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Tém tiit

Trudc sikc ép ngay cang tang tir cac quy dinh gidm
phat thai khi nha kinh (GHG) ciia Té chire Hang
hdi Quéc té (IMO), viéc tich hop hé thong heu triv
nang luong pin (Battery Energy Storage System -
BESS) trén cac phwong tién duwong thuy cé nho
dang dwoc quan tam nhie mét gidi phap chuyén
doi nang lweong kha thi va bén viing. Trong boi
canh do, bai bdao nay tdp trung phdn tich vai tro
ciia pin Lithium-ion - cong nghé pin chiém wu thé
hién nay - trong cdc hé théng BESS phuc vu dién
khi héa tau thity. Trén co sé danh gid hiéu sudt,
tuéi tho va cdc dic diém ky thudt quan trong cua
tung logi pin (NMC, LFP, LTO, ...), nghién ciru dé
xudt phwong phdp chon pin phix hop véi timg logi
phirong tién dwa trén nhu cdu cong sudt va ddic
thu vdn hanh. Ngoai ra, bai bao xay dung mé hinh
moé phong hoat dong cua pha dién sw dung hé
théng BESS trong diéu kién thie té, nham phdn
tich anh hudong cia cdc yéu t6 nhw thoi gian cdp
cang, tan suat sac, mirc tiéu thy tai va do sau xa
(DoD) dén hiéu sudt toan hé théng. Muc tiéu
chinh cua nghién cvu la xac dinh cac gioi han van
hanh an toan, tir 36 dé xudt cau hinh pin va chién
leoc khai thac hop Iy givip duy tri hanh trinh én
dinh, t6i wu héa tudi tho pin va giam chi phi vin
hanh. Két qua dat diroc gép phan xdy dung co sé
khoa hoc cho viéc img dung hé thong hueu trit ning
lwong trén cdac phuong tién thuy cé nho, mo ra
hiwedng phdt trién bén viing cho nganh van tdi bién
noi dia.

Tw khoa: BESS, nang lwong tdi tao, dién khi hoa,
IMO, phat thai GHG.

Abstract

Amid increasingly stringent regulations on
greenhouse gas (GHG) emissions set by the
International Maritime Organization (IMO),
integrating Battery Energy Storage Systems
(BESS) into small-scale marine vessels is

emerging as a viable and sustainable energy
transition solution. This paper focuses on
analyzing the role of Lithium-ion batteries -
currently the dominant battery technology - in
BESS applications for maritime electrification.
Based on performance assessments, service life,
and key technical characteristics of various
battery chemistries (such as NMC, LFP, and
LTO), the study proposes a method for selecting
appropriate battery types tailored to specific
vessel categories and operational profiles.In
addition, the paper presents a simulation model of
an electric ferry powered by a BESS to evaluate
system performance under realistic operating
conditions. The model investigates the effects of
port stay duration, charging frequency, load
demand, and depth of discharge (DoD) on the
overall energy efficiency and battery degradation.
The primary objective is to identify safe
operational limits and propose optimal battery
configurations and usage strategies to ensure
consistent voyage schedules, extend battery
lifespan, and minimize operational costs.The
results provide a scientific foundation for
applying BESS on small marine vessels and
highlight the potential of Lithium-ion battery
systems to facilitate low-emission, cost-effective,
and reliable maritime transportation. This
research contributes to the broader effort of
enabling sustainable development in the domestic
shipping sector.

Keywords: BESS, renewable energy,
electrification, IMO, GHG emissions.

1. Pit van dé

Nganh van tai bién thai ra khoang 940 triéu tin
CO: mdi nam, chiém 2,5% luong khi nha kinh toan
cﬁu, bén canh céac khi 6 nhiém khéac nhu SO, va NOx
tor nhién liéu hoa thach. Do d6, viéc giam phat thai
GHG la uu tién hang dau khong chi trong hang hai ma
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con trong toan bd linh vuc cong nghiép.

