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ABSTRACT

This study focuses on Brazil, Russia, India, Chand South Africa (BRICS countries), which
contribute over 40% of global G@&missions. Using panel co-integration tests, follydified
OLS and seemingly unrelated regressions, the stadiyibutes to the literature by revealing that
public debt securities foster the transition froosdil fuel electricity towards low-carbon
electricity, whereas private credit is mostly ptieBs for electricity production transition. The
explanation is that environmental pressure urgésiQuoapital to play a vital role in electricity
transition, while bank loans are reluctant to lethes electricity from fossil fuel for considerable
returns. The installed capacity of electricity &tas drives the association between financial
capital and electricity production. Financial maskén China and South Africa play a more
significant role in electricity transition than téher countries. Low-carbon electricity transition

requires transformation of financial markets inteélse countries.

KEYWORDS

Low-carbon electricity transition; Financial markePanel co-integration tests; Fully modified

OLS; Seemingly unrelated regressions
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1. Introduction

Since 2007, over half of global greenhouse-gas ams have stemmed from fossil fuel
consumption (BFR2018; Wang et al., 2019). Anthropogenic climatencgjes are projected, such
as global warming and air pollution (IPCC, 2018]libk et al., 2019; Wang and Su, 2019). To
achieve the 2°C targets set in the Paris Agreenesdil fuel needs to be gradually replaced by
low-carbon energy (Lilliestam et al., 2018) and {oarbon electricity generation can promote
de-carbonization of energy sectors (Gao et al.9p0Rurthermore, energy supply security has
suffered from trade disputes and increasing enemysumption (OPEC, 2017). This alerts

countries to reduce reliance on fossil fuels ancetig low-carbon electricity.

Electricity generation is dependent on financial rkets, due to its capital-intensive
characteristics. Developing new electricity infrasture requires a large investment. From 2010
to 2019, investment has quadrupled the electriggtyerating capacity of low-carbon energy,
from 414GW to 1650GW. In 2018, investment in lowbkmm electricity capacity was $272.9
billion, three times as much as investment in tds&l power generation (United Nations, 2019).
The 2015 Paris Agreement has put finance at the béalectricity transition (Kim and Park,
2016). It interests us to explore what role of ficial markets play in electricity transition, and

furthermore, which financial instruments facilitatecreate challenges to the transition.

Literature concentrates on either fossil fuel av-lwarbon electricity but seldom investigates
the transition from fossil fuel electricity to loearbon electricity. This study complements
previous research by scrutinizing the latter qoestiFirst, we attempt to account for the
mechanism through which financial instrument aBeelectricity generation. Second, we
categorize financial and energy variables and sthdydifferential impacts of various financial
instruments on electricity transition. Third, itsambles a country-year panel data set of five

countries from 1996 to 2015 and undertakes empmitalysis.

One of our contributions is the focus on the BraRilissia, India, China and South Africa

(BRICS countries). The sample is important for ¢hreasons. First, these countries are leaders of
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low-carbon electricity transition (United Nation2018). Despite investment in low-carbon
electricity, these countries are heavily reliantfossil fuel and contribute over 40% of global
CO, emissions (Azevedo et al., 2018). They are vulilerto energy shortages and pollution
arising from fossil fuels (Vivoda, 2010). Secorltgge countries have developed energy sectors
relying on domestic financial systems and energierpnises. This stands in contrast to
middle-eastern OPEC countries, which give prodactioncessions to oil majors and outsource
financing (Adelman, 1995). Third, the countries d&atheir individual characteristics in
low-carbon transformation. A comparative study béde five countries can explore these

national differences (Wang and Zhang, 2020).

Due to energy security concerns, many countriesl tenincrease domestic low-carbon
electricity to decrease fossil fuel dependence (OFID17). However, low-carbon electricity has
long been impeded by a lack of access to finanbe ¢Bal., 2018). Our second contribution is to
investigate the impact of financial markets on lcavbon electricity, on account that financial
markets act on electricity generation (Elliott, ZD1The present study makes the first attempt to
reveal the nexus between financial markets andtraligg transition, which has rarely been
investigated. It further finds the installed capadf electricity stations serves as a mechanism
through which financial capital affects electricgyoduction. Among the BRICS countries, only
the financial markets in China and South Africaypdapositive role in domestic transition from

fossil fuel electricity towards low-carbon elecityc

This study makes the third contribution by ideritifythe nexus between financial instruments
and electricity transition by using panel co-intggn tests, fully modified OLS (FMOLS) and
seemingly unrelated regressions (SUR). Our resuipdy that, for these five countries, issuing
public debt securities fosters electricity tramsiti whereas issuing private debt hampers the
transition. In other words, public capital has pldya strong role in transition towards

low-carbon electricity, however private capitallsavors traditional fossil fuels.

The remainder of the article proceeds as follovetiSn 2 reviews the literature pertaining to

the relationship between financial development anérgy production. Section 3 describes
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variables, data and model specification. Sectiqerebents estimation strategies and empirical

results. Section 5 concludes the study and dissubsepolicy implications.

2. Literaturereview

The effects of financial markets on electricitynsdion is a topical issue that has yet to be
investigated. Traditionally, electricity industryn&nce stems mainly from bank credit and
government support. In 1930s, project finance eeterfpr the oil industry. This financing
method distributing risks promoted the expansionthed electricity industry (Thumann and
Woodroof, 2009). With financial markets developmemtblic listings, issuing of bonds and
venture capital have come to the fore as sourcesmptal for electricity enterprises (Pan and

Yang, 2019).

Despite the rapid growth of low-carbon energy,sitsire in total energy production remains
relatively small (KlemeS et al.,, 2013; Su and Thoms2016; US Energy Information
Administration, 2018). The transition towards loadoon electricity requires substantial
financial resources (Campiglio, 2016). Governmdragse used various financial channels and
instruments to accelerate the development of lowera electricity generation. The literature is

not silent on the role of financial markets in élisity generation.

Supply-side studies analyze the production funct@ma technology change&hler and
Fetters (2014) and Best (2017) examine the reldtietiveen renewable electricity generation
and financial and economic development. They discdkiat countries with larger stocks of
financial capital are inclined to produce capitakensive energy. Ji and Zhang (2019) view
financial markets as a critical factor restricti@iipina's energy industry. They estimate the
contribution of financial capital to renewable emegrowth to be 42%. Financial markets is the

most important factor in renewable energy develagnfellowed by foreign investment.

