (NMC) | 4.2) pouch cell nghiép, xe tudi tho, do on dinh
dap dien nhiét t(2t, du’gc sty
ap dien, dung réng réi trong
thiet biy te xe dién (EVs).
Lithium Nickel | 3.6 500— 0.7C 1C 150 18650 200- 350 0.175- | Thiétbiyté, | Tuditho dai,sac | Co
Cobalt (3.0- 1000 260 0.35 cong nghiép, | nhanh, hoat
Aluminum 4.2) hé thong dong trong dai
Oxide (NCA) gi‘g]e” dong | st do rong, gia
) thanh cao.
Lithium 2.4 3000- 1C 10C 280 Prismatic 50-80 1005 0.14— Xe dién (EV), | Dung lvgngcao | Co
Titanate Oxide | (1.8— 7000 0.34 hé thong lvu | nhat véi cong suat
(LTO) 2.85) trlr nang & murc trung binh
lwong
Lithium Cobalt | 3.6 500— 0.7-1C | 1C 150 18650, 150— 385 0.39— | Laptop, dién | Mat d6 nang Co
Oxide (LCO) | (3.0- 1000 prismatic, | 200 077 | thoai, maytinh| jyong cao,
4.2) pouch cell bang, may anh| csng suét han
ché
Lithium 37 300-700 | 0.7-1C | 1C 250 Prismatic 100— 400 0.57— | Thiétbiyté, | Cong suét cao, Co
Manganese (3.0- 150 1.33 hé thong dung lwong thép,
Oxide (LMO) | 4.2) truyén dong | an, toan hon
dién, dung cu LCO.

dién

* Céc gia tri chi phi dwoc trinh bay duwa trén di¥ liéu thu thdp vao khodng ngay 5 thang 5 ndm 2022, véi ty gia héi doai la 0,062 R/USD. Nhitng
gié tri nay &p dung cho céc cell pin lithium-ion cé dién &p danh dinh trong khodng ttr 3,2 dén 3,6 V nhdm dam bao tinh nhét quan.




Khi so sanh cac céng nghé pin lithium-ion (LI), nhitng d&c tinh quan trong nhat dwoc s dung la cac
yéu tb liét ké trong Bang 2.2: mat dd nang lwgng/ndng lwong riéng, mat do cong suét, nhiét d xay ra
hién twong qua nhiét (thermal runaway), téc dd sac va xa téi da, tudi tho chu ky va chi phi. Chi phi
trén moi chu ky 1a yéu t6 chinh dé& danh gia tinh kha thi clia cdng nghé pin dwoc xem xét. T Bang
2.2, pin LTO thé hién cac dac tinh rat dang mong doi — né c6 dd én dinh nhiét cao nhéat va chi phi trén
mdi chu ky thap nhat. Mat d6 cong suat cao két hop véi chi s6 C-rate I&n cho phép sac va xa nhanh;
tuy nhién, mat d6 nang lwong thap khién LTO chi phii hop véi cac rng dung can nang luong tirc thoi
thay vi cung cép dién lién tuc. Pin NMC ding thiv hai vé chi phi trén méi chu ky; né cé mat dé nang
lwong tét nhat (cung véi LCO), d6 6n dinh nhiét tét va tudi tho chu ky cao. Tuy vay, NMC bj han ché
b&i chi sb C-rate va mat d6 cong suét trong cac (ng dung doi hdi cong suét dinh thap. Pin LFP 1a mot
giai phap toan dién, vai chi phi thap trén méi chu ky, tudi tho cao, dd 6n dinh nhiét tuyét voi, tbc do xa
xuét sic, cung mat do ndng lwong va cdng suét & mirc kha. LMO cai thién hon so v&i LCO vé mat do
nang lwong, dd 6n dinh nhiét va tbc d6 xa. Tuy nhién, LCO lai ¢ kha nang chu ky tét hon, tir d6 gitp
giam dang ké chi phi trén méi chu ky.

Diéu quan trong can lwu y la nhiét d6 xay ra hién twong qua nhiét (thermal runaway) la moét yéu td
then chét khi xem xét cdng nghé pin lithium-ion, vi cac loai pin nay duoc thiét ké kin va chat dién phan
bén trong c6 thé rat dé bay hoi, tim an nguy co chay nd cao.

Ngoai ra, mot danh gia so sanh gitra cac loai pin nay dwoc trinh bay dwéi dang biéu db hinh luc giac
trong Hinh 2.3, minh hoa céac khia canh cu thé nhu: nang lwong riéng, cong suét riéng, d6 an toan,
hiéu suét, tudi tho va chi phi.

LiCoO, LMO LFP
Gla thanh Céng sudt riéng Gla thanh Céng sudt riéng Gld thanh Céng sudt riéng
\/ I
Vong ddi Murc 6 an toan Vong ddi Mrc d6 an toan Vong dai Muc d6 an toan
Hiéu sudt Hiéu sudt Hiéu suat
NMC NCA Néng lugng riéng LTO

Nang lugng riéng Néng lugng riéng
(dung lugng pin (dung lugng pin
~ - Céng sudt riéng Gld thanh Cong sudt riéng Gld thanh Céng sudt riéng

(dung lugng pin
Glé thanh

Véng déi i Muic d6 an toan Véng dsi Muic d6 an toan Vong dsi S Mic @6 an toan

Hiéu suéat Hiéu sudt Hiéu suat

Hinh 2-3. Pac diém cua 1 s6 loai pin Li -ion *

Cac bién thé pin lithium-ion (LIB) thé hé m&i, chdng han nhw pin lithium—lwu huynh (Li-S) va lithium—khéng
khi (Li-air), dang trong qua trinh phat trién. Pin Li—S cung c&p néng lwong riéng cao (300-500 Wh/kg) va
than thién véi moi trwéng, nhwng lai ¢ tudi tho chu ky ngén (150-300 chu ky) va hiéu suét thap.

4 BU-205: Types of Lithium-ion - Battery University
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Pin Li—air mang lai mat d6 nang lwgng vwot trdi (Ién t&i 800-1.100 Wh/L) nhwng gap phai nhiéu thach
thire nhw tudi tho ngan va yéu cau khdng khi sach dé van hanh (xem Hinh 2.4).

Pin Li-air PIN Li-S

G

’.i+ ' 0,
» - @
Kim loai Li ' ® o
- @ ..
—0 -—
- — . Li+
Li+ [ F Y
Ciae thiawh phin| r L Ny
Anode Chat dién phan Cathode Anode (Li) Chil dién phan Cathode (S)

Hinh 2-4. C4u tric va co’ ché hoat dong cua Pin Li-air va Pin Li-S

2.2.3. Hinh dang va thiét ké

Pin lithium-ion (LIB) cling dwgc phan loai theo vat liéu vé, hinh dang va loai cell:

e Vat liéu vé: Pin vd thép c6 dd bén cao, pin vé nhdm gilp gidm trong lwong, con pin lithium-
polymer (v&i I&p vé polymer linh hoat, thwérng mau bac hodc den) cho phép tuy bién hinh
dang.

o Hinh dang: Pin hinh tru (vi du: 18650, 26650) pho bién trong cac géi pin xe dién (chdng han
nhw cAu hinh 7.000 cell ctia Tesla); pin polymer hinh vuéng phu hop véi cac thiét bi ky thuat
sb; va pin hinh dang déc biét (vi du: dang vong dung cho thiét bi deo) dap trng nhu cau thiét
ké doc dao.

e Loai pin: Pin 18650 (rong 18 mm, dai 65 mm) nhé gon nhwng kém an toan hon (khoang 300
chu ky), trong khi pin polymer an toan hon, cé tudi tho dai hon (trén 500 chu ky) nhwng chi phi
cao hon.



Pin dang hinh tru Pin dang hinh léng tru
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Hinh 2-5. Hinh 2-5. M6t s6 loai pin Li -ion phan loai theo dinh dang °

2.3. Pin thé ran

Pin thé ran (Solid-state batteries — SSBs) s dung chéat dién phan ran dé van chuyén ion lithium gitra
céac dién cwc, mang lai nhiéu wu diém so véi pin lithium-ion truyén théng (xem Hinh 2.6). Chung cho
phép sac nhanh hon, c6 6 6n dinh nhiét cao hon (hoat dong trong dai nhiét dé rong), va an toan hon
nhd vao chét dién phan khéng dé chay, gidp gidm nguy co chay nd. Thiét k& nhd gon ciing giup toi
wu hoéa khong gian bén trong xe dién (EV). Thi trwdng pin thé rdn dwoc dw bao sé tang trwdng tir 1,63
ty USD vao ndm 2025 Ién 26,03 ty USD vao nam 2034 (twong dwong tbc d6 ting trudng kép hang
nam — CAGR khoang 36,05% dén nam 2034). Cac céng ty nhw Toyota (dat muc tiéu pham vi di chuyén
1.200 km, sac trong 10 phut), Samsung (tdm hoat ddng 600 dam, 500 Wh/kg), va Nissan (dw kién ra
mat vao nam 2028) dang thuc day phat trién cong nghé SSB danh cho xe dién.

5 Types of Lithium Batteries: A Complete Overview
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Hinh 2-6. Pin thé ran (thanh phan :cwc dwong lithium, chat dién phan ran va cwc ) va tiém
nang ng dung cho xe dién v&i kha nang sac nhanh (Image: American Chemical Society)®
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Hinh 2-7. Quy mé va xu hwéng thi trweng pin thé ran tir nim 2025 dén 2034 (ty USD)’

2.4. Pin kim loai lithium

Pin lithium kim loai (Lithium Metal Batteries — LMBs) st¢ dung cyc am béng kim loai lithium ran, dat
dwoc mat dd nang lwong cao (I&n t&i 400—450 Wh/kg) nhe vao thé oxi hdéa—khir thap cha lithium (-
3,04 V so v&i S.H.E.) va dung lwong ly thuyét Ién (3.860 mAh/g). Chuing cé kha nang sac nhanh hon,
hoat ddng tét & nhiét do thap va khdng chira cac thanh phan khéng hoat ddng nhw chét két dinh, gitp
ti wu hiéu suét (xem Hinh 2.10). Tuy nhién, LMBs van déi mat véi mét sé thach thirc nhw hién twong
hinh thanh tinh thé nhanh (dendrite), cé thé gay doan mach, va tudi tho chu ky con han ché (200-400
chu ky). Thi trwéng pin LMB du kién sé& dat 6,0 ty USD vao nam 2025, tang trudng véi tbc dd CAGR
24,4% dé dat 25,3 ty USD vao nam 2031, trong d6 khu viwc chau A — Thai Binh Dwong chiém 59% thj
phan (theo Allied Market Research, 2024).

6 Part 4: What are solid-state batteries? An expert explains the basics, how they differ from conventional
batteries, and the possibility of practical application. | Murata Manufacturing Articles
7 Solid State Battery Market Size, Analysis Report 2034




Cac loai pin c6 dung lwgng tr 50—-100 Ah, dwgc str dung trong Iinh viec 6 t6 va hang hai, dwgc dy
doan sé chiém khoadng 36,7% doanh s6 vao nam 2025.
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chifc néng héa
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Hinh 2-8. C4u truc va co’ ché hoat dong cua Pin lim loai Lithium 8

Béc My va chau Au ciing dwoc dw bao sé |a nhirng thi trworng chinh, chiém khoadng 13,7% va 16,9%
gia tri thj trwérng pin lithium kim loai (LMB) toan cau vao nam 2025. Nhu cau ngay cang tang dbi voi
xe dién tai cac qubc gia nhw Hoa Ky, Canada va Birc dwoc ky vong sé tao ra nhiéu co hdi dang ké
cho thi trwd'ng nay. Trong khi do, khu viwec My Latinh dwoc dy doan sé la thi trwdng I&n hon so voi
Trung Bong va chau Phi.

Cdc yéu t8 thiic déy thi trutng L ' By Capacity
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Hinh 2-9. Thi trw&ng pin kim loai Li toan cau.

8 Patrick Joohyun Kim, Nanomaterials, 11 (2021) 2275; https://doi.org/10.3390/nano11092275



2.5. Pin Sodium-ion (SIB)

Pin natri-ion (Sodium-ion batteries — SIBs) mang dén moét giai phap thay thé bén virng cho pin lithium-
ion (LIBs), hoat dong dwa trén co’ ché xen cai ion natri gitra cwc dwong (cac hop chét oxit phan 16p
ho&c hop chét polyanion) va cwe am (carbon cirng) (xem Hinh 2.10).

Hinh 2-10. C4u truc va nguyén li hoat déng cta pin Sodium-ion (SIB)?

Sw dbi dao clia natri (chiém 70% tri lwong trong nwéc bién) va chi phi thap khién pin natri-ion (SIBs)
tré& nén hap dan, méc du ching c6 mat dé nang lwong (100-150 Wh/kg) va dién ap (3,0-3,2 V) thap
hon so véi pin lithium-ion (LIBs) (xem Bang 2.3). SIBs c6 d6 6n dinh nhiét tét hon, nhung gép phai
cac thach thirc nhw tbc dd khuéch tan cham do ion Na* ¢ kich thwéc Ién hon (1,02 A so véi Li* 1a
0,76 A) va hién twong hinh thanh tinh thé nhanh (dendrite). Chang rat phi hop cho cac hé thdng lwu
triv dién lwdi va ngudn dy phong, nhwng hién tai van chwa phu hop cho cac trng dung hiéu suét cao
nhw xe dién, trir khi c6 cac cai tién tdi wu hon niva. Sw khac biét chinh gitra SIBs va LIBs dwoc trinh
bay chi tiét trong Bang 2.3.
Bang 2-3. Bang so sanh dac tinh cua pin SIB va pin LIB.

Khia canh Pin SIB Pin LIB
Kich thwéc ion Ban kinh ion I&n hon (1,02 A) Ban kinh ion nhé hon (0,76 A)
Dung lvgng Thép hon (~100-150 Wh/kg) Cao hon (~200-300 Wh/kg)

bién ap hoat dong

Thép hon (3,0-3,2 V)

Cao hon (3,6-3,7 V)

Chi phi vat liéu Thép hon do tai nguyén natri déi dao  Cao hon do tai nguyén lithium han
ché
Ung dung Phu hop cho Iwu triy tinh (vi du: lwu Ly twéng cho thiét bj dién t& di dong

trlr lwoi dién)

va phwong tién dién

D6 6n dinh chu ky

D6 6n dinh chu ky trung binh, dang
dwoc cai thién ve vat liéu

D 6n dinh chu ky tét véi cong nghé
phat trién

Tac dong mébi
trwdng

Tac dong méi trueong thap hon, vat
liéu bén virng

Lo ngai vé mai trwdng Ién hon do
khai thac va x@ Iy

¢ Daniel, C.; Besenhard, J.0O. Handbook of Battery Materials; John Wiley & Sons: Weinheim, Germany,

2012.



Thij trwdng pin natri-ion (SIB) toan cau duwoc dinh gia 270,1 triéu USD vao nam 2024 va dy kién sé
tang trwdng véi tbe do tang trwdng kép hang nam (CAGR) 1a 26,1% trong giai doan tir 2025 dén 2034
(xem Hinh 2.11). Bén canh d6, cac khodn dau tw ngay cang tang nham cai thién mat dd nang lwong
va do 6n dinh chu ky ctia cong nghé SIB d& mé réng pham vi (rng dung sé tiép tuc thuc day tiém ndng
thwong mai ciia nd. Kha nang trng dung day hira hen ctia SIBs trong phan khic xe nhe, v&i mat do
nang lvgng khoang 160 Wh/kg, khién chung tré thanh mot lwa chon tiét kiém chi phi khi mat do nang
lwong cao khong phai la yéu cau hang dau.

Thi trudng pin ion natri

DU BAO TOAN CAU (2025 - 2034)

5 Thong ké thi trusng & Théng ké theo phan khtic
Gid tri thi trudng (2024): Phén khuc luu trir néng lugng
$270.1MN Gidi tri thi trudng (2034) »$2.32BN
Gid tri thi trung (2034): Phén khiic & 6
$2.74 BN
CAGRZ025=2034: CAGR 2025 - 2034 13.2%
26.1% Phén khtc pin nudc

Gid tri thi truting (2024} 21.8%
@ Théng ké thi truging

BAC MY Gid tri thi trudng (2024):
»22.1%

Hinh 2-11. Quy mé thj trwé'ng pin SIB 2025-2034'°

2.6. Ung dung
Pin lwu trir ndng lwong ¢ nhiéu &ng dung da dang trong céac linh vwe khac nhau nhw nganh EV,
BESS va dién ttr tiéu dung (hinh 2.14).

10 Sodium lon Battery Market Size, Growth Opportunity 2025-2034




Luu trlf néng

ludng cé dinh -
Nang Iudng o'te
Iudi dién @

Néng ludng
tai tao

Xe néng
_ Xe dap tu dong

Dién tﬁ' tiéu
~ dung & Thiét bi
Luu tri néing >
lugng di déng o

Thi truding dan béo hba

i @ ® @ ®

Dién thoai Laptop Mdy tinh bang  Thiét bi ding Thiét bi cham
théng minh dién soc cd nhan

Hinh 2-12. ’'ng dung cua pin LIB "

Nam 2023, nhu cau pin lithium-ion (LIB) toan cau dat 960 GWh trén céc linh vuc nay, trong dé xe dién
(EV) chiém wu thé, con hé thdng luu trir nang lwong (ESS) chiém 10% — tang so véi mic 6% vao
nam 2021 va 2% vao nam 2015 — phan anh vai tré ngay cang quan trong ctia ESS trong viéc tich hop
nang lwong tai tao (xem Hinh 2.13). Nhu cau trong ca hai linh viec EV va ESS dwoc duw bao sé tang
manh trong nhirng nam t&i.

" Ding, Y., Cano, Z.P., Yu, A. et al. Automotive Li-lon Batteries: Current Status and Future Perspectives.
Electrochem. Energ. Rev. 2, 1-28 (2019). https://doi.org/10.1007/s41918-018-0022-z.
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Hinh 2-13. Nhu cau pin Li-ion theo nganh (GWh) (trai) va (%) (phai) *2.

2.6.1. Linh viwc xe dién (EV)

Thi trwdng xe dién (EV) toan cdu dang mé réng nhanh chéng, dwoc thic ddy bdi nhan thirc vé moi
trwong, cac chinh sach ctia chinh pha va nhivng tién bd trong céng nghé pin. Trong ndm 2023, doanh
s6 ban ra da vwot hon 10 triéu xe dién chay hoan toan bang pin (BEV) va 4,2 triéu xe hybrid sac dién
(PHEV), véi da ting trudng dwoc duw béo sé tiép tuc (xem Hinh 2.14). Cac chinh sach tai cac thi truong
cht chét nhw Trung Quéc (d&t muc tiéu 20% doanh sé xe 1a EV vao ndm 2025), Lién minh chau Au (ap
dung tiéu chuan khi thai nghiém ngét, hé tro phat trién ha tAng sac), va Hoa Ky (cac chinh sach wu dai)
dang gop phan day nhanh qua trinh chuyén déi sang xe dién.

12 htps://www.idtechex.com/en/research-article/li-ion-bess-market-jumps-in-demand-and-key-
trends/31494.
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Hinh 2-14. Doanh s6 ban xe dién toan cau nam 2023 3

Nhu cau pin cho xe dién (EV) da dat 750 GWh vao nam 2023, tang 40% so véi nam 2022, trong d6
xe dién chiém 95% mirc tang trwdng nay. Hoa Ky va chau Au ghi nhan téc dé tang trwdng nhanh nhat
véi mirc tdng hon 40% so véi ciing ky nam trwdc, tiép theo la Trung Quéc véi 35%. Tuy nhién, Trung
Qudc van dan dau vé san lwong tiéu thy, dat 415 GWh, so v&i 185 GWh & chau Au va 100 GWh &
Hoa Ky. Céc khu virc khac trén toan cau ciing ghi nhan mirc tang nhu ciu an twong 70%, dwoc thic
day bdi sy gia tang doanh sé xe dién (xem Hinh 2.15).

13 https://ev-volumes.com/news/ev/global-ev-sales-for-2023/.
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Hinh 2-15. Nhu cau pin cho xe dién theo khu vwc, giai doan 2016-2023"

Pin lithium-ion (LIB) chiém wu thé trong cac &ng dung xe dién (EV), v&i cac bién thé hoa hoc nhw
NMC (150-220 Wh/kg) dwoc str dung trong xe dién chay pin (BEV) va xe hybrid sac dién (PHEV),
LFP (90-160 Wh/kg) dwoc danh gia cao nhd dd an toan va tudi tho, va NCA (200-260 Wh/kg) cung
cap nang lvong cho cac dong EV hiéu suat cao nhw cac mau xe cla Tesla. Pin natri-ion (SIB) 1a lya
chon thay thé tiét kiem chi phi véi mat dd nang lwong 100-150 Whikg, trong khi pin thé rén (SSB)
hlra hen mang lai mat dé nang lwong cao hon t&i 50% cung v&i dé an toan dwoc cai thién — cac cong
ty nhv QuantumScape dang hwéng dén thwong mai héa vao gitra thap ky nay. Nhirtng déi méi nhw
cwc am silicon — c6 kha nang Iwu trir nang lwong gap 10 1an so véi graphite — ciing dang dwoc phat
trién dé tang mat do nang lwong va gidm chi phi. Pin thwéng chiém khodng 30—40% chi phi clia mét
chiéc EV, cho thay vai trd then chét clia chung trong céu trac chi phi va sy phat trién cta thi trudng.

2.6.2. Heé thdng pin lwu trlr nang lwong

Pin lwu trir nang lwong (ESS) déng vai tro thiét yéu trong viéc can bang cung — cau dién, tich hop
nang lwong tai tao va ddm bao sw 6n dinh cua lwéi dién. Chang lwu trir lweng dién dw thira tlr nguén
tai tao (vi du: dién gié hodc dién mét tréi) dé st dung vao thdi diém nhu cau cao hoéc khi san lwong
thap, tlr 46 gidm lang phi va sw phu thudc vao nhién liéu hoa thach. ESS hoat ddng nhw mét “ngan
hang nang lwong”, gitp gidm thiéu tinh trang méat dién, quan ly tai cao diém va bao vé co sé ha tang
bang céach cung cép dién trong céac tinh hubng gian doan.

Khi dwoc két hop voi hé thdng dién mét troi (PV-ESS), hé théng lwu trik nang lwong (ESS) gilp khéc
phuc han ché chi hoat d&ng vao ban ngay ctia nang lwong mét tréi bang cach lwu trir dién dé s dung
vao ban dém, tlr d6 tang cwéng khé ndng tw chl ndng lwong va gidm chi phi nhér han ché st dung
dién lwdi vao gio cao diém. Piéu nay cling gép phan gidm Iwong khi nha kinh bang cach thay thé
nhién liéu héa thach bang nang lwong sach. Téng céng suat lwu triy bang pin trén toan cau da ting
ttr 1 GW vao nam 2013 I1én hon 85 GW vao nam 2023, v&i riéng nam 2023 ghi nhan mdrc tang 40 GW
— g4p d6i so v&i ndm 2022.

14 Trends in electric vehicle batteries — Global EV Outlook 2024 — Analysis - [EA
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Trung Quéc, Lién minh chau Au va Hoa Ky chiém t&i 90% murc tang trudng nay, trong d6 cac hé
thédng quy mé tién ich (két ndi v&i luéi truyén tai) déng gop 65%, con cac hé thdng sau cong to' (dan
dung/thwong mai) chiém 35%.

Cac LIB nhw NMC va LFP chiém wu thé trong ESS, nhuwng SSB dang nédi I&n nhor khd nang dam bao
ngudn dién 6n dinh tir cac ngudn ndng lwong tai tao khong lién tuc, trong khi SIB mang lai d6 bén va
hiéu qua vé chi phi cho cac hé théng dw phong, dadm bao ngudn dién dang tin cay trong cac diéu kién
khac nhau.

2.6.3. Thiét bi dién tw di dong (May tinh, truyén théng va
dién tr tiéu dung)

Pin cung cép nang lwong cho nhiéu thiét bi dién t& di dong, bao gdm dién thoai théng minh, laptop,
may tinh bang va may anh ky thuat s, trong d6 xu hwéng thu nhé thiét bi da thic day viéc st dung
cac loai pin lithium-ion (LIB) c6 mat do nang lwong cao va thiét ké nhd gon. Pin NMC va LCO mang
lai tudi tho chu ky dai va khad nang cung cép nang lwong hiéu qua, giup thiét bi hoat ddng lau hon. Pin
thé ran (SSB) v&i mat dd nang lwong cao hon va kha ndng sac nhanh hon, rat ly twéng cho cac thiét
bi nhé gon nhw thiét bi deo tay va cly ghép y té. Trong khi dé, pin natri-ion (SIB) tuy c6 mat dd nang
lwong thap hon, nhwng lai 1a lwa chon tiét kiém chi phi cho cac thiét bi nhw dung cu dién cam tay va
thiét bj y t& di ddng — noi kich thuwéc va trong lwong khong phai la yéu té qua quan trong.

Nhu cau vé mat d6 nang lvong, cong suét va do an toan cao hon trong pin — dac biét la déi vai xe
dién (EV) va lwu tri dién lwéi — da thuc day cac nd lwc nghién clru va phat trién (R&D) trén toan cau,
dwoc hd tro bdi cac sang kién tir chinh phl. Chwong trinh Battery500 ctia B Nang lwgng Hoa Ky
dat muc tiéu dat 500 Wh/kg cho pin EV; NEDO cua Nhat Ban cling hwéng dén cung muc tiéu vao nam
2030 théng qua chuwong trinh RISING II; trong khi d6, sang kién “Made in China 2025” cia Trung Quéc
dat ra muc tiéu dat mat dd nang lwong 400 Wh/kg vao nam 2025. Cac né lwc nay tap trung vao viéc
phat trién vat liéu tién tién, thiét ké dién cwc, va ky thuat pin nham nang cao hiéu suét, gidm chi phi
va cai thién tinh bén virng. Blrc tranh R&D hién tai dwgc dinh hinh béi nhirng tién bd cé muc tiéu
trong cac linh vire trong yéu, nhw dugc trinh bay trong Bang 2.4, minh hoa céc cdng trinh tién phong
dang gép phan dinh hinh twong lai cGa pin LIB va cac cong nghé ké tiép.

The R&D landscape is marked by targeted advancements across key domains, as outlined in Table
2.4, which showcases the cutting-edge work shaping the future of LIBs and beyond.

Bang 2-4. Téng quan vé nghién ctru va phdt trién trong céng nghé pin lithium-ion.

Linh vwc Tién bd
Linh vwc nghién ctru chinh
Vat liéu cwc &m - Phat trién vat liéu khéng chira niken va coban nham gidm chi phi va tac
(Cathode) dong méi trevdng.

- Nang cao hiéu suét clia pin LFP (Lithium Iron Phosphate) v&i mat do
nang lwgng cao hon.

- Nghién ctru vat liéu méi nhw lithium mangan oxit (LMO) va lithium niken
mangan oxit (LNMO) dé thay thé NMC/NCA.

Vat liéu cwe dwong - Nghién ctru pin silicon-anode gitp tang dang ké dung lwong lwu triy so
(Anode) véi than chi.
- Phat trién anode lithium kim loai nham cai thién méat do nang lwong va
hiéu suat sac nhanh.
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Chat dién phan - Phat trién chéat dién phan thé rén (SPE) dé thay thé chéat dién phan léng,
cai thién do an toan va hiéu suét.
- Nghién ctru chét dién phan ban ran va gel dé ting doé 6n dinh nhiét.
Cong nghé tai ché - Phat trién cdng nghé tai ché pin lithium-ion bang phwong phap tai ché
thay luyén (hydrometallurgy) va nhiét luyén (pyrometallurgy).
- Tai che lithium tlr pin ¢t dé gidm phu thudc vao khai thac tai nguyén.

Pin thé ran (Solid- - Nang cap hiéu suat va do bén cla pin thé ran nham tang mat dé nang
State Batteries - lweng va dam bao an toan. ] o
SSBs) - Phat trién vat liéu gom va polymer cho chat dién phan thé ran.

Cac trung tam nghién ctru va chinh sach hé tro
Quéc gia Tién bd
buwrc - Chuong trinh "Battery 2030+" ctia EU hé tro nghién ctru vat liéu pin thé
hé mai.
- Vién Fraunhofer va Dai hoc RWTH Aachen nghién ctru vé pin thé rén.

Hoa Ky - Dv an "Li-Bridge" do Bo Nang lwong Hoa Ky (DOE) tai trg, tap trung vao
chudi cung wng va tai ché pin lithium-ion. .
- Trung tdm Argonne National Laboratory phat trién cong nghé pin silicon-
anode.

Trung Quoc - CATL va BYD dau tw manh vao nghién ciru pin natri-ion nhw mét giai
phap thay thé pin lithium-ion. . . .
- Chinh pha Trung Quoc ho tro cac sang kién tai ché pin va san xuat pin
thé ran.

Nhat Ban - Panasonic va Toyota hop tac phat trién pin thé ran véi muc tiéu thwong
mai héa vao nam 2027.~ .
- th’nh phu Nhat Ban ho tro tai chinh cho cac dy an phat trién pin tién
tien.

Lién minh & Hop tac

Cac cong ty Ion cua Tién bd
cac quoc gia khac
nhau

Lién minh Hoa Ky - EU - Hop tac nghién ctru pin thé ran gitva cac cong ty My (Tesla,
QuantumScape) va cac to chirc chau Au (BASF, Northvolt).

Hop tac gitra cac cong - Tesla dw dinh mua day chuyén thiét bi tr CATL dé xay dwng mot nha may

ty Trung Quéc - Hoa  san xuét pin tai Sparks, Nevada, My. Nha may nay sé& san xuét pin

Ky Megapack, mét phan trong chién lwgc mé rong chudi cung &ng pin lithium
iron phosphate (LFP) tai My. Viéc nay gitp Tesla gidm chi phi san xuét va
da dang héa ngudn cung &ng pin. D kién, nha may sé di vao hoat dong tw
nam 2025 v&i cong suat ban dau khodng 10 GWh, ¢ thé mé réng trong
twong lai.
- Tesla va CATL dang thdo luan vé viéc cip phép cong nghé san xuét pin
ctia CATL dé Tesla c6 thé san xuét pin tai Nevada, dw kién bt dau vao
nam 2025. CATL cling cung cép pin cho nha may Thuong Hai cua Tesla
dé san xuat Megapack, dong thoi hai bén dang dam phan vé viéc tang
cwdng cung tng pin khi nhu cau vé Megapack tang.
- CATL la nha cung cép chinh cho nha may Tesla & Thwong Hai, noi lap
rap cac mau Model 3 va Model Y cho thi trwdng dia phwong va moét sb thi
trwéorng qudc té. Pin 4680 clia Tesla s& dung lithium-ion véi cathode nickel-
cobalt-manganese (NCM) v&i cell dang tru, CATL chuyén s&n xuét pin
lithium iron phosphate (LFP) v&i cell dang chi¥ nhat.
- BYD mé rong quan hé dbi tac véi cac nha san xuét xe dién tai Hoa Ky.
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Ho’p tac gilra cac cong - Samsung SDI (Han Quoc) va Panasonic (Nhat Ban) 1a hai trong s6 nhirng

ty clia Han Quéc - nha san xuat pin I&n nhat thé gioi. Mac du chung canh tranh trong mét s6

Nhat Ban Iinh vire, nhirng cting c6 mot sO dw an hop tac. Mot trong nhivng vi du quan
trong la sy hop tac gilra Panasonic va Samsung SDI trong viéc phat: trién
va cung cap pin cho cac nha san xuét 6 to. Panasonic la nha cung cép pin
chinh cho Tesla, trong khi Samsung SDI cung c4p pin cho cac hang xe
khac nhw BMW, Ford, va Chrysler. Mac du hg khéng hop tac triec tiép trong
san xuat pin cho cac xe cla Tesla, nhwng sw phat trién va nghién ctru
chung vé cdng nghé pin cé thé la diém giao thoa trong nganh céng nghiép
nay.
- LG Energy Solution (Han Quéc) va Panasonic cling c6 sy hgp tac trong
mét so linh ve, dac biét 1a trong viéc cung cap cac giai phap nang lvong
cho cac tng dung lwu tr. C& hai cong ty déu tham gia vao viéc cung cap
pin cho cac nha san xuét 6 t6 I&n va cac dy an lwu trir ndng lwong tai tao.
Ca hai cong ty déu tham gia vao cac dw an Ién tai cac thi trwéng nhu Hoa
Ky va Chau Au, noi cé sy canh tranh gay gét va nhu ciu cao dbi véi cac
giai phap lwu trir nang lwgng sach.
- Mac du Samsung SDI va LG Energy Solution 1a déi thdi canh tranh chinh
trong thi trwd'ng pin, doi khi ¢ sw hop tac gian tlep trong chudi cung rng.
Céc cong ty nay déu cung cép pin cho cac nha san xuat 616 1&6n nhw
Hyundai, GM, va Ford, déi khi phai dbi mé&t véi nhu cau gia tang tir cac dbi
tac chung.
- Céac cong ty Han Quéc va Nhat Ban déu dau tw manh vao nghién ctvu va
phat trién cdng nghé pin tién tién. Vi du, LG Chem va Toyota da hop tac
trong viéc phat trién pin cho cac xe dién thé hé mai. Toyota da dau tw vao
cong nghé pin thé rén, va LG Chem ciing ¢ c&c nghién ctru trong linh vic
nay.
- Sony (Nhat Ban) da tirng la mot trong nhirng cong ty tién phong trong
cbng nghé pin lithium-ion va co mdi quan hé hop tac trong viéc cung cép
pin cho nhiéu trng dung céng nghiép, bao gdm ca 6 t6, méc du ho khéng
tham gia trwc tiép vao linh virc xe dién nhw LG Energy Solution hay
Samsung SDI.
- Cac cong ty Han Quéc va Nhat Ban ciing hop tac trong viéc cung clp cac
vat liéu va linh kién cho pin lithium-ion. Vi dy, LG Chem va Panasonic c6
thé hop tadc hodc mua ban cac véat liéu quan trong nhw cathodes, anodes,
va electrolytes tir cac nha cung cap khéac, bao gébm cac cong ty Nhat Ban
nhw Sumitomo Chemical.
Samsung SDI, LG Energy Solution va Panasonic hgp tac phat trién pin
lithium-ion mat d6 cao.

Nhirng dét pha nay duoc hd tro bdi mang lwdi toan cau gébm cac trung tdm nghién clru va khung
chinh sach. Tai Birc, chwong trinh “Battery 2030+” va Vién Fraunhofer d&n dau nghién ciru vé pin thé
rén (SSB); trong khi & Hoa Ky, dw an Li-Bridge va Phong thi nghiém Québc gia Argonne tién phong
trong cédng nghé cwec am silic. Tai Trung Québc, cac cong ty CATL va BYD dang thuc day phat trién pin
natri-ion (SIB), di kém v&i cac chwong trinh tai ché va san xuét pin thé ran do chinh pha hd tro. Tai
Nhat Ban, lién minh gilra Panasonic va Toyota dat muc tiéu thwong mai héa pin thé ran vao nam
2027, v&i sy hé tro tai chinh tir nha nwéc. Mac du cac té bao pin NMC thwéng dwec nhac dén, nhung
trén thye té, ONE s& s dung mot thanh phan hoéa hoc khac. Diéu dang chi y nhat & pin Gemini khéng
chi ndm & thanh phan hoa hoc ma con & cu trac thiét ké, nham téi wu hiéu suat hoat dong.
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Céc lién minh quéc té dang tang cudng nhirtng nd lwc nay. Quan hé hop tac My — EU, bao gom Tesla
va QuantumScape vé&i BASF va Northvolt, dang thic day nghién ciru pin thé ran (SSB). Hop tac Trung
— My, nhw gitra Tesla v&i CATL va BYD véi cac nha san xuét xe dién ctia My, dang ddy manh phat
trién cac thé hé pin lithium-ion (LIB) tién tién. Sy hop tac gitra Han Québc va Nhat Ban, véi sy tham
gia ctia Samsung SDI, LG Energy Solution va Panasonic, tap trung vao phat trién pin LIB c6 mat do
nang lwong cao, gép phan xay dwng mét hé sinh thai hop tac thic day nhivng buéc nhay vot vé cong
nghé.

Nhirng thanh qua tr cac hoat ddng nghién ctru va phat trién (R&D) hién dang lam thay dbi toan canh
nganh pin. Pin LFP da tang manh thj phan tlr 6% vao ndm 2020 1&n 30% vao nam 2022, nhé wu diém
vé do an toan, ngudn nguyén liéu déi dao va hiéu qua chi phi — mac du mat d6 nang lwong ctia ching
thp hon 30-60% so v&i pin NMC. Mét diém nhan ndi bat 1a pin Gemini ctia Our Next Energy (ONE),
két hop gitra cuc dwong NMC cé mat do ndng lwong cao véi cac cell LFP bén bi, cho phép sac day
100% méi ngay. Thiét k& doc dao gébm tam moé-dun, véi cac cell LFP dang l&ng tru duwoc ghép doi &
hai dau va trung tm (xem Hinh 2.16), gitp tdi wu héa pham vi di chuyén va hiéu suét, ddng thdi dinh
hinh lai kién tric pin thé hé mai.

Pin LFP (Lithium Iron
Phosphate)

e Pin khéng cuc dudng

Kién tric an toan bd qua & pin

Bé chuyén déi DC-DC
Hinh 2-16. B pin Gemini do Our Next Energy (ONE) san xuat '5

Pin thé ran (SSB) dang trén da tai dinh hinh nganh coéng nghiép, véi mau sedan IM Motors L6 dy kién
sé ra mat nhuw chiéc xe thwong mai dau tién st dung bd pin SSB 130 kWh, cung cap pham vi di
chuyén 1.000 km (c6 thé twong dwong hon 400 dam theo tiéu chudn EPA) va hé tro sac 400 kW —
cho phép nap thém 400 km chi trong 12 phut. Céng nghé nay s dung chét dién phan & quy md nano
v&i dd dan ion cao va cwc am silicon—carbon, htra hen mang lai mat dé nang lwong va dé an toan
vuot tréi. Cac cong ty tién phong trong linh vire nay bao gém QuantumScape, Solid Power va Toyota.

Pin cu truc (structural batteries) dai dién cho mét hwéng di tdo bao, véi muc tiéu tich hop truc tiép
vao khung xe nhdm giam trong lwong va tang hiéu suét. Tuy nhién, cac loai pin lithium-ion (LIB) hién
tai van con han ché do d6 bén kéo va nén thap, bat ngudn tir cac dién cuc co dd xbp cao (30%) va
kha n&ng bam dinh vat liéu kém, cung v&i mang ngan thiéu linh hoat (xem Hinh 2.16).

15 https://www.autoevolution.com/news/one-gemini-is-a-truly-hybrid-battery-pack-with-its-Ifp-and-anode-
free-cells-216201.html.
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Nghién ctru va phat trién dang tap trung gidi quyét van dé nay theo hai hwéng: ting cwong & cép do
cell (gia cb tirng t& bao pin riéng I&) va tdng cudng & cip dod vat liéu, st dung cac vat liéu nhw soi
carbon, sgi thly tinh ho&c chat dién phan thé rdn. Mot hwéng tiép can khac 1a chién luvoc cell-to-pack
(CTP) va cell-to-module (CTM), ttrc la tich hop truc tiép cac cell vao cac cum pack hodc module virng
chac, giup tang d6 bén, nhwng cé thé gap rii ro vé quan ly nhiét khi hoat déng & céng suét cao.

f
Phat trién lithium-ion & cdp do & pin Pin lithium-ion khong tang
dé tang cudng dd bén cau tric cuong dd bén cau tric
TN AR [Ttr 6Apg1 dén Tir & pin dén géij
cdp do 6 pin cdp do vat ligu e U pin
["7%
Tang cuong d6 bén
CF, GF, kim loai CF (GE, SSE, %\ i &
Tinh trang hién tai ctia pin cau triic

leé’ng nghién (] Bién cyc tir Cell dén Chasis

€Ty tron O pien cuc tr Stack -Module - Chassis
g [ ®ién cuec tir Stack dén Pack

tuong lai [ Pién cue tir Stack dén Chassis

Hinh 2-17. Binh hwéng hién tai va twong lai trong viéc phat trién cac chién lwoc tir cell dén phwong
tién cua LIB"C,

Tam nhin tién tién nhat hién nay 1a cong nghé xép chdng dién cuc truc tiép vao khung xe (electrode-
to-chassis stacking), trong do pin duoc tich hop hoan toan vao céu tric khung xe dé téi wu hoa viéc
giam trong lvong. Tuy nhién, cong nghé nay van dang trong giai doan nghién clru va phat trién do
gap nhiéu thach thirc phirc tap vé vat liéu va ky thuat. Nhivng ddi méi nay, du van dang trong qua
trinh tht» nghiém, doi hdi phai dwoc kiém chirng nghiém ngat dé dam béo an toan, dd tin cay va kha
nang m& réng quy mo, mé ra mot ky nguyén méi cho cac hé théng pin tich hop hiéu suét cao.

6 S. Rawat, S. Choudhury, D. K. Saini and Y. C. Gupta, Advancements and Current Developments in
Integrated System Architectures of Lithium-lon Batteries for Electric Mobility, World Electr. Veh. J. 2024,
15(9), 394; https://doi.org/10.3390/wevj15090394.




3.Chubi cung rng pin

3.1. Téng quan vé chudi cung tng LIB

3.1.1. Bac diém cua chubi cung rng
Chudi cung (rng pin cé thé dwoc chia thanh cac giai doan thwong ngudn (Upstream), trung nguodn
(Midstream), ha nguén (Downstream) va cubi vong doi, méi giai doan bao gdm cac khia canh khac
nhau ctia qué trinh san xuét va trién khai (Hinh 3.1).
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Giai doan thwong nguén lién quan dén viéc khai thac cac nguyén liéu thd nhw lithium, coban, niken,
mangan va graphite. Cac khoang san nay dwoc khai thac tir nhitng khu vwrc cu thé trén toan ciu va
trai qua qua trinh x(r Iy dé tao ra cac hop chét tinh khiét can thiét cho sén xuét pin. Nhu cau vé cac
khoang san nay da tdng manh cling véi sw phat trién clia ndng lwong sach (vi du: dién mat trdi, pin
lwu tri), véi nhu cAu lithium ting gép ba lan, coban tang 70%, va niken tang 40% trong giai doan tw
nam 2017 dén 2022 (xem Hinh 3.2).

7 Battery Report 2023, P.23
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Hinh 3-2. Nhu ciu déi vé&i cac nguyén liéu quan trong va ty 1& ning lwong sach trong tdng nhu cau
18

Mbi loai khoang san chinh déu cé dac thu riéng vé dia ly thwong mai, tao nén mot mang lwdi phu
thudc 1an nhau gitra cac qudc gia. Cac nwdc phu thude vao thi tredng toan cau dé cé dwoc nguyén
vat liéu va cdng nghé then chét — thdng qua nhap khau hodc nhu ciu 6n dinh dbi véi sén phadm cla
ho. M6 hinh thwong mai gitva cac quéc gia rat khac nhau, cho théy s phu thudc qua lai gitka cung va
cau cla cac khoang san thiét yéu. Sw théng tri ctia Trung Quéc trong linh vuc tinh luyén va san xuét
cwc duong (chiém 70% san lwgng cwe am va 85% cwe dwong theo IEA) tao ra sy phy thudc dang ké
trong chudi cung tng (xem Hinh 3.3).

18 Critical Minerals Market Review 2023, p. 11.



I 2022 Supply for EV
EE2542030 Demand for EV
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Li mine'. Li process Co mine Co process Ni mine Niprocess Cathode Cell LDV sales
Argentina . 5% - - - - - 3 0.45%
Canada - - - 4% - - - - 0.45%
Australia 47% - 3% - - - - - 1.35%

039%

Europe - - - 10% - - - 7% 21,99%

Hinh 3-3. Phan bc‘} dialy cua chudi gia tri pin lithium-ion, cung v&i khoang cach gitra ngudn cung ndm
2022 va nhu cau dw kien nam 2030 doi v&i Li, Co va Ni theo kich ban NZE (goc trén bén phai) 1.

Giai doan trung ngudn tap trung vao viéc ché bién nguyén liéu thd thanh céc thanh phan pin, bao gém
san xuét cwc dwong (vi du: NMC, LFP), cuwc am (70% duwa trén graphite), tbng hop chat dién phan va
|ap rap té bao pin. K& t&r ndm 2015, thanh phan héa hoc cla pin xe dién (EV) da cé nhiéu thay ddi
dang ké (xem Hinh 3.4), nhé vao tién bd cong nghé, dan dén thay thé vat liéu, tdi wu thiét ké va nang
cao hiéu suét. Hién nay, NMC va LFP dwoc dw bao sé tiép tuc la hai cong nghé pin chiém wu thé
trong subdt thap ky nay, méc du van chuwa rd cong nghé nao sé vuot trdi hoan toan. Tuy nhién, cac doi
m&i nhw cwe am silicon va pin natri-ion dang hwéng dén viéc gidm sy phu thuéc vao cac khoang sén
khan hiém (xem Hinh 3.4) va s dung cac vat liéu thay thé ré hon hodc déi dao hon, nhw natri. Theo
IEA, Trung Quéc chiém wu thé trong giai doan trung ngudn, véi 70% cong suét san xuét cuc am va
85% cong suét san xuét cwc dwong toan ciu — ca hai déu |a thanh phan thiét yéu cda pin.

9 M. Safari, Battery Energy, 2024; €20240016. https://doi.org/10.1002/bte2.20240016.
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Hinh 3-4. Sw thay d6i nhanh chéng ctia hén hop héa chét pin EV toan cau tir nam 2015 dén nam
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Giai doan ha nguén lién quan dén viéc 13p rap céac té bao pin thanh mé-dun va tich hop ching vao
céac bo pin hoan chinh, di kém vé&i Hé théng Quéan ly Pin (BMS — Battery Management System). Cac
bd pin nay sau dé dwoc st dung trong nhiéu (rng dung khac nhau, chii yéu la xe dién (EV), hé théng
lwu trir nang lwong (ESS), thiét b dién ti tiéu dung va cac (rng dung cdng nghiép. Viéc quan ly pin
khi két thuc vong ddi théng qua tai ché va tai st dung ciing 1a moét yéu td quan trong, gép phan thic
day tinh bén virng va giam thiéu tac dong dén mai truwdng.

S6 lwong xe dién dy kién sé tang manh trong nhirng ndm t&i, véi wéc tinh khodng 145 triéu chiéc luu
théng trén toan ciu vao nam 2030. Tuy nhirng chiéc xe nay doéng vai trd quan trong trong viéc giam
phat thai khi nha kinh, ching ciing dat ra mét thach thirc I&n: tai ché pin. Theo cac wéc tinh, hon 12
triéu tan pin lithium-ion sé can duwoc thu héi vao nam 2030. Nhiéu qudc gia dang nghién clru cac chién
lwoc quan ly pin khi két thic vong d&i nham gidam sw phu thudc vao khai thac khoang san va duy tri
vong tuan hoan vat liéu.

Hang tram triéu USD dang dwoc dau tw vao cac cong ty kh&i nghiép va trung tam nghién clru tai ché
dé phat trién cac phwong phap quy mé I&n nham thao d& pin da qua st dung va chiét xuat kim loai
quy. Tai Tay Ban Nha, céng ty nang lvgng Enel Group dang tai st dung 90 b pin da loai bé tir xe
Nissan Leaf cho mét co s& lwu trir nang lwong & Melilla — khu vue tach biét khdi lwéi dién quéc gia.
Tai Vwong qudc Anh, céng ty Powervault hop tac véi Renault d& cung cip hé théng lwu triy ndng
lwong gia dinh s dung pin EV da ngirng hoat déng. Thiét 1ap mot dong chay pin lithium-ion tir “vong
doi dau” trong xe dién sang “vong doi thir hai” trong lwu trir nang lwong tinh khéng chi mang lai gia
tri kinh t& ma con gitp thay thé pin chi-axit déc hai.

Tesla da cong bd ké hoach phat trién kha néng tai ché pin ndi bd tai nha may Gigafactory & Nevada
dé xt ly pin da qua st dung. Bén canh d6, cac nha nghién ctru ciing dang kham pha cac cdng nghé
pin thay thé nham gidm sy phu thudc vao cac tai nguyén khoang san chién lwoc.

20 |[EA, Global EV Outlook 2024.



Nganh céng nghiép pin, d&c biét Ia pin lithium-ion (LIB) va cac cdng nghé méi ndi, dang chirng kién
lan séng dau tw toan cau manh mé, dwoc thic day béi nhu cau vé chudi cung rng bén virng va gia
tang ndng lwc san xuét noi dia. Cac quéc gia nhw Trung Québc, Hoa Ky, Han Quéc va Nhat Ban dang
dan d4u véi cac chién lwgc dai han nham dam béo sw 6n dinh cla chudi cung tng trong bbi canh nhu
cau xe dién va thiét bj dién tlr tdng cao. C4c tap doan Ién nhuw Tesla, CATL va LG Energy Solution
dang mé& réng nha may san xuét va trung tdm nghién ctru dé thic day cong nghé pin va tang trudng
thj trwdng.

Chinh phi cac nwdc déng vai trd then chét trong viéc hd tro phat trién nganh céng nghiép pin théng
qua céc chinh sach dau tw. Trung Qubc — chiém hon 50% thi phan xe dién toan cau — tan dung cac
khoan trg cap I&n, wu dai thué va dau tw R&D dé thdng linh thi trwdng, véi cac doanh nghiép dan dau
nhw BYD va CATL; rieng CATL san xuat téi mot phan ba sé pin EV trén toan thé gi¢i. Ngoai ra, Trung
Qubc kiém soat 75% codng suat san xuét pin LIB toan cau va 90% nguén cung dat hiém, cling cb vai
trd cGia minh trong cdng nghé néng lwong sach. Du vay, Hoa Ky va Lién minh Chau Au dang dau tw
manh mé dé giam sw phu thudc vao Trung Québc, du dy kién Trung Québc van sé& dap ¢ng hai phan
ba nhu cau toan ciu cho dén ndm 20302".

Quy dinh vé& pin méi ctia EU — “Battery Regulation (EU) 2023/1542” — &4p dung céc tiéu chuan nghiém
ngat vé phat thai carbon trong toan bd vong ddi pin, déng thdi yéu cau "ho chiéu pin" dé truy xuét
ngudn gbc va danh gia tac ddéng méi trwérng, déng thoi thic day ty 18 tai ché cac kim loai nhw coban
va lithium. Hoa Ky tap trung vao chudi cung (ng ndi dia théng qua tai tro nghién clru, cho vay va cac
khoan tro cap, ddng thoi thiét 1ap cac lién minh dé& dadm bdo ngudn cung khoang san chién lwoc. Cac
quéc gia Bong Nam A nhw Indonesia va Thai Lan dang néi I1én nhw nhitng dbi tha tiém nang —
Indonesia tan dung lgi thé tir triv lwong niken doi dao, con Thai Lan dat muc tiéu tré thanh trung tam
san xuét xe dién v&i cac wu dai thué hap dan. Viét Nam, véi chi phi san xuét thap va vi tri chién lwoc,
dang day manh nd lyc tré thanh trung tam pin trong khu vue, thic day hop tac qudc té nhdm da dang
héa chudi cung (rng va tao ra nhiéu viéc lam.

