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Cang xanh Nganh van tai bién qudc té phat thai 2.9% lwgng CO, toan ciu ndm 2018, véi muc tiéu
Lwa chon da tiéu chi  phat thai rong bang 0 ctia T6 chirc Hang hai Qudc té (IMO) dén nam 2050, cic cang bién
Niang lwong téi tao - mit xich quan trong trong chudi logistics dang phai d6i mat véi 4p lwc cAp thiét chuyén

Phat trién bén vitng  d6i sang nang lwong ti tao. Bai bio téng quan nay st dung phwong phap théng ké va
tong hop tai liéu d€ danh gid cac cong bd vé lwa chon ning lwong tai tao méi cho cang
bién, dic biét 1a cic nghién cru st dung phwong phap lwa chon da tiéu chi. Cic phwong
phap lwa chon da tiéu chi thuwong dwoc st dung trong cac nghién ctru la AHP, TOPSIS va
cac bién thé ctia ching, cac tiéu chi kinh té va ky thuat, dac biét chi phi dau tw va an toan
vAn hanh, luén dwoc wu tién hang diu, 4 xu hwéng quan trong trong cac nghién ciru cling
dwgc xac dinh. Nghién ctru cung cip khung phéan tich cé gia tri cho cac nha hoach dinh
chinh sach va quan ly cang.

Keywords: ABSTRACT

Green ports International maritime shipping accounted for 2.9% of global CO, emissions in 2018.
Multi-criteria With the International Maritime Organization's (IMO) net-zero emission target by 2050,
decision-making seaports—critical nodes in the logistics chain—face increasing pressure to transition
Renewable energy toward renewable energy sources. This review paper employs statistical analysis and
Sustainable systematic literature synthesis to evaluate published research on renewable energy
development selection for seaports, with particular emphasis on studies utilizing multi-criteria

decision-making (MCDM) methodologies. The analysis reveals that AHP (Analytic
Hierarchy Process), TOPSIS (Technique for Order of Preference by Similarity to Ideal
Solution), and their variants are the predominantly applied methods. Economic and
technical criteria, particularly investment costs and operational safety, consistently
emerge as top priorities across studies. Furthermore, four significant research trends
are identified and discussed. This study provides a valuable analytical framework for
policymakers and port authorities in their renewable energy transition decision-making
processes.
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1. Gii thiéu

Nganh van tai bién dong vai tro then chot trong
nén kinh té toan ciu, vin chuyén khoang 80% khéi
lwgng hang héa thwong mai quéc té [1], [2]. Tuy
nhién, hoat dong hang hai cling 1a ngudén phat thai
khi nha kinh dang ké, déng gép khoang 2.89% téng
lwgng khi thai CO2 toan ciu. Véi xu hwéng ting
tredng thwong mai quéc té, lwong phat thai ti
nganh hang hai dw kién sé ting kho kiém soat néu
khong cé bién phap can thiép hiéu qua [3]. Trong
bdi canh d6, To6 chirc Hang hai Qudc té (IMO) da
théng qua Chién lwgc IMO 2023 vé gidm phat thai
khi nha kinh tir tau bién, véi muc tiéu dat mirc phat
thai rong bang khong trwdc ndm 2050 [2].

Cang bién, véi vai tro 1a mét xich quan trong
trong chudi logistics hang hai, tiéu thu mot lwong
nang lwong khdng 16 cho cac hoat dong van hanh,
bao gom x€p d& hang héa, chiéu sang, lam lanh, va
cung cip dién bo cho tau neo diu [4], [5]. Nghién
cliru clia AbuAlghanam cho thay cac hoat dong tai
cang bién 1a ngudn gy 6 nhiém mdi trwong bién
nghiém trong do lwgng khi thai qua mic tir cac
hoat dong ctia ching [6]. Piéu nay dat ra yéu cau
cp thiét vé viéc chuyén doi tir nguén nang lwong
héa thach sang nang lwgng tai tao va nhién liéu
thay thé sach hon.

Khai niém "cang xanh" (green port) di noi lén
nhw mot giai phap toan dién nham can bing gitta
phat trién kinh té va bao vé méi truong [7], [4].
Cang xanh khong chi tap trung vao viéc gidam phat
thai ma con hwéng dén t6i wu hda hiéu qua ning
lwgng, tich hgp cong nghé thong minh, va phat
trién ha ting bén virng. Nam 2024 Parolin va cdng
sw chi ra rang cong dong niang lwong tai tao (RECs)
c6 thé dap &ng t&¢i 60% tong nhu cdu nang lwong
cua cang va dat dwoc 90% mirc ty tiéu thu nang
lwong tai tao.

Bai b4o nay duwgc thuc hién nhim: Téng quan
va phéan loai mét cach hé thong cac &ng dung cua
phwong phap MCDM trong linh vuc chuyén déi
nang lwgng cang bién dwa trén 63 nghién ciru gan
day; Phan tich cac xu hwdng nghién clru va phat
trién chinh (kinh té, ky thuat, xa héi, mai truong);
Panh gia tinh hiéu qua va sy phu hgp cua cac
phwong phap khac nhau cho cac bai toan cu thé;
bé xuit mot khung phéan tich tich hop cung cac

huwéng nghién ctru trong twrong lai, dac biét hitu ich
cho bdi canh cac nwéc dang phat trién. Bai bao loc
cac dit liéu tai cac nha xuat ban uy tin thé gidi, cac
tap chi thudc Scopus/WoS tir nhitng nam 2020 -
2025 va mot s6 nghién ctru c6 tim anh huwdng
truedrc 2020. SO lwong bai bao xem xét 1én téi 362
bai, cac bai bao st dung phwong phap MCDM dworc
lwa chon, cac bai bao dwoc trich dan nhiéu, dwoc
dang tai trén cac tap chi uy tin, cudi cling 63 bai
bao da dwoc lwa chon.

