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TOM TAT

Khi nganh cong nghiép khai khoang tim cach phat trién bén viing hon, cac tap doan khai
khoang mong muén tim ngudn ndng lwong phat thai cac bon thap cho céc xe tai van chuyén
khoang sén. Thay thé dong co diesel xe tai mé bang pin dién hodc bang pin nhién liéu da
dwoc nghién ciru ép dung. Méi hé théng cé nhing wu, nhuoc diém riéng. Gan day, trén thé
gi6i da c6 nhing nghién ctru &p dung hé théng déng luc lai gitka pin nhién liéu va pin dién
dung cho 6 té tai md. Pin nhién liéu két hop hydro va oxy dé tao ra dién, pin dién Iwu triv dién
ndng dé str dung khi can tdng cong suét dot ngdt va tai tao ndng lurong khi phanh. Khi thay
thé dong co diesel, thach thirc dat ra la phéi cai tién xe tai dwoc thiét ké ban dau dung déng
co diesel thanh xe tai st dung pin nhién liéu dbong thoi véi pin dién. Bai béo nay dua ra
nhitng danh gia ban dau mét sé chi tiéu 6 t6 mé céng suét Ién dung déng co diesel, céi tao
sang str dung hé théng dong Iuc lai gilra pin nhiéu liéu va pin dién, lam co s& cho viéc lwa
chon hé théng déng luc 6 té tédi maé than thién véi méi truong.

T khéa: pin nhién liéu, xe tai lai pin nhién liéu- pin dién.

@ Hoi Khoa hoc va Cong nghé Md Viét Nam

1. DAT VAN BE

Hién nay, khéi lwong dat da thai cia cac
don vi thuéc Tap doan Céng nghiép Than -
Khoang san Viét Nam (TKV) chi riéng tai
vung Quéng Ninh d3 |én t&i 150 triéu m3. Dé
van chuyén khéi lwong dat da thai nay, TKV
da st dung nhiéu phuwong tién, trong do
dung 6 té 1a cha yéu, trong d6 ¢ nhiéu 6 6
tai nang, tai trong tr 58 Tan dén 100 Tan.
Gan day da co6 nhirng thtr nghiém 6 t6 ¢co
trong tai 130 Tan truyén dong dién. Ngoai ra
con sb lwong lén cac 6 td chay xdng dwoc
st dung. Khi lam viéc, déng co xe 6 t6 st
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dung thai ra cac khi déc hai nhw: Cacbon
monoxit (CO), Oxit nito (NOx), Cacbon dioxit
COy,...gay 6 nhiém moi tru’o’ng gop phan
gay hiéu (rng nha kinh. D& gidm thai 6 nhiém
moi trwéng, trén thé gidi da dé xuéat nhiéu
giai phap, trong dé cé giai phap str dung pin
dién (electric battery), pin nhién liéu hydro
(fuel cell) [1] dung cho xe tai mé. M6t giai
phap khac cling dwoc nghién clru, do la st
dung hé théng dong lwc lai gitra pin nhiéu
liéu va pin dién cho xe tai mé. Bai bao trinh
bay tinh toan danh gia ban ddu moét sé chi
tiéu 6 t&6 mé céng suat I&n dung déng co
diesel hién dang str dung & Viét Nam, cai tao
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sang s dung hé théng déng lwc lai gitra pin
nhién liéu va pin dién.
2. DU’ LIEU VA PHUONG PHAP NGHIEN CU'U
2.1. O t6 tai v&i hé thong dong lwec lai gilra
pin nhién liéu va pin dién

Trong bdi canh toan cau dang di mat voi
nhirng thach thirc ngay cang nghiém trong
lién quan dén bién dbi khi hau, nhu cau glam
phat thai khi nha kinh trong moi linh virc san
xuat va van chuyén tr& nén cép thiét hon
bao gi® hét. Nganh khai thac mé, v&i déc thu
st dung nhiéu loai phwong tién van tai hang
nang tiéu ton lwong I&n nhién liéu hoa thach
va phat thai CO, cao, dang tré thanh moét
trong nhirng nganh can dwoc wu tién trong
[6 trinh phi cacbon hoéa. Dac biét, cac xe tai
dung trong khai thac mé la mét trong nhirng
nguén phat thai Ién nhét trong hoat déng
khai thac 16 thién, do cong suat van hanh
I&n, trong tai cao va cwdng d6 lam viéc cao.
Trong hon mét thap ky qua, nhiéu giai phap
thay thé dong co diesel truyén théng da
dwoc nghién ctru va trién khai thir nghiém,
ndi bat trong s6 d6 la xe 6 t6 st dung pin
dién (battery electric vehicles — BEV) va xe
6 t6 str dung pin nhién liéu (fuel cell electric
vehicles — FCEV). Tuy nhién, cho dén thoi
diém hién tai, da phan cac (rng dung thuc té
m&i chi trién khai mét trong hai cong nghé
nay mot cach don 18, tuy theo diéu kién ha
tang, muc tiéu van hanh va nguén lyc ky
thuat cua tirng khu vwc hay doanh nghiép.
Trong khi d6, tiém nang cua viéc két hop ca
hai cdng nghé — tao thanh mét hé théng

