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Toém tat:

Nghzen cveu su dung mo hinh TVP-VAR dé xem xét moi quan hé¢ giita tri tu¢ nhdn tao co trach nhiém
va bt on trén thi truong ning lwong tir ngay 11 thang 2 nam 2018 dén ngay 11 thang 2 nam 2025.
Nghién citu chu*ng minh sy thay doi theo thoi glan cua mirc do lan truyén rui ro khi bung phat
COVID-19 va khing hoang Nga Ukraine. Két noi rong cho thay tri tué nhan tao co trach nhiém chu
yeu dong vai tro truyen soc rong twr gnm 2019 dén hét 2023. Nguoc lai, chi s6 nay chuyen sang nhdn
soc rong nira dau nam 2019 va ti nam 2024 tro di. Nang lwong tdi tao giir vai tro truyen soc rong
trong toan bo mdu, dac biét tir 2022 tro di. Két noi theo cdp cho thdy tri tué nhén tao cé trach nhiém
chu yéu chi phoz nang lwong tdi tao giai doan 2020-2021 va gzu"a 2022-2023. Noi cach khac, tri tué
nhdn tao co trach nhiém da dong vai tro quan trong trong viéc on dinh bién déng nang luong trong
ngdn han ciing nhu trong dai han, toi wu héa tai nguyen va dy bdo gia ca. Suw mo rong cua tri tué
nhan tao doi hoi sy gzam sat quy dinh chat ché hon, cac chinh sach thic day viéc iing dung tri tué
nhén tao mét cach cé dao dirc, ciing nhw cdc can thiép thi truong nham tang cuong an ninh nang
luong.

Tir khéa: TVP-VAR, tri tu¢ nhan tao c6 trach nhiém, bién dong thi trudng ning luong tai tao, bién
dong toan cau.

Ma JEL: C22, H1.

Responsible Al development and energy market volatility: A dynamic analysis using the TVP-
VAR model

Abstract

This study employs the Time-Varying Parameter Vector Autoregression (TVP-VAR) model to assess
the influence of Responsible Artificial Intelligence on energy market, using data from February 11,
2018, to February 11, 2025. The research demonstrates the time-varying nature of risk spillovers,
which intensified during the outbreak of the COVID-19 pandemic and the Russia-Ukraine crisis.
The net-connectedness analysis indicates that Responsible Artificial Intelligence primarily acted
as a net shock transmitter from mid-2019 to the end of 2023. In contrast, it transitioned to a net
shock receiver during the first half of 2019 and from 2024 onwards. Notably, renewable energy
consistently served as a net shock transmitter throughout the entire sample period, with this role
becoming particularly pronounced from 2022 onwards. Pairwise connectedness reveals that
Responsible Artificial Intelligence exerted a dominant influence on the renewable energy indices,
especially during the 2020-2021 and mid-2022 to mid-2023 periods. In other words, these findings
suggest that Responsible Al has played a crucial role in stabilizing energy volatility in both the
short and long term. Looking forward, Artificial Intelligence is poised to be a key instrument for
resource optimization and price forecasting. The expansion of Artificial Intelligence necessitates
stricter regulatory oversight, policies that promote the ethical application of Artificial Intelligence
aimed at enhancing energy security.

Keywords: TVP-VAR, Responsible artificial intelligence, Energy market instability, Global
uncertainty.
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1. Giéi thiéu

Trong bdi canh khing hoang khi hau va bat on dia chinh tri ngiy cang gia ting, qua trinh chuyén dich
sang nang luong tai tao da vuot qua muyc ti€u moi truong don thuan dé tré thanh mot ménh 1énh chién lugc
dbi vé6i an ninh va kinh té toan cau. Trong khi d6, xung dot Nga-Ukraine 1a mot minh ching rd nét, khi su
gian doan ngudn cung da boc 16 muc do ton thwong ning lwong nghiém trong cua chau Au, budc cac qubc
gia phai cap toc da dang hoa va day nhanh qua trinh chuyén d6i xanh khong chi vi khi hau ma con vi an ninh
quéc gia (Chen & cong su, 2024). Vi vay, cac chién lugc chuyén d6i xanh hién dai phai duoc thiét ké mot
cach hiéu qua, khong chi nhim ting cudng san lugng ning lugng sach ma con phai xac dinh va thao g& cac
rao can, dong thoi cing cb cac dong luc dé giam thiéu bat 6n (Dong & cong su, 2024).

Tri tué nhan tao (AI) dang tré thanh mot tac nhan quan trong trong qua trinh chuyén déi ctia nganh ning
lwong, vuot ra khoi vai trd ciia mot cong cu cong nghé don thuin dé tré thanh nén tang hd tro hinh thanh cac
mo hinh thi truong nang lwong maéi. Nho kha nang phan tich dit liu 16n va hoc may, tri tu¢ nhan tao gitp
t6i wu hoa chudi cung g ning lugng, du bao nhu cau véi d6 chinh xac cao va quan 1y hiéu qua tinh bién
dong cua cac ngudn ning lugng tai tao (Ahmad & cong sy, 2021). Bén canh do, viéc (mg dung tri tué nhan
tao trong diéu phéi ludi dién thong minh va tich hgp cic ngudn ning lugng phan tan gop phan nang cao hi¢u
qua van hanh cta hé théng ning luong. Tir goc do tai chinh, tri tué nhan tao con hd tro du bao bién dong
gi4 va gian doan ngudn cung, qua d6 cai thién kha ning quan trj rai ro va thu hit diu tu cho cac du 4n ning
lwong xanh (Olson, 2024; Qiu & Zhao, 2024).

