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Kodjo Assogba (Togo), Essossinam Ali (Togo)

EFFECT OF GREEN FINANCE
ON GREEN GROWTH IN SUB-
SAHARAN AFRICA:

DOES FINTECH MATTER?

Abstract

Amid escalating climate challenges, examining how financial innovation affects sus-
tainable growth in Sub-Saharan Africa (SSA) while informing stronger environmental
and financial policy design is a critical priority in environmental management. This
study investigates the impact of green finance on green growth in SSA, emphasiz-
ing the moderating role of FinTech. Using panel data for 35 countries from 2000 to
2021, it applies the System-GMM estimator to address endogeneity. The results show
that green finance significantly promotes green growth at the 1% level. FinTech also
plays a critical role, both directly and by enhancing the effectiveness of green finance.
Specifically, 1% increase in green finance and FinTech is associated with 5.63 % and
7.62 % gains in green growth, respectively, while their interaction yields an additional
0.22 % increase. The findings highlight the importance of policies that expand green fi-
nance through robust regulatory frameworks, innovative financial instruments, carbon
pricing mechanisms, and the development of voluntary carbon markets. Leveraging
FinTech can further support green investment by improving financial inclusion, lower-
ing transaction costs, and increasing transparency. Strengthening human capital, par-
ticularly through environmental education, is essential to support sustainable practices.
Besides, greater financial openness can attract foreign investment into green sectors.
These measures can help policymakers foster sustainable growth, enhance climate re-
silience, and advance long-term environmental objectives in the region.

Keywords green growth, green finance, FinTech, environmental
sustainability, SSA
JEL Classification 044, Q54, Q55, Q56

INTRODUCTION

Since the Industrial Revolution, the dominant economic growth
model has generated significant environmental externalities, rais-
ing questions about its long-term sustainability (Nordhaus & Tobin,
1971; Nordhaus, 2019). In response to the natural resources’ deple-
tion concerns, Hotelling (1931) warned of the intertemporal chal-
lenges associated with the exploitation of non-renewable resources.
These debates have intensified with the growing impacts of climate
change and the increasing recognition that conventional growth
strategies often neglect environmental constraints. In response, the
concept of green growth emerged as an alternative framework to
reconcile economic development with environmental sustainability.
Ecological modernization theory argues that technological prog-
ress, institutional reforms, public investment in ecological projects,
and sustainable production systems can jointly support economic
and environmental efficiency (Spaargaren & Mol, 1992; Ali, 2021;
Ali & Bayale, 2024). Within this perspective, green finance has be-
come a central mechanism for mobilizing capital toward environ-
mentally sustainable investments and low-carbon infrastructure
(Zhao et al., 2023).
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Recent studies suggest that green finance can promote sustainable development by supporting green
investments, green credit, and green bonds, thereby reducing carbon emissions and facilitating eco-
logical transition (Irfan et al., 2022; Xiufan & Decheng, 2024). At the same time, financial technology
innovations (FinTech) are transforming financial systems by improving transaction efficiency, expand-
ing financial inclusion, and facilitating access to sustainable financing (Murinde et al., 2022; Takeda
& Ito, 2021). FinTech may therefore strengthen green finance by reducing information asymmetries
and accelerating investments in environmentally friendly projects (Xu et al., 2023a; Wei et al., 2024).
However, important concerns remain regarding the effectiveness of green finance instruments, insti-
tutional weaknesses, and the environmental effects associated with increased consumption enabled by
digital finance (Adekoya et al., 2021; Qin et al., 2022).

These issues are particularly relevant for Sub-Saharan Africa (SSA), where economies face major struc-
tural, financial, and institutional constraints. Although sustainable growth has become a global policy
objective following COP21, the capacity of SSA countries to simultaneously achieve economic growth
and environmental sustainability remains uncertain. The problem addressed in this study, therefore,
concerns the extent to which green finance can effectively promote green growth in SSA under exist-
ing structural constraints, and whether FinTech development can enhance green finance in supporting

sustainable economic transformation.

1. LITERATURE REVIEW

The relationship between green finance and green
growth remains widely debated in the economic
literature, reflecting both optimistic and skeptical
perspectives regarding its effectiveness as a cata-
lyst for sustainable development. Since 2015, the
scientific community has shown a growing inter-
est in green finance (Sang, 2024; Irfan et al., 2022;
Zhang et al., 2019). On the one hand, several stud-
ies argue that green finance plays a crucial role in
stimulating green growth and improving environ-
mental outcomes. For instance, Tufail et al. (2024)
show that green finance significantly accelerates
green growth across 19 OECD countries. Using
the quantile regression of moments technique to
capture long-term effects, their findings indicate
that increased green financial flows support en-
vironmentally sustainable economic expansion.
Similar conclusions are reached by Udeagha and
Ngepah (2023), who apply the CS-ARDL method
and demonstrate that green finance contributes to
environmental sustainability in BRICS countries.
Green finance is composed of various dimensions,
including green credit, green bonds, green medi-
cal coverage, and green investment (Li, 2023; Sang,
2024). Complementary evidence is provided by Al
Mamun et al. (2022), who employ the Common
Correlated Effects Pooled estimator to analyze 46
countries and find that green finance contributes
to reducing carbon emissions. This result aligns