Further studies examine the relation between fiahnmarkets and the deployment of

renewable energy technologies. Sisodia et al. (ROi@ bank investment in non-OECD
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countries significantly supports the improvementrefewable energy technologies. Kim and
Park (2016) investigate 15 developing countries dhddeveloped countries. In 15 developed
countries with well-developed financial marketsitlrenewable sectors that count more on debt
and equity financing are growing faster than thizs&5 developing countries. Ji et al. (2020)
discover that investment banks are of importanceawow the financing gaps of low-carbon
energy projects. Deleidi et al. (2020) evaluatesdtffiects of technological changes on renewable

energy investment, concluding that technologicabpess does attract more investment.

Despite the growing literature, evidence of the nollayed by financial markets in low-carbon
electricity transition is inconclusive. This is cpounded by the fact that most research proceeds
on either fossil fuel electricity generation or kmarbon electricity generation, rarely making
comparison to study low-carbon electricity tramsiti It is of great policy significance to
understand how financial markets contribute to tifEasition. Existing studies do not give
appropriate identification on the mechanisms thhowdich financial markets influence the

structure of electricity generation. The preseatigtaims to address this gap.

3. Data and model

3.1. Variable description

This study utilizes panel data of Brazil, Russmid, China and South Africa from 1996 to 2015.
The main variables are electricity generation, rfigial capital, GDP and installed electricity
capacity. Control variables include gross fixed i@dpformation, trade, fossil fuel energy
reserves and uranium reserves. All variables asedan the literature stated in the following
paragraphs. The study defines electricity genarapier capita as the dependent variable and
classifies it into two categories: fossil fuel gtexity and low-carbon electricity (electricity fno
nuclear, solar, tide, wind, geothermal, biofuelsl amaste). It excludes hydroelectricity from
low-carbon electricity, first considering that ressr water releases a large amount of carbon

dioxide, methane and other greenhouse gases (Somafj, €£018). Second, water-abundant
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countries have exploited hydro energy becausddtdriity generation cost is lower than that of
fossil fuel. This is not true for water-shortagaustries (Bahmani et al., 2020). In addition to
hydroelectricity, biofuel and organic waste alstease greenhouse gases. The carbon dioxide
released by burning biofuel and organic waste igghty equivalent to the carbon dioxide
absorbed by photosynthesis during their growth. féecarbon dioxide emissions of burning
biofuel and organic waste are approximately eqod.tThus, different from hydroelectricity,

biofuels and waste are low-carbon to mitigate tteghouse effect (Aracil et al., 2017).

The independent variables are financial capital el GDP. Financial variables include
private credit by banks and other financial ingitns, private debt securities, public debt
securities and stock market capitalization (Sun\Aldg, 2014). Since lack of access to finance
is a prevailing challenge for low-carbon electsicdevelopment (Sovacool et al., 2016), the
support of financial markets in sustainable eletyritransition is instrumental (Alam et al.,
2017). For most countries, the banking sector & iajor financing source for electricity
investments, and capital markets provide a secgrstarrce of funding. Expansion of financial
markets enhances competition and lowers the cosaptal (Acharya et al., 2017). Electricity
producers gain access to financial support moreilyeaand cheaply. Especially for
capital-intensive electricity production, a shodagf funds will push up financing costs and
render some electricity projects unviable (IEA, 2D ountries ascend an energy ladder as their
per capita incomes improve. Economic developmemt@a to a shift from fossil fuel to nuclear

and other low-carbon energies (Burke, 2013; Warad. e2018).

Installed capacity is the quantity of generatos setltiplied by the average power generation
per hour per generator. It is a key indicator ey the scale of power station (quantity) and
power production capacity (quality). Electricityoplucers get access to financing and influence
the electricity production through expanding th&téied capacity of power stations (Zhang et al.,
2019). Thus, installed capacity could be a mechatiisough which financial markets influence
electricity production.

We define 4;;, as the quality of machine of type i used in eleityr sector £ {I, f} ( I
6/33



157  low-carbon electricity; f: fossil fuel electricityat time t, which implies productivity of each
158  sectordy, corresponds to fossil fuel electricity technolegiwhile 4, represents low-carbon
159  electricity technologiesx;; is the quantity of machineryd;;; and x;;; are functions of

160 invested financial capital K:

161 Ajir = B1K® and xj;, = B,K*™° (1)

162  where By, B, denote the efficiency of funding for improving tlyuality and quantity of
163  machines for energy productiof. is the share of financial capital for improvingethuality of
164  machines, and 8- is the share of financial capital for enlarging #tale of machinery. Investors
165 determine how to allocate endowment K between lavban electricity and fossil fuel

166  electricity.

167 As for control variables, trade (the aggregateawidy and service trade) promotes the transfer
168  of skilled labor, capital, technology and materiaad thereby enhances low-carbon electricity
169  technological development (Deleidi et al., 2020)0<3 fixed capital formation refers to the level

170  of physical infrastructure and assets. The moreld@ed the physical infrastructural assets are,
171 the better and faster the electricity develops €tHal., 2014). Energy resource endowment is the
172 most basic factor affecting electricity producti@heng et al., 2014). The theoretical framework

173 is shown in Figure 1.
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Electricity Transition

L 2

Electricity Production &

Financial Market Model
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E : Financial Capital:
i1 @ Private Credit . .
i @ Outstanding Private Debt : Installed Capacity =~ wessssssssssssssssssssasssannng .

Fixed-effects Model

Installed Capacity

Transition to? | E

tH Securities . :
1 ® Public Debt Securities : : Electricity Production
E : @ Stock Market Capitalization . : ® From Fossil Fuel

Figure 1. Theoretical framework.

3.2. Empirical model

Electricity producers increase electricity supphyough expanding the installed capacity of
power stations, which requires access to finandg.investigate the role of financial markets

on electricity production transition. Following Kabal. (1999), the fixed effects model is:

energysic =

B1 + Bpprivate credit;; + fzprivate debt securities;; +  [ipublic debt securities;; +

PBsstock market capitalization;; + Begdp;: + B,installed capacity;, +
BeXsit + Uie + Pie 2)

The subscripts, i, andt denote electricity type (fossil fuel or low-carbelectricity), country
and time period, respectively. The explanatory aldés include private credit, outstanding
private debt securities, public debt securitiesclstmarket capitalization, GDP and installed
capacity. X;; is a vector of control variables: capital stodlade, oil reserves, coadserves,
natural gaseserves, and uranium proven reseruwgs. indicates country fixed effects and time
fixed effects for non-observational purposes; is the error term withE(¢;) =0,

representing factors not included in the modeldfigicting electricity production.
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3.3. Data and descriptive statistics

Figure 2 depicts the electricity production mixgtproportion of total electricity) of the five
countries in 2015. As the figure depicts, fossilfelectricity generation still dominates the
electricity structure of the countries. Howeveristldoes not infer they have not made a

substantial effort towards electricity transitioveo the past decades.

hydroelectricity [N 15.765
remaining low-carbon energy | 0.091

nuclear N 15,663

natural gas

coal
19.070

B ass7
§an
hydroelectricity. [l o > 0166
remaining low-carbon energy [l 5.361 natural gas | 2.487
nuclear | 2.765 coal Y0309

oil | 1.660

natural gas [ 4.923

coal S 300
hydroelectricity  0.325
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natural gas  0.000

coal G711

Figure 2. Proportion of total electricity production in tiee countries (2015).
Data source: World Bank, World Development Indicat2018.