Giao diém gitra tri tué nhén tao c6 trach nhiém (REAI) va chuyén dich ning luong tai tao ngdy cang try
nén quan trong ddi v&i an ninh ning lugng va phat trién bén viing. Tuy nhién, viéc trién khai hai linh vuc
nay van d6i mat v&i nhiu thach thire nhu van dé chét lugng dit li€u, tinh minh bach cua cac thuét toan “hop
den” va sy phan manh trong quan tri ning luong. Trong bdi canh d6, nghién ciru nay dinh lugng tac dong
cia REAI dbi v6i qua trinh chuyén dich ning lwong tai tao. Sir dung cac phwong phép kinh té luong trén b
dit liéu giai doan 2018-2025, nghién ctru phén tich cac mdi lién két va sy lan truyén bién dong giita hai linh
vue, qua d6 cung cap bang chimg thuc nghiém hd trg viéc xay dung cac chinh sach thuc day chuyén doi sd
va chuyén d6i nang lugng mot cach hidu qua.

Nghién ctru dong gbp cho tai liéu hién c6 theo ba hudng chinh. Thir nhat, nghién ciru xem xét mdi lién hé
giita REAI va sy bat 6n trén thi truong ning lugng tai tao. Thir hai, nghién ctru xay dung mot khung phan
tich phit hop dé danh gia cac mdi lién két bién dong giita REAI va thi truong ning lugng thong qua viée
4p dung phuong phap do ludng két ndi tién tién. Thir ba, nghién ctru phan tich tac dong cta cac ch sdc bat
ngd, nhu khing hoang kinh té hodc ning lugng, ddi véi mbi quan hé giita REAI va sy bat 6n cia thi trudng
ning lugng. Cach tiép c4n nay gitp lam rd cac kénh lan truyén bién dong trong ca ngén han va dai han, tir
d6 cung cap nhitng ham ¥ quan trong cho cac nha hoach dinh chinh sach trong viéc thiét ké cac chinh sach
kinh té va ning luong bén viing.

N6i dung nghién ctru nhu sau: Phan 2 trinh bay co so 1 ludn. Phin 3 trinh bay vé dit lidu va phuong phap
nghién ciru. Phan 4 1a két qua. Phan 5 tom tit két luan va dua ra cac khuyén nghi chinh sach.

2. Co s6'ly luian

2.1. Khdi niém va sw phdt trién khdi nigm vé tri tué nhén tao c6 trdach nhigm

2.1.1. Khai niém

REAI la cach tiép can trong viéc thiét ké, phat trién va trién khai cac hé théng tri tué nhan tao bao dam
rang cac hé thong nay hoat dong phu hop véi cac gia tri dao dirc, chuan myc xa hoi va cac quy dinh phap
Iy. Theo Dignum (2019), REAI nhdn manh ring viéc phat trién cac hé thong tri tu¢ nhan tao khong chi tap
trung vao hiéu qua k¥ thuat ma con phai xem xét cac yéu t6 nhu tinh minh bach, cong bang, kha ning giai
thich va trach nhiém giai trinh ctia hé thong. Cach tiép can ndy yéu cau cac t6 chirc va nha phat trién tich hop
cac nguyén tac dao duc vao toan bd vong doi cua hé théng tri tu¢ nhan tao, tir giai doan thiét ké, phat trién,
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trién khai cho dén giam sat va danh gia sau khi ap dung.

Bén canh d6, Floridi & cdng su (2018) cho ré“lng REALI 1a khuon kho nhidm bao dam r?mg viéc phat trién
va st dung cac hé théng tri tué nhan tao mang lai lgi ich cho con nguoi va xa hdi, déng thoi giam thiéu cac
riii ro tiém 4n nhu thién léch thuat toan, vi pham quyén riéng tu va cac tac dong tiéu cuc khac. Theo quan
diém nay, REAI khong chi lién quan dén khia canh k¥ thuat ma con bao gdm cac yéu tb quan tri, dao dirc va
trach nhiém x3 hoi cua céc td chirc phat trién va ung dung tri tué nhan tao. Vi vay, cach tiép can nay duogc
xem la nén tdng quan trong dé xay dung cac hé théng tri tu€ nhan tao dang tin cay, minh bach va phuc vu
lgi ich chung cia xa hoi.