Theo Béo cdo GHG lan thtr 4 cia T6 chirc Hang
hai Quéc té (IMO) nam 2020, 19 trinh cit giam phat
thai dén nam 2050 dit ra thach thirc 16n cho nganh.
Mot trong cac giai phap kha thi 1a ti wu str dung ning
luong va ap dung ngudn ning lugng thay thé. Viée
dién khi hoa hé théng déy va cac hé théng phu trg
khong chi dap tng yéu cau khi thai ma con nang cao
hiéu suat van hanh.

Trong bdi canh dé, nhiéu tau da sir dung dong co
d6t trong két hgp may phat hodc chuyén hoan toan
sang hé thong dién tich hop. Tuy nhién, chuyén dbi
nay con gip thach thirc vé hiéu sut thap cua cac hé
thdng chuyén doi nhiét-dién. Nang luong tai tao nhu
mat troi, gio, song co tiém niang nhung thiéu 6n dinh,
doi hoi phai két hop voi hé thong luu trit nang lugng.

Nghién cuu nay tap trung danh gia ung dung hé
thdng luu trir nang lugng (ESS) sir dung pin Lithium-
Ion (LIB) trén cac phuong tién thuly ¢d nhé. LIB dugc
xem la giai phap kinh t& nhét hién nay nho wu thé vé
trong luong, kich thude, hidu sudt va chi phi. Mic du
s6 luong tau thwong mai str dung ESS ngay cang ting,
céc nghién ctru chuyén sau vé LIB trén tau van con
han ché.Do d6, nhom tac gia tién hanh thu thap va
phan tich dir liéu thuc té vé cac phuong tién thuy sir
dung ESS, nham lam r dic diém ky thuat va hiéu qua
ung dung LIB. Muyc tiéu la nhan dién co hdi, thach
thirc va dong goép giai phap dién khi hoa kha thi cho
linh vyc véan tai thay ndi dia.

2. Thach thire khi tich hgp BESS va cac loai pin
Lithium-ion dung trén phuong tién duwong thuy

2.1. Nhitng thach thirc khi tich hop BESS trén
phwong tién dwong thuy

Khi nganh van tai bién dang thay doi voi cac quy
dinh nghiém ngat nham giam phat thai khi nha kinh,
viéc tich hop cac ngudn ning luong tai tao vao hé
théng dién tau nho ndi 1én nhu mot 1inh vuc then chbt
dé tham do. Piéu nay khong chi phu hop véi cac yéu
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cau qudc té ma con mé ra con duong cho cac giai phap
nang lugng sang tao nhu nang lugng mat troi va nang
luong gi6, di cho thdy trién vong trong viéc nang cao
hiéu qua hoat dong va an toan méi truong. Bang cach
tan dung cac hé thong luu trir nang luong pin (BESS),
tau c6 thé dat duoc hiéu qua nhién liéu cao hon trong
khi van dam bao cung cip ning luong dang tin ciy
trong cac nhu ciu hoat dong khac nhau. Khi viéc
nghién ctru BESS duoc phat trién, didu quan trong 1a
phai giai quyét cac thach thirc lién quan dén viée tich
hop chiing véao cac tiéu chuan hang hai hién co [2].
Mot trong nhimg sb d6 1a chuan hoa cic giao dién
BESS, khong chi giam thiéu chi phi 1ip dit ma con
giam rui ro van hanh c6 thé phat sinh tir cac hé thong
duoc thiét ké riéng. Hon nita, qua trinh chuyén d6i
sang hé thong dy dién phai di kém voi cac chuong
trinh dao tao toan dién cho cac thuyén vién va k¥ su,
dam bao ho duogc trang bi dé van hanh, quan ly hiéu
qua cac cong nghé méi nay. Khia canh dao tao rat
quan trong khi cac nganh cong nghiép thich ung véi
cac cong nghé xanh mai, thuc ddy déi méi va bén
vitng trong cac hoat dong van tai bién [3].

