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Toém tat:

Nghién civu sir dung mé hinh QVAR dé déanh gic mirc dé lan truyén rii ro giita bat 6n ning
leong va cdc chi s6 AI véi dir liéu theo thang tir thang 6/2018 t6i thang 10/2022. Nghién ciiu
chitng minh sw thay doi theo thoi gian ciia mikc d¢ lan truyén rii ro khi biing phat COVID-19
va khiing hodng Nga-Ukraine. Bdt én trén thi triong nang heong chii yéu nhdn cii soc rong
trong nam 2020 & tat cd phan vi va & phéan vi dwedi 20% va trén 80% trong niam 2022. Két noi
theo cdp cho thdy bdt o6n nang lwong da phan bi chi phoi boi cdc chi s6 Al nhiw BOTZ, IRBO,
ROBT tir 2020 t6i dau nam 2021 va tir cudi 2021 téi cuéi 2022. Néi cach khac, AI déng vai
tro quan trong trong viéc on dinh bién déng nang lrong trong cda ngdn han va dai han. Sy mo
rong cua Al yéu cau cdc chinh séach thiic d‘cfy viéc urng dung Al mot cach co dao dire, ciing nhw
cdc can thiép thi trwong diea trén AI nham tang cwong an ninh ndng lwong.

Tir khéa: Tri tué nhan tao, bién dong thi truong nang lugng tai tao, bién dong toan cau, QVAR.
Ma JEL: C22, H1.

The spillover effects of Artificial Intelligence on energy market instability: Evidence
from a QVAR model

Abstract:

This study employs a Quantile Vector Autoregressive (QVAR) model to assess the degree of risk
spillover between energy uncertainty and Artificial Intelligence (A1) indices, using monthly data
from June 2018 to October 2022. The research demonstrates the time-varying nature of risk
spillovers, particularly during the onset of the COVID-19 pandemic and the Russia-Ukraine
crisis. The results indicate that the energy market was primarily a net recipient of shocks in
2020 across all quantiles, and again in 2022 at the extreme lower (below 20%) and upper
(above 80%) quantiles. Meanwhile, energy uncertainty acted as a net transmitter of shocks
across all quantiles in 2019 and was a strong net transmitter in 2021 in the upper quantiles
(above 60%). Pairwise connectedness analysis reveals that during the crisis periods—from
2020 to early 2021 and from late 2021 to late 2022—energy uncertainty was predominantly
influenced by Al indices such as BOTZ, IRBO, and ROBT. Al played a significant role in
stabilizing energy market volatility, resource optimization, and price forecasting in both the
short and long term. The expansion of Al necessitates policies promoting ethical Al adoption
and Al-driven market interventions to enhance energy security.

Keywords: Artificial Intelligence, energy market instability, global uncertainty, QVAR.

JEL code: C22, H1.

S6 342 thang 12/2025 55 Kinh téPhit trién




1. Giéi thiéu

Khi cic cong nghé mai, dic biét 1a tri tué nhan tao (AI), ngay cang mé rong anh hudng va lam thay doi
sdu sic cdu trac cia nhidu nganh, trong d6 c6 thi trudng ning luong, viée xem xét lai cac mo hinh ting
trudng truyén thong va cach thire van hanh cta hé théng ning luong tré nén can thiét hon bao gid hét. Mo
hinh ting truong kinh té truyén thong chu yéu dua vao gia ting tiéu thu ning lugng c6 nhiéu van dé vé
tinh bén viing va cong bﬁng xa hoi (Adebayo & cong su, 2022). Viéc tiép tuc mo rong ti€u thu nang luong
khong phai giai phap 1au dai, con cach quan 1y hé thdng ning lwong hién nay lai thiéu linh hoat. Tru6c tinh
hinh d6, AI va hoc may (ML) ndi 1én khong chi hd trg toi ru hoa ma con 1a tac nhan co thé tai cau trac thi
truong ning lwong. Thay vi chi cai thién hiéu suat cua timg thiét bi, Al gitp t6i wu héa toan bd hé thong. Tir
goc do kinh té va tai chinh, AT mang dén mot phuong thue tiép can méi, gitip hoa giai thé ludng nan ning
luong - gitra an ninh ning lwong, chi phi hop 1y va tinh bén vig - tir 46 dinh hinh lai cau trac kinh & ning
lugng trong tuong lai.

Tir d6, nghién ctru danh gia tac dong hai chiéu gitra AI va nang luong khi chuyén ddi kép gdm sb hoa va
xanh hoa. Al thiic ddy manh m& chuyén doi ning lugng bang cach nang cao hi¢u qua tich hop. Tuy nhién,
Al ciing dit ra thach thirc dang ké khi qua trinh dao tao cic mo hinh doi hoi lugng ning luong rat 1on, qua
d6 lam gia ting nguy co phat thai carbon néu ngudn dién van phu thudc vao nhién liéu hoa thach (Abakah &
cong sy, 2024; Qing & cdng su, 2024; Chang & cdng sy, 2024; Xiong & cong su, 2023). Nghich Iy nay yéu
ciu cac phan tich thuc chimg cho viéc thiét ké chinh sach, huéng dén viéc hinh thanh mot nén tang twong
hd, bao dam Al va nang luong tai tao co thé cing tién bo mot cach bén viing (Xiong & cong sy, 2023).