2.1.2. Sy phat trién khai niém vé tri tué nhdn tqo co trach nhiém

Viéce tich hop tri tu€ nhan tao c6 trach nhiém (REAI) vao linh vuc nang lugng tao ra ca co hoi tdi wu hoa
va nhiéu thach thirc vé dao dirc, quan tri va tinh bén vimg. Mot vin dé quan trong 13 sy danh d6i gitta nhu
cau st dung dir lidu 16n dé nang cao hiéu qua thuét toan va yéu ciu bao vé quyén riéng tu cling nhu an ninh
dir liéu. Thach thirc nay cang ro rét do tinh “hop den” cia nhiéu hé théng tri tu¢ nhén tao va sy phan manh
trong quan tri nganh nang lugng, khién viéc thiét lap co ché trach nhiém tré nén kho khan. Ngoai ra, ning
luc tinh toan 16n cua REAI c6 thé 1am gia ting tiéu thu ning luong va phat thai carbon. Do d6, dé REAI
thuc sy phat huy vai tro tich cuc, can mot cach tiép can chu dong nham tai cdu trac hé sinh thai nang luong
va tich hop tri tu¢ nhan tao theo hudng minh bach, cé trach nhiém va hd trg cac muc tiéu nhu an ninh nang
lugng va cong bang xa hoi.

2.2. Tri tué nhan tao co trach nhiém va thi trwong ndng lwong

Tri tu¢ nhan tao dang ngay cang duoc codng nhan 1a mot tdc nhan xic tac quan trong trong qua trinh
chuyén dich huéng t6i cac hé théng ning lugng bén vimg. Bang cach t6i uu héa quy trinh san xuét, quan
ly tai nguyén va tu dong hoa cac chudi cung tmg phirc tap, tri tu¢ nhan tao mang lai tiém ning to 16n trong
viéc ning cao hiéu qua va giam thiéu lang phi ning luong, qua d6 dong gop truc tiép vao cac muc tiéu giam
phat thai carbon (Olson, 2024; Zhu & cdng su, 2025). Cac bang chimg thyc tién cho thiy cong nghé nay co
thé cat giam déng ké muc tiéu thu ning luong, cling ¢d vai trd ciia né nhur mét try cot trong cac chién lugc
an ninh ning luong va giam thiéu bién ddi khi hau (Olson, 2024; Qiu & Zhao, 2024). Tuy nhién, cac nghién
ctru hoc thuat gan day da vuot qua goc nhin ban diu v& mot mdi quan hé tich cuc va tuyén tinh don thuin.
Hau hét cac nghién ctru nay phat hién ra rang viéc trién khai tri tué nhan tao c6 tac dong tich cuc va tuyén
tinh ddi v6i cac hé thong ning luong. Chang han, nghién ctru di ching minh rang tri tué nhéan tao c6 thé
thic day dang ké su phat trién cia nang lugng sach (Zhao & cong sy, 2024), giam mic tiéu thu nang luong
(Liu & cong sy, 2021), tang hi€u qua (Song & cdng sy, 2024), giam cuong dd nang lugng (Liu & cdng sy,
2021), giam tinh trang thiéu hut ning luong (Ding & cong su, 2024) va ting cudong do bén ciia chudi cung
ung nang lugng sach (Song & cdng su, 2024). Hon nira, cac nghién ctru chi ra r?mg tac dong cua tri tu€ nhan
tao ddi véi cac hé thong ning lwong khong phai 13 tuyén tinh. Vi du, Lee & Yan (2024) phat hién rang tri tué
nhan tao c6 mbi quan hé phi tuyén véi sy phat trién ciia nang luong sach dua trén dit liéu tir Trung Qudc.
Theo Tian & cdng su (2024), tri tu¢ nhan tao tdc dong khong déng déu dén viéc st dung nang lugng sach.

Theo Gatto & Busato (2020), chi sé ton thuong ning luong (EVI) do luong mirc dd nhay cam ciia mot
qudc gia trudc cac thay doi vé chinh sach dién, bién dong gid va gidn doan ngudn cung ning lugng, dong
thoi phan anh tac dong ciia cac ct sdc ning luong d6i v6i hé thong kinh té — xa hoi. Cac nghién ciru vé EVI
chu yéu tap trung theo hai hudéng. Hudng thir nhit danh gia va xay dung chi sé EVI, coi ddy 1a mot chi sb
da chiéu phan anh mirc d6 d& bi t6n thuong ciia hé thong ning luong (Liu & Sheng, 2024). Ngoai ra, cic
nghién ctru khac thuong st dung cac chi tiéu nhu cudng dd nang luong, muc ti€u thu nang luwong, kha nang
tiép can niang lugng, hidu qua ning luong va an ninh ning lugng dé do ludng EVI ¢ nhiéu cép do cia hé
thong ning lugng (Dong & cong sy, 2024).