Figure 3 shows the average growth rates per anrfumam variables. Heterogeneity exists
across countries for these statistics. The anmaait rate of low-carbon electricity generation
is higher than that of fossil fuel electricity feach country. Similarly, the annual growth rate of
low-carbon electricity installed capacity also ex@e that of fossil fuel electricity installed
capacity for each country. Particularly for Soutfrida, the annual growth rate of fossil fuel
electricity production and installed capacity aegative. For all countries, the annual growth
rates of the four types of financial capital arsipee and high, implying financial markets are in

rapid development.
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Figure 3. Annual average growth rate of main variables fa&986 to 2015 (%).
Data source: World Bank, World Development Indica{@018) and GFDD (2018).

Table 1 lists variables in the model. We divide tb&al value of all the variables by the

respective total population to get per capita undata on population are from the World

Development Indicators (World Bank, 2018). Next, take the logarithm of all variables for

empirical analysis. Logarithmic transformation ooty enables the estimated coefficients to be

interpreted as elasticities, but also helps conti@i heteroscedasticity (as logarithmic

transformations can resolve or narrow differencetsvben variables associated with their units

of measure). Table 2 presents descriptive staifticall the variables.

Table 1. Variables and data source.

Variables

Definition

Data source

Fossil fuel eectricity
L ow-carbon eectricity

Private credit

Private debt securities
Public debt securities

Electricity production from oil, gas and coal ses@er capita (kW

WDI (2018

Electricity production from non-hydro renewableslanuclear per capita WDI (2018)

(KWh)

Private credit by deposit banks and other finanastitutions per capite GFDD (2018)
(constant 2010 USI

Outstandin¢private debt securities per capita (constant 2030)
Public debt securities per capita (constant 201D)

GFDD (2018,
GFDD (2018

Stock market Stock market capitalization per capita (constarit®20SD) GFDD (2018)
capitalization

GDP GDP per capita (constant 2010 U! WDI (2018
Installed capacity Production capaci of power statiol (Kw) EIA

Capital stock Gross fixed capital formation per capita (cons201t0 USD) WDI (2018)
Trade Trade per capita (constant 2010 USD) WDI (2018)
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Oil reserves Oil reservesper capiti (kg) EIA
Coal reserves Coal reserves per capita (ton) BP
Natural gasreserves Natural gas reserves per capita (thousand cubi fee EIA

Uranium reserves Uranium proven reserves per capita (g) UNSD
222
223 Table 2. Descriptive statistics.
Variables Mean Median Maximum Minimum  Std. Dev.
Fossil eectricity 2305.286 1685.175 5040.681 99.010 1889.647
L ow-carbon eectricity 322.233 184.108 1321.128 10.211 385.094
Private credit 4032.253 3139.386 11137480 138.147 3281.753
Private debt securities 1210.836 1045.807 4759.496 3.077 1200.095
Public debt securities 1827.029 817.951 7582.547 5.479 2079.448
Stock market capitalization 4670.735 2832.051 19414.140 123.970 5031.123
GDP 5994.254 6125.590 11915.420 656.697 3652.850
Fossil fuel energy installed capacity 0.481 0.335 1.269 0.031 0.398
Low-carbon energy installed capacity 0.056 0.038 0.187 0.002 0.056
Capital stock 1321.323 1378.783 2842.676 164.014 742.590
Trade 2599.406 2581.533 5920.085 145.571 1689.149
Oil reserves 13240.88 2238.30 76372.62 37.1€¢7 22118.39
Coal reserves 429.663 88.085 1154.352 22.731 465.140
Natural gasreserves 2363.753 40.788 11769.460 0.020 4674.712
Uranium reserves 2305.286 1685.175 5040.681 99.010 1889.647
224 4. Empirical results
225  Our empirical approach consists of five steps:pdnel unit root tests for stationarity; (2) panel
226  co-integration tests; (3) FMOLS and DOLS estimatethe long-run coefficients of variables; (4)
227  robustness checks for endogenous issues; (5) éistmaf long-run output elasticities for
228 individual countries.
229  4.1. Pand unit root tests

230 Testing for stationarity is to ensure the regressioalysis does not produce spurious results
231 (Levin et al., 2002). The study uses four tradiionnit root tests for examining the integration
232 order of variables. Assuming a common unit rootcpes across countries, we calculate the
233  LLC-t test statistic (Levin et al., 2002). Assumiag individual unit root process across the
234  cross-sections, we then use the following addititests: W-stat (IPS-W) (Im et al., 2003), ADF
235 Fisher Chi-square (ADF-FCS) (Dickey and Fuller, 99@nd PP-Fisher Chi-square (PP-FCS)
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236  (Phillips and Perron, 1988). For all the tests,rthlt hypothesis is the presence of a unit root.

237 The test results in Table 3 show that all varialales stationary in first differences (under the
238 assumption of individual unit root process acrolss tross-sections). There is a long-run

239  equilibrium relationship among the variables siatteof the variables are integrated of the same

240  order. We explore this in the following section.

241 Table 3. Unit root tests.
Variables Level
LLC-T IPSW ADF-FCS PP-FCS
Fossil fuel eectricity 0.977 2.422 4.464 1.878
L ow-carbon electricity 1.000 2.545 3.376 5.126
Private credit -0.21¢ 1.820 2.80¢ 2.264
Private debt securities -2.233 0.24¢ 8.62¢ 7.43:
Public debt securities -3.11€7 2757 26.99." 41,7177
Stock market capitalization -0.375 0.473 4.371 10.545
GDP -0.491 1.280 8.806 1.628
Fossil fuel electricity installed capacity -0.434 -0.889 20.068 14.139
L ow-car bon electricity installed capacity -7.968" -5.053" 29.791" 8.348
Capital stock -1.176 0.218 9.032 2.480
Trade -3.136" -1.319 15.483 28.008
Oil reserves -0.664 0.129 7.668 24.662"
Coal reserves -0.328 0.570 9.040 5.116
Natural gas reserves 0.850 1.821 5.755 6.318
Uranium reserves 0.781 -1.903 55.808" 73.703"
Variables First Difference
LLC-T IPSW ADF-FCS PP-FCS
Fossil fud dectricity -7.5117 -6.817" 57.267 56.69¢"
L ow-carbon electricity -5.735" -5.029" 41.983" 41.478"
Private credit -3.429" -3.044" 27.1127" 16.810
Private debt securities -4.541" -5.638" 48.266" 59.398"
Public debt securities -9.688" -8.353" 69.514" 86.479"
Stock market capitalization -5.3727 -4.14¢" 38.65¢" 50.46¢"
GDP -3.36¢ -2.64¢" 23.78:" 23527
Fossil fuel electricity installed capacity -3.88¢ -3.822 31.88¢ 39.69¢
L ow-carbon electricity installed capacity -5.62:" -5.84% 45.93: 69.09."
Capital stock -4.13¢ -3.37: 28.15; 27.35¢
Trade -6.157" -5.25:" 43.69(" 47.39¢
Oil reserves -7.87¢" -7.36(" 61.387" 106.00:™
Coal reserves -2.208™ -3.23.7 30.34.7 28.08¢™
Natural gas reserves -8.410" -7.191" 60.131" 70.829"
Uranium reserves 0.57( -2.6387 44,027 35.63."