Hoa Ky dang tap trung phat trién chudi cung trng pin trong nwé'c nham gidm sw phu thudc vao nhap
khAu, d3c biét Ia tr Trung Quéc. Chinh phii My da dau tw dang ké vao nghién clru va phat trién cong
nghé pin, ddng thdi cung cap cac khodn vay va tai tro cho cac dw an san xuét pin ndi dia. Bén canh
do, Hoa Ky ciling dang tdng cwéng hop tac véi cac qudc gia ddng minh d& ddm bao ngudn cung
khoang san quan trong va thiét Iap céac tiéu chuan chung cho san xuét va tai ché pin.

Ma&c du nganh cong nghiép pin dang phat trién véi tbc d6 nhanh chéng, cac khoén dau tw vao chubi
cung (rng van dang phai di méat véi nhivrng thach thire Ién. M6t trong nhirng van dé chinh la sw phu
thudc vao cac nguyén liéu thdé nhw lithium, coban va niken, diéu nay cé thé gay ra mét can ddi gitra
cung va cau ciing nhw lam gia ting chi phi san xuat. Bén canh dé, viéc xay dung mét chudi cung trng
bén virng va dam béo cac tiéu chuan bdo vé& mai trwérng trong qua trinh san xuét pin van la méi quan
tam trong yéu ddi véi ca nha dau tw 1an cac chinh phd. Tuy nhién, nhitng thach thirc nay ciing déng
thoi mé ra co hdi cho cac quéc gia trong viéc phat trién cong nghé tai ché pin, ap dung cac phwong
phap khai thac nguyén liéu thd mot cach bén virng va nang cao hiéu suét san xuét. Pay ciing 1a thoi
diém thuan loi d& cac quéc gia dau tw phat trién cac nganh céng nghiép hé tro nhw san xuét vat liéu
tién tién, tai ché pin va thiét ké cdng nghé lwu trir nang lwong. Cac nén kinh té méi néi nhw Indonesia
cling dang s& hiru tiém nang Ién dé tich hop vao chudi cung rng pin toan cau nh& vao ngudn tai
nguyén khoang san dbi dao — nhirng yéu tb thiét yéu cho sw phat trién clia nganh céng nghiép nay.

21 hitps://asia.nikkei.com/Spotlight/Electric-cars-in-China/China-s-market-share-in-key-EV-battery-
components-tops-80.
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3.1.3. Cac yéu to anh hudng téi chudi cung rng pin

Chudi cung trng pin lithium-ion (LIB) dang phai dbi mat v&i nhiéu thach thire, chti yéu do ngudn nguyén
liéu tho tap trung & mét sb it qubc gia va nhirng bién dong dia chinh tri. Nhu cu lithium da tang vot
trong nhitng ndm gan day, trong d6 hon 70% san lwong toan cau dén tlr Australia (46,9%, twong
dwong 61.000 tAn vao ndm 2022) va Chile (30%, 39.000 tan), tiép theo la Trung Québc (14,6%, 19.000
tdn), Argentina (4,8%) va Brazil (1,7%) (USGS, 2023; xem Hinh 3.5). Australia khai thac lithium chd
yéu tlr quéng clrng spodumene, trong khi Chile, Argentina va Trung Quéc lai chi yéu khai thac tr cac
ngudn nwéc mubi, dién hinh nhw khu vwe Salar de Atacama. Trung Quéc hién ciing kiém soat 60%
cong suat tinh luyén lithium toan cu, véi tbng vén dau tw Ién téi 5,6 ty USD vao cac mo tai Chile,
Canada va Australia.

SAN LUONG LITHIUMTHEOQUGC GIA NAM 2022 . R . z ) 5
— -— Hinh 3-5. San lwong lithium theo quoc gia nam

2022 va nhirng quéc gia’cé triv lwong lithium
I&n nhat 22,
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Exmup LSS phi cling nhw sy 6n dinh cha chudi cung tng.
Mét vi du dién hinh 1a cudc chién thwong mai gitra Hoa Ky va Trung Quéc, trong d6 cac chinh sach
thué da lam gian doan ngudn cung nguyén liéu thiét yéu cho san xuét pin nhw coban va lithium tir cac
quéc gia nhw DRC va Chile. Theo mgt bao cao cla IEA, sy gia tang cac bién phap bao hd thuwong
mai va thué xu4t nhap khau da tao ra nhiéu thach thirc cho cac nha san xuét pin, lam tang chi phi va
gay ra sy bat dinh trong viéc ddm bao ngudn cung nguyén liéu?3. Pau tw truc tiép nuwéc ngoai (FDI)
doéng vai tro then chét trong viéc phat trién chudi cung (ng pin, dac biét t» cac nén kinh té Ién nhw
Trung Quéc va Hoa Ky. Trung Quéc, véi cac khodn dau tw dang ké vao cac nha san xuét pin nhw
CATL, hién dang chiém linh phan I&n nang luc san xuat toan cau, tao ra sy phu thudc Ién vao thi
trwdng nwdc nay. Cac qudc gia nhu Indonesia dang tich cuwc thu hat dau tw trie tiép nwéc ngoai (FDI)
vao linh vire pin nham tan dung ngudn tai nguyén khoang san déi dao va thac day tang trwéng cong
nghiép trong nuwéc.

-
-
Bolivia

lmraln Trung Qudc

22UsGS
23 |EA, Batteries and Secure Energy Transitions, World Energy Outlook Special Report, p. 34.



Indonesia are actively seeking FDI in the battery sector to leverage their abundant mineral resources
and drive domestic industrial growth.

Hién tai, chudi cung &ng pin lithium-ion (LIB) dang tap trung cao d6 vao mét sb it qudc gia va cong ty,
dac biét 1a Trung Qudc, Han Quéc va Nhat Ban. Trung Qudc chiém wu thé rd rét véi 70% san luvong
pin LIB toan ciu va kha nang tinh luyén vwot trdi, tao nén sw phu thudc Ién trong chubi cung (ng.
Céc cong ty nhw CATL va BYD dan dau cung véi Tesla, LG Energy Solution va Panasonic. Sy gian
doan chudi cung (rng cang tré nén nghiém trong do tinh trang thiéu hut nguyén liéu thd, khan hiém
lao ddng trong nganh khai khoang va chi phi logistics gia tang sau dai dich COVID-19, khién gia ca
leo thang va thj trwdng bién ddéng manh.

Dbi mai cong nghé dang mé ra cac gidi phap tiém nang — pin thé ran va pin lithium—Ilwu huynh, hién
dang dwoc cac cdng ty nhw Tesla, Panasonic va QuantumScape nghién ctru phét trién, hira hen sé
giam su phu thudc vao céc vat liéu khan hiém ddng thdi nang cao hiéu suat va dd an toan. Cac yéu
t6 lién quan dén M6i trwdng, X4 hoi va Quan tri (ESG) cling ngay cang tré nén quan trong, véi ap lwc
budc doanh nghiép phai ap dung cac phwong phap khai thac cé trach nhiém va ddm bao diéu kién
lao dong cong bang, dic biét la tai DRC. Nhirng cong ty cé chinh sach ESG manh mé thwéng thu hat
dwoc nhiéu vén dau tw hon, nhé vao viéc két hop gitra loi nhuan va tinh bén virng.

3.1.4. Muc tiéu khtr cac bon trong chudi cung trng LIB
Nhu cau pin toan cau da tang vot, dwoc thuc déy b&i cac muc tiéu phi carbon héa va cac chinh sach
giam phat thai khuyén khich dién khi héa 2425, Lién minh chau Au (EU) d& ban hanh luat cAdm ban cac
phwong tién s& dung dong co dbt trong (ICE) méi 28, trong khi Hoa Ky dat muc tiéu xe dién chiém
50% doanh s xe m&i vao nam 2030 2. Nhirng muc tiéu day tham vong nay da kich hoat hang loat
hanh déng & cap dd doanh nghiép, vé&i nhiéu hang san xuét 6 t6 cong bd cac ké hoach dién khi héa
riéng 8.

Tuy nhién, cac chinh sach nay khéng tranh khéi tranh cai. Lénh cdm xe dong co dbt trong ciia EU
hién dang gap phai sw phan déi, dac biét tir Dirc — qudc gia dang van déng cho mét ngoai 1é cho phép
tiép tuc ban cac xe ICE st dung nhién liéu tdng hop.

24 See, inter alia, International Energy Agency (IEA), Global EV Outlook 2024 (IEA Publications 2024), p.
78; J Fleischmann, P Schaufuss, M Linder, M Hanicke, E Horetsky, D Ibrahim, S Jautelat, L Torscht and A
van de Rijt, ‘Battery 2030: Resilient, sustainable, and circular’, January 16, 2023, McKinsey & Company,
available at https://www.mckinsey.com/industries/automotive-and-assembly/our-insights/battery-2030-
resilient-sustainable-and-circular#/; E Silva, ‘Competition for lithium supply heating up between stationary
storage, EVs’ October 24, 2023, S&P Global, available at
https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/competition-
forlithium-supply-heating-up-between-stationary-storage-evs-77931334

25 One such example is replacing internal combustion engines with electric vehicles. See, e.g., P Aalto
(ed.), Electrification: Accelerating the Energy Transition, 1st edition (Elsevier 2021). See also IEA, Global
EV Outlook 2024 (IEA Publications 2024), p. 12.

26 Regulation (EU) 2023/851 of the European Parliament and of the Council of 19 April amending
Regulation (EU) 2019/631 as regards strengthening the CO2 emission performance standards for new
passenger cars and new light commercial vehicles in line with the Union’s increase climate ambition, OJ L
110, 25.4.2023, p. 5-20. See, e.g., T Lecca, ‘EU should allow ‘climate-friendly’ fuel cars after 2035, says
Germany’s Lindner’ April 10, 2024, Politico.

27 Executive Order 14037 on Strengthening American Leadership in Clean Cars and Trucks, August 05,
2021.

28 |EA, Global EV Outlook 2023 (IEA 2023), pp. 90-91. See, e.g., ‘Carmakers scale down electrification
plans as EV demand slows’ September 12, 2024, Reuters, available at
https://www.reuters.com/business/autos-transportation/carmakers-adjust-electrification-plans-ev-demand-
slows-2024-09-06/; M Wayland, ‘EV euphoria is dead. Automakers are scaling back or delaying their
electric vehicle plans’ March 13, 2024, CNBC, available at https://www.cnbc.com/2024/03/13/ev-
euphoria-is-dead-automakers-trumpet-consumer-choice-in-us.html
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Gan day, mot sb hang xe toan cau da diéu chinh gidm muc tiéu dién khi héa ctia ho do téc dd tang
trwdng nhu cau & mac vira phai, trong khi doanh sé xe hybrid sac dién (PHEV) bat ngd tang vuot so
v&i xe dién thuan (BEV). Sy suy gidm nay cé thé bat ngudn tir viéc thiéu cac mau xe dién gia phai
chang, tién do cham trong trién khai ha tAng tram sac, cang thang thwong mai leo thang, va sw canh
tranh ngay cang gay gat tir cac nha san xuét Trung Qudc vai chi phi thdp hon — nhitng yéu td sé
dwoc phan tich sau hon trong phan tiép theo.

Bén canh dd, hé théng luu trir ndng lwong bang pin (BESS) cling déng vai tro thiét yéu trong viéc hd
tro tich hop nang lwong tai tao vao cac ludi dién xanh hon?® . Cac muc tiéu phi carbon héa, két hop
v&i nhitng thach thirc tir bdi cdnh hau COVID-19 va lo ngai vé& ngudn cung niken tir Nga gitra bdi canh
xung dot Nga—Ukraine va céac Iénh trirng phat tr phwong Tay, da gay ap lwc Ién 1én chudi cung (rng
pin lithium-ion truyén théng trong nhirng nam gan day . Tinh hinh cang tr& nén nghiém trong hon do
thiéu hut dau tw lién tuc vao viéc mé rong ndng luc san xuét.

Nhu cu vé pin 6 t6 du kién sé tao ra sy gia tang twong (ng vé nhu cau ddi véi cac nguyén liéu thd
chinh véi nhu cau vé nhivng vat liéu nay du kién sé tang t¢i 500% vao nam 2040. Viéc cung cap du
cac nguyén liéu thd can thiét 1a méi quan tam chinh di véi cac chubi cung (ng pin dang phat trién.

3.2.1. Cac nguyén liéu chinh va xu hwéng thi tredong

Pin lithium-ion (LIB) phu thudc vao nhiéu loai vat liéu quan trong: lithium, mangan, coban, niken,
phosphate va sat cho cuc dwong; graphite va silicon cho cwc am; ddng hodc nhém cho bd gép dong;
va thép hodc nhém cho vé pin. Natri dang ndi Ién nhw mét lwa chon thay thé cho lithium trong pin
natri-ion (SIB). Xu hwéng phat trién héa hoc pin cho thay sy thay dbi rd rét ké tr ndm 2018 — cuc
dwong dang chuyén dich tir cac dong NMC cé ham lwong coban cao (hodc niken thap), chang han
nhw NMC 333/NMC 111, sang céc bién thé NMC cé ham lwong niken cao, coban thdp nhuw NMC 721,
NMC 811, cling nhw sang LFP — dong pin dang gia ting thi phan nhe tinh an toan cao va phu thudc
vao nguén lithium ddi dao (xem Hinh 3.6). V& cwc am, xu hwéng 1a st dung graphite pha silicon ngay
cang tang, chiém 30% thi phan vao nam 2022. Trong khi d6, pin natri-ion (SIB) dwoc hau thuén bdi
céac tap doan nhuw CATL va BYD, dang cung cip moét giai phap thay thé it phu thudc vao khoang san
khan hiém, du mat d6 nang lwong thap khién ching chwa phu hop véi cac dong xe dién cao cép.

29 For example, in the US see FERC Order No. 841, Electric Storage Participation in Markets operated by
Regional Transmission Organizations and Independent System Operators (issued February 15, 2018); in
the EU, see Directive (EU) 2019/944 of the European Parliament and of the Council of 5 June 2019 on
common rules for the internal market for electricity and amending Directive 2012/27/EU, OJ L 158,
14.6.2019, p. 125-199 and Commission Recommendation of 14 March 2023 on Energy Storage —
Underpinning a decarbonised and secure EU energy system C(2023)1729, OJ C 103, 20.3.3023, p. 1-5.
30 International Energy Agency (IEA), Global Supply Chains of Batteries (IEA Publications 2022), p. 15.
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Hinh 3-6. Sw phat trién cta thi phan ban hang cho pin EV (6 t6) theo héa hoc catét va anot, 2018-

2022.

(Ghi chu: LFP = lithium sat phosphate; NCA = niken coban nhém; NMC = niken mangan coban. Si/C dé c4p dén anode silicon-
graphite, vai ty 1é pha tap silicon bén canh)®’

Bién dong gia ca van la mot thach thirc 16n do trir lwong khoang san tap trung va chi phi khai thac
cao (xem Hinh 3.7). Gia lithium da dat dinh & mdc 80.000 USD/t4n trong giai doan 2020-2024, tang
manh so v&i mirc 30.000 USD/tan trong giai doan 2014—-2019, dwoc thic diy bdi nhu cau cao va
chién lwoc cia Trung Quédc trong viéc cung cap quang chat lwgng thap nham kiém soat bién lgi nhuan.

31 |EA, Critical Minerals Market Review 2023, p.38; IEA analysis based on data from EV Volumes,
Benchmark Minerals Intelligence and BNEF.
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3.2.2. Cong suét khai thac va tinh ché

Xét vé khia canh san xuét, cac khoang san nhuw lithium, coban, niken, mangan, graphite, ddng va
neodymium |& nhirng thanh phan thiét yéu trong qué trinh ché tao pin. Hinh 3-8 minh hoa cac quéc
gia khai thac chinh dbi véi tirng loai khoang san, cho thdy sy phan bé toan cau ctia cac ngudn nguyén
liéu quan trong. Australia, Trung Quéc va Cong hda Dan chi Congo ndi Ién nhw nhirng nha cung cép
cht chét, bén canh cac déng gép dang ké tir cac qudc gia khac nhw Indonesia, Chile va Nga. Sy phan
bb nay nh&n manh tAm quan trong chién lwoc clia cac quéc gia néi trén trong chudi cung (rng pin toan

cau.

32 |EA analysis based on material price data by S&P, 2022 Li-ion Battery Price Survey by BNEF and

Index (2015 = 100)

Battery Costs Drop as Litium Prices in China Fall by BNEF; Guide to Investing in the EV Battery Supply

Chain, Green Finance Institute, p.23.
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Hinh 3-8. Cac nwéc khai thac khoang san chinh cho cac loai khoang san dwoc chon trong ché tao

3.2.2.1.

San xuét lithium hién dang tap trung tai mét sé khu vwe dia ly nhat dinh, trong dé Australia, Chile va
Trung Quéc Ia nhitng québc gia gilr vai trd chtl dao. Nam 2022, Australia va Chile chiém t&i 79% téng
kim ngach xuat khdu quang va nwéc muébi lithium toan clu, véi ngudn chl yéu tlr quing ciing
spodumene & Australia va cac md nwéc mudi tai khu vire Salar de Atacama clia Chile (xem Hinh 3.9).
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33 |IRENA, Geopolitics of the Energy Transition Critical Materials, (Geological Survey and US Department
of the Interior, 2023; JRC, 2020; USGS, 2023b), p. 14.
34 hitps://www.industry.gov.au/sites/default/files/minisite/static/ba3c15bd-3747-4346-a328-

6b5a43672abf/resources-andenergy-quarterly-september-2022/documents/Resources-and-Enerqgy-

Quarterly-September-2022.pdf.
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Hinh 3-9. Luéng thwong mai cta Lithium trong san xuéat Cathode.

Ghi cha: Tinh toan cta ban thw ky UNCTAD (United Nations Conference on trade and development) dwa
trén div liéu ter UN Comtrade. Luu y: Biéu do thé hién thuong mai gitka cac quéc gia vé mat xuét khéu va
nhép khéu, nhung khéng cung cép théng tin vé san xuét trong nuéc trong tirng quéc gia. Dir liéu thuong
mai duoc bao céo theo Ma HS cép 6 chir s6 sau: 253090, 283691 (Quéng va tinh quéng liti, va liti
cacbonat); 282520, 282739; 282690; 282619 (nguyén liéu thdé da qua ché bién va/hoéc tinh ché);
284290, 284169, 382499 (vat liéu catbt liti); 850790, 850760 (Céc thanh phén cda pin va bo pin); va
870240, 870360, 870370, 870380 (Xe dién va xe hybrid cdm dién).

San lwong lithium toan cau ndm 2023 dat 180.000 tan, trong d6 Australia dong gép 46,9% (84.400
tn), Chile 30% (54.000 tén), va Trung Quéc 14,6% (26.300 tan). Lithium dwoc khai thac theo hai
phwong phép chinh: tir nwéc mudi tai khu viee “Tam gidc Lithium” (gdm Bolivia, Argentina va Chile)
thédng qua qua trinh bay hoi trong cac hé chira, hodc tir quing cirng & Australia thong qua nghién va
xt ly. Lithium chiét xuét t nwéc mubi thuwdng dwoc tinh ché thanh lithium carbonat, thich hgp cho
san xuét cwc dwong véi chi phi thap, tuy nhién cé mat dd nang lwong thap hon. Trong khi d6, lithium
tlr quang cirng co thé dwoc chuyén hoa thanh lithium carbonat hoac lithium hydroxit, phuc vu cho cac
loai cwe dwong cé méat dé nang lwgng cao hon.

Téng tri¥ lwong lithium toan cau hién & mirc 98 triéu tan, trong do6 Bolivia (23 triéu tan), Argentina (22
triéu tAn) va Chile (11 triéu tan) chiém hon 50% tbng trir lwong, tiép theo l1a Australia (8,7 triéu tan),
Hoa Ky (14 triéu tAn) va Trung Quéc (6,8 triéu tan) (theo USGS, 2024; xem Bang 3.1)..

Bang 3-1. Tri¥ Iwong Li & cdc quéc gia trén thé giéi

DPat nwérc Tong triv lwong -2023_Triéu tan
Trung Quéc 6.8
My 14

Brazil 0.8
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Nga 1
Mexico 1.7
DR Congo 3
DPuc 3.8
Tay Ban Nha 0.32
Argentina 22
Canada 3
Ghana 0.2
Peru 1
Uc 8.7
Mali 0.89
Kazakhstan 0.05
Chile 11
Zimbabwe 0.69
Bolivia 23
Czech Republic 1.3
B6 Dao Nha 0.27
Serbia 1.2
Finland 0.068
Namibia 0.23

Nam nha cung cép lithium hang ddu — Sociedad Quimica y Minera de Chile SA (Chile), Pilbara
Minerals (Australia), Allkem (Australia), Livent Corporation (Hoa Ky) va Ganfeng Lithium Co. (Trung
Québc) — chiém khoang 53% san lwong toan cau, chd yéu tap trung vao khai thac va ché bién héa
chét.

Trung Quéc théng tri linh vire tinh luyén lithium, khi nhap khau 73% lwong lithium giao dich toan cau
va kiém soat 67% san lwong lithium oxit va hydroxide, cung v&i hon 50% cong suét san xuét lithium
carbonat va 80% lithium hydroxide. Viéc ndm gan cac thi trwdng tiéu thu Ién tai chau A (Han Quéc,
Nhat Ban, Trung Quéc) va lgi thé chi phi gitp Trung Quéc tré thanh trung tam tinh luyén hang dau,
mac du Chile va Argentina ciing c6 tdng cong suat khoang 400.000 t&n quy dbi lithium carbonat (MT-
LCE). Du la nha xuét khau spodumene I6n nhat thé gi¢i, Australia chi cé nang lwc tinh luyén han ché
vao nam 2022, nhwng dang dat muc tiéu dat 10% cdng suét toan ciu vao nam 2024 (IEA, 2024).
Trung Qubc git lai phan I&n lweng lithium tinh luyén @& phuc vu san xuét pin trong nwéc, noi gia tri
gia tang rat I&n — tir 6,40 USD/kg cho lithium hydroxide 1&n t&i 150 USD cho mét bo pin (theo
UNCTAD, 2022). Ba Lan, qubc gia xuét khau bé pin 1&'n thiv hai thé gi¢i vao ndm 2022, khéng c6 nang
lwe khai thac khoang san va phai nhap khau lithium oxit/hydroxide (68% tir Hoa Ky, 18% tir Trung
Quéc) cling nhw vat liéu cwe dwong (55% tir Trung Québc, 17% tir Durc).35.

Gia lithium thé hién rd sw bién dong cda thi treong, véi mire dinh 1€n t¢i 80.000 USD/tan ddi véi lithium
hydroxide trong giai doan 2020-2024, tang manh so vé&i mirc 30.000 USD/tan trong giai doan 2014—
2019, chd yéu dwoc thac day bdi nhu cau xe dién (xem Hinh 3.10). Dién bién nay mang lai loi ich cho
cac cong ty khai thac khoang san nhwng lai gay ap luc 1&n 1én cac nha san xuat thiét bi géc (OEM),
dan dén hién twong “pha hiy nhu ciu” trong thi trwéng. Chién lwoc ctia Trung Quéc trong viéc cung
cap quang chét lwong thap tir cac ngudn tap trung & chau Phi, ba thai tir Brazil va khoang lepidolite

35 The unit price for a battery pack is based on the estimated price in United States dollar per kilowatt
hour, by Statista “Lithium-ion battery price worldwide from 2013 to 2022”.
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ndi dia nham kim ham gia lithium da anh hwédng manh dén thi trwéng toan cau. Trong bdi canh chi
phi leo thang, Trung Quéc dang thic déy phat trién pin natri-ion (SIB) nhw mét giai phap thay thé ré
hon, du mat d6 néng lwong thap khién ching chwa phi hop cho cac dong xe dién cao cép.

¥ Fostmorkets Gid FM - lich stf tir 2017 dén 2024 - [USD / tan]
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Hinh 3-10. Xu hwéng gia lithium (2018 — 2024)
3.2.2.2. Nickel

Khai thac niken bao gém hai loai quéng chinh: quing sunfua (tim thdy tai Nga, Canada, Australia) va
quang laterit (tai Indonesia, Philippines, New Caledonia) %¢. Quang sunfua tuy it phd bién hon va dé
bi anh huwéng béi cac yéu té dia chinh tri nhw cudc xung d6t Nga—Ukraine, nhung lai dwoc wa chuéng
nh& nhu cau ndng lwong x& ly thAp hon. Trong khi d6, quang laterit chiém wu thé trong tdng san
lwgng khai thac. T6ng san lwgng niken toan cau dat 3,6 triéu tAn vao nam 2023, trong do6 Indonesia
dan dau v&i 1,8 triéu tan, tiép theo Ia Philippines (400.000 tan), Nga (220.000 t4n) va Canada (181.000
tdn) (theo USGS, 2024). Australia, mac du s& hiru trir lwong niken I&n thi hai thé gidi, chi ding thiv
sau vé san luong véi 159.000 tan (xem Bang 3.2). Hién c6 hon 25 quéc gia khai thac niken, trong do
9 coéng ty hang ddu — bao gébm Jinchuan Group (Trung Quéc), BHP Group (Australia), Vale SA
(Brazil), Tsingshan (Trung Quéc), Nickel Asia Corporation (Philippines), Glencore (Thuy ST), va mét
s6 doanh nghiép khac — chiém khoang mét niva tbng san lwong toan cau.

36 |EA (2021, May) The Role of Critical Minerals in Clean Energy Transitions. Available at:
https://iea.blob.core.windows.net/assets/ffd2a83b- 8c30-4e9d-980a-
52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransiti ons.pdf.
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Bang 3-2. Sé liéu vé khodng vat nikel (trich xuét tir Hiép hdi nganh céng nghiép kim loai mau Trung

Quéc)

Quoc gia San xuat néi dia (tan) Nhap khau (tan)
Albania 5.520 0
Uc 159.000 0
Ao 0 1
Bi 0 31
Botswana 15.195 0
Brazil 60.600 7
Canada 181.000 0
Trung quéc 120.000 841.743
Colombia 36.564 0
Cuba 49.200 0

Dw b&o vé san lwong niken trong thei gian t&i dao dong tir nguy co thiéu hut nhe dén kha nang dw
thira, néu cac muc tiéu khai thac va tinh luyén dwoc hoan thanh. Tuy nhién, cac yéu cau nghiém ngat
vé chét lwvong ciling nhuw sy tap trung khai thac tai mét sd khu vue dia ly nhat dinh van tao ra nhiéu
thach thirc cho thi trwéng. Quang laterit — ngudn cung chinh hién nay — dwoc chia thanh hai loai:
limonite (ham lwong niken th&p, sét cao, thwdng cé chira coban) va saprolite (ham luwong niken cao,
séat thap). Méi loai dwoc xr ly theo phwong phap khac nhau: limonite théng qua thiy luyén bang axit
sulfuric dé tao ra cac hop chét trung gian chira niken—coban, con saprolite dwoc x& ly bang nhiét
luyén dé tao ra hop kim niken—sat dung trong san xuét thép khong gi hoac niken matte phuc vu cho
tinh luyén pin (xem Hinh 3.11). Trong khi d6, quéng sunfua — thwéng ndm gan hodc ngay duéi bé mat
— lai c6 thém gia tri gia tdng nh& chiva céc kim loai nhw ddng va bach kim, va thwong dwoc lam giau
ngay tai chd trwdc khi dwoc luyén thanh niken matte hodc x& Iy trwc tiép bang phwong phép thiy

luyén.
[ Knai thic Sulfide ]—.[ XU1§ toi khumé j—.[ Luyén va tinh ché ]—- St duniete

Hdp kim sét-
niken

Khai thac . s Cdc chat

Hinh 3-11. So’ d6 céng nghiép chung cho vat liéu niken ¥

Trung Quéc hién dang thdng tri hoat ddng tinh luyén va san xuét cwc dwong (d&c biét 1a cac loai NMC
va NCA), v&i ngudn nguyén liéu thé cht yéu dwoc nhap khau tir Indonesia va Philippines (xem Hinh
3.12). Dong chay thwong mai niken dién ra qua ba giai doan chinh: khai thac nguyén liéu thd (do cac
nwéc nhw Indonesia, Philippines, Nga, Canada, Australia, Brazil, New Caledonia va Hoa Ky dan dau),
tinh luyén (tap trung & Trung Quéc, Nhat Ban, Han Quéc, Na Uy, Canada, Vwong qudc Anh, Phép va
Phan Lan), va san xuat cuc duwong cho pin NMC va NCA, trong d6 Trung Quéc la trung tam I&n nhét,

37 https://nickelinstitute.org/en/blog/2024/may/nickel-industry-part-1-processing-nickel-laterites-and-
sulfides/.




tiép theo la Han Québc, Nhat Ban, Hoa Ky va Canada. Mét phan dang ké niken tinh luyén khéng dwoc
st dung cho nganh pin ma dwoc chuyén sang cac nganh cong nghiép khac nhw san xuét thép khéng
gi. Cac quéc gia nhw Hoa Ky va chau Au van phu thudc nhiéu vao Trung Quéc, tuy nhién, viéc mé
réng nang lwc tinh luyén tai Indonesia, Philippines ho&c cac quéc gia phwong Tay, cling véi hoat dong
tai ché niken tlr cac loai pin cé vong doi cao, cé thé giup giam dan sw phu thudc nay.

Nguyén liéu thé Vat liéu tinh ché Sén xudt Cathode
i thdc mé ve . . Tinh ché va ché . . ; ..4
Wi t_rl“c mo va Sau giao dich bié Sau giao dich Sdn xudt
chiét xudt 1en
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Hinh 3-12. Ludng thwwong mai Nickel tir cac nwéc xuat khau dén cac nwéc nhap khau 3

3.2.2.3. Cobalt

Coban, cht yéu dwoc khai thac nhuw mét san pham phu tir hoat dong khai thac déng hoac niken, dang
déi mat voi sw bién déng vé ngudn cung va gia ca do san lwong tap trung cao *°. Hon 70% lwong
coban toan cau (twong dwong 140.000 tAn vao nam 2023) dwoc khai thac tai Cong hoa Dan ch
Congo (DRC)4°, phan I&n tir cac md do cac cdng ty Trung Québc sé& hivu, noi van ton tai nhiéu lo ngai
vé thiéu quy dinh giam sat va tinh trang lao déng tré em 4. Chinh nhirng van dé nay, cung véi nhu
cau ngay cang tang vé minh bach chudi cung rng, da khién cac céng nghé pin st dung nhiéu coban
tré nén kém phd bién hon, tao diéu kién cho sw phat trién ctia cac loai pin cé ham lwgng coban thap
hoac khong chira coban nhw LFP 42,

Téng triv lwvgng coban toan cau vao ndm 2024 dat khoang 11 triéu tan, trong dé Céng hda Dan chi
Congo (DRC) chiém phan I&n véi 6 triéu tAn (hon 50%), tiép theo la Australia (1,7 triéu tan), Cuba
(0,5 triéu tAn) va Indonesia (0,4 triéu tAn) (USGS, 2024; xem Hinh 3.13). Mac du chi x&p thi 32 v& do
phd bién trong sé cac kim loai trén thé gidi, coban lai déng vai trd quan trong trong san xuét pin, hop
kim, héa chéat, gbm st va hop kim ctrng, tir d6 thic ddy nhu ciu s dung. Co quan Nang lvong Québc

38 Cheng, A.L., Fuchs, E.R.H., Karplus, V.J. et al. Electric vehicle battery chemistry affects supply chain
disruption vulnerabilities. Nat Commun 15, 2143 (2024). https://doi.org/10.1038/s41467-024-46418-1.
39 McKinsey & Company (2023, January) Battery 2030: Resilient, sustainable, and circular.
https://www.mckinsey.com/industries/automotive-andassembly/our-insights/battery-2030-resilient-
sustainableand-circular.

40 Benchmark Minerals (2022, October) China’s lithium ion battery supply chain dominance
https://source.benchmarkminerals.com/article/infographicchinas-lithium-ion-battery-supply-chain-
dominance.

41 Benchmark Minerals (2022, November) DRC needs to improve “ESG” of cobalt to become key to
climate crisis. https://source.benchmarkminerals.com/article/drc-needs-toimprove-esg-of-cobalt-to-
become-key-to-climate-crisis

42 S&P Global Market Intelligence (2022, August) Battery-makers slash cobalt intensity in the face of
accelerating demand. https://www.spglobal.com/marketintelligence/en/newsinsights/latest-news-
headlines/battery-makers-slash-cobaltintensity-in-the-face-of-accelerating-demand-71813202.
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té (IEA) dw bdo nhu cau coban cho linh vic pin sé tdng manh, t&r mirc 70.000 tan trong nhirng nam
gan day lén 260.000 tan vao nam 2040, qua d6 day gia coban tang dang ké. Tai Hoa Ky, murc tiéu thu
coban wéc tinh dat 8.300 tAn vao ndm 2023, chi yéu phuc vu san xuét siéu hop kim (chiém 50%),
phan con lai dwoc st dung trong nganh héa chét, gébm st va pin, chi yéu théng qua nhap khau va tai
ché vat liéu phé thai.

DR Congo 6,000,000

Australla 1,700,000

Indonesia 540,000

Cuba 500,000

Philippines 260,000

Russia 250,000

Canada 220,000

Madagascar 100,000

Turkey [ 91,000

United States 70,000
Papua Mew Cuinea 62,000

Other countries 800,000

s] 1,000,000 2,000,000 2,000,000 4,060,000 5,000,000 5,000,000 7,000

Cobalt reserves in metnc fons
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Quang coban dwoc tinh luyén théng qua cac phwong phap nhiét luyén va thiy luyén dé tao ra cac
san phém trung gian nhw coban hydroxide, kim loai coban va cac hop chat hoa hoc khac, sau do
dwoc ché bién tiép thanh coban sunfat phuc vu cho san xuat cwc dwong pin, siéu hop kim va nam
cham. Cong hoa Dan chi Congo (DRC) chiém wu thé trong chudi thwong mai toan cau, khi déng goép
64% lwgng coban hydroxide xuét khdu toan cau vao nam 2022, trong d6 96% dwoc xuét sang Trung
Québc dé tiép tuc tinh luyén, gia tang gia tri. Qua trinh nay da nang gia tri don vi tr 5,8 USD/kg & giai
doan khai thac 1&n 16,2 USD/kg sau tinh luyén (xem Hinh 3.14)44. O giai doan san xuét, thwong mai
coban dwoc dan dét béi cac qudc gia thudc Té chirc Hop tac va Phat trién Kinh t& (OECD), trong do
Trung Quédc xuét khdu khodng 49% téng lwong vat liéu pin cé chira coban (dang cwc dwong), tiép
theo 1a Han Quéc (31%) va Nhat Ban (9%). Ba Lan ndi 1én nhw mét nwéc nhap khau chinh cac vat
liéu nay tlr Han Quéc, Nhat Ban va Trung Quéc, phan anh rd sw chuyén mén hoéa theo khu vuc. Ngoai
ra, sw théng tri clia mot sé it tap doan Ién, trong dé 5 cong ty hang dau chiém téi 48% san lwong
coban toan cau 45, cang cho thdy murc dd tap trung cao trong chudi cung (rng.

43 https://www.statista.com/statistics/270446/cobalt-producing-countries-distribution/.
44 UNCTAD calculations based on Comtrade 2022 data.
45 UNCTAD calculations based on data from S&P Global Market Intelligence.
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Hinh 3-14. Dong chay thwong mai coban doc theo chudi gia tri xe dién, nam 2022 (Bé la My)

Lwu y: Tinh toén ctia UNCTAD duwa trén di liéu ttr UN Comtrade. Luu y: Bidu dé thé hién thuong
mai gitra cac quéc gia vé mat xuat khdu va nhap khau, nhung khéng cung cép théng tin vé san xuét
trong nuwéc trong tirng quéc gia. DiF liéu thuong mai duoc bao céo theo Ma HS cép 6 chi s6 sau:
260500 (quéng coban va tinh quéng coban); 282200, 810520 (nguyén liéu thé da qua ché bién
va/hodc tinh ché); 284190, 285390 (vat liéu catét coban); va 850790, 850760 (linh kién cell cda pin
va bé pin); va 870240, 870360, 870370, 870380 (Xe dién va xe hybrid cdm dién).

3.2.24. Graphite

Graphite 1a vat liéu cuc am duoc st dung phd bién nhat trong pin lithium-ion (LIB) nh& vao d6 én
dinh, kha n&ng dan dién va trong lwong nhe, gép phan nang cao hiéu suét tdng thé va kha nang luu
trir nang lwong cla pin. Graphite c6 thé dwoc khai thac dwéi dang tw nhién tr quéng hodc san xuét
tbng hop thdng qua qua trinh x( ly nhiét chuyén sau tr than c6c dau mé, nhwa than da hoéc dau mé
— vbn la lwa chon phat thai carbon cao hon 4. Graphite dang vay tw nhién dwoc wa chudng hon vi
d6 tinh khiét cao, kha nang dan dién va dan nhiét tét hon 47, chi phi hop ly va lwgng khi thai carbon
thap hon. Trong khi d8, graphite tdng hop lai vwot troi vé kha nang twong thich véi chat dién phan,
tbc dd sac nhanh hon va tudi tho pin dai hon 8.

46 hitps://source.benchmarkminerals.com/article/esg-of-graphite-how-do-synthetic-graphite-and-natural-
graphite-compare.

47 https://www.canadacarbon.com/synthetic-vs-natural-graphite#.

48 https://www.fastmarkets.com/insights/synthetic-versus-natural-graphite-debate/.
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Hinh 3-15. Dong chay thwong mai than chi doc theo chuéi gia tri xe dién, nam 2022 (D6 la My) #°.

Lwu y: Biéu db thé hién thuong mai gilta cac quéc gia vé mét xuéat khdu va nhép khau, nhung khéng
cung cép théng tin vé san xuét trong nuéce trong tirng quéc gia. DiF liéu thuong mai duoc béo céo theo
M4 HS cép 6 chir sb sau: 250410 (vay than chi) 271312, 270810, (nguyén liéu thé dé san xuét than
chi nhén tao); HS 380110 (than chi nhén tao), HS 854519 (vét ligu catdt than chi); HS 850790, HS
850760 (linh kién cell cua pin va bd pin); va 870240, 870360, 870370, 870380 (Xe dién va xe hybrid
cam dién)

Trung Quéc la quéc gia san xuét graphite hang dau thé gidi, chiém 65% téng san lwong toan ciu voi
1,27 triéu tan trén tbng sb 1,6 triéu tAn vao nam 2023 %, theo sau la Madagascar vé&i 100.000 tan
(USGS, 2024). Trung Quéc cling s& hiru triv lwong graphite tw nhién I&n nhét, 1&n t&i 81 triéu tan,
trong tong tri» lwong toan cau la 125 triéu tAn, bén canh cac ngudn dang ké tai Brazil va Thé Nhi Ky
(xem Hinh 3.15). V& thwong mai, Trung Quéc dan dau xuét khau graphite tw nhién véi 53% thi phan,
tiép theo 1a Mozambique (13%) va Madagascar (12%). Trong khi d6, xuét khau graphite tdng hop lai
do Hoa Ky (29%), Trung Quéc (21%) va Birc (7%) chi phdi (UNCTAD, 2022; xem Hinh 3.18). Sy kiém
soat clia Trung Quédc con mé rdng sang linh vwe xuét khau graphite tinh ché, ddc biét & cac giai doan
ché bién va san xuét, noi ma mirc d6 tap trung thwong mai van & mirc cao. Méc du graphite téng hop
c6 thé thay thé graphite tw nhién trong mét sé (rng dung, mrc 6 da dang héa chudi cung (rng cla
graphite van bi han ché hon so va&i lithium va coban.

49 Technical note on critical minerals, Supply chains, trade flows and value addition, p.14
50 https://pubs.usgs.gov/periodicals/mcs2023/mcs2023. pdf.




Hinh 3-16. Tri# lwong than chi trén toan thé gioi

Thij trwdng graphite toan cau dwoc dinh gia 23,7 ty USD vao nam 2022 va dwgc dw bao sé dat 38 ty
USD vao nam 2028, véi tbc do tang trudng kép hang ndm (CAGR) dat 8,01% trong giai doan 2023—
2028, phan anh nhu ciu ngay cang tang to» nganh xe dién.

3.2.3. 3. Mangan

Quang mangan thwo'ng dwoc khai thac béng phuong phap 16 thién, trong d6 mot s6 loai quang dugc
nang cap chat lwong thédng qua qua trinh rira va cac hat quang nhd hon dwoc két khéi bang phwong
phap thiéu két. Mac du da c6 nhirng nd luc trong viéc khai thac cac cuc két da kim dwdi day bién,
nhwng phwong phap nay van chua kha thi vé mat kinh t& so v&i cac mé co6 ham lwong cao trén dat
lién. Mangan tinh khiét dwoc san xuét théng qua cac quy trinh thay luyén va dién phan, trong khi
ferromangan va silicomangan dwoc luyén trong 16 cao ho&c 16 dién bang cach khir cac oxit mangan
(MnO;, Mn;03, Mn3;0,) thanh MnO béng khi carbon monoxide, sau d6 tiép tuc khir thanh kim loai &
nhiét d6 cao bang carbon. Qua trinh nay tré nén phtrc tap do sw hién dién cla cac oxit tap nhu silica
— mdt hop chét co tinh axit ¢ thé két hop véi MnO va can tré qua trinh khir néu khéng dworc trung
hoa bang céac chét tro dung c6 tinh bazo' nhw véi hodc magié, tuy nhién diéu nay lai lam tang lwong
xi va giam hiéu suét thu hoi kim loai. Tuy thudc vao nhiét d6 luyén va d6 axit clia xi, silica cing c6 thé
bi khtr thanh silic va di vao pha kim loai néng chay.

Bang 3-3. San Iwong khai thdac mé thé gi¢i (ham Iwong mangan) va tri¥ lwong (tan)

San lwong khai thac (tan)
2022 2023

1 My - - -

2 Uc 3,040 3,000 500,000

STT DAt nwécivung Trir lwong (tan)




3 Brazil 624 620 270,000
4 Burma 207 210 NA
5 Trung Québc 743 740 280,000
6 Cote d'lvoire 394 390 NA
7 Gabon 4,670 4,600 61,000
8 Georgia 166 160 NA
9 Ghana 844 840 13,000
10 An Do 721 720 34,000
11 Kazakhstan, concentrate 129 130 5,000
12 Malaysia 247 250 NA
13 Mexico 221 220 5,000
14 South Africa 7,300 7,200 600,000
15 Ukraine, concentrate 323 320 140,000
16 Viét Nam 155 160 NA
17 Cac nuwoc khac 325 330 Small
18 World total (rounded) 19,800 20,000 1,900,000

San lweng mangan toan ciu dat 20 triéu tAn vao nam 2023, dan dau bdi Nam Phi (7,2 triéu tan),
Gabon (4,6 triéu tAn) va Uc (3 triéu tan), véi tbng trir lwong dat 1,9 ty tan, trong d6 chid yéu tap trung
tai Nam Phi (600 triéu tn), Uc (500 triéu tn) va Brazil (270 triéu tan) (Bang 3.3; USGS, 2024). Chau
Phi — d3c biét Ia Nam Phi, Gabon va Ghana — la khu virc xuét khdu mangan I&n nhat, phi hop véi vi
thé la noi s& hivu triy lwong mangan I&n nhét thé gidi, dong vai trd quan trong trong cac hoat dong
kinh t&. Chau A, dac biét la Trung Quéc, 1a khu vire nhap khau Ién nhat, sir dung mangan trong san
xuét thép va pin lithium-ion (LIBs), v&i phan 1én lwong xuat khau tir chau Phi duwgc chuyén dén day.
Chau Au va chau My (Hoa Ky, Brazil) nhap khau khéi lwong nhé hon, chii yéu phuc vu nganh céng
nghiép thép. Hinh 3.17 minh hoa dong chay thwong mai mangan toan cau, véi truc trai thé hién cac
khu vuc xuét khau va truc phai thé hién cac khu viec nhap khau.
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Cdc mé hinh giao dich khodng sdn quan trong
San pham: Mangan

MNguén: ITC Trode Briefs (trodebriefsintracen.crgl. 50 dung di iéu tir ITC Trade Map va cdc ngudn quéc gio {2023)
Luiu - Truc bén trdi v b&n phéi 160 ligt hidn thi cac nudc xudt khdu va nhép khiu Mangan. Déu hoo thi [*) bifu thi 520 quac gie. Khodng =an quan trong dugc dinh nghio

theo donh sdch cla OECD va baa gdm cdc sdn phdm thé, bdn ché bién va d& qua ché bién.

Hinh 3-17. Luéng thwrong mai Mangan tir cdc nwéc xuat khau dén cac nwéc nhap khau.

Hién tai, Trung Quéc chiém khodng 90% cdng suéat san xuat mangan sunfat cao cap toan cau, gay lo
ngai vé sy tap trung ngudn cung. Cac dy an méi & Uc, chau Au, Indonesia va Hoa Ky dang néi 1én
nham da dang héa ngudn cung, v&i Uc d&t muc tiéu sén xuat 50.000 tAn mangan sunfat méi ndm
(IEA, 2024), nhdm gidm sy phu thudc vao Trung Quéc va dam bao mét chudi cung (rng 6n dinh hon.

3.2.3.4. Khai thac va tinh ché mot sé céc vét lidu khac st dung trong pin
Cac vat liéu khac nhw nhém hodc natri cling dwge str dung véi sb Ilwgng nhod trong pin the cép,

do la trwong hop cia NCA va SIB.

* Phosphate Sat (LFP): Lithium iron phosphate (LiFePO4), mét vat liéu cathode quan trong, dwoc
tdng hop qua phwong phap két tda, tron cac ngudn sat (vi du: FeSO4, FeCl3) véi cac ngudn
phét pho (vi du: H3PO4) dé tao ra FePO4, sau dé thwc hién qua trinh lithiation, nung chay va
phu I1&p. Phwong phap nay dam bao dung Iwgng xa cao (141,4-166 mAh/g) tuy thudc vao cac
diéu kién. LFP chiém wu thé tai Trung Qudc, v&i 71 nha may san xuét 230 GWh vao nam 2023,

dirng dau la BYD va CATL (Bang 3.4).

Bang 3-4. Top 10 nha san xuéat Lithium Iron Phosphate trén thé gi&i

Cong suat

Xép ~ 3 z & - -
(o] t Nha ma Héa h
hang ong ty y Quoc gia 6a hoc nam 2024
1 BYD Company . B < LiFePO4 GWh
Limited Thédm Quyén  Trung Qudc (EVs)
2 Ufine Battery LiFePO4 GWh
(Guangdong Ufine N P (EVs)
New Energy Co., Thuwong Hai Trung Quoc

Ltd.)




3 Contemporary LiFePO4 GWh
Amperex Technology Ninh Blrc Trung Quéc (EVs)
Co. Limited (CATL)
4 LG Chem Ltd. . ; LiFePOg4 GWh
Seoul Han Quoc (EVs)
5 Panasonic U LiFePOq4 GWh
Corporation Osaka Nhat Ban (EVs)
6 Samsung SDI Co. ) . ; LiFePOg4 GWh
Ltd Yongin Han Quodc (EVs)
7 CALB (China LiFePOg4 GWh
Aviation Lithium Lac Dwong Trung Quéc (EVs)
Battery Co. Ltd.)
8 Lishen Battery . P LiFePOq4 GWh
Thién Tan Trung Quoc (EVs)
9 Farasis Energy , R B LiFePO4 GWh
(Ganzhou) Co. Ltd, ~ C@mChau  Trung Quoc (EVs)
10 EVE E Co. Ltd. . i GWh
nergy o Hus Chau  TrungQuéc ~ erOs
(EVs)

e Nhém: Puoc siv dung trong cac cathode NCA dé ting cudng d6 6n dinh, nhém dwoc 1ay
tr quéng bauxite, c6 nhiéu & Uc, chau Phi va Nam M§. Chi 4% nhém toan cau dwoc st
dung trong lwu tri¥ nang lwong, véi viéc tai ché cung cdp moét phan ba nhu ciu. Céng suét
NCA dat 66 GWh vao nam 2023, dw bao sé tang Ién 112 GWh vao nam 2028, tang 70%
(Bang 3.5).