Muc ti€u chinh cia nhém nghién ctru thtr hai 1a xem xét cac bién s6 anh hudng dén chi s6 EVI. Trong
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) nay, chi mgt vai nghién ctru da tryc tiép xem Xét cac yéu td tac dong dén EVI, chéng han nhu nén kinh
té dya trén internet (Dong & cong s, 2024) va tai chinh khi hau (Njangang & cong s, 2024). Hau hét cac
nghién ctru tap trung vao viéc phén tich cac bién s anh hudng dén cac chi sé phu ciia EVI. Céc tai liéu
hién ¢6 chu yéu duoc trinh bay & cép do cong nghé va ddi méi sang tao, vi tri tué nhan tao la trong tam cua
nghién ctru ndy. Cac nghién ctru da xem xét tac dong ctia cong nghé sd, tién bo trong cong nghé thong tin va
truyén thong (ICT), va phat trién k¥ thuat (Xu & cong su, 2024) ddi voi viée sir dung niang lugng va cuong
d6 sir dung ning luong. Ngoai ra, cic nghién ciru di chi ra ring cic ung dung ICT va d6i méi k¥ thuat co
thé giam muc tiéu thy nang luong tong thé (Zheng & cong sy, 2022) va hd tro phat trién ning luong sach
(Ebaidalla, 2024).

Mic du cac nghién ctru trude day di xem xét tac dong cia tién bd cong nghé dbi voi cac hé théng ning
lugng, chiing chu yéu tap trung vao mot khia canh cua EVI: sir dung niang luong va hiéu qua ning lugng.
Tuy nhién, cac tai liéu ly thuyét va thuc nghiém vé moi lién hé gitra tri tu€ nhén tao va tinh dé bi ton thuong
clia toan bd hé thong ning lugng van con thiéu. Dé xem xét ki ludng hon vai tro va rii ro ctia tri tué¢ nhan
tao trong nganh ning luong, cin ting cudng nghién clru vé cic tic dong tiém tang cta tri tué nhan tao ddi
v6i tinh d& bi ton thuong ning lugng, dic biét trong bdi canh cac hé thong ning luong ngiy cang trd nén
phure tap va phu thudc vao cong nghé.

2.3. Muyc tiéu va gii thuyét nghién ciru

Dua trén cac lap luan Iy thuyét va cac nghién ctru trude day vé mdi quan hé giita tri tué nhén tao c6 trach
nhiém (REAI) va thi trudng niang luong, nghién ciru nay hudng toi muyc tiéu phan tich sy lan truyén bién
dong giita hai linh vuc nay. Cu thé, nghién ciru xem xét vai tro cia REAI trong viéc on dinh thi truong ning
lwong, ciing nhu phan tng ciia linh vyc tri tué nhan tao trudc cac ct séc nang lugng. Tir d6, nghién ctru dé
xuét hai gia thuyét sau:

HI1: Sy phat trién cia REAI lam giam bat 6n xay ra trén thi truong ning lugng.

H2: Su gia tang bét on trén thi truong ning lugng din dén viée ting cuong ap dung tri tué nhan tao c6
trach nhiém.

3. M hinh va s liéu

3.1. M6 ta 56 ligu

Nghién ctru sir dung dir liéu theo ngay, trong d6 Amundi MSCI Robotics & AI ESG Screened UCITS ETF
(REAI) dai dién cho bién REAL iShares Global Clean Energy ETF (ICLN), Invesco Solar ETF (TAN), First
Trust Global Wind Energy ETF (FAN), Natural Gas Mar 25 (NGF), va Crude Oil Mar 25 (OIL) lan luot dai
dién cho cac bién 1a nang lugng sach, nang lwgng mat troi, nang luong giod, khi ty nhién va dau tho tir ngay
11 thang 2 nim 2018 dén ngay 11 thang 2 ndm 2025. Cac chi s ETF va hop dong twong lai nay phan anh
bién dong gia va ky vong ciia nha dau tu dbi véi cac nganh ning luong twong tmg trén thi truong tai chinh.
Khi c6 cac ¢t soc kinh té, dia chinh tri hodc thay d6i chinh sach ning luong, gia clia céc tai san nay thuong
bién dong manh, qua d6 phan 4nh muc do bat 6n cia thi truong nang lugng. Cu thé, ICLN theo ddi hidu suit
clia cac cong ty ning luong sach trén toan cau, do d6 phan anh muc do bién dong cua linh vire ning luong
tai tao néi chung. TAN tap trung vao cac doanh nghiép hoat dong trong nganh nang lugong mat troi, vi vay
su thay d6i gia ciia ETF nay thé hién nhiing bién dong trong thi truong dién mat troi. FAN dai dién cho cac
cong ty lién quan dén nang lugng gio, gitip phan anh sy thay doi va riii ro trong linh vuc dién gi6 toan cau.
Trong khi d6, NGF (hop dong tuwong lai khi ty nhién) va OIL (hgp dong tuong lai dau thd) dai dién cho céc
ngudn ning luong hoa thach quan trong nhét trén thi truong ning luong toan ciu. Gia cia cac hop dong nay
thudng chiu anh huéng manh béi cic yéu td nhu cung — cau nang lugng, xung dot dia chinh tri, chinh sach
nang luong va diéu kién kinh té vi mé. Do d6, bién dong cia chiing thudng duoc sir dung dé do luong mirc
d6 bat on cua thi truong nang lugng.