bé dat dwoc cac muc tiéu nay, bai bao sé tra 1oi
cac cau hdi nghién ctru sau:

e Cac phwong phap MCDM nao dwoc st dung
phd bién nhéit trong nghién ctru chuyén déi nang
lwong cang bién va tai sao ching lai dwoc wa
chudng?;

e (CAc tiéu chi nao thuwdng dwoc xem xét trong
qua trinh ra quyét dinh, va tdim quan trong ctia
chung thay d6i nhw thé nao tuy thudc vao bédi canh
cu thé?;

e Xu hwéng phat trién cua cdc phwong phap
MCDM trong lwa chon nguén nang lwong thay thé?

e Lam thé nao dé xiy dung mot khung phan
tich MCDM tich hop, linh hoat va hiéu qua cho bai
todn chuyén doi nang lwong tai cang bién, dac biét
trong diéu kién cta cac nwéc dang phat trién?.

2. Thach thirc trong lwa chon giai phap nang
Iwong cho cang bién

Cac qua trinh chuyén d6i nang lwong tai cang
bién d6i mat véi nhiéu thach thire phirc tap va da
chiéu. Viéc Iwa chon nguoén nang lwong tai tao phu
hop phu thudc vao nhiéu yéu t6 nhw diéu kién dia
ly, khi hiu, co s& ha ting hién c6, va kha nang tai
chinh [9], [10]. Mdi cang bién c6 dic diém riéng
biét vé vi tri dia ly, quy mé hoat déng, va loai hinh
dich vu, din dén khong c6 giai phap ning lugng
nao phu hop cho tat ca cac cang [11].

Panh gia valwa chon nhién liéu thay thé cho vin
tai bién 1a mot van dé phirc tap lién quan dén nhiéu
tiéu chi mau thuin nhau. Biodiesel nhw mdt nhién
liéu bién thay thé cho thiy cin xem xét dong thoi
16 yéu t6 SWOT véi sy tham gia ctia cac chuyén gia
hang hai. Twong tw, nghién ctru cia Bayraktar va
cong swvao nam 2024 phan tich viéc str dung nang
lwong hat nhan trén tau thwong mai cling chi ra sy
phirc tap trong viéc can bang gitra lgi ich vé mat do
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nang lwong cao va cac thach thirc vé an toan, an
ninh [13].

Khia canh kinh té ludn 1a yéu t6 then ch6t trong
quyét dinh dau tw. Quy hoach ha ting nang lvgng
tai tao cho cang cho thiy ty suit hoan von dau tw
(ROI) c6 thé chénh léch téi 38.73% gilra cac
phwong an thiét ké khac nhau [14]. Chi phi dau tw
ban dau cao, thoi gian hoan vén dai, va sw khong
chic chdn vé chinh sich hé tro 1a nhirng rao can
lén d6i véi viéc trién khai nang lwong tai tao tai
cang [15].

Yéu t6 ky thuat va cong nghé dit ra nhiéu thach
thirc vé tich hop hé théng, d6 tin ciy cung cap dién,
va kha nang lwu trit nang lwgng. Nghién ctru danh
gia kha nang thich &ng ctia hé thong tich hop gié-
mat troi-hydrogen-lwu trit nang lwgng cho thiy
can c6 phwong phap danh gia toan dién tlr nhiéu
g6c d6 bao gbm chinh sach, phat trién céng nghé,
kha ndng cung cap nang lwong, hiéu qua kinh té va
than thién mdi tredng [16].

3. Phwong phap ra quyét dinh da tiéu chi
(MCDM) trong chuyén déi doi niang lwong cang
bién

3.1. Vai tro ctia phwong phdp

Trong bdi canh phai xem xét dong thoi nhiéu
tiéu chi mau thuln va phitc tap, cAc phwong phap
ra quyét dinh da tiéu chi (MCDM) da chirng minh
12 cong cu hitu hiéu dé hd tro cac nha quan ly va
hoach dinh chinh sach [17], [18]. MCDM cho phép
danh gia va xép hang cic phwong an dwa trén
nhiéu tiéu chi dinh lwong va dinh tinh, tao ra quyét
dinh cAn bang va khoa hoc.

Phwong phap Phan tich Thi bac (AHP - Analytic
Hierarchy Process) la mot trong nhirng ky thuat
MCDM dwoc st dung rong rai nhat trong linh vuc
nang lwgng tai tao [19]. AHP cho phép phén ra vin
dé phirc tap thanh ciu tric phén cap, so sanh tirng
cap tiéu chi va phwong an, tir dé xac dinh trong so6
va th tw wu tién. Nghién ciu st dung AHP dé
danh gid va x€p hang cac nguon nang lwgng bén
vitng, trong d6 nang lwong mat troi dwoc xac dinh
la phwong an t6i wu, ti€p theo la gié va thay dién
[20].

TOPSIS (Technique for Order of Preference by
Similarity to Ideal Solution) la phwong phap pho

bién thir hai, thwong dwoc két hop véi AHP dé tin
dung wu diém cua ca hai phwong phép [21], [22],
[23]. Nghién cttu ap dung mo hinh tich hop
Spherical fuzzy AHP-TOPSIS dé lwa chon ngu6n
nang lwgng bén virng cho khu cong nghiép tai Viét
Nam, cho thay sw hiéu qua khi két hgp cac phwong
phap [24].