Bang 3-5. Ndng lwc NCA hién tai va dw bdo dén nam 2028
Xép n .. , Coéng suat Cong suat
hang Cong ty Nha may Héa hoc 2023 2028
1 Tesla Nevada, US NCA cho EVs 35GWh 35GWh
2 CATL Cheiwan, China  NCA cho EVs 8GWh 32GWh
3 Panasonic Suminoe, Japan  NCA cho EVs 7GWh 10GWh
4 Panasonic Suminoe, Japan  NCA cho 3Cs 5GWh 5GWh
5 BAK Trinh Chau, China NCA cho EVs 5GWh 5GWh
6 T N 3GWh 5GWh
o Lushui, China  NCA cho EVs
nergy
7 Samsung SDI Thién Tan, China NCA cho EVs 2GWh 3GWh
8 Sunpower Taixing, China ~ NCA cho EVs 1.2GWh 2GWh
9 Tenpower 1.1GWh 1.1GWh
P Zhangjiagang, China NCA cho 3Cs
10 SVOLT H& Chau, China  NCA cho EVs 1.0GWh 15GWh
1 Panasonic Tokushima, Japan NCA cho 3Cs 0.6GWh 0.6GWh

Muéi natri: Cac pin natri-ion (SIBs) st dung mudi natri nhw NaCl va Na2CO3, ¢c6 nhiéu
trong vo trai dat va dai dwong, cho cac cathode (Bang 3.10). Cong suét SIB dat 5,3 GWh
vao nam 2023, cha yéu tai Trung Quéc phuc vu hé théng lwu trik ndng lwong (ESS), voi ké
hoach dat 143 GWh vao nam 2028 (Bang 3.6), nh& vao hiéu quéa chi phi va sy sdn cé cla
vat liéu.
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Bang 3-6. Cac nha may pin ion Natri trén toan cau

The Coéng ty Nha may Quoc gia Hoéa hoc Céng suat
hang 2023
1 CATL Ningde, Fujan ~ Trung Qudc  Na cho EV 2 GWh
2 HiNa Battery Zhongguancun  Trung Quéc  Na cho ESS 1 GWh
3 ET Energy Chengdu Trung Qudc  Na cho ESS 1 GWh
4 NGK Insulators Nagoya Nhat Ban Na cho ESS 0.3 GWh
5 Jiangsu Highstar Qidong Trung Quéc  Na cho ESS 0.2 GWh
6 AMTE Power Thurso Anh Na cho 3Cs 0.2 GWh
7 Beijing Xuexiong Beijing Trung Qudéc  Na 0.1 GWh
Technology

8 Zoolnasm Zoolnasm Trung Qudc  Na cho ESS 0.1 GWh
9 Exliporc New Energy Shenzhen Trung Qudoc  Na cho 3Cs 0.1 GWh
10 Hakadi Shenzhen Trung Qudc  Na cho 3Cs 0.1 GWh
11 Tiamat Amiens Phap Na cho 3Cs 0.1 GWh
12 Altris Uppsala Thuy Dién Na cho ESS 0.1 GWh

3.2.4. Binh hwéng chinh sach va quy dinh vé khai thac khoang san
Chudi cung &ng pin dbi mé&t véi nhiéu thach thire Ién do sw tap trung dia ly ciia nguyén liéu thé va quy
trinh ché bién, cdng thém cac rui ro vé chinh tri va dao drc. Khoang 40% trir lwgng khoang san quan
trong nam & cac khu vuc bi anh hudng béi xung dét va cé nguy co cao (CAHRAS), theo dinh nghia clia
OECD, véi EU xac dinh 28 quéc gia nhw vay vao ndm 2023 (vi du: Céng hoa Dan chi Congo cho cobalt,
mot s6 khu vire & chau Phi cho mangan). Qué trinh ché bién con tap trung hon, véi Trung Québc ché
bién 35% nickel, 50-70% lithium va cobalt, 100% graphite hinh ciu, va 69% graphite nhan tao. Nam
cong ty—Albemarle, Ganfeng Lithium, Tiangi Lithium, SQM va Livent—kiém soat 75% san xuét lithium
carbonate/hydroxide, |am tang rui ro vé ngudn cung. Sy théng tri ctia Trung Quéc kéo dai qua cac khoan
dau tw nwédc ngoai, ché bién 60% spodumene ctia Uc va 75% cobalt ctia Céng hda Dan chi Congo,
duwoc hé tro bdi cac cong ty nhw Chengxin Lithium va Zhejiang Huayou Cobalt. Mangan, méc du phan
bd rong rai, lai gap phai diém nghén khi Trung Québc kiém soat 90% s&n xuat mangan sunfat cao cap,
mot yéu t6 quan trong cho LIBs.

Cac chinh phi dang phan (rng bang cach trién khai cac chinh sach nhdm dam bdo ngudn cung bén
virng va gidm thiéu céac rii ro nay. Luat Khoang san Quan trong ctia EU (2023) dat muc tiéu chiém
10% codng suat san xuét toan cau vao nam 2030 théng qua viéc tich trik chién lwoc va ché bién noi
dia, trong khi Pao luat Giam phat ctia Hoa Ky (2022) cung cép 7 ty USD tin dung thué cho cac dw an
khai thac. Chién lwgc Khoang san Quan trong ctia Uc (2023) danh 570 triéu USD dé mé rong san
xuét lithium va nickel, va Chién lvoc Khoang san Quan trong ctia Canada (2022) du tw 3,8 ty USD
vao cac kim loai dat hiém va kim loai cho pin, nh4dn manh cac quan hé dbi tac véi cong ddng ban dia.
B6 theo dbi Chinh sach Khoang san Quan trong clia IEA (2024) x&c dinh gan 200 chinh sach, véi hon
100 chinh sach dwoc théng qua tir ndm 2020, thwéng lién quan dén cac han ché thwong mai. Lénh
cdm xuét khau nickel thd ctia Indonesia nam 2020, mé& réng sang bauxite vao nam 2023, da thic day
cac khoan dau tw ché bién trong nwéc tri gia 12 ty USD, trong khi cac han ché twong tw ctia Namibia
va Zimbabwe tlr ndm 2019 da tang gap nam lan I&nh cdm xuét khau ké tlr ndm 2009, nham giir lai loi
ich kinh té va da dang hoéa chudi cung (rng. Tuy nhién, nhirng bién phap nay tao ra cang thang véi
cac qudc gia nhap khau, dan dén céac théa thuan nhw Théa thuan Khoang san EU-Indonesia (2023)
dé can bang quyén tiép can va ngudn gbc dao drc.
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Cac nd lyc da dang hoa dang tang tbc dé giam sy phu thuéc vao cac chudi cung wng tap trung, dac
biét Ia sw thdng tri ctia Trung Québc. Uc dat muc tiéu san xuét 50.000 tAn mangan sunfat méi nam,
chau Au d3 trién khai mot sang kién ché bién tri gia 2 ty USD (2024), va Hoa Ky hé trg cac dy an nhw
nha may lithium tri gia 1 ty USD cuia Tesla & Texas va khodn dau tw 69 triéu USD clia GM vao
Queensland Pacific Metals dé& san xuét nickel va cobalt. Hwéng dan Tham dinh Can than ctia OECD
(2023) anh hwéng dén 70% cac dw an khai thac méi, yéu cau &p dung cac khudn khé minh bach &
cac khu vuc CAHRAS, gidi quyét cac van dé dao dirc nhuw lao déng tré em tai Cong hoa Dan chd
Congo. Mac du cé tién trién, viec mé rong cac sang kién nay déi mat véi thach thirc vé co sé ha tang
va tai chinh, dac biét 1a & cac khu vuc khodng truyén théng, nhdn manh sy can thiét phai hop tac toan
cau dé dam bao chudi cung trng pin bén virng.
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Hinh 3-18. Giai doan trung nguén cta chubi cung trng pin 5'

Giai doan trung gian clia chudi cung (*ng pin tap trung vao viéc san xuét cac thanh phan quan trong—
cwe dién (cwe dwong va cwc am), chéat dién gidi, bd phan cach va cac vat liéu khac—tao thanh 16i cia
cac té bao pin. Giai doan nay déng vai tro then chét trong viéc xac dinh hiéu suét, chi phi va kha nang
m& réng cla pin, &nh hwdng trwc tiép dén tinh kha thi vé gia ca va viéc ap dung xe dién (EVs).

3.3.1. Tong quan nganh ché bién vat liéu pin

Viéc san xuat cac thanh phan clia pin bao gdm viéc san xuéat cac bo phan thiét yéu cia mét vién pin:
cwc am (cwe duwong), cwe dwong (cwe am), dung dich dién giai, bd phan cach va vé pin. Lwa chon vat
liéu cho cac thanh phan nay xac dinh héa hoc clia pin, chdng han nhw pin chi-axit hoac lithium-ion (Li-
ion), méi loai mang lai cac d&c tinh hiéu suét khac nhau. Cac té bao pin chiém 77% chi phi ctia mot bd
pin trung binh, khién viéc s&n xuét chung tré thanh yéu t& quyét dinh kha nang chi tra clia xe dién (EV)
(Hinh 3.19). Viéc gidm chi phi phu thudc vao viéc ti wu hda vat liéu thanh phan, mé réng san xuét va
cai tién quy trinh ché tao.

51 Improving Quality in Midstream Lithium Production by Michael Machuca, Sung Heon Lee
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Hinh 3-19. Ty Ié chi phi thanh phan cell va san xuét cell pin 52

Pin Li-ion chiém wu thé trong thi trwong xe dién (EV) nhe vao mat dd nang lwong vuot troi, tudi tho
dai va tinh linh hoat. Chiing bao gém nhiéu loai hda hoc khac nhau, cht yéu la cac loai dwa trén nickel
(vi du: NMC, NCA) va LFP, méi loai dwoc diéu chinh dé phuc vu nhu ciu cu thé. Cac héa hoc chira
nhiéu nickel nhw NMC811 (80% nickel, 10% mangan, 10% cobalt) chiém 60% thi phan vao nam 2022,
do nhu cau vé xe dién c6 pham vi di chuyén xa hon, sac nhanh hon va hiéu suét tét hon trong diéu
kién thoi tiét lanh (S&P Global, 2023). Ngwoc lai, pin LFP, chiém 30% thj phan vao ndm 2022, dwoc
wa chudng nhe chi phi thp hon, tudi tho dai hon va giam sy phu thudc vao cac vat liéu hiém nhw
nickel va cobalt (Hinh 3.20) %3. Trung Quéc san xuét 90% pin LFP toan cau, tan dung nhirng sang tao
nhw dinh dang pin blade cia BYD, gitp tdng mat dé nang lwong 1én 50% so véi cac té bao LFP hinh
try, giip mé rong kha nang ap dung trong cac xe dién thj trwdng dai chung 4.
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Hinh 3-20. Dung lwong pin xe dién hang nhe theo héa hoc, 2018-2022 35,

Lwu y: Céc loai khac bao gém pin Li-ion thé hé truée, lithium mangan oxit (LMO) va lithium coban oxit (LCO). LMO
da dwoc st dung trong bo pin Nissan Leaf thé hé dau tién va hién nay la mét sé thiét bi dién t tiéu dung. LCO la
héa chét Li-ion déu tién duoc Sony thuong mai héa vao nam 1982, hién chi yéu duoc st dung trong nganh céng
nghiép dién td tiéu dung va céng cu dién.

52 GFI-Battery-Handbook, Green Finance Institute, Guide to Investing in the EV Battery Supply Chain.
53 Benchmark Minerals (2023, February) The rise of LFP batteries outside of China.
https://source.benchmarkminerals.com/article/the-rise-oflfp-batteries-outside-of-china.

54 Inside EVS (2022, June) Report: ‘The West Needs to Build LFP Battery Capacity’.
https://insideevs.com/news/559579/westneeds-Ifp-battery-capacity/.

5% https://www.iea.org/reports/global-ev-outlook-2024/trends-in-electric-vehicle-batteries




Cac nha san xuét 6 té ngay cang diéu chinh héa hoc clia pin phi hop véi cac phan khic xe, siv dung
pin chra nhiéu nickel cho cac mau xe cao cap va LFP cho cac mau xe gia ca phai chdng, xu hwéng
nay du kién sé tiép tuc khi sy da dang héa ngay cang tang. Pin natri-ion (Na-ion) mé&i ndi, hién chi
dwoc san xuat thwong mai tai Trung Quéc, cung cép mot Iwa chon khdng chira lithium v&i chi phi vat
liéu th&p hon nhwng chiém thi phan rat nhé do giai doan phat trién con non tré va mat dé nang luong
thap hon 5. Cac cong ty nhw Faradion tai Vwong qudc Anh dang thac ddy céng nghé Na-ion, cho
thay tiém nang mé rong viéc ap dung rong rai hon 97.

3.3.2. Vatliéu anode

Dién cwc am trong pin duwgc goi la anode. Vat liéu hoat dong anode thuwdng dwoc lam tlr graphite.
Céc cell cé6 mat do néng lwong cao hon cé xu hwéng pha tron silic (oxit silic) vao anode dé tang mat
dod nang lwong. Trong khi silic cho kha néng lwu trir rat cao, né gidn nd va co lai dang ké khi sac va
x&, do d6 chi c6 thé chiu dwoc mét lwong nhéd trudc khi tudi tho ctia cell bi anh huwéng xau. Gibng nhw
catdt, dién cuc anode dwoc san xuét bang cach tron vat liéu hoat ddng thanh bun, pha, sdy kho va
can lich. Graphite nguyén liéu van rét quan trong dbi vdi qua trinh chuyén ddi EV (dac biét 1a vi né
chiém 45% khéi lwong nguyén liéu thé dwoc sir dung trong cell pin).

3.3.2.1. Nang lyc va phat trién

Trung Quéc ciing chiém wu thé trong s&n xuat anode - nwéc nay chiu trach nhiém san xuét 91% san
lwong anode toan cau, trong d6 chau Au la noi thiéu hut nhiéu nhat (Hinh 3.28). Dén nam 2031, nguén
cung anode cla chau Au dy kién chi dap ng dwoc 3,9% nhu cau®®, va Bac My chi dap ¢ng duoc
3,4%, tao ra co hoi cho cac nha dau tw mai gia nhap thi trwong .

‘Bang xdy dung

P Ién k& hoach

. China . Japan . South Korea Asia (other) North America Europe Other

Hinh 3-21. San lwong anode theo khu vc

Thij trwdng vat liéu cwc am toan cau, co gia tri 2,06 ty USD vao nam 2023, dy bao sé tang trwéng voi
tdc do tang trudng kép hang ndm (CAGR) dat 8,9% dén nam 2030, dwoc thic day béi nhu ciu tr xe
dién va lwu trlr nang luvong.

56 Faridion (Sodium-ion cell manufacturer. https://faradion.co.uk/.

57T |EA (2023, April) Global EV Outlook 2023. https://iea.blob.core.windows.net/assets/dacf14d2-eabc-
498a-8263-9f97fd5dc327/GEV02023.pdf.

58 Benchmark Minerals (2023, January) Europe faces cathode and anode shortage in drive to EVs.
https://source.benchmarkminerals.com/article/europe-facescathode-and-anode-shortage-in-drive-to-evs.
5 Benchmark Minerals (2022, November) Can North America build a battery supply chain?
https://source.benchmarkminerals.com/article/can-northamerica-build-a-battery-supply-chain.

60 GFI-Battery , p.36.
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Téng cong suéat cwc am dat 1.550.000 tAn vao nam 2023, véi khd ndng tang gap d6i vao ndm 2028,
phu hop v&i sw tang trwdng nhu ciu t& bao pin (xem Hinh 3.22). Graphite tdng hop, méc du cé chi
phi cao hon, chiém wu thé véi 75% cong suat nhd vao kha néng twong thich va hiéu suét vuot troi,
trong khi graphite tw nhién mang lai lwong khi thai thdp hon (xem Hinh 3.23). Trong thap ky t&i, san
xuét cwc am dw bao sé ting gap nam lan, phan anh sy mé rong ctia nganh xe dién.

9,000,000

8,000,000

7,000,000 I W bang tién hanh
6,000,000 I I I

5,000,000 I

4,000,000 I I I
3,000,000 I
2,000,000 I

Cé kha nang cao

TAN

m C6 khd ndng

. s W C6 thé
1,000,000 I I | | I I I I
T N o _=ail!
Vi O I~ @ - O — N M < UV O NS 00 OV O — N M T N
Cc e s - NN NN NN NN OO®MA M
QO o o o - o - - (- o o (-] (- o O o O o O o
o~ ™~ d ™ " | ™~ J ~ ™~ ™ o~ N ™~ ~ ~ ~ ™~ ~ ~ ™~ ™~

Hinh 3-22. Nang suat anode theo trang thai. Ngudn: SC Insights
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Hinh 3-23. Céng suat anode theo tirng phan doan (2024). Nguén: SC Insights
3.3.2.2. Dialy

Khu vwc chau A — Thai Binh Duong, dan dau béi Trung Quéc (chiém 43,6% doanh thu khu vic), chiém
35,6% doanh thu thi trwéng cwe am toan cau vao nam 2023, nhd vao qua trinh cdng nghiép héa nhanh
chéng va céc chinh sach thuan loi nhw Ké hoach O t6 2026 ctia An D6, véi muc tiéu tang trudng kép hang
nam (CAGR) dat 9,6%. Sw thdng tri ctia Trung Québc dén tir chi phi lao déng thap, cac wu dai thué va cac
quy dinh Idng 1o, thu hut cac nha san xuét trong nganh 6 t6 va dién tir. Ngwoc lai, Ba&c My va chau Au dang
dbi mé&t véi cac han ché vé ngudn cung. Thi trwong Hoa Ky ting trwdng nhé vao viéc ap dung xe dién, trong
khi nhu cau tai chau Au, dwoc thic day béi nganh 6 to ctia Pirc (CAGR 8,7%), van chwa duwgc dap (rng day
da. Bén ndm 2035, cong suat cwc am toan ciu sé van tap trung chd yéu & Trung Qudc, trong khi Hoa Ky,
chau Au, An D6 va Indonesia chi déng gép 20% cong suat méi (xem Hinh 3.24).



9,000,000
8,000,000
7,000,000
6,000,000
5,000,000
4,000,000
3,000,000
2,000,000
1,000,000

0

=
g
=

2015 1

2016 1

2017 n

20018 m

2009 m

2020 =

2021 m==

2022 ===
2023

2024

2025 R
2026 I
2027

2028
2029
2030 I

Hinh 3-24. Cong suat Anode toan cau

3.3.2.3. Hoa chét
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Cuyc &m duogc phan loai thanh hai nhém: vat liéu dwa trén carbon (vi du: graphite ty nhién/téng hop, carbon
cirng/mém) va vat lieu khong dwa trén carbon (vi du: silicon, lithium titanate) (xem Hinh 3.27). Graphite
chiém wu thé nhé cdng nghé phat trién 1au dai va tinh hiéu qua vé chi phi, mac du silicon-carbon mang lai
kha nang ly thuyét cao hon (xem Bang 3.12). Cac ddi m&i nhw graphene va carbon cirng nham cai thién tudi
tho chu ky va hiéu qua sac, nhwng van con nhirng thach thirc nhw sw mé rdng cua silicon va chi phi cao.



V&t lidu anode
gic than chi

V&t ligu anode cachon
khong theo trit tur

Graphite tdng hop

Vat liu anode oxit silic

Vit liu Anode Silicon Carbon

Vit liéu Anode Silicon Composite

Hinh 3-25. San pham vat liéu anode chinh théng ©'.

Bang 3.7. so sanh cac dac tinh hiéu suat cia cac vat liéu anot khac nhau

61 https://www.goldendragoncapital.com/anode-material-market-research-report?.




Bang 3-7. So sdnh hiéu suat cua cdc vt liéu anode khdc nhau
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Chi sé hieu Graphite tw nhién  Graphite téng Carbon mém Carbon cirng Graphene Lithium Silicon Carbon
suat hop Titanate
340-370 310-370 250-300 350-400 400-600 165-175 4200
Dung lwong
riéng (mAh/g)
Dung lwong sac 90-93 90-96 80-85 80-85 30 / 84
nhanh (%)
Mat dé tiép xuc 0.8-1.2 0.8-11 0.7-1.0 0.7-1.0 1.5-2.0 0.6-1.1 -
(g/cm?)
Mat do nén 1.6-1.85 1.5-1.8 1.35-15 1.35-1.5 1.8-2.3 0.9-16 -
iglchﬁ)
Pién ap lam 0.2 0.2 0.52 0.52 0.5 1.55 0.3-0.5
viéc (V)
Tubi tho chu ky >1000 >1500 >1000 >1500 10 >30000 300-500
(1an)
D6 an toan Tam én Xuét sdc Xuét sac Xuét sac Xuét séc Vuwot troi Tot
Hiéu suét sac Tam én Tam én Xuét séc Xuét sac Kém Tét Tét
Hiéu suét téc do Kém Xuét sic Vuwot troi Vuot troi Kém Vuot troi Tam n

Céng nghé da Céng nghé hé tro
trwdng thanh, quy da hoan thién,
trinh hé tro chi phi hiéu suat chu ky

thap tbt.

Uu diém

Hiéu suét sac va xa cao,
tudi tho chu ky tét.

CAu trac 6n
dinh, tudi tho
chu ky dai khi

sac va xa.

Hiéu suét cao &
nhiét do thap va
cao, hiéu suat an

toan vuwot troi.

Nang lvgng riéng
ly thuyét cao
hon.

Dung lwgng riéng da
dat gii han; hiéu thap, hiéu suét téc do
suét chu ky va téc d6 kém, hiéu suét an
kém. toan kém.

Nang lwgng riéng
Nhwoc diém

Hiéu suét sac ban dau
thap, dung lvong sac
gidm nhanh, téc do tiéu
hao cao.

D6 &n dinh chu
ky kém, xay ra
sw tré dién ap
nghiém trong

Cong nghé chuwa

hoan thién, chi phi

cao, mat do nang
lwong thap.

Cong nghé va quy
trinh h6 trg chwa

trwdng thanh; chi phi
cao; bién dang pin khi

sac va xa.




3.3.2.4. M& HS
Thuwong mai anode dwoc theo d&i théng qua ma HS, bao gdm graphite tw nhién (HS 250410) va
graphite nhan tao (HS 380110) dw¢i cac dang khac nhau (xem Béng 3.13).

Bang 3-8. Ma HS cua anode

NQU6n Ma so Mo ta Chu6| cung San phém Ghi chu
trng LIB hoan
chinh
HS 250410 Graphite tw Nguyén liéu 2 hai A 20 vA
hian Anode Ca hai B6t hoac vay
HS 25041010 .
Graphite tw Anode Co Bot hoac
nhién vay, tinh thé
HS 25041020 Graphite i Anode  Khéng V6 dinh hinh
nhién )
HS 25041090  Graphite tw Anode C3 hai Buoc phan loai
nhién la khac
HS 25041091 Graphite tw Anode  Co Hinh ciu
nhién
HS 25049010
Graphite ty
nhién (dang Anode Cé Vi phan
b6t hoac vay)
HS 25049090 Grashite t
raphite tw b hé
nhién (dang Anode Ca hai Io:iol,z ihgz
b6t hoac vay) )
HS 380110 A
Graphite nhan \ T?m,‘qu?,
ta0 Anode Co b6t va cac
) dang khac
HS 38012000 Graphite nhan i
P Lién quan Khoéng Grai\phlt’e keo
tao hoac ban keo
HS 38013000  Graphite nhan Liénquan  Khéng Bot
tao carbonaceous
HS 38019000 Graphitenhan | jan quan  Khong Khac
tao

3.3.3. Vat liéu (Cathode materials)

Dién cwc dwong trong pin dwoc goi 1a cathode, day phan quan trong cla mét cell pin lithium-ion.
Thanh phan nay khéng chi quyét dinh tinh chat héa hoc cua cell ma con quyét dinh chi phi va hiéu
suét thiét yéu. Cac pin Li-ion dau tién s dung lithium cobalt oxide (LCO), hién chi con dwoc st dung
trong céac thiét bj dién t&r do van dé an toan. Céac pin xe dién hién dai wa chudng cac héa hoc niken-
mangan-coban (NMC) va lithium iron phosphate (LFP). Vat liéu hoat tinh cwc dwong (CAM) la cac bot
rén, chat lwong clia chung — bao gébm thanh phan héa hoc, kich thudc hat va dé tinh khiét — anh
hwéng dén tudi tho chu ky va mat dd nang lwong, diéu nay rat quan trong dbi véi pham vi hoat déng
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clia xe dién. CAM dwoc tron véi chat két dinh, dung méi va phu gia (vi du: carbon den) thanh mét hén
hop, sau dé dwgc phd 1én mang nhom, séy khé va ép thanh I&p méng dé tao thanh cuc dwong.

3.3.3.1. Nang luwc, phéat trién va dja ly: San xuat cathode toan cau

San xuét cathode, mot yéu t6 quan trong trong san xuét pin lithium-ion, dang trai qua mét sy thay ddi
I&n khi nhu cau toan cau vé xe dién tdng manh. Vao ndm 2023, Trung Qudc chiém wu thé trong san
xuét cuc dwong, s& hiru 79% cdng suét toan cau, dy bao sé tang I&n 87% vao nam 2030, phan anh
tbc do tang trwdng kép hang ndm (CAGR) manh mé 10,3%. Sy tang trudng nay, t& mirc 66% vao
nam 2018, lam ndi bat lgi thé canh tranh cta Trung Québc. Han Quéc (14%) va Nhat Ban (5%) ding
& vi tri tiép theo, cuing v&i Trung Qudc ndm gitr 98% cdng suét toan cau, méc du sw tang trudng cla
ho cham lai — Han Quéc cé CAGR 1a 3,7% va Nhat Ban la 5,7% (xem Bang 3.9) 2.

Bang 3-9. Phat trién nang lwc catét toan cau trong 10 nam t&i

Tho DAt nwére Thi Céng suat (tan) CAGR
hang phan 10 nam
cong 2023 2028 2033
, (%)
suat
toan
cau
1 Trung Québc 79% 2,871,800 6,390,100 7,634,100 10.3%
2 Han Quéc 14% 515,900 715,400 742,200 3.7%
3 Nhat Ban 5% 195,930 325,930 340,430 57%
4 Ba Lan 0.6% 20,000 105,000 245,000 28.5%
5 Puc 0.4% 15,450 130,300 130,300 23.8%
0.6% 20,405 2,829,700 3,295,900 66.3%
Cac nwoc khac
Téng 100% 3,639,485 10,496,430 12,387,930 13.0%

62 Benchmark Minerals (2022, September) China’s stronghold grip on cathodes set to near 90% by 2030.
https://source.benchmarkminerals.com/article/chinasstronghold-grip-on-cathodes-set-to-near-90-by-2030.
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Hinh 3-26. Ngudn cung cap Cathode theo quéc gia/khu vwc ©,

Thi trwérng cathode clia Trung Quéc rat da dang va nang déng. Thay vi bi chi phéi bdi mét vai nguoi

choi chi chét, thi trwéng nay bao gdm gan 100 nha san xuét cé thé truy vét, nhirng ngwdi da lam cha
dwoc quy trinh san xuat khéng chi LFP ma con ca cac vat liéu NMC. Bang 3.10 dwéi day liét ké muodi

nha san xuét cathode I&n nhat & Trung Quéc, lam ndi bat cong suét 4n twong ma mdi nha san xuét
dang trién khai, cling nhw sb lwong co s& ¢6 kha nang san xuét ca céac tién chat NCM va CAM:
Bang 3-10. Cac nha san xuat vat liéu catét ciia Trung Quéc va nang lwe san xuéat trong nam 2023 va

2028
Thr , L. , Cong suat Cong suat
hang Congity Nha may Hoa hoc 2023gztén) 2ozsg(ltén)

1 Dynanonic Tham Quyén LFP 265.000 265.000
2 GEM Mot sb NCM-LFP 170.000 170.000
3 Yuneng New Energy Mot s6 LFP 117.000 132.000
4 Shanshan Mot sb NCM 115.000 147.500
5 Gotion Québc Tuyén LFP 110.000 150.000
6 Xiamen Tungsten Ninh Blrc LFP 95.000 140.000
7 BTR Mot sb NCM 90.000 102.000
8 Ronbay Mot sb NCM 90.000 135.000
9 B&M Mot sb NCM 78.000 155.000
10 Huayou Cobalt Mot s6 LFE'CLISO' 70.000 130.000

Thi trwéng cwe dwong cla Han Quéc tap trung vao bay cong ty I&n (xem Bang 3.11), trong d6 Umicore, LG
Chem va Ecopro méi cong ty déu cé cong suat san xuat viot qua 100.000 tan vao nam 2023. Posco la mét
cong ty dang chu y v&i sy tich hgp ngwgc dong, bao gom ca khai thac va tinh luyén lithium, va dw kién sé

63 GFI-Battery-handbook, p. 35.




vuot qua mire 100.000 tan trwdc ndm 2023. Trong sb cac cong ty nay, hai cdng ty da tich hop vao
san xuat CAM va pin LIB: LG Chem va Samsung SDI, trong khi SK Innovation thi khéng.
Bang 3-11. Cac nha san xuét vat liéu catét Han Quéc va nang lwc san xuat nam 2023 va 2028

Céng suat Coéng suat

Th hang Céng ty Nha may Hoéa hoc 2023 2028

1 Umicore Han Quéc NCM-LCO 144.500 170.000
2 LG Chem Han Quéc NCM 115.000 130.000
3 Ecopro Han Quéc NCA-NCM 105.000 155.000
4 Samsung SDI Han Quéc NCA-NCM 43.000 43.000
5 L&F Han Quéc NCM 33.000 53.000
6 Cosmo AM&T Han Quéc NCM 20.000 60.000

Thi trwdng san xuét catdt & Nhat Ban cé mirc d6 tap trung cao, trong dé bdn céng ty chinh théng tri
khéng gian (Bang 3.17). Nichia va Sumitomo Metal Mining (SMM) la nhirng céng ty lich s mua tw
moi noi va moi ngwdi. BASF |a mdt cong ty chii chét khac, mét cong ty hda chat khdng 16 ctia Birc da
bat dau lién doanh vai TODA KOGYO Corp vao nam 2014 nhu mét lién minh chién lworc.

Bang 3-12. Cdc nha san xuét véat liéu cathode Nhat Ban va nang lwrc san xuat ndm 2023 va 2028.

Coéng suat Céng suat

Thi hang Céng ty Nha may Hoéa hoc 2023 2028

1 Nichia Chemical Nhat Ban NCM 80.500 110.500
SL_m_ntomo Metal Han Qubc NCM-NCA 56.000 100.000
Mining Co., Ltd.,

3 BASF-TODA Han Quéc NCA-NCM 30.000 60.000

4 Tanaka Han Quéc NCA 24.000 50.000

Tuy nhién, sw tap trung nay ciing bdc 16 nhirng diém yéu. Chau Au va Bac My dang ddi mat véi mot
cudc khiing hodng ngudn cung sép xay ra, khi sén lwong dw bao chi dap ng dwoc 22% va 23% nhu
cau khu vuc vao ndm 2035, twong (rng (xem Hinh 3.27) 84, Sy chénh léch nay, dwoc thé hién bang
cac thanh vang cla cong suét du kién so véi dworng den ting vot clia nhu cau, cho thdy mét nhu cau

cap bach vé viéc da dang hoa chién luoc.

64 Benchmark Minerals (2023, March) The looming US and Europe cathode shortage.
https://source.benchmarkminerals.com/article/the-loomingus-and-europe-cathode-shortage.
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Hinh 3-27. Céng suét cathode theo khu vuc.

Su théng tri ctia Trung Québc trong san xuat LFP—chiém hon mét phan ba san lvong clia minh—
nham dén cac xe dién gia phai chang, trong khi Chau Au va Hoa Ky wu tién NMC cho cac xe hiéu
suét cao va xe sang trong. Tai Hoa Ky, sw phu thudc ctia Tesla vao NCA dinh hinh san xuét, méc du
thi phan ctia n6 trong san lwong NMC toan cau du bao sé chi dat 20% vao ndm 2030, véi LFP van la
mot yéu té nhd. Trung Quéc, mac du dan dau vé LFP, sé chirng kién san lwgng NMC clia minh gidm
xudng chi con 25% téng san lwong toan cau vao nam 2030, khi Chau Au tang cwéng cong suét NMC,
c6 thé vuot qua Trung Quéc néu cac ké hoach mé réng dwoc thye hién.
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Hinh 3-28. Cac nha cung cap linh kién té bao hién tai dang mé rong ra toan cau dé cung di chuyén
v@&i cac gigafactory & Bac My va Chau Au .

Sén xuéat méi loai vat liéu cwc dwong dworc thic day bdi thi treong. Trong khi & Chau Au va Hoa Ky, cac xe
hiéu suat cao, xe sang trong va xe dat tién dac biét chiém wu thé, thi & Trung Quéc, ciling cé rat nhiéu xe
nhé s dung cong nghé pin LFP. Tai Hoa Ky, anh hwéng cua Tesla va viéc sir dung vat liéu cyc duwong
NCA, ma nha san xuét nay st dung gan nhu hoan toan, cung rat rd rét. San xuét pin dwa trén LFP chd yéu
diénra & Trung Quéc, noi né chiém hon mét phan ba tong san lvgng pin. Ngu’o’c lai, san xuét pin dwa trén
NMC chi chiém hon mét phan tw san lwgng tai Trung Québc. Pén nam 2030, san lwong cla Trung Quéc sé
chiém khoang mot phan tw tong san luwgng toan cau cla cyc dwo’ng NMC. Tai Hoa Ky, pin dwa trén NMC
va NCA chiém wu thé, va con sb nay chiém khoang mét nira san lwong tbng thé cha Trung Quéc. Bén nam
2030, thi phan cia Hoa Ky trong sén xuét cwc dwong NMC toan cau sé chi chiém khodng 20%. San xuét
pin LFP tai Hoa Ky 1a kha nhé va do d6, chi chiém mét phan nhé trong téng san lwong toan cau.

65 McKinsey. 2024. The battery cell component opportunity in Europe and North America
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Hinh 3-29. Thi phan catét toan cau .

Trong twong lai, cac nd lyc tai can bang chudi cung (rng toan ciu dang duwoc trién khai. D&n nam
2028, Hoa Ky dat muc tiéu bb sung 1,5 triéu tAn coéng suéat cwc dwong théng qua 15 dw an méi, trong
khi chau Au d&t muc tiéu 1 triéu tAn v&i cac co sé tai Thuy Dién, Ba Lan, Hungary va Phan Lan. Ba
Lan va Birc, véi tbe dd tang trwdng kép hang nam (CAGR) 1an lwot 14 28,5% va 23,8%, cho thy tham
vong cla chau Au trong viéc thu hep khodng cach (xem Bang 3.9). Cac nha san xuét Ién nhw China
Aviation Lithium Battery (CALB) va Contemporary Amperex Technology Co. (CATL) chiém wu thé
trong san xuét LFP, trong khi CATL, cung v&i cac cong ty Han Quéc nhw SK On va LGES, dan dat
san lwong NMC. San xuat NCA, do Samsung SDI va Panasonic dan dau, van cé anh hwéng 1én tai
Hoa Ky va Nhat Ban (xem Hinh 3.31). Tuy nhién, thira cong suét cia Trung Quéc—v&i viéc siv dung
chwa dén 40% cong suét tdi da vao nam 2023—dang gay ap lwc 1én bién lgi nhuan, mét thach thire
cang tré nén nghiém trong khi cac nha san xuét 6 t& Trung Quéc tich hop doc wu tién doanh sb xe
dién thay vi lgi nhuén tir cac khéu upstream. Tinh hinh nay de doa sw dn dinh cda cac nganh tinh
luyén toan cau va vat liéu hoat tinh cwc dwong (CAM), budc chau Au va Hoa Ky phai dia phwong héa
chudi cung trng trong bdi cadnh céng thang dia chinh tri va yéu ciu vé quy tac xuét x.

Déi v&i nhitng nguwoi ra quyét dinh, cac yéu té then chbt da rd rang: sy thng tri clia Trung Québc mang
lai hiéu qua chi phi nhwng ciing tiém &n rdi ro chudi cung &ng, trong khi sw tang trwdng ctia chau Au
va Bac My mé ra co hoi dau tw va hop tac. Cac hop tac chién luoc véi cac nha lanh dao chau A nhw
CATL, cuing v&i sw hd tro tlr chinh sach, cé thé thic day cdng suét khu vuc va gidm bét sy phu thudc,
dam bao su 6n dinh cho thi truéng cwc dwong toan cau.

3.3.3.2. Hba chat

Gia kim loai bién déng dang khién cac nha san xuét thiét bi gbc (OEM) chuyén sang LFP, tir bd niken
va coban dé tiét kiém chi phi, mac du mat d6 nang lwong thap ctia LFP han ché sy hap dan cla né
dbi véi cac xe dién tam xa. S&P Global Mobility dw bao niken cao trong NMC sé& chiém 50% thi phan
vao nam 2030, tang tr 25% vao nam 2022, nh¢ vao kha nang tam hoat dong vuot trdi (xem Hinh
3.30). Cobalt gitip 6n dinh cAu tric NMC/NCA, nhwng cac lwa chon thay thé nhw lithium mangan niken
oxit (LMNO) va NMC mangan cao dang hwéng tdi viéc giam sw phu thudc vao coban, gidi quyét cac
van dé vé khai thac khoang san cé dao dirc. Niken, quan trong cho mat dé nang lwong, van khong
thé thay thé, lam néi bat cac rdi ro chudi cung &ng.

66 https://www.idtechex.com/en/research-report/plug-in-hybrid-and-battery-electric-cars/1043.
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Hinh 3-30. Dw bao Vat liéu Hoat ddng Cathode (CAM) cho cac phwong tién nhe dién héa ¢,

Su phuc hdi ctia LFP, d&c biét 1a trong phan khuc xe dién gia phai chang clia Trung Quéc, tan dung cac
ddi mai & cAp d6 bod pin dé bu dép cac han ché & cip dd té bao, gilp tang thi phan clia né ké tir nam
2019 (xem Hinh 3.31). Sy da dang héa nay gilp gidm thiéu sw bién dong ngudn cung nhung doi héi
cac nha ra quyét dinh phai can bang chi phi, pham vi hoat ddng va tinh bén virng. Pau tw vao LMNO
hoac tai ché cé thé 1a bién phap phong ngtra sw khan hiém coban, mét budc di chién lwoc khi nhu cau
toan cau gia tang

3.3.3.3. Ma HS
Duwéi day la bang cac ma HS cho céac vat liéu hoat dong cathode (CAM):
Bang 3-13. Ma HS cho vat liéu Cathode

R - > R
Ngudn M3 HS M6 ta Chuoi cung fng Sa’;ggiam Ghi chu
HS 74031100 Co thé bao
C th d N 7 PN 7
a‘h o] fas va cac CAM Co gém cac .
phan cua cathodes cathodes bang
déng
HS 382499 at lie 5
Vat liéu hoat déng CAM _ -

cathode PNC-P01
HS 8507.90.8000  v4t ligu cathode cho

; CAM - -
pin
HS 28259090 Oxit cobalt oCAM s Hg’up Chét.
lithium ong  hoac muoi
LCO
HS 2825.90.9000 )
_ _ Mudi NCM,
Hydroxide nickel PCAM/CAM Ca hai bazo, c_JX|t,
cobalt manganese hydroxide,
peroxit

67 https://www.spglobal.com/mobility/en/research-analysis/fuel-for-thought-what-can-oems-do-to-ensure-
a-robust.html.
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3.3.4. Dién phan va mang ngan (Electrolyte & Separator)
3.3.4.1. Chét dién phan

Chét dién phan, mét dung dich muéi lithium trong dung méi hiru co' véi cac phu gia, cho phép chuyén
ion, anh hudng dén tudi tho va do an toan cua pin. Cac lwa chon chét dién phan dao déng tir 1dng (dd
dan dién cao, nhung co rii ro khéng én dinh) dén rén (dung lwong cao, dat tién, chua thwong mai
héa) va gel (an toan, sac cham) (xem Bang 3.14). Chéat dién phan hitu co chiém wu thé nhd vao hiéu
suét, mac du co tinh dé chay, diéu nay thic ddy nghién clru tim kiém cac giai phap thay thé thé ran
an toan hon.

Bang 3-14. So sédnh céc loai chat dién phan véi céc wu va nhwoc diém

Cac loai chat Uu didm

dién phan Nhwoc diem

- Dung lwong lwu trlr cao

- C6 thé lwu trir nang lwong cao

- Khéng cé dendrite

- D6 6n dinh dién hoa tuyét voi tir 0 dén

] 5V -Dattién ] o
C&hét dién phan _ Vong doi dai - l\/IOE sp chét d!e;:n phén ran co van dé
ran - Khéng ro ri vé do6 on dinh dién hoa.

- Khéng d4 - - Khéng c6 trén thi trvdng.
- Khéng sbi

- - C6 thé hoat déng trong
khoang tir -40°C dén 150°C

- Do dan dién cao
i - Trong qua trinh sac va xa, né co thé thich
Chat dién phan (ng véi nhirng thay ddi vé kich thwéc cia
long dién cuc.
- - Thich hgp cho cac dién cwc cé
dung lwvong Ién.

- Khéng 6n dinh vé dién hoéa
- D6 chon loc ion thap.
- Rui ro tiém &n do khéng 6n dinh vé
dién hoa.
- - Khéng tén kém

- C6 thé xtr ly dé dang.
- B6 an toan tuyét voi.
- Trong lvgng nhe.
- B6 linh hoat co hoc tuyét voi.
- Khéng can bao duéng
- Khéng ro ri
- - Kha nang chéng rung tuyét voi

- Chang twong dbi dat.
- - Sac lai cham.

Chét dién phan
dang gel

- Clra s6 dién hoa 6n dinh
Chét dién phan _ ‘Ngan,chanﬂcac phan ng phu cua qua
trinh thay phéan .
- An toan va it nguy hiém
- - Chi phi thAm

- bién ap hoa:c dong gic’vj han
- Kha nang dan dién thap )
- Hoat déng kém & nhiét d6 thap

nwéc




S 2 2 . ‘A , o - Dé Chéy
, J ﬁ?fa 50 on ainh dign hoa rong - D& bi phan hay & dién &p cao hay nhiét
Chat dién phan Ieu suatto do cao
hi -Bodanioncao - D6 én dinh thép
wu co - Linh hoat trong thiét ké » 0N <
Nhe - Chi phi cao

- - Gay anh hwéng t&i moi trvdng

- D6 dan ion cao & nhiét do phong

Chéat dién phan - Hiéu sut chu ky cao - Chi phi cao
polymer ran - Kha n&ng truyén ion [ofy - - Kha nang trwong n& va niet
(SPE) - Kha nang sac va xa tot v& cla polymer

- - Pham vu nhiét dé réng

3.3.4.2. Mang ngén

Mang ngan, moét Iép mang x6p ngan can tiép xtc gilra cac dién cuc, la yéu td then chét trong dam
bao an toan cho pin (xem Hinh 3.34). C4c vat liéu nhw vai khong dét va chat dién phan polymer gitp
can bang gitra do xdp va do 6n dinh. Cac mang ngén tat (PP/PE/PP) sé& chay & nhiét do 135°C (PE)
ho&c 165°C (PP) dé ngirng dong ion, ngdn ngtra hién twong chay né nhiét, mac du nguy co’ qua nhiét
nhanh c6 thé gay ra sw cd. Lép pht gébm cai thién d6 6n dinh nhwng lai lam tang chi phi va rdi ro tach
|&p. Cac mang ngén chirc ndng, st dung khung kim loai-hiru co' (MOFs) véi dién tich bé mat 7.000
m2/g, hira hen cung cip dung lwong gap bay Ian cho pin lithium-metal, dat dwoc chi s6 chuyén ion
lithium 0,68, mac du viéc mé& rong quy mo van la mot thach thie. Mang ngan la mét thanh phén quan
trong trong viéc ddm bao an toan cho pin xe dién. N6 1a mét I6p mang maéng, xdp, ¢ chirc ndng tach
cwc am va cye dwong trong khi cho phép cac ion lithium di qua. Chirc nang chinh ciia mang ngan la
ngan chan tiép xuc gilra cac dién cwe, diéu nay cé thé dan dén ngan mach hoéc hw héng pin.
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Hinh 3-31. Hinh anh so d6 cia mét mang ngén trong pin Li-ion hinh tru va mat cat ngang dwoc

phéng to cua cau tric phan I&p &,

3.4. Ha ngudn (Downstream): San xuéat cell LIB va
lap rap pin

San xuét té bao pin, vién ngoc quy ctia chudi gia tri, dw kién sé chiém 40% gia tri nganh coéng nghiép
vao nam 2030, vai thj trwdng dw bao dat 360 ty USD, tang trwdng 20% hang nam®°. Qua trinh phirc
tap va tbn kém nay — tir 18p rap dién cuwc dén hinh thanh té bao — phat trién manh mé trong cac
gigafactory, dwoc Elon Musk dat tén, s&n xuat hang triéu gigawatt-gi& (GWh) méi nam. Nha may
Northvolt Ett & Thuy Dién, mét lién doanh véi Volkswagen, yéu cau 2 TWh néng lvong sach (chiém
2% tdng nang lwong cta Thuy Dién) 7°, 1am ndi bat nhu ciu vé nang lwong bén virtng Cac gigafactory
gidm chi phi — pin chiém 30-40% chi phi cla xe dién — thuc day qua trinh dién khi hoa, nhwng dbi
mat v&i thach thire tai chinh "ga va trieng": chi phi dau tw cao ($1-2 ty) xung dét véi doanh thu khéng
chac chan va rii ro cdng nghé, dac biét dbi véi cac cdng ty khi nghiép véi han ché vé tin dung.

Qua trinh 13p rap tang dan tir cac té bao pin thanh cac mé-dun (cach dién, tiép xdc dién) va bo pin
(tich hop nhiét, niém phong), vé&i xu hwéng huéng téi viéc ste dung it mo-dun Ién hon dé cat giam chi
phi. C4c thiét ké tir t& bao dén xe, nhw CTP clia CATL va pin blade cia BYD, nang cao hiéu qua va
pham vi hoat déng, da dwoc sén xuét dai tra t nam 2020 cho Hyundai va Kia. Cac nha san xuét 6 to
nhw CATL chiém wu thé trong s&n xuét tich hop, trong khi cac céng ty nhw HyperDrive Innovation

68 https://www.batterypowertips.com/li-ion-batteries-part-4-separators-fag/.

69 McKinsey & Company (2022, January) Capturing the battery value-chain opportunity.
https://www.mckinsey.com/industries/electric-power-andnatural-gas/our-insights/capturing-the-battery-
valuechain-opportunity.

70 Beck & Pollitzer (industrial installation and machine relocation company) What it takes to create a
gigafactory. https://beckpollitzer.com/benelux/what-it-takes-to-create-
agigafactory/#:~:text=The%20amount%200f%20electricity%20req
uired,of%20Sweden's%20annual%20electricity % 20consumption.




nham dén cac thj truéng ngach, mac du kha ndng san xuét ndi bo cé thé lam giam thi phan trong
phan khic nay’72,

3.4.1. Cobng suat san xuat pin/thi phan toan cau

Thi trwéng LIB toan cau dang tréi qua moét lan séng chuyén bién manh mé, dwoc thuc day bdi nhu
cau xe dién (EV) tang vot va nhu cau cép bach vé cac giai phap lwu trir nang lwong. Vao nam 2023,
cong suat san xuét pin da tang vot, v&i Trung Quéc va Hoa Ky déu dat mirc tang trwdng 45% so véi
nam trwdce, trong khi chau Au chi ghi nhan mdc tang khiém ton 25%. Da tang trudng nay dwa Hoa Ky
vao vi thé vwot qua chau Au vao nam 2024, nhd vao Dao luat Giam Lam phat (IRA), cung cap cac
khoan tin dung thué va wu dai dé dia phuwong héa san xuét (xem Hinh 3.32).
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Hinh 3-32. Nang lwc san xuat pin theo quéc gia 7.

Ghi chi: RoW = Phén ¢on lai clia thé gii. Cong suét san xuét pin lithium-ion tai Trung Quéc, Chau Au, Hoa Ky, Nhat Ban, Han
Quéc va céc quéc gia khac duoc sdp xép theo chirc néng cla vi tri tru sé cong ty. Céng suét sén xuét da Iap dat chi dé cép dén
pin EV.

Trén toan cau, cdng suét dy bao sé tang manh tr 1 TWh vao ndm 2022 1&n 7 TWh vao ndm 2030,
tang gap bay Ian nhé vao viéc ap dung xe dién (EV) va tich hop nang lwong tai tao (xem Hinh 3.33).
Tuy nhién, sy mé& réng nhanh chéng nay lam [0 ré sy chénh Iéch khu vie, sy phu thudc quéc té va
cac co hoi chién lwgec ma cac nha lam chinh sach can phai giai quyét dé ddm bao moét twong lai nang
lwong bén virng.

71 Green Car Reports (2022, June) CATL details next-gen cell-topack battery tech with “disruptive” water-
cooling design. https://www.greencarreports.com/news/1136313 catl-detailsnext-gen-cell-to-pack-
battery-tech-with-disruptive-watercooling-design.

72 Medium (2020, October) The Next-Generation Battery Pack Design: from the BYD Blade Cell to
Module-Free Battery Pack. https://medium.com/batterybits/the-next-generationbattery-pack-design-from-
the-byd-blade-cell-to-modulefree-battery-pack-2b507d4746d1.

73 |EA, Global EV Outlook 2024, p. 82.
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Hinh 3-33. Céng suét pin lithium-ion theo thi trwéng (GWh) 74

Trung Québc dan dau véi sw kiém soat manh mé, thé hién qua viéc kiém soat 75% trong s6 hon 300
gigafactory da dwoc I&én ké hoach hoac dang dwoc xay dwng trén toan cau. Trong Trung Quéc, cdng
suéat san xuét kha phan bd, nhwng ba nha san xuat hang ddu — CATL, BYD va Gotion — kiém soat
gan 50% san lwong trong nwéc, tan dung loi thé quy mé sén xuét dé dap ¢ng nhu cau ca trong nwéc
va xuat khau. Tuy nhién, sy dan dau ctia Trung Québc khdng phai 1a khdng cé thir thach. Chau Au va
Béc My dang dan chiém linh thi phan théng qua céc lién doanh chién lwgc va cac sang kién do chinh
sach thuc day. Tai Bac My, 14 trong sb 23 gigafactory dang trong ké hoach hoan toan hodc chung s&
hiru bdi cac nha san xuéat 6 td, diéu nay bao hiéu sy chuyén hwéng sang san xuét dia phwong dé dap
(rng yéu cau vé quy tac xuat xt va giam sw phu thudc vao cac san phadm nhap khau tr chau A.

Sw hop tac qudc t& lam ndi bat cudc dua toan ciu nay. Cac codng ty chau A, dac biét tir Han Québc va
Nhat Ban, déng vai trd quan trong trong viéc hinh thanh cac canh quan san xuét ngoai bién gi¢i cta
ho. Céac cong ty Han Quéc, dan dau béi LG Energy Solution, chiém 350 GWh cong suéat ngoai Han
Québc, trong khi cac céng ty Nhat Ban, chi yéu la Panasonic, déng gop 57 GWh céng suét ngoai Nhat
Ban. Céc cong ty Trung Quéc, méc du chd yéu tap trung vao thi trudng trong nwéc, da thiét 1ap 30
GWh c6ng suat & nwdc ngoai, thudng thong qua cac ddi tac nhw cac nha may ciia CATL tai Blirc va
Hungary. Tai chau Au, cac cong ty Han Quéc chiém wu thé, s& hivu 75% cdng suét san xuét cta khu
vure, véi nha may cta LG tai Ba Lan chiém 50% trong sé d6 (35 GWh vao nam 2023, theo Bang 3.31
trong Muc 3.4.2). Tai Hoa Ky, san xuat dwoc tap trung vao bdn nguoi choi chi chét — Tesla,
Panasonic, SKI va LG — v&i cac gigafactory clia ho, chang han nhw Giga Nevada cuia Tesla (100
GWh méi nam), dang mé& réng nhanh chéng dé dap &ng nhu cau xe dién trong nuéec.