Pin hé truyén
dong

8 bd chuyén ddi
tang ap cua pin
nhién liéu

8 hé théng phan
phéi khi

8 hé théng lam mat

Hinh 1.
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dong lwc lai gitra pin nhién liéu va pin dién
(hé thdng lai pin nhién liéu- pin dién) — van
chua duwoc khai thac day da, dic biét 1a
trong linh vrc van tai mé, noi ma yéu cau vé
coéng suét, do tin cay va kha ndng lam viéc
lién tuc 1a rat cao. TAm hoat dong han ché
cla cac phwong tién dung pin dién la mot
trong nhirng moi quan tam chinh can dugc
gidi quyét hién nay. TAm hoat déng cha yéu
phu thudc vao hé théng lwu tri¥ ndng lvong.
Dbi véi cac 6 t6 dién c& nhd, hé théng lvu
triv nang lwong chd yéu 1a pin dién. Tuy
nhién, dbi v&i cac 6 t6 hang nang ciing nhw
cac dong xe thé thao dién hiéu suat cao, hé
thdng lwu trir nang lwong lai da dwoc chirng
minh 1a giai phap hiéu qua hon. Hé théng luu
trir nang lwong lai thwéng bao gom hai thiét
bi Iy tri¥ nang lwong bd tro cho nhau, duoc
phéi hop van hanh théng qua mot hé théng
diéu khién tap trung. Cac thiét bj nay cé thé
la pin dién, pin nhién liéu va cac thiét bj khac
— mdi loai déu c6 nhirtng wu, nhwoc diém
riéng va phu hop véi cac tinh hubng (rng
dung khac nhau [2].

O t6 str dung pin nhién liéu (FCEV) duoc
cung cap nang lwong bédi mét mé dun pin
nhién liéu két hop véi hé théng pin dién
lithium-ion céng suét cao dé thay thé cho
dong co diesel truyén théng cla xe, dwoc
diéu khién b&i mot bd phan phéi dién ap cao,
cung cap dung lvong lwu trir ndng lwong
dén hon 1.000 kWh. Céu tao chung cla xe
tai str dung pin nhién liéu dwoc thé hién trén
Hinh 1.

Ta diéu khién hé
truyén déng

Binh chura thay luc

Nhém B — 9 binh chira

Nhém A —13
binh chira

8 moé-dun pin nhién
liéu

B6 tri cac bd phan trén xe tai stv dung pin nhién liéu [2]
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Trén Hinh 2 1a 6 t6 tai md, dwoc cai tao
tr 6 t6 tai str dung pin nhién liéu thanh xe 6
t6 tai lai gira pin nhién liéu va pin dién tao ra
coéng suat 2 MW, Ién hon so véi cong suéat
mau xe diesel trwdc do va co tai trong lén
dén 290 tan [3]. Xe dwoc trang bj bd pin dién
c6 dung lwong 1,2 MWh. Do st dung nhiéu
pin nhién liéu, tdng céng suat cung cép lén
t&i 800 kW. Chiéc xe nay dwoc thiét ké dé
van hanh trong diéu kién khai thac tai mé
PGMs Mogalakwena & viing Déong Badc Nam
Phi. Céng ty Anglo American dyw dinh sé thay
thé doi xe gébm 40 chiéc tai day, vén tiéu thu
khodng mot triéu lit dau diesel mdi nam.

O,

Zero Platip,

u
eMissions hl;gw b
©gen,

Chiéc xe 1a mét phan trong gidi phap Van tai
khéng phat thai nuGen (ZEHS) ctia Cong ty
Anglo American — mét hé théng hydro xanh
dwoc trién khai ngay tai mé. Hé thdng nay
sé& |y dién tr trang trai dién mat tr&i dé cung
cép cho thiét bi dién phan nwéc, tao ra hydro
— nhién liéu xanh cung cp cho cac xe tai.
Dw an ZEHS du kién sé hoat ddng hoan
chinh vao nam 2026. Pay la budc di dau tién
trong muc tiéu dwa 8 mé cua Cong ty tré nén
trung hdéa cacbon vao nam 2030. Cong ty
khai khoang toan ciu nay dat muc tiéu dat
murc phat thai rong bang 0 cho toan bd hoat
ddng vao nam 2040 [3].

