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Saudi Arabia Hydrogen Trends (2000-2023) UAE Hydrogen Trends (2000-2023)
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Renlnvest Trend in Saudi Arabia (2010-2024) Reninvest Trend in UAE (2010-2024)
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Renlnvest Trend in Kuwait (2010-2024) RenInvest Trend in Qatar (2010-2024)
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Energy Trend in Oman (2010-2024) Energy Trend in Bahrain (2010-2024)
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il Jalsall jlial 16-3 Jgaal)
(13550850 gali e Gaald) dlacl) : jaad)
Sl 5 Adiall @l jpriall c Jal) Al sk A8e Sy o @l jidall Jalsill sl J
dzia ) 3 dll Hlie V) aas 32Y) ae Jilll ARDL g sai i acyy Las ¢ Jaay) sl
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il 73 gaill 3253 Hausman Jbial

- Fixed Effects (FE)
- Random Effects (RE)
0.028 | LGl &l fiall (FE) pladiul Hausman L)
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sFixed Effects z3sa Ol %5 oo J Hausman Jiay ddlaay) dedl) of Ly
Random Effects.cals Jsall (o ol il Cusl)

(FE)Aulal) <l il 73 gad s

0.42 0.11 0.001 pnd Battery
0.30 0.09 0.004 pd Hydrogen
0.51 0.13 0.000 axd Renlnvest
-0.25 0.07 0.010 prd Energy
-0.33 0.10 0.002 pnd CO2
0.38 0.12 0.005 pnd RDInvest
12.3 2.5 0.000 pxd | (o)<l Jalaall
0.79 R-squared
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ARDL (Panel ARDL)z3sad s

Battery 0.28 0.003 0.41 0.001

Hydrogen 0.15 0.020 0.33 0.004

Renlnvest 0.20 0.007 0.48 0.000

Energy -0.10 0.040 -0.25 0.010

CO2 -0.18 0.030 -0.30 0.002

RDInvest 0.25 0.006 0.36 0.005
ECT -0.65 0.000
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Jisk| 0.52 0.002 px Battery*
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Jisk | -0.05 0.300 Y| Hydrogen
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Jish | -0.12 0.060 S CO2
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CS-ARDL (Cross-Sectionally Augmented ARDL)z 2 gai a8

Battery 0.45 0.002 pxd
Hydrogen 0.29 0.003 X
Renlnvest 0.50 0.001 ad
Energy -0.22 0.008 pxd
C0O2 -0.27 0.003 axd
RDInvest 0.33 0.004 axd
ECT -0.72 0.000 pxd

CS-ARDL (Cross-Sectionally Augmented ARDL) 73 st a8 :11-3 Jsaal
(135850 galin e Caldl dlact) : jaad)
ALy sl B o Jsall g Jabiiall alaie W) laall & 330 53 CS-ARDL g sai elal
2) Al il Jalray (<15 ¢l (aad saill 4 jlite O lles g el JI 35 e JaY)
S5 Al oda (0 sbadl) Galaa J o G )5l (A Bagal) 3 ST e pu ) sada W (0.72
i) g A8l culids 8 el shaill i) J g0 il elulall
ol Z3gail) 48] il 3-2-1
ol Jalos
e Aalla daliiia) bl of o ST s Jdos elyzd oSar cel am B
zlall gf 4 gl 2 3lail) Jie (goal Cullal aladind 138 aaly s il (e de gane
L 58 (e ST LSy Adlisal) zalail) 028 yae B s geiliall CilS 1), da il
rOlyaazall e Jeladl oo
Gl el Goans G A8 ClS 13) ] Gl psiall G el e giadl) Sy e
Dheinadl STl i )5 8 (B Jaaws e s AT @l st al e by s
25l (5 SIS 3l i) Jase <3 Jsall 8 Baaaial) A8l b

o it Sy B350 Jolsall (o

duyelldalaall g8 GalnisYI gaill R92 (9 pAAVI cuagyaallg oglil caljlayg jga :62200 0l d5UAJI (pgjAT (g9 6yl gyl Cunyl
Luwlid (Galidl Yol - adall Jgag dyageudl