2.2. Cac logi pin Lithium-ion dung trén phwong
dién dwong thuy

Ngay nay, phan 16n cac tau dién 14 tau du lich nho;
tuy nhién xét dén téng ning lugng duogc lp dat trén
tau, viéc s dung pin trén tau lon dong vai tro quan
trong (vi du: Pha, tau du lich, tau danh c4,...), mic du
s0 lugng tau 16n dang hoat dong van thap so véi sd
luong tau nho. Nhin chung, tau trong tai cang nho thi
viéc lip dat hé thong BESS cang d& dang.

Nhu Béang 1, yéu cau vé tai cta tau co thé thay doi
rat nhiéu phu thudc vao loai tau va muyc dich str dung.
Do d6, viéc dién khi hoa tau dwoc phat trién manh cho
mot s6 loai phwong tién nhu tau Ro-ro 1a loai tau t6t
nhat cho viéc dién khi hoa vi trong qua trinh xép d&
thi tu cap cang trong mot thoi gian trong ddi dai, thoi
gian nay rat thich hop cho qua trinh nap lai nang luong
cho BESS.

Bdng 1. Cac loai pin phui hop vdi tieng logi phwong tién dwong thuy [4]

Loai tau Cong suit Loai pin thich hop
MW) Dung lwgng Cong suit Tudi the Loai
Tau RoRo 2-10 Cao Tuy thudc nhu ciu Rét cao NMC, LFP, LTO
Téu cao téc 1-15 Cao Cao Cao NMC, LFP, LTO
Tau lai ddt 2-4 Cao Cao Tuy thuéc nhu cdu ~ NMC, LFP, LTO
Tau danh cd 0.5-5 Thép Trung binh thép Tuy thudc nhu ciu NMC, LFP
Tau ché hang ¢6 can cdu 5-15 Thép Cao Cao NMC, LFP, LTO
Du thuyén 1-30 Cao Thip Thip NMC, LFP, LTO
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Trong nhiing cong nghé ESS khac nhau, pin
lithium-ion ¢6 thé dap tmg dugc cac yéu ciu khac
nhau. Tuy nhién, diéu quan trong nhét phai xét t6i hidu
suét ctia pin anh hudng téi tudi tho ciia chiing nhu thé
nao trong cac ché d6 khac nhau. Tc do sac va xa, do
x4 sau (Dept of Discharge - DoD), dung lugng, d6 hao
hut anh hudng dang ké t6i tudi tho cta pin lithium-ion
trén tau trong ché do didu dong, hanh trinh hay cép
cang [5]. Do d6 can phai quan 1y cac yéu té nay dé tdi
uu hod hoat dong cua tau ciing nhu hi¢u suit, do an
toan ctia pin. Vi duy, trong khoang thoi gian diéu dong,
nhu cau dién ning 1a cao diém, toc d6 xa dong dién
cao ¢ thé tao ra nhiét do cao. Hon nita, dung lugng
tie 1a lwong nang lwong tich liy c6 thé dugc xa khoi
pin trude khi pin khong con di tiéu chuin véi muc
dich sir dung ban dau, ¢ thé dan tdi tinh trang khong
dap tmg duoc nhu cau dién ning do mat dung luong
va dién tré ctia pin ting cao. D6i v6i hanh trinh dai
ngay, toc do xa thap théng thudng s& giam thiéu ap luc
1én pin, kéo dai tudi tho ctia pin. Tuy nhién, néu ning
luong dugc lwu trit trong BESS thép, viée xa sdu
thudng xuyén ciing c6 thé dan tdi rat ngén tudi tho cia
pin. Trong truong hop nay, thong luong nang lugng
trong sudt thoi gian sir dung ¢6 anh huong 16n vi dung
lwong pin giam s& dan t6i quang dudng di chuyén va
tbc do cua tau. Duy tri d6 x4 sau vira phai (t6i da 80%)
1a mot bién phap hiéu qua dé can bang hiéu suét va
tudi tho cua pin. Khi cap céang, tbe do sac 1a yéu td
chinh gy ap lyc 1én pin. Giam tc do sac pin co thé
thuc hién bang cach kéo dai thoi gian tau dd tai cang,
tudi tho pin vi vay co thé duogc kéo dai hon.

