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Abstract

The lack of security, political dependencies, the formation, and the increase in
environmental problems are the main reasons for changing the approach to energy supply
from fossil fuels to renewable energies. This alteration requires financial support for the
extraction of renewable energies. Foreign direct investment, investment in research and
development, and financial market development are among the Financing methods that also
impact the consumption of renewable energies. This study aims to assess the impact of
these financing methods on the consumption of renewable energies across 26 developing
countries during the period from 2008 to 2019. Findings from panel model estimations
indicate that foreign direct investment and investment in research and development have a
positive and significant effect on the consumption of renewable energy, while the
development of financial markets does not have a significant effect on the consumption of
renewable energies. Based on the results, since the defined methods of financing do not
have an adverse effect on renewable energy consumption, it is recommended that the
government, to guarantee the indicators of the nation's welfare, including environmental
quality, put the laws covering these financing methods in the main plan and support.

Introduction

In recent years, with population growth and technological advancements, energy
consumption has increased, and this growing demand may lead to energy shortages and
environmental crises. Many researchers are seeking factors that influence energy
consumption to better manage it. One of the best strategies for managing energy
consumption and reducing environmental problems is to use renewable energy sources
instead of fossil fuels.

Financial support is one of the prominent factors in the development of the renewable
energy industry. This industry, in its early stages of development, requires substantial
investments in infrastructure, equipment, and training. Technologies related to renewable
energies need continuous upgrades to reduce production costs. Although financial
support is received from the government in the early stages, further development requires
more financial channels.
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In developing countries, the exploitation of energy resources depends on financial
conditions. Without proper financial forecasting and planning, it is not possible to
implement investment projects.

The three main methods of financing energy projects are:

1. Financial Development: Financial development can enhance energy consumption
by reducing credit costs for consumers and increasing production by companies.
However, some researchers believe that financial development can reduce energy
consumption because companies improve energy productivity to save costs.

2. Foreign Direct Investment (FDI): FDI can lead to technological advancement
and increased energy efficiency, thereby reducing energy consumption. It can also shift
the economic structure of countries from agriculture to industry, leading to increased
energy consumption.

3. Investment in Research and Development (R&D): R&D can act as an
alternative to financing investments in renewable energies. Investments in R&D have a
direct impact on energy consumption, and the utilization of renewable energy resources
depends on technological advancements.

This study examines the impact of these financing methods on the consumption of
renewable energies in 26 developing countries during the period from 2008 to 2019.

Methods and Material
The regression equation is as follows:

(1) ERy = a+ pFDI + ,SMC;y + B3R&D;; + B,GDPy + BsURB;, + B¢ CO2; + &

The explanatory variables in the regression equation include ER (per capita
consumption of renewable energy in kilowatt-hours), FDI (net foreign direct
investment flows as a ratio to gross domestic product), SMC (stock market
capitalization as a share of gross domestic product), and R&D (investment in research
and development). Control variables entered into the model are GDP (per capita gross
domestic product at constant 2015 prices), URB (urbanization rate, the proportion of
urban population to total population), and CO2 (per capita carbon dioxide emissions).
Data sources for variables such as FDI, SMC, GDP, URB, and CO2 are derived from
World Development Indicators, while data for the REC are sourced from the Energy
Information Administration. Additionally, statistical information for the R&D has
been collected from the Technology and Innovation Database, normalized between
zero and one.

To estimate the model, we first use the F-Limer test to choose between the mixed
model and the individual effects model. The null hypothesis of the F-Limer test
suggests that the intercepts across different periods are the same. In the mixed model,
the intercept is the same for all periods, whereas in the individual effects model, the
intercepts differ for at least one period. The individual effects model is divided into
two categories: fixed and random effects. In the fixed effects model, there is a
correlation between individual effects and explanatory variables, whereas in the
random effects model, there is no correlation between individual effects and
explanatory variables. The choice between the random effects model and the fixed
effects model is made using the Hausman test.