) G glatl) g Jadil) Asa
197 23l = 2026 (O gamidl g Cullil) alaall

51

e kel alasiud Sy Al e ol paiall G A8l S5 8 (YAl pamy B
Aha e Ll gl sy e @Rl Bl J)sall Adasd gy 8l 3 gad Akl
Meay! ) il g Alitall ol juaiall (p
dedizall gl (e Ol bl 4-2-1
e Jgemnll 23 i) geibial) g Al <l Jaay) e sl
psdilll iy jUay Jie saaaiall A8l (g 335 L sl iS5 0 e i) S8 o Sy
A Ja (gl saill e eyl IS S 5V s g puedl
B 058y 38 o il Ol at ) cage 50 Baaaall A8l & L) (68 of Jaind
AV sl 4 i
@Y gaill e ) il al ClilenV) (e aall o e 4y Bagilas) AV Gl
gl Jysha
sl alam)l e @lall o555 oluas 486 :3-3
o B gaill 3y 3x3 b agasd Of Sy A Al Jal gadl (e 28U 0 A5 COLRS e
1) oY) g A8l A ) jabaeS 3l pdadill e 50 IS aaiad Al ¢ g jal) mdal) dakai
ek i) by alaiay oy ddUall (o A5 Sl 5 saaadiall A8l gad  callad) Jgail) as
a4 Aalaioall duamill (Gaiad 5 Lgilalaat) asii ) e 3 dd) Jgn 8 2l e UG
sle ¢ paaY) Gan s suell s a gl il ey Jie cdBUal) o 3a5 s il (il (Gl
Agalaidy) cileUadl) Calide e 3 paludl ye 55 pilaall col il DA e oadad) slai@y)
138 Uall doldss) 3323 1-3-1
ol by jUay Jia d8Uall 0 A0 la® aa; A8l ISl A ) sl gesd
Aali Al S KLl ) il b g8 Al BN 0 345 b Aadiiall Jslall
gl o adiad ) 2Ll Geadl) Jie saoaial) 28U e slaie V) a5 s
A Apsadll A8 (Jia) 55 Al gl 8 3a gl AN (5 585 DA (e Apaliall
S allaill ) jEiul (e Gy Laa o Jlad) Gallall i 6 8 W b 53 Sy (gl
b eSl Ll (8 g Ui aiay
Al Jsal Sy AUl 0 A58 508 s DA Ger Adgdal) 28U ) JESY) aen
a8l o alaieV) Jalsiy dgdail) Al ) Jeadll (8 ds gelall Lgdlaal (gida
505 i sandl Ay al) ASLeall 2030 Aoy Sl GEad S g Laa (5 58aY)

iprl&éJanJlg@@aLniﬁ)llg.alegﬁJg@}.bASllwquﬁqu,.oq,_L"itg.llel:”Lla..qu.\:ﬁa.\;iaJlﬁ_?iLlaJlU,gjiJg@ﬁ.\l,g}Jl:dg)lluA.xJ"’ Ul
s (galaisl YA - Al Jgag duageull



@) Gglaill g Jadil) s
197 23l - 2026 O gamdl) g CIEl) Alaal)

52

Al e (A Baaadall AUl A 3L ) () e Al el Yl A sl 2040
(sl
18y 20l L3bazsY il 811 2-3-1

At ) Sy Al B Sl L (e a3 28U 0 A3 L ) lalinY) jeisd
et s 40Lai8Y) Sl Y1 jliae a5 8 aaluge 138 40 gall g dulaall <l jlaiiny)
Al (e gBaaa Jae a8 (3150 Lea cdaaaial) ddlkl) cileUad 8 IS e
el (sl e agdal) slasy)

ol el allati 48U 1 A8 s o (e a2 I le: Lola@y) Callill aid
oo Al Lalaiy) CallSal (=eds o (e Jyshall (saall 8 Ledl ) 6 S diase
Alany Adasi all el elie V) O Sy ) sasall (5 5aaY1 a0 e alaie V)
A Jie 4 sall dind) Clubanadl ae (oilaty La g8 5 i g K1 ClilasV1 S5 5 A3l

Flall b
Byriilaall e Labasdl el 8l 3-3-1
A8 alascin) 3eUS il Aalgll Jslall aad 48U (5 A0 ey 48Ul 36U it
G gl A Al ALE A8 ) 4l ga g sanacial) A8 (e aildll (335 JUA (ha
Oo Jliyy Sl Sl aUaill 30lS e ) day Lae cildall 8 38Ul i (e dalall
%l
(o B 5 S Ua 8 A8l (4 )83 bl ji gl g ohall 5 Canall g JISEY) Gl
syas il skl S e sl o gl Jsal (S pshaill s il ilae
(o2 Baxaiall A8l ) ) saaS LS ) Jry Lae A8l (5 385 Jlae (45 S g
Akl
oAl SLaBY) 3 i) G g uell 5524-3-1
ohbaddl (e peadY s g uell ey Aaliiial) AULL juad padV) cpag el
ity Al el Jiladll dulee DA e 42l o Cua aaaiall A8l sac) )
Dl (8 @l 38l L) dpngead) GlID 3 ey cgalad) J0 saxaiall A8
Jsaill ac i Jadh (d a jLiiall 538 | ezl Cpm g gl o)y skl Ak ay jliie
Agallall (31 sl ) peiiall g Al oda ppaeai 8 Wl aeluis s iyl 48 )
Baaa alat) Ua 8 3la) L