Hinh 2. Xe tai mo lai pin nhién liéu va pin dién

Hinh 3 minh hoa so d6 nguyén ly lam viéc
cta hé thdng truyén déng trong xe 6 t6 st
dung pin nhién liéu lai v&i pin dién. Dién
dwoc tao ra tlr pin nhién liéu két hop véi dién
tr pin dién khi can thiét d& cung cap cho
dong co dién. Cu thé, khi hydro dworc lwu trip
trong cac binh chira va dwoc dwa dén pin
nhién liéu théng qua may nén khi va bé diéu
ap, dong thoi bom chat lam mat va tan nhiét
gitp kiém soat nhiét dd trong qua trinh phan
ng. Pin nhién liéu tao ra dong dién mét
chiéu, sau dé dién ap dwoc diéu chinh théng

m SO 1-2026

qua bd ting ap dé dat mirc phu hop. Dong
dién dwoc bién dbi thanh dién xoay chiéu
bang bd nghich Iwu, réi cap cho dong co
dién. Bong co dién truyen mo men xoan dén
hé théng truyén dong cudi va lam quay céc
banh xe, giup xe di chuyén. Ngoai ra, hé
thdng con ¢ pin dién dong vai tro lwu trir va
cung cap nang lvong bd xung trong céc tinh
hubng can céng suét cao hodc khi pin nhién
liéu chwa dat cong suat. Khi phanh, nang
lwong phanh chuyén thanh dién tich triv vao
pin dién.
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Binh chura khi hydro

Bom chit
lam mat

Tan nhiét

Pin nhién liéu

Bo diéu dp

Binh chira khi hydro

Bo chuyén
doi tang ap

Pin (Battery)

ruyén

Pin (Battery)

Hinh 3. So’ d6 c4u tao 6 to6 vé&i hé thong lai pin nhién liéu - pin dién []

2.2. Xac dinh pin nhién liéu va pin dién
dung cho 6 tb tai véi hé théong dong luc
lai pin nhién liéu va pin dién

DPé thay thé dong co diesel cho xe tai
cong suét Ién bang hé théng pin nhién liéu
lai pin dién can dam bao rang hé théng méi
c6 kha ndng cung cip du cong suat va tam
hoat dong twong duwong. Bay la mét bai toan
phirc tap vi khéng chi don thuan Ia chuyén
ddi céng suat ma con lién quan dén hiéu
suat, trong lwong, khéng gian va diéu kién
van hanh. Hé théng lai s& bao gbém: Pin
nhién liéu (Fuel Cell Stack) dwoc st dung dé
chuyén dbi hydro thanh dién nang. Binh
chtra hydro (Hydrogen Tanks) nham lwu triy
hydro cung cap cho pin nhién liéu. B pin
dién (Battery Pack) dong vai tro 1a bé dém,
cung cap cong suat Ién nhéat, thu hdi ndng
lwgng phanh. Béng co dién (Electric Motor)
c6 nhiém vu chuyén ddi dién nang thanh co
nang, dan ddng céac banh xe [6].

Pé tinh toan dwoc kich thwdc va sb
lwong pin can dwoc st dung cho xe 6 t6 nay
can cac théng sb chinh: mic nang lwong
tiéu tdn trung binh; va khoang cach ma xe di
dwoc trong mét 1an nap [4]. Cong suat ddng
co dién dwoc tinh toan dwa vao téng lwc can
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va tbc dd di chuyén clia 6 t6 [6]. Tuy nhién,
day la danh gia so lwoc ban dau nén chican
clr vao cong suét dong co diesel trén xe tai
sén c6 dé tinh céng suat dong co dién thay
thé.
2.2.1. Cédc théng sé tinh todn

Trong céu hinh hé théng dong lwc lai nay,
pin dién khéng phai 1a ngudn nang luong
chinh cho toan bé hanh trinh, ma cha yéu la
dé hé tro va tdi wu hoa hoat dong cla pin
nhién liéu nham cung clp céng suét I6n
nh4t. Céng suét dong co diesel trong tai liéu
ky thuat 1a cong suét tbi da. Khi xe can tang
toc, 1én dbc dodt ngdt, pin dién sé bd sung
coéng suat cho pin nhién liéu dé& dat dwoc
murc cong suét tdi da (hodc cao hon néu can
moé men xoan tirc thdi Ién hon) ctia ddng co
diesel. Ngoai ra, pin dién sé hap thu nang
lwong tai tao khi xe giam téc hodc xudng
déc. Khi divng hodc chay & tai thap, pin
nhién liéu cé thé tam tat hodc hoat dong &
cong suat thap hon. Cac théng sb tinh toan
gdm cé:

a) Cong suét dong co diesel I&n nhét
Prax » KW;
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b) Thi gian lam viéc quyét dinh dung tich
binh chtra pin nhién liéu ciing nhw dung
lwong pin dién T,,, h;

c) Hé sb tai a (load factors) la phan tr&am
céng suéat ddong co duoc st dung dé wéc
tinh mdrc tiéu thu nhién liéu cua 6 t6 tai dung
ddng co diesel;