74 Marjolin, A. 2023. Lithium-ion battery capacity to grow steadily to 2030. S&P Global.
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3.4.2. MGt s6 cong nghé pin moi
Khi nhu cau lwu tri» ndng lwong tang vot, du kién dat 680 ty USD vao ndm 2034 (CAGR 16,6%), cac
pin lithium-ion truyén théng—dé bi qua nhiét—dang phai d6i méat v&i sy kiém tra chat ché, thuc day
cac dbi mai nhw thiét ké pin thé ran va pin natri-ion.

e Pin graphene, v&i thj truong dat 716 triéu USD vao ndm 2031 (CAGR 23,1%), cung cép
kha nang sac nhanh va an toan théng qua Nanotech Energy va Samsung.

e Pin lithium-metal, v&i mat do nang lwong gap ddi lén dén 500 Wh/kg, nham dén thi trudng
68,7 ty USD vao nam 2032 (CAGR 21,96%), méc du dendrite c6 thé gay rii ro.

e Pin aluminum-air hira hen pham vi di chuy&n 1.000 dam cho xe dién (20,1 ty USD vao nam
2037, CAGR 4,1%), trong khi pin magnesium-ion va calcium-ion tan dung ion da tri va do
bén.

e Pin zinc-air va quantum dot nang cao tinh kha thi vé gia ca va téc d, va pin lithium-sulfur,
v&i nha may tri gia 1 ty USD clia Lyten tai Nevada (10 GWh vao nam 2027), gidi quyét van
dé polysulfide shuttle.

e Pin silicon-anode (131 ty USD vao nam 2033, CAGR 47,5%) va pin thé ran (24,4 ty USD
vao nam 2032, CAGR 36,4%) tv CATL va Toyota dang vweot qua gidi han, voi trong tam
clia CATL vao NCM trj gia 6 ty USD va mé réng toan cau.

Théng tin chi tiét v& cac cong nghé nay cé thé dwoc tim thdy trong Phu luc 1.

3.4.3. Cac nha dau tv va dy an san xuat pin

San xuét pin la mot qua trinh tdn kém va san xuat tp trung cao dd, v&i ba nha sén xuét hang dau vao
nam 2022 la CATL, BYD (Trung Quéc), LG Energy Solution (Han Quéc), va Panasonic (Nhat Ban),
chiém 65% san lwong toan cau (Hinh 3.49). Cac nha san xuét pin tr Nhat Ban va Han Quéc thudng
la nhirng tap doan I&n cé nhiéu thap ky kinh nghiém trong viéc san xuét pin cho cac thiét bj dién to
tiéu dung.
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Hinh 3-34. Ning lwc san xuat pin lithium-ion cta cac nha san xuat nam 2022, 2023 7>

Kha nang mé rong san xuat la yéu td then chét trong giai doan ha nguén clia chudi cung &ng pin, gitp
cac nha san xuét dap &ng nhu cau ngay cang tang vé pin cho cac trng dung khac nhau. Bé dat dwoc
diéu nay, cac nha san xuat dau tw vao cac co sé& san xuat quy mé Ién dwoc trang bi may moc hién
dai va tw dong hoa. Vi du, Tesla da xay dwng Giga Nevada, mot nha may san xuét khdng 16 véi cong
suéat san xuat hang ndm vuot qua 100 GWh. Co s& nay khéng chi san xuét pin cho cac mau xe cla
Tesla ma con cho cac giai phap lwu trir nang lwgng nhw Powerwall va Powerpack. Twong tw, CATL
da thiét 1ap mot loat cac co s& san xuét quy mé Ién tai Trung Quédc, bao gdm nha may Ningde, voi
coéng suat hang nam 1a 100 GWh. LG Chem ciing van hanh céc co s& san xuét quy mé Ién tai Han
Quéc va Ba Lan, trong dé nha may & Ba Lan c6 cong suét 70 GWh méi ndm.

Nhirng tién bd cong nghé déng vai trd quan trong trong viéc cai thién hiéu qua san xuét va kha nang
m& rong. Viéc st dung may phu tbc d6 cao, thiét bi xép chéng va cudn tw ddng, cung véi cac hé théng
bom chinh xac gidp gidm thiéu 16i cia con ngudi va ting tbc dd san xuét. Panasonic va LG Chem la
nhirng coéng ty dan dau trong viéc tan dung robot diéu khién bang Al va hé théng kiém soat chat lwong
dé t6i wu hoa day chuyén san xuét, giup mé réng quy mé nhanh chéng trong khi van duy tri cac tiéu
chuan cao.

75 World’s Top 10 Battery Manufacturers in 2023 — Clean Technica
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Dé dap &ng cac loai hda hoc va ciu hinh pin khac nhau, cac nha san xuét ciing thiét k& cac day
chuyén san xuét linh hoat c6 thé dé dang diéu chinh dé san xuét nhiéu loai pin khac nhau. Diéu nay
gitp ho thich (rng véi nhu cau thi trwéng thay déi va tién bd cdng nghé. Vi du, BYD da trién khai cac
day chuyén san xuét mé-dun cé kha ndng san xuét ca pin LFP va NMC, tuy thudc vao yéu ciu cla
thi treong. Sw linh hoat nay gitip BYD diéu chinh san xuat dé dap (rng nhu cau cu thé ctia khach hang
va thj trwdng.

Bang 3-15. Cong suéat san xuét pin LIB theo cac céng ty. Source: SC Insight

) Céng suat 2023 .
Vi tri Cong ty Xuat xup (bao gom mé& Thi phan (%) Sw hién dién
rong)
1 CATL Trung Quéc 552 GWh 30% Toan cau
2 LG Chem Han Quéc 172 GWh 15% Toan cau
3 BYD Trung Quéc 148 GWh 13% Toan cau
4  Samsung SDI Han Québc 109 GWh 9% Toan cau
5  SKInnovation Han Quéc 92 GWh 8% Toan cau
6 Panasonic Nhat Ban 80 GWh 7% Toan cau

Déi thi canh tranh va nha san xuét I&n thi hai cia CATL la LG Chem dang phat trién moét chién lwoc
nham vao cac khu vuc dia ly bén ngoai Han Quéc: tinh dén hém nay, dw an Ién nhét ctia ho (Wroclaw,
Ba Lan) ndm ngoai Han Quéc, v&i viéc bb sung thém hai dw an chién lwoc tai Hoa Ky (Bang 3.16).

Bang 3-16. Cac nha may san xuat pin LIB ctia LG Chem. Source: SC Insight

Xép . £ - . San lwong
hang Nha may Quoc gia Loai pin Héa hoc 2023
1 LG Chem Wroclaw  gg ) 4 Pouch NCM 622 35 GWh
Energy
2 LG Chem My Pouch NCM 622 12 GWh
Michigan
3 LG Chem Han Quéc  Han Quéc Pouch NCM 622 10 GWh
4 LG Chem/Geely Trung Quéc Pouch NCM 622 3.5 GWh
5 LG Chem Han Quéc  Han Quéc Hinh try * NCM 532 3.5 GWh
6 LG Chem/GM, My Pouch NCM 811 1.3 GWh
Lordstown
7 LG Chem Han Quéc  Han Quéc Pouch * LCO 0.6 GWh
8 LG Chem Han Quéc  Han Quéc Lang try * LCO 0.3 GWh




Va cubi cung, cdéng ty I&n thi ba trén toan cau; Build Your Dreams con dwoc goi la BYD. Cong ty ¢o
chién lvoc khac so véi CATL va LG Chem, theo nghia la phan I&n nang lwc ciia ho dwoc trién khai
tai Trung Quéc véi cong suat trung binh dén thap. V& méat héa hoc, cong ty da da dang hda véi EV,
ESS va cam tay, véi thi phan dang ké trén LFP. Dwéi day, Bang 3.17, 16 nha may I&n nhat ma BYD
van hanh tryc tiép:

Bang 3-17. Cac nha may san xuét I&n nhat ctia BYD. Source: SC Insights

Xép hang Nha may Quéc gia Loai pin Héa hoc Sar;(l)t;gng
1 BYD Changsha Trung Quéc Lang tru NCM 532 15 GWh
2 BYD Qinghai Trung Quéc Lang try NCM 622 12 GWh
3 BYD Chonggqing Trung Quéc Khac LFP 12 GWh
4 BYD Xi'an Trung Quéc Lang try NCM 622 12 GWh
5 BYD Shenzhen Trung Quéc  Lang try LFP 10.5 GWh
(Kengzi)
6 BYD Yancheng Trung Quéc Khac LFP 9 GWh
7 BYD/Changan JV Trung Quéc Lang try NCM 811 7 GWh
8 BYD Changchun Trung Quéc Khac LFP 7 GWh
9 BYD Guiyang Trung Quéc Khac LFP 6 GWh
10 BYD Zengcheng Trung Quéc Tui NCM 811 5 GWh
1 BYD Shengzhou Trung Quéc Khac LFP 4 GWh
12 BYD Huizhou Trung Qubc Tui LFP 3.5 GWh
13 BYD Xiangyang Trung Quéc Lang try NCM 811 1.9 GWh
14 BYD Chuzhou Trung Quéc Khac LFP 1.5 GWh
15 BYD Shenzhen Trung Quéc Tai LCO 1.4 GWh
(Kengzi)
16 BYD Bengbu Trung Quéc Khac LFP 1 GWh
3.4.4. Dong chay thwong mai va ma HS

Phan I6n nhu cau vé pin cho xe dién hién nay cé thé duwoc dap trng bang san xuét trong nuéc hodc khu
vue tai Trung Qudc, Chau Au va Hoa Ky. Tuy nhién, ty trong nhap khau van twong dbi I6n & Chau Au
va Hoa Ky, lan lwot dap ing hon 20% va hon 30% nhu ciu vé pin xe dién. Trung Quéc la nwéc xuét
kh&u pin xe dién I&n nhat thé gidi, véi khodng 12% pin xe dién dwoc xuét khau.

San lwgng tai Chau Au va Hoa Ky dat lan lwgt 110 GWh va 70 GWh pin xe dién vao nam 2023, va
2,5 triéu va 1,2 triéu xe dién. Tai Chau Au, cac nha san xuét pin Ién nhat Ia Ba Lan, chiém khoéng
60% tbng sb pin xe dién dwoc san xuét trong khu vire vao ndm 2023 va Hungary (gan 30%). Birc dan
dau san lwong xe dién tai Chau Au va chiém gan 50% san lwong xe dién ctia Chau Au vao nam 2023,
tiép theo |a Phap va Tay Ban Nha (méi nwéc chi dudi 10%).

Sén xuét pin & Trung Québc dugc tich hop nhiéu hon so véi & Hoa Ky hodc Chau Au, do Trung Quéc
doéng vai trd dan dau trong cac giai doan thwong ngudn clia chudi cung ¢ng. Trung Québc hién chiém
gan 90% cong suét san xuét vat liéu hoat tinh catdt dwoc I&p dat trén toan ciu va hon 97% cong suat
san xuat vat liéu hoat tinh anode. Cac quéc gia duy nhat co thi phan dang ké vé cong suét san xuét
vat liéu hoat tinh catét bén ngoai Trung Quédc hién nay la Han Quéc (9%) va Nhat Ban (3%). Tuy
nhién, cac chudi cung (rng khac nhau la can thiét cho cac loai hda chat khac nhau. Trung Quéc 1a noi
c6 gan 100% codng suat san xuat LFP va hon ba phan tw céng suét san xuét lithium niken mangan
coban oxit (NMC) dwoc |&p dat va cac loai hda chat gbc niken khac, so véi 20% & Han Quéc. LFP 14
loai héa chat phd bién nhét trén thi trueng 6 t6 dién Trung Quéc, trong khi pin NMC phd bién hon &
thi trworng 6 t6 dién Chau Au va Chau My.
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Tuy nhién, vai trd d&n dau hién tai ciia Trung Quéc trong san xuét pin phai trd gia bang mic cong
suét du thira cao. Nam 2023, khéng tinh thiét bj dién t&r cam tay, Trung Québc st dung chwa dén 40%
san lwong pin téi da, 20 va cong suét san xuat vat liéu hoat tinh catét va anot I&p dat I6n hon gan 4
va 9 14n so v&i nhu ciu pin EV toan cau vao ndm 2023. Bé tan dung mot s6 cong suét dw thira nay,
Trung Quéc 1a nwéc xuat khdu pin EV, catbt va anot I&n nhat trén toan cau. Tuy nhién, diéu nay da
lam gidm dang k& bién lgi nhuan ctia cac nha san xuét, diéu nay co thé khién mot s6 nha san xuét
g&p rai ro néu ho khéng tim dwgc du khach hang bén ngoai Trung Quéc.

T& bao pin San xuit EV Pang ky EV

Han Quoc

Han Quéc
NhétBan A ST 0 _NhatBan N3t Ean
ROW “— —ROW

IEA. CC BY 4.0.

Hinh 3-35. Dong chay thwong mai toan cau déi véi pin lithium-ion va 6 to dién, 2023 7.
Note: EV=xe dién; RoW=Phan con lai cua thé gi&i. Don vi GWh.

Dong chay biéu thi cac bd pin dwoc san xuét va ban dwdi dang EV (Hinh 3. 35). Thwong mai rong vé
pin dwoc moé phdng theo nhu cau vé pin cla tirng khu vire déi véi tirng nha san xuét pin va gia dinh
rang san xuét trong nuwéc duwgc wu tién hon nhap khdu. Khodng céach cudi cung gitra san xuét trong
nwéc va nhu ciu vé pin dwoc 1ap day théng qua nhap khau, dwoc chi dinh 1& ham cla nang lwc san
xuét chuwa st dung cula cac khu vye khac sau khi dap trng nhu cau ndi bo clia ho. Phan tich nay khong
xem xét sdn xuét pin cho cac &ng dung dién t&r c6 dinh hodc di dong hodc dw trib.

8 [EA, Global EV Outlook 2024, p. 81.



Bang 3-18. Ma HS cho cdc loai pin lithium-ion

: Chusi cun San pham
Nguén Ma HS M6 ta ! g hoan Ghi cha
tng LIB chinh
HS 85076000  Fin lithium thir LIB co -
cap
S Pin lithium-ion dwoc
HS 8507600010 @ n lithium LIB co st dung lam nguon
thtr cap nang lwong chinh cho
cac phuong tién dién
HS 8507600010 Pin Iithium thi LIB Co Cé’c loai pin lithium-ion
cap khac

HS 8506 Pinsocapva | ian quan Co ;

pin chinh

i z . Pi X lithi N
HS 85065000 NSO CAPVA s oiian co in o cap {ifhium va

pin chinh pin chinh

B £ . Cac loai pin

HS 8506509090 ' MSocaAPVA sy quan Cé so cép lithium

pin chinh .

khac
HS gso7  ~gauydien, bao e ian co ;
gom ca bd tach

HS 85078000 G AUy dien.bao . ian Co Cac loai &c quy khac

gdm ca bo tach

Thi trwdng LIB toan cau dang mé réng nhanh choéng, véi cong suat san xuét dw kién sé ting gap nam
l&n, tr 1.100 GWh vao ndm 2021 I&n 5.500 GWh vao nam 2030, cha yéu nho vao viéc cac nha san
xuét I&n mé rong san xuat dé dap (rng nhu cau xe dién (xem Hinh 3-36). Dang chu y, dw béo xe dién
sé chiém 80% tdng san lwong LIB vao nam 203077, diéu nay lam tang nhu ciu quan ly hiéu qua vong
doi san phadm (EOL). Sy tang trwdng nay tao ra ca thach thirc va co hdi trén toan chudi cung trng, tir
khai thac nguyén liéu thé dén tai ché. Céac chién lwoc EOL hiéu qué — tai ché, tai st dung va tai ché
— c6 thé gidm nhu clu vé nguyén liéu chinh Ién dén 12% vao nam 2040 va gidm phat thai khi nha
kinh (GHG) 1én dén 23% so v&i nguyén liéu khai thac. Déi véi cac nha lam chinh sach, phan nay cung
cap mot khuén khé chién lwoc dé thic day tinh bén virng théng qua déi méi, quy dinh va dau tw, dam
b&o mét nén kinh té tuan hoan hd tro' cac muc tiéu gidm carbon db thi.

7 Global lithium-ion battery capacity to rise five-fold by 2030. Wood Mackenzie. Available at:
https://www.woodmac.com/press-releases/global-lithium-ion-battery-capacity-to-rise-five-fold-by-2030/
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Hinh 3-36. Ndng Iwc san xuat pin cta 15 nha san xuét toan cau (bao gém ca Joint Ventures)

3.5.1. Taiché pin LIB — Céng nghé, xu hwdng va co hoi
3.5.1.1. Quan ly sw gia tang pin EOL va con dwong khai thac gia tri

Dw bao viéc ap dung xe dién (EV) sé tao ra mét lwong I&n phé liéu san xuét va pin EOL, khi hau hét
céac pin xe dién dat dén cudi vong ddi dau tién sau 10-15 nam. Sau do, hau hét cac pin nay sé duwoc
tai ché (vi duy, tai Vwong quéc Anh, pin EV dwoc thu gom va glri dén EU dé tai ché). Viec mé rong
quy mé cac quy trinh tai ché la can thiét d& quan ly sy gia tdng nay, mang dén co hoi khai thac gia tri
qua ba con dwdng chinh:

e Tai san xuét (remanufacturing) (tai sn xuat cac bo pin da qua s dung, vi du, bang cach
thay thé hodc nang cép cac thanh phan pin nhat dinh truéc khi pin dwoc st dung lai trong
cung mot xe dién hodc xe dién khac),

e Tai strdung (Tai st dung pin cho lan st dung th hai khac vé&i muc dich san xuét ban dau
cua no),

e Tai ché (Pha v& pin dé thu hdi cac nguyén liéu thd cé gia tri clia né. Pin cling bi loai bd
trong qua trinh s&n xuét vi khéng dap (ng dwoc cac yéu cau vé chat lwong ddi véi EV, tao
co hdi cho cac cong ty cong nghé tai ché hop tac véi cac nha may gigafactory).

Tbng hop lai, nhirng diéu nay cé thé gitip gidm nhu cau cung cép chinh dbi véi nguyén liéu thé can
thiét dé san xuét pin t&i 12% vao nam 2040 7° va ciing giup tao ra nén kinh té tuan hoan trong chudi
cung (*ng c6 thé gidp gidm chét thai va gidm thiéu mirc tiéu thu nang lwong; nguyén liéu thd duwoc
san xuét tlr cac nha may tai ché woc tinh tao ra lwong khi thai GHG thdp hon 23% so véi vat liéu khai
thac 8. Nhirng loi thé nay vira giam thiéu rii ro vé ngudn cung nguyén liéu thdé cho cac dy an, vira co
thé dan dén lwong khi thai trong vong doi thap hon dbi véi EV.

8 The University of Warwick (2020, September) Automotive Lithium ion Battery Recycling in the UK
(report summary). https://warwick.ac.uk/fac/sci/wmg/business/transportelec/22

350m_wmg_battery recycling_report_v7.pdf

79 |[EA (2021, May) The Role of Critical Minerals in Clean Energy Transitions. Available at:
https://iea.blob.core.windows.net/assets/ffd2a83b- 8c30-4e9d-980a-
52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransiti ons.pdf

80 |OPScience (2015, January) Life-cycle implications and supply chain logistics of electric vehicles.
Available at: https://iopscience.iop.org/article/10.1088/1748- 9326/10/1/014011/pdf
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Dau tién, vé viéc xac dinh tinh phu hop dé tai ché hodc tai str dung, cac nha san xuét 6 t6 thwéorng bao
dam réng pin xe dién sé& duy tri t» 70-80% tinh trang strc khde ban dau (SOH), mét ngwéng ma hau
hét cac pin dat dwoc sau hon moét thap ky s dung 8. Cac quéc gia ciing dang nd luc hwdng téi tiéu
chuan héa — vao nam 2022, Uy ban Kinh té Lién Hop Quéc cho Chau Au (UNECE) da cap nhat cac
quy dinh dé thiét 1ap mét tiéu chuan d6 bén cho pin xe dién. Cac quy dinh nay yéu ciu pin phai c6 it
nhat 70% dung lwong con lai sau tAm nadm ho&c 100.000 d&m l&i xe. Céac tiéu chuan d6 bén dy kién
sé& c6 hiéu lwc tai chau Au vao nam 2027 82. C4c pin c6 mirc SOH thdp hon yéu cau cla xe dién van
c6 thé phu hop vé&i cac (rng dung khac cé yéu cau hiéu suét thap hon, tao co hdi cho viéc tai ché
hodc tai str dung. Vi duy, trong cac &ng dung lwu tri tinh, sy thiéu hut dung lvgng co thé dwoc bu dép
bang cach str dung mét lwong 16N cac té bao pin. Cac tng dung khac nhau c6 thé wu tién dung lwong
ho&c cdng suét, co nghia la mét chi s6 SOH c¢6 thé quan trong hon chi sb con lai. Vi du, can bang tan
sb lwéi yéu cau cong suat cao nhung dung lwong thap, trong khi luu trir ndng lvong PV mét tréi yéu
cau dung lwong cao hon cong suéat dau ra.

Tuy nhién, viéc dw doan chinh xac SOH |a mét van dé phirc tap, vi sw suy giam thay déi tuy theo cac
yéu t6 str dung nhu sac nhanh thwdng xuyén, nhiét do cuwc doan va lai xe tbc dd cao. Cac nha san
xuét 6 t6 theo ddi SOH théng qua hé théng quan ly pin (BMS), ngay cang st dung cac cam bién té
bao dé thu thap dir liéu thdi gian thwe nhdm phuc vu viéc béo tri va cai tién thiét ké. Sy ngan ngai
chia sé dir liéu SOH vé&i cac bén thir ba budc cac cong ty tai ché phai phat trién cac céng cu danh gia
thay thé, nhw mé hinh xa (gidm thoi gian kiém tra xudng chi con vai phut) va ban sao sb (mé hinh hoc
may dy doan sy suy gidam, cling |a mét phan quan trong trong viéc theo déi chudi cung (ng qua hd
chiéu pin).

3.5.1.2. Cac cbng nghé tai ché pin chinh dwoc str dung hién nay:

Céc nha may tai ché thuong sé sir dung mét trong hai phwong phap khac nhau dwoc néu chi tiét bén
dwéi, mac du cac cong ty dang thir nghiém cac phwong phap két hop bao gébm sw két hop clia ca hai
phwong phap nham téi da hda ty 1& thu hoi vat liéu 8.

e Luyén kim nhiét: Phwong phap nay lién quan dén viéc nung chay pin dé tao ra mot san
pham thai 1a xi cung véi hop kim ctia cac kim loai quy. Hop kim sau d6 can phai dwoc xtr
ly thém dé thu hdi cac vat lieu cé thé st dung. Phuong phap nay co thé tai ché pin clia cac
loai héa hoc khac nhau, nhwng chi thu hdi dwoc mét s6 nguyén liéu thdé nhéat dinh (nhw
coban va niken, trong khi khéng thu héi dwoc mangan hoac lithium), ty 1& thu hdi thwong
duwdi 50% 84va tiéu tbn nhiéu nang lwong 8°.

e Luyén kim thuy: xt ly co hoc thong qua viéc thao d& hoac cat nhd. Sau do, vat liéu anot
va catot dwoc thu thap dwdi dang "Khéi den" va sau d6 cac vat liéu hoat tinh dwoc chiét
xuét tlr vat liéu da tach ra bang axit manh. Diéu nay cé thé dan dén nidng suét 1én dén
99%3, tuy nhién tén nhiéu thoi gian hon, st dung nhiéu nwéc hon va khdng cé chét dién
phan phuc hdi.

81 GEOTAB (2019, December) What can 6,000 electric vehicles tell us about EV battery health? Available
at: https://www.geotab.com/uk/blog/ev-battery-health/

82 BVRLA (2023, May) Battery Health: Supercharge Your Knowledge. Available at:
https://www.bvrla.co.uk/resource/battery-health-16-may- 2023.html

83 ScienceDirect (2021, April) Hydrometallurgical recycling of EV lithium-ion batteries. Available at:
https://www.sciencedirect.com/science/article/pii/S0956053X 21001082.

84 Duesenfeld (battery recycling company) Comparison of different methods for recycling lithium-ion
batteries. Duesenfeld. Available at: https://www.duesenfeld.com/comparison _recycling.html.

85 The University of Warwick (2020, September) Automotive Lithium ion Battery Recycling in the UK
(report summary). Available at: https://warwick.ac.uk/fac/sci/wmg/business/transportelec/22
350m_wmg_battery recycling_report_v7.pdf.

86 National Library of Medicine (2020, December) The Current Process for the Recycling of Spent Lithium
lon Batteries. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7744654/; Union of Concerned Scientists
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e M6t dbi mai trién vong, tai ché cuc dwong truc tiép, tach cac thanh phan trong khi van bao
tdn cu trdc cla chung dé tai s&v dung trong cac pin méi, cé thé thu hdi thém cac vat liéu
nhw mang ngan. Cac cong ty nhv Redwood Materials & My dang xay dwng cac nha may
luyén kim w6t dé x&r ly ca vat liéu khai thac va tai ché, giam phat thai carbon, trong khi
Ecoshred & Vwong quéc Anh da huy dong dwoc 1,82 triéu bang 87 dé cai thién viéc thu hdi
phé liéu cong nghiép. Ty déng hoa ciing dang dwoc ap dung manh mé dé gidi quyét chi
phi lao déng 23% tai cac nha may tai ché, nang cao hiéu qua.

Tinh kha thi vé kinh té cta viéc tai ché phu thudc vao héa hoc cia pin. Cac pin ¢é ham luong niken
cao mang lai lgi nhuadn cao hon nh& vao coban va niken quy gia, trong khi cac pin lithium iron
phosphate (LFP), chira cac vat liéu cé gia tri thAp hon nhw phét pho va sét, kém loi nhuan hon khi tai
ché (xem Hinh 3.37) 8.

Chi phi ctia pin méi Gia tri trong pin EOL

%
13%
S
3%
@ Vatliéu hoat tinh durong @ Vat ligu hoat tinh cuc duong
Graphite B4 thu dong am
Bd thu dong am » Graphite
@ Carbon + chat két dinh @ B& thu dong duong

@® B& thu déng duong
Mang ngan
Chat dién phan

Hinh 3-37. So sanh sw phan chia gia tri ctia cac té bao méi va EOL &

3.5.1.3. Thij trirong tai ché, tai str dung va tai ché pin trén toan cau:

Trén toan cAu, tai ché, tai st dung va tai st dung pin EV hién la mét thi treéng twong ddi méi nhung
dw kién sé ting trwéng dang ké&. Hau hét cac cong ty tai ché pin dang hoat dong hién nay déu 13 cac
cong ty tai ché doc lap, nhung cac nha san xuét 6 t6, nha san xuét pin, cong ty khai thac va ché bién

(2022, July) Are EV Batteries Recyclable? htips://blog.ucsusa.org/jessica-dunn/are-evbatteries-
recyclable/.

87 UKRI (Gateway to Research) Recovering battery grade materials from upgraded black mass to enable
remanufacturing of automotive battery products in the UK. Available at:

https://gtr.ukri.org/projects ?ref=10043366.

88 Clean Technica (2023, February) Guiding Principles for EV Battery Recycling Policy. Available at:
https://cleantechnica.com/2023/02/28/quiding-principlesfor-ev-battery-recycling-policy/.

89 Guide to Investing in the EV Battery Supply Chain, Green Finance Institute, p. 51.




dang bét diu tham gia thj trwéng. Quy dinh dang thic day ting trwdng, bao gbm ca viéc chinh phd
Trung Quéc ban hanh mét loat chi thj trong vai nam qua dé khuyén khich tai st dung pin % va cac
quy dinh ctia EU gan day dwoc phé duyét vé tai ché vat liéu pin cé kha nang tao ra mét thi truorng
c6 gia tri hon cho pin EOL.

Hién tai, v&i s6 lwong xe dién EOL it dé tai ché, viéc tai ché pin c6 xu huwéng dién ra gan véi hoat
doéng san xuét pin va co s& kinh doanh ctia né chti yéu dwa vao chat thai san xuat lam nguyén liéu
dau vao. Do dd, Trung Quéc théng tri nang luc tai ché toan ciu (chiém 80% thj phan ') vi nwéc nay
la noi ¢6 phan I&n cac nha san xuét pin, déng thoi ciing tao ra lwgng phé liéu quy trinh I&n nhét 92,
Gan day, CATL, nha san xuét pin I&n nhat thé gidi, da dau tw 2,79 ty bang Anh dé xay dwng mét co
s& & Quang Doéng, mién nam Trung Quéc, noi sé& tdng gap bdn 1an nang luwc tai ché pin Li-ion hién
tai va gan gap déi nang lwc tai ché hién tai ciia Trung Quéc %. Hinh 3. 38 minh hoa nang lwc tai ché
theo khu vire tinh dén nam 2021.

Germunyl 1,500
Australia I 3,000
Belgium . 7,000

us. [l 20,000
South Korea - 24,000
china [N 230,700

inh 3-38. Néing Iwc tai ché toan cau, tinh bang tan (Hon 80% nang Iwc tai ché pin cla thé gi¢i nam &
Trung Quoc) %

Han Quéc 1a mét trong nhivng qudc gia di dau trong viéc tai ché pin Li-ion do cé thé tiép can phé liéu
tr quy trinh s&n xuat pin va ngwdi mua vat liéu cling nhw sw hd tro manh mé cla chinh phi. Gan day,
chinh pht da dau tw 25 ty bang Anh dé hé tro dw an phat trién cong nghé pin Li-ion kéo dai bén nam
nham phat trién co s& ha tang hé tro tai ché va tai st dung pin %.

Chau Au va Hoa Ky ¢6 it nha san xuét pin hon va do dé cd it vat liéu va it don vi tai ché hon, tuy
nhién, luat tdng sén xuét va bat buéc ngudng vat liéu tai ché trong pin EV (IRA & Hoa Ky va Chi thi
vé pin clia EU méi dwoc phé duyét %) dang thic day sw thay déi. Nang lwc tai ché ngay cang téng
dw kién sé lam tang cwong canh tranh trén toan cau déi véi ngudn cung phé liéu han ché gitra cac
nha san xuét pin, vé&i nhiéu céng ty dang tim cach hinh thanh quan hé dbi tac dé dam bao vat liéu tai
ché.

9 Electrive (2022, January) Battery reuse & recycling expand to scale in China. Available at:
https://www.electrive.com/2022/01/29/batteryreuse-recycling-expands-to-scale-in-china/.

91 Bloomberg UK (2022, September) The Next Big Battery Material Squeeze Is Old Batteries. Available
at: https://www.bloomberg.com/news/articles/2022-09-01/thenext-big-battery-material-squeeze-is-old-
batteries.

92 Benchmark Minerals (2022, September) Battery production scrap to be main source of recyclable
material this decade. Available at: https://source.benchmarkminerals.com/article/batteryproduction-scrap-
to-be-main-source-of-recyclablematerial-this-decade.

93 Benchmark Minerals (2023, January) CATL to quadruple recycling capacity with $3.5 billion investment.
Available at: https://source.benchmarkminerals.com/article/catl-toquadruple-recycling-capacity-with-3-5-
billion-investment.

9 Guide to Investing in the EV Battery Supply Chain, Green Finance Institute, p. 52.

9 Alfred H Knight (2023, January) Battery Recycling In South Korea — Circular Economy.
https://www.ahkgroup.com/batteryrecycling-south-korea/.

% European Commission (2022, December) Green Deal: EU agrees news law on more sustainable and
circular batteries to support EU’s energy transition and competitive industry.
https://ec.europa.eu/commission/presscorner/detail/en/ip_2 2_7588.




Vi du, Glencore, cong ty tai ché rac thai dién t& hang dau Bac My, gan day da thiét lap quan hé déi
tac vai Li-Cycle, mot cong ty tai ché pin Li-ion. Cong ty nay sé dau tw 200 triéu d6 la My théng qua no
chuyén dbi va sé cung cp cho Li-Cycle nguyén liéu tai ché pin va thiét 1ap cac théa thuan mua ban
vat liéu pin. Glencore gan day ciing da cong bd ké hoach xay dwng nha may tai ché pin I&n nhét chau
Au tai Y, s&n sang vao nam 2027 7.

3.5.2. Chinh sach va quy dinh lién quan dén quan ly chat thai
pin (EPR-Extended Producer Responsibility, tiéu chuan

moi trerdng...)
Nhu cau clp bach gidi quyét van dé rac thai pin xuét phat tir sw mé& rong nhanh chéng cla viéc ap
dung va san xuét xe dién, doi hdi cac chinh sach can bang gitra tang trwdng kinh té va bao vé madi
trwong. Cac quy dinh nay cé nhivng muc tiéu chung: nang cao hiéu qua thi trwéng, thuc dy tinh tuan
hoan va gidm thiéu tac dong x4u dén mai trwéng va xa hoi. Ching dét ra cac tiéu chuan bat budc dbi
v&i cac nha san xuét, nha nhap khau va nha phan phéi, dwoc diéu chinh phu hop véi cac wu tién khu
vire va nang lwe cdng nghiép.

3.5.2.1. Lién minh Chéu Au: Quy dinh Pin EU 2023/1452
DPuoc cong bd béi Uy ban EU vao ngay 28 thang 7 ndm 2023 va cé hiéu lwc tr ngay 17 thang 8 nam
2023, Quy dinh Pin EU (EU) 2023/1542 thiét lap mét khudn khd toan dién v&i ba muc tiéu chinh:

e Nang cao Thi trwdng Noi bd EU: Tinh gon san xuét, ché bién va tai ché pin, bao gdm ca
quan ly chét thai.

e Thic day Kinh t& Tuan hoan: Khuyén khich tai st dung va tai ché tai nguyén dé giam suw phu
thudc vao vat lieu maéi.

e Giam Thiéu Tac dong Mai trwdng va Xa hoi: Gidm thiéu khi thai trong subt vong ddi va dam
bao ngudn cung &ng cé dao dirc.

7G

Quy dinh nay &p dung cho tat ca céac loai pin trén thj trwdng EU (ngoai trir muc dich quéan s, khéng gian

va hat nhan) va yéu cau:

e Tiéu chuan Bén virng va An toan: Dam bao cac pin dap (rng cac tiéu chi méi trudng va hiéu
suat.
e Ghinhan, Danh d4u va Théng tin: Y&u cau nhan dién rd rang va truy xuat ngudn gbc.

e Cén trong va Kiém tra: Thuc thi viéc cé ngudn cung &ng c6 trach nhiém va giam sat chudi cung

ng.
e Quan ly Pin Thai: Bwa ra cac quy trinh thu gom, x(r ly va xt ly chét thai.
e Ho chiéu Pin: Cung cap hd so s6 dé theo d&i vong ddi.

e Mua sdm cong xanh: U'u tién cac lwa chon than thién véi méi tridng trong cac hop dong cong.

Céc nghfa vu nay mé rong dén cac nha san xuét pin, nha nhap khau va nha phan phéi, nhirtng nguoi
phai tuan thi cac quy trinh danh gia sw phu hop va yéu cau giam sat thi trwéng. Didu nay anh hwéng
dén mét loat cac san pham, bao gdm mé-dun pin, bd pin, hé théng Iwu trir nang lwong, hé théng pin
xe dién va cac thiét bi sir dung cudi, yéu ciu sw diéu chinh trén toan nganh.

97 Financial Times (2023, May) Glencore plans Europe’s biggest electric car battery recycling plant.
https://www.ft.com/content/ab593cac-5f7e-4b70-904d- 94cc0251aaeb.



3.5.2.2. An Po: Khung trach nhiém mé réng cua nha sén xuét (EPR)
An Db da trién khai mét quy dinh toan dién vé viéc thu gom, tai ché va quan ly tat ca cac loai pin —
bao gom pin 6 t6, pin di ddng, pin cdng nghiép va pin xe dién (EV) — nham thiét 1ap mét nén kinh té
tudn hoan trong khi d@m bao quan ly chét thai an toan cho méi trwdng. Dwa trén nguyén tic Trach
nhiém Mé& rong ctia Nha san xuét (EPR), khung nay yéu ciu cac nha san xuét phai dang ky véi Uy
ban Kiém soat O nhiém Trung wong (CPCB) va chiu trach nhiém thu gom, tai ché hoac tan trang pin
thai, v&i cac muc tiéu ngay cang tang theo thdi gian. Viéc xr ly chéat thai bang cach chén 14p hoac
thiéu dot la hoan toan bi cam.
Muc tiéu EPR Cu thé cho Pin EV:
 Dinh nghia tai ché: Bao gom viéc thu hdi cac vat liéu nhw chi, niken, lithium, coban, nhya,
cao su va thay tinh.
e Muc tiéu thu gom va phuc hoi:
o Thay ddi theo loai phuwong tién (xe hai banh, ba banh, bén banh).
o Yéu cau thu gom 70% pin EV dwoc dwa ra thi treo'ng vao nam 2027-28.
o Dat muc tiéu phuc hoi tang tr 70% trong giai doan 2024—-25 1én 90% vao nam 2026—
27 (dwa trén trong lvong kho).
e Tich hop vat liéu tai ché: Yéu cau it nhat 5% vat liéu tai ché trong nwéc vao ndm 2027-28,
tang lén 20% vao nam 2030-31 di v&i cac pin méi.
e Cam xtr ly bang chén lap: Dam b&o rang pin thu gom sé dwoc tai ché ho&c tan trang, khéng
bi virt bé tai bai chén lap hoac thiéu dbt.
Ty Ié phuc héi vat liéu:
e Pin EV va di ddng: 90% phuc hdi vao ndm 2026-27.
e Pin 6 t6 va cong nghiép: 60% phuc hdi vao ndm 2026-27.
Co ché thuec thi:
e Cong thong tin trwec tuyén tap trung: Tao diéu kién thuan loi cho viéc dang ky va bao céo.
e Giam sat va kiém toan: Duoc thwc hién dinh ky béi cac hoi ddng kiém soat 6 nhiém.
e Dén bu méi trwéng: Ap dung cho nhirng trwérng hop khdng tuan thd, dwoc tinh toan dua
trén chi phi xt ly, thu gom, van chuyén va phuc hdi vat liéu.
e Dang ky bat budc: Yéu cau dbi véi cac nha san xuét, nha tai ché va nha tan trang.
e  Ghi nhan va theo déi: Dam bao truy xuat ngudn gbc trong subt chudi cung &ng.
Thi hanh: Cac nha san xuét khéng dat dwgc muc tiéu EPR sé phai doi méat vai dén bu méi
trwdng, trong khi cac nha tai ché cé thé bi hily dang ky hoéac bi phat theo Diéu 15 cta Luat
Béo vé& Méi trwérng 1986, bao gdbm hinh phat 1&n t&i ndm nam tu hodc phat tién Ién dén 100.000
INR (~€1.100).

3.5.2.3. Hoa Ky: Cac Luét Quan Ly Pin va Sang Kién EPR

Cac luat quan ly pin tai Hoa Ky tap trung vao viéc han ché cac chat doc hai va yéu cau cac hé théng
thu gom va tai ché, véi cac chwong trinh nhw Call2Recycle déng vai trd quan trong trén khap Hoa Ky
va Canada. C4c sang kién gan day & cip bang tai lllinois va Washington D.C. tdng cwdng nhirng nd
lwe nay, thuc day tinh bén virtng mai trwdng théng qua Trach nhiém Mé rong ctia Nha san xuét (EPR).

e Tailllinois, Dao luat Quan ly Pin y&u cau cac nha san xuét pin hodc nha san xuat sdn phdm
c6 chira pin phai trién khai va tham gia vao mét k& hoach quén Iy pin dwoc phé duyét bat
dau tr ngay 1 thang 1 nam 2026. Diéu nay ap dung cho cac nha san xuéat nhw chi sé hiru
thwong hiéu, nha san xuét, nha nhap khau va nha phan phdi dau tién. Cac nha ban 1& bj
cAm ban san phdm cla cac nha san xuét khong tuan tha. K& hoach phai dwoc nop trwédc
ngay 1 thang 7 nam 2025, va Call2Recycle dy kién sé tham gia. Vi pham c6 thé bj phat
dan sw 1&n t¢i $7,000 méi lan vi pham, va tdng gap déi néu khong thanh toan. Céac trudng
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hop mién trir bao gdm thiét bj y té& va pin chi 6 t6.
e Dao luat Stra d6i Mua Sam Khong Rac Téng Hop tai Washington D.C.: Tai Washington D.C.,
Dao luat Stra dbi Mua S&m Khoéng Rac Téng Hop ndm 2020 thiét 1ap Trach nhiém Mé& réng cla
Nha san xuéat (EPR) déi v&i pin chinh va pin sac lai, yéu ciu cac nha san xuét tham gia vao mét
t6 chirc quan ly pin dwoc phé duyét, véi Call2Recycle |a td chirc duy nhét da dang ky. Luat nay
ap dung cho céc pin ban riéng |é hodc trong cac san phdm, ngoai trir nhirng san pham thudc cac
quy dinh vé chét thai dién t&r, phwong tién giao théng va thiét bi y té. Luat nay dam bao rang cac
nha san xuét chiu trach nhiém vé viéc tai ché va x(r ly pin dé giam thiéu tac dong dén moéi truorng.
e Giai phap cua Source Intelligence cho bdi canh EPR dang thay d6i: Khi cac tiéu bang trén
khap Hoa Ky tiép tuc ap dung luat EPR, cac cong ty phai s&n sang hé tro nén kinh té tudn hoan
théng qua viéc tuan tha. Tuy nhién, cac luat nay cé thé dat ra cho cac cong ty nhirng thach
thirc mai, chéng han nhw thu thap di liéu, bao cao va cap nhat cac luat méi.
3.5.3. M0 hinh kinh té tuan hoan va co hoi dau tw vao tai ché
pin
Pin xe dién (EV) la trung tdm cda mdt thj trvong lwu trlr nang lvong dy bao dat 9.300 GWh vao nam
2030, t&ng 18 1an so v&i 526 GWh vao nam 2020, duwoc thic day béi cac nd lwc gidm carbon toan
cau %, Hoat ddng trong khudn khd nén kinh té tudn hoan (xem Hinh 3-39) — tbi da hoa viéc tai s
dung vat liéu dé giam viéc khai thac nguyén liéu thd, tac ddng méi trwdng va chi phi — nhirng pin nay
mang lai tiém nang chuyén dbi trong subt vong d&i cla ching. T viéc khai thac lithium, coban va
niken dén tudi tho dich vu dién hinh tir 10—15 nam, pin xe dién c6 thé dworc tai st dung cho cac &ng
dung nhw lwu trir ndng lwong mét trévi hodc 6n dinh lwéi dién, hodc tai ché dé thu hoi 1én t&i 90% vat
liéu 2, x&r ly wée tinh 1,2 triéu tn pin hét tudi tho (EOL) vao nam 2030 va cét gidm chi phi san xuét
dén 30% 100101 Cac dbi méi nhw tai ché khong st dung héa chét 192va thu hdi cwe duwong truc tiép'03,
dat dwoc ty 18 thu hoi vat liéu 1én dén 99% théng qua phwong phap luyén kim wét, dang thay thé cac
phwong phap nguy hiém, nang cao kha ndng mé réng khi xe dién vwot qua dong co dbt trong (ICE).

98 Batteries Are a Key Part of the Energy Transition. Here’s Why. Available online:
https://www.weforum.org/agenda/2021/09/batteries-lithium-ion-energy-storage-circular-economy/
(accessed on 6 August 2024).

9 What Is the Circular Economy, and Why Does It Matter That It's Shrinking? Available online:
https://www.weforum.org/agenda/2022/06/what-is-the-circular-economyy/.

100 Bhutada, G. The Key Minerals in an EV Battery. Available at: https://elements.visualcapitalist.com/the-
key-minerals-in-an-ev-battery/.

101 Policy Challenges for Accessing Critical Minerals to Electrify Vehicle Transport. Available

at: https://www.rff.org/publications/reports/policy-challenges-for-accessing-critical-minerals-for-electric-
vehicles/.

102 Boyo, S. Here’s How EV Batteries Can Be Given a Second Life. Available online:
https://www.cnbc.com/2023/03/29/heres-how-ev-batteries-can-be-given-a-second-life.html.

103 Herrmann, F.; Rothfuss, F. Introduction to Hybrid Electric Vehicles, Battery Electric Vehicles, and off-
Road Electric Vehicles. In Advances in Battery Technologies for Electric Vehicles; Elsevier: Amsterdam,
The Netherlands, 2015; pp. 3—16.
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LLELEL

Rdc khong thé tdiché

Hinh 3-39. M6 hinh kinh té tuan hoan %4,

3.6.3.1. Co hdi va thach thore dau tw

Dw béo thj trwéng tai ché sé dat 15,8 ty USD, tang trwdng véi tbc dd ting trwdng kép hang nam
(CAGR) 32,1% ti» 2023 dén 2020'°%, phan &nh sv gia tang khéi lwong pin hét vong doi (EOL) va gia
tri kinh té ctia cac khoang san thu héi, véi cac co hdi trong viéc tai st dung pin cho hé théng dién mat
troi ho gia dinh va phat trién cac cong nghé tai ché nhw luyén kim wét. Tuy nhién, cac thach thire nhw
s 16i thoi co ké hoach — thiét ké pin vé&i tudi tho han ché dé khuyén khich viéc mua lai — va sy hoai
nghi cia cdng ching vé loi ich méi trwdng clia xe dién dang can tré tién trinh 196, Mét nghién clru cla
Hoi ddng Quéc té vé Van tai Sach (ICCT) ndm 2023 cho thay nhu ciu tiéu dung manh mé cé thé thic
ddy cac nha san xuét tai ché ma khong can cac wu dai, nhwng sw phu thudc hién tai vao sw hé tro
ctia chinh sach cho thay diéu nguoc lai.

3.5.3.2. Chién luoc chinh sach cho mét hé sinh thai bén virng

Dé dat dworc mot nén kinh té tuan hoan, can phai tich hop cac tién bd cong nghé véi cac khung chinh
sach virng chac. Nghién ctvu va phat trién (R&D), dwoc hé tro bdi cac khoan tro cAp cla chinh phu
(vi du, Quy Khoa hoc Quéc gia My, Horizon Europe ctia Uy ban Chau Au), dau tw tir cac doanh nghiép
(vi du, Tesla, CATL) va céc t6 chirc phi loi nhuan, thic day cac déi méi nhw cac ban sao sb (digital
twins) dé theo déi vong doi. Cac nha lam chinh sach nén:

e Tang cwong tai tro cho R&D: H6 tro cac tién bd dan dan (vi du, hiéu qua tai ché) va cac
dot pha (vi du, quy trinh khéng sir dung héa chét).

e H6 tro cac dw an thi diém: Khuyén khich hop tac cong-tw dé phat trién co sé ha tang tai st
dung va tai ché.

104 Pereira, P.M.; Vieira, C.S. A Literature Review on the Use of Recycled Construction and Demolition
Materials in Unbound Pavement Applications. Sustainability 2022, 14, 13918.

105 Meticulous Market Research Pvt. Ltd. EV Battery Recycling Market to Be Worth $15.8 Billion by
2030—Exclusive Report by Meticulous Research®. Available online:
https://www.globenewswire.com/en/news-release/2023/03/23/2633129/0/en/EV-Battery-Recycling-
Market-to-be-Worth-15-8-Billion-by-2030-Exclusive-Report-by-Meticulous-Research.html.

106 | uo, D. Research on the Influence of Consumers’ Environmental Preference and Government Policy
on EV Battery Recycling. IOP Conf. Ser. Earth Environ. Sci. 2021, 651, 042057.




e Thuwe hién cac bién phap Kéo Thi treéng: Gidi thiéu cac khodn tro cép, wu dai thué va
yéu cau bat budc (vi du, muc tiéu 20% ndi dung tai ché ctia EU vao nam 2031, theo Muc
3.5.2) dé kich thich nhu cau.

Cac chién lvoc nay c6 thé vwot qua cac rao can nhu sy 16i thdi c6 ké hoach va sy hoai nghi, déng
thoi diéu chinh cac muc tiéu cha khu vie tw nhan véi cac muc tiéu bén virng. Bang cach xay dwng
mot hé sinh thai tai ché bén virng, cac nha lam chinh sach cé thé ddm bao mét twong lai hiéu qua vé
tai nguyén.
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4. Cac cong ty va té chirc I&n trong chubi
cung wrng pin

Chudi cung &ng pin toan ciu, quan trong dbi véi viéc dién khi héa giao théng va lwu trir nang luvong,
bao gdm khai thac nguyén liéu tho, tinh luyén, sén xuét linh kién, san xuét t& bao, 1&p rap va tai ché.
Phan nay gidi thiéu cac cong ty va gigafactory chi chét & cac khu v, lam ndi bat vai trd, cong suét
san xuat va cac khoan dau tw chién lwoc ctia ho dé hé tro tinh bén vivng va tinh canh tranh trén thj
trwong. D liéu duoc 1y tir cac nha Ianh dao nganh va cac ngudn da duwgc xac nhan nham hwéng
dan cac quyét dinh chinh sach va dau tw.

4.1. Cac cbdng ty chu choét va gigafactory

Trung Quéc chiém wu thé trong chudi cung trng pin, xuat séc trong cac linh vwe khai thac nguyén liéu
thd, tinh luyén, san xuat cuc dwong, san xuét t& bao, va tai ché. Cac cong ty hang dau cta Trung
Qubc bao gdbm Contemporary Amperex Technology Co. Limited (CATL) vé&i thi phan pin xe dién toan
ciu 37%, BYD (14% thi phan), Ganfeng Lithium, Huayou Cobalt, va GEM, bao gébm ca qua trinh ché
bién vat liéu va tai ché (SNE Research, 2023; Hinh 4.1). Tesla, cht yéu ndi tiéng véi san xuét xe, theo
dudi chién lwoc tich hop doc v&i sén xuét té bao va dau tw vao lwu trir nang lwong, dac biét tai Nevada
Gigafactory ctia minh (cong suat 100 GWh vao nam 2025).
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Cac cong ty chau Au nhw Umicore, Northvolt (60 GWh tai Thuy Dién), va BASF tap trung vao san xuat
linh kién va t& bao, trong khi cac céng ty Nhat Ban va Han Quéc — Panasonic (thi phan 6%), LG
Energy Solution (14%), Samsung SDI (4,6%), va SK On (5%) — dan dau trong san xuét tién tién (xem
Hinh 4.2). Céac tap doan khai thac I&n nhw Vale, Glencore, Albemarle, va SQM kiém soat ngudn cung
nguyén liéu thd. Trong linh vwc tai ché, Umicore va Brunp (lién két véi CATL) dang dau tw dé tao ra
cac hé thdng tuan hoan khép kin, nang cao tinh bén virng.
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Thi Phan (%)

= CATL (Trung Quéc) ® LG Energy (Han Quéc) = Panasonic (Nhat Ban)

® SK On (Han Quéc) m CALB (Trung Quéc) = Samsung SDI (Han Quéc)
Hinh 4-2. Biéu dé thj phan pin EV trén toan thé gi¢i

Céc gigafactory 1&p rap cac t& bao thanh bo pin, tich hop cac Hé théng Quan ly Pin (BMS), Hé
théng Quan ly Nhiét (TMS), va vé pin. M6t s nha may, nhw nha may Nevada cla Tesla, san xuét
cac té bao tai chd, thworng théong qua céc lién doanh (vi du, Tesla-Panasonic). Cac co s& nay dong
vai tro quan trong, v&i cong suét toan cau phan anh tham vong khu vire.