duyelldalaall qd GalnisVl gaillR9a ng;.na)ll vagyauallg ogiill eabylag jga :6120iall dSUAJI ¢pjal (g9 6yl gyl Cunyl
W lis (g alnisl Y - audAll Jgag duageudl



53

) G glatl) g Jadil) Alaa
197 23l - 2026 & gamdl) g CIBl) Alaal)

O Al Jsal (Say e pumd ¥ Cpn g ouel) delia sl A (per il jaliall g e
Ll e e 5 3m Lae dgallall (3 gud) A& Caaill (a5 )26l Bt ) 1 Ddan s
L 5l 53S0l 5 ALl e liall Jio 3ana cileUad 8 Jeall Ua 8 5 9 4p0la@Y)

Agydal)

g

LB gl ady s Jee (a3 5-3-1

Dgtaia dBlall (1 35 L aladii) s i a: B20a0al) A8l ¢ U8 8 Baaa ailh
ilpal) cgiaill ¢y shaill g Gaall Jia cileUad 8 sa0all Lads )l (e dll e 22l
s 5 aall Jandl (8 su aund 8 aslidis Bpaall (il sl 528 | Gy susl) 5 Cilagaall
el g Jassl) i dpadail) caleUadl) e alaie V)

AL a8 s e mldll Jso 385 aer o ST clalasl ) J el
Se e dlis Jeacliy bae BBl & ¢ ol ala jaw dbaaaiall 48Ul
45 Jie aaiBY) asiil) Calaal Gaiad 8 anloy Jsadll 18 el g Jadill <l jalia
Al Y1 2040 4y 5452 2030

gLl s l) e A8 ¢ 535 i 5805 6-3-1

5,08 ga A8UAL (35 LT A gm g JSY) ol N aall 44 g KU Clilani) (mdd
CRay ebaaaiall Al e (ildl) G 3A5 A (e A SN Sl (mid e
G a1 a2l e aaied Al dgadat) d8Ual) cllaas ) dalall Qi
Sl 5 3lall 53 gn ot 8wl Laa il 5 jlall ClilasiV g o) sl Gl Qs

Al daall e Al 5y

;C_\Llw ) dalaia & Al o a0 st aal) 8 aliats) biast Sllia ddlaisal) i gall ot )

Lo st s el b Aada ol e ) 481 (5 35 oL i A yall AGIKH)
O Ul e (il 5 a sSal) el 1 ety Ada 1) bl aall e Gie (S5 38
oalall 5 alall

Atiadl) Al ()l A8l (g 585 s A a1l e pe ) e diall Al & cilaas
&) eV Zling al s Blai e il sda acal JolSIL 3 jala 65 Y 8 Al
i) 228 et Alpas LT 508 g5 5 Al e Sl S s

dyyelldalaoll qd GalnisVlgaillRda ngyaa)ll agyauallg gl cabylag jga :6110ia]l ASUAJI ¢pujal (g9 Bl gVl cuall

s (galaisl YA - Al Jgag duageull



@) Gglaill g Jadil) s
197 23l - 2026 O gamdl) g CIEl) Alaal)

54

;@ Yo

& palad Cus mldl) Ashaia 8 (gLaBY) gaill ady 84 ) gaa A8 (A0 COLAE el
Lidl e slae ¥l oo Ty gabaBy) g siill 3 3ei s o Ball ) it g dalain¥) aco
OSar ¢« pmd Y Cn g puells sl il Uy Jie bia o1 935 3 L) JDA (e, )
Al e Llaal) o 03 8l 58a5 5 calaisal) gobiaBY) saill s BT =id5 of mdal) J 50l
Lin o 5l 5 Caly Alaiall clpanll ol (I3 aa g Baaaiall Adldall ¢ Uad & IS5 3 5a
stlaall el sl (alal) g alad) e Uil G ) i Uslad s 3 Siae Y gl allats
ldll J g3 (A (ebaBY) gaill il jlise S (8 Goa ga 173 AUl 0 A5 s Caald
) sl e Bl ) G g dalainY] Glal yiul aeal Ll 5385 Jiad ¢aa
& Y G s uel) Cpas Aaail 5 o sl ol Uy Jie desie L (3 laiiuY) agay
S Lee Gladl s Jasill ) palia e sadill slaie Y (e Mums SLamBY) o 53l sa0a 31 38
DS e Qi 5 0 g S (it slat) el Jsadll e ddkial) 3 )08 4