Phan loai diéu kién hoat dong 6 to tai
thanh cac mwc: nhe, trung binh va nang véi
cac hé sb tai twong (rng. D6i v&i didu kién
nang, hé sb tai cho cac loai xe tai kéo (haul
trucks) trong diéu kién nay c6 thé nam trong
khodng 0,65 — 0,80. Diéu nay phu hop voi
gia dinh a=0,7-0,9 vi xe tai mdé thwong
xuyé&n hoat déng & diéu kién tai nang, leo
déc va duworng xa khong tot.

d) Hiéu suét hé thdng truyén dong dién:

- Cac nha san xuét Ién nhv Siemens,
ABB, Schneider Electric, Danfoss, ...,
thworng cong bb cac thdng sbé ki thuat chi tiét
vé hiéu suét clia s&n phadm cua ho (déng co
va bién tan) trong catalogue, hwéng dan st
dung hoac trén website chinh thic. Hiéu
suat cha bd bién dbi (inverter) thuwong rat
cao, c6 thé dat dén 98% hodc hon. Khi két
hop véi déng co hiéu suédt cao, tdng hiéu
suéat clia hé théng cé thé dé dang dat 90%.
Do d6, hiéu suét dong co dién va bo bién doi
Ndong co—bo bién d6i — 0,9;

- Hiéu suét pin dién (sac/xa): Hiéu suét
sac la ty |& phan trdam nang lwong duoc luu
trir vao pin dién so v&i nang lwong dwoc cap
vao dé sac. Pin dién Li-ion co hiéu suét sac
rat cao, thwong trén 95% va co thé dat 99%.
Hiéu suat xa 1a ty 18 phan trdm nang lvong
c6 thé lay ra tir pin so véi ndng lvong da
dwoc lwu tri trong pin. Hiéu suét pin
(sac/xa) Npin = Mnap X Mxa = 0,9;

- Hiéu suat pin nhién liéu: hiéu suét dién
cla pin nhién liéu thwdng dao dong trong
khodng 40-60%. M6t sb loai pin nhién liéu
cobng suat I&n hon co thé dat hiéu suét cao
hon, d&c biét khi 4p dung hé thdng déng
phat nhiét dién (CHP - Combined Heat and
Power), noi nhiét thai dwoc tan dung, tbng
hiéu suét co thé 1én dén 85%. Tuy nhién,
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hiéu suét dién tinh toan cho & t6 chon trong
khoang 40-60% [4]. ]

Npin nhien ieu = 0,5 — 0,6 (thap hon pin
dién).Chon Npin nhigntieu = 0,55

e) Nang lwvong riéng cua hydro: Gia tri
nhiét cao (Higher Heating Value - HHV) la
lwong nang lwong tbng cong duwoc gidi
phong khi hydro chay hoan toan v&i oxy, bao
gdbm ca nang lwong cda hoi nwéc ngung tu
c6 gia tri: ~141,86 MJ/kg va chuyén déi sang
kWh: 141,86 MJ x 0,27778 ~39,41 kWh/kg.
Gia tri nhiét thdp (Lower Heating Value -
LHV) la lwong nang lwong dwoc giai phong
khéong tinh nang lwong ngwng tu cua hoi
nuwéc (thwong dung trong tng dung thuc té)
c6 gia tri: ~119,93 MJ/kg va chuyén dbi sang
kWh:119,93 MJ x 0,27778 ~33,31 kWh/kg.
(Ehydro = 33,31 kWh/kg)

2.2.2. Xac dinh nang lwong tiéu thu

C6ng suéat trung binh yéu cau tir hé théng
truyén dong dién [3]:

Prp = aPyieser, KW

, (1)

Tong nang lwong tiéu thu trong mét ca
lam viéc:

Etfing—ca = PipTeq, KW

, 2)

Trong mot hé thong lai pin nhién liéu - pin
dién, pin dién thuwong cung cap nang lvong
cho cac yéu cau cong suat I&n nhét, tang
téc, va thu héi nang lwgng phanh. Pin nhién
liéu cung cap nang lwvgng co ban va sac lai
pin dién khi can thiét. Dé tinh toan, ta gia
dinh mét ty 1€ phan chia nang lvong: Gia st
pin dién cung cép 30% - 50% téng nang
lwong trong thoi gian ngan hoac cac khi can
cong suét I&n nhat. D& dam bao kha nang
dap rng codng suét I&n nhat, pin dién can
dwoc chon véi cong sudt xa cao. Cac hé
thdng lai dwoc thiét k& dé két hop hai hodc
nhiéu nguén nang lwong. Tuy thudc vao
mure do "lai" (mild hybrid, full hybrid, plug-in
hybrid), ty 1& déng gdp cua pin dién sé khac
nhau. V&i cac xe lai nhe (mild hybrid), pin
dién nhd hon va chd yéu hd tro khdi
dong/dwng (start-stop) va phanh tai sinh,
coéng suat ddong co dién thwong thip hon va
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khéng thé chay déc 1ap hoan toan bang dién
trong th&i gian dai. Chon ty 1&é nang lwvong tw
PIN: Xpinnap = 0,3 (pin cht yéu hé trg cong
suét I&én nhat va phanh tai sinh). Chon ty &
nang lwong twr fuel cell: x,in nnien 1iew = 0,7.