242 Notes:", ™, ™
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4.2. Pandl Co-integration Tests

Panel co-integration tests examine for long-runldmium relationships among the variables. As
all the variables are stationary in first differeac we proceed to use the Kao residual panel
co-integration tests to substantiate the existesic@ co-integrating relationship. The Kao
co-integration test specifies cross-section spedaifiercepts on the first-stage regression (Kao,

1999). Under the null hypothesis of no co-integmatithe test statistic is calculated as:

t. P
ADF = P+V6NGy/(200p ) — (3)
\/% + 36’3/(106’51,

The ADF test statistic converges to N (0, 1) asytigally. The estimated variance &=62 —

62,62 with an estimated long-run varian@g,=62, — 6&,..

From Table 4, the null hypothesis of no co-integratis rejected at the 1% level of
significance. Therefore there exists a long-runintegrating relationship between electricity

production and the explanatory variables.

Table 4. Kao co-integration test.

Ho: No co-integration t-statistic ~ p-value
Model (fossil fuel eectricity)

ADF -2.91¢7 0.002
Residual variance 0.01(¢

HAC variance 0.0(7

Model (low-carbon e ectricity)

ADF -6.976" 0.000
Residual variance 0.010

HAC variance 0.007

Notes:™ denotes 1% significance level of the statistic.
4.3. Pandl data analysis of long-run output elasticities

The study estimates long-run output elasticitiedenrdynamic OLS (DOLS) and fully modified
OLS (FMOLS) models. The two methods deal with $edarrelation, endogeneity and
heterogeneity. Phillips and Hansen (1990) proposesimator that eliminates the problems
caused by the long-term correlation between caynated equations and random regression

innovations, using semiparametric corrections. FREOLS estimator is asymptotically unbiased
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and has effective mixed normal asymptotic propemwtyich allows the use of the standard Wald
test of asymptotic Chi-square statistical inferer8®ack and Watson (1993) propose a simple
method of constructing an asymptotically efficierstimator to eliminate the feedback of the
co-integration system, namely DOLS. Kao and Chig@p1) propose a generalization of the
method, including increasing the co-integrationresgion with lags and leads ai,. Thus, the

resulting covariance equation error term is ortmajdo the history of stochastic regression

innovation.

The panel FMOLS estimator for the coefficigft

A * T— = -1 T-1 17— =\, * ~
Bur — B = By L5 Xica (e — X)) 2 Liiilozi(Bt=1 (e — T — T (4)
where:
i ~0 i ~0
Wit = Hie — ﬁAxit?i =hLhutQ - ﬁ (I22i + 2 ) (5)
The estimatorBy; converges to the true value at ratéN, and is distributed as:
TVN(Byr — B) = N(0,v), where v = * ifgf;fzo (6)

asT - o and N — oo,

When the estimator is modified appropriately, tberesponding asymptotic distribution will
not be influenced by the interference parametertineat to the particular serial correlation
mode of any member of the data. The DOLS estimstor

P00 | = (Bl S W)™ (50 B Wi ™
where Wy =(X/,,Z;;)', Z;; is the regressor formed by interacting th&; . terms with
cross-section dummy variableg;, and X, are data purged of the individual deterministic
trends. Kao and Chiang (2001) prove that the asytiepdistribution of the estimator is
consistent with that of FMOLS. The FMOLS and DOlsSreation results are presented in Table
5. Estimated coefficients describe the elasticityhe dependent variable with respect to the
explanatory variables. The relatively high value Rfsquared does not matter for panel

cointegration estimations (Lin and Chen, 2019).
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Table 5. Panel data analysis of long-run output elastsiti

(a) Model with fossil fuel electricity.

FMOLS DOLS
Coefficient  Sd. Error Coefficient  Sd. Error
Private credit 0.160" 0.027 0.086 0.146
Private debt securities -0.0317 0.01: 0.C12 0.071
Public debt securities 007" 0.00¢ -0.061" 0.C33
Stock market capitalization -0.086" 0.011 -0.066 0.060
GDP 0474 0.091 -0.514 0.E30
Installed capacity 0.98.” 0.02¢ 0.99:™ 0.16¢
Control variables Yes Yes
R-squared 0.991 0.991
Adjusted R-squared 0.989 0.989
S.E. of regression 0.128 0.130
Long-run variance 0.001 0.02t
(b) Model with low-carbon electricity.
FMOLS DOLS
Coefficient  Sd. Error Coefficient  Sd. Error
Private credit -0.05C 0.c28 0.01€ 0.111
Private debt securities -0.05¢™ 0.014 -0.06E 0.054
Public debt securities 0.019" 0.006 0.009 0.025
Stock market capitalization 01747 0.011 -0.142” 0.04¢
GDP 1.922" 0.C7¢ 1.906™ 0.34¢
Installed capacity 0.406" 0.013 0.419” 0.055
Control variables Yes Yes
R-squared 0.99¢ 0.99¢
Adjusted R-squared 0.993 0.993
S.E. of regression 0.11¢« 0.11¢
Long-run variance 0.001 0.01¢

Notes: DOLS and FMOLS are dynamic and fully modifaedinary least square methods, respectively.

ko okk Kk

, , denote the significance level at 10%, 5%, and rE%&pectively.

In fossil fuel electricity regression, the coeféints of private credit, outstanding private debt

securities, public debt securities, stock marketitaization, GDP and installed capacity are

0.160, -0.031, -0.073, -0.086, -0.474 and 0.982%tsignificance respectively. In low-carbon

electricity regression, the coefficient of privatedit is -0.050 at 10% level of significance. The

coefficients of outstanding private debt securjtiggiblic debt securities, stock market

capitalization, GDP and installed capacity are50,d.019, -0.174, 1.922 and 0.406 at 1% level

of significance.