Nhiing nghién ctru méi day da phan tich mace do tac dong cta Al va ML Ién linh vuc mdi truong va
thi truong nang lugng. Pang chu y, Tiwari & cong sy (2024) da phan tich mbi quan hé hai chiéu gitra thi
truong Al va thi truong niang lugng bang cac phuong phap Cross-Quantilogram va Wavelet Local Multiple
Correlations. Mac du vay, bé‘mg chung thyc nghiém vé cach muc do tmg dung AI ho tro cac nén kinh té vuot
qua bat 6n nang lugng van con rat han ché. Dac biét, phan 16n tai liéu hién hanh chi méi mé ta mdi quan hé
téng quat, ma chua phan tach dugc tac dong ngin han va dai han. Pdng thoi, co ché truyén din théng qua
d6 Al c6 thé 1am giam, khuéch dai hodc chuyén hudng cac ct sdc nang luong ciing chua duoc phan tich mot
céch hé thong. Khoang tréng nay cho thdy nhu cau cap thiét giai thich day du va toan dién dong luc twong
tac gitra Al va cac cudc khung hoang nang luong.

Tir nhitng khodng trong trén, nghién ciru ciia ching toi c6 it nhat ba dong gop dang ké. Thir nhat, nghién
ctru tién phong kham pha mdi quan hé hai chiéu giira Al va sy bat on phat sinh trén thi truong nang luong.
Thir hai, nghién ctru tng dung phuong phap hiéu qua dé danh gia kha ning truyén sdc giita cac chi sb voi
mo hinh ty hoi quy phéan vi (QVAR) 1am rd mbi lién hé giira su bat 6n cia thi trudong ning lugng va Al Thir
ba, nghién ciru tién phong trong viéc phan tich anh hudng ctia cac su kién bt ngd dén mbi tuong quan gitra
bién dong do Al gay ra va su bat dinh trong linh vuc ning lugng. M6 hinh QVAR cung cép cai nhin da chidu
vé mdi quan hé giita Al va su bit dinh trén thi trudng ning lugng bing cach xac dinh cac con dudng ma cac
¢t sdc cua Al va khing hoang ning luong duoc truyén tai. Cach tiép can nay dong thoi phan tich dugc ca
tac dong ngfin han 1an dai han, tir d6 mang lai co s& phuc vu qua trinh hoach dinh chinh séach.

Céc phan con lai trong nghién ctru dugc sip xép theo thir ty sau: Phan 2 thao luan vé cac nghién ciru trude.
Phan 3 chira thong tin vé dit liéu, ngudn lyc va phuong phap luan. Phan 4 chta s6 liéu thong ké va nhan xét.
Phan 5 tom tit két luan va dua ra cac dé xudt chinh sach.

2. Tong quan nghién ctru

2.1. Nén ting Iy thuyét vé ieng dung AI trong linh vue nang lwong

Liao & cong su (2024) khang dinh ring hoc may (ML) va Al thuc day giam sat, quan 1y va van hanh
hién tai; tich hop nang lwong tai tao, quan ly sy khong chic chin, bat 6n, diéu chinh hoan canh va giam sat
c4c khia canh méi cua luéi dién thong minh déu phu thude vao hé thng dién. Mic du vay, khi 4p dung ML
nham muc dich linh hoat va t6i wu hoa, cac chién luoc méi cling can duoc hop nhat vao co sé ha tﬁng san co.
Diéu nay doi hoi viéc nang cap dong bd ca phan cing 1an phan mém dé dam béo tinh tuong thich va hiéu qua
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van hanh. Hon nita, nang lyc quan tri dit liéu va an ninh mang ciing phai dugc ting cuong nham hd tro trién
khai ML va AI mét cach an toan va bén vimg trong toan bo hé théng nang luong (Wang & cong su, 2024).

Trong bbi canh thé gidi ngay cang dwa vao cac cong nghé s6 dé xir 1y nhiing thach thirc ngy cang phirc
tap, viéc trién khai Al dic biét trong nganh nang lugng phu thudc nhiéu vao tac dong bén ngoai. Vi vay,
can hiéu 13 cac diéu kién dé ap dung Al vira dat duoc hiéu qua va bén viing (Wang & cong su, 2024). Ciing
véi d6, viée tich hop Al voi co so ha tﬁng hién c6, thuong doi hoi tinh kha dung cia dir li¢u cao va cac ti€u
chuan méi 1a rao can khi vira duy tri kién thirc ctia con ngudi vira tan dung téi da Al Hon nita, viéc quan
Iy hé thdng ning lugng doi hoi muc do linh hoat trung binh, c¢6 thé bao gdm viée bd sung ngudn cung cap
ning luong méi hodc diéu chinh theo nhu cau thay d6i (Knéttner & Hofmann, 2024). Du cac yéu td nhu
danh gia hiéu suit va ning luc tuong tic voi nguoi dung chwa duoc quan tdm day du trong nhiéu nghién
clru, ddy van 13 nhitng thanh t6 then chdt dé xay dung cac hé thdng Al hoat dong tin cdy, an toan va cé tinh
bén viing trong dai han.