4.2. Gigafactory tai Trung Quéc

Trung Qubc tiép tuc chiém wu thé la nha san xuét pin I&n nhat thé gidi. Hinh 4-3 cung cép cai nhin
tbng quan vé cac gigafactory tai Trung Quéc, véi tbng cong suét san xuét pin dat 2.293,5 GWh. D
liéu nay bao gébm 27 tinh/thanh phd c6 nha may san xuét pin, chi tiét sd lwong co sé tai mdi khu vire.
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Gigafactory Plants | China

1Jiangsu - 55 15 Inner Mongolia - 4

2 Zhejiang - 31 16 Yunnan - 4 @

3 Guangdong - 28 17 Liaoning - 3

4 Anhui - 24 18Shaanxi -3 @

5 Hubei - 24 19 Tianjin - 3 @

6 Jiangxi - 21 20 Hebei -2

7 Sichuan - 15 21 Heilonagjiang - 2 i @

8 Fujian-12 22 Ningxia -2

9 Henan - 12 23 Qinghai- 2 @

10 Shandong - 10 24 Shanghai-2 ' ]

N Chongging - 9 25 Cansu -1 @ @

12 Hunan-2 26 Jilin - i

13 Cuangxi-B 27 Elepjing-i

14 Guizhou - 4 @ @
mber of gigafactaries is per provinge ® @

Hinh 4-3. Cac cong ty Gigafactory san xuat va déong goi tai Trung Quéc 18

San xuét pin ctia Trung Qudc tap trung manh mé & cac tinh ven bién, tan dung loi thé gan céc cang va trung
tam cong nghiép. Jiangsu dan dau voi 55 gigafactory, tiép theo la Zhejiang (37), Guangdong (28), va Anhui
va Hubei (méi tinh 24), chiém hon 60% tdng céng suét (Hiép hoi Céng nghiép Pin Trung Quéc, 2024). Cac
tinh nhd hon nhw B&c Kinh, Jilin, va Gansu chi cé6 mét nha may, phan anh sy tap trung chlen lwoc vao hiéu
qua ven blen Cong suét hién tai 2.293,5 GWh hd tro sy thong tri ctia Trung Quéc, cung cép 70% pin lithium-
ion toan ciu va dap ng nhu cau trong nuwéc va xuat khau cho xe dién (EV) va lwu triy lwéi dién.

Xép hang ctia SNE Research tai Han Quéc vao nam 2023 vé 10 cong ty pin hang dau toan cau nhan manh
sw 1anh dao cha Trung Quédc, véi sau céng ty cd mat trong danh sach: CATL, BYD, AVIC Lithium, Guoxuan
Hi-Tech, Envision Power, va Honeycomb Energy. Téng cdng, cac cong ty nay chiém 47% thi phan toan cau,
trong d6 CATL dong gop 37%. Viéc tich hop doc ctia CATL bao gém tir ché bién nguyen liéu thé dén tai ché,
trong khi BYD két hop san xuét pin va xe. Sy tap trung nay tang cuong sw kiém soat cla Trung Quéc dbi voi
céac giai doan quan trong trong chudi cung &ng, ttr tinh luyén lithium va coban dén san xuét té bao pin.

Thi trworng xe dién clia Trung Quéc 1a yéu té chinh thic ddy nhu cau pin, véi doanh sb dat mire ky luc 450.000
xe vao thang 11 nam 2022, chiém 17% téng doanh sb xe méi, va tang lén 30% vao thang 5 nam 2023 — vuot
qua muc tiéu ban dau 20% dwoc dat ra cho ndm 2025. Sy gia tdng nay, dwoc thuc day béi cac khodn tro cap
ctia chinh phi va céac khoan dau tw vao co sé ha tang (vi du, 20 ty euro trong cac wu dai cho xe dién t» nam
2020), da day nhu ciu pin vwot qua 1 TWh méi ndm. Nhu cau nay khéng chi hd tro xe dién hanh khach ma
con cac ddi xe thwong mai va lwu trir nang lwong, véi Trung Québc I&p dat 50% hé théng pin quy mé lwdi dién
toan cau trong ndm 2023.

Cac 6ng I&n trong nganh pin clia Trung Quéc dang mé rong quy mé manh mé dé dap (rng nhu cau ngay cang
tang. Cac ké hoach mé rong bao gom:

108 Battery Report 2023, Volta foundation, P.46.



e CATL: Muc tiéu dat 670 GWh vao nam 2025, v&i cac co s tai Fujian Ningde (150 GWh),
Sichuan (100 GWh), Qinghai (80 GWh), Guangdong (70 GWh), Jiangxi (60 GWh), Thuong
Hai (50 GWh), va cac dia diém khac, dwoc hd tro bdi khoan dau tw 15 ty euro (CATL, 2024).

e BYD: Muc tiéu dat 600 GWh vao nam 2025, v&i cac nha may tai Guangdong (120 GWh),
Qinghai (100 GWh), Chonggqing (80 GWh), Hunan (70 GWh), Xi’'an (60 GWh), Guizhou (50
GWh), Jiangsu (40 GWh), Hubei (30 GWh), Zhejiang (20 GWh), va cac dia diém bd sung,

duoc hé tro béi khoan dau tw 10 ty euro (BYD, 2024).

o Honeycomb Energy: Muc tiéu dat 600 GWh vao nam 2025, nhdm dén 25% thi phan toan cau

v&i cac nha may mai tai Jiangsu va Zhejiang.

e AVIC Lithium Battery: Muyc tiéu dat 500 GWh vao nam 2025, m& rong tai Anhui va Hubei.
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e Guoxuan Hi-Tech: Muc tiéu dat 300 GWh vao ndm 2025, v&i sy phat trién tai Hefei va Wuhan.
e Yiwei Lithium Energy: Muc tiéu dat 200 GWh vao nam 2023, tap trung vao Jiangsu.
e Lishen Battery: Muc tiéu dat 100 GWh vao nam 2025, m& rong tai Tianjin.

e Funeng Technology: Muc tiéu dat 100 GWh vao nam 2025, v&i cac co s& méi tai Fujian.

Nhirng s mé& rong nay co thé day cong suét téng ctia Trung Quéc vt qua 3 TWh vao nam 2025,
cuing cb vi thé dan dau ctia nwédc nay khi nhu cau toan cau déi véi xe dién va lwu trir ndng luong tang
trwdng vai ty 18 tang trwdng kép hang nam (CAGR) 25% tir nay dén nam 2030.

Mang lwdi gigafactory cia Trung Quédc cling ¢ &nh hwéng kinh té va chién lwoc clia nwéc nay, cung
clp 60% pin xe dién cho Chau Au va 40% cho Bac M§. Tuy nhién, sy théng tri nay ciing day 1&n lo
ngai vé sw dé bi tbn thuwong ctia chudi cung &ng, khién cac déi thi nhw Chau Au (773 GWh vao ndm
2030, Muc 4.3.2) va An D6 (98 GWh, Muc 4.3.3) phai ddy manh san xuét trong nwéc. Cac chinh sach
ctia Trung Quéc, bao gdm K& hoach Hanh ddng Dinh Carbon 2021 va 50 ty euro trong cac khoan tro
clp cong nghé xanh, thic day sw tdng trwdng nay, cung cap mdt mé hinh cho cac quéc gia khac. Cac
nha lam chinh sach toan cau nén xem xét cac déi tac chién lwoc, da dang héa nguyén liéu thé (Trung
Quéc nhap khau 70% lithium) va cac wu dai cho san xuét trong nwéc dé gidm thiéu sy phu thudc vao

chudi cung tng clia Trung Quéc.

Du6i day 1a mot s nha may san xuét pin xe dién Ién nhat trén thé gigi, khdng bao gédm Trung Quéc,

noi ¢ phan Ién cac co sé san xuét pin.

Bang 4-1. Cac nha may/Gigafactory san xuat pin EV trén toan thé gi&i

Nha may/Gigafactory Dat nwérc San lwong
Blue Energy Nhat Ban NA
Blue Solutions Canada Canada NA
Britishvolt Canada 60 GWh/yr
CATL buc 48 GWhlyr
EaglePicher Technologies Canada NA
Eaton Ai-len NA
Flex-N-Gate NA

LG Energy Ba Lan NA

LG Energy Han Quéc NA
Lion Electric Canada 5 GWh/yr

199 https://optimisticstorm.com/china-battery-gigafactories/



Samsung SDI Hungary NA
Samsung SDI Indonesia NA
Stellantis-LG Windsor Gigafactory Canada 45 GWh/yr
Stryten Energy Ottowa Plant Canada NA
Toshiba 1 Nhat Ban NA
Toshiba 2 Nhat Ban NA
UgoWork Canada NA

4.3.1. B&c My

Tai Hoa Ky, "Battery Belt" (Michigan, Tennessee, South Carolina, Georgia) dang thic day qua trinh
dia phwong héa chubi cung (rng trong nwéc, véi cac nha may da hoat ddng hodc dw kién sé di vao
hoat déng vao nam 2026. Tesla Gigafactory Nevada din dau véi cong suét du kién dat 100 GWh vao
nam 2025 (tang tir 37 GWh), tiép theo la Ford-SK BlueOval (86 GWh tai Kentucky), Ford-SK BlueOval
City (43 GWh tai Tennessee), va Rivian (50 GWh tai Georgia). Cac nha may dang chu y khac bao
gdm GM-LG Ultium Cells (nhiéu dia diém) va Envision AESC (30 GWh tai Kentucky), tdng cong san

lwong dang ké (xem Bang 4.2).

Bang 4-2. Cac nha may san xuét pin tai Hoa Ky. Danh sach nay chi hién thi cac nha may c6 san
lwong dau ra. Danh sach day da, bao gom cac nha may bo sung c6 san lwgng NA, cé trong Phu luc

2

Gigafactory Vi tri State  PA3u ra san xuat
AKASOL Hazel Park Mi 400 MWh/yr
American Battery Factory American Fork uT 12 GWh/yr
American Battery Solutions Springboro OH 2 MWh
BMW Spartanburg Plant Greer SC 22,500 units/yr
EnPower Indianapolis IN 1 GWhl/yr
Envia Systems Newark CA 400 Wh/kg
Envision AESC Bowling Green Bowling Green KY 30 GWhlyr
Plant
Ford-SK BlueOval Glendale KY 86 GWh/yr
Ford-SK BlueOval City Stanton TN 43 GWhlyr
Highpower International Montain View CA 850 Whlyr
Kore Power Buckeye AZ 12 GWh/yr
LG Energy Holland Mi 5 GWhl/yr
LG Energy Queen Creek AZ 11 GWh/yr
Magnis Endicott NY 32 GWhlyr
Microvast Clarksville TN 2 GWh
Octillion Power Systems Richmond CA 4 GWh/yr
Polyplus Battery Berkeley CA 2,000 L/Yr
Rivian Atlanta GA 50 GWh/yr
Soelect, Inc. Greensboro NC 1 GWh/yr
Sparkz Inc. Livermore CA 1 GWhlyr
Statevolt Los Angeles CA 54 GWh/yr




Stellantis-Samsung Kokomo Kokomo IN 23 GWhlyr
Plant

Tesla Gigafactory Texas Austin TX 100 GWh/yr
Tesla Giga New York Buffalo NY 2 GWh
Tesla Gigafactory 1 Sparks NV 20 GWh
Xalt Energy Midland Mi 600 MWh/yr

Canada la noi c6 cac co s& nhuw Stellantis-LG Windsor Gigafactory (45 GWh) va Britishvolt (60 GWh), gitp

tang cwdng nang lwc clia khu vyc.

s

Gigafactory Plants | North America

Gigafactory Tracker - 1,564 GWh of Capacit)\

usA 215K, USA, 313 Gwn

1ABF USA, 15 GWh* 22 SKfFoid, USA, BE CWh*

2 Amprius Tech, USA, 10 CWh*" 23 Sk/Hyundai, USA, 35 CWh"

3 Electrovaya Tech, USA" 24 Tesla, USA 10 GWh

4 Envision AESC, USA 3 GWhH 25 Toyola, USA, 30 GWh*

5 Erwision AESC, USA, 30 GWwh® 26 LGES/Hyundai, USA, 30 GWh*

6 Envision AESC/Mercedes-Benz, USA, 40 27 Ultium Cells, USA, 41 GWh

Cwh* 2B Electrovaya, USA®

7 Ford/CATL, USA, 20 GWh* 29 Forge Batlery, USA 1-3CWh
BFREYR, USA, 34 GWh* 30 SAFT, USA, ZCWh"

9 Cotion, USA® 31 Tesla, USA, 100 CWh

10 IMINY/MAGMNIS, USA, 38 CWh" 32 Our Next Energy, USa, 20 Gwh”

N KORE Power, USA, 12 GWh* 33 Gotion, USA, 40 GWh*

12 LGES, USA, 27 GWh*

13 LGES, USA, 75 GWh* Canada

14 Uitium Cedls, USA, 50 Gwh* 34 LGES/Stellantis, CA, 45 GWh*

15 Ultium Cells, USA, 70 GWh 35 PowerCo, St. Thomas, CA, 90 GWh*
16 LGES/Honda, USA 40 Gwh' 36 Lion Electric. Quebec, CA. S GWh
17 Panasonic, USA 33 GWh' 37 STORMVOLT, Quebec, CA, 10 GWH"
18 Panasonic/Tesla, USA, 100 Gwh® 38 Northvolt, Montreal, CA, 60 SWh"

19 Samsung SDYGM, USA, 30 GWh"
20 Samsung SOWSteliantis, USA. 67 Gwh

“Wen-operational, stated for future dote
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Hinh 4-4. Cac cong ty san xuét pin I&n tai Hoa ky 10

4.3.2. ChauAu

Chau Au dat muc tiéu tw cung cép pin, v&i tdng cong suét dat 1.897 GWh (xem Hinh 4.3). Cac nha
san xuat 6 t6 Ion—Tesla (Berlin-Brandenburg, 35 GWh), Volvo, Renault, va Volkswagen (Salzgitter,
40 GWh vao ndm 2025)—dang xay dwng hodc hop tac xay dwng cac nha may dé dam bao chubi
cung tng pin xe dién. Hau hét cac nha may nay cé cong suat I&én, dao déng tr 20 dén 100 GWh,
nhan manh sy dau tw I&n va tham vong clia Chéau Au trong viéc canh tranh trén thj trid'ng pin toan
cau.

Cac nha san xuét 6 t6 Ién dang dan dau trong viéc bung né gigafactory tai Chau Au, dam bao ngudn
cung cap pin cho san xuét xe dién. Berlin-Brandenburg |a co s& san xuat dau tién cla Tesla tai Chau
Au. La co s& hién dai, bén virng va hiéu quéa nhét hién nay, né cé cdng suét san xuat hang nam la
375.000 xe va hang triéu t& bao pin, twong dwong véi cong suat 35 GWh mdi nam. Tuwong tw, cac
nha san xuét pin Trung Qudc nhw CATL dang xay dwng gigafactory tai Chau Au dé& phuc vu xe dién
san xuét tai Chau Au.

110 Battery Report 2023, Volta foundation, P.43.



DPén nay, CATL dat muc tiéu thiét 1ap bdn gigafactory tai Chau Au, bao gdm céc dia diém tai Dirc va
Hungary, vé&i tbng cong suét 100 GWh. Ngoai ra, gigafactory cia Northvolt tai Thuy Dién hién c6 téng
cong suat 1a 60 GWh. Do d6, tbng san lwgng pin ctia Chau Au dy kién sé dat 238 GWh vao nam
2025, 413 GWh vao nam 2027 va 773 GWh vao nam 2030, tang tvr 69 GWh vao nam 2022.

France
1ACC, 40 GWh*

2 Envision AESC/Renault, 30 Gwh*

3 Verkor/Renault, 50 GWh*
4 Prologium, 48 GWh*

Germany

5 ACC, 40 GWh"

6 CATL, 14 CWh*

7 Leclanche, 25 GWh
8 Northvelt, 60 Gwh*
9 SVOLT, 24 GWh

10 SVOLT, 16 GWh*

M Tesla, 100 GWh*

12 PowerCo, 40 GWh*

Italy
13 ACC, 40 GWh*
14 ITALVOLT, 70 GWh*

Hungary
20 CATL, 100 GWh*

21 Cellforce Group, 10 GWh*

22 EVE Energy, 28 GWh*
23 Samsung 5DI, 40 GWh*
24 5K, 473 GWh*

Norway

25 Elinor®

26 FREYR, 22 GWh"
27 Morrow, 43 CGWh"*
28 Beyonder, 10 CWh*

Spain

29 Envision AESC, 50 Gwh*

| Gigafactory Plants | Curope
Sweden Slovakia .
17 Northvolt, 60 GWh* 35 Inobat, 10 GWh
18 Volvo® @
19 NOVO, 50 GwWh* Poland

36 LGES, TI5 CWh" @

Czech Republic
37 MES, 15CGWh*"

Portugal 30 PowerCo, 60 GWh*

15 CALB, 45 Gwh* 31 Basquevelr, 10 GWh*

Netherlands UK.

16 Eurocell, 1GWh 32 Enwision AESC, 35 GWh*
33 Tata, 40 GWh (=)
34 AMTE Power,10 CWh

Hinh 4-5. Cac nha may san xuét pin tai Chau Au "

Céc gigafactory ctia Chau Au trai dai qua nhiéu qudc gia, méi qudc gia ddng gop vao hé sinh thai pin
ctia khu vuc™2:

e Phap: Thanh phd Douai Ia noi dat nha may Envision AESC tri gia 2 ty euro gan trung tam
“Renault ElectriCity”, b4t dau v&i cong suat 9 GWh vao nam 2024 va mé rong lén 24 GWh
vao nadm 2030, cung cap pin cho sdn xuat xe dién cla Renault. Tai Dunkirk, céng ty
ProLogium ctia Dai Loan hop tac véi chinh phii Phap dé xay dwng nha may tri gia 5,2 ty euro
véi cong suat 48 GWh, dw kién san xuat bat dau vao nam 2026. Ciing tai Dunkirk, cong ty
khé&i nghiép ctia Phap Verkor dang xay dwng mét nha may 12 GWh, chii yéu phuc vu Renault,
véi hoat ddng dy kién bat dau vao nam 2025.

e Durc: Ngoai CATL va Northvolt, Dirc 14 trung tam clia d6i méi sang tao. Tai Kaiserslautern,
Automotive Cells Company (ACC) — m¢ét lién doanh gilra Saft-TotalEnergies, Stellantis va
Mercedes — dy dinh xay dwng mdt nha may 40 GWh vao nam 2026. CellForce, mét cong ty
Durc, sé khai trwong moét co s& tai Tuningen vao nam 2024, mac du chi tiét van chwa dwoc
cong b6. Nha may Salzgitter ctia Volkswagen (40 GWh vao nam 2025) la trung tam ctia mot
sang kién I&n tri gia 10 ty euro. Svolt, mot cong ty Trung Quéc, dau tw 2 ty euro vao hai nha
may — Uberherrn va Lauchhammer — ca hai sé di vao hoat ddng vao nam 2025 véi téng
cong suét 40 GWh.

11 Battery Report 2023, Volta foundation, P.44.
"2 https://mobilityportal.eu/europe-250-battery-factories-by-2033-confirmed/
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Y: ltalvolt d&n ddu v&i nha may tri gia 3,5 ty euro, cong suat 45 GWh, ndm gitra Scarmagno

va Romano Canavese, dw kién mé clra vao ndm 2024. FAAM dau tw 570 triéu euro vao nha

may Teverola (8 GWh vao nam 2024), trong khi co s& cta ACC tai Termoli (40 GWh vao
nam 2026) mé rong dau an cla Y, hé tro cac nha san xuét 6 t6 dia phwong nhu Stellantis.

e Na Uy: Freyr dau tw 1,7 ty euro vao nha may hién dai Mo i Rana, nhdm dén cong suét 83
GWh vao ndm 2028. Morrow khai trwong giai doan du tién cta nha may tri gia 470 triéu
euro, cong suat 32 GWh tai Arendal vao nam 2024, v&i ké hoach trién khai thém ba giai doan
nira. Beyonder nham dén coéng suat 10 GWh tai Haugaland, va Elinor cam két dau tw 1 ty
euro vao mét nha may véi muc tiéu dat 40 GWh vao nam 2030, di vao hoat déng vao nam
2026.

e Tay Ban Nha: BASQUEVOLT d4u tw 700 triéu euro vao nha may 10 GWh dy kién hoan
thanh vao ndm 2027. Envision hop tac véi chinh phi Tay Ban Nha dé xay dwng nha may tri
gia 2,5 ty euro, cong suat 30 GWh tai Navalmoral de la Mata, v&i ngay khéi cong chwa duoc
xac nhan. Volkswagen phan bd 10 ty euro cho nha may 40 GWh, di vao hoat déng vao nam
2026. InoBat ky két hop déng tri gia 3 ty euro dé xay dwng nha may 32 GWh, ciing bét dau
vao nam 2026.

e Vwong qudc Anh: Vuong qudc Anh ndi Ién nhw mét trung tam xe dién, véi Tata Group dau

tw 4 ty bang vao gigafactory Somerset (40 GWh vao ndm 2026), tao ra 4.000 viéc lam dé

cung cép cho Jaguar Land Rover. Envision xay dwng nha may 12 GWh tai Sunderland, di

vao hoat dong vao nam 2025. Coventry dwgc phé duyét cho mét khu viee 60 GWh, dang tim

kiém nha dau tw, muc tiéu hoan thanh vao nam 2025. NanoTech Energy dang kham pha bay
dia diém vé&i khoan dau tw 1 ty bang.

4.3.3. Chau A va bong Nam A (ngoai trtr Trung Quéc)

Coéng suét san xuét pin ctia Chau A dat 2.691 GWh, vuot qua Chau Au, nhé vao cac trung tdm san
xuét da dwoc thiét 1ap tai Han Quéc va Nhat Ban, cung véi cac dbi thi méi ndi & Bong Nam A va An
D6 (xem Hinh 4.5). Phan nay chi tiét cac gigafactory chd chét, khéng bao gdm Trung Québc (dwoc dé
cap trong Muc 4.3), lam ndi bat cac déng luc khu virc va xu huwéng dau tw.

Gigafactory Plants | Greater Asia

India South Korea

1 Reliance. Gujarat, 50 GWh" 16 Samsung SDI, Cheonan, 12 GWh"

2 Amara Raja, Telangana, 16 GWh* 17 LGES, Ochang, 35 GWh*

3 Exide, Karnataka, 12 GWh" 18 5K, Seesan, S CGWh

4% Codi, Hyderabad, 12 Gwh*

5 OLA, Tamil Nadu, 100 GWh Japan ;

6 TATA, Gujarar, 10 GWh" 19 Prime Planet, Japan, 7 CWh* it -
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Cac Trung Tam Da Pwoc Thanh Lap: Han Quéc va Nhat Ban
e Han Quéc déng gop 52 GWh, dan dau béi Samsung SDI (Cheonan, 12 GWh), LG Energy
Solution (LGES) (Ochang, 35 GWh), va SK On (Seosan, 5 GWh).
¢ Nhat Ban thém 61 GWh, v&i Prime Planet (7 GWh), Envision AESC (Kanagawa, 26 GWh;
Ibaraki, 18 GWh), va Panasonic (Osaka, 10 GWh; Asohoka, cong suat TBD). Nhirng quéc gia
nay van 1a nhirng ngudi dan dau vé déi méi, véi LGES va Samsung SDI mé réng toan cau.

Thi Trwdng M&i N6i @ Dong Nam A

e Indonesia: CATL dau tw vao mot nha may 15 GWh, va LGES xay dwng mét co s& 10 GWh
tai Karawang, téng cdng 25 GWh, tan dung cac nguén tai nguyén nickel ctia Indonesia.

e ThaiLan: EVE Energy (6 GWh) va CPSC (Map Ta Phut, 10 GWh) déng gop 16 GWh, hé tro
tham vong xe dién cta Thai Lan.

o Malaysia: Samsung SDI (Seremban, 16 GWh) va EVE Energy (céng suat TBD) dinh vi
Malaysia nhw mét trung tam dang phat trién.

« Vietnam: Gotion High-Tech phat trién mét nha may 5 GWh tai Viing Ang, thé hién tiém nang
phat trién (chi tiét trong Muc 4.4).

e Thé Nhi Ky: Aspilsan (1 GWh) va Siro (Gemlik, 20 GWh) thém 21 GWh, vé&i sy déng gép
khiém tén nhung chién luoc.

An DPo6: An Do dat muc tiéu tré thanh mét trung tdm san xuét pin I&n dé hé tro nganh céng nghiép xe
dién dang phat trién, v&i cac cong ty nhw Reliance, TATA, va Ola dau tw manh mé vao viéc xay dung
chudi cung (rng pin trong nwéc, gidm sw phu thudc vao nhap khau tr Trung Quéc. Hién tai, cong suét
98 GWh ctia An D6 phan anh nd lwc tw cung tw cap clia nwéc nay. Reliance dan dau véi nha may 50
GWh tai Gujarat, tiép theo 1a TATA (20 GWh, Gujarat), Amara Raja (Telangana, 6 GWh), Exide
(Karnataka, 12 GWh), va Ola (Tamil Nadu, 10 GWh). Nhirng khoan dau tw nay nhdm hé tro thi trwong
xe dién cta An D, dw bao sé dat 10 triéu xe ban ra hang nam vao nam 2030..

Céc québc gia Dong Nam A thu hat dau tw te CATL, LGES, va Samsung SDI, tich hop vao chubi cung
(ng toan cau nhd vao chi phi thdp va tai nguyén (vi du, nickel ctia Indonesia). Tap trung vao san xuat
trong nwéc ctia An Do gidp giam sw phu thudc vao nhap khau tir Trung Quéc, trong khi Han Quéc va
Nhat Ban duy tri vai trd dan dau vé cong nghé. Tuy nhién, sw théng tri cia Chau A tao ra nhirng thach
thirc cho muc tiéu tw cung tw cap cla Chau Au, doi hdi cac déi tac chién lwoc va sy hé tro tir chinh
sach.

Cac qudc gia nhw Viét Nam, Thai Lan, Indonesia va Malaysia dang phat trién nganh san xuét pin cuta
ho dé thu hat dau tw to cac tap doan Ién nhw CATL, LG Energy Solution, Samsung SDI, va Gotion
High-Tech. Diéu nay giup cac qudc gia nay tich hop sdu hon vao chudi cung (ng pin toan cau.

Céac cong ty Viét Nam tham gia vao chudi cung (rng pin

Viét Nam dang ndi 1én 1& mét ngudi choi quan trong trong thi trwong xe dién (EV), véi sy tang
trwdng manh mé duoc thic diy béi cac cdng ty nhw VinFast, mot nha san xuét 6 t6 noi dia thudc
Vingroup, tap doan tw nhan Ién nhat Viét Nam. Sw ting trwdng nay da thuc day nhu cau I6n vé
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pin, dwa Viét Nam tré thanh mét nat that quan trong trong chudi cung (rng pin toan cau. Vé thi
trwong pin va &c quy téng thé, wérc tinh thi trwdrng sé dat 326,32 triéu USD vao cudi ndm 2024 (theo
wéc tinh ctia Mordor Intelligence nam 2024) va dy kién sé tang 1én 454,11 triéu USD vao nam 2029,
voi ty 1é tang trwdng hang nam kép (CAGR) la 6,83% trong giai doan dw bao. Sy tang trwedng nay
phan anh nhu cau ngay cang tang trong cac nganh & t6, cdng nghiép va nang lwong tai tao, méc
du sy phu thudc vao cac linh kién pin lithium-ion nhap khau va viéc ap dung lwu tri pin trong nwéc
con han ché (vi du, sy wu tién cho lwu trir nang lweng thiy dién bom) 1a nhirng thach thire, nhw da
dworc chi ra trong cac bao cao nganh.

Viét Nam xép vao nhém 20 quéc gia hang dau trong chubi cung trng pin lithium-ion toan cau vao
nam 2024, mac du thr hang chinh xac c6 sy khac biét tuy thudéc vao nguén va tiéu chi (vi dy, cong
suat san xuét so véi khdi lwong xuét khau). Hién tai, chubi cung (rng pin cla Viét Nam van & giai
doan dau, déi mat véi cac thach thire nhw phu thudc vao nguyén liéu thd nhap khau (vi du, lithium
tlr Chile, Argentina, Bolivia), co s& ha tAng R&D trong nwéc con han ché, va canh tranh ti cac
trung tdm da dworc thiét 1ap & cac nwéc chau A nhw Trung Quéc va Han Quéc. Tuy nhién, dat nwéc
nay dang chirng kién sy tang trwdng nhanh chéng trong san xuét pin lithium, véi mét sd nha san
xuét chu chbt déng vai trd quan trong. Dwéi day |a moét cai nhin chi tiét vé mot s6 nha san xuét pin
lithium dang cha y nhét ctia Viét Nam™4:
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VinFast

e Thong tin cong ty: VinFast, thanh Iap vao nam 2017 dwéi sy quan ly cua Vingroup, da
chuyén sang tap trung vao xe dién tr nam 2022, tich hop san xuét pin lithium vao chién
lwoc ctia minh. Nha may pin tri gia 387 triéu USD tai Ha Tinh, v&i cong suat 5 GWh méi
nam, bat dau xay dung vao nam 2021 va dy kién sé& di vao hoat déng hoan toan vao nam
2025 (Reuters, 2021).

o Loi thé cong nghé: Vao ndm 2021, VinFast da hop tac véi ProLogium Technology dé sir
dung céng nghé pin ran Multi-Axis Bipolar (MAB), ké hoach gi&i thiéu cac té bao pin thé hé
tiép theo vao ndm 2024. Nhirng pin nay cung cp mat dd nang lwong cao (Ién dén 350400
Wh/kg), d6 an toan vuot tréi (gidam nguy co chay nd), va tudi tho hon 1.000 chu ky, nang
cao kha nang canh tranh cla xe dién. Hop tac véi LG Chem va R&D néi bo tiép tuc cling
cb kha nang cuia cong ty.

o Tac dong thi trwéng: Pin cla VinFast hd tro xuat khdu xe dién ctia cong ty (vi du, sang
My, Chau Au) va doanh sb ban trong nwéc, véi muc tiéu dat 15.000 xe dién toan cau vao
nam 2025 (diéu chinh tir 56.000 do thiéu hut chip). Céng ty thic day hé sinh thai pin xe dién
cta Viét Nam, mac du sy phu thudc vao cdng nghé nwédc ngoai (vi du, t& bao pin tr LG
Chem) lam ndi bat cac rdi ro phu thudc trong chubi cung &ng.

Samsung Electronics Vietnam Co., Ltd.

e H6 so cong ty: Samsung Electronics Vietnam Co., Ltd. la nha cung cép pin lithium hang
dAu tai Viét Nam, chiém khoang 56% téng sb pin lithium xuét khau véi 15.696 16 hang trong
di¥ liéu gan day (theo phan tich thwong mai nhw Volza). La mét cong ty con cla tap doan
ndi tiéng toan cau Samsung, céng ty van hanh mét co s& san xuat quy mé Ién, chi yéu tai
cac tinh Bac Ninh va Thai Nguyén, dwoc thanh |ap dé hd tro san xuét dién tir cia Samsung
tai khu vue.

o Loi thé cong nghé: Tan dung vai trd dan dau toan cau clia Samsung trong linh vc dién
ttr, cong ty dau tw manh mé vao R&D pin lithium. Cac co s& clia cong ty sir dung cong nghé
san xuét tién tién, bao gébm cac day chuyén I&p rap chinh xac cao va hé théng kiém soat
chat lvong nghiém ngat.

14 https://www.ritarpower.com/industry_information/Vietnam-lithium-battery-producers_434.html
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Céc pin nay cung cap mat dé nang lwong cao (Ién dén 700 Wh/L), an toan vuot trdi, voi
tudi tho vwrot qua 1.000 chu ky trong diéu kién t6i wu.

Tac dong thi trweng: Pin lithium cia Samsung dap (rng nhu cau san xuét trong nwéc va
dwoc xuét khau sang hon 60 quéc gia, cling cd loi thé canh tranh ciia cong ty trén thij trudong
quéc té. Sw thdng tri cila Samsung (chiém 56% thi phan xuéat khau) 1am ndi bat vai tro cla
Viét Nam nhw mét trung tam san xuat, mac du sy phu thuéc vao mét céng ty duy nhat dat
ra cau hdi vé sy da dang héa kinh té va loi ich dia phwong, do Samsung la cong ty s& hiru
nw&c ngoai.

Greenworks Vietham Co., Ltd.

Théng tin cong ty: Greenworks Vietnam Co., Ltd. la mét nguwoi choi quan trong trong thi
trwérng pin lithium cta Viét Nam, chiém 17% téng sé pin lithium xuét khdu véi 4.774 16 hang
(dwa trén di¥ lieu thwong mai). La cong ty con clia Greenworks, mét cong ty co tru sé tai
My chuyén vé thiét bi dién ngoai trovi, cong ty da thiét |ap sw hién dién san xuét tai Viét Nam
dé phuc vu nhu cau toan ciu.

Loi thé cong nghé: Cong ty st dung cdng nghé pin lithium-ion tién tién, dwoc hd tro béi
mot ddi ngl R&D chuyén biét. Cac pin ctia cong ty, dwoc st dung trong may cat cd, may
hut bui va cac cdng cu ngoai trdi khac, cé mat dé nang lwong cao (khodng 250 Wh/kg), tubi
tho chu ky dai (Ién dén 2.000 chu ky), va kha nang sac nhanh (80% trong 30 phut). Sy dbi
m&i lién tuc tap trung vao cac thiét ké than thién véi moi trwdng, phu hop v&i cac xu hwéng
bén virng toan cau.

Tac dong thi trwong: San phdm ctia Greenworks nham dén thj trung My, Chau Au va
Uc, chiém Iinh mét phan khic trong nganh thiét bi dién ngoai troi. Tai Viét Nam, nhan thic
ngay cang tang vé méi trwong va nhu cau st dung cdng cu dién dang thuc day viéc ap
dung trong nwéc, mac du trong tdm xuat khau cla cong ty cho thay tac déng han ché ngay
lap tirc d6i v&i sw phat trién cong nghiép trong nwéc so véi cac cong ty Ién hon.

Samsung Electronics Vietnam Thai Nguyen Co., Ltd.

Ho6 so’ cong ty: Samsung Electronics Vietnam Thai Nguyen Co., Ltd., mét cdng ty con cla
Samsung, tap trung vao san xuat pin lithium tai co’ s& ctia minh & Tinh Thai Nguyén. Cong
ty bd sung cho Samsung Electronics Vietnam Co., Ltd., v&i cong suat san xuat hang triéu
té bao pin méi ndm, méc du cac con sb chinh xac la bi mat.

Loi thé cong nghé: Tan dung R&D toan cau clia Samsung, co s& nay st dung cac day
chuyén san xuét ty dong va théng minh dé dam bao chét lwong én dinh. Cong ty wu tién
tinh bén virng mai trwdng, trién khai cac quy trinh tiét kiém nang lwong va gidm thiéu chat
thai, mac du cac théng sb gidm cu thé (vi du, gidm 20% murc st dung ndng luvong) khéng
dwoc cong khai. Cac pin dap (rng céc tiéu chuan an toan quéc té (vi du, IEC 62133).

Tac dong thi trwdng: Mac du thi phan clia né nhé hon so véi cong ty con khac, nhung né
hé tro sw ting trwdng xuat khdu va cung cép trong nwéc cia Viét Nam. Cac san pham xuét
kh&u dén Chau A, Chau Au va Bac My, nang cao anh hwéng khu vire clia Samsung, nhung
vai trd clia né nhuw mét co' sé phu dat ra cau hdi vé déng gop ctia né dbi véi chi quyén cong
nghé dia phuong.

CSB Battery Vietnam Co., Ltd.

Thong tin cong ty: CSB Battery Vietnam Co., Ltd., m6t cong ty con cia CSB Energy
Technology Group, hoat déng tir Khu céng nghiép Nhon Trach 3, Bong Nai, ttr nam 1986.
Cong ty tap trung vao san xuét pin axit chi diéu chinh van (VRLA) thay vi pin lithium-ion,
phan anh mét phan khuc thi trwdng khac.
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e Loithé cong nghé: Pin VRLA cla CSB c6 kha nang kin tuyét v&i, van hanh khéng can béo tri
va tudi tho tr 5—10 nam, phu hop véi cac ting dung trong vién thédng, UPS va nang lwong mét
troi. Cong nghé clia cdng ty da trwdng thanh nhwng it d6i méi hon so véi cac tién bo trong cong
nghé pin lithium-ion.

e Tac dong thi trwong: Phuc vu hon 100 quéc gia, CSB la mét nha lanh dao toan cau trong Iinh
vwc VRLA, véi sy thdm nhap manh mé vao cac nganh coéng nghiép va nang lwgng cua Viét
Nam. Viéc tap trung vao pin axit chi phii hop vé&i nhu cau 6 t6 (vi du, pin SLI), nhwng céng ty
dang tut lai so v&i xu hwéng pin lithium-ion do xe dién thuc day.

Leoch Battery Vietham Co., Ltd.

e Thong tin cong ty: Leoch Battery Vietnam Co., Ltd., mét chi nhanh ctia Leoch International, da
thanh 1ap hai nha may vao ndm 2019, san xu4t 36.000 tan pin nang lvong ngoai lwdi va 48.000
tan pin 6 td moi nam.

o Loi thé cdong nghé: Cong ty san xuét cac loai pin da dang (vi du, lwu tri nang lwong, vién
théng, dong lwc) véi trong tam vao tinh bén virng va R&D, méc du céc loi thé cong nghé cu thé
(vi du, mat do nang lwgng) it dwgc ghi nhan hon so v&i cac déi tha.

o Tac dong thi trwong: San phdm clia Leoch phuc vu cac nganh cdng nghiép va giao théng van
tai ciia Viét Nam va dwoc xuat khdu toan cau, nang cao hd so xuét khau pin clia Viét Nam.
Pham vi (’ng dung réng réi ctia cong ty cing cb vi thé thj trwdng cta né, mac du né phai canh
tranh v&i cac cdng ty dan dau chuyén biét trong linh vwe pin lithium-ion.

Sw hop tac gira cac nwdc va cac cdng ty trong viéc san xuét pin cho xe dién (EV) ngay cang tré nén quan
trong do nhu cau gia tang vé xe dién va céng nghé lwu tri nang lvong tai tao. Cac moi quan hé hop tac nay
khong chi giup phat trién cong nghé pin ma con dam bao chubi cung tng én dinh, thuc day sw bén virng va
giam thiéu chi phi. Duoi day la mot so vi du dién hinh vé sy hop tac gitra cac qudc gia va cac cong ty trong
linh virc san xuét pin EV.

4.4.1. Sw hop tac gitva My va cac cong ty Chau A

Han Quéc, Trung Quéc va Nhat Ban hién dang théng tri thi trwdng pin toan cau. Bén nha san xuét
pin tai Trung Quéc, ba nha san xuét tai Han Qudc va ba nha san xuét tai Nhat Ban chiém 90% thj
trwong thé gidi. Khi néi dén céng nghé pin va nang luc san xuét, Hoa Ky va Lién minh Chau Au con
kém xa. Tesla tai Hoa Ky va cac cong ty xe dién tai Chau Au chi tép trung vao Iép rap bd pin, day la
giai doan cubi cung ctia chudi cung (rng pin, trong khi khai thac, ché bién va vat liéu hoéa nguyén liéu
thd cho pin va san xuét pin chi yéu dién ra tai Han Quéc, Trung Qudc va Nhat Ban.

Hoa Ky va Chau Au dang theo dubi chién lwgc mé réng san xuét pin bang cach wu tién hop tac voi
cac nha san xuét pin tai Han Quéc. San xuét pin ¢ thé mé rong quy mé twong déi nhanh chéng,
nhwng tr& ngai l&n nhat dbi vai viéc tai cau tric chudi cung tng la ddm bao nguyén liéu thd. Do do,
ho dang toan cau héa cudc canh tranh nay—vi du, bang cach xay dwng cac nha may san xuét pin &
Chéau Phi. Cudc canh tranh nay da dwgc dwa vao cudc canh tranh kinh té-céng nghé I&n hon gitra
Trung Quéc va Hoa Ky.

- Tesla, cong ty san xuat xe dién hang dau tai My, hop tac véi cac cong ty Panasonic (Nhat Ban)
trong viéc san xuét pin lithium-ion tai Gigafactory & Nevada. Panasonic cung cap cdng nghé pin va
san xuét cac té bao pin, trong khi Tesla thiét ké va lap rap chung thanh cac géi pin cho cac mau xe
dién ctia minh. Sy hop tac nay khéng chi gitp Tesla mé rong san xut ma con gitp My gidm sy phu
thudc vao cac nha cung cép nwéc ngoai.



- General Motors (GM) va LG Energy Solution (Han Quéc) da hop tac dé xay dwng mot lién
doanh mang tén Ultium Cells LLC. Lién doanh nay chuyén san xuét pin lithium-ion cho cac mau xe
dién cia GM. Lién doanh nay duwoc thiét Iap tai Ohio, va s€ cung cép cac loai pin ¢6 kha nang tang
cuwdng pham vi va hiéu suat cho cac xe dién GM.

- Tesla hop tac véi CATL (Trung Québc): cac ké hoach pin dua trén hoa chéat LFP sé tang tdc khi
CATL c6 ké hoach thanh lap mét co s& san xuét pin LFP nhd hop tac véi Tesla tai Nevada. Cac kj
sw clia CATL sé& chi tham gia vao viéc thiét 1ap thiét bi, con Tesla s& quan ly nha may va chi trd moi
chi phi. Bay la mét dong thai quan trong dbi v&i Tesla. Trong khi ga khéng 16 xe dién da dat dwoc
san xuét hang loat pin lithium-ion NCM (niken-coban-mangan) v&i Panasonic, thi hoa chat LFP 1an
d4u tién dwoc kich hoat tai BAc My théng qua quan hé dbi tac chién lwoc véi CATL, thuc day bi
quyét ky thuat clia Tesla. Co s& méi nay du kién sé san xuét pin LFP cho Tesla Megapacks, cac
don vi lwu trir nang lwong ¢b dinh, khéng 16.

Khéng chi Tesla muén lam chd cdng nghé pin LFP. Vao thang 2 nam 2023, Ford da cong bd khoan
dau tw 3,5 ty d6 la dé thanh 1ap mot nha may LFP véi sw hd tro clia CATL vé kién thirc chuyén mén
k¥ thuat. Sau dién bién nay, Uy ban Chon loc vé Dang Céng san Trung Quéc (the Select Committee
on the Chinese Communist Party) da yéu cau cung cap théng tin chi tiét vé sy hop tac gitva Ford va
CATL, néu rd rang "tién thué ciia nguwoi dan Hoa Ky nén hé tro cac nha san xuét trong nudc, chiy
khoéng phai cac thyc thé nwéc ngoai", theo Reuters. Theo Dao luat Gidm lam phat (IRA), dwgc ban
hanh vao nam 2022, chinh phd Hoa Ky d&t muc tiéu tap trung hoan toan vao chudi cung (rng trong
nwoc.

Vao thang 11 ndm 2023, Ford quyét dinh cat giam 40% khoan dau tw ban dau duwoc cdng bd cho
nha may theo ké hoach.

Vao thang 9 nam 2023, Uy ban Ha vién Hoa Ky vé Phuong tién va Cach thirc da yéu cau thdng tin
tir CEO Elon Musk vé viéc Tesla c6 hop ddng véi CATL hay dang can nhéc ky hop déng hay khéng.
R rang, chinh phi Hoa Ky rat nghiém ngét trong viéc hop tac véi cac cong ty Trung Québc. Tuy
nhién, méi quan hé chat ché gitra Tesla va CATL va vai trd cia hé sinh thai xe dién Trung Quéc
trong chudi cung ng toan cau ciing rat rd rang.

Chinh sach cda chinh phi Hoa Ky cling dang mang lai hiéu qua. Vao thang 2, Duke Energy, mot
nha cung cap dién va khi dbt tw nhién véi hon 8 triéu khach hang, da thong béo rang ho sé hiy bd
quan hé déi tac véi CATL trong cac céng nghé lwu trir nang lwong quan sw va dan sy va st dung
cac nha cung cép trong nuéc.

Thi phan ctia CATL trén thi trwéng pin EV toan cau da tang 1&én 37,4% vao thang 11 nam 2023 tw
mirc 36,9% vao thang 10, v&i sé lwong dbi tac ngay cang tang trén toan thé gidi, bao gdm BMW,
Volvo, Li Auto, Toyota, Volkswagen, Hyundai va NIO.

C6 vé nhu dia chinh trj sé tiép tuc anh hwéng dén quan hé EV gitra Hoa Ky va Trung Quéc. Cau hoi
dat ra 1a 1am thé nao Hoa Ky c¢6 thé phat trién chubi cung (rng trong nwéc ma khéng cé cdng nghé
Trung Quéc ré hon. Con duwéng chuyén dbi trong nuwéc cé thé khong ré hodc ngan, nhung du sao
thi d6 cling 1a mét muc tiéu quan trong.

4.4.2. Hop tac gilra cac cdng ty Chau Au va cac cong ty Chau A

- Contemporary Amperex Technology Co. Ltd. (CATL), nha san xuét pin I&n nhat ctia Trung Quéc,
da thiét 1ap nhiéu quan hé hop tac véi cac cong ty Chau Au. Ho da ky hop dong véi Volkswagen
(Btrc) dé cung cép pin cho cac mau xe dién clia hang nay, va véi BMW dé cung cap céc té bao pin
cho cac mau xe dién cao cap ctia BMW.

G6



- Volkswagen (Dwrc) hop tac véi Northvolt (Thuy Dién) dé san xuat pin lithium-ion tai mét nha may
& Thuy Dién. Northvolt chuyén san xuét cac té bao pin, trong khi Volkswagen st dung chiing cho cac
dong xe dién ctia minh. Ca hai cong ty da cam két san xuét pin tr ngudn ndng lwong tai tao nham
gidm thiéu lwong khi thai trong qua trinh san xuét.

4.4.3. Hop tac gilra Trung Qudc va cac qudc gia khac

- BYD (Trung Quédc), nha san xuét pin va xe dién hang dau, da mé rong méi quan hé hop tac véi cac
cong ty quéc té, bao gdm viéc cung cap pin cho céc cong ty Toyota va Volkswagen. Cong ty nay
ciing da ky hop ddng véi chinh pha nhiéu quéc gia d& cung cap xe dién va cac giai phap lwu trir ndng
lwong.

- CATL la déi tac chién lwgc cia BMW (Bure) trong viéc cung cap pin lithium-ion cho cac dong xe dién
ctia BMW. Méi quan hé nay khéng chi giip BMW gidm bét sy phu thudc vao cac nha cung cap pin &
chau Au ma con gitp ho cung cép san pham véi chi phi hop ly hon.

4.4.4. Hop tac gilva Nnat Ban va Han Quéc

- Panasonic (Nhat Ban) va LG Energy Solution (Han Quéc) canh tranh va ciing hop tac gian tiép
trong cac chudi cung &ng. Ca hai cong ty nay cung cap pin cho cac nha san xuat xe dién Ién nhuw
Tesla, General Motors, va Ford, gop phan tao ra méi trwéng canh tranh lanh manh va thuc day sw
phat trién cdng nghé pin.

- Toyota va Panasonic da hop tac trong viéc phat trién pin cho cac xe dién, dac biét 1a loai pin solid-
state (thé rén). Ho da tao thanh mot lién doanh mang tén Prime Planet Energy & Solutions, chuyén
cung cap pin cho cac dong xe dién cla Toyota va cac ddi tac khac.

* Hop tac gitba Han Quéc va Nhat Ban trong viéc phat trién cong nghé pin

Samsung SDI va LG Energy Solution: Mac du ca hai cong ty nay canh tranh nhau trong nganh cong
nghiép pin, nhwng d6i khi ho ciing hop tac trong cac nghién cliru va phat trién chung vé céng nghé pin
tién tién, chang han nhw viéc phat trién pin lithium-ion thé ran hoac cac vat liéu mai cé thé cai thién
hiéu suét cta pin.
4.45. Sy dautw cua cac congty I&n trén toan thé gidi vao Viét
Nam
Viét Nam dang tré thanh mot diém dén hap dan cho cac nha dau tw quéc té trong nganh san xuét pin,
dac biét la pin lithium-ion dung cho xe dién (EV). Sy dau tw vao Viét Nam trong linh virc nay khéng
chi dén tr cac cong ty Ién trong nganh ma con tir cac qudc gia mudn gia ting sw hién dién trong chudi
cung (rng toan cau cho nganh xe dién va nang lwong tai tao. Dudi day 1a moét sb vi du vé sy dau tw
clia cac nwdc vao san xuét pin tai Viét Nam:

e DAu tw cta Han Quéc:
- LG Energy Solution, mét cdng ty con clia LG Chem, la mét trong nhing nha san xuét pin hang dau
& Han Quéc. Cong ty nay da cé sw dau tw Ion vao Viét Nam trong viéc xay dwng nha may san xuét
pin. LG Energy Solution da bat dau san xuét pin tai Viét Nam dé cung cap cho cac nha san xuét xe
dién toan cau, bao gébm ca cac dbi tac nhw VinFast (Viét Nam).
- Samsung SDI, mét don vi cta tap doan Samsung, ciing dang dau tw vao nganh cong nghiép pin tai
Viét Nam. Céng ty nay da mé cac nha may san xuat pin tai Viét Nam dé cung cap pin cho cac hang
xe dién va cac wng dung lwu trlr nang lwong.

e PAu tw cta Nhat Ban:
- Panasonic la mét trong nhirng cong ty Nhat Ban dau tw manh mé vao nganh céng nghiép pin tai
Viét Nam. Panasonic da hop tac voi Toyota trong viéc phat trién va san xuét pin cho xe dién, va céng
ty nay cling cé ké hoach tang cuwéng hoat ddong san xuét pin tai Viét Nam. Viéc Panasonic dau tw vao
Viét Nam sé giup cai thién chat lwgng san phdm va thic day nganh cong nghiép xe dién tai nwéc nay.
- Prime Planet Energy & Solutions, mét lién doanh gitra Toyota va Panasonic, d3 m& rong hoat
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dong tai Viét Nam dé hé tro' viéc san xuét va phat trién pin cho xe dién. Mac du lién doanh nay chd
yéu phuc vu cho thi trwéng qubc té, sy hién dién ctia PPE tai Viét Nam c6 thé thic day san xuét va
cung cap pin cho céc cong ty trong khu vire.

e Dau tw cta Trung Quéc:
- BYD, mét trong nhitng céng ty I&n nhat vé san xuét xe dién va pin & Trung Qudc, cling dang xem
xét dau tw vao Viét Nam. Cong ty nay da bat dau thao luan vé cac ké hoach hop tac va mé réng san
xuét tai Viét Nam, d&c biét trong linh vire pin cho xe dién. Sy dau tw ciia BYD c6 thé gilp thac day
nganh san xuat xe dién tai Viét Nam, déng thoi gidm bét sy phu thudc vao cac ngudn cung cép t
nw&c ngoai.
- CATL da co mat tai Viét Nam va dang xem xét cac co hoi dau tw mé rong. CATL da cung cép pin
cho nhiéu cong ty xe dién toan cau, va viéc mé réng san xuat tai Viét Nam sé giup CATL phuc vu tét
hon céc nhu cau cla khu vwc Dong Nam A,
+ CATL va VINFAST dat dwoc hop tac chién luoc toan cau dé thic day phat trién xe dién toan cau.
Bang cach tan dung pin tién tién ctia CATL, xe dién cai tién cla VinFast sé& dat dén tdm cao ma&i vé
pham vi, d6 an toan va kha nang lai xe théng minh. Sy hop tac nay ciing sé giup CATL tang cudng
d4u 4n toan cau ctia minh, d&c biét la & cac thi trwéng méi ndi va thuc ddy (rng dung cac cong nghé
xe dién moi.

e Dau tw tir cac qudc gia khac
- Lién minh chau Au (EU): C4c cong ty tir chau Au, chdng han nhu Volkswagen va BMW, ciing
dang tim cach hop tac vai cac cong ty Viét Nam hoac dau tw vao nganh san xuat pin tai Viét Nam.
Cac cong ty nay cé thé s& mé rong cac dy an san xuat va nghién ctu trong nwéc, dac biét khi Viét
Nam ddng vai trd quan trong trong chudi cung trng toan cau cho xe dién va pin.
- H6 tror ttr chinh phu Viét Nam: Chinh pha Viét Nam ciing d& dwa ra nhiéu chinh sach wu dai dé
thu hat cac nha dau tw quéc té vao nganh san xuét pin, bao gdm giam thué, hd tro tai chinh va cac
wu dai vé dat dai cho cac du an san xuat cong nghiép xanh. Cac chinh sach nay sé gitp Viét Nam tr&
thanh mot diém dén h&p dan cho cac cong ty qudc té trong viéc phat trién va san xuét pin cho xe dién.
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5. Nhirng thdng tin quan trong tir chuéi cung
(Png pin & mot s6 nwde dién hinh va bai hoc
tot nhat cho Viét Nam

Chudi cung (rng pin m&i ndi ctia Viét Nam, dwoc thuc day béi sw phat trién cla xe dién théng qua cac
cong ty nhw VinFast va nhu cau nang lvong tai tao ngay cang ting, cé thé huéng loi tir viéc nghién
clru cac qudc gia dan dau toan ciu. Phan nay xem xét chudi cung trng pin clia Trung Québc, An D6,
Han Quéc, Nhat Ban va Uc, cung cip cac chién luoc chi tiét, chinh sach clia chinh pha, phwong phap
dau tw va phan tich tinh twong thich v&i béi canh ctia Viét Nam. Méi qudc gia mang dén nhivng bai
hoc déc dao vé viéc mé rong san xuét, d@m bao nguyén liéu thd, tién bd cdng nghé va béo vé tinh
bén virng, dwoc diéu chinh phu hop véi bdi canh dia ly, kinh té va céng nghiép cla Viét Nam.