Cac phwong phap MCDM khac nhw VIKOR,
PROMETHEE, ELECTRE ciling dwgc Urng dung
trong cac boi canh cu thé. Sharma va cong sw st
dung ba phwong phap AHP-VIKOR, AHP-TOPSIS
va AHP-PROMETHEE trong nghién cttu nam 2023
dé lwa chon nhién liéu microemulsion khong chat
hoat dong bé mat [25], sau d6 str dung hé s6 twong
quan thit hang Spearman dé tong hop két qua tir
cac phwong phap khac nhau.

Mot xu hwéng quan trong trong nghién ctru gan
day la viéc tich hgp ly thuyét tip mo (fuzzy set
theory) vao cac phwong phap MCDM truyén théng
dé xtr ly tinh khong chic chan va mo ho trong danh
gid ctia chuyén gia [18]. Ly thuyét m¢ cho phép
biéu dién cac danh gia dinh tinh bang cic s6 mo,
phu hop véi tw duy con ngudi va tang do chinh xac
cua két qua.

Fuzzy AHP d3 dwoc ap dung rong rai trong
nhiéu nghién ctru vé nang lwong tai tao. Nghién
ctru so sanh cac phwong phap MCDM dwa trén
Fuzzy AHP cho bai toan lwa chon khai niém xanh,
cho thiy F-AHP két hop véi F-TOPSIS va F-GRA
cho két qua nhit quan [26]. Twong tw, Kim va cong
sw st dung phwong phdp Fuzzy AHP dé xac dinh
cac tiéu chi lwa chon cang cung cip LNG, véi két
qua chi ra rang cic céng ty van tai bién wu tién yéu
td an toan hodc an ninh va dich vu cang hon la
danh tiéng cang [27].

Cic bién thé méi cta ly thuyét mo nhw
Spherical Fuzzy va Pythagorean Fuzzy ngay cang
dugc quan tAm do kha niang biéu dién do bat dinh
t6t hon. Phat trién phwong phap Spherical Fuzzy
AHP mé&i va ap dung cho bai todn lya chon dia
diém nang lwong tai tao [28]. Calik va céng sw dé
xudt phwong phap Pythagorean Fuzzy AHP va
Fuzzy TOPSIS trong nghién ctru nam 2021 cho lwa
chon nha cung cdp xanh trong bo6i canh Cong
nghiép 4.0 [22].
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3.2. Ung dung MCDM trong cdc khia canh chuyén
do6i ndng lwong cdng bién

3.2.1. Lwa chon nguén ndng lwong tdi tao cho cdng:

Viéc lwa chon ngu6n ning lwong tai tao phu hop
cho cangbién da dwoc nghién ctiru rong rii st dung
cac phwong phap MCDM. Nghién cttru cta M. 1.
Ramli va cong sw 4p dung AHP d€ lwa chon nguén
nang lwong tai tao cho cang xanh, két qua cho thiy
nang lwgng mat troi la phwong an dugc wu tién
nhét, tiép theo la gid, sinh khéi va séng bién cho
treong hop cang Kuala Tanjung [7].

Bang 1. Thong ké cac bai bao dién hinh s dung
MCDM trong lwa chon nguén nhién liéu thay thé.
STT Phwongphap MCDM Tailiéu tham khao

(7], [11], [17], [18],
19], [20], [27], [31],
32], [38], [44], [46],
61], [62], [63]

[

[

[

[16], [21], [23], [24],
[30], [42], [56]
[
[
[
[
[

1 AHP

2 AHP-TOPSIS

3 SWOT-AHP 12], [13], [41], [51]

26], [27], [28], [43],
57]

23], [30], [40]
241, [28], [29], [53]

4 Fuzzy AHP

Fuzzy AHP-TOPSIS
6 Spherical Fuzzy AHP
Spherical Fuzzy AHP-

7 TOPSIS [24]
Spherical Fuzzy AHP-

8 WASPAS [34]
Spherical Fuzzy

? MCDM 491
Pythagorean  Fuzzy

10 AHP-TOPSIS (301, [43]

11 Pythagorean  Fuzzy (58]
AHP-VIKOR
Neutrosophic  AHP-

12 TOPSIS [48]

13 AHP-VIKOR [25], [42]

14  AHP-PROMETHEE [25]

15  AHP-COPRAS [39]

16  G-AHP-WASPAS [21]

17  AHP-Entropy [22], [46]

18 AHP-FMEA [46]

19  AHP-QFD [56]

20 Fuzzy AHP-CoCoSo [54]

Nghién ctru cta J. Wang va céng sw phat trién
phwong phap danh gia toan dién cho quy hoach va
thiét ké hé thong nang lwong gid tw cung tu cip tai
cang, st dung két hop AHP-Entropy Weight
Method (EWM) dé tinh toan trong s6 chti quan va
khach quan cta cac yéu té [29]. Nghién ctru ap
dung thuét toan ra quyét dinh téng hop dé t6i wu
héa hé thong nang lwong tai tao lai cho cang
Takoradi, Ghana, v&i két qua chi ra hé thdong
PV/gié/pin/khi tw nhién 1a phwong an téi wu [30].

3.2.2. Bdnh gid va lya chon nhién liéu thay thé:

Vén dé lwa chon nhién liéu thay thé cho van tai
bién nhin dwoc sy quan tim dic biét trong béi
canh quy dinh IMO 2023. S dung AHP dé phan
loai hai nhién liéu thay thé (LNG va hydrogen
xanh) dwa trén bon tiéu chi (kinh té, ky thuit, méi
treong va xa hoi), véi két qua cho thdy LNG hién
tai 1a lwa chon t6t nhat cho van tai bién [31].