Based on the empirical results above, public deldbund to promote the development of

low-carbon electricity. Since public debt also emdgrs negative effects on fossil fuel electricity,
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public debt securities contribute to the transiticom fossil fuel electricity towards low-carbon
electricity. As private credit positively drives skl fuel electricity and negatively drives
low-carbon electricity, private credit hampers #&lietty transition. Moreover, the expansion of
installed capacity plays a significant role in paimg the production of both electricity types.
This implies that the installed capacity of elemtyi stations serves as a mechanism through

which financial capital affects electricity prodiact.

The estimated results also suggest that highetsleafeeconomic development and greater
supplies of financial capital (except for privateedit) reduce fossil fuel electricity. In other
words, the financial markets generally do not fatraditional high-polluting, non-regenerative
fossil fuel electricity, and various types of firga instruments are withdrawing from fossil fuel
electricity investments. In the financial markegtsivate credit, private debt and stock market
capitalization have a significant and negative uefice on the production of low-carbon

electricity.

As to why public debt securities promote electyiditansition and private credit hampers

electricity transition, the possible explanations as follows:

(1) Private credit from banks and other financiastitutions is reluctant to finance the
immature low-carbon electricity for its uncertaiooaomic returns, still stuck to fossil fuel
electricity where economic returns are fair. Sirsmene low-carbon electricity technologies
between 1996 and 2015 are not mature, relevanegisopere full of uncertainties, with high
costs and risks. In contrast, fossil fuel eledlyionvestment is cheap, with mature technologies.
Private credit prefers fossil fuel electricity basa it provides certainty in the return on
investment. According to Lobbying Effect, the maaecountry’s financial system rely on
traditional energy, the less likely it reallocati#isancial resources to low-carbon electricity
(Boscan, 2020; Swain and Karimu, 20ZDhe superimposition of this effect also makes pgeva
credit is reluctant to leave fossil fuel electycétnd has little motivation to invest in low-carbon
electricity. Hence, the financial markets of theeficountries are cautious in low-carbon

electricity investments.
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(2) Climate change and emission reduction requirgsérce developing countries to use
administrative power, like public capital investrherto promote electricity transition.
Governments provide public capital, to balance tek&atively low economic returns of
low-carbon electricity projects. Public debt setiesi cover long-term bonds and notes, treasury
bills, commercial paper and other short-term nofesdate, the five countries’ governments are
funding large-scale low-carbon electricity projeaisdertaken by large-sized enterprises.
Funding for small and medium-sized energy entegprare scarce (Wang et al., 2016; Bensch,
2019). The imperfect financial markets of the foguntries are ill-equipped to provide adequate

financing for low-carbon electricity and electriciransition.

4.4, Robustness checks

To minimize the problem of multicollinearity, we-estimate equation (2) using separate addition
of the financial variables (Table 6). The coeffiti® of private debt in the fossil fuel electricity
regression - and private credit in low-carbon eieity regression - are not significant, whereas
their signs are consistent with those in Table brédver, the remaining estimation results of the
four financial variables are also in line with Tatdl. The FMOLS regressions prove to be robust.
Technically, the DOLS estimates differ largely fré#OLS in terms of numerical value, sign,
and significanceln general, non-parametric estimates tend to beemasust because one does
not need to take specific parameter forms. Sincaepavametric estimation relies on fewer
assumptions, more data than the parametric estimate usually required. When the time series
dimension is not less than the cross-sectional msma, the FMOLS estimates perform well.

Therefore, FMOLS is the most appropriate for oungia study.

Table 6. Robustness check by using the financial variabdgparately.

Fossil fuel eectricity L ow-carbon electricity
Private 0.1727 -0.02(
credit (0.0412) (0.C38)
Private debt -0.019 -0.081°"
securities (0.C20) (0.C24)
Public debt -0.0914™ 0.c26™
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358
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366

367

securities (0.Cc10) (0.009)

Stock market -0.094” -0.183"
capitalization (0.014) (0.016)
GDP -09977 -0587" -0.4257 -05047 1.6417  1.887 154€° 1807
(0167) (0170  (0.141) (0.10%) (0.120) (0.155) (0.107) (0.109)
Installed 1.049" 087€° 0.63¢" 0867 0.48€7 04347 04947 04617
capacity (0.053) (0.C51)  (0.c40)  (0.C30) (0.020) (0.025) (0.C14) (0.C14)
Control Yes Yes Yes Yes Yes Yes Yes Yes
variables
R-squared 0.98¢ 0.98¢ 0.99( 0.¢8¢ 0.9¢3 0.9<3 0.9<3 0.99¢
Adjusted 0.987 0.987 0.988 0.987 0.991 0.992 0.992 0.993
R-squared

Notes:", ™, denote the significance level at the 10%, 5%, E¥xi respectively. Standard errors are in parenghese
below the coefficients.

Reverse causality might give rise to endogeneityere electricityproduction can influence
financial and economic development (Kim and Hew;jri§kl 3). In order to mitigate the issue of
reverse causality, this study firstly adopts a {egpapproach (Fich and Shivdasani, 2006). In
Table 7(a), we lag all independent variables by yeer and reach the same conclusion. Public
debt securities contribute significantly to eledtyi transition, while private credit hampers
electricity transition. Next, we apply a compoditegancial variable by adding credit and debt
variables on the basis that one specific type ettatity may engender causal effects on a
particular financial instrument (Van Vliet, 2016Jherefore, reverse causality in a specific
electricity-finance relation may be mitigated bgamposite financial variable. Our results prove
that this composite financial variable producesnificant impacts on both fossil fuel and

low-carbon electricity at 1% level of significangefer Table 7(b)).

Table 7. Robustness check for reverse causalities.