(Sl o Ll A yall claall o V) el o2gd sac) gl CUISWY) e a2 ) e

Aladl) ClS) 33N 3 30 53 ySie Jgla 385 oo i giil) ) Rl ¢ gl 5 dpiatl) Al agiei
dac |l lalud) p gl g ¢y olaill U"_:;.}]\gsé)u:ﬁuY\ g sallll e\.ﬂ\ cpeladl)
BeliS S g daliine A8l da shaie ) JEBY) plad lacal daslall ol g2l (e

duyelldalaall qd GalnisVl gaillR9a ng;.na)ll vagyauallg ogiill eabylag jga :6120iall dSUAJI ¢pjal (g9 6yl gyl Cunyl
W lis (g alnisl Y - audAll Jgag duageudl



) G glatl) g Jadil) Asa
197 23l = 2026 (O gamidl g Cullil) alaall

55

: A b |
b el Cua il Jgo 4 A8l Jite 3 G s | eaie AU (g 585 Ll il
O s S aidie lail ) Jeadll acay ¢ Ul 1 3 jad s Bl dalaivl (s
a0 Apa) il 5 ghad Jiay pmd V1 Gan g suells a sl il Uy Jie il B jlaiiaY)
2040 433 5 &3 gaaall Ay jall ASLaall 82030 sy (35 Aaliveal) dpaiill Calaal (3a
Opend Jadii Aty Calaal sac 3ia zaldll J ool oSy ccli@ill sda A (e 2 HleY) B
ad Y s 5 Huell Jie i paliall sanaa (ST 8 g ¢ galaBy) saill 3y 5a3 Adlall 50S
JaY) Al sha ) gdl) G ) edginal Al o okt 5 A0 6¥) oISl Galats st i o a2
oY) a5 & bl sda aalui laall oda ) gla AiUall 4y 345 i e Aall)
Jabiall 8 alaB¥) sail) Lalaind ey Lae ¢ lall g Jaaill e slaie V) e A oagldl)
1Sl ST Sl gad (s gale a2 (GaaT (e gealdd) J g0 (Satian (bl o2 Jyndl JUA (1
AUl g Uad  Dadlal) Y saill A s o 50l calaind

(il yUall) Banaad) A8l ol aladinl (A e 4y sine ABDe 255 ST 3l aen
skl Gulae J50 (A bV gaill g (Candl 3 LT 5 (O 5 )2l

g dpaliai®l) Aulad) ) e Jay Le el i) 8 bl axe 35y jell NARDL g3 e
ol 8 Ladh el g laladY) & ol il 45 e ) S5 0

L sl il IS (s e Jaall Cmay gl 55 Lagl soaaial) A8Uall ey lilansy)
AN 1Al daydaal)

AaalBY) Clabid) Jang Laa dayl yie JS3 Je i mdal) J 5o o yedal CS-ARDL 35
Allad iSTAS il

el e (o 58l Laa il 1500 jemd W) Cpa g el 5 p sall) il a8 LT s
skl 5 Call 5 A8l Sl (A O sladll Gudae J 50 G ApaBY1 AST AL 3y 5

Gamall (G ST Jsad Jageniil Baxaiall AUl A4S il Gl g

Al Wl s o Ua sead (50 S0 2l 3l el Jalil A jloa Ay il i
RE S

< gal Dy ) SV g A8 0y A8 ol of deadiual) Al z3lalll @ jelal )

&) ezl Ly ye o LS addall o sladll (ulae J50 8 gl gail) adal dllad

dyyelldalaoll qd GalnisVlgaillRda Lg_t)}.na)ll agyauallg gl cabylag jga :6110ia]l ASUAJI ¢pujal (g9 Bl gVl cuall
s (galaisl YA - Al Jgag duageull



@) Gglaill g Jadil) s
197 a3adi - 2026 & gamdd) g GGl alaal)