Hinh 1 minh hoa bién dong loi tic. Sy bién dong cua REAI cao nhét vao nam 2020, do cac dot phong
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toa kéo dai ciia dai dich COVID-19 da tac dong tiéu cuc dén qua trinh phat trién cong nghé, ddc biét 1a tri
tué nhan tao (Mandal, 2021). Dau thd c6 xu hudng tuong ty v6i mirc ting manh trong quy I nam 2020. Xu
huéng tuong ty cling xuat hién & nhom ning luong tai tao, gdm ICLN (ning luong sach), TAN (ning luong
mit troi) va FAN (nang lugng gi6), déu cho thiy sy sut giam loi suét 16 rét vao nam 2020 do bdi canh khing
hoang toan cau. Sau do, cac chi sd nay dan héi phuc va duy tri bién do dao dong on dinh, ngoai tror mot sb
bién dong nho vao nira cudi nam 2024. Nguoc lai, nang lugng hoa thach thé hién bién dong manh hon. OIL
(dau tho) ghi nhéan ¢t sbc 10n vao dau nam 2022 do xung dot Nga—Ukraine, von da lam gia tang tinh trang
bat 6n gia ca trén dién rong dbi véi cac loai hang hoa lién quan dén ning lugng va giy gian doan cac hoat
d6ng kinh té toan ciu (Chen & cong su, 2023).

Hinh 1. Lei tire

REAI ICLN TAN
264 26 264
1064 164
-1 -16
20+ -2¢ -26
2020 2022 2024 2020 2022 2024 2020 2002 2024
FAN NGF OIL
261 23 26
164

-206r -26 -2

2020 2022 2024 2020 2092 2024 2020 2022 2024

Bang 1 cho thiy loi tirc trung binh tit ca cac chudi déu dwong. Cac bién déu co phan phdi phi chuin
va ¢6 tinh dung, dugc xac nhan 1an luot boi kiém dinh Jarque—Bera (Jarque & Bera, 1980) va kiém dinh
nghiém don vi ERS (Elliott & cdng su, 1996). Ngoai ra, cac bién déu xuét hién hién tugng tu twong quan &
loi suat gdc va loi suat binh phuong, dugc khang dinh théng qua kiém dinh weighted portmanteau (Fisher
& Gallagher, 2012). Tir d6, phuong phap nghién ciru dam bao sy hop 1y va tao co s vimg chéc cho viée sir
dung TVP-VAR nham kham pha mdi quan hé gitra REAI va ning luong tai tao.

3.2. Phuwong phdp mé hinh

Nghién ctu 4p dung moé hinh TVP-VAR (Vector Autoregression with Time-Varying Parameters) do
Diebold & Yilmaz (2012) phat trién. M6 hinh TVP-VAR trong nghién ctru duoc udc luong véi do tré bac
mdt, theo ti€u chi lya chon mo hinh Bayesian Information Criterion (BIC).

Ve = Y1+ P €~ N(0,5;) (1)
oneec(Q;) = vec(Q_1) + u; u; ~N(O,R;) )

trong do6, Qt va St 1a cac ma tran c6 kich thude # xF, trong khi cac vector yt, y(t-1) va yt co kich thudc
F x1. .Ma tran Rt ¢ kich thudc £2 x £2, con cac vector vec(Qt ) va ut c¢o6 kich thudc £2 x1. Phuong
phap nay xem xét sy bién dong ctia (Qt ) theo thoi gian va lién két giita cac bién. Bén canh d6, cic ma tran
phuong sai-hiép phuong sai St va Rt ciing thay d6i theo thoi gian cho thay ban chat dong cua thi truong va
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ty 1€ rui ro.
Tiép d6, chuyén d6i mé hinh TVP-VAR sang mé hinh TVP-VMA théng qua phuong trinh sau:
Ve = Xp=oNp,We—q; trong do No = 1.

O day, yt duogc gia dinh 1a mot vector cac cu sdc c6 ma tran hiép phuong sai ddi ximg (nhung khong nhat
thi€t 1a tryc giao) voi kich thudc £ x £, ky hi€u la (E(yty’t) = St, va c6 thé bién d6i theo thoi gian. Hé qua
1a, sai sO du bao tai budc H dugce biéu dién nhu sau:

B.(D) = Yeen — E()’t+ﬁ|}’t'3’t—1; ) (3)

=Yico Neeopt (@)
c6 ma tran hi€p phuong sai cho 16i du bao dugc dua ra boi:
E((B: (DB (D) = Nl,tStN,h,t (5)
Phan rd phuong sai sai s6 du bao tong quat (GFEVD), duoc ky hiéu 1a qdzij,t, 1a mic d6 anh hudng cua
mot ¢t sbc tir yéu t6 j dbi véi yéu td i:
 E(B2 (1)) Bl ¢ D ~EQ5,e M) W5 1,005 41 2

= 6 (6)
Bie (D E(5%() ©)
TIoo (e iNySee))?
(e’jsfej)'z{l:ol(e’iNltStN’ltei) ) )
()
e p— 8 8
DI ®) ®)
Trong phuong trinh, e, biéu thi mdt vector chon vi tri bang khong c6 kich thudc £ x1, trong d6 vi tri thi