Sw théng tri ctia Trung Québc trong nganh céng nghiép pin toan cau khién quéc gia nay tré thanh mot
nghién ctru dién hinh quan trong cho Viét Nam. La nha san xuét va tiéu thu pin I&n nhat thé giai,
Trung Québc da xay dung mét chudi cung (ng tich hop va hiéu qua cao, bao gdm tir khai thac nguyén
liéu thd dén san xuét va tai ché pin. Thanh céng ctia quéc gia nay dwoc cho 1a nhé vao sy hé tro
manh mé tr chinh phd, cac khoan dau tw I&n vao céng nghé va viéc tao ra mét chudi cung trng tich
hop doc. Déi vai Viét Nam, kinh nghiém ctia Trung Quéc mang dén nhirng bai hoc quy gia vé viéc dat
dworc loi thé kinh té theo quy md va tich hgp cac giai doan khac nhau trong chudi cung tng. Viéc hiéu
cach Trung Quéc bdo ddm chudi cung (rng toan cau cho nguyén liéu thd va tan dung cac chinh sach
ctia chinh pht cé thé giup Viét Nam phat trién cac chién lwoc dé nang cao nganh céng nghiép pin cla
minh va dwa dat nwéc tré thanh maot déi tha canh tranh trong thi triérng toan cau.
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Hinh 5-1. a) Phan bd dia ly cia chudi cung trng pin va vat liéu EV va b) Phan bé quyén s& hiru cua
chudi cung trng LIB 115,116,

Hon niva, ching ta ciing c6 thé rut ra bai hoc to 1&n ctia Trung Quédc bdi so véi cac dbi thi & Bac My
va chau Au, chudi cung ng pin ctia Trung Qudc kém phat trién hon khi xét vé& cac tiéu chi méi truwong,
xa hoi va quan tri (ESG). Trong khi viéc tiép can nguyén liéu thd, kha nang tinh luyén va nang lwc san
xuét déu rat quan trong khi xay dwng chudi cung &ng pin dia phwong, thi cac can nhac vé ESG sé tré
nén ngay cang quan trong khi cac nha san xuét 6 t6 hwéng téi viec dap (ng cac muc tiéu bén virng,
va cac thi treong nhw Lién minh Chau Au thuc déy cac quy dinh vé "hd chiéu pin" yéu cau théng tin
vé d&u chan carbon cla san pham.

5.1.1. Chién lwgc chudi cung trng toan dién cua Trung Quodc

Su théng tri ctia Trung Québc xuét phat tr mét chién lwoc da hwdng, tan dung cac chinh sach cong
nghiép, dau tw vao khoang san quan trong, khd nang san xuét va tién bd céng nghé. Sy hé tro' cla
chinh pht 1a yéu té quan trong nhat gidp céac céng ty Trung Quéc gianh dwoc loi thé sém manh mé
so véi cac dbi tha tir cac qudc gia khac.

"5 A L. Cheng, E.R.H. Fuchs, V.J. Karplus, J.J. Michalek, Nat. Commun. 15 (2024) 2143,
https://doi.org/10.1038/s41467-024-46418-1.

"6 T, Greitemeier, A. Kampker, J. Tlbke, S. Lux, J. Power Sources Adv. 32 (2025) 100173,
https://doi.org/10.1016/j.powera.2025.100173.
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Hinh 5-2. Ning lwc san xuét pin cua Trung Quéc rat an twong, véi co s san xuat tai dia phwong

manh mé 17

Cac chién luoc then chét dé phat trién chudi cung (ng pin ndi dia ctia Trung Quéc bao gém:

Dam bao ngudn tai nguyén thé thiét yéu/An ninh tai nguyén thwong nguén: Trung Quéc
dau tw 15 ty euro mdi nam vao hoat ddng khai thac trong nwéc (vi du: dat hiém & Noi Méng)
va tai sdn & nwédc ngoai, kiém soat 70% luwong cobalt cia CHDC Congo va 30% lithium théng
qua cb phan tai Uc va Chile (vi du: cd phan 23,77% cua Tiangi Lithium tai SQM). Céac hop
déng dai han véi Pilbara Minerals ctia Uc (1 triéu tdn spodumene lithium méi ndm) va SQM
clia Chile d@am bao tinh &n dinh clia nguén cung. Cac dv an ha tang thudc Sang kién Vanh
dai va Con dwérng (vi du: xay dudng tai CHDC Congo dé van chuyén cobalt) gan quyén tiép
can tai nguyén véi anh huwédng dia chinh tri.

Chiém wu thé trong san xuat/Nang lwc trung nguén: Trung Québc xt ly 80% lwong lithium
hydroxide va 60% nickel sulfate toan cu, v&i 5 ty euro da dwoc dau tw ké tlr nam 2022 dé
m& rong cong suét tinh luyén thém 25%. Cac céng ty nhw Tianjin B&M dan dau trong san xuét
vat liéu cwe dwong (chiém 40% thi phan toan cau), trong khi Shenzhen Dynanonic tap trung
vao vat lieu ham lwong nickel cao, hé tro téc do tang trwdng nhu cau pin duw kién 25% méi
ndm dén nam 2030. Ngoai ra, Trung Qubc s& hitu 2.293,5 GWh céng suit nha may
gigafactory (xem Muc 4.3), xuat khau sang chau Au (60%) va Bac My (40%). Cac cong ty nhw
CATL, BYD va LG Energy Solution (hoat dng tai Trung Quéc) chiém ty trong Ién trong cong
suét san xuét pin toan cau. Trung Quéc ciing 1a quéc gia ¢ sé lwong nha may san xuét pin
nhiéu nhét, tao loi thé quy mé va gidm chi phi san xuét.

"7 MERICS research based on China’s 2017 top ten and foreign global top four manufacturing



Tich hop theo chiéu doc: Cac cong ty Trung Quéc kiém soat toan bd chudi gia tri, to tinh
luyén trung ngudn (vi du: san xuét lithium hydroxide, nickel sulfate va cobalt sulfate) dén san
xuét ha nguén cac thanh phan nhu cwc duwong, cuc am, chat dién phan va mang ngan. Cac
cong ty nhw CATL va BYD chiém linh thj trwdng, san xuét 1an lwot 37% va 14% pin xe dién
toan ciu. Nho tan dung thé manh 1an nhau, cac nha san xuét pin Trung Quéc da thiét 1ap
nhiéu méi quan hé hop tac. Viéc tich hop theo chiéu doc nay gitp gidm chi phi 10-15%, trong
khi nhu cau 6n dinh dén tir 7 triéu xe dién dwoc ban tai Trung Quédc trong ndm 2024 (cao nhat
toan cau).

o Nam 2023, CATL thanh Iap hai lién doanh v&i cong ty 6 t6 SAIC Motor. Cong ty cling
duy tri mdi quan hé chién luvoc véi cac doanh nghiép khac nhuw Dongfeng Motor. Lién
minh D4i méi Nano (Nano Innovation Alliance) la mét sang kién khac gan két cac bén
cht chét trong nwéc (tire 1a "Trung Qudc") xuyén subt chudi san xuét pin xe dién. Viéc
mua lai cac cong ty nwéc ngoai va chuyén giao cong nghé trong nwéc cling gép phan
xay dwng mét nganh céng nghiép ndi dia virng manh.

DPoi m&i cong nghé: Thong qua sang kién “Made in China 2025”, Trung Quéc dau tw 10 ty
euro mdi ndm vao nghién cru va phat trién (R&D) pin, thic ddy cac cong nghé cwc dwong
ham lwong nickel cao va tai ché. Cac cong ty nhuw GEM Co. dan d4u trong thuwe hanh kinh té
tuan hoan, tai ché 20% lwong pin da qua st dung tai Trung Quéc.

Chinh sach hé tro: Cac khoan tro cip (20 ty euro ké tir ndm 2020) va bién phap kiém soat
xuét khiu cac khoang san thiét yéu giup cting cb san xuét néi dia dong thei tac dong dén thi
trwéng toan cau. Trung Québc ap dung nhiéu chinh sach wu tién nha san xuét trong nuwéc hon
cac doanh nghiép nwédc ngoai (xem thém tai muc 5.1.2).

Tham nhap thj trieéng toan cau: Mot trong nhirng chién lwoc then chbt d& mé rong chubi
cung (rng pin la ddy manh xuét khau va dau tw tryc tiép ra nwdc ngoai (FDI).

o Xuét khau: 60% san lwong pin cung cap cho chau Au (vi du: Volkswagen), 40% cho
Béc MY (vi du: Tesla), véi CATL va BYD khéng ngirng mé réng danh sach khach
hang.

o DAu tw trwe tiép nwéc ngoai: Nha may tri gia 7 ty euro ctia CATL tai Dlrc (cong suat
10 GWh) va cac dw an mé rong 5 ty euro ciia BYD tai My va chau Au hwéng dén san
xuét tai chd, nhdm vwot qua rao can thwong mai nhw thué nhap khau ctia My.

o Lién doanh: Cac médi quan hé hop tac véi nhivng nha san xuét 6 t6 toan cau (vi du:
CATL-Tesla) dam bao chuyén giao cédng nghé, trong dé 20% nguén cung pin cla
Tesla dén tir Trung Quéc.

Tap trung vao phat trién bén virng va sé hoéa: Cac quy dinh yéu cau dat 70% ty |& tai ché
pin vao nam 2025, v&i GEM Co. thu héi 90% lithium va cobalt tir 100.000 tn pin mdi nam.
San xuét it carbon (vi du: st dung thdy dién tai T& Xuyén) giup gidm lwong khi thai t&i 25%
so vOi phwong phap dung than.

o Tai ché: 2 ty euro dwoc cip cho cac sang kién kinh té tuan hoan, véi GEM Co. phuc
héi 90% lithium va cobalt t&r 100.000 tn pin mdi nam.

o Céng cu sb hoéa: Tri tué nhan tao (Al) va blockchain gip giam th&i gian chudi cung
&ng 20%, v&i nha may CATL & Ninh Blre st dung Al dé t6i wu hda sén xuét.
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Hinh 5-3. Cac cong ty Trung Quéc théng tri thj trwong pin EV toan cau 118

5.1.2. Chinh sach cua chinh phu: Tang trwédng cong nghiép do

Nha nwdc dan dat

Chinh pht Trung Quéc diéu phéi nganh cong nghiép pin théng qua cac chinh sach chién lworc, tao ra

nhi*ng “nha vé dich qudc gia” va dam bao vi thé dan dau toan cau.

o Tap trung thi trwong va cha nghia bao hé: Tinh dén thang 6 nam 2024, CATL va BYD nam
gilr 64% thi phan néi dia, trong khi 10 nha s&n xuét hang dau kiém soat dén 87% thi trwong.
B& Céng nghiép va Coéng nghé Thang tin (MIIT) cap phép cho cac nha san xuét, chi phé duyét
57 doanh nghiép ké tlr nam 2015, trong d6 chi cé sau doanh nghiép c6 vén nwdc ngoai do
tiéu chuan khat khe. Dén nam 2023, chi c6 6 trén 98 cong ty san xuét pin va linh kién hoat
dong tai Trung Quéc 1a doanh nghiép nwéc ngoai. LG Chem da ban nha may san xuét pin tai
Nam Kinh va quyén cong nghé cho Geely vao thang 4/2024. Mét sb cong ty nwéc ngoai bat
dau quay lai thi trwerng Trung Quéc thdng qua lién doanh sau khi quy dinh han ché s& hiru bi
ndi 16ng vao ndm 2023 (vi du: hop tdc CATL-Tesla), tuy nhién cac coéng ty trong nuwéc van
gitr wu thé 90% thi phan nho tiéu chuén tuan tha dwoc thiét ké riéng. Mot sb chién lugc ma
chinh phi Trung Quéc st dung dé loai bd céac cong ty nwéc ngoai déng thei tao loi thé canh

tranh cho doanh nghiép ndi bao gém:

o N&m 2016, Bac Kinh céng bd dy thdo quy dinh tuy khéng phan biét rd rang gitra cong
ty ndi va ngoai, nhwng van tao lgi thé cho doanh nghiép trong nwéc. Quy dinh yéu cau
cac nha san xuat pin lithium-ion tai Trung Quéc phai dat cong suét téi thiéu 8 GWh
moi nam dé duwoc hudng tro cip. Ban dau, chi c6 CATL va BYD dap (rng dwoc yéu

cau nay, khién cac cong ty nhw LG Chem bi loai khdi cudc choii.

o Chuwong trinh chirng nhan ctia Trung Quéc ciing Ia mét rao can khac. Nhiéu cong ty
quéc té cho rang chwong trinh nay &p dung céc tiéu chuan khac nhau cho doanh
nghiép nudc ngoai, khién ho khéng dwoc dwa vao danh sach cac nha san xuét pin

dwoc cong nhan chinh thire.

e Chién lwoc phat trién kinh té — xa hoi — cac Ké hoach 5 nam (FYP): Ké hoach 5 nam Ian
thir 7 (1986—1990) dat nén méng cho sw thdng tri dat hiém, trong khi K& hoach 5 nam lan thiy
12 (2011-2015) dat muc tiéu dat 10 GWh cong suat pin lithium-ion, dat dwoc nhé sw tréi day
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ctia CATL. K& hoach 5 nam lan thir 13 (2016—-2020) nang muc tiéu I1&n 100 GWh, va da vuot xa khi
CATL dat 150 GWh va BYD dat 80 GWh. K& hoach 5 nam lan th& 14 (2021-2025) phan bd 50 ty euro
dé dat cong suat 2.500 GWh vao ndm 2025, tai tro' cho 20 dw an thi diém san xuét théng minh (vi du:
(ng dung Al & Giang Td). K& hoach 5 nam lan thi 15 (2026-2030) d&t muc tiéu dat 4.000 GWh va
50% nguyén ligu tai ché.

e Chinh sach céng nghiép — “Made in China 2025”: Ra m&t nam 2015 b&i Quéc vu vién, day la chinh
sach mang tinh bdo hé nham bién Trung Quéc thanh québc gia dan dau toan ciu vé san xuét tién tién,
trong dé pin va xe dién dwoc coi 1a nganh cdng nghiép cét 16i. Ngay tr ndm 2012, chinh phd Trung
Quéc da tuyén bd sé thanh lap 2-3 cdng ty pin hang dau véi cong suét téi thiéu 10 GWh trwéc nam
2020. Muyc tiéu nay da dwoc vuwot qua voi CATL (150 GWh) va BYD (80 GWh). Tham vong sau do
dwoc nang lén thanh 40 GWh cho cac “céng ty dan d4u c6 néng luc canh tranh quéc t&” trong ké
hoach hanh déng nganh pin xe dién nam 2023. Chinh sach nay da thic day 10 ty euro dau tw R&D
hang nam, tao ra 500 béng sang ché vao ndm 2024 va 18 dy an san xuét thong minh ké tir nam 2022.
Cac bién phap kiém soat xuét khdu dat hiém va graphite (tr nam 2023) giup bado dam nguén cung ndi
dia ddng thei gay ap lwc I1én thi trwong quéc té.

 Tro cap va Wu dai Tai chinh: Chinh pha Trung Quéc da trién khai nhiéu hinh thirc hé tro tai chinh
khac nhau, thuc day tbc dé tang trwéng kép hang nam (CAGR) 25% trong san xuét pin.

o Trer cap: 20 ty euro ké tr nam 2020, v&i 5 ty euro mdi nam gidp gidm chi phi san xuat 15-20%
(khoang 30 €/kWh), cho phép gia thanh chi 100 €/kWh so v&i mirc 150 €/kWh trén thj trweong toan
cau (theo MIIT, 2024). Nam 2024, 2 ty euro trg cAp cho ngudi tiéu ding xe dién da giup tang doanh
sb 1én 7 triéu xe.

o Wu dai thué: 2 ty euro mién gidm thué hang nam cho cac hoat dong khai thac, tinh luyén va san xuét
gitp céac cong ty nhw Tiangi Lithium tiét kiém 500 triéu euro mdi nam. Thué nhap khéau thiét bi dwoc
gidm xubng 5%, gidp gidm 10% chi phi dau tw ban dau.

o Vay von va tai tro: 10 ty euro vén vay lai suat thap ké tlr nam 2020 dwoc dung dé tai tro cho cac
thwong vu mua lai (vi du: Ganfeng Lithium mua cb phan tri gia 300 triéu USD tai mé Cauchari-Olaroz
& Argentina) va xay dwng cac nha may gigafactory (vi du: nha may tri gia 7 ty euro cia CATL tai Birc).

o H6 tror xuat khau: 1 ty euro tro cAp xuét khau tr ndm 2023 hd tro' viéc xuat khau 60% san lwong pin
sang chau Au.

e Tai tro R&D: Cam két d6i méi ctia Trung Québc dwoc cling ¢d bdi cac khodn dau tw manh mé vao
nghién clru va phat trién (R&D). Nhirng né lwc nay da rat ngan chu ky nghién ctru 20% va dwa Trung
Quéc tré thanh nwéc dan dau trong thi trwdng pin thé hé maéi, véi dw bao pin thé ran sé chiém 10%
san lvgng xe dién vao nam 2028.

o Chwong trinh quéc gia: 10 ty euro méi nam tai tro' cho Chuwong trinh R&D Trong diém Québc gia, tap
trung vao pin thé ran, cuc dwong ham luwong nickel cao (nhw NCM811) va coéng nghé lithium—lwu
huynh. N&m 2024, chwong trinh tao ra 500 béng sang ché, trong d6 cac cong ty Trung Qudc ndm gid
30% sb bang sang ché pin thé ran toan cau.

o Hop tac: 2 ty euro hé tro hop tac véi cac trwéng dai hoc hang dau (vi du: Thanh Hoa, Bac Kinh), dan
dén dot pha nhw nguyén mau pin 900 Wh/kg ciia CATL. Cé&c lién minh gitra doanh nghiép va hoc
vién, nhw Lién minh Déi méi Pin Trung Quéc, da tang san lwong R&D 1&n 40% ké tir ndm 2022.

o P6i méi trong tai ché: 1,5 ty euro ké tr ndm 2021 dwoc dau tw vao cong nghé kinh té tuan hoan,
v6i GEM Co. thu hdi 90% lithium va cobalt tir 100.000 tAn pin m&i nam. Viéc nay giup gidm 15% chi
phi nguyén liéu thdé va hé tro muc tiéu tai ché 70% vao nam 2025.

o Céng vién céng nghé: 3 ty euro da dwoc dau tw dé xay dwng 15 cdng vién dbi méi cong nghé vé
pin (vi du tai Thwong Hai, Quang Béng), quy tu hon 200 doanh nghiép va tao ra 50.000 viéc lam tinh
dén nam 2024.

« Phat trién bén virng va Mé& rong toan ciu: Can bang gitra Tang trwwdng va Trach nhiém

o Quy dinh bat budc veé tai ché: Quy dinh tai ché pin ndm 2021 yéu cau dat ty 1& thu hdi 70% vao ndm
2025, dwoc hé tro bdi 1ty euro dau tw vao co sé ha tang, gidp gidm 30% lwong réc thai chon I4p.
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o Sang kién Vanh dai va Con dwong (BRI): K& tir nam 2020, 15 ty euro da dwoc dau tw vao cac dw
an khai thac tai nguyén (vi du: cobalt tai Zambia) va mé rong thj trwéng (vi du: nha may ctia BYD tai
Indonesia), véi 20 GWh cong suat dwoc bd sung & nwédc ngoai tinh dén nam 2024 (theo MIIT, 2024).

o Chuyén giao cdng nghé toan cau: Nha may tri gia 7 ty euro ctia CATL tai Dirc, di vao hoat dong tir
nam 2022, xuat khau 10 GWh pin méi nam, ddo ngwoc dong chay céng nghé truyén théng va thach

thire sy thdéng tri clia cac nwdc phwong Tay.

5.1.3. Sw phi hop véi chubi cung rng Viét Nam

Khi Viét Nam dat muc tiéu tré thanh trung tam san xuét xe dién va lwu triv nang lwong tai tao trong
khu vuc, véi cac cdng ty nhw VinFast tién phong, md hinh cia Trung Quéc cung cép nhirng chién

lwoc thiét thuwe dé xay dwng mét hé sinh thai pin canh tranh va bén virng.
Bang 5-1. Nhirng bai hoc tir hé sinh thai pin ctia Trung Quéc va kha nang ap dung tai Viét Nam

Kinh nghiém va bai hoc tir Trung
Quoc

Kha nang ap dung tai Viét Nam

Tinh phii hop
theo bdi canh

- Gan vé mat dia ly, chia sé dwong bién gidi dai 1.281 km — gilp gidm chi phi
logistics thdng qua cac hanh lang kinh t& xuyén bién gi&i (vi du: Hanh lang Kinh
t& Nam Ninh — Ha N&i).
- C6 cac cam két va muc tiéu lién quan dén xe dién (EVs) va hé théng lwu triv
nang lvong (BESS).
- Trung Québc xuét khau va rét vén dau tw tryee tiép (FDI) vao Viét Nam.

- Ca hai déu la thanh vién cua Hiép dinh Déi tac Kinh té Toan dién Khu vuc
(RCEP).

Trong tam dau
tw

- Thweng nguén: tim kiém nguén tai
nguyén trong nwdc va tang cwong lién
minh thdng qua sy phu thudc lAn nhau
- Trung nguén: mé réng cong suét
tinh luyén, tap trung vao tinh luyén
lithium hydroxide va nickel sulfate; hd
tro xay dwng cac nha may gigafactory
-Ha nguén: nganh coéng nghiép BESS
(hé thdng lwu trir ndng lwong) va xe
dién (EV) phat trién manh, tao ra nhu
cau I&n cho pin
- Xuat khau va dau tw trwe tiép nwérc
ngoai (FDI): cac dw an thudc Sang
kién Vanh dai va Con dwong (BRI) va
cac dy an toan cau

Tang cudng khai thac cac ngudn tai
nguyén trong nwéc dong thoi thiét lap
cac quan hé dbi tac dé dam bao thém
ngudn lwc. Nang cao chinh sach hé
tro’ sén xuét trong nuéce.

Khung chinh
sach tong thé

Cac Ké hoach 5 ndm (vi du: Ké hoach
5 na&m |an ther 14: 50 ty euro cho muc
tiéu 2.500 GWh) va chinh sach bao ho
do nha nwéc dan dat nhw "Made in
China 2025" (muc tiéu 40 GWh) thuc
day tang trwdng cé hé théng.

Long ghép cac muc tiéu va chi tiéu lién
quan dén san xuét pin néi chung va pin
lithium-ion (LIB) néi riéng vao cac ké
hoach phat trién kinh té.

Tro cap va wu
dai

20 ty euro tro cép, 2 ty euro mién
thué, 10 ty euro cho vay ké to» nam
2020; gitip giam chi phi tor 15-20%.

Tang cwdng tro cap, wu dai thué va
céac chinh sach khuyén khich khac lién
quan dén xe dién (EV) va pin lithium-
ion (LIB). Thiét 1ap cac chinh sach wu
dai dai han cho hé théng lwu tri» nang
lwong (BESS) Xay dwng cac “nha vo
dich quéc gia” va thic day cac
startup/doanh nghiép tw nhan tham gia
vao linh vyc nay.
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Tai tro R&D 10 ty euro mdi ndm, 500 bang sang ang cudng dau tw vao R&D. Tap trung
ché (nam 2024), 15 cong vién déi moi  X@y dwng cac khu cong nghiép chuyén
sang tao (50.000 viéc lam): chiém vé san xuat pin. Phat trién nang lwc

L < e 0 hé.
30% bang sang ché va pin thé rén cong nghe
Quy dinh tai dat ty 1& thu hoi 70% vao nam 2025, 1ty Tap trung cai thién cac hoat dong tai
ché euro dau tw vao ha tang; thu hoi 90% ché va nghién ctru chinh sach tiem
lithium (100.000 tan/nam) nang ve tai ché.

Téng thé, Viét Nam cé thé &p dung mé hinh do Nha nwéc dan dat véi cac muc tiéu vé cong suét va
chinh sach tro cdp dé thu hut diu tw. Viéc tan dung cac wu dai thué quan trong khuén khé RCEP c6
thé tao diéu kién thuan loi cho quan hé déi tac véi Trung Quéc, tuy nhién Viét Nam can thuc thi cac
tiéu chuan ESG dé dap trng nhu cau toan cau va da dang hdéa nguén cung nham gidm sw phu thudc
vao Trung Quéc.

Sw twong thich gitra chudi cung trng pin ctia Trung Québc va Viét Nam mang lai nhiéu co héi Ién cho
ca hai quéc gia, d&c biét trong bbi canh nhu ciu toan cau vé nang luwong tai tao va xe dién ngay cang
tang. Tuy nhién, dé tan dung téi da loi thé nay, Viét Nam can mét chién lwoc phat trién dai han nham
cling cbd nang lwc ndi dia, da dang hoa nguén cung va giam thiéu rdi ro phu thudc vao nguyén vét liéu.

Han Quéc da vuwon Ién tré thanh mét trong nhitng québc gia dan dau toan cu trong chudi cung tng
pin va lwu trir nang lwong, nhd tap trung vao tinh bén virng, kha nang chéng chiu chudi cung (rng va
c4c tién bd trong cdng nghé pin thé hé mai. Quédc gia nay hién chiém khoang 37% thi phan toan cau,
chi ding sau Trung Quéc vé san lwong. Thanh twu nay dugc thuc day béi sw bung nd cla thj trudng
xe dién va cac khoan dau tw I&n tlr nhirng nha san xuét hang dau nhw LG Energy Solution (pin lithium—
lwu huynh, pin thé ran), Samsung SDI (pin nickel-mangan khéng cobalt), va SK On (Hinh 5-4), mang
lai nhirng bai hoc gia tri cho Viét Nam.

m China

® Europe

ow Il N Am

Rest of World

Fanasonic

s<%. [
samsunc soi [

0 100 200 300

Hinh 5-4. Top 6 so sanh theo trién khai pin ndm 2023, GWh.
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Céac mdi quan hé déi tac chién lwoc, chinh sach thwong mai hé tro va sw tap trung vao ddi méi cong
nghé da gitip Han Quéc cling ¢ vi thé 1a nwdc xuét khau vat lieu cuc dwong Ién nhat thé gioi (dac
biét I1a cwc dwong ham lwgng nickel cao).

5.2.1. Chién lwgre chudi cung trng pin

Chién lwoc chudi cung (rng pin cla Han Quéc tap trung vao déi méi cong nghé, dam bao an ninh
nguyén liéu thd va phat trién bén virtng nham duy tri vi thé dan dau toan cau. Céac tap doan Ién cua
Han Quéc, bao gdm LG Chem, dong vai trd 1a dong lwc chinh thic day sy phat trién cta nganh céng
nghiép trong nwéc. Dac biét, véi mire tang 35% médi nam trong xuét khau vat liéu cwe dwong, Han
Qubc da tré thanh nwéc xuat khau vat liéu cwe duwong Ién nhat thé gidi.

Chinh sach t6ng thé: Chuwong trinh Green New Deal 2.0 dwgrc cap nhat vao nam 2021 tap
trung manh vao hanh déng khi hau, phat trién kinh t& xanh va nganh céng nghiép xanh.

D6i mé&i cong nghé: Han Quéc dan dau trong linh vue pin thé hé méi, véi LG Energy Solution
hwéng dén pin lithium—lwu huynh (600 Wh/kg vao nam 2025) va Samsung SDI phat trién pin
nickel-mangan khéng cobalt. Cac wu tién nghién clru bao gdm cwc dwong ham lwong nickel
cao, cuc am silicon va pin théng minh cé kha nang tw chan doan. Nhiéu quy ddi méi R&D
cong — tw da dwoc trién khai (gitva B6 Thwong mai, Céng nghiép va Nang lwong — MOTIE,
nganh céng nghiép pin va khéi diu tw tw nhan) nham thac day phat trién cac cdng nghé pin
tién tién, bao gdm ca pin thé ran.

Thué va wu dai: Luat Han ché Mién thué (Tax Exemption Restriction Act) cong nhan cong
nghé pin la nganh chién lvgc qubc gia va cung cép hé tro thué cho cac khoan chi tiéu R&D.
Cac chuwong trinh wu dai ctia Ngan hang Xuét nhap khdu Han Quéc va Ngan hang Phat trién
Han Quéc ciing dau tw 1,5 nghin ty won vao céc loai pin LIB an toan cao, tudi tho dai, chi phi
thap, pin LIB thé ran va pin kim loai—lwu huynh dung cho hé théng lwu tri¥ nang lwong (ESS)
va lwgi dién thong minh.

An ninh nguyén liéu va tich hop theo chiéu doc: Cac cong ty Han Quéc dbdi mat véi nhu
cau dam bao ngubn cung nguyén liéu thd va tranh tdc nghén tai giai doan héa chét trung gian.
Do d6, ho da ap dung chién lwoc tich hop theo chiéu doc théng qua viéc mua cb phan trong
cac hoat dong khai thac va tinh luyén, cling nhw thiét lap cac théa thuan mua ban chién lwoec.
Ho ciing dau tw vao nang lwc ché bién trung gian ca trong nwéc va & nwédc ngoai. Ho dic biét
tich cuc trong viéc tinh luyén lithium, nickel va graphite tai Argentina, Indonesia, Uc va trong
nwéc. Chién lwoc cdng nghiép ctia Han Quéc wu tién phat trién giai doan trung gian va hé tro
m& réng cac co' s& san xuét tiéu thu nhiéu nang lwgng (xem Hinh 5-5).
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Hinh 5-5. Ké hoach san xuat & nwéc ngoai clia cac cdng ty I&n ¢6 ngudn géc tir Han Quéc

119,

Quan hé déi tac toan cau: Cac cong ty Han Quéc da Iva chon con dwéng da dang héa va
hop tac chién lwoc véi cac dbi tac Trung Québc canh tranh, ddng théi tan dung vai trd ctia Han
Quédc nhw mét ddng minh dia chinh tri cia Hoa Ky va chau Au. Thanh céng va kha nang duy
tri thi phan dang ké trén thj trwéng pin toan ciu cla ho phu thudc vao cac chinh sach, va &
murc do thdp hon, vao ndng lwc déi méi. Chirng nao cac chinh sach nhw Dao luat Gidm lam
phat (IRA) ctia Hoa Ky con thuan lgi — diéu nay khéng phai ltic nao ciing chéc chén — thi cac
cong ty Han Quéc van cé thé canh tranh trong nganh céng nghiép vén dang bi Trung Quéc
chi phéi.

San xuat tién chat va cwe dwong (p/CAM) / Tap trung manh vao trung nguén: Han Quéc
la nwéc xuat khau vat liéu cuc duwong 16n nhat sang chau Au va Bac My, va hién chiém 37%
thi phan cwc dwong toan cau. Cong suét san xuét trong nwéc ddi vai tién chat va cuc dwong
da tdng manh trong nam 2023, gitp gidm sw phu thudc vao nhap khau tor Trung Québc (xem
Hinh 5-6). Cac céng ty nhuw POSCO Chemical san xuéat 50.000 tan tién chit méi nam tai
Gwangyang, tir d6 gidm dang ké sw phu thudc vao Trung Quédc. Sy chuyén dich nay phi hop
véi yéu cau vé ngudn gdc nguyeén liéu theo Dao luat IRA cia Hoa Ky, dong thei thuc day xuét
khau sang Bac My (chiém 40% tdng lwong xuat khau cuc dwong) (xem Hinh 5-7 va 5-8).

119 CRU
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Xudt khdu tién chat va cathode cia Trung Quéc khéng tang hodc giam
v&io ndim 2023 khi Han Quéc tré nén tuf chl
Xudt khdu tién chdt (LHS) va CAM (RHS) haing thdng clia Trung Quéc vé diém dén, nghin tén

= Khdc

® Bac My

= Chéu Au
= Nhat Ban
“ Han Quéc

Jan 21 Aug-21  Mar-22 Oct22 May-23 Dec-23 hm21 Aug-21  Mer-22 Oct-22 May-23 Dec-23
Cdc md réng cdng sudt p/CAM mdi tép trung bén ngodii Trung Quéc, %

Cbng sudt san xudt tién chét ternary (LHS) vé CAM (RHS) du kién, nghin tén

w Trung Quéc

#Chéu Au

wBac My

* Phén cén lgi clia thé gidi
2020 2022 2024 2026 2028 2020 2022 2024 2028 2028

NGUON: CRU Battery Value Chain Service, GTT

Hinh 5-6. Xuat khau tién chéat va catét cia Han Quéc sé di ngang hoéc giam vao nam 2023 khi Han
Quoc tre nén tw cha 120

Héa chat lithium Nickel sulfate
W Céaccing ty khac tai cac quiic gia FTA v&i M7
B Cac cdng ty Han Qudc hoat d8ng trong cac quiic gia od FTA wif My
W 54 b e GEp e Han Guéc
2023 2024 2025 202¢F 027 2028 2023 2024 2025 2026 20 2028
Vit liéu hoat tinh cathode Vat liéu hoat tinh anode
026 2027 2028 2024 2025 2026 2027 2028

Ngubn: Dich vu Chudi Gia tri Pin CRU. Ty 1 dua trén san lugng sdn xudt x ty 1& s& hifu vén.
Sur tham gia clia Han Quéc vao khai thac lithium, nickel, cobalt va san xudt héa chét cobalt la khéng dang ké.

Hinh 5-7. Quyén sé hiru ctia Han Quéc trong chudi cung (rng tuan tha IRA

120 CRU




Chi phi san xuat cell pin NMC 811 cho Chi phi sdn xuat cell pin LFP cho
Hoa Ky so v6Gi Trung Quéc, $/kWh Hoa Ky so v&i Trung Quéc, $/kWh

® Nguyén vat liéu ™ Nguyén vat ligu

-
-
-
=
- -
o =] - - on o
- | =] -
2023 2024 2025 2026 2027 2028 2023 2024 2025 2026 2027 2028

NGUON: Dich vu :hyBi gia tri pin CRU, M6 hinh chi phi pin CRU. Theo hudng dan chinh sdch m&i nhat, IRA 45X
Tin dung thué san xudt chi ap dung che lac ddng va ché bi€n, khong ap dung cho vat ligu
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Hinh 5-8. Tin dung thué san xuat IRA thuc day kha ning canh tranh vé chi phi cua cac cong ty san

xuét pin Han Quéc - Hoa Ky

Phat trién bén vibng: Dat ra cac muc tiéu rd rang cho viéc tai st dung pin va tai ché (vi du:
cobalt sulfate — 22.000 tAn/n&m, nickel sulfate — 62.500 tAn/nam, manganese sulfate — 7.100
tAn/nam).

5.2.2. Chinh sach cua chinh phu

Chinh phd Han Quéc thac day hé sinh thai pin théng qua cac chinh sach chién lugc, khuyén khich dbi

m&i, phat trién bén virng va tuan thi cac tiéu chuan toan cau:

Khung chién lwoc va cac bén chi chét: Chuong trinh Green New Deal clia Han Québc yéu
cau dau tw 73,4 nghin ty won nham téng cwdng hanh dong vi khi hau va hién thywc héa nén
kinh t& xanh, v&i trong tam dau tw vao ha tang xanh, nang lwong tai tao va cong nghiép than
thién v&i méi trwdng. Bén canh do, Chién Iwoc Phat trién Pin K-Battery nam 2021, do B
Thwong mai, Cong nghiép va Nang lwgng (MOTIE) giam sat, dat muc tiéu dat 400 GWh cong
suéat san xuat pin vao nam 2030. Cac bén dong vai trd then chét bao gdm MOTIE, Vién Danh
gia va Lap ké hoach Cong nghé Nang luong Han Quéc (KETEP), Vién Danh gia Céng nghé
Cong nghiép Han Quéc (KEIT) va Bo Khoa hoc va Cong nghé Théng tin (MSIT). Céac hiép héi
nganh nhw Hiép hdi Céng nghiép Pin Han Quéc (KBIA) va Hiép hoi R&D Pin Han Quéc
(KORBA) dong vai tro két ndi va hd tro hop tac gitra cac bén lién quan, trong khi cac vién
nghién ctru nhw KIST va Vién Céng nghé Tién tién Samsung (SAIT) déng vai trd quan trong
trong viéc thac day d6i méi cdng nghé.

Muc tiéu chinh sach: T ndm 2025 dén 2028, Han Quéc dat muc tiéu thwong mai hoa cac
c6ng nghé pin tién tién gdm: pin lithium—lwu huynh vao nam 2025, pin thé rén vao ndm 2027
va pin lithium—kim loai vao ndm 2028. Song song dd, quéc gia nay sé phat trién thi trwéng hé
théng lwu trir nang lwong (ESS) st dung pin da qua st dung véi quy mé 2,2 GWh va tai ché
22.000 tAn cobalt sulfate méi nam (theo MOTIE 2024). Dén nam 2030, Han Quéc huéng toi
vi tri dan dAu toan cau v&i doanh sbé pin dat 166 nghin ty won (twong dwong 117,86 ty euro,
chiém 40% thi phan toan ciu), doanh thu tir nguyén vat liéu dat 60 nghin ty won (42,6 ty euro)
va kim ngach xuét khau dat 20 ty USD, déng thdi gidm 40% lwong khi nha kinh (GHG). Xa
hon, dén nam 2050, Han Quédc dat muc tiéu dat trung hoa carbon va 100% phwong tién khéng
phat thai, véi 1,8 triéu xe dién st dung pin nhién liéu (FCEV) dwoc ky vong ra mat vao nam
2030.



Tro cp va Wu dii: B6 Thwong mai, Cong nghiép va Nang lwong Han Quéc (MOTIE) cung
cAp khoan tin dung thué tri gia 2 ty USD méi nam, gitp gidm chi phi sén xuét khoang 10%.
Dao luat Gidm lam phat (IRA) clia Hoa Ky hé trg thém 35 USD/kWh tién hoan thué, gép phan
tang xuéat khau I&n 20%. Luat Han ché Mién thué cho phép mién gidm t&i 50% thué cho hoat
dong R&D va 20% cho dau tw co s& vat chat. Ngan hang Xuat nhap khdu Han Québc
(Eximbank) ciing d& xay dwng ké hoach thanh 1ap quy tri gia 1 nghin ty won (twong duwong
745 trieu USD) nhdm hd tro cac doanh nghiép trong cac nganh céng nghiép chién lwoc cong
nghé cao, dic biét 1a chat ban dan va pin.

Tai tr R&D: Quy R&D céng — tw giai doan 2023-2030 phan bb 13,5 nghin ty won (twong
dwong 9,59 ty euro) dé phat trién cac cong nghé pin tién tién, dac biét 1a pin thé ran.

Tai ché va Hb tror ESS: Chinh phi Han Qudc dat ra cac muc tiéu chinh sach manh mé cho
viéc tai str dung va tai ché pin (vi du: phat trién thj treorng ESS coéng cong quy mé 2,2 GWh
nham mé réng nhu cau st dung pin tai str dung, va muc tiéu tai ché khoang 22.000 tan cobalt
sulfate m&i nam). Luat Tuan hoan tai nguyén thiét bj dién — dién t& va phwong tién giao théng
(EEEV Act), dwgc ban hanh nam 2019 va slra déi nam 2021, nham giam sy phu thudc vao
nguyén liéu thé nhap khau bang cach thic day tai ché thiét bi dién — dién t&r va xe cd. Luat
nay mé& rong Trach nhiém mé rong cla nha san xuat (EPR) dbi véi cac sédn phdm trén, gitp
quan ly chat thai hiéu qua hon va thic day thu hdi tai nguyén. Luat cling huwéng dén viéc nang
cao céng nghé tai ché, thu hoi kim loai cé gia tri va tao ra co hoi kinh t&. Stra d6i nam 2021
giao quyén van hanh céac trung tdm thu gom chét thai — bao gdm co’ s& tai ché pin xe dién —
cho Téng Céng ty Méi trwérng Han Québc (KECO), tir d6 cling ¢b co s& ha tAng cho quan ly
chat thai bén virng.

5.2.3. Sy phu hop v&i chubi cung rng Viét Nam
Dva trén moi quan hé thwong mai hién co gilra hai quéc gia va sy hién dién manh mé cla cac doanh
nghiép Han Qudc tai Viét Nam, viéc tan dung dinh hwéng dau tw, khung chinh sach va cac wu dai clia
Han Quéc c6 thé thuc ddy nhanh chéng sy phat trién cla nganh cong nghiép pin tai Viét Nam. Dé
nang cao nang lwc canh tranh, cac yéu t6 then chét sé bao gdm: tro cAp cé muc tiéu, chinh sach quéc
gia vé tai ché va cac chwong trinh nghién ciru — phat trién (R&D) quy mé I&n. Viéc thiét 1ap cac lién
doanh véi doanh nghiép Han Quéc co thé tao diéu kién thuan loi cho chuyén giao cdng nghé, dong
thoi dinh vi Viét Nam tré thanh trung tdm san xuét va xuéat khau pin hang dau trong khu vuec.

Bang 5-2. Nhirng bai hoc tir hé sinh thai pin ctia Han Quéc va kha nang ap dung tai Viét Nam

Kinh nghiém va bai hoc tir Han Kha nang ap dung tai Viét Nam
Quoc
Tinh phu hgp - Han Quéc 1a ddi tac thwong mai Ion the ba va 14 thi trwéng nhap khau Ién the

theo béi canh  hai clia Viét Nam. Téng kim ngach thwong mai song phwong gitra Han Quéc va

Viét Nam da tang 9,2%, tr 79,4 ty USD nam 2023 Ién 86,7 ty USD nam 2024.
- Cac méat hang xuét khau chinh t Han Québc sang Viét Nam bao gém thiét bi
dién ter, phuwong tién giao thong, V.V.
- Samsung SDI va LG Chem da dau tw manh va co hién dién I&n tai Viét Nam,
v&i y dinh phat trién san xuét pin. Tuy nhién, viéc thiéu cac chinh sach wu tién
trong chudi cung (rng pin da can tré dong von dau tw thuc té.

Trong tam ddu  Thwong nguén: Han Quéc phu thuéc  Tang cwong cac théa thuan song

tw

nhieu vao nhap khau khoang san, nén  phuwong dé thic ddy thwong mai pin va
wu tién,thiét Iap quan hé ddi tac véi trao ddi cong nghé.

cac quoc gia giau tai nguyén (vi du: )

Uc, Indonesia).
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Trung nguén: Tap trung manh vao
san xuat tién chat va vat liéu cuc
dwong (p/CAM), chiém 30% thi phan
cwe dwong toan cau. Hé tro xay dwng
cac nha may gigafactory.

Ha nguén: Nhu ciu ngay cang tang t
cac nganh céng nghiép khac.

Xuét khdu va dau tu truc tiép nuoc
ngoai (FDI): Tap trung vao thi trwong
toan cau, v&i sy mé rong sang Bac My
va chau Au.

Khung chinh
sach tong thé

Green New Deal, Chién lwoc K-Battery

Tich hop ndi dung phat trién chudi cung
&ng pin sau hon vao Chién lvgc Téng
trwdng Xanh cua Viét Nam (GGS); xem
xét xay dwng cac chién lwoc riéng biét
danh cho phat trién chubi cung trng pin.

Tro cap / wu
dai

Han Quéc dau tw manh vao viéc cling
cb chudi cung ng pin xe dién, tap
trung vao viéc da dang hoéa ngudn
cung dé gidm phu thudc vao Trung
Qubc va tuan tha cac quy dinh vé tin
dung thué ctia Hoa Ky, bao gébm cac
khodn vay wu dai cia nha nwéc va wu
dai thué.

Viét Nam nén ban hanh cac chinh sach
wu tién diu tw vao linh vwc pin dé thu
hat cac nha san xuit Han Québc; phat
trién Goi Bau tw Pin véi cac wu dai lién
két san xuat, mién gidm thué va cac
khoan vay lai suat thap; thiét 1ap cac wu
dai cho lién doanh gitra doanh nghiép
pin trong nwéc va nwdc ngoai nham
thuc day chuyén giao céng nghé.

Tai tro R&D

Chuwong trinh nghién clru — phat trién
quy mo I&n theo hinh thire hop tac cdng
—tw

Thiét 1ap mang lwdi két noi gitra cac
trwdng dai hoc, vién nghién clru va cac
doanh nghiép dan dau nganh; tang
cwong tai tro cho hoat ddng R&D vé pin
tién tién, tédp trung vao mat dé nang
lwong, gidm chi phi va tai ché.

Quy dinh tai
ché

Cac tiéu chuan cong nghiép Han Qubc
(KS) nhuw KS C IEC 62660-1/2/3 va KS
C 62133; Tiéu chuan An toan Phuong
tién Co gidi Han Quéc; cac tiéu chuan
moi trwdng (KECO tap trung vao quy
dinh tai ché va x ly pin; luat EEEV vé
thu gom va tai ché pin cuing cac linh kién
phuwong tién khac)...

Xay dwng cac tiéu chuan ky thuat va
tiéu chuan qubc gia vé tai ché pin; day
manh nghién ctru va xay dwng chinh
sach chuyén sau vé tai ché; dau tw vao
ha tang tai ché pin va cé chinh sach
khuyén khich khu vuwc tw nhan tham
gia.

Chinh sach
nganh

Thic day nhu cau s dung pin sac tw
cé khu ve cdng va tw nhan; hd tro tai
chinh cho cac nha san xuét pin xe dién
trong nuwée

Ap dung wu dai tai chinh cho cac nha
san xuét pin nham khuyén khich néi dia
héa san xuét; thic day viéc st dung pin
trong giao théng cong cong dé kich cau
nhu cau trong nuwéc

10G

Nhat Ban mang dén nhirng bai hoc hiru ich cho nganh céng nghiép pin cta Viét Nam, dac biét trong viéc thich
&ng chinh sach chién lwoc, dbi méi cdng nghé va ting cwéong kha nang chdng chiu thi



trwong. Méc du tirng thdng tri thi trwdng pin toan cau tlr ddu nhivtng ndm 1990, Nhat Ban da phai dbi
mét v&i sy canh tranh ngay cang gia tang tlr Trung Quéc va Han Quéc, budc qubc gia nay phai diéu
chinh lai chién lwoc cong nghiép. Dé 13y lai loi thé canh tranh, Nhat Ban da cap nhat chién lwvoc phat
trién nganh pin vao ndm 2024, véi cac wu tién bao gdm: thwong mai hda pin thé ran toan phan (ASSB),
cai thién tinh bén virng, m& rong san xuét noi dia, tang cudng lién minh toan cau va phat trién ngudn
nhan lwc.

Viéc Nhat Ban chi trong manh vao R&D va cac quy trinh san xuét tién tién da giup nwéc nay duy tri
duwoc vi thé trén thj trwong, bat chdp sw canh tranh toan cau. Nganh pin lithium-ion cia Nhat duwoc dw
bao sé tang trwdng véi tbc do tang trwdng kép hang ndm (CAGR) 13,8% trong giai doan 20222031
(xem Hinh 5-9), phan anh sw déi méi lién tuc va mé réng thi trwong dwa trén chinh sach.
Cac nha san xuét pin hang dau ctia Nhat Ban nhu Panasonic Corporation, Sony Corporation va Toshiba
Corporation duoc ky vong sé tiép tuc gilr vai trd chi dao trén thj trwong noi dia.