56

Lparl Jalacll 138 il 0 clulaud) 2elua vie B axe g dyie 3l (555l Ble) ye dgan
csalall Chad) g A ail) BN dga gl 4 jaiatl) ililand) ki a8y Sauil

& DA gaibea L) it o (S Gsise ale Jidats by sacl i) aaiy
il ) 48Ul il gk

Al 4 shie (A G Al eal dplee Jsla i IR (102030 L sl By ypey m

s gl il 4 lie i Aalall g dalall ol LY A sl b el

e
=Y s el s aa s aladiul Jeud dpalati ey 3 delua 8 saby
Aaall iy a5
35S ldll DlSa joad i) A8l 4 jpaal lulis delual dpa )l g
Aglail) 48all e
Aty alada s bl g Gaal Glee Sl R o (K dind) a5 (6 e
ens ) sie ) e cilaiall 8 aldivall el Jiisall eadle aus ) (8 agud 5 cAdldall g
Al g oLy Al oy

duyelldalaall g8 GalnisYI gaill R92 (9 pAAVI cuagyaallg oglil caljlayg jga :62200 0l d5UAJI (pgjAT (g9 6yl gyl Cunyl
W lis (g alnisl Y - audAll Jgag duageudl



) G glatl) g Jadil) Asa
197 23l = 2026 (O gamidl g Cullil) alaall

57

ks i 19 i i i

Ol ey ¢ oubitl) (galaiB¥) Jalaill MR (e Canall 138 L) Jea g3 Al gl 6 g 8
S ae Jiad i) Congonelly aafilll il U e Vs Bl a0 il
ASLaall 8 alyisal) (s0LaBY) gaill 3y has g AdUal) da slaie 8 Jsal) i gad dpai) jiud
agm Y il oda g Laiin) o Cal A jal) < yelal a8y il 0505 A gaaad) Ay jall
acd A Lsae Slle Lyl ad s daaaiad) Q8 jolias aladind 5ol (puead & L
Ankaail) 2 gl e alaie W) & 5 galbaid) a6l Cilga 5

il sinsa g AaLaiBY) JSLell GO Sy Al J 93 G CO, llan) il glana A & g\
i yo il ginn Sy oS5 1B i 53 Clias G 50K A clelinall e slaie )
A b zma Y o dadi i dauzl ) bl 240 gl 5 Ol jlel) Cingd Laiy L
Bl L) g il

) Mise s cmlall Js0 abiee (A ol 5 ol il il (8 ple saclial 4a s
O salll CV e (8 gl ae o8 prall SLaBY) sas Jeailly Joall o2 alaial 3l 35 e
RDInvest. s g sbuiia sail )5S Glae g a3 gruall o IS &) 0 dum ¢ J g2l

Lo edsall ramy (b o shaill g Conall (8 SlaTins) 50y 5 i) (il o o)) 53 e
3 sgadl Aalvind Clawal 4 SV Clubid) ae Al Gl dag) o 355 )
g el

et S0 A g KU lilad) Jalis 8y glall g Canl) Ol LY Y s 2 5ana ¥
Al A el aill g Sall HEN) (o dag )l Alad 5 0a0 ) dala (eSay Lae D gada g
Acliall g agiadl)

D5 dh (8 L W s S (addie sliai) e Jsaill 5 S CUISL) elliad mdall J 50
g5 Al Lo 51 SIS 355 55 g oS (8 (3 ganl) o V) il Al 3 ) 5l
PP

i () Gaagd Al Clia gill § QALY (e Ao sema 2l Sy (B Lo o 2l
e AlalSia Apliiine il auia g A ) AN 2ilia ac g cbac ) o) Ll sda (ga BaLEELY)
Al g 0laiy ) dalaiw) oy

iprl&éJanJlg@@aLniﬁ)llg.alegﬁJg@}.bASllwquﬁqu,.oq,_L"itg.llel:”Lla..qu.\:ﬁa.\;iaJlﬁ_?iLlaJlU,gjiJg@ﬁ.\l,g}Jl:dg)lluA.xJ"’ Ul
s (galaisl YA - Al Jgag duageull



@) Gglaill g Jadil) s
197 23l - 2026 O gamdl) g CIEl) Alaal)

S8

A8l (A5 Gl ) ghal (g Ay 8 dla) A8Dle D a5 () Apulidl) LB il s
g pad) ASled) 8 olaBY) gaills (emdY) Gansouells asilll il U L sad)

Akl jabas Je sl 3al ) 5 A8l 4 slaia ) i) acd IR (e cgddd) J 50 5400 ad)
JAaaaiall