(@) FMOLS regressions with lagged explanatory vargble

Fossil fuel dectricity L ow-carbon eectricity
Coefficient Sd. Error  Coefficient  Sd. Error

kK

Private credit (-1) 0.23¢ 0.022 -0.05(" 0.020
Private debt securities (-1) -0.005 0.012 -0.065™ 0.011
Public debt securities (-1) -0.04¢” 0.005 0.02¢” 0.005
Stock market capitalization (-1) -0.11€” 0.011 -0.13.” 0.010
GDP (-1) -0.72¢” 0.073 1.52¢" 0.064
Installed capacity (-1) 0.98¢" 0.023 0.447" 0.010
Control variables Yes Yes

R-squared 0.990 0.994

Adjusted R-squared 0.987 0.993

S.E. of regression 0.133 0.110

Long-run variance 0.001 0.000
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369 (b) FMOLS regressions with a composite financial Jaga

Fossil fuel dectricity L ow-carbon eectricity
Coefficient Sd. Error  Coefficient  Sd. Error

_kkk ok

Credit and debt securities -0.227 0.026 -0.16! 0.031
Stock market capitalization -0.11C” 0.013 -0.198” 0.013
GDP -0.044 0.109 2.118" 0.104
Installed capacity 0.75€" 0.030 0.41¢" 0.014
Control variables Yes Yes
R-squared 0.990 0.994
Adjusted R-squared 0.988 0.993
S.E. of regression 0.131 0.113
Long-run variance 0.001 0.001

370 Notes:”, ™, denote the significance level at 10%, 5% and 1%paetively.

371 To prove that our baseline estimation is robust,use the alternative explanatory variables

372  and re-estimate our results. Table 8 (a) usesiéwes of electricity production from fossil fuel or
373 low-carbon energy as a substitute for per cap#atetity output of energy. Data on shares of
374  electricity production are also obtained from therl/ Development Indicators (World Bank,
375 2018). The indicator “share” differs from “outputi that “share” has more emphasis on the
376 electricity structure, while “output” emphasizes thcale of electricity production. Dissimilar
377 with the baseline findings, private credit simuéansly improves the shares of fossil fuel and
378 low-carbon electricity. Private debt securities daa significant and positive effect on
379 low-carbon electricity. However, the results foe thther independent variables are consistent
380  with our baseline findings in Table 5. Public dsbturities still promote the electricity transition
381  After the dependent variables are replaced withreshaf electricity production, the standard
382 errors of regressions and long-run variance sicgnifily increase. The model estimation in Table
383 8 (a) is biased, and the accuracy is lower thah dhdhe baseline estimation in Table 5. We

384 conclude our baseline estimation is more robust.

385 Table 8. Robustness check by using alternatives of the vamiables.

386 (a) An alternative: share of electricity productiorsutts under FMOLS.

Fossil fuel dectricity L ow-carbon eectricity
Coefficient Sd. Error  Coefficient  Sd. Error

Hrk kK

Private credit 7.61¢ 0.445 2.491 0.182
Private debt securities 0.11€ 0.217 0.396™ 0.088
Public debt securities -1.307" 0.097 0.C77 0.038
Stock market capitalization -059¢” 0.181 -0.962" 0.072
GDP 257547  1.46¢ 1.60€" 0514
Installed capacity 11.447" 0.462 17957 0.085
Control variables Yes Yes

R-squared 0.9¢6 0.€81
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Adjusted R-squared 0.€95 0.€77

S.E. of regression 1.980 0.738
Long-run variance 0.187 0.C29
(b) An alternative: share of financial capital, resuihder FMOLS.
Fossil fuel eectricity L ow-carbon éectricity
Coefficient Sd. Error  Coefficient  Sd. Error
Private credit -0.000 0.001 -0.003” 0.001
Private debt securities 0.009™ 0.001 0.00¢™ 0.001
Public debt securities -0.01C” 0.001 0.c0C2 0.001
Stock market capitalization -0.001” 0.00C -0.004™ 0.000
GDP -0.08C 0.042 0.87¢" 0.032
Installed capacity 0.813” 0.041 0.40¢™ 0.011
Control variables Yes Yes
R-squared 0.9¢2 0.€95
Adjusted R-squared 0.€91 0.€94
S.E. of regression 0.116 0.10¢
Long-run variance 0.001 0.C01

Notes:", ™ denote the significance level at 10% and 1%, reigy

In Table 8 (b), private credit, private debt seibes, public debt securities and stock market
capitalization as shares of GDP are alternativéldger capita financial capital. We also replace
the relevant control variables with their sharesG@P. The signs of estimated coefficients of
private credit, private debt securities and pubi&bt securities vary slightly with those in Table 5
Due to the use of “share” as an independent vajale absolute values of the estimated
coefficients are particularly small. For instana€l,% increase in share of private credit leads to a
0.003% decline in low-carbon electricity productiodthough the estimated coefficients are
significant, their absolute values are so small tha influence is extremely weak. For instance,
share of financial capital has marginal effects electricity production. Therefore, the
interpretation ability of the models is sufficigntiveakened, even if the models’ R-squares and
adjusted R-squares are higher than Table 5, ostdralard errors of regressions and long-run

variance are lower. Our baseline estimation is twmirmed to be robust.

Table 9. Robustness check on omitted variable bias (receriagl hydroelectricity).
Renewable eectricity
Coefficient Std. Error

KK

Private credit -0.17C 0.063
Private debt securities -0.079” 0.C31
Public debt securities 0.028" 0.C13
Stock market capitalization -0.021 0.C25
GDP 1.457" 0.17¢
Installed capacity 0.11€” 0.C3C
Control variables Yes

R-squared 0.987

Adjusted R-squared 0.984
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S.E. of regression 0.204
Long-run variance 0.004

Notes:”, ™ denote the significance level at 5% and 1%, respyt

This study excludes hydroelectricity from low-canbenergy. The hydroelectricity produces
more than 50% of energy in Brazil, while it is alsoportant in other countries (BP, 2018).
Omitted variable bias might give rise to endogendihus, we use the sum of hydroelectricity
and low-carbon electricity production as renewadlgtricity production (dependent variable),
and repeat the FMOLS estimation procedure. Comgarable 5(b) with Table 9, by excluding

the hydroelectricity the results do not changeifigantly. Our baseline estimation is also robust.

4.5. SUR estimation of variable coefficient panel data

Owing to high degrees of globalization and intetestcooperation, shocks that impact one
country can impact other countries in a panel datael. Bilgili (2017) refers to this as

cross-sectional dependence. Although these coantaee five independent economies,
cross-sectional dependence can be caused by spatggillover effects or by unobservable
common factors, such as the financial crisis (B@|t2Z007). The efficiency of the panel estimator
may be difficult to improve compared with a coundyel time series estimate if the

cross-sectional dependence is large and appropggtimation techniques are not used. The
cross-sectional dependency allows estimation obseable common factors like global cycles,
which cannot be estimated by a country-level tireges. Hence, we construct a variable

coefficient panel data model
Yie = XieBi + &t €))
where B; is the coefficient of individual country i. Althgh each country has separate estimated

coefficients (including intercept term and slopdbg disturbance terms of the countries may be

related. Thus, seemingly unrelated regressions [$&J&ppropriate for system estimation.

