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Aim and Introduction:

Energy plays a central role in economic activity, underpinning production and
influencing overall GDP. In recent decades, global energy consumption has risen
considerably, underscoring energy’s pivotal contribution to economic growth and
sustainable development. However, the growing demand for energy—amidst
constrained supply and volatile prices—has intensified the need to understand its
determinants, particularly across different stages of economic development.

Among these determinants, financial development has garnered increasing attention
for its potential to optimize resource allocation, enhance investment flows, and
facilitate capital mobility. When well-functioning money markets (e.g., banking and
short-term credit) and capital markets (e.g., equity financing) interact efficiently, they
can ease access to capital for firms and individuals. This, in turn, may influence
production dynamics, capital structures, and energy consumption patterns.

However, the impact of financial development on energy demand is not always linear.
In early stages of economic development, financial expansion often stimulates
investments in energy-intensive sectors, thereby increasing overall energy
consumption. As financial systems mature, the adoption of advanced technologies and
stronger institutional frameworks may promote efficiency and support a transition to
cleaner energy sources.

Although prior research has explored the interconnections among economic growth,
energy consumption, and financial development, it has often failed to distinguish
between the distinct effects of money and stock markets. Moreover, structural
disparities between developing and advanced economies—such as differences in
institutional quality, energy infrastructure, and technological capacity—render a
uniform analysis insufficient.

Against this backdrop, the main objective of this study is to examine and compare the
influence of financial development, via stock and money markets, on energy demand
across developing and developed countries from to . Specifically, it investigates
whether these effects vary by development stage and whether the relationships exhibit
non-linear patterns—such as U-shaped or inverted U-shaped trends.

Methodology:

We conduct a comparative dynamic-panel analysis for developing and advanced
countries over —. The dependent variable is per-capita energy demand. To capture
financial development along two distinct channels, we build composite indices for the
stock-market and the money-market using principal component analysis (PCA) on
standardized indicators; the first principal component is retained and rescaled for
interpretability. We estimate country- and year-fixed-effects models of the
form:y; = a;yie— + BiYie + BiPir + BitFDie + v; + & _ _ .
via two-step system-GMM (Arellano-Bover/Blundell-Bond) with Windmeijer-
corrected standard errors. Endogenous regressors (the lagged dependent variable,
financial indices, and income) are instrumented with their appropriate lags in levels
and differences; the instrument matrix is collapsed and lag-depth-restricted to prevent
instrument proliferation. The control vector XitX_{it} includes real GDP per capita,
real energy prices, and FDI inflows; variables are log-transformed where appropriate.
We assess specification validity using Arellano-Bond AR()/AR() tests for serial
correlation and Hansen J (and difference-in-Hansen) tests for over-identifying
restrictions. Non-linearities are probed by including squared terms of the financial
indices and interpreting the implied turning points within each country group. All
models are estimated separately for developing and advanced economies, with
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robustness checks using alternative instrument sets and proxy definitions.

Findings:

The empirical results reveal that national income significantly and positively affects
energy demand in both developing and developed countries. Additionally, energy
consumption patterns show strong persistence, with current demand heavily
influenced by past consumption levels.

Oil prices have contrasting effects across development levels. In developing countries,
energy consumption tends to rise with increasing oil prices, likely due to extensive
subsidies and limited access to alternative energy sources. In contrast, higher energy
prices in developed countries are associated with reduced consumption, reflecting
greater price responsiveness and availability of cleaner energy technologies.

The development of money markets is associated with a reduction in energy demand
in both country groups. Conversely, the initial phases of stock market development
often lead to increased energy consumption due to investment in energy-intensive
industries. However, as financial systems mature and institutional and technological
advancements occur, the stock market increasingly promotes energy efficiency.
These results confirm the presence of non-linear relationships between financial
development and energy demand. Stock-market development is U-shaped in developing
economies but inverted-U in advanced economies, whereas when channeled through
money-market depth, the association is inverted-U in both groups consistent with an initial
expansion of energy intensive activity followed by efficiency gains as institutions and
technologies mature.

Discussion and Conclusion:

The relationship between financial development and energy demand is multifaceted
and mediated by institutional and technological factors. In the early stages of
development, enhanced access to credit and expanding equity markets may support
growth in energy-intensive sectors, leading to increased consumption. Over time,
however, more mature financial systems—characterized by stronger regulatory
frameworks and technological innovation—facilitate investments in cleaner, more
efficient energy alternatives.