Lala oaaia) 48N JEUS Jyshall saal) e LolaBY) o) san 5mdl) Cpa s aell i
A el Lg,08 e 3 jm e e gl Jo Allall 2L )l Apsail) ) gall cld Jgal
Al 23

el ALY jilas & Y] bl s llall 5l 8 L 150 aflll il sy anli
REBY S URY PR P TSR PR PN JUHNEA A NS S P AR DOSTC TR
Ay ) AalaB 5 Laliall Cilaw Y Gty 385 JSGy Tty A i b jlaTiy)

Baaaiall A8l calle S jaS ASlaall DlSa ) 5ay5 <2030 Ag2 2l

Cilna il

iy o skl ae X Alled Sl (A ) dadall dalad) 8 dgl) Ula 5 Al il ¢ g 8
Js9 (8 Aalaia¥) Calaal aiad g A8l (el 30 a0 8 agas Lay cdladiiall 48Ul oy A0 (s
Ve AT a liia 3 AalAll g Asa sSall Ol L) 3 3255 ) 9 s Al jall pa i gl
lanil i) ana Leaeds calll il Uary pumdY) Cpn el o saciall olli Lagus
DS e ¢ aall y shaill 5 Canll aeal Ay juia s Alle 58 sa L) g LS 48U Al )
Slale Gyasi) il A 50 KI5y ol Siay 5 AaapdSY) Clisas all 5 2030 IS i aey e
RENCEEIATPCART PRLIPRVEN P i PSPV P PPN

Olaszal 4l eI Agiadll Al (& (o 50 Ll rad o Al all a5 6o Lo il )
ALl jabas cp JalSill Jgas daal g dgry iy dpashais Hhal aaa g cculalaol) ) il
SA oAl Jola slaie) e peliall pladll aadi oy S o 53l dadail 5 saaaiall
AU eDgia) 3l puaat]

(i) oda Apaaly elially acinall o gl Jujai o Al )l pasi (JaSa said e
a5 (gpalina (33U 2ay 5 Al SY) s gl 3 daadia Ay a1y dpailat el o ) 530

il ghad o 3A L (6 3S a0 AR5y ety IO Aty 31 e oL 5 e IS

duyelldalaall qd GalnisVl gaillR9a ng;.na)ll vagyauallg ogiill eabylag jga :6120iall dSUAJI ¢pjal (g9 6yl gyl Cunyl
W lis (g alnisl Y - audAll Jgag duageudl



) G glatl) g Jadil) Alaa
197 23l - 2026 & gamdl) g CIBl) Alaal)

59

i ) 52 pail s Aaglie LT Sldie | (o 55 ¢ AT aliase 0 AT p Ul oLy g4y ) s
(ol s (sbaBBY) Chn gisal) e sa el V) Gaiad Glanal 3
slac] e cAediiall AUl (5 335 L 8 alaldl 5 de sSall ol Hlaiind) 3y5e3
ABUal il gl laal iuY) (an o sfialll il Uy g i) s el 4 515Y)
Lay ¢ Al i Jlae (8 Aaall o shaill g Canall ae al By g 4lle 81 o cLiS)
el SV il gall § 50N IS il acn @l 8
Aaydail A8l 5 o Al s 8 sl 1 Jsall ae duadl il A g0 CUS) G gl
Al ddae <l )8 ey g L 5l 1SN JB0 g o]
(glall J 50 g ASlaall 8400 oSl diadll Al sl Jalad (pania (Al LS ey
3l rant g Calalaey) i e lecal
Lakail 5 sanaiall A8l 2Ll (pa JelSEl ac i Al g dgny pii s el Hhal auag
) sall Aaline) 5 SN LDl e 58 3l ae g 3330
A8 g 36l Cpaatl S gy Al Jgla slaie) e eliall pUaill pais
g 485 clelail) 8 La pad ccadlSll (id

dyyelldalaoll qd GalnisVlgaillRda ngyaa)ll agyauallg gl cabylag jga :6110ia]l ASUAJI ¢pujal (g9 Bl gVl cuall
s (galaisl YA - Al Jgag duageull



@) Gglaill g Jadil) s
197 23l - 2026 O gamdl) g CIEl) Alaal)

60

doi'plaid] dddily gaddo
This study explores the role of energy storage technologies, particularly lithium

batteries and green hydrogen, in driving economic growth in Saudi Arabia and the Gulf

Cooperation Council (GCC) countries. As the region transitions towards renewable

energy to diversify its economy and reduce oil dependence, energy storage solutions
are essential for addressing the intermittency of renewable sources such as solar and
wind power. The research employs econometric analysis to assess the economic impact
of these technologies on GDP growth, job creation, investment opportunities, and

energy security.