. , TR ~ <4 en 2 1:n , .y . . £ , .
i dugc gan gia tri bang mot. Trong khi do, gt (/D thé hién muc giam phuong sai cua sai s6 du bao tai

budc |\ cta bién chi bao i, do anh hudng cua viée triét tiéu cac cu sbc tir bién chi bao j.
Chi s6 két ndi tong thé (Total Connectedness Index - TCI) phan anh mtc trung binh cta cac chi s6 lan toa
¢6 hudng tong thé, tir hodc dén cac yéu t6 khac trong hé thong:
1 oy genfrom _ 1 @f gen,to
qqgt_ }Zl:lg s i:lg (9)

it P i->.t
Cén xéc 1ap quan hé cia chi s6 lan téa qd3z; j,¢ VO chi s lién két chung jdz; it
jnt, .
al' .ﬁmm = Z§=1,i¢jl‘13ij.t (10)
int,t .
amee = i idgpe (1)
. 1 int, 1 ntt
jdgi ==Xl @l = Syl altt 12
Theo Lastrapes & Wiesen (2021), cac thanh phan dudng chéo chinh cia bang lién két chung can phai
khong thay d6i, boi vi tong clia mdi hang phai bang 1. Do d6, hé sé diéu chinh (scaling factor) s& khac nhau
dbi véi timg hang:

H{Tfiftmm (13)
=
g‘igin.’trom
1 s (14)
n= }Z Ni
i=1
Jd3ijc = 11993t (15)
jdgi, =1— altirom (16)
#
jnt,to _ .
8i—>-,t - Z .]quij,t (17)
Jj=1,j#i
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Cubi cung, cac chi sd lién két c6 hudng theo ting cip va tong gia tri rong ¢ thé duoc ude lugng thong
qua viéc hiéu chinh tham s theo timg hang:

glj'rtlt,net — (‘]{ittf _ Q{T(l_t,./"trom (18)
int,net
A" = qdgjie — qdzije (19)

Dé phan tich méi quan hé dong va sy lan truyén bién dong gitra cac phan khuc cua thi trudng ning luong,
nghién ciru nay sir dung mo hinh Vector ty hdi quy voi tham s thay doi theo thoi gian (Time-Varying
Parameter Vector Autoregression — TVP-VAR). Khac v&i mé hinh VAR truyén thong gia dinh cac hé sb ¢
dinh theo thoi gian, mé hinh TVP-VAR cho phép cac tham s6 ciia mé hinh thay ddi theo thoi gian, qua do
phan 4nh tot hon nhing thay d6i trong cdu tric thi truong do cac ct sdc kinh té, tai chinh hodc dia chinh tri.

Vector bién noi sinh cia md hinh duge xac dinh nhu sau:

Y, = (ICLN,, TAN,,FAN,, NGF,, OIL,)’

trong d6 CLNt, TANt, FANt, NGFt va OILt lan luot dai dién cho cac phan khic nang lugng sach, nang
lugng mit troi, ning luong gid, khi tu nhién va dau thé tai thoi diém t.

Mo hinh TVP-VAR bac p dugc biéu dién dudi dang:

Yi=ce+BieYeo1 +BoeVe o+ + BpeYe p + &

trong d6 Yt 1a vector cac bién ndi sinh, ct 1a vector héng $6 thay ddi theo thoi gian, Bi,t 1a cac ma tran hé

sO thay di theo thoi gian va st 1a vector sai s6 ngéu nhién voi phan phdi:
& ~ N(0,Z¢)

trong d6 Xt 1a ma tran hiép phuong sai ciia sai so tai thoi diém t.

Trong md hinh TVP-VAR, céc tham sé ctia md hinh dugc gia dinh thay ddi theo thoi gian theo qua trinh
budc ngﬁu nhién, dugc mo ta nhu sau:

pt=pt-1 +ut

trong d6 Bt 1a vector chira cac tham s6 cia mé hinh tai thoi diémt, va ula nhiéu trang thai véi u; ~ N (0, Q).

CAu truc nay cho phép cac mdi quan hé giira cac bién trong hé thong thay ddi linh hoat theo thoi gian.

Viéc str dung mé hinh TVP-VAR gitp ndm bit tot hon sy thay doi trong mirc d6 twong tac giita cac phan
khuc khac nhau cua thi truong nang luong, dic biét trong bdi canh thi truong thuong xuyén chiu anh huong
boi cac cu sdc kinh té vi mo, bién dong dia chinh tri va cac thay ddi trong chinh sach ning luong toan cau.

4. Két qua

4.1. Mirc dp lién két tong thé thay déi theo thoi gian

Két qua cho thiy chi sé TCI bién dong manh trong nam 2020, dat dinh gan 70% vao thoi diém khing
hoang y té toan cau bung phat. Gia tri TCI cao phan anh muc do lién két chat ché hon giira cac chi sd, cho
thiy su lan téa ddng thoi cia cac ct sbc thi truong.