Theo Alam MdMoshiul va cong sw phat trién
khung lwa chon nhién liéu thay thé hwéng téi phi
carbon héa vin tai bién siu, st dung TOPSIS véi
g6c nhin tir cac bén lién quan cdp doanh nghiép
[1]. K&t qua cho thay cac tiéu chi quan trong nhat
d6i vdi cac bén lién quan cdp doanh nghiép la khia
canh cong nghé, tinh trang cong nghé, chi phi, tac
dong hé sinh thai va can nhic vé sirc khde-an toan.

Mot s6 nghién ciru st dung phwong phap
MCDM tich hgp mo két hgp Fuzzy AHP va Fuzzy
TOPSIS dé lwa chon cac phwong an cong nghé tuin
thi quy dinh trong méi treong théng tin mo ho
[23]. Chin tiéu chi trong ba khia canh bén virng
dworc phéan tich va danh gia d6i véi bon phwong an
kha thi, véi nhién liéu ham lwgng lwu huynh thap
dwoc xac dinh 1a phwong 4n phu hop nhét.

3.2.3. Lwa chon dia diém cho cdc dw dn ndng lwong
tdi tao:

Lwa chon dia diém 1a mot trong nhirng thach
thirc 16n nhit cho cac dw an ning lwong tai tao
[32]. Nghién ctru ctia Chen va céng sw phat trién
khung quyét dinh ba giai doan dwa trén GIS-MCDM
dé xac dinh cac khu vyc bién tiém nang, trich xuat
va danh gia cac phwong an dia diém cho nha may
dién dong chay thuy triéu [33]. Phwong phap trong
s6 két hgp dwa trén Fuzzy Group AHP (FGAHP) va
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CRITIC dwoc phét trién dé tinh todn trong so tiéu
chi.

Le va cong sw dé xuit phwong phap MCDM hai
giai doan st dung Spherical Fuzzy cho lwa chon dia
diém nha mday dién gié ngoai khoi [34]. SF-AHP
dwoc st dung trong giai doan diu dé xac dinh mic
do quan trong clia cac tiéu chi danh gia, sau do
WASPAS dworc stt dung dé xép hang cac dia diém.
Nghién ctru tredng hop tai Viét Nam da dwoc thuc
hién dé kiém tra tinh hiéu qua ctia phwong phap
dé xuit.

4. Cdc tiéu chi anh hwéng dén chuyén déi ndng
Iwong tai cdng bién

4.1. Nhém tiéu chi Kinh té

Bang 2. Nhom tiéu chi Kinh té.
Nghién ciru S6

STT Tiéu chi phu

deé cap lwong
N, L [10],[12],
1 f;lérll)hl dau tu hé [14], [15], 6
s [35], [52]
5 Chi phi van hanh [10],[12], 4
va bao tri [39], [44]
3 Chi phi ndng [35], [52], 3
lwong (LCOE) [53]
Kha nang tao loi
* huan/ROI (8], [14], [40] 3
Thoi gian hoan
5 ’ 8], [14], [39 3
i (81, [141,[39]
6 NPV (Gia tri hién [14], [35], 3
tai rong) [39]

Chi phi d4u tw hé théng 1a mot trong nhirng tiéu
chi ludn ludn dwoc nhic téi trong cac nghién ciru.
Chi phi dau tw ban dau la yéu té then chot trong
quyét dinh chuyén déi niang lwong. Nghién ciru vé
quy hoach ha ting nang lwong téi tao cho cang chi
ra rang chi phi hién tai rong (NPV) va ty suit hoan
von dau tw (ROI) ¢6 sw khac biét dang ké gitra cac
kich ban [14]. Cu thé, ROI cho vin hanh ONG (on-
grid) cao hon 38.73% va 35.91% so v&i van hanh
OFFG (off-grid) véi thiét bi lwu trir ndng luwgng
trong trudng hop SNG va WNG twong rng. Panh
gid hé thong nang lwong tai tao lai (HRES) cho cang
Thi Nai, Viét Nam xac dinh ciu hinh t6i wu bao gom
mang quang dién 6,175 KW, may phat biogas 500
kW va bd chuyén ddéi 2,357 kW vi chi phi hién tai
rong 44.6 triéu USD [35]. Phan tich tinh kha thi

kinh té-ky thuit cho cang Jabel Ali, UAE cho thiy
khi 4p dung hé théng PV mat troi, dat dwoc giam
chi phi tdng 10% va gidm 10.5% chi phi nang
lwong can bang (LCOE). Hé thong trang trai gi6 dat
gidm chi phi 20.8% v&i gidm 21% LCOE twong &ng
[52].

Vé chi phi vin hanh va bdo tri dwgc nhiéu
nghién ctiu dé cip tdi, cu thé trong nghién ctru cua
P. Singh va cong su: chi phi dau tw ctia hé théng c6
trong s6 twong déi 57.94%, nhan manh tim quan
trong cta viéc lwa chon nguén ning lwgng tai tao
c6 gia tri cao hon khia canh kinh té€ [10]. Nghién
cttu A. E. Uyan va cong sw da phan tich tich hop
linear programming va AHP cho
diesel/biodiesel/butanol cho thay Blend 1 (70%
diesel, 20% biodiesel, 10% butanol) c6 chi phi
thap nhat 1.2 USD/L v&i hiéu suét cao hon [12].