The findings highlight the positive correlation between the adoption of lithium
batteries and green hydrogen and the economic performance of the region, emphasizing
the potential for these technologies to foster economic diversification, reduce
unemployment, and position the Gulf countries as global leaders in clean energy.
However, challenges remain, including high initial costs and the need for further

research and development.

The study recommends policy interventions such as increased investment in R&D, clear
regulatory frameworks, and regional collaboration to maximize the benefits of
renewable energy storage technologies. Ultimately, the research underscores the
transformative potential of these technologies in achieving sustainable economic

growth and enhancing energy security in the GCC.

This research investigates the role of lithium batteries and green hydrogen in driving
economic growth and facilitating the energy transition in Saudi Arabia and the Gulf
Cooperation Council (GCC) countries. As part of their strategic efforts to diversify
economies away from oil dependency, these countries are increasingly investing in
renewable energy technologies, with energy storage solutions playing a critical role in
ensuring the stability and reliability of renewable energy sources such as solar and wind.
Lithium-ion batteries and green hydrogen have emerged as key technologies to address

the intermittency challenges associated with renewable energy generation.

The study employs econometric analysis to assess the potential economic impacts of

adopting these energy storage solutions. By analyzing various economic indicators such
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as GDP growth, employment generation, foreign investment, and energy security, the
research explores the broader economic benefits of these technologies for the GCC
region. The results indicate that the integration of lithium batteries and green hydrogen
systems has a significant positive effect on economic growth, particularly in terms of
job creation and attracting investment in both public and private sectors. Moreover, the
expansion of energy storage infrastructure can strengthen the region's energy security
by enhancing grid stability and enabling the export of renewable energy, especially

green hydrogen.

Despite the promising outlook, the research identifies several challenges, including the
high initial costs of technology deployment, limited infrastructure, and the need for
further technological advancements to improve efficiency and reduce costs. Policy
recommendations are provided to address these challenges, emphasizing the
importance of increased funding for research and development, the establishment of
clear regulatory frameworks, and fostering regional collaboration to create economies
of scale and enhance the competitiveness of the GCC in the global renewable energy

market.

In conclusion, this study highlights the transformative potential of lithium batteries and
green hydrogen in positioning Saudi Arabia and the GCC as global leaders in the energy
transition. By leveraging these technologies, the region can accelerate economic
diversification, improve sustainability, and drive long-term growth in the face of global

energy challenges.
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Abstract

The Legal Framework for the Use of Artificial Intelligence in
Renewable Energy

Professor Dr. Ahmed Abdul Rahman Al-Majali

The integration of artificial intelligence (AI) into renewable energy sources presents both ambitious
opportunities and significant challenges. While Al has the potential to improve the performance, efficiency, and
reliability of renewable energy technologies, it faces numerous challenges to successful integration. The use of Al
in renewable energy is rapidly expanding worldwide, demonstrating tremendous potential in multiple areas, from
energy production forecasting and electricity grid management to equipment maintenance. However, the use of
Al in renewable energy faces complex legal challenges, including data security, liability allocation, algorithmic
transparency, and coordination with conventional energy regulations. This research delves into the key legal
challenges facing this use and proposes practical and innovative legal solutions to build a legal framework adapted
to this use by proposing legislative improvements, regulatory mechanisms, and international cooperation. Based
on the above, the legal regulation of Al application in renewable energy is primarily based on four key pillars:
privacy protection, data governance, ethical review, and risk management. The researcher adopted a descriptive-
comparative approach. The legal reality of the use of artificial intelligence in the field of renewable energy was
described, followed by a legal analysis. Comparative laws addressing the problems of using artificial intelligence
in the field of renewable energy were studied. These laws were studied in accordance with the European Union’s
Artificial Intelligence Law and the laws of the United States of America. Saudi Arabia was chosen as a model
for OPEC member states. This helped produce realistic results that established some legal provisions applicable
to the use of artificial intelligence in the field of renewable energy, which could be adopted by OPEC member
states. Therefore, in this research, we recommended that OPEC member states review their national legislation,
and the international agreements concluded between them, and enact laws specific to artificial intelligence that
include rules addressing its use in the field of renewable energy. These laws should take into account the following
fundamental legal issues:

1. Legislation must include rules classifying the uses of artificial intelligence, with the classification specifying
the degree of risk associated with its use in renewable energy.
2. Legislation must include rules that ensure the safe use of artificial intelligence in the field of renewable

energy, particularly with regard to cybersecurity, data privacy and security, reliability and safety, and fairness
and impartiality.