2.2. Ung dung AI hudng t6i ting cwong sir dung hiéu qud néing lwong

Céu chuyén vé an ninh va bén vimng nang lugng da tro thanh tim diém lo ngai & quy mé toan cau (Gajdzik
& cong su, 2024). Viée gia ting dan sb thé gidi va kinh té toan cau lién tuc mo rong di tao ap luc 16n 1én nhu
ciu tiéu thu ning luong (Gajdzik & cong su, 2024). Song song v6i d6, nhidu nudce ngdy cang coi trong muc
tiéu phat trién xanh va t6i wu héa hiéu qua sir dung niang lugng nhu nhitng wu tién mang tinh chién lugc va
cAp bach. Viéc thiic ddy tang trudng kinh té di d6i v6i giam phat thai, sir dung nang luong tiét kiém va bén
virng duge xem 1a diédu kién then chét dé dam bao an ninh ning lugng, bao vé méi truong va dép tmg cac
cam két quéc té vé khi hau (Chen & cong su, 2023). Déng thoti, viéc thuc hién déng bo cac muc ti€u nay con
g6p phéan nang cao chat luong ting trudng, giam chi phi méi trudng va tao nén tang cho su phat trién kinh
té — x4 hoi hai hoa trong dai han (Gajdzik & cdng su, 2024).

Trudce nhitng thach thie nay, AI dan khiang dinh vi thé nhu mot cong cu then chét trong linh vuc ning
luong, gitip loai bé nhing rio can can tré hi¢u qua van hanh, qua d6 hd trg tién trinh ting truong dai han
(Farghali & cong sy, 2023). Mot tac dong tich cuc khac cia Al 1a kha ning nang cao chat lugng ra quyét
dinh chién lugc trong quan 1y niang luong thong qua phan tich dit liéu quy mé 16n theo thoi gian thuc. Bang
viéc phat hién som cac diém bét thuong, du bao chinh x4c riii ro va mo phong nhiéu kich ban thi truong khac
nhau, Al hd trg cac nha quan 1y dua ra cac quyét dinh kip thoi va hiéu qua hon (Gajdzik & cong su, 2024).
Al mang dén mot cach tiép can da chiéu, tir du bao nhu cau, ti wu hoa san xuét va tiéu thu, dén trién khai
céc hé théng didu khién thong minh (Danish & Senjyu, 2023). Nhitng d6i méi nay mang lai nhiéu loi ich cu
thé, tir viéc cét giam chi phi nang lugng dén giam thiéu anh hudng méi trudng, qua d6 thic day phat trién
bén vitng va tién bo xa hoi (Danish & Senjyu, 2023). Méi lién hé giita Al va hiéu qua ning lugng ngay cang
ndi bat va duge cha y rong rdi boi ca cong dong nghién ciru va cac doanh nghiép trong nganh (Kumari &
Devi, 2022). Tuy nhién, nhu  Ouadah & cong su (2022) va Arumugam & cong su (2022) nhan manh viéc
trién khai AI hiéu qua trong linh vuc nang lugng doi hoi dir liéu dau vao chinh x4c va lya chon ding thuat
toan. Piéu nay phan anh rang viéc ing dung Al nham nang cao hiéu qua ning lugng van dang chiu nhiéu
ap luc va thach thirc dang ké.

2.3. Khodng trong nghién ciru va dong gop ciia nghién ciru

Mic dui cac nghién ctru gan day da bude dau 1am rd vai tro ctia Al trong linh vire méi truong va thi truong
ning luong, bang chimg thuc nghiém vé kha ning Al gitp cac nén kinh té tmg pho véi bat 6n ning lugng
van con han ché. Piac biét, tai liéu hién nay chua phan tach rd tac dong ngén han — dai han cling nhu cac co
ché truyén dan ca sdc ning luong lién quan dén Al Khoang tréng nay cho thiy nhu cdu nghién ctru siu hon
vé dong lyc tuong tac giita Al va cac cudc khing hoang nang lugng.

Xuit phat tir cac khoang trong nghién ctru di duoc chi ra, nghién ciru nay dong gop it nhat ba diém mai
quan trong. Thir nhat, nghién ctru tién phong xem xét mdi quan hé hai chiéu gitra Al va mirc d6 bat 6n trén
thi truong nang lugng. Thir hai, nghién ctru 4p dung mé hinh ty hdi quy phéan vi (QVAR) nhu mét cong cu
hiéu qua dé danh gia co ché truyén dan ct sdc giita cac chi sb, qua d6 1am 15 mdi lién hé gitra sy bat dinh
ctia thi truong ning lugng va AL Thi ba, nghién ctru 1a mot trong nhiing cong trinh dau tién phén tich tac
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dong cua cac su kién bt ngd d6i v6i mbi trong quan giira bién dong do Al gy ra va muc d6 bat dinh trong
linh vyc nang luong.

Théng qua mé hinh QVAR, nghién ctru cung cip mot goc nhin da chiéu vé méi quan hé giita Al va sy bat
dinh trén thi trudng ning luong bang cach xac dinh cac kénh truyén dan cta cu séc Al va cac cudc khung
hoang ning luong. Cach tiép cin nay cho phép phén tich dong thoi ca tac dong ngan han va dai han, tir d6
tao nén tang khoa hoc hitu ich cho qua trinh hoach dinh chinh sach.