274

with earlier work by Ren et al. (2020), who applied
a VECM to account for long-run dynamics and
identify a significant relationship between green
finance initiatives and declining CO, emissions.
Their results further show that green finance stim-
ulates clean energy consumption while lowering
carbon intensity. Similar results were obtained
from the results of the work of Xue et al. (2022)
and Taghizadeh-Hesary and Yoshino (2019). The
work of Ruiz et al. (2016) on Colombia recom-
mended that the government encourage private
participation in the green finance system. Jawadi
et al. (2025), by applying S-GMM and the Kinky
least square methods, show that green finance
contributes positively to the improvement of
green industrialization in most of the developing
countries. Building on this evidence, Xu and Lin
(2024) observe that the influence of green finance
on reducing carbon emissions in Chinese cities
has strengthened over time. In addition to its en-
vironmental benefits, green finance instruments
may also offer financial stability advantages. For
example, GOk et al. (2025) argue that green bonds
can exhibit safe-haven characteristics, meaning
they remain stable or even increase in value dur-
ing periods of market uncertainty while generat-
ing environmentally oriented returns.

Despite these optimistic findings, a growing body

of literature questions the effectiveness of green fi-
nance in consistently promoting green growth.
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Some scholars emphasize structural weaknesses and
market inefficiencies that can undermine its impact.
Wang et al. (2022b), for example, employ data envel-
opment analysis combined with a Tobit model and
find a negative relationship between green finance
and ecological efficiency in China. Their results sug-
gest that financial resources labeled as “green” do
not always translate into effective environmental
outcomes. Similarly, Adekoya et al. (2021) highlight
inefficiencies in the United States green bond mar-
ket, attributing them to significant price volatility
that weakens the reliability of green financial instru-
ments. Reinforcing this argument, Liu (2022) applies
the Heterogeneous Autoregressive model and shows
that financial market instability reduces the efficien-
cy of green finance mechanisms in China. Also, in
China, the work of He et al. (2019) shows that green
finance reduces the efficiency of investments in re-
newable energy. These findings imply that although
green finance has considerable potential, its success
depends heavily on stable financial markets and
strong institutional frameworks.

Several structural factors help explain these mixed
outcomes. In many cases, green finance investments
are unevenly distributed across regions, which lim-
its their capacity to generate widespread environ-
mental benefits. Tchapchet-Tchouto et al. (2022),
through a study on EU countries applying the or-
dinary least squares method, discovered that the
effects of environmental taxes vary depending on
the country. When financial flows are concentrated
in already developed areas, vulnerable regions like
those of SSA may lack the resources necessary to
adopt sustainable technologies or practices. Besides,
weak implementation of green projects can reduce
the environmental effectiveness of financed initia-
tives. Policy priorities may also create tensions be-
tween economic growth and environmental protec-
tion. Governments may sometimes favor projects
that generate immediate economic returns, even if
they are polluting, over green investments that offer
longer-term environmental benefits. Such trade-
offs between short-term economic performance
and environmental sustainability can ultimately
slow the transition toward green growth, as high-
lighted by Hatakeda et al. (2012).

These challenges are particularly pronounced in

SSA, where the integration of green finance into
development strategies remains limited. Many
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countries in the region lack comprehensive regu-
latory frameworks to guide green financial activi-
ties, and existing policies are often fragmented or
poorly coordinated. As Khalid et al. (2024) empha-
size, the absence of clear strategies, institutional
incentives, and supportive financial ecosystems
constrains the adoption and effectiveness of green
finance mechanisms. Moreover, concerns have
emerged regarding the credibility of some projects
financed under the “green” label. In certain cases,
such initiatives generate only marginal environ-
mental benefits, thereby creating a difficult bal-
ance between economic performance and genuine
environmental impact (Wang et al., 2022a).

Another structural constraint relates to the heavy
dependence of green finance initiatives on in-
ternational organizations and external funding
sources. While international support can facili-
tate the launch of green projects, it also exposes
them to fluctuations in global financial flows and
to stringent conditionalities imposed by donors.
According to Dercon (2014), such reliance may re-
duce the long-term stability and sustainability of
green investment programs in developing econo-
mies. Taken together, these institutional, financial,
and structural challenges contribute to ongoing
disagreements about the effectiveness of green
finance in promoting green growth within SSA.
Despite the growing importance of sustainable
finance globally, relatively few studies have spe-
cifically examined the relationship between green
finance and green growth in this region. In this
context, emerging digital financial technologies
may offer new opportunities to improve the effec-
tiveness and accessibility of green finance.