Country-level investigations are vital in underslimg the impacts of financial markets on
electricity transition across countries. The long-output elasticities are estimated using SUR
and FMOLS methods for comparison and the resuéisdaplayed in Table 10(a)-(d). The last

line of Table 10(a2) reveals that the Breusch-Pdgancannot reject the null hypothesis of no
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contemporaneous correlation. Hence, SUR is lessieeft than the single equation estimation
FMOLS. We therefore employ FMOLS for fossil fuepressions. Analogously, the last line of
Table 10(b2) reveals that the Breusch-Pagan temctse the null hypothesis of no

contemporaneous correlation. SUR is more efficieah FMOLS and SUR should be employed

to estimate the variable coefficient panel data ehémt low-carbon electricity.

Table 10(c) shows that economic development previdgetus for fossil fuel electricity
generation. This seems to conflict with the presidables. Compared with panel estimation,
time-series model does not take the cross-seationnation into consideration. This leads to an
increase of co-linearity between variables and aredse in the degree of freedom. The
effectiveness of the estimator may be weakened.cbh&ary results also suggest that the effect
of economic development on electricity transitisnnconclusive. Nevertheless, different types
of financial instruments engender different effeatsfossil fuel electricity production. Private
debt securities (-0.895) and stock market capatbn (-0.752) explain negative effects on
Brazil. Private credit (0.076) exerts positive effeon Russia, while private (-0.048) and public
debt (-0.034) securities explain negative effe€ist India, private debt securities and stock
market capitalization engender negative impact04® and -0.046). For China, private debt
(-0.192) produces negative effects and public dé®227) produces positive effect&inally,
private credit (-0.463) and public debt (-0.124patevely affect fossil fuel electricity in South
Africa, while private debt (0.108) positively affsat.

Table 10. Long-run output elasticities.

(al) Model with fossil fuel electricity using SUR.

Brazil Russia India China South Africa
Private credit -0.443 0.061 0.00¢ 0.184° -0.327
(0.422) (0.042 (0.116) (0.085 (0.096
Private debt securities -0.68¢ -0.037 -0.05¢" -0.18:" 0.074
(0.394) (0.022 (0.015 (0.033 (0.043
Public debt securities 0.060 -0.03," 0.007 0.20¢€" -0.097"
(0.404 (0.014 (0.005 (0.049 (0.023
Stock market capitalization ~ -0.739" 0.010 -0.055" -0.060™ -0.036
(0.195) (0.018 (0.018 (0.013 (0.029
GDP 9.087" 1.02¢" 1.5817 0.049 2.0977
(3.874) (0.172 (0.240 (0.213 (0.227
Installed capacity -0.08¢ -0.407" -0.287" 0.92¢" 0.217"
(0.433 (0.145 (0.108 (0.134 (0.056
Constant -55.141 39.81¢° -2.661 -26.247 -14.9177
(69.074) (18.133) (4.580 (12.413) (3.287)
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Control variables Yes Yes Yes Yes Yes
R-squared 0.95¢ 0.98¢ 0.99¢ 0.999¢ 0.97¢
RMSE 0.110 0.013 0.008 0.008 0.008
Chi2 508.130 1482.960 19890.160 98821.540 909.650
(a2) Correlation matrix of residuals by SUR.
Correlation matrix of residua
Brazil Russia India China South Africa
BRA 1
RUS 0.18E 1
IND -0.277 0.161 1
CHN -0.06: -0.384 -0.24¢ 1
ZAF 047¢ 043¢ 0.04C 0.147 1
Breuscl-Pagan test of independence: chi2(105.90z, Pr = 0102
(b1) Model with low-carbon electricity using SUR.
Brazil Russia India China South Africa
Private credit 0424 0.002 -0.710 1.884" -0.925”
(0.269) (0.C56) (0.673) (0.375) (0.381)
Private debt securities 0.13:2 0.051 -0.031 -0.04¢ -061%"
(0.282) (0.021) (0.071) (0.135) (0.170)
Public debt securities -0.11¢ 0.022 0.C06 -0.32C -0.085
(0.252) (0.020) (0.017) (0.256) (0.087)
Stock market capitalization -0.217 -0.059 -0.194 -0.19¢ 0.44¢
(0.119) (0.029) (0.069) (0.0€9) (0.155)
GDP -3.562 -063€" 2205 1.52¢ -4.8217
(2.239) (0.295) (0575) (1.081) (1.167)
Installed capacity 0.052 0.234 0.36¢" 0.40. 0.086
(0.064 (0.182 (0.121 (0.101 (0.076
Constant 83.78(" 15.08¢ 5.18¢ -39.78: 99.747"
(41.477 (23.533) (21.679) (62.526) (16.836)
Control variables Yes Yes Yes Yes Yes
R-squared 0.987 0.989 0.996 0.999 0.922
RMSE 0.068 0.C20 0.040 0.038 0.031
Chi2 1689.730 2055.250 6106.640 16274.360 254.750
(b2) Correlation matrix of residuals by SUR.
Correlation matrix of residua
Brazil Russia India China South Africa
BRA 1
RUS 0.331 1
IND 047E 0.632 1
CHN 0.229 -0.390 -0.321 1
ZAF -0.172 -0.28C -0.06¢€ -0.17¢ 1
Breuscl-Pagan test of independence: chi2(1(23.694, Pr = 00C9
(c) Model with fossil fuel electricity using FMOLS.
Brazil Russia India China South Africa
Private credit -0.403 0.076 0.071 0.105 -0.463"
(0.330) (0.0%5) (0.09¢) (0.103) (0.104)
Private debt securities -0.895" -0.048 -0.049" -0.192” 0.108
(0.266) (0.023) (0.013) (0.032) (0.052)
Public debt securities 0.173 -0.034 0.007 0.227" -0.124"
(0.299) (0.019) (0.0(4) (0.¢40) (0.022)
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Stock market capitalization ~ -0.752" 0.026 -0.046" -0.070 0.011