—

CAGR OF e
13.8%

Thi trudng pin lithium-ion

tai Nhat Ban du kién sé

tang trorong nho vao sy gia

tdng trong viéc sir dung pin

Li-ion trong cac thiét bj

dién to tiéu dung va xe

i 2023 024 0 0% 2027

dlen. 2032

BVl o

Hinh 5-9. Thi trwé'ng pin lithium-ion tai Nhat Ban

5.3.1. Chién lwvgrc chudi cung trng pin
Chién lwgc chudi cung (rng pin ctia Nhat Ban tap trung vao dbi méi cong nghé, an ninh nguyén liéu
thd, nang cao néng lwc san xuét va phat trién bén vikrng nhdm gianh lai loi thé canh tranh:

o D6i mé&i cong nghé: Nhat Ban gilr vai trd dan dau va wu tién phat trién cac cong nghé pin thé
hé tiép theo, dac biét 1a pin thé rén toan phan (ASSB), véi muc tiéu thwong mai hda vao ndm
2030. Toyota Motors hién dan dau véi hon 1.000 bang sang ché lién quan dén ASSB va dy
kién sé& san xuéat hang loat trong giai doan 2027-2028, v&i tAm hoat dong 1&n t&i 1.200 km.
Nissan va Honda cling dang xay dwng day chuyén san xuat ASSB ndi bo. Bo Kinh té, Thuwong
mai va Coéng nghiép Nhat Ban (METI) da phé duyét bdn dw an R&D I&n tinh dén nam 2023,
v&i sy tham gia cua Toyota, Idemitsu, Mitsui Kinzoku va TK Works, tap trung vao vat liéu va
quy trinh san xuat ASSB. Cac wu tién nghién clru bao gébm: nang cao mat dé nang lwong, cai
thién d6 an toan va tich hop cac céng nghé sb nhw tri tué nhan tao (Al) va Internet van vat
(IoT) dé tbi wu hda hiéu suat va hiéu qua san xuét.

e An ninh nguyén liéu thé: Nhat Ban dang ting cwéng quan hé ddi tac véi cac qubc gia nhw
Indonesia va mot sb nwéc chau Phi dé& phat trién chudi cung (ng cac khoang san thiét yéu
nhw cobalt va nickel, nham giai quyét van dé phu thudc Ién vao nhap khiu. Mac du Nhat Ban
khéng phai la nwédc san xuét Ién vé khoang san thiét yéu, nhung lai déng vai trd quan trong



trong linh vurc ché bién khoang san va san ’xuét pin xe dién, v&i cac cong ty nhw Panasonic
dan dau nganh. Vao nam 2023, Nhat Ban xep thtr 10 trong so cac nha cung cap khoang san
thiét yéu cho Hoa Ky, dac biét |a trong linh vic cobalt da qua xi ly.

Quy mé san xuat: Tinh dén ndm 2024, cdng suét san xuét pin trong nwdc ctia Nhat Ban dat
80 GWh, vé&i ké hoach mé rong lén 120 GWh vao nam 2026 (tdng 50%) va dat 150 GWh méi
nam vao ndm 2030. Cac doanh nghiép chi chbt bao gdm Panasonic, GS Yuasa va Toshiba.
Trén toan cau, cac cong ty Nhat dat muc tiéu dat tdng cong suat 600 GWh vao nam 2030,
twong dwong 20% thi phan toan cau.

o Toyota: Dau tw 245 ty yén cung v&i Prime Planet Energy & Solutions va Primearth
EV Energy dé san xuat 9 GWh pin ASSB va pin prismatic mdi ndm, bat dau tir thang
11/2026 tai cac nha may & tinh Hyogo va Fukuoka.

o Nissan: Lén ké hoach san xuit 5 GWh pin LFP/nam danh cho xe mini tr thang
7/2028, v&i khoan hé trg 55,5 ty yén.

o Panasonic/Subaru: Dau tw 463 ty yén dé xay dwng nha may pin Li-ion cong suat 16
GWh/nam tai Gunma (kh&i cong thang 8/2028) va nha may céng suat 4 GWh/nam tai
Osaka (kh&i cong nam 2027), cling v&i san xuat bd sung cho Mazda tai cac nha may
& Suminoe va Kaizuka.

Phat trién bén virng va Tai ché: Nhat Ban nhdn manh vao mé hinh kinh té tuan hoan, voi
muc tiéu thu héi 70% lithium, 95% nickel va 95% cobalt tir pin da qua st dung vao nam 2030,
nham gidm tac dong dén méi trwng. Chién lwgc nganh cong nghiép pin cta Nhat khuyén
khich cac tiéu chuan tai ché va thwe hanh bén ving.

Tro cép / Wu dai: Bo Kinh t&, Thwong mai va Céng nghiép Nhat Ban (METI) d& phé duyét
khoan tai trg 347,9 ty yén (2,4 ty USD) vao ngay 6/9/2024 cho 12 dw an, bao gdm san xuét
pin Li-ion, LFP, nguyén liéu va thiét bi san xuét, giip nang cong suét tr 85 GWh lén 120 GWh
vao ndm 2026. Khodn tai tro nay tiép ndi cac dot tro cp gan 1ty USD vao thang 6/2022 va
thang 4/2023.

Chinh sach nganh: Nhat Ban da trién khai nhiéu chinh sach khuyén khich danh cho cac
nganh lién quan dén pin nham thuc day nhu cau.

o Chinh phi da dau tw dang ké vao nghién ctru, phat trién va ha tAng xe dién (EV), thé
hién cam két rd rang véi giao thdng bén virng. Xe dién hybrid sac ngoai (PHEV) duwoc
mién hoan toan céac loai thué mua, dang ky va thué trong lwong, trong khi xe hybrid
théng thuwdng (HEV) dwoc mién gidm mot phan. Theo muc tiéu nam 2035 la 100% xe
ban ra ma&i phai than thién véi méi trwdng, chinh phid cung cép tro cdp cho xe nang
lwong sach (CEV), bao gdm cé xe dién chay pin (BEV), PHEV va xe dién pin nhién
liéu (FCEV). Nam 2021, murc tro' cAp tbi da cho CEV la khoang 7.200 USD (800.000
yén). Nhirng chinh sach nay da thac day viéc st dung EV va mé rong thi truéng tram
sac, gop phan vao sy phat trién ctia nganh pin LFP tai Nhat Ban.

Bang 5-3. Thi trwdng pin lithium sat phosphate, theo céng suat, 2017-2022 (triéu do la

My)2!
Ty lé tang trwéng
Dung lwgng 2017 2018 2019 2020 2021 2022 hang nam (CAGR)
(2017-2022)
0-16,250 mAh 23 25 26 22 34 44 14.0%
16,251-50,000 mAh 42 46 47 39 63 81 14.3%
50,001-100,000 mAh 45 50 52 43 67 87 14.1%
100,001-540,000 mAh 72 79 83 69 107 138 14.0%
Téng cdng 182 200 208 173 272 351 14.1%

21 Annual Reports, Company Publications, Investor Presentations, Press Releases, Interviews with
Experts, and MarketsandMarkets Analysis
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Bang 5-4. Thij trworng pin lithium sat phosphate, theo cong suat, 2017-2022 (triéu dé la My)122

Ty lé tang trwéng

Nganh 2017 2018 2019 2020 2021 2022  hang nim (CAGR)
(2017-2022)
Oto 25.8 29.8 326 378 1212  170.6 45.9%
Nang lwong 446 485 50.0 37.5 40.8 48.3 1.6%
Céng nghiép 487 54.4 57.6 453 51.4 62.5 51%
Dién twr tiéu dung 1.9 2.2 2.4 2.1 35 4.7 19.8%
Hang khéng vil try 27.9 30.2 31.0 236 26.1 30.8 2.0%
Hang hai 246 26.4 26.9 20.4 22.3 25.9 1.1%
Cac nganh khac 8.0 8.3 7.9 6.2 6.3 8.2 0.5%
Tdng céng 181.6 199.9 2085 1728 2717  351.1 14.1%

Lwu y: Céc gid tri da duoc biéu dién dwdi dang sé thadp phan dé hién thj suw khac biét nhd.

5.3.2. Chinh sach chinh phu

Chinh pht Nhat Ban da trién khai mot khung chinh sach manh mé nham hd tro nganh céng nghiép pin,
can bang gilra tang trwdng trong nwéc va kha nang canh tranh toan cau:

Cac t6 chirc chinh tri va khung chién lwoc: Chién luoc phat trién nganh céng nghiép pin
cta Nhat Ban do Bo Kinh té, Thwong mai va Cong nghiép (METI), B6 Giao duc, Van héa, Thé
thao, Khoa hoc va Céng nghé (MEXT) va Té chirc Phat trién Céng nghé va Nang lvong Mo
(NEDO) dan dat, v&i sw déng gop tir Vién Khoa hoc va Céng nghé Coéng nghiép Tién tién
(AIST) va Vién Khoa hoc Vat liéu Quéc gia (NIMS). Chién lwgc nganh pin nam 2022 d&t muc
tiéu dat 150 GWh cdng suéat san xuat trong nwéc va 600 GWh coéng suat toan ciu vao ndm
2030, v&i tham vong chiém 20% thi phan toan cau. Sang kién Chuyén déi Xanh (2021) va Ké
hoach Nang lwgng Chién lwoc 1an thir 6 (2022) dwoc xay dwng phu hop véi muc tiéu trung
hoa carbon vao nam 2050 ctia Nhat Ban. Viéc thwong mai héa quy mo 1&n pin thé ran toan
phan (ASSB) duoc lén ké hoach vao nam 2030, va cac cdng nghé pin méi nhw pin fluoride,
pin kém va pin ion da héa tri dwgc dinh hwéng phat trién vao nam 2035.
Tro cp / Wu dai: Vao ngay 6 thang 9 nam 2024, B6 Kinh té, Thwong mai va Céng nghiép
Nhat Ban (METI) da phan bb 347,9 ty yén (twong dwong 2,4 ty USD) cho 12 dy an, trong do
326 ty yén dwoc danh cho san xuét pin Li-ion va LFP, 17 ty yén cho nguyén liéu thd, va 5 ty
yén cho thiét bj s&n xuét. Ngoai ra, chwong trinh tro cdp danh cho xe néng lwong sach (CEV)
cling cung cap mirc hé tro 1&n t&i 800.000 yén (khoang 7.200 USD) cho méi xe (tlr nam 2021),
nham thic day viéc sir dung cac phwong tién than thién véi méi trwdng. Dang chi y, nham
dam bao nguén cung khoang san thiét yéu phuc vu san xuét pin, chinh phii Nhat Ban con hé
trg tai chinh cho cac hoat dong lién quan dén chudi cung rng khoang san chién lwoc theo
Luat Thac day An ninh Kinh t& (ESPA). Cu thé, cac hoat ddng nhw khao sat dia chat, nghién
ctru kha thi, phéat trién mo, luyén kim va nghién ciru — phat trién trong linh vuc khai thac va
ché bién khoang san thiét yéu sé dwoc wu tién nhan hd tro, gép phan duy tri ngudn cung 6n
dinh va gidm thiéu rai ro chudi cung &ng.
o Hiép hdi Chudi Cung Ung Pin Nhat Ban (BASC), mét td chirc gébm cac nha san xuét
pin hang dau cta Nhat, wéc tinh rang dé dat dwoc muc tiéu nang cao nang lwc san
xuét pin trong nwéc, mdi nam Nhat Ban sé can khoang 100.000 tén lithium, 90.000
tan nickel, 150.000 tan graphite, va 20.000 tdn mangan. Bén canh do, d& dam bao dat
dwoc cong suét san xuét pin toan cadu 600 GWh mdi nam vao ndm 2030, cac doanh
nghiép Nhat Ban sé can dam bao ngudn cung khoang 380.000 tan lithium, 310.000
tan nickel, 60.000 tAn cobalt, 600.000 tan graphite, va 50.000 tAn mangan méi ndm.

122 Same as above
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Trwédc bbi canh gia tang chi trong dén chuwong trinh nghi sw vé an ninh kinh t&, Nhat
Ban da ban hanh Luat Thuc day An ninh Kinh té (ESPA) vao nam 2022 nham bao dam
4n dinh chudi cung rng khoang san chién lwgc phuc vu nganh cong nghiép pin..

o Taitrgr R&D: T chirc Phat trién Nang lwong Méi va Céng nghé Céng nghiép (NEDO) da dau
tw khoang 58 ty yén trong giai doan 2009—-2022 cho cac dy an Solid-EV va RISING 1, 2, 3.
Quy D6i mdi Xanh (Green Innovation Fund) giai doan 2021-2030 ciing hd tro' phat trién pin
hiéu su4t cao va cong nghé tai ché, vai téng von tai tro 1én t&i 120,5 ty yén. Ngoai ra, con c6
cac khoan dau tw bd sung gébm 100 ty yén (2021-2022) cho s&n xuét va tai ché pin Li-ion, va
1,8 ty yén (2023-2027) cho nghién ctru vat liéu pin thé r&n. Chinh pht Nhat Ban ciing dat muc
tiéu dao tao 30.000 lao déng phuc vu cho chudi san xuét va cung trng pin.

e Quy dinh tai ché: Mac du Nhat Ban chwa cé luat chuyén biét vé tai ché pin, nhwng da dé ra
mot s6 muc tiéu va hanh déng lién quan dén gidm thiéu va tai st dung chéat thai tir pin. Theo
Chién lvoc nganh céng nghiép pin nam 2021, Nhat Ban dat muc tiéu thu hdi 70% lithium, 95%
nickel va 95% cobalt vao nam 2030, nham gidm sy phu thudc vao nguyén liéu thd va cét giam
phat thai khi nha kinh (GHG).

5.3.3. Swv phu hop véi chudi cung ng pin Viét Nam

Viéc Nhat Ban dac biét chu trong vao nghién ctru va phat trién (R&D), tai ché va xt ly pin khi hét vong
doi rat phu hop véi dinh hwéng hién tai cta Viét Nam trong viéc thic day ddi méi cong nghé va dot
phéa sang tao, ddng thdi mang lai nhirng bai hoc thuc tién quy gia. V&i méi quan hé dbi tac chién lwoc
gitba Nhat Ban va Viét Nam, viéc tang cwdng hop tac sau rong hon trong linh viec cdng nghé pin va
phat trién chudi cung &ng hira hen s& mé ra nhiéu co hoi tiém ndng. Tuy nhién, dé cé thé ap dung
hiéu qua mé hinh cGa Nhat Ban, Viét Nam can c6 nhirtng khodn dau tw dang ké vao ha tang, cong
nghé tién tién, va dao tao ngudn nhan lwc, ddng thei trién khai cac chinh sach manh mé tr phia chinh
phd nham xay dwng mét hé sinh thai pin hiéu qua va bén virng.

Bang 5-5. Nhirng bai hoc chinh tir hé sinh thai pin cia Nhat Ban va tinh phu hop déi véi Viét

Nam
Kinh nghiém va hiéu biét chinh cia U'ng dung tiém néng tai Viét Nam
Uc
Tinhphthop - Ca hai quéc gia déu thude khu vire chau A — Thai Binh Duong va c6 mbi quan
theo boi canh hé thwong mai, dau tw chat ché thong qua Chién lvgc Tang cuwdng Gén két

Kinh té (2019) va Quan hé Déi tac Chién lwoc Toan dién.

- Uc la mét quéc gia giau tai nguyén, cé nhiéu kinh nghiém trong phat trién chubi
cung (rng pin va da dau tw dang ké vao cac khoang san thiét yéu va cong
nghé pin.

- Doanh nghiép Uc Blackstone Minerals hién dang tham gia vao dw an Ta Khoa
Nickel-Cooper-PGE, nam tai tinh Son La, Viét Nam, bao gédm mét mé nickel
hién dai dwoc xay dwng theo tiéu chuan cta Uc.




Trong tam dau
tw

Thwong nguén: C6é chuyén mén cao
trong khai thac va tinh luyén khoang
san

Trung nguén: Tap trung manh vao pin
lithium-ion, pin sodium-ion, pin dong
vanadium, cywc am siéu cip, hé dién
phan thé hé mai va vat liéu cuc dwong
Ha nguén: Nhu cau ngay cang tang t
cac linh viee nhw lwu triy nang lwong
va xe dién

Xuét khau va dau tw tric tiép nwoc
ngoai (FDI): Tap trung dau tw vao cac
quoc gia co tiém nang

Tang cwong hop tac song phuwong
bang cach mé& rong cac thda thuan
gitra chinh pha véi chinh phi (G2G) vé
phat trién chudi cung &ng pin

— Phat trién cac quan hé déi tac chia
sé cong nghé véi cac doanh nghiép Uc
nham thac day khai thac va tinh luyén
co trach nhiém

— Thuc day lién doanh gira doanh
nghiép Viét Nam va cac cbéng ty pin
cua Uc

Khung chinh
sach tong thé

Chién lwoc Qudc gia vé Pin nam 2024
la chinh sach nén tang, dwoc hd tro
b&i chwong trinh "Twong lai dwoc tao
nén tai Uc" (Future Made in Australia)

Xay dwng mét chién lwoc tong thé va
théng nhat nham phat trién chudi cung
trng pin hoac tao ra cac dét pha céng
nghé dbi m&i sang tao.

Cac chinh sach bd tro bao géom: Chién
lwoc San xuat Hién dai nam 2021,
Tuyén bd Coéng nghé Gidm Phat thai
nam 2022, Chién lwgc Tai nguyén Toan
cau nam 2020, Chién lwgc Khoang san
Thiét yéu cia Uc nam 2023, Lo trinh
DPAu tv Cong nghé ndm 2021, va Chién
lwoc Khoang san Thiét yéu nam 2023.

Phdi hop cac chinh sach dau tw gitra
cac linh vic nang lvong, cong nghiép
va tai chinh d& ddm béo s hé trg dong
bo.

— Long ghép chién lvoc khoang san
thiét yéu vao ké hoach phat trién cong
nghiép xanh quédc gia téng thé.

Trocap/ Wu
dai:

532,2 triéu AUD (twong dwong 356,6
triéu USD) dwoc phan bd cho Sang
kién Dot pha trong linh vwc Pin
(Battery Breakthrough Initiative) va 7 ty
AUD (4,7 ty USD) wu dai thué tor ndm
tai chinh 2033-2034 danh cho ché
bién khoang san thiét yéu.

Thiét lap quy ddi ma&i sang tao nham
cung cap cac wu dai tai chinh c6 muc
tiéu cho s&n xuét pin va R&D cdng
nghé pin.

— Ap dung thué suét wu dai va cac
khodn vay lai suét thap dé thu hat dau
tw t&r khu vwe tw nhan vao linh vwe san
xuét pin.

Tai tro R&D

Chinh pht Uc da phan bd 20,3 triéu
AUD (13,6 triéu USD) cho chuong
trinh Phat trién ndng lwc pin trong
twong lai (Future Battery Capacity
Building) va hon 1,8 ty AUD (1,21 ty
USD) thdéng qua Co quan Nang luong
Tai tao Uc (ARENA) ké tir nam 2012
dé hd tro nghién ciu va phat trién
trong linh vwc nang lwgng tai tao va
pin. Ngoai ra, Uc ciing hé tro trién khai
Cum cbng nghiép san xuat pin
"Australian Made Battery Precinct".

Thanh Iap cac khu cdng nghiép chuyén
biét danh riéng cho san xuét pin, twong
ty mo hinh Battery Precinct cua Uc.
— Tang cwong tai trg clia chinh pha
va thuc day hop tac cong — tw (PPP)
cho nghién clru — phat trién pin tién
tién.

— Khuyén khich sw hop tac gitra cac
trwong dai hoc/vién nghién clru va
doanh nghiép nhdm thiuc day dbi maoi
cbng nghé pin.

Quy dinh tai
ché

Uc dat muc tiéu thu hoi 80% vat liéu tir
pin vao nam 2030, v&i sy hé tro tir Hoi
ddng Quan ly Pin (Battery Stewardship
Council) va Hiép hdi Nganh Céng
nghiép Tai ché Pin (Association for the
Battery Recycling Industry).

DPau tw vao ha tang tai ché pin hién
dai nham giam sy phu thuéc vao khai
thac nguyén liéu tho.

114



Chinh sach Uc cam két 100% xe du lich m&i ban Tang cwdng chién lwoc thuc day xe
nganh ra sé la phwong tién s dung nang dién (EV) tai Viét Nam thong qua cac
lwong sach vao nam 2035. wu dai dau tw bd sung.

Quéc gia nay ciing hé tro phat trién lwu — Phat trién cac chién lwoc va chinh
trd nang lwong voi muc tiéu tich hop 5 sach wu dai cho hé théng lwu triv ndng
G\Nh vao lwéi dién vao qém 2030?Vé Iwo’ng (BESS).

trien khai 400 pin cong dong véi tong

von 224,3 trieu AUD.

Céch tiép can chién lwoc ctia Uc dbi véi nganh pin dwoc xay dwng trén nén tdng hé tro manh mé tw
chinh pha, khung chinh sach rd rang, ngudn tai nguyén khoang san thiét yéu phong phu, va cam két
thwe hién cac nguyén tac vé moi trudng, xa hoi va quan tri (ESG). Nhivng yéu té nay da giup Uc tré
thanh mét nhan td quan trong trong chudi cung (ng pin toan cau. La nha san xuét lithium I&n nhat thé
gidi, cung clp 47% san lwong toan cau vao nam 2023, Uc tan dung loi thé i trir lwgng lithium, nickel,
cobalt va dat hiém dé xay dwng mét hé sinh thai pin bén virng va canh tranh.

Chién lwgc Pin Quéc gia, dwoc cong bd vao thang 5 nam 2024, cung véi nhivng khodn dau tw I&n
nhw Sang kién Dot pha trong linh vie Pin tri gia 532,2 triéu AUD, dat muc tiéu dua Uc tré thanh quéc
gia dan dau vé nang lwong tai tao, ddng thoi gidm sw phu thudc vao chudi cung &ng nwéc ngoai —
d&c biét 1a khi Trung Quéc hién dang chiém 75% thi phan linh kién pin toan ciu. Trung tam Hop tac
Nghién ciru cac Nganh Céng nghiép Pin Twong lai (FBICRC) déng vai trod then chét trong qua trinh
chuyén dbi nay, bang cach thic day hop tac gitra doanh nghiép, chinh phii va gi¢i nghién ctru dé phat
trién cong nghé, céng cu va k§ nang nhdm nang cao nang lyc lwu tri pin trong lwéi dién cha Uc va
m& rong vai trd clia nwdc nay trong chudi gia tri pin toan cau.

Ngoai ra, Uc cling cling ¢ vi thé ctia minh théng qua cac thda thuan song phwong véi nhivng dbi tac
quan trong nhw Hoa Ky, Nhat Ban, Han Quéc, An D6, Singapore, Phap va Pirc, nham thic day hop
tac toan cau trong chudi cung (rng khoang san thiét yéu va san xuét pin. D6i véi Viéet Nam, mé hinh
ctia Uc — véi trong tam |a khai thac bén virng, san xuét pin tai chdé va tai ché — mang lai bai hoc gia tri
va dinh huéng chién lwoc dé thic day phat trién nganh céng nghiép pin trong nuéec.

5.4.1. Chién lwvgrec chudi cung rng pin

Chién lwoc chudi cung tng pin cta Uc nhan manh vao viéc tan dung ngudn tai nguyén khoang san
phong phu, thuc day dbi maéi cdng nghé va dam bao tinh bén viing nhadm cling ¢b vai trd ctia nwéc
nay trong thi trwdng pin toan cau:

o Khai thac va ché bién tai nguyén: Uc chiém 47% san lwong lithium toan cau (2023), 21%
nickel, 4% cobalt va s& hiru triv lwgng dat hiém dang ké. Kim ngach xuét khau lithium dat 19,9
ty AUD trong nam tai chinh 2022-2023, vwot xa dy bao trwéec do la 16 ty AUD. Chién lwoc
Khoang san Thiét yéu nam 2023 ctia Uc dat trong tdm vao ché bién sau, véi sy hé tro tir Van
phong Tao diéu kién Phat trién Khoang san Thiét yéu (Critical Minerals Facilitation Office)
nhdm mé rdng nang lwc tinh luyén cac vat liéu dat chuan san xuét pin.

o Do6i méi cong nghé: Chién lwoc Qubc gia vé Pin (thang 5/2024) wu tién phat trién hé théng
Iwu trir nang lwgng cho tich hgp Iwsi dién, san xuét vat liéu hoat tinh cho xe dién (EV) va san
xuét pin cho xe tai hang nang. Cac hwéng nghién ctru tap trung vao pin lithium-ion, sodium-
ion, vanadium flow, cwc am siéu cip, hé dién phan thé hé méi va tai ché, dwoc dan dat bai
FBICRC, CSIRO va cac trwdng dai hoc hang dau nhw ANU, UOW, Monash, UQ va Deakin.

e Quy mé san xuat: Uc dat muc tiéu dat 10 GWh cdng suét san xuét pin trong nwdc vao nam
2030, dwoc hd trog béi cum cbng nghiép Battery Precinct tai Queensland. Cac doanh nghiép
nhw Energy Renaissance (1 GWh/nam cho hé lwu trlr nang lwogng — ESS), Li-S Energy va
Century Yuasa dang dan dau cac nd lwc san xuét.
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Phat trién bén virng va tai ché: Uc hwéng dén thu hdi 80% vat liéu pin vao nam 2030, véi
sy tham gia ctia FBICRC va Envirostream trong viéc phat trién cong nghé tai ché. Hoi dong
Quan ly Pin (Battery Stewardship Council) thic day xt& ly an toan va mé hinh kinh té tuan hoan
trong nganh pin.

Vi thé thij tred'ng toan cau va phat trién quan hé déi tac: Hién tai, Uc chiém 5% chudi cung
(ng pin toan cau, chi yéu thdng qua xuét khdu khoang san, nhwng d&t muc tiéu chiém 10%
thi phan hé théng lwu trir ndng lwong (ESS) toan cau vao ndm 2030. Cac cong ty nhw Allkem,
IGO, Pilbara Minerals va Talison Lithium dang thdng tri thi phan cung (rng nguyén liéu tho.
Bén canh d6, Uc cling da ky két mét loat thda thuan song phwong quan trong, bao gém:
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o Hiép dinh vé& Khi hau, Khoang san Thiét yéu va Chuyén ddi Nang lwong Sach gitra Uc va

Hoa Ky

o Hiép dinh Kinh t& Xanh gitra Singapore va Uc
Quan hé Déi tac Pau tw vao Khoang san Thiét yéu gitva An Do va Uc
Déi tac Khoang san Thiét yéu gitva Nhat Ban va Uc

o Ban Ghi nhé Hop tac vé Chudi Cung (rng Khoang san Thiét yéu gitra Uc va Han Quéc

Déi thoai Chién lwgc Uc—Phap vé Khoang san Thiét yéu
Tuyén bd Y dinh Lién minh Khoang san Thiét yéu gitra Uc va Dic

5.4.2. Chinh sach chinh phu
Chinh pha Uc, ding dau la Bo6 Cong nghiép, Khoa hoc, Nang lwong va Tai nguyén, da trién khai mot
khung chinh sach toan dién nhdm hé tr nganh céng nghiép pin ctia nuwéc nay:

Cac to6 chirc chinh tri va khung chinh sach: Chinh pht Uc, v&i sw hd tro tr ARENA, Tap
doan Tai chinh Nang Ilwgng Sach (CEFC), Co quan Quan ly Nang lwgng Sach (CER) va Van
phong Hb6 tro Khoang san Thiét yéu, dang thuc hién Chién lwoc Quéc gia vé Pin (thang
5/2024) trong khuén khd chwong trinh Twong lai dwoc tao nén tai Uc (Future Made in
Australia), v&i muc tiéu dat 82% nang lvgng tai tao vao nam 2030. Cac tai liéu chién lwoc lién
quan bao gébm: Chién lwoc Khoang san Thiét yéu ndm 2023, L6 trinh Dau tw Céng nghé ndm
2021, Tuyén bdé Cong nghé Gidm Phat thdi nam 2022, va Chuong trinh Dau tw Céng suét
(hwdng dén 9 GW nang lwong sach linh hoat véi tdng dau tw khoang 15 ty AUD).

Chién lvgc Québc gia vé Pin dwoc xay dwng dwa trén nhiéu sang kién hién cé nham phat trién
nganh céng nghiép trong nwéc, bao gbm: Chwong trinh Tang trudng Céng nghiép, Sang kién
Solar Sunshot, Quy T4i thiét Quéc gia va Co s& Khoang san Thiét yéu.

Nam 2023, Uc ciing da cap nhat Danh sach Khoang san Thiét yéu va cong bd thém Danh sach
Khoang san Chién lwoc, trong doé c6 cac khoang san lién quan dén pin, di kém véi cac khoan
dau tw 16n tlr Quy Téi thiét Quédc gia va Co sé Ha tang Béc Uc.
Dao luat Future Made in Australia dwa ra Khung loi ich quéc gia, nhdm wu tién phat trién cac
nganh céng nghiép chién lvgc nhw pin.

Tro cap / Wu dai: ARENA quan ly 532,2 triéu AUD (twong dwong 356,6 triéu USD hodc 325,2
triéu EUR) cho Sang kién Dot pha vé Pin, nham thic ddy nang lwc san xuét (Chinh pha Uc,
2024). Chinh sach U'u dai Thué Khoang san Thiét yéu cung cép 7 ty AUD (4,7 ty USD) duwdi
dang tin dung thué tir ndm tai chinh 20332034 dé hé tro' ché bién 31 loai khoang san thiét
yéu.

Chinh pht hé tro trién khai Cum cong nghiép san xuét pin “Australian-made Battery Precinct”
v&i khodn dau tw 5,6 triéu AUD, do bang Queensland dan dau dé thuc day san xuét pin trong
nwoc.

Ngoai ra, t» ndm tai chinh 2024-2025, 1,7 ty AUD trong vong 7 ndm sé& duwoc phan b cho
Quy Bbi méi Twong lai dwoc tao nén tai Uc, nham hd tro ddi méi, thwong mai héa, cac dy an
thtr nghiém, trinh dién va phat trién giai doan dau trong cac linh vic wu tién — bao gdm sén
xuét cdng nghé nang lwong sach nhw pin.
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o Tai trg R&D: Chinh phi Uc da phan bd 20,3 triéu AUD (13,6 triéu USD) cho sang kién Xay
dwng nang lwc pin twong lai (Future Battery Capacity Building), hd tro hoat dong lap ban d6
chubi gia tri va d6i moi ciia FBICRC. ARENA d& dau tw hon 1,8 ty AUD ké tv ndm 2012 vao
cac dy an R&D giai doan dau, véi 1,4 ty AUD duoc phan bd dén nam tai chinh 2031-2032.
Bén canh d6, K& hoach San xuét Pin ctia Uc (Australian Manufacturing Battery Plan) véi khoan
tai tro 123 triéu USD thé hién cam két ctia qudc gia nay trong viéc phat trién cdng nghé va ha
tang san xuét pin. Mét s sang kién khac nham ciing cb chudi cung &ng pin trong nwéc:

o 523,2 trieu AUD cho Sang kién Dot pha vé Pin nham nang cao néng lwc san xuét
théng qua cac wu dai san xuat.

o Thanh lap trung tdm nghién clru hop tac cho nganh pin twong lai, nham lap ban d6
nang lwc va chudi gia tri pin tai Uc, thic day ddi méi cong nghé.

o Trung tdm Tang trudng Coéng nghiép Uc (PAIGC) hd tro dao tao ki ndng va phat
trién nguén nhan lyc cho nganh pin.

o Hb tro trién khai Cum cong nghiép san xuat pin “Australian Made Battery Precinct” v&i
5,6 triéu AUD, do bang Queensland dan dau.

o PAIGC ciing dao tao k§ nang trong nghién ctru, san xuét, van chuyén va tai ché pin,
ddng thei dap ng nhu cau vé thiét bi chuyén dung va phat trién nghé nghiép.

o 91 triéu AUD trong 5 nam t&r nam tai chinh 2023—-2024 (cong thém 0,6 triéu AUD trong
3 nam tr 2028-2029) dwoc dau tw dé phat trién lwc lwong lao ddng nang lwong sach.
Khoan dau tw nay nham giai quyét tinh trang thiéu gido vién dao tao nghé va nang cap
hodc xay dwng m&i co s& dao tao phuc vy cac nganh lién quan dén nang lwgng sach.

e Quy dinh tai ché: Chién lvoc Quéc gia vé Pin dwa ra cac hwéng dan vé xi ly va tai ché pin
an toan, vé&i muc tiéu thu hdi 80% vat liéu vao nam 2030. Chinh phu cling tai tro cho FBICRC
dé phat trién cong cu diéu hwéng chudi cung (ng, gitp xay dwng hé sinh thai pin cta Uc va
cung cap cho nganh théng tin vé khach hang, nang luc, kha nang truy xuét nguén géc va cac
tieu chi ESG (M6i trweorng, Xa hoi va Quan tri)..

e Chinh sach nganh: Chuong trinh Dau tw Céng suat (Capacity Investment Scheme) dat muc
tiéu tich hop 5 GWh pin san xuét trong nwéc vao lwéi dién vao nam 2030, déng thdi phan b
2243 triéu AUD (150,3 triéu USD) cho viéc l&p dat 400 pin cong déng. Cac muc tiéu chinh
sach bao gbm: gia dién Iwu tri» (ESS) & mirc 100 AUD/MWh vao ndm 2030 va néng lvong
mat tr&i siéu ré véi gia 15 AUD/MWh vao nam 2035..

o Phat trién vung: 5,8 triéu AUD (3,9 triéu USD / 3,5 triéu EUR) dwoc cap cho Sang kién Tang
cwong Thwong mai Khoang san Thiét yéu (Critical Minerals Trade Enhancement Initiative)
nham hd tro chién lwgc phat trién thi triudng.

5.4.3. Sy phu hop v&i chubi cung ng Viét Nam

Cach tiép can chién lwoc ctia Uc dbi véi nganh cong nghiép pin mang dén mét md hinh tham khao
gia tri cho Viét Nam trong qua trinh xay dwng chubi cung (ng pin canh tranh va bén virng. Thanh céng
ctia Uc dwoc thuc day béi mot khung chinh sach phéi hop chét ché, dau tw dang ké tir chinh pha vao
R&D va san xuét, cung v&i cam két manh mé dbi véi cac nguyén tdc ESG (Méi trwdng, Xa hoi va
Quan tri) — nhirng yéu t6 ma Viét Nam hoan toan cé thé diéu chinh va &p dung phu hop véi bbi canh
trong nwéc. Chién lwgc Khoang san Thiét yéu va Chién lwoc Quéc gia vé Pin ctia Uc déu nhan manh
dén viéc ché bién sau gia tang gia tri, thay vi chi xuét khdu nguyén liéu thd — day 1a mét bai hoc quan
trong dbi v&i Viét Nam trong muc tiéu téi da hda gia tri kinh té tr ngudn tai nguyén nickel, dt hiém va
lithium hién c6. Bén canh d6, cac khoan dau tw ctia Uc vao san xuét pin, tai ché va giai phap lwu triy
nang lwong cling mang lai nhitng géc nhin chién lwoc trong viéc phat trién kinh té tudn hoan va giam
s phu thudc vao linh kién pin nhap khau. Cuébi cuing, cac thda thuan song phwong ma Uc da ky véi
nhiéu nén kinh té I&n cang lam ndi bat vai trd quan trong cltia hop tac qudc té chién lwoc — mét hwéng
di ma Viét Nam c6 thé tan dung dé thu hit dau tw va hodi nhap sau hon vao chudi cung (rng pin toan
cau.
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Bang 5-6. Key insights from Australia’s battery ecosystem and relevancy to Vietnam

Kinh nghiém va bai hoc tir Uc

Kha nang trng dung tai Viét Nam

Tinh phu hop
theo bdi canh

- Ca hai qudc gia déu thudc khu virc chau A — Thai Binh Dwong va cé quan hé
thwong mai — dau tw chat ché, thé hién qua Chién lvgc Tang cwdng Gan két
Kinh té (2019) va Quan hé Déi tac Chién lwoc Toan dién.

- Uc 1a quéc gia giau tai nguyén, cé nhiéu kinh nghiém trong phat trién chubi
cung (rng pin va da dau tw manh vao khoang san thiét yéu ciing nhw céac cong

nghé pin.

- Doanh nghiép Uc Blackstone Minerals dang tham gia vao dw an Ta Khoa
Nickel-Cooper—PGE tai tinh Son La, Viét Nam, bao gédm mét mé nickel hién

dai dwoc xay dung theo tiéu chuan Uc.

Trong tam dau
tw

Thwong nguén: C6 chuyén mon cao
trong khai thac va tinh luyén khoang
san

Trung nguén: Tap trung manh vao
cac cong nghé pin nhw lithium-ion,
sodium-ion, pin dong vanadium, cuc
am siéu cap, hé dién phan thé hé mai
va vat liéu cwc dwong

Ha nguén: Nhu cau ngay cang tang ti
cac linh vie nhw Iwu trir nang lvong
va xe dién (EV)

Xuét khau va FDI- Bau tu vao cac
quéc gia c6 tiém nang

Tang cuwdng hop tac song phwong
bang cach mé& rong cac thda thuan
chinh phd — chinh pha (G2G) vé phat
trién chudi cung (rng pin

— Phat trién quan hé ddi tac chia sé
céng nghé véi cac doanh nghiép Uc
nham thic day khai thac va tinh luyén
co trach nhiém

— Thuc day lién doanh gitra cac doanh
nghiép Viét Nam va cac cong ty pin
ctia Uc

Khung chinh
sach tong thé

Chién lvoc Quéc gia vé Pin nam 2024
la chinh sach then chét, dwoc hd trg
b&i chwong trinh “Twong lai dwoc tao
nén tai Uc” (Future Made in Australia).
Céc chinh sach bd tro bao gém: Chién
lwoc San xuat Hién dai ndm 2021,
Tuyén bd Céng nghé Gidm Phat thai
nam 2022, Chién lwgc Tai nguyén Toan
cau nam 2020, Chién lwgc Khoang san
Thiét yéu cha Uc nam 2023, Lo trinh
DPAu tw Cong nghé ndm 2021, va Chién
lwoc Khoang san Thiét yéu nam 2023.

Xay dwng moét chién luvoc téng thé va
thdng nhat cho viéc phat trién chubi
cung wng pin hoac cac dot pha cong
nghé déi méi sang tao

— Phéi hop chinh sach dau tw gitra
cac linh vie nang lvgng, cdng nghiép
va tai chinh d& ddm béo sw hé tro dong
bd

— Léng ghép chién luvoc khoang san
thiét yéu vao ké hoach cong nghiép
héa xanh quédc gia rong hon

Tro cap / Uu
dai

Chinh pha Uc da phan bé 532,2 triéu
AUD (356,6 triéu USD) cho Sang kién
Dot pha vé Pin (Battery Breakthrough
Initiative) va 7 ty AUD (4,7 ty USD) tin
dung thué tor nam tai chinh 2033-2034
danh cho ché bién khoang san thiét
yéu.

Thiét lap quy déi mdi sang tao dé cung
cép cac wu dai tai chinh ¢ muc tiéu
cho san xuét pin va R&D céng nghé
pin

— Ap dung thué suat wu dai va cac
khoan vay lai suat thap nham thu hat
dég tw tr khu vwe tw nhan vao san
xuat pin




Tai tro R&D

Chinh pht Uc da phan bd 20,3 triéu
AUD (13,6 triéu USD) cho chuong
trinh Phat trién ndng lwc pin twong lai
(Future Battery Capacity Building) va
hon 1,8 ty AUD (1,21 ty USD) théng
qua ARENA ké tir ndm 2012 dé hé tro
R&D trong linh vyec nang lwgng tai tao
va cong nghé pin. Ngoai ra, chinh phu
ciing hd tro trién khai Cum cong
nghiép san xuat pin “Australian Made
Battery Precinct”.

Thanh I&p cac khu cong nghiép chuyén
biét danh cho sdn xuét pin, twong tw
mé hinh Battery Precinct ctia Uc

— Tang cuwdng tai tro cha chinh phd
va thuc day hop tac cong — tw (PPP)
trong nghién ctu — phat trién coéng
nghé pin tién tién

— Khuyén khich sy hop tac gitva cac
trwdng dai hoc / vién nghién clru voi
doanh nghiép dé& thuc day déi mai
cbng nghé pin

Quy dinh tai
ché

Uc dat muc tiéu thu hoi 80% vat liéu ter
pin vao nam 2030, v&i sw hd tro tir Hoi
ddng Quan ly Pin (Battery Stewardship
Council) va Hiép hdéi Nganh Céng
nghiép Tai ché Pin (Association for the
Battery Recycling Industry).

DPau tw vao ha tang tai ché pin hién
dai nham gidm s phu thudc vao viéc
khai thac nguyén liéu tho.

Chinh sach
nganh

Cam két rang 100% xe du lich mai ban
ra sé la xe str dung nang lvgng sach
vao nam 2035. Hb tro' lwu trir nang
lwgng v&i muc tiéu tich hop 5 GWh
vao lwdi dién vao nam 2030 va trién
khai 400 pin cdng ddng, vé&i tbng mirc
dau tw 224,3 triéu AUD.

Tang cuong chién lwoc thic day xe
dién (EV) cua Viét Nam thdong qua cac
wu dai dau tw bd sung.

— Phat trién cac chién lwgc / chinh
sach wu dai cho hé théng lwu trir nang
lwgng (BESS).

Chubi cung (ng pin va lwu trlr nang lwong cta An Do dang phat trién nhanh chéng, tré thanh mot
ngudn tham khao gia tri cho Viét Nam trong qua trinh tdng cwdng nang lwc ndi dia trong linh virc nay.
Khéng gibng nhw cac quéc gia da phat trién manh trong cac nghién ctru trwére, An Do 1a mot québc gia
m&i ndi trong nganh, do d6 cac bai hoc thuc tién tir An Do dac biét phu hop véi 16 trinh phat trién cla
Viét Nam. Vé&i dinh hwéng chién lwoc tap trung vao tw chi, khung chinh sach ddi méi va mé hinh dau
tw da dang, An D dang dan khang dinh vi thé la mét qudc gia dan diu toan cau vé néng lwong sach,
d&c biét 1a trong s&n xuét pin lithium-ion va hé théng Iwu trir nang lwong (ESS). Tinh dén thang 3 nam
2025, cac sang kién ctia An D6 — bao gdm kham pha tri lwong lithium, dat ra cac muc tiéu san xuét
day tham vong, va trién khai cac co ché wu dai manh mé — mang dén cho Viét Nam nhivng goi y kha
thi d& cling c6 chubi cung (rng trong nwéc, thu hut dau tw va dat dwoc cac muc tiéu vé nang luong tai
tao va xe dién. V&i sy hd tro tir cac chwong trinh nhw Uu dai lién két san xuét (PLI — ACC) va Chuong
trinh qudc gia vé di chuyén dién va lwu trir pin (NMTMBS), cach tiép can ctia An D6 da tré thanh mot
moé hinh tang trwdng bén virng, trong bdi canh nhu cau ndng luvong toan cau dw kién dat 1.095 GW /
2.850 GWh vao nam 2040..

5.5.1. Chién lwgc chubi cung trng Pin
Chién lwgc chudi cung &ng pin ctia An D6 nhAn manh vao an ninh tai nguyén, mé réng quy md san
xuét va tinh bén virng, phu hop véi tham vong phat trién nang lwong sach clia quéc gia nay:

e An ninh tai nguyén / Dau tw thweng nguén: Viéc phat hién cac mé lithium vao ndm 2023,
véi tbng trir lwong khodng 24.500 tan, dwoc phan bd tai Jharkhand (4.000 tan), Rajasthan
(6.500 tan), Karnataka (10.000 tan), Andhra Pradesh (2.500 t4n) va cac bang khac (1.500
tan), danh dau moét budce tién quan trong huwéng dén tw chi ngudn cung. Du con sb nay con
khiém tén so v&i cac nwédc dan dau nhw Uc (5,7 triéu tAn), nhung da giup gidm bt sw phu
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thuéc 90% trwdc day vao nhap khau lithium cta An Do. Ngoai ra, cac hoat déng tham do dang
tiép dién tai Jammu & Kashmir cé thé bd sung thém tiém nang. Céc khoan dau tw thwong
ngudn I&n t&i €10.000 crore (twong dwong 1,2 ty USD) dang dwoc trién khai, tap trung vao
khai thac trong nwéc va cac quan hé dbi tac chién lwoc véi Uc (vi du: nhap khau 50.000 tan
spodumene tr Pilbara Minerals) va Bolivia (lién doanh lithium). Sang kién KABIL — mét lién
doanh chién lwvgc — da dwoc thanh 1ap d& dam bao ngudn cung khoang san thiét yéu nhuw
lithium, cobalt, di“)ng va nickel, hé tro cho muc tiéu rong I&n hon cda An Do trong viéc gidm
phu thudc nhap khu theo chwong trinh Atmanirbhar Bharat (An D6 tw cuéng). Dau ndm 2025,
chinh pht An D6 cong bd géi phé duyét tri gia 163 ty (1,88 ty USD) nham thuc day phat trién
Iinh virc khoang san thiét yéu.
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Hinh 5-10. Nguén nguyén liéu thé dé san xuat pin & An Do (2023) '

e Quy mé san xuat / Nang lwc trung nguén: An D6 dat muc tiéu dat 50 GWh cong suét san
xuét pin lithium-ion vao giai doan 2025-2026 trong khudn khé chwong trinh NMTMBS, voi
muc tiéu dai han 1a 100 GWh vao nam 2030. Tinh dén dau ndm 2025, nang lwc san xuat wéc
tinh dat 10—15 GWh, dwoc thuc déy béi cac dy an PLI-ACC ban dau tr cac cobng ty nhw
Reliance New Energy (nha may gigafactory 5 GWh tai Gujarat) va Ola Electric (nha may 3
GWh tai Tamil Nadu), v&i ké hoach mé rong quy mé dang duoc trién khai.

e H6 tro chinh sach: Chuong trinh NMTMBS (2019) cung cap khung chién lwoc, phan bd
218.100 crore (2,5 ty USD) théng qua chuong trinh PLI-ACC dé khuyén khich xay dwng cong
suat 50 GWh vao nam 2026, déng thdi thu hat 45.000 crore (5,4 ty USD) tir bdn cong ty
dworc lra chon (Reliance, Ola, Hyundai, Rajesh Exports). Nghia vu lwu trir nang lwong (ESO)
yéu cau hé thdng lwu trir ndng lwong (ESS) dong gép 5% vao nam 2025, tang lén 10% vao
nam 2030, trong khi Quy hd tro khodng cach kha thi (VGF) trj gia ¥2.500 crore (300 triéu USD)
hé trg phat trién 10 GWh cac dw an lwu trir nang lwong dang pin (BESS).Chuong trinh FAME-
11 (251.72 ty hodc 631 triéu USD) thic day phd cap xe dién (EV) théng qua tro' gia. Chinh ph
ciing cho phép FDI 100% trong linh vwe di chuyén dién, nham khuyén khich san xuét pin va
dau tw. TAt ca cac chinh sach nay gép phan dam béo sy phat trién déng bo toan chudi cung
rng.

124 R. Dhairiyasamy, D. Gabiriel, W. Bunpheng & C. C. Kit, Discov Sustain 5, 361 (2024),
https://doi.org/10.1007/s43621-024-00595-7.




e Chién lwoc Gigafactory: An Do dang tich cuc thic ddy chién lwoc phat trién gigafactory
nham xay dwng chudi cung trng pin lithium-ion ndi dia. Cac tap doan I&n nhw Reliance, Adani,
JSW, Mahindra va Hero déu lén ké hoach dau tw hang ty USD vao linh vuc nay. Dan dau la
tap doan Reliance v&i dé xuat xay dwng nha may cé cong suat 50 GWh tai bang Guijarat hodc
Mabharashtra, tan dung loi thé tir kinh nghiém trong nganh nang lwong va vién théng. Nhirng
doanh nghiép chd chét khac bao gdbm Amara Raja tai Telangana (16 GWh), Exide tai
Karnataka (12 GWh), Godi tai Hyderabad (12 GWh), OLA tai Tamil Nadu (100 GWh), TATA
tai Gujarat (10 GWh), Lucas TVS két hop v&i 24M tai Thervoy Kandigai (10 GWh), Cyngi tai
Telangana (1,2 GWh), JSW hop tac véi LG Energy Solution tai An D& (10 GWh) v
Mahanagar két hop v&i IBC Inc. tai Bengaluru (chwa cong bd cong suét). Ngoai ra, cac tap
doan Ién ctia Nhat Ban nhw Suzuki, Toshiba va Denso ciing da cam két dau tw vao san xuét
pin cho xe dién tai An Do. N6 lwc m& rong gigafactory nay phu hop v&i muc tiéu day tham
vong cta An Dé trong linh vuc xe dién va nang lwong tai tao, nham gidm sw phu thudc vao
dau mé va ndi dia hda san xuét pin dé gidm chi phi. Bén canh xe dién, cac linh virc nhw vién
thong, Iwdi dién siéu nhé (microgrid) va lwu trlr nang lwgng mat tréi cling dwgc xem la cac
thi trwong tang trwdng tiém nang. Gia pin lithium-ion dang c6 xu huwéng gidm tiép tuc tao diéu
kién thuan lgi cho thi trudng nay phat trién manh mé12s,

o Hop tac toan cau: An Do da tich cwe thic diy cac mdi quan hé hop tac québc té nham thu hat
dau tw vao linh virc san xuét pin, trong d6 ndi bat la cac thda thuan véi Argentina va Hoa Ky
v&i muyc tiéu thu hat 3 ty USD von FDI vao ndm 2024. Cac tap doan I&n dén tlr Nhat Ban nhw
Suzuki, Toshiba va Denso ciing da dau tw dang ké vao thj trwéng pin ctia An Bo. Nham tiép
tuc khuyén khich dau tw nwéc ngoai, chinh phti An Dé da néi 1éng quy dinh FDI, cho phép
100% vén dau tw nwéc ngoai theo hinh thirc tw dong déi véi san xuét pin ACC. Chinh sach
nay thé hién rd cam két ctia An D trong viéc dinh vi minh nhw mét nhan té chi chét trén thi
trwdng xe dién toan cau. Ngoai ra, hai qudc gia giau trir lwong lithium 1a Bolivia va Argentina
cling dwoc xem |a cac ddi tac chién lwoc giip An Do da dang héa ngudn cung nguyén liéu
dau vao. Cac doanh nghiép nha nwéc nhw KABIL va Coal India, cung véi cong ty tw nhan
Greenko, d4 va dang tién hanh khao sat lithium tai tinh Catamarca & phia tay bac Argentina,
giap bién gidi v&i Chile.'?.

e Phat trién bén virng: Theo quy dinh v& quan ly chét thai pin (Battery Waste Management
Rules), An D6 dat muc tiéu tai ché 70% pin da qua s dung vao nam 2025, véi khoan dau tw
4.000 crore rupee (twong dwong 500 triéu USD) danh cho phét trién ha tang tai ché. Cac
doanh nghiép I&n nhw Exide Industries va Amara Raja da dat duoc ty 1& thu hdi 85% lithium
tlr khodng 50.000 tan pin méi n&m, giup gidm 25% lwong rac thai chén 14p. Nhirng né lwc nay
khéng chi nang cao hiéu qua kinh té tuAn hoan ma con phu hop véi muc tiéu dat phat thai
rong béng 0 (net-zero) ctia An D6 vao nam 2070.