The results also suggest that the impacts of money and stock markets on energy
consumption are not always aligned and vary according to a country’s level of
development. In some cases, an inverted U-shaped relationship emerges, indicating
that while financial deepening may initially raise energy use, it eventually contributes
to greater energy efficiency as markets evolve.

Policymakers in developing countries should implement financial reforms that
channel credit into low-carbon and innovative sectors. In advanced economies, the
emphasis should be on maintaining robust regulatory frameworks and supporting the
technological infrastructure needed to allocate capital effectively to sustainable energy
systems.

In conclusion, this study underscores the importance of tailoring financial and energy
policies to the specific development stage of each country. Financial development
should serve not merely as a driver of economic expansion but as a strategic lever for
enabling the transition to sustainable energy use.
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o ! L oo e
okl i, | e OFAZ.A ~d F
Js!
e Sl S S oA FA5N0 ole
T TS \20Y.Y JF
S
b ol S ) Yarv.Y JN P
b e, | e LAY o F
P
e Sl S VY ) forY Sole
2okl o, < YY) YVAAY ~d F
plex
s ol g5l YA Yran ols ’

sy slaasdl :55ls

s Jos slod sl o F gl Jleas! sl sais ools plis ¥ Jgoz 40 a5 jebjlen
oolaw! t5’5LL’ 6&0&‘0 ws) )l LQJ..\A A.JS \))5]).3 3o ‘Q”‘)"L" W 0)3]){ 1.0 )| )a.oS L}M'Qj)"
el 70 5 5aS la o asd sl cpemsle aej] Jlois! S0l 4y ax g5 b cpian 090 o
WAl dalgs 4285 0 b o e (gl ol ol BT 66X

Syl el bl (Kicon s le Julows s i Gl BLS | gy 50 S o8
u&‘)i U"‘ C"L“’ A eolazwl eds b u?‘)—‘ HASAANARER @Lc) 0,90 slaosls uL“ M/" ’
O «M S9>g ,a..\.c» P = ).O.a uo).@ as RS QL‘“’ Sl 00 4::‘)l ¥ Jj» 5o as



AA] IF+ ¥ olano; — @,k 0ot — poxhs g Comny JUw — (53LasB] (gl 51l o o b pidg s dolilad

a2y bl addllas 590 sl etie Ole (598 bLS | 0925 5| (Sl ol (nl 09l o0 9, L it
= 250 S yesite slasd Lol sbhadlie Jlo by, SeS 4 18 o0 ( (Simrod o (ol 42
S« oSl jasliy g €plow 5L aslion polic Cov ouS 5 jasli g0 g ol als |

0,5

anwgi Jlo 30 by glS (5l p cli b a0l @l :F Jguo

Table.4: Bartlett's Test Results for Developing Countries
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Table.5: Main Components for the Banking Index for Developing Countries
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Table.6: Eigenvectors for the Banking Index of Developing Countries
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Table.7: Main Components for Stock Market Index for Developing Countries
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Table.8: Eigenvectors for Stock Market Index of Developing Countries
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Table.9: Bartlett's Test Results for Developed Countries
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Table.10: Main Components for the Banking Index for Developed Countries
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Table.11: Eigenvectors for the Banking Index of Developed Countries
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Table.12: Main Components for Stock Market Index for Developed Countries
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Table.13: Eigenvectors for Stock Market Index of Developed Countries
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Table.14: Estimation Results for Developing Countries
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Table.15: Estimation Results for Developed Countries
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Table.16: Static Fixed Effects Model (LSDV) for the Energy Equation (Qil)
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Table.17: Static Fixed Effects Model (LSDV) for the Electricity Equation
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Table.18: Dynamic System GMM Model for Energy Equation (Oil)

Jsl Joe P> Joo P Joe plez Joe oy Joe
oyl s e e - AF L aTe S AYE YA
[CARED] (+,£YY) [CARV))] [CARID) +,YYA)
5] G e o IS KL Q¥ hk ey hk, a¥s kL Qg K, arq
()] (feee) (+]++) (+]++) ) (+f++*)
kL Ey erk Ly xk 6y L vy L ey
GDP .,
1Y) ) ) ¢1-79) CI¥Y)
*hk_L V0 *RX_L Y0 *RX_L Y0 *rE_L Y0 *rk, Ly
(fove) (o) (o) (+ove) (- +¥)
ples 51k G50 e W *ENY
GDP -, ¢1-¥H)
U905 S o, *oeey
GDP & - T
GBS e o8 ,
GDP « JL (+/aY+)
oS b slaws v, Y
g S oS pdy -IY29)
A ogelen 2 il
T G oo oo G G
4o Jhr (Fon
Js!
303 P e N ) 1YY ¥V )
4o (b (Ko
P9