4.2. Nném tiéu chi Ky thudt

An toan trong vin hanh: R4t nhiéu nghién ctru
dwa ra tiéu chi nay noi bat 1a nghién ctru ctia Kim
va cong su, Nouri va cong su [27] [42]. Trong dé,
danh gia lwa chon cang cung cdp LNG st dung
fuzzy-AHP cho thay cic cong ty van tai bién quyét
dinh lwa chon cang LNG véi s nhdn manh manh
mé hon vao an toan/an ninh (safety/security)
hodc dich vu cang hon la danh tiéng cang [27].
Nghién ctru cia Nouri va cong sw danh gia 11
phwong 4n vin chuyén hydrogen xanh xem xét 9
tiéu chi bao gobm déc tinh va an toan nhw cac yéu
td quan trong. K&t qua cho thiy tiéu chi quyét dinh
c6 tac dong dang ké dén két qua, dic biét 1a nguy
hiém/an toan va tic dong moi trudong [42].

Bang 3. Nhém tiéu chi K§ thuat.
Nghién ciru S6
dé cap lwong

STT Tiéu chi phu

An toan trong van
hanh

Kha nang van

(1], [27], [42] 3

2 hanh 6n dinh/Po  [22], [63] 2
tin cay
Mtrc dd sdn c6 cua

3 , ’ 10], [32 2
dau vao (101, [32]
Mire db trud

4 l\l’C dc_)Atru'o'ng A [41], [63] 5
thanh céng nghé

c Hiéu qua san xuidt [10], [24], 3
nang lvong [41]
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6 Kétnéiludidien  [14], [16] 2

7 Yéu ciu ha ting [16], [51] 2

Kha ning van hanh 6n dinh va lién tuc dwogc
nhic t&i trong nghién ctru caa S. Calik va cong sw
phat trién phwong phap danh gia toan dién cho hé
théng nang lwong gi6 tw cung tw cap tai cdng, xem
xét d6 tin ciy (reliability) nhw mot yéu t6 quan
trong [22]. Phwong &n C dat diém danh gid cao
nhit 0.737 v&i xac sudt 96.15% dat diém t6i da
trong pham vi bién dong 20%.

Mitrc dd sdn c6 clia dau vao: Pugc nghién ciru
trong 2 cong bd cua P. Singh va cong sw va P. V.
Nguyen va cong suw [10] [32]. Trong d6 nghién cttu
ctia P. Singh chi ra rang trong cac tiéu chi phu ky
thuét, hiéu suit cia hé thongla tiéu chi wu tién dau
tién v&i trong so twong doi 38.86%. Yéu cau dit
dai cho trién khai hé théng ning lwgng tai tao 1a
tiéu chi wu tién dau tién (43.38%) trong nam tiéu
chi phu méi tredong. P. V. Nguyen danh gia nguon
nang lwong tai tao cho chuyén ddi xa hdi va méi
trueong, chia khu viee nghién ctru thanh 9 khoi nhé
hon. Két qua cho thdy nang lwong mat troi c6 wu
tién cao nhit & khoi 2, trong khi tiém nang nang
lwong gié cao hon & khéi 5 va 9.

Mitrc d6 trwdng thanh ctia cong nghé: T. Q. Le va
céng sy danh gid cong nghé san xuat hydrogen tir
phu phdm néng nghiép cho thiy chi s ky thuit
chiém 27.8%. Gasification la cong nghé dwoc wu
tién nhat (43.3%), tiép theo la pyrolysis (29.6%)
va fermentation (27.1%) [41]. Trong khi do, A. Al-
Qattan va cong sw nghién ctru lwa chon nang lwong
tai tao cho Jordan cho thdy tiéu chi ky thuat c6
trong sd cao nhat 53.6%, vdi do tredng thanh clia
céng nghé (maturity of technology) dwoc xép hang
cao véi trong s6 0.875.

Hiéu qua san xuit nang lwong: Nghién ctru N. T.
Nguyen ap dung spherical fuzzy AHP-TOPSIS cho
lwa chon nguén ning lwong bén virng tai Viét Nam.
Nang lwgng mit troi dwoce xac dinh t6i wu véi chi
s6 hiéu suit 0.8822, tiép theo la gié (0.8766), sinh
khdi (0.8488) va nang lwong chit thai ran (0.8135)
[24].

4.3. Nhém tiéu chi Méi trwong

Bang 4. Nhom tiéu chi Méi trwong.
Nghién ctru S6

STT Tiéu chi phu

deé cap lwong
s s [2], [3], [5],
G hat th
L g T n2ss, 6
[47]
Giam phat thai
2 5 1
NOx [5]
3 Giam phat th\éi [12] 1
SOx/Lwu huynh
Tac do Oi
g4 _Accongmol [3], [42], [47] 3
trwong

5 Yéu cau dt dai [10] 1

Giam phat thai: Nghién cru cta caa N. H. Tran
va cong suw lwa chon nhién liéu bén virng dap &ng
chién lwoc IMO 2023 nhdn manh muc tiéu dat phat
thai khi nha kinh bang khéng truwdc ndm 2050 [2].
Trong khi do, K. A. Alamoush va cong sy da danh
gid cung cip nang lwong tii tao cho cang
Alexandria cho thiy viéc st dung fuel cells va
tuabin gié ngoai khoi sé dat dwoc gidm lwgng phat
thai CO2, NOx va CO lan lwot 1a 80,441, 20,814 va
133,025 t4n mdi nam [5]. Nghién ctru ctia K. A.
Alamoush va cdng sw chi ra rang blend
diesel/biodiesel/butanol t6i wu giam 35% nong
do luu huynh va 36% phat thai CO2 [12]. Nghién
ctu cua G. H. Dinh cho cang Thi Nai véi 100%
nguon tai tao, phat thai CO2 hang nam giam xuéng
con 1,286 kg [35].