Sau giai doan dinh diém, TCI giam dan va duy tri quanh muc 45-50% trong giai doan 2021-2024, thé
hién xu hudng 6n dinh twong ddi nhung van & muc cao so vai thoi ky trude khing hoang. Pang chu y, cubi
giai doan nghién ctru, TCI c¢6 xu huéng giam nhe, dudi 45% cho thdy mirc d6 lan toa rai ro giam dan. TCI
dat dinh vao nam 2021 do sy gia ting manh cta qua trinh chuyén doi sé va timg dung tri tué nhén tao trong
linh vyc niang lugng sau dai dich COVID-19. Trong giai doan nay, nhu cau sir dung cic cong nghé tri tué
nhan tao trong du bao nhu cau dién, t6i uu hoa hé théng ning luong va quan 1y ludi dién théng minh ting
nhanh. Pdng thoi, sy phuc hdi kinh té toan cdu ciing 1am gia ting bién dong trén thi truong nang luong.

4.2. Mikc dp lién két rong thay déi theo thoi gian

Hinh 3 cho théy su thay ddi vai tro linh hoat cua céac chi sd. Trong céac két qua dudi day, REAI dai dién
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Hinh 2. Mirc d lién két tong thé dong

Dynamic Total Connectedness
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0 T T 1
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Chii thich: Buong mau den la két qud ciia mé hinh cia Diebold & Yilmaz (2012)
trong khi phan mién mau xam la mé hinh Lastrapes & Wiesen (2021)

cho REAL con ICLN, FAN, TAN, OIL, NGF lan luot 1a nang lugng sach, nang lugng gid, nang lugng mat
troi, dau tho va khi tu nhién. Cu thé, REAI chu yéu dong vai tro truyén sdc rong tir giira 2019 dén hét 2023.
Nguoc lai, REAI chuyén sang nhan sbc rong nia dAu ndm 2019 va tir ndm 2024 trd di. Trude nam 2024, tri
tué nhéan tao bung nd va duoc ing dung rong rai trong nhiéu linh vyc, dic biét 1a ning lwong, tai chinh va
cong nghé. Qua trinh chuyén ddi s6 cling véi viée img dung tri tué nhan tao trong quan 1y ning lugng, toi
uu hoa hé thdng dién va dy bao nhu cau ning lugng da lam gia ting anh huong cia linh vyc nay dbi véi thi
truong nang lugng. Tuy nhién, tir nAm 2024 trd di, thi truong tri tué€ nhan tao tréd nén nhay cam hon véi cac
bién dong tir thi truong ning lugng do sy gia ting nhu cau dién cho cac trung tim dit lidu va hé thong tinh
toan phuc vu tri tué nhan tao. Béng thoi, cac quy dinh quan 1y chit ché hon ddi véi cOng nghé nay cung voi
bién dong chi phi nang lugng khién linh vuc tri tué nhén tao chiju tac dong manh hon tr cac ci s6c nang

Hinh 3. Két ndi rong thay dbi theo thoi gian
NET REAI NETICLN

T T T T T T
2020 2022 2024 2020 2022 2024
NET TAN NET FAN

2020 2022 2024 2020 2022 2024
NET NGF NET OIL

T T T T T T
2020 2022 2024 2020 2022 2024

Chii thich: Duwong mau den la két qua ciia mé hinh ciia Diebold & Yilmaz (2012)
trong khi phan mien mau xam la mé hinh Lastrapes & Wiesen (2021)
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lwong. ICLN giit vai trd truyén sc rong trong toan b mau, dic biét tir 2022 trd di. Trong khi d6, TAN dong
vai tro d6i 1ap so voi ICLN. FAN va NGF nhan sdc rong trong giai doan 2019 dén gitra 2020, va 2022-2024
va chuyén sang truyén sbc rong giai doan 2020-2021 va tir 2024 tré di. Trong khi d6, OIL ghi nhan bién
dong manh, voi vai trd nhan sbc rong rd rét giai doan 20202021 nhung nhanh chong trd lai truyén sdc rong
tr 2022 trd di.
4.3. Két noi theo cap rong thay déi theo thoi gian
Hinh 4. Két ni theo ciip rong thay ddi theo thoi gian
Phan A: REAI
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Phan B: ICLN
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Chii thich: Buong mau den la két qua ciia mé hinh ciia Diebold & Yilmaz (2012)
trong khi phan mién mau xam la mé hinh Lastrapes & Wiesen (2021)
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Hinh 4 trinh bay két qua két ndi rong theo cip nham xac dinh vai tro then chét ciia REAI va nang lugng
tai tao.