2.2.3. Xac dinh dung lwong pin, binh
chira hydro va cac chi phi

a) Dung lwgng pin can duwoc tinh dua
trén nang lvgng can thiét cho cac pha hoat
dong 16n nhat, kha nang xa& sau (Depth of
Discharge - DoD) va chu ky sac/xa.

- Nang lvong can cung cép t pin dién
trong mét ca

Epin yéu cau — Et6ng—caxpin1 Kw (3)

- Dung lwong pin dién can: Pin khéng nén
xa can hoan toan dé kéo dai tudi tho. DoD
thwong dwoc gioi han & 80-90%.

— Epinyéucéu, kWh (4)

NpinDOD

b) Dung tich binh chira hydro cho pin
nhién liéu

- Nang lwong can cung cép t pin nhién
liéu trong mot ca:

Epin nhién liéu yéu cau —

Cp in

Etfing—ca'xpin nhién liéu» kWh ] (5)
- Khéi lwvgng hydro can thiét:
E,; A TiAm) VAL B
mhydro — pin nhién liéu yéu cau’ k (6)

Npin nhién lieu Enydro i

- Dung tich binh chra Hydro: Néu st
dung Hydro khi nén c6 ap suat 700 bar, khoi
lwong riéng hydro khi nén & 700 bar:
pHZ—gas ~ 0,04 kg/l‘

__ Mpydro .
VHZ—gas =—— it (7)
PH2-gas

c) Tinh chi phi nhién liéu va nap dién

- Chi phi tién dién sac pin dién

Dé tinh chi phi tién dién dé sac pin dién,
can biét dung lwong pin va hiéu suat sac/xa
clia pin can biét dung lwong pin nap Cyin nap-
N&ng lwong dién can nap vao pin dé cé nang
lwgng kha dung la:

E Cpm nap
dién nap pin —

 KWh 8)
Npin

Gia dién tai Viét Nam c6 nhiéu bac va co
thé thay ddi tuy khu vie va thoi diém. Gia st
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gia dién trung binh cho muc dich cbéng
nghiép/kinh doanh la 3.000 VNB/kWh. Chi
phi tién dién dé sac day pin:

CPdién chopinnap = Edién nap pinPgié diéanND

(9)

- Chi phi khi Hydro

Pé wéc tinh chi phi khi hydro, ching ta
can xac dinh lwong hydro can thiét dwa trén
nang lwong ma pin nhién liéu cung cap, hiéu
suét cla pin nhién liéu va nang lwong riéng
cua hydro. Gia hydro trén thi trwdng dao
déng kha lon tuy thudéc vao phwong phap
san xuat (xam, xanh, lam), dé tinh khiét va
hinh thtrc van chuyén/lwu trir. Gia hydro
xanh hién tai nam trong khoang 10 - 17
USD/kg. Gia st gia hydro trung binh la 10
USD/kg (khoang 250.000 VND/kg v&i ty gia
1 USD = 25.000 VND). Chi phi khi hydro
dwoc xac dinh:

CPhydro = mi}ydropgié hydro> VND (10)

d) Chi phi dau diesel khi str dung dong
co diesel

Viéc tiéu thu nhién liéu phu thudc vao tinh
trang lam viéc khac nhau clia xe tai, trong
phan tinh toan nay ké dén tai trong trung
binh, qua tai t6i thiéu thi mdc tiéu thu nhién
lieu tv g = 0,07 —0,11/kWh. Lwong dau
diesel tiéu thu trong 1 ca dwoc xac dinh

theu thu — Ptb g Tca ’ lit (1 1)

Gia dau diesel DO 0,001S-V (P, gia diesel )
hién nay khoang 20.000 VNDB/lit nén chi phi
nhién liéu cho xe tai dwgrc xac dinh

CPdiesel = Vtiéu thupg’ié diesel» VND (12)
2.2.4. Tinh toan hé thong lai pin nhién liéu
- pin dién cho xe tai moé dang sw dung tai
Viét Nam