Gimgy sleanil asle



YA IF+ ¥ olano; — @,k 0ot — poxhs g Comny JUw — (53LasB] (gl 51l o o b pidg s dolilad

Jo 11 J9uxGMM G alslas (sl b gy potmnens

Table.19: GMM Dynamic System Model for the Power Equation
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Table.20: Long-Term Elasticity Coefficients of the Oil Equation
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Table.21: Long-Term Elasticity Coefficients of the Electricity Equation

Lloads

Jol Joe

9o Je

Py Jos

ez J%

= Joe

Sl pd Saeaddy s

< 1OYF

<IOVF

< 16YO

1000

< 100F

cead Sdedily niS

VIR

—1+AD

ERARLd

SN ¥

—[+90

b G, waeaily s
plew

[ONNFURVRE gLy
GDP & plows (255

SofY

o Daily
GDP o Jb e 5

RNV RURVRU SN
59 oadbazd iy slacs Ll

OF




YAY IF+ ¥ olano; — @,k 0ot — poxhs g Comny JUw — (53LasB] (gl 51l o o b pidg s dolilad

G F
Oles (Kiblanwgs mhaws & dily 5 (oS o by alall) SG 352 g 5l (S gk nl slaadly
o 9 ol aS ol s el Ik 5 sy LIl R SS& el (551 sLols 5 (Jbo anvgs
bl 551 B pan Dl 55 (Sglite slagSl asilyi oo splie Larass plete S U Glgie &
o el S alanslges cannsgs adsl Jolre 5 plew ik cdnngs b 53 slaypaS o oS
b sy st ik o5 o o s 530 slolis aliél ar bles sl 5 sinno csloess s
S S8 55l Brae al 2al5 5 (550 4 Ssete g3l sk 5 Ol S
Y S 5 055l s 535 il gl Gloca b o e s0les gl )5 b iy (slo S 5o
25 el 53k 5 Jsr 3k dme 59 58 50 (Jlo angi a5 351 o ool 3 1) (aald (2555 CoaS
SIS 0 a0l alaly cad i (o 900 Ggw Al ok S |) (6550 Srae colys
pSews b oasals 1S 4 655 Brae p cote SISl anng YL 4 Sl zsbaw
(o slocuslow 10 5 o pae Coesl p (Joo 6581 (nl 030 s ot 0ud 1S
S o e Wl e 9818 ()il 45 am0 e Lt 5 anls 05T a5 55,

Q)LM: )|9.o.b ‘))90).@‘45‘_}3;[‘,5 (_g;)l.a.»._e‘ ‘_ng)L.}L.J Cown A

GSazais Y
Ayl Jlo 0 lo,9iS 10 (65,1 Lald y (Jlo axwgi Gligy Sl ) SBan b Gragy ol
GY-rr sloools 6,550 L cd S ploxl Joy Jhl g plew Jhl GRE 55505 b iyt
cleadlie Julow 5o,k 5l Jbo anwg slaasls (GMM) aidlvons slaslisS (g, 5 VoYY
dng 1S ol las s wias Ll Lgy L sleosls sl Jos ;5 5 aoxs (PCA) Lol
23 5 (o i Arwgi aild Jsb o o] UK aSl wcd (ot a5l Gpae p Jle
Sk Lol ool (65,31 Brae alidl carge o) adsl Jolpe )0 plows ik s Jlo 50 slo a8
Sleige @l )8 1) (635 Dal (205 alS Sl s

Siloaine b 5550 Bran 2als 4 Tules wam 93 8 53 Jbo anwgs il iy (slaygtS
alaly S 0ad S b oanals 3 4 adsl cute 3 515 oS oyl alosl oo )]
oS 585 ) g3lgs Dol ol 00 ol gl w15 SOV (65,1 G pae 5 o dnsi oo
Gl b amo oo Lt 1) aily5ld (slacs yslsi 5l ol 5 (650 e 4 (Lhsugsis (IS0
il ) TS A SiRg

5 ol JolsS b Lol cams ial33l 1) (6550 &8 pan wilgs o cadgl J>lye j0 Jbs drwgs v

gl weSae (S g haad LI nl g5l



ok Jloar 9 (FoYB (e (Sl iz [ o 2 51 LW 12 o druwgs 51 i 9 gy oS YAY

3 el olyon (6550 Bpan ialisl b yiis ploew 5L dnwgs Jl> 0 slaygas o v

Sibioe w8 15 6551 6590 2 St iy (I L &5 J
4 ES > e eploe JBL g Jor JBL aw 99 5o 0 Jlo dnngs s i gl jsiS o
WS o e |y 0wl IS (65,50 G pae oo
il uSae U L U S8 0l o g ol (a3 o2 (6550 5Ll 5 Jlo arogs abl, v
o2 a2l wal)lS 1,588 den (sl Gy lacuslow (pl ol il