Do d6, nhém nghién ctru dé xuat gia thuyét sau:

HI: Viéc trién khai Al trong linh viee nang heong lam giam khiing hodng nang heong va sw bdt on trén thi
truong nang luong.

3. Phwong phap nghién ctru

3.1. Dit liéu

Nghién ctru nay sir dung cac chi s Bat on vé niang luong (EUI) ctia cac qudc gia theo thang két hop giita
bat 6n kinh té va cac chi bao lién quan dén ning lugng (Dang & cong su, 2023). Linh vyc tri tué nhan tao
gdm cac chi s6 nhu Global X Robotics & Artificial Intelligence (BOTZ), iShares Robotics and Artificial
Intelligence Multisector (IRBO) va First Trust Nasdaq Artificial Intelligence and Robotics (ROBT) dé phan
tich bién dong lién quan dén Al va robot. Cac chi s6 BOTZ, IRBO va ROBT dau tu vao cac cong ty ung
dung hiéu qua cong nghé robot va Al Thoi gian nghién ciru kéo dai tir thang 6 ndm 2018 dén thang 10 nam
2022.

3.2. Phwong phdp mé hinh tw héi quy theo phin vi (QVAR)

Theo Antonakakis & cong su (2020) va Chatziantoniou & cdng su (2021), nhom tac gia trudce tién tinh
toan két nbi cap rong bang cach sir dung mé hinh QVAR (p).

ze = () + 8,(D)ze_q + 0,(D)Zpp + - + 9, (T)Zt—p + u. (7). (1
Chting mo ta cac vecto thur sinh bién dbi ndi sinh, theo phan vi cia mot chi bao, d6 dai do tré trong cac mo

hinh QVAR, vecto thir sinh 156i v6i ma trin phuong sai - hiép phwong sai va vecto trung binh c6 diéu kién.
Chién lugc cua Thé gidi duoc sir dung dé chuyén moé hinh QVAR(p) sang QVMA():

p
= @+ ) @+ w @ = p@+ ) 3 e @)
j=1 =

Do d6, nghién ctru udc tinh sy phan tach ciia phuong sai 15i du bao tong quat (GFEVD) (Pesaran & Shin,
1998; Koop & cong su, 1996), 1a tim diém cua k¥ thuat két ndi. Vi GFEVD c6 céu trac chung, ta co thé ap
dung n6 dé cho thdy anh hudng ctia mot cu sde tir chudi j 1én bién i, lién quan dén phuong sai 13i du bao
ctia bién i:

@@} 205 ((Br@Ew),)

3)
Lo(3nE®3(®) i

¥,(0) =

N Y0 @

Y (H) =
J N

k=1 (U)

trong d6 1am rd tac dong ciia chudi j* d6i v6i phuong sai cua sy khong chinh xéc du doan ctia chudi thir

i tai chan troi U. Cac hang sau d6 chudn hoa tong cua chung thdm chi khéng bang mot ma 1a Y Tiép theo,
danh tinh bang cach tiéu chuan hoa sau d6 dugc chuan hoa:
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N v (17 — 3 VN N v — N v (1) — X WIN N v —
Y. Y(0)=1va X X Y (H) = NXL, Y;(0)=1va X Xl Y (H)=N
Trong giai doan sau, tit ca cac bién phap két ndi co thé duoc tinh toan. Pau tién, nhom tac gia tinh toan

két noi cdp mang nhu sau:

] vV (1] T 5

Néu NPDC;;(0) > 0 (NPDC;;(U) < 0) thi chudi j c6 anh hudng 16n hon (it hon) dén chudi i so v6i
bien khac.
Tuy thudc vao két ndi dinh hudéng cua ching, ¢t sdc ddi vai mot chi bao sé co tac dong dén tit ca cac
chi bao khac nhu sau:

N
ro(6)= ), Fi(®) ©
i=1,i%j

Khi mdt chi bao a nhan dugc mot cu sde, tong két ndi dinh huéng FROM cac chi sé khac duoc mo ta
nhu sau:

N
FROM; (1) = Z 7:; (0) ™
i=Ti%)

Vi d6 1a su khéc biét gitta TO va FROM céc hé théng khac, tong két ndi dinh hudng rong co thé dugce coi
1a chudi anh hudng co trén hé théng dang duogc xem xét.

NET;(0) = T0;(0) — FROM;(U) ®
Néu NET, >0 (NET, < 0), moi bién c6 anh hudng déng ké hon (it hon) dén tat ca cac bién khac. Do do,
bién d6 13 bién truyén sbc rong (bién nhan sbc rong). Tong chi s6 két ndi (TCI) do lwdng muc d6 két ndi
trong hé thong nhur sau:

N N
TcI(0) = N1 Z 70;(0) =N1 Z FROM;(U) ©)
i=1 i=1

Do d6, sb lidu cho thdy mot cu sdc trong mot chudi anh hudng dén tit ca cac chudi khac nhu thé nao - rui
ro cta thi truong ting theo gia tri cia né va nguoc lai. Trong tim cua nghién ciru nay 1a danh gia két nbi
mién thoi gian. Ving tan s6 ciing dang dugc danh gia vé tinh két ndi. Nghién ctru ¢6 thé nghién ciru két nbi
trong dai tan s6 thong qua phwong phap phan hity quang phd duoc phat trién boi Stiassny (1996). Ham duoc

kham pha theo cach sau: 3(e™i®) = ¥ e ™" 3y, trongdé i = V-1vaw la tan s tuong tmg véi mat do

u=

quang phd X, cua tan s6 ®. Diéu nay duoc thé hién bang phép bién d6i Fourier ciia QVMA (0):

© . . . (10)
Si@)= ) E(uzip)e ™" = §(emo) ) g(etion)

u= —oo
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Tan s6 GFEVD dugc tinh bang cach két hop mat do quang phd va GFEVD. GFEVD can duoc chuén hoa
trong mién tan sb giéng nhu trong mién thoi gian. Cong thirc sau day c6 thé duoc st dung dé thyc hién diéu
nay:

2
C@} 5 (3w @) | o
(@) = —Se R R 3@ @)y
(12)
Yij (w)

Yij(w) = ST

Trong dq Y; ; ((,u) & cac tan s6 nhat dinh trong pho ciia bién thir i, mot ¢t sdc trong chudi thir j ¢ thé dugce
gan cho phan pho do.

Nhom tac gia tinh két ndi ngan va dai han bang cach két hop tat ca cac tan sd trong mot pham vi nhét dinh
thay vi sir dung mot tan s6 duy nhat, d=(a,b);a,b € (-n,1); a<b:

b
(@ = [ Ty@do
a
13)
Céc phuong trinh cudi cung ctia nhém tac gia dya trén Barunik & Kiehlik (2018) vé cac phép do mién tan
s6 va wéc tinh mién thoi gian cua Diebold & Ylmaz (2012, 2014):

NPDC;(0) = Z NPDC;;(d) 19
d
. (15)
T0;(0) = ) T0i(d)
2
FRoM;(U) = Z FROM;(d) (16)
d
y 17
NET;(0) = » NET(d)
2
(18)

TCI(0) = z TCI(d)
d

Khéc v6i cac mo hinh VAR truyén thdng chi phan anh tac dong trung binh, mé hinh QVAR cho phép phéan
tich mdi quan hé dong giita AI va bat on thi truong nang lugng dudi cac trang thi rii ro khac nhau cua thi
truong. Mdi phan vi dugc dién giai nhu mot trang thai riéng biét, tir diéu kién 6n dinh (cac phan vi thap) dén
cac giai doan cing thiang hoic khing hoang (cac phan vi cao). Cach tiép can nay dac biét phi hop trong bdi
canh thi truong ning luong chiu cac ct sdc bat dbi ximg, noi phan tng cua thi truong doi véi Al thay doi
theo muc d9 bat on. Do d6, QVAR gilip 1am rd cach cac ¢t sdc cong nghé lan truyén khac nhau giita cac
trang thai thi truong.

Trong nghién ctru nay, mé hinh QVAR dugc str dung dé nhan dién co ché truyén dan ct sdc hai chiéu
giira cac chi sb Al va bat 6n nang luong thong qua phan rd phuong sai sai s6 du bao tong quat theo phan vi
(GFEVD). Viéc két hgp QVAR v&i khung phan tich két ndi cho phép xac dinh vai trd truyén soc rong hodc
nhan séc rong cua Al dudi cac diéu kién thi trudng khac nhau. Nho d6, mé hinh 1am rd tinh bat dbi xtmg va
phu thudc trang thai ciia mbi quan hé Al-thi truong ning luong, vuot ra ngoai cac két qua trung binh cua
cac nghién cuu trudc.
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4. Két qua va thao luin
4.1. Thong ké mé ti
Hinh 1 minh hoa loi nhuan cua céc chi s, trong do bét on vé nang lugng bién dong cao nhat. Téc d6 tdng
ctia chi s6 ndy gia tang on dinh cho dén khoang nam 2020, kém theo céc giao dong dang ké, trudc khi dat
dinh vao cubi nam 2022 va sau d6 suy giam. Xu huéng nay duoc cho la do cac cude khung hoang nhu dai
Hinh 1. Téc d9 ting truong

EUI BOTZ IRBO
30 30

40

T T T T T T T T T T T T
2019 ZDZGR BZ_[|)_21 2022 2018 2020 2021 2022 2019 2020 2021 2022

30

20

-30

2019 2020 2021 2022

dich COVID-19 va cing thang giita Nga va Ukraine. Nguoc lai, BOTZ, IRBO va ROBT cho thdy mirc bién
dong twong d6i 6n dinh trong khoang tir -20 dén 20, véi bién dong dang ké trong nira cudi ndm 2019 dén
dau nam 2020.