3. Lwa chon loai pin Lithium-ion cho hé théng
lwu trir nang lwgng tau thuy

3.1. Tiéu chi danh gid pin Lithium-ion khi s
dung cho BESS

Hiéu suét cta pin phu thudc vao ba yéu td chinh:
thanh phén héa hoc, cong nghé ché tao va cach bd tri
hé thdng. Qua trinh thiét k& pin c6 thé dwoc chia thanh
hai giai doan chinh: Iya chon cell pin va lya chon cAu
hinh hé théng. Trong d6, viéc lya chon hoa chét cell
phti hop doi héi sy can nhic ky ludng giita cac thong
s6 nhu dung lugng, pham vi dién ap, cong suét t6i da
va hiéu suét lao hoa.

Mot trong nhiing théng sé quan trong dé danh gia
pin trong cac g dung van tai 1a cong suat riéng dugc
dinh nghia 1a mat d¢ ning lugng lién quan dén kich
thudc (Wh/m? hoac Wh/L) va trong lugng (Wh/kg).
Hinh 1 minh hoa cac gia tri nang lugng riéng trung
binh cho céc cong ngh¢ cell pin sac khac nhau. Qua
d6, c6 thé nhan thay ring ning lugng riéng cla cac
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cong nghé pin dao dong trong khoang tir 20Wh/kg dén
200Wh/kg. Do ning lugng riéng thap, pin axit-chi
duoc xem la Iva chon kém tdi uu cho cac ung dung
hang hai yéu cau kha niang luu trit ning luong cao.
Nguoc lai, pin lithium-ion, c6 kha ning giam thiéu
dang ké trong lugng va kich thude trong khi van dap
g duoc yéu cau vé nang luong can thiét.
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Hinh 1. Ning lwong riéng ciia cdc logi pin thir cdp
khdc nhau dwoc biéu dién thong qua hai thong sé
chinh: Mgt d¢ ning luong khéi luwong (Wh/kg) v

mdt dp ning lwong thé tich (Wh/L)

3.2. Céu trisc chung ciia hé théng BESS

Céc té bao (cell) 1a don vi chirc nang chinh cua pin,
bao gém cac thanh phﬁn co ban nhu dién cuc, chit
dién phan va cyc. Cac thanh phan nay duoc xép va dat
trong mot vo kin dé dam bao tinh toan ven va an toan.
Duya trén quy trinh san xuat va hinh dang cudi cing,
¢6 bdn loai cell chinh (nhu Hinh 2).

O

BUTTON CELL

PRISMATIC CELL

CYLINDRICAL CELL ?
(b) (e}

Hinh 2. Phén logi LIB theo hinh dang: (a) Pin déng
xu; (b) Pin hinh tru; (c) Pin hinh lang tru; (d) Pin
dang tii

POUCH CELL

(a)

H@ théng chita chay HVAC

| . ‘A i e

Ti diéu khién
PLC chinh

Mb-dun pin Ta BMS

Tu diéu khién phu

Hinh 3. Cdc thanh phén co bin cé trong hé théng
BESS
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Dé dap tng yéu cu vé ning luong va cong suit,
cac té bao thuong dugc Kkét hop dé tao thanh cac hé
thdng pin 16n hon. Ngoai cac két ndi dién, hé thong
BESS hang hai thuong bao gom cac thiét bi quan 1y
dién to (nhu PCB/PCM, BMS), h¢ théng an toan va
hé thong 1am mat, tit ca dugc tich hop bén trong vo
chdng thAm nudce [6] (nhu Hinh 3).

3.3. Ciu triic mang di¢n cho hé thong diy sir
dung BESS

Céu triic mang dién trén tau chu yéu phu thudc vao
loai h¢ thdng day (co khi, lai hodc dién). Theo truyén
thdng, cac tau c6 cac ngudn dién riéng danh cho hé
thdng day, hé thdng phu tro va cho trudng hop khén
cap. Nang luong cho hé thong day duoc tao ra boi
dong co dbt trong (dong co chinh), trong khi ning
luong cho hé¢ théng phu tro va khéan cép duoc san xuét
b6i cac t6 may phat dién bao gdm mot may phat dién
dugc dan dong boi dong co dbt trong (t6 may phat).