(0.135) (0.014) (0.017) (0.013) (0.033)
GDP 9.827 0.980" 1.428" 0.053 2.166"
(2.669) (0.158) (0.224) (0.207) (0.228)
Installed capacity -0.184 -0.319° -0.252" 0.969" 0.206
(0.438) (0.128) (0.092) (0.120) (0.070)
Constant -37.874 50.008" -1.495 -22.170 -14.433"
(53.801) (13.696) (4.273) (12.709) (3.645)
Control variables Yes Yes Yes Yes Yes
R-squared 0.955 0.985 0.999 0.9998 0.986
Adjusted R-squared 0.865 0.956 0.996 0.9994 0.958
S.E. of regression 0.194 0.022 0.014 0.013 0.012
Long-run variance 0.005 0.000 0.000 0.000 0.000
454 (d) Model with low-carbon electricity using FMOLS.
Brazil Russia India China South Africa
Private credit 0.769 -0.066 -0.910 1.754 -1.172
(0.226) (0.045) (0.547) (0.526) (0.371)
Private debt securities 0.193 0.071 -0.043 0.002 -0.576
(0.285 (0.031 (0.064) (0.117) (0.193)
Public debt securities 0.035 0.025 0.005 -0.312 0.112
(0.236 (0.019) (0.015) (0.240 (0.075
Stock market capitalization ~ -0.179 -0.059 -0.227° -0.203" 0.486
(0.102) (0.026) (0.071) (0.059) (0.136)
GDP -3.483 -0.736 2.409" 1.141 -4.897"
(1.994) (0.265) (0.639 (1.052 (1.235)
Installed capacity 0.070 0.403" 0.468" 0.384" 0.024
(0.073 (0.155 (0.105 (0.091 (0.076
Constant 50.682 7.047 2.894 -34.451 104.835"
(41.969) (19.743) (21.085) (67.634) (19.364)
Control variables Yes Yes Yes Yes Yes
R-squared 0.986 0.989 0.996 0.99¢ 0.923
Adjusted R-squared 0.957 0.966 0.989 0.997 0.770
S.E. of regression 0.118 0.033 0.066 0.062 0.056
Long-run variance 0.002 0.000 0.001 0.001 0.001
455 Notes:", ™, denote the significance level at the 10%, 5%, E¥d respectively. Standard errors are in
456 parentheses.
457 As reported in Table 10(b1), economic developmexliuces the production of low-carbon

458 electricity in Russia and the South Africa, whergascreases low-carbon electricity production

459 in India and China. Stock market capitalizationrexgositive effects in Brazil (-0.217), Russia

460 (-0.059) and India (-0.194). Private credit (1.88é&nerates positive effects in China, yet stock
461  market capitalization (-0.193) explains negativieak. However, the gross effect of financial

462 capital is positive on low-carbon electricity in iGa. Private credit (-0.925) and debt (-0.613)
463 produce negative effects on the South Africa, while effect of stock market capitalization

464  (0.449) is positive (the gross effect is negative).
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465 Figure 4(a) and (b) are Sankey diagrams for eacimtcg summarizing the economic and

466  financial variables that influence significantlyeetricity production and transition. The left and

467  right branches refer to explanatory variables, tithe middle branches denote explained

468 variables. The width of the extended branches spoeds to the size of coefficients, reflecting

469 the magnitude of the effects of explanatory vagaldn dependent variables. The branches on

470 the left side refer to positive significant relaisy and the right side refers to negative significa

471  relations. Based on the time-series analysis esihié development of different electricity types

472 is influenced by different financial factor&ince time fixed effects are not controlled in

473  time-series analysis, the estimated results of hvimught be dissimilar with the baseline

474  findings.
475
GDP
Installed capacity
Private credit
Private debt securities
Public debt securities
Positive
476
477
[ cor
Installed capacity
Private credit
Stock market capitalization
Positive
478
479

Installed capacity
Brazil Private credit

Private debt securities

China
Public debt securities.

India Stock market capitalizaﬁof-

Russia
|
l South Africa

(a) Fossil fuel electricity

Brazil
GDP
China

Private credit

Negative

N Private debt securities
India

D Russia

Stock market capitalization

South Africa Negative

(b) Low-carbon electricity
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Figure 4. Relationships among financial capital, economiosettgoment and electricity
production.

In summary, the financial markets in Brazil, Russiad India do not make significant
contributions to their electricity transition frofossil fuel electricity to low-carbon electricitin
China, private credit supports the developmentoet-tarbon electricity. For South Africa,
although private credit and debt significantly reelithe production of low-carbon electricity,
electricity transition is still assisted by stoclanket capitalization. Financial markets in China
and South Africa play a more significant role ireatticity transition than the other three

countries.

5. Conclusions and implications

Achieving electricity transition remains a daunttagk. There is a lack of empirical evidence on
the relation between financial markets and elaggrigroduction. This study sheds light on the
effects of financial markets on electricity trarmit Using panel co-integration estimation, we
construct a panel of Brazil, Russia, India, Chind &outh Africa during the period of 1996-2015.
Panel estimation results suggest that public debtrgies make a significant contribution to
electricity transition from fossil fuel electricitio low-carbon electricity. Meanwhile, private
credit hinders electricity transition. Across thesentries, there are significant differences i th
impact of financial markets on electricity transiti Part of the financial instruments will chase
the fossil fuel electricity. Nonetheless, financi@arkets play a specific catalytic role in
electricity transition. For China and South Afri¢eancial markets play a more significant role
in electricity transition than the other three cwi@s. Economic development promotes the
production of low-carbon electricity and impedes fbssil fuel electricity generation in these
countries. Installed capacity of electricity stagosignificantly drives the association between

financial instruments and electricity production.

The main reasons of public debt securities prongodilectricity transition and private credit

hampering electricity transition are: (1) Privateedit is reluctant to finance the immature
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531

low-carbon electricity for its uncertain econometurns, still stuck to fossil fuel electricity
where economic returns are fair. The financial ratxlof these countries are less able to take
risks than developed countries and are more cautiolow-carbon electricity investments. (2)
Climate change and emission reduction requiremdotse developing countries to use
administrative power, like public capital investrierto promote electricity transition.
Governments provide public capital, to balance te&tively low economic returns of
low-carbon electricity projects. These countriesvgrnments are concentrating on funding

large-scale low-carbon electricity projects undetaby large enterprises.

For policymakers, this study emphasizes the sigpmite of policies conducive to favorable
financing instruments and channels for low-carbdectecity transition. The main policy

implications are as follows:

(1) Long-term policy mechanisms should be develpgedhbining electricity transition with
long-term economic development plans. Most of detdrs share significant relations in the long
run. Therefore, policymakers should recognize timgterm nature of policies that have a major

impact on electricity transition.

(2) Innovative financial instruments, such as grdebt securities, are useful for electricity
transition. Public capital plays a key role in paiimg clean energy production, especially in
debt securities. Since the government may not lla@eability to meet the huge demand for
green investment and financing, appropriate firgnaistruments are needed to encourage

private capital to enter green industries.

(3) Promoting the financial sector and increasingeas to finance for sustainable electricity
investors should be a key priority for policy make€ountries experiencing financial sector
growth could also experience a growth in electyisgctor, which are relatively capital-intensive.
Financial policies that bear on the size and stinecdf the financial system have the potential to

increase indirectly the use of capital-intensiwe-larbon electricity.

(4) Convincing the domestic governments of theseintees to opt for low-carbon

29/33



532
533
534

535

536
537
538
539
540

541

542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565

technologies is a pivotal task. They should seelldepen cooperation in financial support, in
order to reduce the cost of developing low-carboergy. The countries should alspergize all

market players to invest in clean energy througftipie financial instruments.
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