Bang 1 cho théy tit ca cac chudi co ting trudng trung binh dwong, ngoai trir BOTZ. Pong thoi, EUI va
ROBT phan phéi phi chuan (non-normal distribution) theo xac dinh cua Jarque & Bera (1980). Viéc ap

Bang 1. Thong ké mé ta

EUI BOTZ IRBO ROBT
Mean 0,574 -0,306 0,029 0,324
(0,860) (0,759) (0,976) (0,731)
Variance 541,821 50,942 46,569 45,655
Skewness 0,726** -0,659** -0,613* -1, 11 1%%*
(0,028) (0,043) (0,058) (0,002)
Ex.Kurtosis 0,736 0,079 0,210 2,597%**
(0,163) (0,586) (0,458) (0,006)
JB 5,744% 3,780 3,349 25,307%**
(0,057) (0,151) (0,187) (0,000)
ERS -2,853 %% -2,156%* -1,986* 22,251 %
(0,007) (0,037) (0,054) (0,030)
Q(20) 25,762 %% 11,190 12,591 8,237
(0,001) (0,383) (0,262) (0,700)
Q2(20) 5,539 4,537 5,724 2,887
(0,930) (0,972) (0,920) (0,998)
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dung kiém dinh nghiém don vi ERS (Elliott & cdng su, 1996) tiép tuc xac nhan tinh dung (stationarity) cia
tat ca cc chi s6. Tuy nhién, két qua trd nén phtrc tap hon khi kiém dinh portmanteau c6 trong sb (Fisher &
Gallagher, 2012) cho thiy hién tuong ty trong quan (autocorrelation) chi anh huéng dén loi nhudn trong Chi
s6 Bat 6n vé Nang luong (EUI). Nhing phat hién nay cung cap bang chimg thuyét phuc vé viéc ap dung M6
hinh tu hdi quy phéan vi (QVAR) dé danh gia mdi quan hé giira bat 6n vé ning luong va Al

4.2. Két qud mé hinh

Bang 2 trinh bay trung binh két ndi chung. Phan dudng chéo trong bang nay do luong bién dong ctia mot
bién theo sc ciia chinh bién dé, con cac thanh phan khac c6 hai y nghia. Thir nhat 1a tac dong cua bién sd
nay ddi voi thay doi cua cac bién sé khac (FROM). Thit hai 14 tic dong ciia cac bién sb khéc téi bién dong
ctia bién s6 dang xét (TO). Cu thé, trong Bang 2, cac hang biéu thi tac dong cua timg chi s riéng 1é dbi véi
phuong sai sai s6 dyu doan cta mot chi sb, con cac cot thé hién anh hudng cia chi s6 do ddi voi tat ca céc
chi s6 khac.

Trong Phin A cta Bang 2, gi tri trung binh ctua TCI 13 68,28% chi ra su lan truyén bién dong giira thi
truong nang luong va Al giai thich 68,28% su bién dong cia thi truong. Nhu vay, khoang hon 30% su thay

Hinh 2. Trung binh két ndi chung

Phin A: Toan bd méu

EUI BOTZ IRBO ROBT FROM
EUI 38,83 24,95 17,20 19,03 61,17
BOTZ 17,68 33,80 22,66 25,87 66,20
IRBO 18,43 30,04 26,94 24.59 73,06
ROBT 18,03 30,52 24,13 27,32 72,68
TO 54,15 85,50 63,98 69,48 TCI
NET 7,02 19,30 9,07 3,20 68,28

Phén B: 1-5

EUI BOTZ IRBO ROBT FROM
EUI 36,21 20,12 15,21 15,86 51,20
BOTZ 13,94 21,42 16,26 17,07 47,27
IRBO 14,11 19,37 19,30 16,27 49,75
ROBT 12,52 17,43 14,73 15,74 44,68
TO 40,57 56,92 46,21 4920 TCI
NET -10,63 9,65 3,54 4,52 48723

Phén C: 5-inf

EUI BOTZ IRBO ROBT FROM
EUI 2,62 4,82 1,98 3,17 9,98
BOTZ 3,74 12,38 6,39 8,30 18,93
IRBO 432 10,67 7,64 8,32 23,31
ROBT 5,52 13,09 9,40 11,58 28,00
TO 13,58 28,58 17,77 20,28 TCI
NET 3,60 9,65 -5,53 7,72 20,05

d6i phuong sai 1a do su bién dong ciia chinh bién d6. BOTZ 1a chi s6 Al truyén sdc rong chinh trén thi
truong. Trong khi d6, IRBO, su bit on ctia thi truong nang luong va ROBT déng vai trd nhan soc rong theo
murc 36 giam dan.

M3i chi s6 ¢6 vai tro khac nhau trong ngén han va dai han. Téng két ndi trung binh (TCI) trong ngan han
cho thdy sy lan truyén sdc giita cac chi sé giai thich 48,23% su bién dong chung. Tuy nhién, trong dai han,
chi s6 nay giam dot bién con 20,05%. Két qua nay ching t6 rang sy lan truyén soc giira bat 6n ning lugng
va Al trong ngan han thuong 16n hon so véi dai han. BOTZ giit nguyén vai trod truyén sdc rong va IRBO van
nhén séc rong trong ca hai thoi ki. Bén canh d0, su bt 6n cua thi truong nang luong lai chuyén tr nhan sdc

rong sang truyén sc rong trong dai han. Trong khi ROBT ¢6 vai tro ddi 1ap EUL
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Hinh 2 trinh bay tong két ndi theo phan vi. Mau sic dam hon trén biéu d6 cho thay mirc d¢ két ndi 1on
hon. Ngoai ra, mtc phan vi 50% c6 téng két ndi 6n dinh trong toan bo mau. Dai mau trén truc tung thé hién

thoi diém rii ro khac nhau giita cac phan vi, diéu nay c6 thé cho thay khiing hoang kinh té tong quat. Cac