Results and Discussion
Results of the model estimation are reported in Table (1):
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Table 1 The results of the ianel model

FDI 12.95762 2.5 0.012
SMC -0.0915262 -0.23 0.817
R&D 1096.947 6.24 0.000
GDP 0.21945 10.16 0.000
URB 23.495 6.05 0.000
C0o2 -210.0826 -9.09 0.000

The results of the estimation indicate that foreign direct investment and research and
development expenditure have a positive and significant effect on the consumption of
renewable energies. In fact, foreign investment and allocation of resources for the
development and utilization of renewable energy sources such as wind, solar, and
hydroelectric power lead to increased production of clean energy and reduced reliance on
non-renewable resources like oil, gas, and coal. Moreover, this type of investment serves as
an exchange solution for reducing air pollution, preserving the environment, and
conserving natural resources. According to the findings, an increase in per capita GDP and
urbanization rates should lead to higher consumption of renewable energy. Given that
renewable energy plays a crucial role in improving environmental quality and reducing
environmental pollution, economic growth can act as a catalyst for developing renewable
energy resources and increasing investment in renewable energy-producing companies. On
the other hand, public awareness and knowledge about reducing non-renewable energy
consumption and transitioning towards renewable energy increase at higher urbanization
levels. The results also indicate that an increase in per capita carbon dioxide emissions
leads to a decrease in the consumption of renewable energies, reflecting reduced biomass
production as a renewable energy source due to increased carbon dioxide emissions.

Conclusion

Findings indicate that foreign direct investment and investment in research and
development have a positive and significant effect on the consumption of renewable
energy, while the development of financial markets does not have a significant effect on
the consumption of renewable energies. According to the results, these financing
methods do not have adverse effects on the consumption of renewable energy. Therefore,
the government should incorporate laws that encompass research variables into its major
programs and support, aiming to ensure national welfare indicators such as increased
economic growth and environmental quality. On the other hand, it should be noted that
increasing the use of renewable energy is desirable as long as it effectively replaces
fossil fuels; thus, the goal is the optimal and efficient use of renewable energy.
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1. Westerlund Cointegration Test
2. Panel tobin
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1. Smooth Transition Regression (STR)
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1. Pooled mean group (PMG)
2. Fully Modified Ordinary Least Square (FMOLS)



91"|bb&m)gul)ﬂw}idb):su)}i{)éﬁ.ﬁ\i.\i.\zﬁgshgsjj\d,m}gmw‘\igshy;l'»;)

dslee b anwy = 53 5538 Y9 Gl 1y pdidides (6550 O e Olpe

ol b Y ATV GleSayss (b 5 G S
ER; = a + ByFDI; + B,SMC;, + B3R&D;; + B4,GDP;, + BsURB;, )

+BsCO2; + &3¢

2ot (531 &l O s ER ol S5 55 dolas (e 5 sl ki 45 saes
& ol it 51 ale O 2 s S FDI ccele Sl JbST o
3 Jo Gl g Sl e dsle plew JST 25,0 g SMC (s [allsb ol 5
GDP (sls e pioeess .Sl drn 5 5 Gt a5 5 G )5 (6,18 4yl e R&D
Comorr Cod) (eiisgd &5 URB (Y10 ol Cad o il (ot Ll b S 5
Olge 4 G o Gl 4 5) (28 AT (65 il 5Lazl CO2 5 (Comaz JS7 51 (s
O 5 Oloj ediasilis i 4l 5t mmen . Llodd Jie 340y J 28 (gla e
(o558 A3 sk e 5 GBS Rl e e n) 528 (g3l i L al
o) 3515 (S 0T iy 5 o3l G lb o & ks 4 (651 O3 e Ol
SN 5 Ly 5287 (g3l iy L a8 ol e (YY) 875 (YVF C0en
ORIl e S SLIBIL 5 dzmea 550 Sl eolinal GLIST A1 5 5 e Sl
Co by ol per g ools Sl 1) 550 ol wuim wsd o0 551 oS 5 (s
YA OLan 5 BB ) Sl Cogpme ' 25550 314 1 ol 58 0n 65,50 Sl )
S arwy Ll gyale 5 Jlas ( ela] (oolambl gladnl p felh i gl
iy 5 Dlaral 5 boslr (aOlzslo 51 (6513 0 g 5 Sluscatlo Ol Ay Esly
e el adle 5 (YA TESGI5 5 515) 558 0 6550 Co 03 28 il 3l
L5 il e e gl 5 o3 (Jomd mle S5 e LSS Sl L) o
SLasl Rl e elal ol oGl ok o S AnSTI 85 055 4 1S sla3E Lasl
Sl Glr 2l Olse [y pdidided Glas sl 6,8 e (o S AnSTiso
Slast a5l OSs Co bl il 03 58 pdibiolist 5 gm0 ((Jad) iU dow

1. Salim et al.

2. Brookes

3. Rebound Effect (RE)
4. Zhao & Zhang
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1. World Development Indicator (WDI)