St dung két qua trong muc 3.3 dé tinh toan
dung lwong pin, khéi lwong va thé tich khi
hydro cling nhw chi phi nhién liéu cho mét sb
loai xe tai ché dat da trong khai thac than 16
thién & Viét Nam khi cai tao dé& s dung hé
thdng lai pin nhién liéu - pin dién. Thong sb cac
loai xe tai trinh bay trong Bang 1.
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Bang 1. Mot sb xe tai cong suat Ién dung trong khai thac 16 thién & Viét Nam

Logixe | Taiwong,tén | g0 9000 " nien fiu it
Cat 773E 55,5 501 700
Cat 777D 96 749 1.137
HD 325-7R 34,5 371 500
HD 465-7R 55 533 780
HD 785-7 96 879 1.308

Ap dung céac cong thire (1) + (12), tinh cho
cac xe: Cat 773E, Cat 777D, HD 325-7R, HD
465-7R va HD 785-7. Thoi gian lam viéc 1
ca: 8 gi®, Hiéu suét hé truyén dong: 0,90,
Hiéu suat dong co dién va bo chuyén dbi:
0,90, Hiéu suét pin nhién liéu: 0,55, Hé sb tai

3.000,00

2.500,00

2.000,00
p (kwwh)
1.500,00 i
nap yéu cau (kWh)
1.000,00
- .
0,00

Hinh 4 Dung Iwong, nang Iwong nap
va nang lwong yéu cau cua pin dién
Hinh 5 thé hién nang lvong, khéi lwong
hydro, dung tich binh chira yéu ciu cla pin
nhién liéu hydro ctia 05 loai xe tai khi cai
tao dé st dung hé théng lai pin nhién liéu

- pin dlén ) bao gém Epin nhién liéu yéu cau

mhydro’ VHZ-

5.000,00

4.000,00

léu yéu ciu (kWh)

W E pin nhién ligu
3.000,00
w m hydro (kg)
w_H2 (lit)
2.000,00
1.000,00
0,00

Hinh 5. Nang lwong, khéi lwong hydro,
dung tich binh chira yéu cau cua pin
nhién liéu

EI SO 1-2026

a (hé sb s dung tai): 0,8. Két qua tinh toan
thé hién trén cac Hinh 4 = Hinh 7.

Hinh 4 thé hién dung lweng, ndng lvong
nap va ndng lwong yéu cau cla pin dién cla
05 loai xe tai khi cai tao dé sir dung hé théng
lai pin nhién liéu - pin dién , bao gom: Coin
Edién nap pin » Epg'n yéu cau-

Hinh 6 thé hién chi phi van hanh theo
tirng ngudn nang lvong, bao gém: CPyyaro,

CPdién nap cho pin» CPdéu diesel» Cpté’ng .

14.000.000,00

12.000.000,00

nnnnnnnnnnnn
10.000.000,00

8.000.000,00 mCP dién cha cho pin (VND)
£.000.000,00 P diu diesel (VND]
4.000.000,00
hydro
2.000.000,00
0,00

Cat 773E Cat7770  HD325-7R  HD465-7R  HD785-7

Hinh 6. Chi phi van hanh theo tirng
ngudn ning lweng
Hinh 7 thé hién biéu db cot trén thé hién
cac ty lé chi phi lién quan dén nang lwong
trong xe tai khi cai tao dé str dung hé théng
lai pin nhién liéu - pin dién.

70

50
40
30
20
: ]
0

Ty 1& chi phi dié p/ Ty I& chiphihydro / tdng Tylé chi phi dién va khi
t&ng chi phi (x] chi phi (%) ydro nhiéu hon so vai
déu diesel

Hinh 7. So sanh ty lé chi phi
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3. KET QUA VA THAO LUAN

Tw két qua tinh toan thé hién bang dé thi
trén cac Hinh 4 +Hinh 7 c6 thé thay:

- Xe 6 t6 Cat 777D va HD 785-7 c6 dung
lwong pin can nap Ién nhat, phan anh nhu
cau nang lwong cao cho van hanh. Trong
moi tredng ho'p, Egien nap pin (KWh) déu cao
hon C,;,, cho thdy ton tai tdn that trong qua
trinh nap dién (hiéu suét nap < 100%). Xe 6
t6 HD 325-7 c6 nhu cau nang lwong thap
nhat, phu hop véi tai trong nhé hon. Mrc
chénh léch gitra C,;, VA Egjen nap pin  CUNG
phan anh hiéu suat st dung pin thwc té, cho
thay cé thé can téi wu hoa thiét ké hé thdng
lwu trlr nang lvong;