Hinh 3. Két ndi rong thay doi theo thoi gian: QVAR
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Hinh 4. Két ndi rong theo phan vi: QVAR
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thoi diém nbi bat nhu dich COVID-19 bét dau tir ndm 2020 va cude chién Ukraine-Nga bung phat vao ngay
24 thang 2 nam 2022 c¢6 mau cam dam hon & tit ca phan vi. Tinh lién két xung quanh gia tri trung binh cua
truc y ddi xtmg cho thdy murc do lan truyén sdc giita thi truong ning lugng va Al tré nén manh mé trong ca
diéu kién thi truong binh 6n 13n khi x4y ra khing hoang.

Trong nghién ctru vé tinh két ni, vai tro truyén sdc rong cta cac bién rat quan trong v4i nha quan 1y rui
ro va nha dau tu. Két ndi rong trong ngin han cho thdy mot chi s6 dong vai tro truyén séc rong hodc nhan
soc rong. Nguoc lai, co ché lan truyén trong dai han cung cap ci nhin tong quan. Nghién ctru phan tich tong
két ndi rong trong ca hai thoi ki. Cac chi s6 dong vai tro khac nhau trong nhiing thoi diém khac nhau trong
Hinh 3. Vai trd cta su bat on trén thi truong nang lugng trong ngén han vuot trdi trong dai han. Su bién
dong ning lwong chi yéu nhan sbc rong tir 2020 t6i 2022 trir mot thoi gian ngin truyén sbc rong vao nim
2019 va giita nam 2021. Trong khi d6, BOTZ chu yéu dong vai trd truyén sdc rong dbi lap véi EUI trong
ca ngén han va dai han. IRBO va ROBT chu yéu dong vai tro nhan sdc rong trong dai han tir 2019 téi dau
2022. Nguoc lai, trong ngian han, IRBO va ROBT nhén sbc rong trude ndm 2020 va nira cudi nam 2021 va
chuyén sang truyén sdc rong trong giai doan 2020 - giita 2021. Tir nim 2022, IRBO chuyén sang nhén soc
rong con ROBT dong vai tro nguoc lai.

Tiép theo, két ndi rong theo phan vi dugc trinh bay trong Hinh 5. Trén cac biéu dd nay, cic mau 4m hon
cho thdy vai tro truyén soc rong va nguogc lai. Cac chi sd gia ting nhan va truyén sdc rong & phan vi trén
80%. Cac cudc khung khoang trong giai doan 2020-2021 (sau COVID-19) va 2022 (Khtung hoang Nga -

Hinh 5. Két ndi theo cip rong thay déi theo thoi gian
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Ukraine) c6 tac dong dang ké. Dau tién, bat on trén thi truong nang lugng cha yéu nhéan sdc rong trong nim
2020 ¢ tit ca phan vi va & phan vi dudi 20% va trén 80% vao nam 2022. Trong khi d6, bat on ning luong
truyén sbc rong trén tt ca phan vi nim 2019 va truyén sdc rong manh m& nam 2021 & phén vi trén 60%.
BOTZ, IRBO, ROBT chui yéu truyén soc rong trén tat ca cac phan vi trong nam 2020 va 2022. Trong khi do,
cac chi s6 nay nhan soc rong & cac phan vi dudi 20% va trén 80% trong nam 2021.

Cubi cing, két ndi theo cap lam rd vai tro cua ting chi s6 ddi voi cac chi s6 khac. Dic biét, dbi voi bt 6n
nang luong, két ndi theo cap trong dai han da phéan tring véi xu huéng trong ngan han. Bt 6n ning lugng
da phan bi chi phdi boi cac chi s6 Al nhu BOTZ, IRBO, ROBT tir 2020 t6i ddu nam 2021 va tir cudi 2021
t61 cudi 2022. Trong khi d6, vao giira nam 2019 va gitra nam 2021, bat 6n nang luong chi phdi nguoc lai cac
chi sb AL Noi cach khac, Al dong vai tro quan trong trong viéc 6n dinh bién dong nang luong trong ca ngin
han va dai han. Két qua nghién ctru ndy da cung cap bang chung thuc nghiém ung ho gia thuyét H1 duogc
xay dung trude d6. Tac dong ciia AI ddi voi bat on nang lugng bao gdm ca hai chiéu. Vé mit tiéu cuc, theo
World Economic Forum (2025), tinh thé nan giai vé ning lugng lién quan dén cac cong nghé Al di lam diy
1én méi lo ngai ngay cang tang, do cac hoat dong clia trung tim Al - nhu huén luyén cac mo hinh Al 16n va
duy tri cac twong tac Al - dic biét tiéu ton ning luong, tao ra nhitng lo ngai ddng thoi vé tiéu ton ning luong
va tai nguyén. Dy bao dén nam 2028, muc tiéu thu dién lién quan dén AI c6 thé tang lén tur 14 dén 18,7 GW
dit ra thach thirc d6i voi hé théng dién (Statista, 2023).