2 Gl elge il yglis 5155 5 ()l sileslil (IS8 CunSlo (ol S
it Il (6551 S rae S 4 Jlo dnng pocx
b slrasogs

v

Sty lis parass Cuzr Jlo gloplls oS 5 codlad (25,0 coaSl vgge O
1 paseS glie 9 S slags
SIS Co s jelaieas j9iS s drwgi mhe b caslie glad> e slaciulw 351 O
(S5 Bras JalS 4 gl
sleadld oly ler Glapile 5 ailgld slecslo,n; ( gludl aloyw cugdd O
16551 Sa90 0 b bat o Angis gedod
5 e slogisl Ghis sl o slodste sbrl 5 555l dew & SiSugsS O
(55l s oasls glas glis
e pizme ligld 5 oy JlaS wiloe oY 353 GBats (GLb S il el
ales 1,08 callie ¢t sl ) 5 39t 1y Gl dnmgs 9 05 golasdl slatags,
310 3525 (5590 1 INS loay
sl 00 oolatwl Slez oy @ sl slaosls 5 g, 5l pole imghy jo i@dln (o ,led
1 s e (5,15 30 03Il SO a4y Bai g5 coled 1o 50 o auin g5 pbew
Sl sgzg tdcolos || Jlo @l



YAD IF+ ¥ olano; — @,k 0ot — poxhs g Comny JUw — (53LasB] (gl 51l o o b pidg s dolilad

References

Achuo, E., Kakeu, P., & Asongu, S. (). Financial development, human capital and
energy transition: A global comparative analysis. International Journal of Energy
Economics and Policy, ().
https://Awww.emerald.com/insight/-.htm

Agustina, M., Abd. Majid, M. S., Hafasnuddin, H., Gunawan, E., Murkhana, M., &
Zulkifli, Z. (). The impact of financial development on energy consumption in
ASEAN-: A quantile regression analysis. In : International Conference on
Sustainable Islamic Business and Finance (SIBF) (pp. -). Institute of Electrical and
Electronics Engineers (IEEE) doi: ./SIBF..

Aghayi, M., & Salman, M. (). The role of systematic risk in the relationship between
financial development and renewable energy technology development: A
comparison of oil-developing and oil-developed countries. Macroeconomic
Research Journal, (), -. doi: /IEJM... [In Persian]

Amiri, M., Mousavi, S. N., & Moghaddasi, R. (). The role of development and financial
risk in agricultural energy consumption: An empirical analysis based on country
panel data and smooth transition regression. Brazilian Journal of Biology, , e.
https://doi.org/./-.

Asri, N. D., Legowo, E. H., & Yusgiantoro, P. (). The impact of the pandemic on
environmental health from the perspective of energy sector. International
Journal of Public Health Science (IJPHS), (), .
http://doi.org/./ijphs.vi.

Bageri, S. (). Investigating the impact of financial development on environmental
pollution and energy consumption in OPEC member countries. Interdisciplinary
Environmental and Development, (),
doi: .fenvj.. [In Persian]

Conticelli, E., Falcioni, S., Marzani, G., Morini, G. L., & Tondelli, S. (). Assessing
energy efficiency at urban scale through the use of energy performance
certificates: An application in the Emilia-Romagna region, Italy. Cities, , .
https://doi.org/./j.cities..

Estevao, J., & Lopes, J. D. (). SDG and renewable energy consumption: The
influence of energy sources. Technological Forecasting and Social Change, ,
https://doi.org/./j.techfore..

Farahti, M., Selimi, L., & Gholizadeh Aaratbani, M. (). Financing methods and
consumption of renewable energy in developing countries. Quarterly Journal
of Iranian Energy Economics, (), -.
http://dx.doi.org/./jiee... [In Persian]

Gershon, O., Asafo, J. K., Nyarko-Asomani, A., & Koranteng, E. F. ().
Investigating the nexus of energy consumption, economic growth and carbon
emissions in selected African countries. Energy Strategy Reviews,
https://doi.org/./j.esr..