Tac dong dén moi trweong va hé sinh thai:
Phuwong phap tiép cén lién quan dén nang lwong
cho gidm phat thai CO2 nhw mot chién luvgce quan
trong trén pathway cang-tau, nhin manh tim
quan trong cda viéc str dung nguon nang lwong tai
tao, nhién liéu sach va lwéi dién thong minh [3].
Nghién ctru Kumar va cong sw chi ra rang cac
phwong phap tiép cin théng minh lién quan dén
viéc s dung nang lwgng hiéu qua va sach cho
pathways cang-tau dé tao ra phat thai net zero-
CO2 cho nganh van tai bién cin dwoc nghién ciru
khan cip thém [47].

Yéu cau dat dai: xac dinh yéu cau dat dai cho
trién khai hé thong ning lwong téi tao la tiéu chi
wu tién dau tién (43.38%) trong nam tiéu chi phu
moi trwong [10].
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4.4. Nhom tiéu chi Xa hoi

Strc khde cong dong: Phat trién khung lwa chon
nhién liéu thay thé cho van tai bién, trong do6 cac
cin nhic vé sttc khdée-an toan (health-safety
considerations) dwgc xac dinh 1a mét trong nhitng
tiéu chi quan trong nhat déi v&i cac bén lién quan
cip doanh nghiép [1].

Bang 5. Nhom tiéu chi X3 hoi.
Nghién ciru S6

STT Tiéu chi phu da cap lrong
1 zlgrcl:hée cong 1] 1
5 Chinh sach chinh [13], [37], 3
phu [51]
Tao viéc lam [5] 1
4 ChApnhiAnxahdéi  [48] 1

Chinh sach cta chinh phu: N. T. Nguyen va cong
sw da nghién ciru cic yéu t6 dnh hwdng dén phat
trién nguoén nang lwong tai tao tai cdng bién Viét
Nam xac dinh chinh sach hé tro cta chinh phu la

mot trong ba yéu té quan trong nhit, cing véi dinh
hwéng phat trién cang xanh va nguon tai nguyén
thién nhién. M. E. Bayraktar phan tich SWOT-AHP
vé nang lwgng hat nhan cho tau thwong mai chi ra
"Tax privilege on green and alternative fuels
supported by the authorities" (04) 1a yéu t6 phu c6
trong s6 cao nhit [13]. H. V. Nguyen va cdng su vé
chuyén dé6i sang hydrogen tai Viét Nam xac dinh
"Weaknesses" 1a yéu t6 wu tién cao nhit, v&i
"Dedicated infrastructure for the transition to
hydrogen fuel" va "Technological capacity for
converting to hydrogen fuel" la cic wu tién tiép
theo [51].

Tao viéc lam: K. A. Alamoush va cdng sw chi ra
rang viéc chuyén ddi sang ning lwong tai tao
khong chi gidm phat thai ma con c6 thé tao ra co
hoi viéc 1am cho cong déng dia phwong [5].

b6i véi Viet Nam, cic chinh sach thiac day
chuyén d6i nang lwong sach nham muc tiéu bao vé
moi tredng dang thic ddy nhirng nghién ctru dé tai
nang lwgng tai tao.

Bang 6. Cac nghién cru nang lwong tai tao & Viét Nam.

j Bai
STT Tén nghién ctru Chu de fﬂ
bao
Lwa chon ngu6n nang lwong cho khu cong nghiép
Sustainable Energy Source Selection for ;.. ) A . A 1Al W R
) o Viét Nam: Nghién ctru chuyén biét vé khu cong
1  Industrial Complex in Vietnam: A Fuzzy A vria [24]
nghiép Viét Nam
MCDM Approach
St dung phwong phap Fuzzy MCDM
Research on Factors Affecting the Nghién cru chuyén ddi ning lwong tai cang bién
2  Development of Renewable Energy Viét Nam: Phin tich cic yéu t6 anh huwéng dén phat  [37]
Resources at Vietnam Seaports trién ndng lwong tai tao tai cang
Switching to hydrogen fuel adoption in
3 developing economies: A case study of Chuyén ddi sang nhién liéu hydrogen tai Viét Nam [51]
Vietnam
Bang 7. Téng hop cac phwong phap nghién ctru da STT Nghién Nhom tiéu chi Phwongphap
dwoc cong bo. citu dwoc xem xét MCDM
STT Nghién Nhém tiéu chi Phwongphap 3 [18] Kinh t&, Ky thuat, SAW-AHP
ctu  dwoc xem xét MCDM Moi trrong
) o Kinh &, Ky thuat, AP T4t cd 4 nhém (6 Spherical
[10] Méi truomg 4 [24] tiéu chi chinh, 26 Fuzzy  AHP-
. tiéu chi phu) TOPSIS
Kinh t6, Moi - inh t& K¢ thud
2 [12] R ’ Programming- Kinh té, Ky thuat,
truong AHP 5 [39]  Mbi truomg, X& COPRAS-AHP

hoi

136



Nguyén Tdt Quyén, Pinh Gia Huy, Pham Nguyén Pdng Khoa, Pham Thdi Hoang, Trdn Thi My Triic, Bui Thi Thanh Thdo
Xu hwéng nghién ctru lya chon ndng liwong tdi tao cho cdng bién stv dung phwong phdp lwa chon da tiéu chi