Mit khac, Al ciing gitip cac cong ty san xudt tdi uu hoa ning luong va nang cao hiéu qua hoat dong (Liu
& cong su, 2022). Gia tri thi truong ctia Al trong linh vuc nang lugng co6 thé dat t6i 13 ty USD, nhan manh
tdc d6 dwoc ap dung nhanh chong trong toan bo chudi cung tmg, quan 1y tai nguyén va van hanh (Chapman
& cong su, 2025). Uy ban Chau Au da xac dinh “chuyén doi kép” (twin transition), coi tién trinh huéng toi
nang luong sach va Al 14 song song va mang tinh b trg 13n nhau (Tabares & cong su, 2025).

Bén canh do, c6 mdi quan ngai 16n lién quan dén sy bat can xung trong toc d6 phat trién Al giita nhom
cac qubc gia va lam tram trong thém khoang cach cong nghé toan cau. Hién nay, cic nudc phat trién giir vi
thé tién phong trong cudc dua Al nhiéu qudc gia dang phat trién c6 nguy co tut lai phia sau va bi phu thudc
cong nghé, thim chi bi xem nhu nhitng “viing ngoai vi cong nghé” trong trat tu kinh té s méi (Alonso &
cong su, 2020; Fan & Quiang, 2024).

5. Két luin va giai phap

Nghién ciru str dung mo hinh QVAR dé danh gia mirc d6 lan truyén rii ro giira bat 6n nang luong va cac
chi s6 AI tir thang 6/2018 t6i thang 10/2022. Nghién ciru chimg minh su thay ddi theo thoi gian ciia mirc do
lan truyén rui ro khi bung phat COVID-19 va khiing hoang Nga-Ukraine, bét 6n trén thi truong ning lugng
chu yéu nhén sbc rong trong nam 2020 & tat ca phan vi va & phan vi dudi 20% va trén 80% vao nim 2022.
Trong khi d6, bat 6n niang lugng truyén sdc rong trén tit ca phan vi nam 2019 va truyén séc rong manh mé
nim 2021 & phan vi trén 60%. Két ndi theo cip cho thiy bat 6n ning lwong da phan bi chi phdi bai cac chi
s6 Al nhu BOTZ, IRBO, ROBT tir 2020 t6i dau ndm 2021 va tir cudi 2021 t&i cudi 2022. Trong khi d6, vao
giita ndm 2019 va giira nam 2021, bat on ning lugng chi phdi nguoc lai cac chi s6 AL Néi cach khac, Al ¢6
trach nhiém da déng vai trd quan trong trong viéc 6n dinh bién dong ning luong trong ca ngan han va dai
han. AI s& déng vai trd then chdt trong viée t6i wu hoa tai nguyén va du bao gia ca. Sy mo rong cta Al doi
hoi sy gidm sat quy dinh chat ch& hon, cac chinh sach thic déy viéc ung dung Al mot cach c6 dao dtc, cling
nhu cac can thiép thi truong dya trén Al nham ting cuong an ninh nang lugng.

Nghién ciru ndy c6 dong gdp quan trong ca vé mit 1y thuyét 1an thuc tién déi véi lién két dong giira Al
va an ninh nang luong. V& mit 1y thuyét, bang viéc tién phong tmg dung mé hinh QVAR, nghién ctru da
lam sang to dic tinh phi tuyén, bat dbi ximg theo bdi canh thi trudng cua co ché lan truyén rii ro. Thay vi
chi tap trung vao tac dong trung binh, nghién ctru chi ra rang vai tro ciia bat 6n ning luong co thé thay doi
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linh hoat tir nhdn sbc sang truyén sbc tity theo cac didu kién thi truong & nhitng phan vi cuc doan khi xay ra
khung hoang.

V& mit thuc tién, nghién ctru goi y cho nha dau tu dic biét trong viéc thiét ké cac chién lugc da dang hoa
danh muc va quan tri rui ro theo hudng hiéu qua va thich tmg hon véi bién dong. Pbi voi gidi hoach dinh
chinh sach, két qua 1am ndi bat nhu cau xay dung mot co ché gidm sat va diéu hanh, vira tao diéu kién cho
Al phét huy vai trd 6n dinh hé thong, vira giam thiéu nguy co rai ro mang tinh lan truyén do sy gan két ngay
cang sau gitra cong nghé va thi truong nang luong.

Duya trén cac két qua vé két ndi dong giira Al va thi truong nang luong dic biét trong cac cudc khing
hoang, mot s6 ham y chinh sach duoc dé xuét nhu sau. Trude hét, can xay dung mdt khuon khd giam sat
rui ro hé théng mang tinh linh hoat, trong d6 ap dung cac chi s6 canh béo s6m dua trén phan vi nham nhan
dién kip thoi nguy co lan truyén rui ro. Ngoai ra, dé tin dung vai trd 6n dinh cta cong nghé, chinh sach can
chu dong thuc day doi mdi Al ¢6 trach nhiém thong qua cac co ché hd trg nghién ciru - phét trién (R&D) va
md hinh thir nghiém phap 1y (sandbox), dic biét wu tién cac giai phap gop phan giam thiéu bién dong trong
linh vuc nang lugng.

Loi thira nhan/cam on: Nghién ciru nay duoc tai tro boi Quy Phat trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong dé tai ma s6 502.01-2023.25.
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