- Xe 6 t6 HD 785-7 ¢6 gia tri cao nhéat &
cd ba chi sé: nang lwong yéu cau, khéi
lwong va thé tich hydro, phan anh mure tiéu
thu I&n twong (rng vai tai trong va cdng suét
cao. Xe 6 t6 Cat 773E va HD 325-7 c6 yéu
cau nang lvong va hydro thdp nhéat. Ty lé
Mpyaro VA Vi gilka cac xe gan nhw dong
nhat, phan anh cung diéu kién nén/lwu triv
hydro. Sw khac biét Ién vé nang lwong yéu
cau gilra cac dong xe cho thay kha nadng ap
dung pin nhién liéu can dwoc diéu chinh phu
hop tirng phan khuc tai trong;

- CPtSng = CPhydro + deién nap cho pin
ludn cao hon chi phi diesel trong tat ca cac
loai xe xem xét, nhwng mwc chénh |éch
khéng qua 16, dac biét véi cac xe cong suét
trung binh nhuw xe 6 t6 HD 325-7 va Cat
773E. Xe 6 16 HD 785-7 va Cat 777D co6 chi
phi van hanh cao nhat & moi phwong an, do
yéu cau nang lwong I&n. Trong hau hét
trwdng hop, chi phi dién cao hon chi phi
hydro, cé thé do gia dinh gia dién cao hoac
hiéu suat nap dién chwa téi wu. Xe 6 t6 HD
465-7 la mot trong cac phwong an cé téng
chi phi twong déi can bang gitra cac loai

Website: https://tapchi.hoimovietham.vn

nang lwong, phu hop cho danh gia chuyén
déi nang lvong;

- Ty |& chi phi dién nap / téng chi phi la
cao nhat, & m&c gan 60%, cho thay chi phi
nap dién chiém phan I&n trong tbng chi phi
van hanh hé théng.

Ty |& chi phi hydro / tbng chi phi & mirc
khoang 42%, thdp hon so véi chi phi dién,
nhwng van 1a mét phan dang ké.

Ty I& chi phi dién va khi hydro so v&i dau
diesel chi cao hon khodng 13%, cho thay
viéc sir dung dién va hydro c6 thé gitp gidm
chi phi nang lwong dang ké so véi st dung
nhién liéu diesel truyén thdng.

- Cac biéu d6 cho thay rang tuy chi phi
dién va hydro chiém phan 1&n trong co ciu
chi phi van hanh, nhwng téng chi phi nang
lwong cao hon khéng nhiéu so véi st dung
dau diesel.

Tuy nhién can lwu y rang, trong diéu kién
phét trién ctia cdng nghé hién nay, gia hydro
xanh c6 xu huéng gidm dang ké. Trong
trwdng hop gia hydro xanh gidm xudng dén
8,85 USD/kg, chi phi s& bang dung dau
diesel va gia hydro xanh giam giam nira sé
c6 hiéu qua. Ngoai ra, khi dung hydro xanh
lwong khi thai sé gidm dén 89%, so v&i khi
dung pin dién la 63%, nghia la lwgng khi thai
gidm tang 1,4 lan.

4. KET LUAN

» Cac xe 6 t6 co tai trong I&n nhw HD
785-7 va Cat 777D sé yéu cau nhiéu nang
lwong va chi phi hon, dat ra thach thic khi
chuyén dbi sang hé théng lai pin nhién liéu -
pin dién. Cac xe 6 t6 tai trong nhé va trung
binh nhw Cat 773E, HD 325-7 phu hgp hon
cho thir nghiém va trién khai hé théng nang
lwong thay thé nh& yéu cau nang lwong va
chi phi thap hon. Chi phi hydro hién van thap
hon dién trong nhiéu truéng hop, cho thiy
tiém nang phat trién néu co s ha tang hydro
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dwoc cai thién. D& cai thién hiéu qua hé
thdng, can tbi wu hiéu suéat nap dién pin dién
va nang cao hiéu qua st dung pin nhién liéu;

> Can chinh sach hd tro gia hydro xanh
hodc giam thué nhap khau céng nghé nhién
liéu sach: Néu gia hydro xanh gidm xuédng,
phan I&n xe tai véi hé thdng lai pin nhién liéu
- pin dién c6 thé canh tranh v&i 6 t6 dung dau
diesel. Ngoai ra khi dung hydro xanh, lwvgng
khi thai gidm 1,4 1an so vé&i xe tai dung pin
dién;

»>Uu tién thi nghiém hé thdng lai pin
nhién liéu - pin dién cho cac xe tai trung binh
nhw HD 325-7R, HD 465-7R. Day la cac loai
xe ¢6 mirc chénh l&ch chi phi thAp hoac cé
loi, pht ho'p dé trién khai thi diém chuyén dbi
nang lwgng sach;

TAI LIEU THAM KHAO

>Pau tw ha tAng nap hydro va lwu tri
ndng lwong an toan: Hé théng binh chira ap
suat cao va tram nap can dwoc nghién cliru
ddng bo theo tiéu chuan an toan, dac biét
trong méi tredng mo;