Thong thuong, tau duoc diy bang co ché co khi
thong qua dong co d6t trong ndi dong truc véi dong
truc truyén dong va hop sb, cung cip mé-men xodn
cho chén vit. Bé dap mg nhu cau tai dién bién dong
(vi du nhu tau dich vu cung rng ngoai khoi) hoac yéu
cau khong gian cu thé (vi du nhu tau du lich), hién nay
¢6 nhiéu loai hé thong déy dién véi chan vit dugc dan
dong bdi dong co dién (Electric Motor - EM). Cac so
d b tri dién hinh so sanh hé thong day truyén thong
duoc thé hién trong Hinh 4, trong d9, trong so d6, cac
dong co dién dugc két ndi voi bang dién chinh cua tau
thong qua bo chuyén do6i va tit ca cac tai can thiét.
Trong Hinh 4, h¢ théng déy dién va tai phuy trg dugc
cung cap boi ngudn ning luong luu trir.
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Hinh 4. H¢ thong ddy tau thuy thudn dign

4. Phwong phap va mé hinh hoa

Viéc mé hinh héa va udc tinh bao gdm cac yéu t6
nhu thoi gian sac can thiét, trang thai sac (State of
Charge - SoC) cua pin trong qua trinh van hanh, C-
rate (tai trong pin), muc tiéu thu ning lugng va ton
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that hiéu suat nang lwong. Tir cac thong sb nay, c6 thé
danh gia sy thay dbi trang thai strc khoe pin (State of
Health - SoH) va tudi tho pin, mac di van con mot sb
thong s6 khong dam bao.

Cong suat sac dinh khong thé dat duogc trong toan
b thoi gian sac khi pin & trang thai sac cao (SoC). Do
0, cac gia tri trung binh thap hon dwgc nhap vao mod
hinh. Trong kich ban, thoi gian két n6i va ngit két ndi
v6i tram sac duoc dat 1a 2,5 - 3 phut.
4.1. Kich bdn co s¢

Gia thiét cho phuong tién duong thuy trong nghién
ctru dién hinh duoc xay dung dua trén lich trinh hoat
dong ciia tau cao tdc v6i hanh trinh 45km (theo Bang
2). Lich trinh hién tai dua trén thoi gian di chuyén 75
phut gitta cac cang.

S& c6 mot d6 l1éch nho vé thoi gian di chuyén giira
céc chang néu thiét ké cia pha 1a loai pha mot dau.
Viéc xoay chuyén pha trén mot chiang hanh trinh s&
lam tang thém vai phut dé thao tac, ty thudc vao thoi
tiét, dong chay va tinh trang bién.

Trong nghién ctru nay, tac gid sir dung la loai pha
hai dau, gitip thoi gian thao tac gan nhu bang nhau
trén c4 hai ching cua hanh trinh khir hoi.

Miic tiéu thu ning luong tir pin giita cac lan sac
dugc tinh toan trung binh 1a 1.685,5kW. Con s nay
bao gdm cac ton thét trong hé thng truyén dong tir
pin dén chan vit, din dén Po sau xa (Depth of
Discharge - DoD) 1a 25% cho mdi chuyén di. Ning
lwong cung cip cho pin trong qua trinh sac kéo dai 15
-2,5=12,5 phut tai mdi cang 1a 1.510kW. Trong thyc
té, dudng cong sac khong phai 1a tuyén tinh, do d6
90% cong suit cuc dai cua bd sac (8,9MVA) di duoc
sir dung dé tinh toan.

Cong suit cuc dai cua ca hai tram sac duoc dat tai
hai cang 1 8,9 MVA nham dap mg yéu ciu vé trong
luong v thép. Dung lwong pin st dung dugc tinh toan
cho mdt ngay hoat dong, bao gém ca qua trinh sac ban
dém va cac ton thit trong chudi sac (nhu Hinh 5).