In summary, this research provides a comprehensive study of the legal use of artificial intelligence in the field
of renewable energy. Legislators in OAPEC member states can benefit from this study and adopt some of the legal
aspects related to the use of artificial intelligence in renewable energy.

Based on the above, this research will analyze the topic of “The Legal Framework for the Use of Artificial
Intelligence in Renewable Energy” through three chapters:

Chapter One: The Nature and Characteristics of the Use of Artificial Intelligence in Renewable Energy

Chapter Two: The Legal Regulation of the Use of Artificial Intelligence in Renewable Energy in European and
American Law

Chapter Three: The Legal Regulation of the Use of Artificial Intelligence in Renewable Energy in OAPEC
member states.

Keywords: Artificial Intelligence, Renewable Energy, Data Security, Cybersecurity

Professor of Commercial Law, Institute of Public Administration — Riyadh — Kingdom of Saudi Arabia



Abstract

Pioneering Renewable Energy Storage: The Role of Lithium
Batteries and Green Hydrogen in Driving Economic Growth in
Saudi Arabia and the Gulf States — An Econometric Analysis

Dr. Tariq bin Bashir bin Ali Sadrawi

This study explores the role of energy storage technologies, particularly lithium batteries and green hydrogen,
in driving economic growth in Saudi Arabia and the Gulf Cooperation Council (GCC) countries. As the region
transitions towards renewable energy to diversify its economy and reduce oil dependence, energy storage solutions
are essential for addressing the intermittency of renewable sources such as solar and wind power. The research
employs econometric analysis to assess the economic impact of these technologies on GDP growth, job creation,
investment opportunities, and energy security.

The findings highlight the positive correlation between the adoption of lithium batteries and green hydrogen
and the economic performance of the region, emphasizing the potential for these technologies to foster economic
diversification, reduce unemployment, and position the Gulf countries as global leaders in clean energy. However,
challenges remain, including high initial costs and the need for further research and development.

The study recommends policy interventions such as increased investment in R&D, clear regulatory frameworks,
and regional collaboration to maximize the benefits of renewable energy storage technologies. Ultimately, the
research underscores the transformative potential of these technologies in achieving sustainable economic growth
and enhancing energy security in the GCC.

This research investigates the role of lithium batteries and green hydrogen in driving economic growth and
facilitating the energy transition in Saudi Arabia and the Gulf Cooperation Council (GCC) countries. As part of
their strategic efforts to diversify economies away from oil dependency, these countries are increasingly investing
in renewable energy technologies, with energy storage solutions playing a critical role in ensuring the stability and
reliability of renewable energy sources such as solar and wind. Lithium-ion batteries and green hydrogen have
emerged as key technologies to address the intermittency challenges associated with renewable energy generation.

The study employs econometric analysis to assess the potential economic impacts of adopting these energy
storage solutions. By analyzing various economic indicators such as GDP growth, employment generation, foreign
investment, and energy security, the research explores the broader economic benefits of these technologies for
the GCC region. The results indicate that the integration of lithium batteries and green hydrogen systems has a
significant positive effect on economic growth, particularly in terms of job creation and attracting investment
in both public and private sectors. Moreover, the expansion of energy storage infrastructure can strengthen the
region’s energy security by enhancing grid stability and enabling the export of renewable energy, especially green
hydrogen.

Despite the promising outlook, the research identifies several challenges, including the high initial costs of
technology deployment, limited infrastructure, and the need for further technological advancements to improve
efficiency and reduce costs. Policy recommendations are provided to address these challenges, emphasizing the
importance of increased funding for research and development, the establishment of clear regulatory frameworks,
and fostering regional collaboration to create economies of scale and enhance the competitiveness of the GCC in
the global renewable energy market.

In conclusion, this study highlights the transformative potential of lithium batteries and green hydrogen in
positioning Saudi Arabia and the GCC as global leaders in the energy transition. By leveraging these technologies,
the region can accelerate economic diversification, improve sustainability, and drive long-term growth in the face
of global energy challenges.

* Professor of Econometrics — Imam Mohammad Ibn Saud Islamic University — Kingdom of Saudi Arabia
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