>Phat trién cac md hinh két hop tai tao —
dién — hydro: Két hop dién mat tr&i hodc gio
dé san xuét hydro tai ché c6 thé Ia giai phap
gilp giam chi phi nang lwgng va giam phu
thudc vao thi trwdng nhién liéu;

>Day méi 1a nghién ctvu ban diu, dua ra
théng tin cé tinh chat tham khao. Dé cé day
du div lieu dé trién khai cac dy an dau tw cai
tao chuyén 6 t6 tai mé tir st dung déng co
diesel sang st dung hé théng lai pin nhién
liéu - pin dién can cé nghién ctru sau hon vé
thiét ké cai tao, lwa chon thiét bi, ... cho 6 t0
cu thé dé& quyét dinh dau tw O

[1] Nguyén B&ng Tan va Ta Ngoc Hai, "Nghién clru, (’ng dung pin nhién liéu "fuel cell" thay
thé cho dau diesel st dung trén cac thiét bi khai thac mé 16 thién nham giam 6 nhiém
moi trudng," Tap chi Céng nghiép Md, sb 4, 2025.

[2] Hanlin Lei, Kang Li and Ben Chong, "A review of hybrid energy storage system for
heavy-duty electric vehicle," 8th International Electric Vehicle Conference,2023.

[3] Michelle Lewis, The world’s largest hydrogen-battery hybrid mine haul truck starts work,

May, 6- 2022.

[4] Mehrdad Ehsani, Yimin Gao, Stefano Longo and Kambiz M. Ebrahimi, Modern Electric,
Hybrid Electric, and Fuel Cell Vehicles, 2018 by Taylor & Francis Group, LLC.

[5] Binh Tan Ngoc, "Tinh toan hé thdng pin xe dién," Tap chi Khoa hoc giéo duc, sé 66,

2021.

[6] Amr Karam and Ahmed Ezz-Elregal, "Calculations of Battery Capacity for an Electric
Vehicle for two persons for operation in the new administrative capital," 6th IUGRC
International Undergraduate Research Conference, Military Technical College, Cairo,

Egypt, Sep. 5th — Sep. 8th, 2022.

[71 Yonggiang Wang, Scott J. Moura and Suresh G. Advani and Ajay K. Prasad, "Power
management system for a fuel cell/battery hybrid vehicle incorporating fuel cell and
battery degradation," International journal of hydrogenenergy 44 ( 2019 ) 8479-8492

[2] Craig Wilson and Williams, "Advanced Engineering developing battery system for
Anglo," American’s hydrogen-powered mine haul truck. 11 February 2020.

[3] Mario Klanfar, Tomislav Korman and Trpimir Kujundzi¢, "Fuel consumption and engine
load factors of equipment in quarrying ofcrushed stone," Tehnicki vjesnik 23, 1(2016),

163-169.

[4] Fuel Cell Technologies. Internet: https://www.energy.gov/eere/fuelcells/fuel-cells

S SO 1-2026

Website: https://tapchi.hoimovietham.vn



CONG NGHIEP [/ [1) CO KHi, BPIEN - PIEN TU - TU BPONG HOA ﬁ}

EVALUATION OF THE APPLICABILITY OF FUEL CELL - BATTERY HYBRID
ELECTRIC TRUCKS FOR SERVING OPEN-PIT MINING

Dang Tan Nguyen'’, Ngoc Hai Ta?

"Thuyloi University 175 Tay Son, Ha Noi, Vietnam,
2Vietnam Mining Science and Technology Association, 226 Le Duan, Ha Noi, Vietnam

ARTICLE INFOR

TYPE: Research Article

Received: 02/7/2025

Revised: 08/9/2025

Accepted: 10/9/2025

" Corresponding author:

Email: nguyendangtan@tlu.edu.vn

ABSTRACT

As the mining industry moves towards more sustainable development, mining
corporations are looking for low-carbon energy sources for trucks. Replacing diesel engines
in mining trucks with electric batteries or fuel cells has been studied. Each system has its
own advantages and disadvantages. Recently, there have been studies in the world applying
hybrid power systems between hydrogen fuel cells and electric batteries for mining trucks.
Fuel cells combine hydrogen and oxygen to generate electricity, electric batteries store
electricity for use when sudden power increases are needed and regenerate energy when
braking. When replacing diesel engines, the challenge is to improve trucks originally
designed to use diesel engines into trucks using hybrid fuel cells and electric batteries. This
article provides initial assessments of some indicators of large-capacity mining trucks using
diesel engines, converted to fuel cell - battery hybrid electric truck, as a basis for choosing
environmentally friendly mining truck power systems.

Keywords: fuel cell, fuel cell - battery hybrid electric trucks.
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