5.5.2. Chinh sach chinh phu

An Do hién dang déi mat véi nhiéu thach thirc dang ké, trong dé co viéc phu thudc I&n vao nhap khau
cac khoang san nhu lithium va cobalt, gay rii ro cao cho an ninh nguén cung. Bén canh dé, cac van
dé ve tai chinh, cong nghé va ha tang ciing can duorc gidi quyét dé dam bao thanh céng cho cac dw
an nang lwong quy mé Ién. Nham vuwot qua nhivng rao can nay, An Do da trién khai mét loat chinh
sach chién lwoc nham khuyén khich khu vuc tw nhan tham gia, ddng thoi dam béo s hai hoa gitra
phat trién cdng nghiép, bdo vé méi trieérng va nang cao chat lwgng sbng.

125 India Energy Storage Alliance. 2023.
126 Yogesh Jhunjhunwala. 2023. India’s strateqgic lithium reserves and the future of clean energy.
127 Reuters. 2025. India seeking enerqgy, lithium investments in Argentina.
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Khung chinh sach téng thé: Chuong trinh NMTMBS (2019) do NITI Aayog kh&i xwéng voi
muc tiéu thuc day di chuyén sach va bén virng. Chuong trinh nay tap trung vao san xuét pin
va phat trién phuwong tién sach, dat muc tiéu dat 50 GWh céng suat vao giai doan 2025-2026
va 100 GWh vao nam 2030. Cac muc tiéu cép bang, chéng han nhw bang Rajasthan dat muc
tiéu 10 GWh vao ndm 2030, ciing gép phan bd tro cho cac muc tiéu quéc gia.

Tror cap / Wu dai: Chinh sach wu dai dong vai tro then chét trong viéc thuc day noi dia hoa
san xuéat va chuyén dbi sang néng lwong sach. Hai chwong trinh tiéu biéu Ia PLI-ACC va
FAME, cho thdy cach ma cac wu dai cé muc tiéu co thé hd tro san xuat trong nudc va day
nhanh qua trinh ap dung céng nghé sach.

o PLI-ACC: Chinh phi da dau tw ¥18.100 crore (~2,5 ty USD) dé hé tro I&p dat 50
GWh cong suat san xuét pin trong nwéc vao ndam 2026. Chwong trinh nay ciing
khuyén khich doanh nghiép dau tw vao céng nghé tién tién va xay dwng gigafactory,
gitp gidm phu thudc nhap khau va nang cao an ninh nang lwong. Bén cong ty dwoc
chon nhan wu dai gdm: Reliance New Energy, Ola Electric Mobility, Hyundai Global
Motors va Rajesh Exports. Chwong trinh nay du kién sé& thu hat khoang ¥45.000
crore dau tw trwc tiép vao san xuét pin lwu trir ACC. Nho thuc day xe dién, chwong
trinh c6 thé giup An Do tiét kiem tir 22.00.000 crore dén ¥2.50.000 crore do gidm
héa don nhap khau dau.

o FAME: Chuwong trinh nay dwoc thiét lap nhadm thac ddy st dung xe dién va hybrid,
dong thdi gidm & nhiém méi treong. FAME hé tro 1,2 ty USD tro cip dé thic ddy mua
xe dién va phat trién ha tang tram sac trén toan qudc. Nhé vay, nganh giao théng xanh
phat trién manh mé, gilp giam dang ké khi thai carbon. Tinh dén nam 2024, doanh sb
xe dién da tang Ién t&i 1,5 triéu chiéc.

Tai tro R&D: Chinh phi An D6 phan bd %5.000 crore (~600 triéu USD méi ndm) cho cac
nghién cru vé pin thé ran va cuc duwong chira nickel cao, thu dwoc 300 bang sang ché vao
nam 2024. Nam trung tam déi moi sang tao, dién hinh nhuw tai IIT Delhi, dang hé tro 20.000
viéc lam.

Quy dinh tai ché: Nam 2020, B6 Méi trwong, Rirng va Bién dbi khi hau (MoEFCC) da ban
hanh Quy dinh Quan ly Chét thai Pin (BWMR), quy dinh réng cac nha san xuét va nhap khau
pin phai thu gom va tai ché it nhat 70% lwong pin da qua st dung vao ndm 2025. Chinh sach
nay khang chi giup gidm tac dong tiéu cwc dén méi triérng ma con tdi wu hda viéc tai st dung
tai nguyén. D& hé tro thwe thi, chinh pha da dau tw 500 triéu USD, gitp gidm 25% lwong rac
thai chén lap.

Chinh sach nganh (cho BESS): Chinh phi An D4 d4 ban hanh nhiéu chinh sach nganh nhadm
thuc day san xuét pin bang cach tao nhu ciu cho cac gidi phap Iwu trir nang lwong, déng thoi
dam bao hiéu qua tai chinh.

o Cr]inh sach EV trj gia 500 triéu USD, quy dinh tiéu chi da diéu kién va cac wu dai cu
thé

o Energy Storage Obligation (ESO): The Energy Storage Obligation (ESO) Program
is designed to promote the use of renewable energy. This policy requires electricity
distributors to ensure that a certain percentage of energy consumption is stored from
renewable sources. It mandates 5% of electricity from ESS by 2025, rising to 10% by
2030, enhancing grid stability.

o Chuwong trinh Nghta vu Lwu trir Nang lwong (ESO): Budc cac nha phan phdi dién phai
dam bao mot ty 1& nhéat dinh ndng lwong tiéu thu dwoc lwu trik tr ngudn tai tao, véi yéu
cau 5% tir hé théng lwu trir ESS vao nam 2025, tang 1én 10% vao nam 2030, nham
tang cwong tinh 6n dinh cta lwéi dién. HO tro Tai chinh Bu dap Thiéu hut (VGF) cho
BESS. Chinh phi An D6 da dwa ra muc tiéu lwu trir nng lwgng cép bang, nhu bang
Rajasthan dat muc tiéu 10 GWh vao nam 2030. Thang 9 ndm 2023, Bo Dién lwc An
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Do da phan bd ngan sach cho chwong trinh tai tro cac dw an BESS, trong dé cung
cap hé tro t¢i 40% chi phi dau tw ban dau cho cac dw an dén nam 2030-2031. Muc
tiéu 1a thu hat dau tw va phat trién tbng cong suét lwu trir 1én t&i 4.000 MWh.

Tém lai, Khung chinh sach vé pin cia An D6 tich hop chat ché gitra muc tiéu san xuat, wu dai tai
chinh, tai tro R&D, quy dinh tai ché va chinh sach lwu tri nang luvgng, tao diéu kién thuan loi cho phat
trién phwong tién sach va san xuat trong nuwéc.

5.5.3. Sw phu hop v&i chubi cung ng Viét Nam

An D6 1a mét quéc gia méi ndi trong chudi cung (rng pin va da bat dau phat trién linh vire nay sém
hon Viét Nam. Nhirng bai hoc rat ra tir An D6 mang lai nhiéu goi y gia tri cho Viét Nam. Viéc An Do
dau tw 1,2 ty USD vao khai thac lithium da giup gidm dang ké& sw phu thudc vao nhap khau, tir dé
cung cdp mot mé hinh tham khao cho Viét Nam trong viéc phat trién ngudn tai nguyén trong nwéc
thédng qua khao sat quy mé toan quéc va xay dwng ha tang khai thac hién dai. Cac chinh sach manh
mé nhu NMTMBS va PLI-ACC ctia An D, vdn da thu hut 5,4 ty USD dau tw, nhan manh tam quan
trong clia viéc xay dwng muc tiéu rd rang va chinh sach wu déi tai chinh — diéu ma Viét Nam c6 thé
ap dung dé day nhanh phat trién nganh pin. Chién lwoc mé rong gigafactory va phat trién ngudn nhan
lwc chét lwgng cao ctia An D6 cho thdy tAm quan trong clia viéc dau tw vao nha may san xuat va dao
tao nhan lwc nham gidm chi phi sén xuéat. Ngoai ra, cach tiép can ctia An D trong viéc hop tac quéc
té va thuc dy R&D — théng qua cac quan hé déi tac toan cau va nguén vén nghién ciru thwdng nién
6n dinh — cling m& ra co hdi cho Viét Nam xay dwng cac trung tdm ddi méi sang tao, mé rong hop
tac qudc té, va nang cao vai trd clia Trung tam Dbi mai sang tao Québc gia trong viéc phat trién cong
nghé pin.
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Bang 5-7. Nhirng bai hoc chinh tir hé sinh thai pin cia An D va tinh phu hop déi véi Viét

Nam
Kinh nghiém va bai hoc tir An Do Kha nang trng dung tai Viéet Nam
Contextual - Quan hé thuwong mai manh mé, v&i kim ngach song phwong dat khoang 15 ty
relevance USD vao nam 2024, tang 4,5% so v&i nam 2023

- Quan hé kinh té sau rong, thé hién qua Quan hé B6i tac Chién lwgc Toan dién
- C6 sy dong thuan veé cac linh viec trong diém nhw 6 t6, san xuat, v.v.

Trong tam dau
tw

Thwong nguén: Khai thac va tham do
tri¥ lwgng khoang san trong nworc,
dodng thoi thiét 1ap cac quan hé dbi tac
Trung nguén: Giai doan san xuat con
& muirc so khai, tap trung hd tro phat
trién cac nha may gigafactory

Ha nguén: Tao nhu cdu tir cac linh
vire khac, dac biét Ia xe dién (EV)
Xuat khau va FDI- Huéng dén ASEAN
va cac quéc gia co trir lwgng I&n hoac
nang lwc san xuat manh

Hién tai, Viét Nam c6 tiém nang khai
thac mot sé loai khoang san quan
trong, tuy nhién van chwa cé chién
lworc toan dién dé khai thac va st dung
hiéu qud cac ngudn tai nguyén nay.
Viét Nam c6 thé ap dung cach tiép can
twong tw nhw An D6 bang cach:

- Tién hanh khao sat trén pham vi
toan quéc dbi véi cac khoang san
chién lwoc, tdp trung vao nhirng
khu vic c6 tiém nang cao

- Xay dwng ha tang khai thac va ché
bién hién dai nham tbi wu héa gia tri
cua tai nguyén néi dia

Khung chinh
sach tong thé

Chuwong trinh NMTMBS ctia An Do dat
muc tiéu dat 50 GWh vao nam 2026 va
100 GWh vao nam 2030.

Tich hop muc tiéu va chi tiéu cu thé

lién quan dén san xuat pin néi chung
va pin lithium-ion (LIB) ndi riéng vao

cac ké hoach phat trién kinh t& qubc
gia.

Tro cap / Uu
dai

An D6 trién khai chuong trinh PLI-
ACC (2,5 ty USD) va FAME (1,2 ty

Tang cuong tro cap va wu dai thué
cho hoat déng san xuat xe dién (EV)




USD) va pin lithium-ion (LIB).

Tai troo R&D An D6 dau tw 10 ty euro méi nam, dat Pau twv vao nghién clru va phat trién
dwoc 500 bang sang ché vao ndm (R&D), x&y dung cac khu cong nghiép
2024, xay dwng 15 khu cong vien g&i  SUyen sau ve cong nghé pin, va dao

L x 1+ taolwclweng lao ddng. Viét Nam co thé

mot sang tao, te_:o ra 50'900 viee !"f‘m’ xem xét mé rong pham vi hoat déng cuia
trong d6 30% soO bang sang che lién  Trung tam D6 moi Sang tao Quéc gia
quan dén pin thé rén (solid-state (NIC) dé bao gbm ca nghién ciru va
batteries). phat trién cdng nghé pin.

Quy dinh tai An D6 dat muc tiéu thu héi 70% vat lieu Thiét lap cac chuong trinh tai ché pin

ché tir pin vao nam 2025, véi 500 triéu USD nham thu hoi vat liéu, giam thieu tac
dau tw vao ha t‘éng tai ché. dong mdi tredng va toi wu hoéa tai

nguyén.
Chinh sach An D6 tang cudng hé tro cho Iinh vuc  Quyét dinh 876/QD-TTg da dé cap dén
nganh hé théng lwu tri nang lwong (BESS) giam phat thai carbon trong linh vuc

thong qua cac chuwong trinh ESO va
VGF, cung v@i chinh sach EV di kem
wu dai.

giao thdng, v&i cac muc tiéu phat trién
xe dién (EV). Mot sd wu dai danh cho
xe dién ciing da dwoc trién khai.
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6. Két luan va dinh hwéng

Sau khi nghién ctru chudi cung (ng pin tai cac quoc gia hang dau nhw Trung Quéc, Nhat Ban, Han Quéc,
An D6 va Uc, c6 thé rat ra nhiéu bai hoc quan trong nham phat trién nganh cong nghiép pin tai Viét Nam.
V&i vi tri chién lvoc & Bong Nam A, luc lwgng lao dong hon 54 triéu nguoi va tiém nang khoang san nhu 9
triéu tan dat hiém tai Lao Cai, Viét Nam c6 co hoi lén dé tham nhap sau hon vao chudi cung trng pin toan
cau. Tuy nhién, dé tan dung duoc loi thé nay, Viét Nam can thiét 1ap cac chinh sach hé tro c6 muc tiéu, dau
tw vao cong nghé ché bién va san xuét, cling nhw tdng cuwéong hop tac qubc té.

Trung Quéc dang théng linh chudi cung rng pin toan cau, kiém soat 70-90% cac céng doan va 77%
cong suat san xuat cell pin, v&i cac doanh nghiép dan dau nhw CATL va BYD. Thanh cong ctia Trung
Qudc dén tlr mo hinh phat trién do nha nwéc dan dat, véi dau tw va chinh sach manh mé dé mé rong
nganh. Chinh phd nwéc nay da cung cap khodng 230 ty USD tro cp (2009-2023) va hé tro phat trién
cac "nha vé dich quéc gia", déng thoi dau tw chién lwoc vao R&D pin thé ran dén ndm 2027. Trung
Quéc ndi bat vé cdng nghé LFP va nang lwc tinh luyén toan cau (80% théng qua thau tém quéc té),
nhwng dang ddi mat véi cac thach thirc nhw dw thira cdng suét, lo ngai méi trudng (30% khi thai tir
san xuét) va cang thang dia chinh tri.

Han Quéc chiém 20% thi phan toan cau véi 400 GWh cong suat san xuét, tir cac doanh nghiép nhw
LG Chem, Samsung SDI va SK On, dwoc hd tro bdi 35 ty USD dau tv R&D va chién lwvoc K-Battery
(2021). Biém manh ctia Han Quéc 1a hé sinh thai hoan chinh tlr cung (ng nguyén liéu, thiét bi, xe dién
dén tai ché, dac biét ndi troi trong cong nghé NMC va dinh hwéng phat trién pin thé ran vao nam 2027.
Tuy nhién, Han Quéc phu thuéc 80% vao Trung Qubc vé nguyén liéu dau vao va thi phan dang suy
giam do canh tranh gay gét.

Nhat Ban gil® 6% thi phan toan ciu véi 85 GWh cdng suét noi dia (2024), huwéng dén 150 GWh vao
nam 2030. Nhat cé chudi cung &ng dwgc quan ly chat ché véi dau tau la Panasonic, dau tw 1&n vao
R&D pin thé rén (vi du: pin ciia Toyota c6 thé chay 1.200 km, dw kién thwong mai héa 2027-2028) va
linh hoat trwéc bién dodng thi trwong. Tuy vay, Nhat van phu thudéc 90% vao nhap khau, co chi phi séan
xuét cao va dang méat dan vj thé truéc Trung Quéc.

Uc Ia nwéc cung cap nguyén liéu hang dau, chiém 47% san lwong lithium toan cau va dat kim ngach
xuét khau 19,9 ty AUD (2022-2023), v&i Chién lwoc Québc gia vé Pin 2024 dat muc tiéu dat 10 GWh
cong suét vao nam 2030. Uc c6 ngudn tai tro 1&n tir chinh pha (vi du: 532,2 triéu AUD cho sang kién
dét phé pin), tap trung vao tinh luyén va tai ché (muc tiéu 80% thu hdi nguyén liéu vao ndm 2030) va
thuc day hop tac song phwong. Diém yéu chinh Ia phu thudc 90% vao xuét khdu nguyén liéu thd va
nang lwc ché bién trong nwéc con han ché.

An Dé la qubc gia mai ndi, chiém 3% thi phan toan cau, véi thi trueng EV dang phat trién manh nhe
cac chuwong trinh nhw FAME 1l va PLI (2,4 ty USD wu dai). Thé manh ctia An D6 la khung chinh séch
chién lvoc, hé tro thué, va hop tac qudc té (vi du: véi Uc), tao nén tdng cho coéng suét hién tai 3 GWh
(2024) va muc tiéu gigafactory 50 GWh vao nadm 2030. Tuy nhién, chudi cung &ng ctia An Do con
phan manh, phu thuéc 90% vao nhap khau va can vén I&n dé mé rong. Viét Nam cé thé hoc hdi cac
chinh sach wu dai ctia An Do dé xay dwng nén tang phu hop véi ngudn luc hién tai.

Bang 6.1 tbng hop cac dac diém chinh clia chudi cung trng pin tai cac quéc gia dwoc nghién ciu,
nham cung cap chinh sach va bai hoc tham khéo cho Viét Nam trong qua trinh phat trién nganh céng
nghiép pin ndi dia.
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Bang 6-1. Téng hop dic diém chinh ctia chudi cung (rng pin tai cac quéc gia

Quoc gia Vij thé thi trwong Tiép can nguyén Céngsuatsan  Hé tro tir chinh phu P6i méi & Thach thie
toan cau liéu xuat cong nghé
Trung Théng linh (kidm  Kiém soat 80% 77% cong suat Tro cap lon (230 ty Manh vé cong Duw thiva cong suat,
Quoc soat 70-90% cac  cong suét tinh cell pin toan cau; USD, 2009-2023), ho nghé LFP, hwong lo ngai méi treong,
Céng doan trong Iuyén toan céu nh®& dan déu b&i trgécca?a”“?]gan thoé )?tj%q t&i pin thé rén vao g_?ng thang dia chinh
chudi cung &ng) c’ac thu;o’n% vu thdu CATL, BYD Ehéu,gcéi t,ro’ R&D nam 2027 :
tom quoc té
Nhat Ban Manh nhung Phu thudc vao Pang ké nhung Chién lwoc coéng Dan dau vée NMC, Mat dan vi thé truéc
dang suy giam nhap khau, nhung dang gidm (vi nghiép huwong toi 150 dat muctieupin  Trung Quéc, chi phi
¢c6 nang luc tinh du: Panasonic)  GWh ndi dia vao 2030, ;hoezga” vaonam - g3n xuat cao
luyén c6 chinh sach khuyén
khich R&D
Han Canh tranh Phu thudc vao Thi phan 37% (LG H0 tr' trung tam pin EV, Tién bd trong cong Phu thudc vao
Quéc nhwng sau Trung Nhap khau, manh  Chem, Samsung  lién doanh (vi du: SK — nghé NMC, dat Trung Quoc, thi
Québc vé chudi cung rng  SDI, SK On) Ford), tap trung vao muc tiéu pin thé phan suy giam
trung gian R&D ran vao nam 2027
An bo M&i ndi, hién Rat phu thuéc vao Giai doan dau; Cac chwong trinh Con han ché, tap Chubi cung Gng
dién toan cau nhap khau, dang co ké hoach xdy FAME vaPLI, hoptac trung vao gidi phan manh, can
con han ché khao sat trlr lvong gyng vé nguyén liéu phap chi phithdp  dau tw I6n
lithium trong nuwéc gigafactory i
Uc Dan dau vé cung Ngudn cung lithium Han ché; tap Chién lwgc Khoang san Dautwvaocong  Thiéu nang luc ché

(rng nguyén liéu
tho, yeu ve san
xuat pin

I&n nhat toan cau;
giau trr lwong
cobalt va nickel

trung vao khai
khoang thay vi
san xuét

thiét yéu (2019), tai tro
R&D, wu dai cho tinh
luyén trong nuwéc

bién trong nwéc,
phg thubc vao xuat
khau

nghé t[nh luyén va
cac thé hé pin méi




Dwa trén phan tich chudi cung trng pin toan ciu va cac thach thirc hién tai, dwéi day 1a nhirng khuyén
nghij trong tdm nham hd tro’ cac nha hoach dinh chinh sach xay dwng mot hé sinh thai pin bén virng,
virng manh va cé kha nang canh tranh toan cau.

1.

Khung chinh sach va phap ly

Vai trd clia chinh pha la vé cling quan trong trong viéc thic ddy sw phat trién cta chudi cung
(ng pin con non tré. Pé hé tro cac nha san xuét trong nwéc, chinh phl nén trién khai cac
chwong trinh dau thiu wu tién st dung linh kién pin sén xuét trong nwéc, tir d6 dam bao sy
6n dinh cla thi trwéng. Quy trinh phé duyét dau tw vao nguyén liéu pin, ké hoach san xuét va
co s& nghién ciru & phat trién (R&D) ciing can dwoc don gidn héa nham gidm thiéu tha tuc
hanh chinh va khuyén khich trién khai dy an dung tién dd. Cac chinh sach nganh lién quan
dén xe dién (EV) va hé théng luu trir nang lwong (BESS) can duwoc tiép tuc ciing cb va mé
réng. Du cac chinh sach va wu dai cho xe dién da twong ddi ré rang, thi dbi véi BESS, chinh
sach van con & giai doan so khai va can dwoc phat trién thém.

Wu dai tai chinh va thu hat dau tw

Do céng nghé pin van con méi va mang tinh d6i méi cao, chinh phid can dwa ra cac chinh
sach wu dai tai chinh manh mé dé khuyén khich dau tw vao nghién ctru va phat trién (R&D)
trong linh virc nay. Viéc thanh 1ap mét quy dau tw mao hiém quéc gia danh riéng cho R&D pin,
wo'm tao cdng nghé va hé tro mé réng quy mé san xuét trong nwédc sé dong vai trd quan trong
trong viéc thic day déi méi sang tao. Cac wu dai thué chuyén biét nhw gidm thué doanh nghiép
va mién thué nhap khau ciing nén duwoc ap dung cho cac doanh nghiép dau tw vao ché bién
nguyén liéu pin, san xuat cell pin va ha tang tai ché. Ngoai ra, can khuyén khich hop tac cong
— tw (PPP) dé phat trién cac trung tm R&D, nha may th» nghiém va ha tang thiét yéu cho
chudi cung trng pin.

Phat trién chudi cung (rng va néi dia hoa

Dé giadm sw phu thudc vao nhap khau, Viét Nam can diu tw phat trién nang luc tinh luyén va
ché bién trong nwéc dbi voi cac khoang san then chbt nhw nickel, cobalt va lithium. Chinh ph
nén ban hanh quy dinh vé ty 1& néi dia hda trong san xuét pin nham cliing ¢b mang lwéi nha
cung cép trong nwéc cho cac linh kién nhw dién cuc, chat dién giai va mang ngan. Cac doanh
nghiép nho va vira (SME) hoat déng trong linh viyc sén xuét linh kién pin cling can duwoc hd
tro théng qua chwong trinh dao tao ky thuat chuyén sau va géi hé tro tai chinh muc tiéu. Viéc
thanh 1ap cac khu cong nghiép chuyén biét cho san xuat pin sé tao diéu kién thuan loi dé dong
bd hoéa cac khau tir ché bién vat liéu, san xuét cell dén I&p rap module, tir d6 gidp gidm chi
phi logistics. Bén canh do, Viét Nam can ap dung céc tiéu chuin nghiém ngat vé méi trwdng
va lao déng trong toan bd chudi cung trng pin dé dap &ng ky vong toan cau vé méi trudng, xa
héi va quan tri (ESG), dong thdi nang cao nang lwc canh tranh ctia san phdm Viét Nam trén
thi trudrng quéc té.

Do6i m&i cong nghé va phat trién thi trwong

Thuac ddy d6i maéi cong nghé 1a yéu td then chét déi véi chudi cung (rng pin, déng thoi phu
hop vé&i cac wu tién qubc gia ctia Viét Nam nhw da néu trong Nghi quyét s6 57-NQ/TW do Bo
Chinh tri ban hanh ngay 22/12/2024, nhan manh yéu cau dét pha trong khoa hoc — céng nghé
va chuyén dbi sb quéc gia. Rat kinh nghiém tir cac qudc gia nhw Han Quéc va Nhat Ban, Viét
Nam can wu tién dau tw vao hoat ddong nghién ctvu va phat trién (R&D) dé& nang cao trinh do
cong nghé pin. Trung tam D6i mdi Sang tao Québc gia (NIC) thudc Bo Ké hoach va Pau tw
(MPI) da c6 vai trd quan trong trong viéc xay dwng chudi cung (rng chét ban dan tai Viét Nam,
va pham vi nay nén dwgrc mé rdng sang linh virc cdng nghé pin. Cac don vi nghién ctru nhw
Vién Han |am Khoa hoc va Céng nghé Viét Nam (VAST) gilr vai trd then chét trong viéc phat
trién cdng nghé va tw van chinh sach, vi vay can duoc tang cwdng nang lwc nghién clu vé
khoang san chién lwoc va céng nghé pin, dac biét 14 cac cong nghé thé hé méi nhw pin thé
rén (ASSB). Chinh pht ciing can that chat hop tac véi khu vue tw nhan, bao gdm céac doanh
nghiép I&n nhw VinFast, dé dinh huwdng hoat ddng nghién ctru phu hgp véi nhu cau trng dung
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thwe tién trong cdng nghiép. Quan trong hon hét, can thanh lap mét chwong trinh va quy dau
tw quéc gia cho cac cdng nghé va nganh cong nghiép chién lwoc, di kém véi nén tang chia sé
tri thirc do nha nwéc hd tror nham thic day chuyén giao cdng nghé va thuwong mai héa két qua
nghién ctru.

5. Hop tac quoc té
Viét Nam can wu tién thiét 1ap va mé rong cac méi quan hé hop tac qudc té nham cing cb
chudi cung &rng pin trong nwéc. Sy hop tac dang dién ra gitva Viét Nam va Uc trong linh vuc
tham do khoang san chién luvgc thong qua cdng ty Blackstone Minerals 1a mot bwéc khéi dau
quan trong gidp giam phu thudc vao nhap khiu nguyén liéu. Bén canh do, Viét Nam can tan
dung hiéu qua cac Quan hé Péi tac Toan dién, D6i tac Chién lwgc Toan dién va 17 Hiép dinh
Thwong mai Ty do (FTA) da ky két d& dam bao ngudn cung nguyén liéu thd bén virng va da
dang héa. Viéc ting cwdng cac hop tac quéc té nay khodng chi giup 6n dinh ngudn cung, ma
con nang cao vai trd va vi thé cta Viét Nam trong nganh cong nghiép pin toan cau.

6. Phat trién bén virng va thwe hanh méi trwong
Viét Nam can tang cuéng céc chinh sach va quy dinh lién quan dén tai ché pin va md hinh
kinh té tuAn hoan. Quyét dinh 222/QD-TTg ban hanh ngay 23/01/2025 da dé ra ké hoach quéc
gia vé thuc hién kinh t& tudn hoan dén nam 2035, va chinh phd cAn ddm bao trién khai khan
trwong cac nhiém vu duwoc néu trong ké hoach nay. Phi hop véi nhiém vu 3.2.2 va 4.2.2 trong
ké hoach, B Ké hoach va Dau tw (MP1) can day manh ap dung mé hinh kinh t& tuan hoan tai
cac khu céng nghiép, khu kinh té va trung tm san xuat cé lién quan dén chuédi gia tri pin. Dong
thoi, can cé chinh sach khuyén khich cac nha san xuét pin diu tw vao mé hinh san xuét bén
virng, gitp gidm thiéu chat thai va téi wu héa hiéu suat st dung tai nguyén.

7. Phat trién ngudn nhan lwc va nang cap ha tang
Dé hé tro sy phét trién ciia nganh céng nghiép pin, Viét Nam can mé rong va hién dai hoa hé
thdng ha tang logistics, bao gdm mang lwéi dwéng sat, cang bién va duéng cao tbc, nham
dam bao van chuyén hiéu qua nguyén liéu dau vao va san pham pin hoan chinh. Song song
dé, phat trién ngudn nhan lyc ciing déng vai tro then chét. Cac chwong trinh dao tao chuyén
sau can duoc thiét k& nham nang cao chuyén mén vé héa hoc pin, k§ thuat san xuat tién tién,
va cac tiéu chuan an toan trong nganh. Chinh phi can khuyén khich cac doanh nghiép trong
va ngoai nwéc thanh lap cac trung tam dao tao nghé chuyén biét, tap trung vao san xuét pin
va cdng nghé lwu trir nang lwong, tir d6 dap tng yéu cau nhan lwc chat lwong cao cho nganh
coéng nghiép chién luoc nay.

B&o cao nay cung cap mét phan tich chuyén sau vé chubi cung (ng pin toan cau, dong thoi rat ra
nhi*rng bai hoc so bd cho Viét Nam dwa trén cac thuc tién qudc té tiéu biéu. Bao cdo tiép theo, tap
trung vao béi canh trong nwéc, sé tién hanh ra soat va danh gia chudi cung (rng pin tai Viét Nam, dac
biét nhadn manh vai trd cGia nganh nay trong birc tranh kinh té dang chuyén déi ctia dat nwéc. Bao céo
sé& phan tich cac yéu tb then chét nhu: mirc d6 sdn cé va chat lwong ctia nguyén liéu dau vao, nang
lwe san xuét hién tai, nhu cau trong twong lai, va trinh d6 cdng nghé, nham xac dinh nhivng cdng nghé
pin phu hop nhét cho Viét Nam. Bén canh dé, bao céo cling sé lap ban doé chudi cung ng va cac bén
lién quan chd chét, danh gia loi ich kinh té vi mé tir viéc phat trién nganh pin, va xay dung co sé lap
luan cho viéc dau tw vao san xuét pin trong nwéc. Ngoai ra, bao céo sé kham pha cac hop tac chién
lwoc tiém nang va hé sinh thai phu hop nham ti wu hoa co hdi trong khi gidm thiéu rdi ro cho Viét
Nam.
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Phu luc 1. Cac céng nghé pin méi

Pin lithium-ion hién la loai dwoc st dung rong rai nhét, tiép theo la pin kiém va pin axit-chi. Tuy nhién,
mdi loai déu c6 nhitng nhwoc diém dang chd y: pin lithium-ion dé bi qua nhiét va trong trwdng hop
nghiém trong c6 thé phat nd; pin kiém khdéng phu hop véi cac ting dung tiéu hao nhiéu dién nang; va
pin axit-chi hoat dong kém & nhiét dé cwc ndng hodc cuc lanh.

Céc céng nghé pin mai tién tién co tiém nang dinh hinh lai cac hé théng nang lwong, thuc day tinh
bén virng va hé tro qua trinh chuyén dbi xanh. Trong phan nay, ching t6i dwa ra mot sé cai tién day
hira hen nhét, t pin thé rdn cung cép kha nang lwu trir nang lweng an toan va hiéu qua hon dén pin
ion natri gidi quyét mdi lo ngai vé tinh trang khan hiém tai nguyén.

Trong pin lithium-ion, graphene hoat ddng nhw mét khung dan dién, tang chuyén déng cua lithium-ion
va gidm sy suy thoai. Nhirng tién bd gan day bao gém graphene cong, moét vat liéu dwoc cap bang
sang ché dwoc tbi wu hda cho siéu tu dién. Phién ban nay tiép tuc nang cao hiéu suét théng qua cac
cAu tric nano x6p cao giup t6i da hda kha néng lwu triv ion va mat do nang lwong 128,

Céc cong ty nhw Nanotech Energy va Skeleton Technologies dang dan d4u trong viéc phat trién cac
giai phap téang cudng graphene cho EV va lwu triy lwdi dién. Trong khi d6, cac ga khdng 16 cong nghé
nhw Samsung va Huawei dang tich cwc dau tw vao cac cong nghé dwa trén graphene. Theo cac bao
cdo gan day, thi trwdng pin graphene toan ciu du kién sé dat 716 triéu dé la vao nam 2031, tang
trwdng & mirc CAGR dang chu y la 23,1% '2°.

Bang 0-1. Wu va nhwoc diém cla cac pin dwa trén graphene

Uu diém Nhwoc diém
Dan dién va téc do sac xuét sac Chi phi san xuét cao
An toan cao v&i nguy co qua nhiét thap Viéc mé réng san xuat 1a khé khan
Tudi tho va chu ky sac lau dai Chéat lwgng graphene anh hudng dén hiéu suat
Mat d6 nang lwong cao cho thiét ké tich hop Coéng nghé van dang & giai doan so khai

Pin lithium-kim loai s&¢ dung lithium kim loai lam cwc dwong. DPiéu nay cho phép mat dd ndng lwong
cao hon dang ké—géan gép dbi so v&i pin lithium-ion truyén théng. Ching nhe hon, ¢ kha nang cung
clp nhiéu ndng lwong hon va cé tiém nang kéo dai vong doi khi dwoc thiét ké hop ly.

128 Skeleton Technologies, How curved graphene replaces critical raw materials in supercapacitor
manufacturing, LinkedIn.

129 SkyQuest Technology, Graphene battery market to propel growth at $716 million by 2031,
GlobeNewswire.



Nhirng tién bd gan day trong thiét ké chat dién phan, dac biét 1a viéc st dung chat dién phan rén va
mubi néng chay, nham muc dich gidm thiéu sw hinh thanh nhanh cay va cai thién d6 an toan. Standard
Univeristy da trinh bay mot thiét ké chat dién phan méi dé dn dinh giao dién lithium-metal 13°.

Ngoai ra, mét s6 nguyén mau chirng minh mat dé nang lwong lén dén 500 Wh/kg, mét cai tién dang
ké so v&i pham vi 250-300 Wh/kg théng thwérng déi véi pin lithium-ion. Trong twong lai, thi trwérng pin
kim loai lithium dw kién sé& vwot qua 68,7 ty do la vao nam 2032, tang trwdng véi toc dd CAGR an
twong la 21,96% 3.

Bang 0-2. Wu diém va nhwoc diém cua pin Lithium-kim loai

Uu diém Nhwoc diém
Mat d6 néng lwong rat cao Dé hinh thanh dendrite
Hwa hen tai tao nang lwgong nhanh chong Chi phi san xuat cao

Hiéu suat tot hon trong cac diéu kién cwc doan  Nguy co chap mach va cac van dé an toan

Ly twéng cho cac (rng dung nhw xe dién (EV) va Tudi tho ngan hon so véi pin lithium-ion
may bay khéng ngudi lai

Pin nhém-khéng khi dwoc biét dén véi mat dd nang lwong cao va thiét ké nhe. Chang co tiém nang
dang ké cho cac &ng dung nhu xe dién, lwu trir ndng lwong quy mo lwéi dién, thiét bi dién t& cam tay
va ngudn dién dw phong trong cac linh vie chién lwoc nhw quan doi.

Céc cong ty nhw Phinergy va Alcoa dang né lwc thwong mai héa pin nhém-khéng khi, ¢ thé kéo dai
quang dwong di chuyén clia moét chiée 6 td dién thém 1.000 ddm. Nam 2024, quy mé thi trwdng pin
nhém-khoéng khi dwoc dinh gia & mirc 11,93 ty d6 la va dw kién sé& vwot qua 20,1 ty do la vao ndm
2037, ting trwdng & toc dd CAGR la 4,1% CAGR 132,

Bang 0-3. Wu diém va nhwoc diém cua pin Nhém-Khang khi

Uu diém Nhwoc diém
Mat d6 nang lwong cwc ky cao Khoéng thé sac lai
Nhém dé dang cé san va gia thanh thap Chi phi cao hon so véi pin lithium-ion
San pham phu than thién v&i mdi trwéng Sw phan hiy cla cac anode nhém lam giam tudi
tho

Hb tro xe dién (EV) co pham vi vwot qua 1.000 Lo ngai vé bao tri va an toan
dam

130 Sang Cheol Kima, Data-driven electrolyte design for lithium metal anodes, Stanford.

131 Chemicals and Materials, Li Metal Battery Market to grow at 24.4% annually,
TransparencyMarketResearch.

32 Energy and Power, Aluminum-air battery market size and trend analysis, Research Nester.
https://www.researchnester.com/reports/aluminum-air-battery-market/3341.




Pin magié s dung cac ion magié lam thanh phan hoat déng. Khéng giéng nhuw lithium, chi truyén mét
electron cho méi ion, ban chat da hoa tri cia magié cho phép né truyén hai electron cho méi ion, mang
lai mat do nang lwong ly thuyét cao hon dang ké.

Céc loai pin nay st dung chét dién phan dang nuwéc hodc khéng chira nwéde, véi mot sb thiét ké méi
hon két hop chét dién phan ban ran. Thém vao do, kha nang chdng hinh thanh dendrite ciia magié
trong qua trinh sac gilp gidm thiéu nguy co doan mach, tdng cwédng an toan tong thé.

Pin magié-khdng khi théng thwdng cé mat dd nang lwong la 6,8 kWh/kg va dién ap hoat dong ly thuyét
la 3,1 V. Tuy nhién, nhirng d6t pha gan day, chang han nhuw pin magié-ion ban ran, da nang cao hiéu
suét dién ap va mat do nang lwong, gitp cong nghé nay kha thi hon cho cac (rng dung hiéu suat cao
133

N&m 2024, cac nha nghién clru da gidi thiéu mot hé théng pin canxi-oxy dot pha cé kha nang hoan
thanh 700 chu ky sac-xa. Thanh twu nay khéng chi chirng minh dwoc d6 bén &n twong ma con mé ra
canh ctra cho cac ng dung cai tién, chang han nhw pin dét mém déo.

Bang 0-4. Wu diém va nhwoc diém cua pin ion canxi

Uu diém Nhwoc diém
Tai nguyén canxi phong phu va chi phithap | ya chon han ché cho céc chét dién phan én
dinh, hiéu qua
Mat d6 nang lwong bang hodc cao hon pin Can ti wu hda thém vat liéu dién cuc

lithium-ion
Nguy co hinh thanh dendrite thap hon

Bén virng v&i moi trvdng

Pin kém-khong khi cé thiét ké don gian, sir dung k&m lam cwc dwong va oxy tir khéng khi lam cuc
am. Dién dwoc tao ra thong qua phan (rng hoa hoc gira kém va oxy trong khi quyén. Vi oxy déng vai
tro la chat phan (rng & cwc am nén khong can cac thanh phan bén trong nang va dét tién. Diéu nay
lam cho pin nhe hon va gia ca phai chdng hon nhiéu giai phap thay thé khac.

Nhirng loai pin nay cé tiém nang dang ké cho cac ing dung nhw Iwu trir nang lwong lwéi dién, may
tro thinh va xe dién. Nhirng tién bd gan day nham muc dich cai thién hiéu qua va tudi tho ctia chung.

133 Electrochemistry, Next-generation magnesium-ion batteries, ScienceAdvances.
https://www.science.org/doi/10.1126/sciadv.adh1181.




Dang chu y 1a ndm 2024, cac nha nghién clru da phat trién chét xuc tadc G-SHELL, gitp tang hiéu suét
ddng thoi gidm chi phi san xuét 134,
Bang 0-5. Pu va nhwoc diém cta pin kém — khong khi

Uu diém Nhwoc diém
Chi phi thap nhe' vao ngudn cung kém Hiéu suét thay ddi theo do &m va tiép xdc véi
phong phu CO,
Thiét ké an toan va nhe Dé bij bay hoi nwéc trong chat dién phan
D& dang mé& réng cho lwu triv lwsi dién Can cac chét xuc tac tién tién dat tién dé co
thé sac lai

QD 13 vat liéu ban dan nhd, thwdng dwoc lam bang silicon, cadmium selenide (CdSe) hoac chi sunfua
(PbS), cé cac dac tinh dién tlr dwoc xac dinh bdi kich thwéc clia chung. Cac dac diém nay bao gdm
kha nang truyén electron tét hon va kha nang hap thu va phat ra anh sang & cac budc song cu thé.

Trong pin chdm lwong t&r, QD dwoc tich hop vao vat liéu anode, catthode hodc chat dién phan dé
tang cudng cac dic tinh cla ching. QD tao diéu kién cho chuyén dong electron va truyén ion bén
trong pin, gitp cai thién kha nang lwu trir nang lwong va chuyén déng electron nhanh hon.

QD ciing c6 thé dwoc st dung trong cac thiét ké lai, két hop cac dic tinh clia chung véi cac vat liéu
théng thwéng nhuw lithium hodc kém. QD dang dwgc nghién ciru dé st dung trong pin thé rén, c6 kha
nang cung cap pin an toan hon va én dinh hon. Cac chdm lwong t& dwa trén carbon ciing dang dwoc
kham pha dé tao ra cac loai pin lai siéu tu dién dé sac cwc nhanh3 136,

Bang 0-6. W'u va nhwoc diém cta pin cham lwong tir

Uu diém Nhuwoc diém
Sac nhanh hon va tudi tho lau dai Céac cham lwong tlr c6 thé khéng 6n dinh
Nhé va nhe Phurc tap trong san xuat
Lwu trir ndng lwong cao hon nhiéu so véi Cong nghé van con dat dé

cdbng nghé hién tai

Mét thach thire 16'n & "hiéu tng van chuyén polysulfide”, trong d6 cac hop chat lwu huynh trung gian
hoa tan trong chat dién phan, lam gidm hiéu suét va tudi tho. Tuy nhién, nhirng tién bd gan day, chang
han nhw tich hop cac 1&p xen ké hoat dong oxy hda khir, da gidm thiéu nhivng van dé nay. Sy déi

134 Dong Won Kim, Trifunctional graphene-sandwiched heterojunction-embedded layered lattice
electrocatalyst in zn-air battery, Advance Science.
http://advanced.onlinelibrary.wiley.com/doi/10.1002/advs.202408869.

135 Majid Shaker, Carbon/graphene quantum dots as electrolyte additives for batteries and
supercapacitors, Journal of Energy Storage. https://doi.org/10.1016/j.est.2024.111040.

136 Fitri Aulia Permatasari, Carbon-based quantum dots for supercapacitors, MDPI.
https://doi.org/10.3390/nano11010091.




mai ndy ngan chan sy van chuyén va tang kha nang lwu trir nang lwong va tudi tho chu ky, giup pin
Li-S kha thi hon vé& méat thwong mai.

Nam 2024, cdng ty kh&i nghiép Lyten & Thung liing Silicon da céng bd ké hoach tri gia 1 ty d6 la dé
xay dwng nha may san xuét pin lithium-lwu huynh dau tién trén thé gidi tai Reno, Nevada. Khi di vao
hoat ddng hoan toan, co sé& nay du kién sé san xuat t&i 10 gigawatt-gior pin lithium-lwu huynh méi
nam, v&i giai doan dau tién dw kién bt dau san xuét vao nam 202737

Bang 0-7. Wu diém va nhwoc diém cua pin lithium-lwu huynh

Uu diém Nhwoc diém
Lwu huynh phong phu va ré Suy giam dung lwgng nhanh sau 300 chu ky
Giam nguy co qua nhiét Lwu huynh la chét cach dién, can vat liéu dan
dién bd sung
Khoéng doc hai va bén virtng hon so véi pin S hoda tan cua polysulfide lam gidm hiéu qua

lithium-ion

Nhirng loai pin nay dadc biét phu hop véi cac hé théng lwu trir nang lweng quy mé Ién, chang
han nhw lwéi dién nang lwong tai tao va cac gidi phap lwu triy cd dinh. Véi nhivng tién bo lién tuc vé
mat do nang lwgng va hiéu qua sac, chung ciing cé tiém nang wng dung trong xe dién va thiét bj dién
ter di dong.

Hién nay, cac cong ty hang dau dan dau vé tién bd trong cong nghé pin SIB bao gdm CATL, Faradion,
Natron Energy va HiNa BATTERY.
Bang 0-8. W'u va nhwoc diém cuia pin SIB

Uu diém Nhwoc diém
Vat liéu ré hon va quy trinh san xuét don Mat d6 ndng lwong thdp hon khoang 30% so
gian hon v&i pin Li-ion
An toan hon va it c6 nguy co qua nhiét L&n hon va nang hon pin lithium
Tiém nang lwu trir nang lvong quy mé Ién Hién khéng phu hgp véi cac xe dién co pham

vi hoat dong cao

Thi trwdng pin silicon-anode toan ciu dy kién sé vuot qua 131 ty d6 la vao ndm 2033, tang trudng
véi tbc d6 CAGR 1a 47,5%. Céac cong ty hang dau nhw Amprius va Sila Nanotechnologies dang dau
tw dang ké vao Iinh vic nay 138,

Viéc ap dung pin silicon-anode sé& chuyén dbéi qua trinh lwu trir ndng lwong trong nhiéu nganh coéng
nghiép. Trong xe dién (EV), chung cé thé tang pham vi hoat dong lén 20-40%, trong khi trong thiét bi
dién tir tiéu dung, ching cho phép céc thiét bi nhe hon, nhd gon hon ma khéng &nh hwéng dén hiéu
suat pin.

137 Technology, US startup Lyten to invest over $1 bn in Nevada lithium-sulfur battery factory, Reuters.

138 Report, Silicon anode battery market snapshot, Future Market Insights.




Bang 0-9. Pu diém va nhwoc diém cua pin silicon-anode

Uu diém Nhwoc diém
Dung lwvong cao gap 10 Ian so véi Mé& rong thé tich dang ké khi sac
graphite
Hb tro hap thu lithium-ion nhanh chéng Sw suy gidm cau trdc anh hwdng dén tudi tho
pin
Thiét ké nhe va nhé gon Can céac hé thong tién tién dé quan ly nhiét

Vao nam 2024, cac nha nghién ctvu tai Harvard da tiét 16 mot thiét ké cho phép sac cwc nhanh va
hang nghin chu ky ma khéng bi xuéng cép trong pin thé ran. Mét nhém khac tai Dai hoc Chicago da
phat trién mot loai pin thé rén natri khéng c6 cwc dwong, danh ddu mot budce tién dang ké huwéng toi
loai pin an toan hon, dung lwgng cao hon cho xe dién va lwu trie lwoi dién 139 140,

Dau tw toan cau vao pin thé rén dang tang manh, véi cac céng ty hang dau trong nganh nhw BYD,
Toyota, VW, BMW va Mercedes-Benz dang tich cuc phat trién va thwong mai héa cac cong nghé tién
tién nay. Thi trwdng pin thé rén toan cau duw kién sé vwot qua 24,4 ty d6 la vao ndm 2032, tang truédng
véi tdc d6 CAGR an tuwong la 36,4% 7.

139 Luhan Ye, Fast cycling of lithium metal in solid-state batteries by constriction-susceptible anode

materials, Nature Materials.
140 Grayson Deysher, Design principles for enabling an anode-free sodium all-solid-state battery, Nature

Energy.
141 Semiconductor and Electronics, Solid-state battery market size & trends analysis, StraitsResearch.




Phu luc 2. Cac nha may san xuat pin & My

Nha may pin Vi tri State Production
output

AA Portable Power Richmond CA NA
AKASOL Hazel Park Mi 400 MWh/yr
Alion Science and Technology Crane IN NA
AllCell Technology Broadview IL NA
Altair Nanotechnologies Anderson IN NA
American Battery Factory American Fork uT 12 GWh/yr
American Battery Solutions Springboro OH 2 MWh
American Lithium Energy Carlsbad CA NA
Auto Motive Power Santa Fe Springs CA NA
Battery Specialties Costa Mesa CA NA
Blue Line Battery Beloit Wi NA
BMW Spartanburg Plant Greer SC 22,500 units/yr
BorgWarner-Romeo Power Vernon CA NA
Braille Battery Sarasota FL NA
Cell-Con Bedford PA NA
Clarios Holland MI NA
Conamix Ithaca NY NA
Coreshell Technologies San Leandro CA NA
Cuberg Emeryville CA NA
Custom Power Fountain Valley CA NA
Dantona Industries Wantagh NY NA
EaglePicher Technologies Joplin MO NA
Electric Power Systems North Logan uT NA
Electrochem Solutions Raynham MA NA
EnerSys Spokane Valley WA NA
EnerSys Suwanee GA NA
Enovate Medical Murfreesboro TN NA
eNow Warwick RI NA
EnPower Indianapolis IN 1 GWhlyr
Envia Systems Newark CA 400 Wh/kg
Envision AESC Bowling Green Bowling Green KY 30 GWh/yr
Plant
Envision AESC Smyrna Plant Smyrna TN NA
Exponential Power Carol Stream IL NA
Exponential Power Fort Wayne IN NA
Exponential Power Rockwell TX NA
Factorial Woborn MA NA
Flexodes Sugar Land TX NA
Flux Power Vista CA NA
Ford Rawsonville Plant Ypsilanti MI NA
Ford-SK BlueOval Glendale KY 86 GWh/yr
Ford-SK BlueOval City Stanton TN 43 GWhlyr
General Motors Brownstown Brownstown Charter Mi NA

Battery

Twp




GM-LG Ultium Cells Lansing Mi NA
GM-LG Ultium Cells Spring Hill TN NA
GM-LG Ultium Cells Warren OH NA
GS Yuasa Lithium Power Roswell GA NA
Highpower International Montain View CA 850 Whlyr
Honda Brownstone Battery Brownstone Township Mi NA
Hyundai-SK Commerce GA NA
Inventus Power Woodridge Woodridge IL NA
Facility

Kore Power Buckeye AZ 12 GWh/yr
LG Energy Holland Mi 5 GWhl/yr
LG Energy Queen Creek AZ 11 GWh/yr
Lithion Battery Henderson NV NA
Lithion Battery North Billerica MA NA
Lithion Battery Round Rock X NA
LytEn San Jose CA NA
Magnis Endicott NY 32 GWhlyr
Mercedes Battery Plant Woodstock AL NA
Microvast Clarksville TN 2 GWh
Navitas Systems Ann Arbor Mi NA
Octillion Power Systems Richmond CA 4 GWhlyr
Our Next Energy Torrance CA NA
Polyplus Battery Berkeley CA 2,000 L/Yr
ProTechnologies Pilot Mountain NC NA
Proterra City of Industry CA NA
Proterra City of Industry CA NA
Proterra Greenville NC NA
Rivian Atlanta GA 50 GWh/yr
Saft America Valdese NC NA
Saft America Valdosta GA NA
Samsung SDI Auburn Hills Mi NA
Simpliphi Power Oxnard CA NA
Soelect, Inc. Greensboro NC 1 GWhlyr
Sparkz Inc. Livermore CA 1 GWh/yr
StateVolt Imperial Valley CA NA
Statevolt Los Angeles CA 54 GWh/yr
Stellantis-Samsung Kokomo Kokomo IN 23 GWh/yr
Plant

Tenergy Corp Fremont CA NA
Tesla Gigafactory Texas Austin X 100 GWh/yr
Tesla Giga New York Buffalo NY 2 GWh
Tesla Gigafactory 1 Sparks NV 20 GWh
TNR Technical Sanford FL NA
Toyota Liberty NC NA
Trojan Battery Santa Fe Springs CA NA
Wabtec Pittsburgh PA NA
Xalt Energy Midland Mi 600 MWh/yr
Yotta Energy Austin > NA
Zakuro Ann Arbor Mi NA




Zeus Battery Products

Boomingdale

IL

NA

Zinc8 Energy

Ulster County

NY

NA