Nghién Nh6ém tiéu chi
clru dwoc xem xét

Kinh té€ (50.7%),
Ky thuat (27.8%),
Moi

(21.5%)
Ky thuat (53.6%),
Moi trueong
(29.0%), bia ly
(11.3%), Kinh té-
x4 hoi (6.0%)

Phwong phap
MCDM

STT

6 [41] AHP

trueong

7 [63] AHP

Tt nhitng thong ké trén c6 thé thiy cac nhém
tiéu chi vé ky thuat va kinh té dwoc xem xét nhiéu
nhit va dwgc cdc nha nghién ctru quan tim nhiéu
nhat. Cac nghién ctru sau nay cang c6 xu hwéng
nghién ctru da tiéu chi nhiéu hon. Viéc nay phan
anh cac nghién clru m&i hién nay phat trién tir cac
nghién ctu cii, véi sy thay ddi cia thé gidi va ngay
cang yéu cau cao hon trong viéc bao vé moi
trudng, sinh thai cho muc tiéu phat trién bén virng
thi cdc nhém yéu t6 lién quan téi méi treong ngay
cang dwogc chu trong hon. Véi viéc st dung cac
phwong phap MCDM, viéc xem xét t&i rat nhiéu
yéu t6 c6 thé dan tdi s6 lwgng phiéu khao sat kho
dat dwgc cac chi s6 nhit quan (CR) tot. Tuy nhién,
cac nghién ctru trong cac nam gan diy va xu huwéng
trong twong lai cang phat trién viéc xem xét nhiéu
yéu t6 la tit yéu va diéu nay sé giy kho khan hon
trong viéc 1ay phiéu khdo sat b&i so lwgng ciu hdi
trong phiéu sé kha 1én.

5. Két qua lwa chon cac loai nhién liéu thay thé
tr cac nghién ciru
5.1. Téng quan cdc loai ndng lwong thay thé dwoc
nghién ctru
Bang 8. Bang tong hop két qua cic ning lvgng thay
thé dwoc lwa chon.

So
Loai nang nghién Tai liéu tham Ty lé
lwong ciru dé khdao (%)
cap
[30], [35], [36],
[37], [39], [45],
[53], [56], [57],
[59], [63]
(1], [4], [7], [9],
[10], [11], [14],
. [16], [17], [20],
Wind
[24], [28], [29], .
(;)Inshore/off 24 [30], [34], [35], 38.1%
shore) (361, 371, [39],
[45], [53], [56],
[57], [59]
[7],19], [10], [12],

) . [21], [24], [25],
Biomass/Bio . [32], [35], [37], 23.8%
B [41], [43], [44],

[47], [56]
[1], [16], [31],
Hydrogen [35], [38], [41], 0
(xanh) 12 [42], [50], [51], 19.0%
[60], [61], [62]
Waste-to- [21], [32], [41],
energy > [49], [61] 7:9%
Tidal/Wave 4 [7], [10], [33], [37] 6.3%

So
Loai nang nghién Tai liéu tham Ty lé
lwong ciru dé khao (%)
cap
Nang lwong tai tao cho cang
(1], [2], [4], [5],
(6], [7], [81, [9],
Solar/PV 28 [10], [11], [14], 44.4%
[16], [17], [20],
[24], [28], [29],

Theo Bang 8 trinh bay tong hop két qua vé cac
loai ning lwong thay thé dwoc lwa chon tir nhirng
nghién ctru da cong bd trudc diy dwoc phan tich.
K&t qua cho thiy sw phan hoa ro rét gitra hai nhom
chinh: ning lwong téi tao cho cang bién va nhién
liéu thay thé cho tau thay.

Két qua tong hop cho thiy nang lwong mat troi
la lwa chon dwoc wu tién nhat véi 28 nghién ctiru
dé cap (44.4%). Con s6 nay c6 thé dwoc giai thich
qua nhiéu yéu t6. Nghién ctru ctia Ramli va cong sw
chi ra rang nang lwgng mit troi dat diém cao nhit
trong danh gia AHP cho cang Kuala Tanjung, vwrot
trdi so v&i gio, sinh khéi va song bién [7]. Diéu nay
phu hop véi nghién clru cia Nguyen va cong su tai
Viét Nam, trong d6 nang lwong mat troi dat chi sé
hiéu suit 0.8822 bang phuwong phap Spherical
Fuzzy AHP-TOPSIS, cao nhit trong cidc phwong an
dwoc xem xét [24].
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Vé Kkhia canh kinh té nghién cku cua
AbuAlghanam va cong su tai cang Jabel Ali cho
thay hé théng PV mit troi ¢ thé giam 10% tong
chi phi va 10.5% chi phi ning lwong cin bang
(LCOE) [6]. bac biét, nghién ctru cua Dinh va cdng
sw vé cang Thi Nai xac dinh ciu hinh téi wu bao
gom mang PV 6,175 kW két hop véi cac ngudn
khac, véi NPV la 44.6 triéu USD [35]. Tuy nhién,
can lwu y rang hiéu qua cia niang lwgng mat troi
phu thudc manh vao diéu kién dia ly va khi hiu.
Nghién ctru ciia Nguyen va cong sw chi rarang tiém
nang nang lwong mat troi cao nhit & mot sé6 khu
vwe nhit dinh, trong khi cac khu vuwc khéac cé thé
phu hop hon véi nang lwgng gié [32].

Nang lwong gié dirng th hai v&i 24 nghién
ctu (chiém 38.1%), cho thiy diy la phwong an
dwoc xem xét nghiém tic ngay sau nang lwong mat
troi. Nghién cru cia Wang va cong suw vé hé thong
nang lwong gioé ty cung tw cip tai cang str dung
phwong phap AHP-Entropy cho thdy phwong an C
dat diém danh gia cao nhit 0.737 véi do tin ciy
96.15% [29]. Piéu nay nhan manh tim quan trong
cta do tin ciy trong van hanh hé thong nang lwong
gio.