Két qua Phan A cho thdy REAI chu yéu chi phéi ICLN, TAN, FAN giai doan 2020-2021 va gitra 2022-
2023. Két qua nay phu hop véi gia thuyét HI rang su phat trién cia REAI 1am giam bat on xay ra trén thi
truong nang luong. Tuy nhién, ¢ cac thoi diém dau nam 2020, ndm 2022 va 2024, REAI lai chju tac dong
nguoc tir cac thi truong ning luong. Két qua nay cung cip bang ching ung ho gia thuyét H2, theo do su gia
tang bét 6n trén thi trudng niang luong c6 thé thuc ddy viéc diy manh ap dung REAI nham giam thiéu rui ro,
6n dinh hé théng ning lugng va tang cuong kha nang chdng chiu trude cac ct sbe thi trudong. Sy thay doi nay
gan voi khing hoang COVID-19 1am gian doan kinh té toan cau, v6i bat 6n dia chinh tri ciing bién dong gia
dau khi trong nam 2022, va véi sy diéu chinh thi trudng ciing nhu xu thé gia ting vai trd cua ning luong tai
tao vao nam 2024. Con ddi voi nang luong hoa thach, REAI chi phdi manh mé bién dong ciia NGF va OIL.

Trong khi d6, Phan B 1a két ndi rong theo cip giita ICLN va cic nguon nang lugng khac. ICLN chi phdi
TAN trong toan bd giai doan nghién ciru véi mirc anh hudng 6n dinh, phan anh mdi lién két chat ché giita
hai thi trudng ning luong tai tao. V& phia FAN d6i v6i NGF va ICLN, chu yéu gitr vai trd chi phdi, tuy nhién
vao cac nam 2022 va 2024 dnh huéng dao chiéu khi hai bién nay tic dong manh hon dén ICLN, diéu nay c6
thé xudt phat tir cac cu sdc ning luong toan ciu va sy gia ting nhu cu khi ty nhién cling nhu dién gi6 trong
bdi canh bat on dia chinh tri. V&i dau thd, ICLN bi chi phdi trong hau hét cac giai doan, nhung giai doan
2022-2024, ICLN giir vai tro chi phdi ngugc lai, cho thiy xu hudng dich chuyén anh huong tir nang luong
truyén thong sang nang lugng téi tao trong giai doan bién dong gia dau va ddy manh chuyén d6i nang lugng.

5. Két ludn

Nghién ctru sir dung md hinh TVP-VAR xem xét mbi quan hé gitra tri tué¢ nhan tao c6 trach nhiém va bét
on trén thi truong nang luong tir ngdy 11 thang 2 nam 2018 dén ngay 11 thang 2 ndm 2025. Nghién ctru
chimg minh sy thay ddi theo thoi gian ciia mirc d6 lan truyén rui ro khi bung phat COVID-19 va khiing
hoang Nga-Ukraine. Két ndi rong cho thay tri tué nhan tao co trach nhiém chu yéu dong vai tro truyén sdc
rong tir gitra 2019 dén hét 2023. Nguoc lai, chi sé nay chuyén sang nhan sbc rong nira dau nam 2019 va tir
niam 2024 tro di. Nang luong tai tao giit vai tro truyén sdc rong trong toan bd mau, dic biét tir 2022 tré di.
Két ndi theo cap cho théy tri tué nhan tao c6 trach nhiém chu yéu chi phé)i ICLN, TAN, FAN giai doan 2020-
2021 va gitra 2022-2023. Noi cach khac, tri tu¢ nhan tao c6 trach nhiém da dong vai tro quan trong trong
viéc 6n dinh bién dong ning luong trong ca ngan han ciing nhu dai han, t6i wu hoa tai nguyén va du bao gia
ca. Sy md rong cua tri tu¢ nhan tao doi hoi sy giam sat quy dinh chat ch€ hon, cac chinh sach thic déy viéc
ung dung tri tu¢ nhan tao mot cach co6 dao duc, cling nhu cac can thiép thi truong dua trén tri tu€ nhén tao
nham ting cudng an ninh ning luong.

Dua trén béng chung thuc nghiém vé vai tro kép cua tri tu¢ nhan tao c6 trach nhiém trong viéc vira on dinh
thi truong vira ¢6 kha nang truyén sdc, nhom tac gia dé xuat mot chién luge chinh sach tich hop. Trude hét,
can thiic ddy d6i méi thong qua cac co ché khuyén khich tai chinh va phat trién ha tang dit liéu qubc gia, tao
diéu kién cho cac ung dung tri tu€ nhén tao t8i wu hoa nguén lyc va dy bédo gia ca. Song song do, viéc xay
dung mot khung phép 1y viing chic 1a t6i quan trong dé quan 1y rui ro hé thong. Diéu nay bao gom viéc trién
khai mé hinh thir nghiém phap 1y (regulatory sandbox), ban hanh tiéu chuan dao duc va yéu cau kiém toan
thuat toan nham dam bao tinh minh bach va cong bang. Cudi cing, can tan dung strc manh cua tri tué¢ nhan
tao dé nang cao an ninh ning luong, ddc biét 1a trong viéc quan 1y khing hoang va tich hop hiéu qua ngudn
ning luong tai tao vén co tinh bién dong cao. Cach tiép can can bang giita thiic ddy va giam sat nay s& giup
khai thac t6i da loi ich cta tri tué nhan tao ddng thoi giam thiéu cac rui ro tiém 4n, hudng téi mot thi trudng
nang luong bén viing va 6n dinh.
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