4.2. Kich bén thoi gian cdp cing ngin hon

Trong kich ban nay, thoi gian sac tai mdi cang
duogc gia dinh giam tir 15 phut xubng con 10 phit do
cac yéu té khach quan nhu thoi tiét hodc mat do tau
tai cang. Khi trir di thoi gian két ndi/ngét két ndi (2,5
phiit), tong thoi gian sac chi con 7,5 phut. Véi cong
sudt bo sac & mirc 90% cong suét cuc dai (8,9 MVA),
luong ning luong c6 thé sac mdi luot giam con
khoang 910kW, so v6i 1.510kW trong diéu kién tiéu
chun.

Viéc giam thoi gian sac dan dén trang thai sac
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Bing 2. Lich trinh di chuyén ciia pha di¢n

Lich trinh Thoi gian
Khoi hanh tir cang A 05:35 08:35 11:35 14:35 17:35 20:35
Cap cang B 06:50 09:50 12:50 15:50 18:50 21:50
Thoi gian sac tai cang B 00:15 00:15 00:15 00:15 00:15 00:15
Khéi hanh tir cang B 07:05 10:05 13:05 16:05 19:05 22:05
Cap cang A 08:20 11:20 14:20 17:20 20:20 23:20
Thoi gian sac tai cang A 00:15 00:15 00:15 00:15 00:15

(SoC) tai diém khoi hanh thdp hon, d6 sau xa (DoD)
tang 1én, va nguy co hét ning lugng trong cudi ngay
van hanh. M6 hinh cho thy hé théng BESS hién tai
khong du kha nang bu dap ning lugng khi thoi gian
sac rat ngan dang ké, trir khi duoc nang cép dung
lwong hodc cong suat sac (nhu Hinh 6).

Hinh 5. Nang lwgng pin tiéu thu trong chu ky van
hénh lién tuc 24 gio, bao gom 12 chuyén di mét chiéu
hodc 6 chuyén di 2 chiéu, dwpc khdo sdt trén mé
hinh pha dién hai diu

/NN

Hinh 6. Ning lwong pin tiéu thu trong chu ky vin

hanh lién tuc 24 gio, theo kich bdn thoi gian cdp
cdng 10 phut

4.3. Kich bin nhu cdu tdi cao hon

Kich ban nay mé phong diéu kién tai ting thém
15% do nhu cu van chuyén hanh khach hodc hang
hoéa ting cao, hodc anh huéng cua thoi tiét lam ting
luc can. Mtc tiéu thu nang luong gitia hai lan sac tang
tir 1.686kW 1én khoang 1.938kW.

e

Hinh 7. Ning lugng pin tiéu thu trong chu ky vian hanh

lién tuc 24 gio, theo kich bin nhu céu tii ting 15%

V6i dung lwong pin va chu ky sac khong dbi, do
sau xa (DoD) tang tir 25% lén khoang 28,7%. Miic
tang nay tuy chua vuot ngudng khuyén cao (80%)

nhung néu kéo dai trong nhiéu chang lién tuc khong
thé van hanh theo lich trinh trong ngay (nhu Hinh 7).
5. Két luan

Nghién ciru da danh gia tinh kha thi va hi¢u qua
ctia viéc tmg dung pin Lithium-ion trong hé théng luu
trlt nang luong (BESS) cho phuong tién thily ¢& nho,
thong qua mo6 hinh mé phdng theo céc kich ban thuc
té. Két qua cho thiy, cac yéu td nhu thoi gian sac, bién
dong tai va chién luge van hanh anh hudng truc tiép
dén hiéu suét va tudi tho pin. Viéc tdi wu lich trinh van
hanh va Iya chon c4u hinh pin phi hop 1a can thiét dé
dap umg nhu cau ning luong lién tuc, dong thoi kéo
dai tudi tho hé thong. Trong twong lai, hudng nghién
clru s& tp trung vao viéc tich hop hé thdng quan 1y
pin thong minh (BMS) va kha ning két hop véi cac
ngudn ning lugng tai tao nhim nang cao tinh linh hoat
va bén viing trong van hanh.
Loi cdm on

Nghién ctru nay duogc tai trg boi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.58.
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