Vé hiéu qua kinh té, két qua tir cang Jabel Ali
cho thiy hé théng trang trai gié cé thé dat mic
giam chi phi 20.8% v&i giam 21% LCOE, vuwot troi
hon so v&i nang lwgng mat trdi [6]. Tuy nhién,
nang lwong gi6é ngoai khoi doi hoéi dau tw ban dau
16n hon va phirc tap hon vé mat ky thuat. Nghién
ctru cla Le va cong sw vé lwa chon dia diém nha
may dién gi6 ngoai khoi tai Viét Nam st dung SF-
AHP va WASPAS nhan manh tdm quan trong cua
viéc lwa chon dia diém phu hgp [34]. M6t xu hwéng
dang chu y la viéc két hgp nang lwong gié va mat
troi. Nghién ctru ctia Zhang va cong suw vé hé thong
tich hop gié-mit troi-hydrogen-lwu trir cho thiy
sw két hop nay c6 thé dat dwoc hiéu qua cao hon,
v&i kha nang cung cip nang lwong 6n dinh va giam
phu thudc vao mot nguén duy nhat [16].

5.2. Phan tich nhitng xu hwéng trong nghién ctru
ndng lwong cdng bién.

T nhitng phan tich trén nhém nghién ctiru
nhén thiy ré xu hwdng:

e Nhitng nghién cru ngay cang wu tién hé
théng két hop nhiéu ngudn ning lwgng nham dam
bao dé tin ciy va tiét kiém chi phi;

e Nghién ctru vé niang lwong ti tao chi ra rang
hé théng nang lwgng tai tao da kha nang dap (ng
nhu ciu nang lwong cang va dap irng muc tiéu gidm
lwgng phat thai rong dén nam 2050;

e Hé théng lwu trir ndng lwong dong vai tro
quan trong trong viéc dam bao cung cip 6n dinh;

e Chién lwgc IMO 2023 dat muc tiéu dat phat
thai rong bang khong hwéng dén nhirng nghién
ctru khit carbon hoan toan.

Trong nhirng nghién ctru vé nang lvgng tai tao,
tinh dac thu khu vre quyét dinh hiéu qua khai thac
nang lwong tai tao. Lwa chon t6i wu phu thudc vao
diéu kién dia ly, khi hau, nguon luc sin cé va kha
nang tai chinh cta tirng khu vye. Cac nwéc dang
phat trién c6 xu hwéng wu tién nang lwgng mat
troi va sinh khéi do chi phi dau tw thap hon.

6. Két luan

Bai bao da thwc hién tong quan hé thong vé
trng dung cac phwong phap trong chuyén déi nang
lwgng tai cang bién dya trén nhitng cong b6 gan
day. K&t qua cho thay AHP la phwong phap dwoc
st dung phd bién nhat thwong két hop véi TOPSIS.
Xu hwéng tich hop ly thuyét mo (Fuzzy, Spherical
Fuzzy, Pythagorean Fuzzy) vao cac phwong phap
truyén théng ngay cang ting dé xi ly tinh khéng
chic chn trong cac danh gia chuyén gia. Phan tich
cac tiéu chi cho thay yéu t6 kinh té va ky thuat
dwoc quan tAm nhiéu nhit, trong dé chi phi dau tw
hé théng va an toan van hanh 1a tiéu chi wu tién
hang dau. Cac tiéu chi moi trwong, dac biét la giam
phat thai CO2, ngay cang dwoc chi trong trong béi
canh chién lwgc IMO hwéng dén giam phat thai
dén ndm 2050. Nghién ctru ciing xac dinh bdn xu
hwéng phat trién chinh: Chuyén sang hé thong lai
két hop nhiéu nguén ning lwgng; Tich hop hé
théng lwu trir nang lwong; Pinh hwéng dai han
huwéng tdi phi carbon hoan toan; Tinh dac thu theo
diéu kién dia ly-kinh té-ky thuat tirng khu vurc. Két
qua cho thiy, ning lwong mit troi dan dau voi
44.4%, tiép theo la gi6 (38.1%) va sinh Kkhéi
(23.8%). Tlr két qua dd, nghién ctru nay nham thic
day cac nghién ctru chuyén sau hon vé chuyén doi
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nang lwong, st dung ning lwong tai tao thay thé
nguon nang lwong hoa thach hwéng dén muc tiéu
giam phat thai, bdo vé moi trwong.
Pong gop caa cac tac gia trong bai bao

Nguyén T4t Quyén: Dé xuit y twdng nghién
ctru, phén tich va danh gia két qua. Pinh Gia Huy:
Dinh hwéng nghién ciru téng thé, hwéng dan thuc
hién bai bdo va danh gia két qua. Pham Nguyén
Pang Khoa: Tong quan, tim tai liéu, hé thong tai
liéu. Pham Thai Hoang: Téng quan, tim tai liéu, hé
théng tai liéu. Tran Thi My Tric: Bién soan bai
bdo, tong quan tai liéu. Bui Thi Thanh Thao: Bién
soan bai bao, tong quan tai liéu.

Tuyén bd khong xung dot l¢’i ich va cam két
ban quyén

Cac tac gid tuyén bé vé sw khong xuit hién
nhirng xung dét tiém an tir nghién cru nay, va cam
két bai bao chwa tirng dwgc cong bé trude day.
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