2. Energy Information Administration (EIA)
3. Ttechnology and Innovation Report

4. Levin, Lin & Chu (LLC)



$0 | 01, Ken 5 al,8 | ara i Jlm 55 6l 58 13 pdyydod Gl B mas 5 Jbo el sla iy,

Syhier 3y dhe la it pled (Gl daly als ) sy (e SR B s oo OLS
ol Je (sls ke o ble SSbled ol oyl oS

‘,\sgm,@,owi@u.v Jade

1(0) reas —0/\q08¢ ER
1(0) s —\+/+ YVA FDI
1(0) e =V A sMC
1(0) e EARVARIA R&D
100) e =Y/ A g GDP
1(0) [reed SFANAY URB
10) R —£/8AAT Cco2

G glaal S

e 5 il Jue Ol bzl od F 05037 Sl eslizal b ol o3 dny e 5>
S5 Tl OLSS ablis ples (sl o 51 8,8 (il Jube 53 358 planil (635 Sl 5
o,x:nu@,su;w,udgug\L;.Js\bé\ﬂwjlu,:fo;ﬁ;,)uug,y,a
Sl D e 53 135 o el (B3Lat 5 ol Dl s 53 4 e ) o 350 0
S Ja 53 & Jlom 53 503 355 (Somas (e 5 (1o e 5 535 D3 Lo
2L s gy el 5 Sl e 5 (635 DS Ole (B Solas

olie & bgpe slalln 51 (2,0 035 0Ly s SV Sod B 05aST Jio 403
sl 5 Sy a0 O gaT osleT 55,05 Calides
_ (RSSg —RSSyr)/(N—1)

RSS;r/(NT — N — K)
(Gt.__md.u).u,aﬁoﬂﬁ,g,ﬂﬁyyu.uwQ@fCMRSSRoT,Ms
3 ol Llewy Sla o g gommn RSSyR 5 (Jsame Slay o Jili 25 5 eslizad L
b Jsers Slape Pl 3y 51 eslimal b (ol O 31 Jie) il &3 g S5 5,557
‘_;La,ul,lialejcha.a;!.wN‘u.;u)'e),;:!uwTw.chdﬁy,g..u
Gkl ods 518 (1) Jsdter 53 ped F 00T gl il o et 5 sl i

)




VECF Slg| 00 oyl | VW Jlu | Ot 55 sladdl asliing 3y | 55

JIs Jiw aus 3 ol o/ Jslae &5 (P-Value) é)uwu.:}\ymwnst{@u
Dgh o 3y oy dﬁi Sold s CE“ 03 630 slaluw 51 56 U5 Q\..«gi 2
..sj;;u.aa;\.scg-;.demQ(c,.:lj)éaJécJ;ld.u@lﬁLg

gela 5 ed F 05050 BE Yo

e (Yo,YA+) \Wo/eY e F

Y 0 0/ el

G slaasly iaie

S nlin e Dbl (g1 pblie 5 SKanl 3 s dul Gl e 5 4elsl s
e & ool 51 s 55 00 48,5 7 4 emls gty 05057 (bl SIS L ol
3k O 35T 5 caml H/FPYY Uslas cpals O 03T (P-ValUe) (g, LT Jlez|
g g0 030> c:—j b Q\;‘;JJJT}:Q

s Sz (Sean 355 S sy pe b gy ool ) slitess a6
3Lzl " ledn 3 S 05037 5 il Slanstl gy sl 5 st s O g0

R HIN 45‘)‘ (F) J)-‘? BE Lﬁd}ﬁJT U'-’-‘ c.t.: ol ol

P CRPRCINR  PPS T RPF B\ PPRUESSTRUPYS | IF =g U PRE

J}inJHO VAR V/0\. vi:‘“-‘“’?”""("” @)JJ})QJAJ’T

554 35 Hp ARER T AAY obsls Sleen 3oy | pledtens S O ga3

pIvERS éuwl{' CMA

=

93 SNads B gy ol G golss 053] e b b il el
e o ledln > S 05051 B b opimman 558 0 55 (S35 BB Olabl o
33 A By S she 3y Jsd BB Olabl sl 5 55 bl Slees Sio
T Ol il ass Sl e il ST 1 e 35T sl sks ST JSCke
el ok 1S (0) Jsdar > Je 3,557 RO PREPH -

1. Wooldridge Test
2. Likelihood Ratio Test
3. Feasible generalized least squares (FGLS)
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