Habiba, U., Xinbang, C., & Ahmad, R. I. (). The influence of stock market and
financial institution development on carbon emissions with the importance of
renewable energy consumption and foreign direct investment in G countries.
Environmental Science and Pollution Research, (), -.
https://doi.org/./s---


https://www.emerald.com/insight/1750-6220.htm
https://doi.org/10.1590/1519-6984.288693
http://doi.org/10.11591/ijphs.v13i1.23027
https://doi.org/10.1016/j.cities.2023.104728
https://doi.org/10.1016/j.techfore.2023.123004
https://doi.org/10.1016/j.esr.2023.101269
https://doi.org/10.1016/j.esr.2023.101269
https://doi.org/10.1007/s11356-021-15321-3

ok Jloar 9 (FoYB (e (Sl iz [ o 2 51 LW 12 o druwgs 51 i 9 gy oS YAF

Hariqi, M. F., Dai Karimzadeh, S., & Sharifira’nani, H. (). The impact of institutional
reforms on export diversity in selected developing countries: An econometric
modeling approach. Modelsazi Eghtesadisanji, (), -. doi: ./jem... [In Persian]

Hesamiazizi, B., & Gholipour, H. (). Analysis of the impact of oil price shocks on the
stock market in Iran. MIEAOQI, (), .
http://mieaoi.ir/article---fa.ntml [In Persian]

Jafari, M., Esfandiary, M., & Pahlavany, M. (). Investigating the impact of oil revenue
governance on economic growth of OPEC member countries with emphasis on
stock market development: A PVAR GMM model approach. Macroeconomics
Research Letter, (), -. doi: ./iejm... [In Persian]

Khan, A., Hussain, I., & Khan, N. (). Impact of energy crisis on developed and
developing countries: A comparative review. In A. Khan, I. Hussain, & N. Khan
(Eds.), Energy Crises and Its Impact on Global Business (pp. -). IGI Global.
doi: ./----.ch

Lahiani, A., Mefteh-Wali, S., Shahbaz, M., & Vo, X. V. (). Does financial development
influence renewable energy consumption to achieve carbon neutrality in the USA?
Energy Policy.
https://doi.org/./j.enpol..

Majid, S. A, Sidek, N. Z. M., & Haroona, N. (). The impact of financial development
on energy consumption in ASEAN-: A quantile regression analysis. Jurnal
Ekonomi Malaysia, (),
https://doi.org/./JEM---

Nugraha, I. M. A., Deshanjaya, I. G. M. N., & Luthfiani, F. (). Energy and economic
prospects from the utilization of sawdust waste as biomass briquettes in East Nusa
Tenggara. International Journal of Power Electronics and Drive Systems, (), -.
http://doi.org/./ijpeds.v.i.pp-

Orach, H., Qianling, S., Adhikari, S. et al. (). The impact of energy consumption,
financial development, and foreign direct investment on environmental
quality: Fresh insights from static and Dynamic Panel Models. J Knowl Econ.
https://doi.org/./s---

Pata, U. K., Yilanci, V., Zhang, Q., & Shah, S. A. R. (). Does financial development
promote renewable energy consumption in the USA? Evidence from the Fourier-
wavelet quantile causality test. Renewable Energy.
https://doi.org/./j.renene...

Phoung, S., Hittinger, E., Guhathakurta, S., & Williams, E. (). Forecasting macro-
energy demand accounting for time-use and telework. Energy Strategy Reviews.
https://doi.org/./j.esr..

Rasakhi, S., & Ghanbar Tabar, S. (). The impact of financial development on the
disaggregation of energy consumption and economic growth. Quarterly Journal
of Financial Management, (), -. doi: JFM... [In Persian]

Yan, N., Li, X., Wu, Z., Shao, J., & Guerrero, J. M. (). Low-carbon economic
scheduling with demand-side response uncertainty in regional integrated
energy system. International Journal of Electrical Power & Energy Systems,
https://doi.org/./j.ijepes..

Zeren, F., & Hizarci, A.E. (). Hydropower energy consumption, financial development,
foreign direct investment, and economic growth: Further evidence from newly
industrialized countries. J. Knowl. Econ.
https://doi.org/./s—w


http://mieaoi.ir/article-1-1392-fa.html
https://doi.org/10.1016/j.enpol.2021.112524
http://doi.org/10.11591/ijpeds.v15.i1.pp540-547
http://doi.org/10.11591/ijpeds.v15.i1.pp540-547
https://doi.org/10.1007/s13132-024-01894-0
https://doi.org/10.1016/j.renene.2022.07.008
https://doi.org/10.1016/j.esr.2023.101264
https://doi.org/10.1016/j.ijepes.2023.109691
https://doi.org/10.1007/s13132-023-01135-w