Against this background, recent research has be-
gun to explore how financial technology (FinTech)
can support the development of green finance and
enhance its contribution to green growth. A grow-
ing number of studies emphasize that FinTech
can strengthen green financial systems by im-
proving financial inclusion, reducing transaction
costs, and facilitating more efficient allocation of
resources toward environmentally sustainable
projects (Zhou et al., 2022; Wu, 2024). Empirical
evidence supports this complementary relation-
ship. For instance, Muganyi et al. (2021) analyze
data from 290 Chinese cities and find that green
finance significantly reduces industrial emis-
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sions, while FinTech development amplifies these
environmental benefits. Similarly, Udeagha and
Muchapondwa (2023) apply the CS-ARDL tech-
nique to address potential endogeneity issues and
confirm that FinTech strengthens the positive im-
pact of green finance on environmental sustain-
ability. Nenavath and Mishra (2023) reach compa-
rable conclusions, emphasizing that technological
innovation in financial services enhances the effi-
ciency and accessibility of green financing mecha-
nisms. More recently, Zia et al. (2024) employ the
two-step GMM estimator to control for endogene-
ity and demonstrate that the interaction between
green finance and FinTech significantly improves
environmental efficiency.

However, the role of FinTech is not entirely un-
ambiguous. Some studies point to potential unin-
tended consequences associated with digital finan-
cial expansion. Qin et al. (2022), for example, use
a High-Dimensional Fixed Effects approach to ad-
dress endogeneity concerns and find that FinTech
development can indirectly increase household
carbon emissions by stimulating higher levels of
consumption. At the same time, their results sug-
gest that FinTech may also encourage greener con-
sumption patterns by facilitating access to envi-
ronmentally friendly products and services. This
dual effect indicates that the environmental impli-
cations of FinTech depend largely on the broader
economic and regulatory environment in which it
operates.

Given these mixed findings, further research is
needed to better understand how FinTech can ef-
fectively complement green finance in promoting
sustainable development. This need is particularly
important in the context of SSA, where financial
systems are still evolving and where digital finan-
cial innovations could play a crucial role in ex-
panding access to green investment opportunities
and improving the overall effectiveness of green
finance in supporting green growth.

The literature remains divided on whether green
finance effectively promotes green growth, with
evidence ranging from optimistic to skeptical.
This divergence reflects structural constraints,
including unequal investment allocation, weak
regulatory frameworks, and dependence on exter-
nal financing. In SSA, where green finance inte-
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gration into development strategies remains lim-
ited, FinTech may enhance the accessibility and
effectiveness of green finance, thereby supporting
green growth.

Against this backdrop, this study examines the ef-
fect of green finance on green growth and assess
the moderating role of FinTech in this relationship.

We test two hypotheses: (i) green finance has a
positive and statistically significant effect on green
growth in SSA; and (ii) the effect of green finance
on green growth is stronger at higher levels of
FinTech development.

2. METHOD

This study analyzes the relationships between
green growth, green finance, and FinTech with-
in the Environmental Kuznets Curve (EKC)
framework (Udeagha & Ngepah, 2023; Tufail et
al., 2024; Konan & Aklobessi, 2021). Economic
growth initially increases environmental degra-
dation, especially in SSA, where renewable en-
ergy adoption remains limited (Dinda, 2004),
implying a negative pressure of GDP on green
growth. In contrast, green finance promotes
green growth by channeling funds into sustain-
able infrastructure, renewable energy, and en-
vironmental projects. FinTech strengthens this
process by digitizing financial flows, reducing
information frictions, lowering the financial
sector’s carbon footprint, and expanding ac-
cess to climate finance for rural communities.
Supportive institutions and demographic po-
tential further enhance these effects. The green
finance is the main explanatory variable, and
FinTech acts as a moderating factor. To test the
EKC curve hypothesis, GDP is included. The
empirical model also includes control variables
and is presented as follows:

GG, = f(GreenFini,, FinTech,,, Xit)’ (1)

where GG,,, GreenFin, and FinTech, represent,
respectively, green growth, green finance, and
FinTech in the country i at the time t. X, rep-
resents a vector of control variables. To make the
variables more stable, they have been linearized.
The functional model is specified as follows:

http://dx.doi.org/10.21511/ee.17(3).2026.16



InGG,, = 8, +5nGG,

it—1
+0,InGreenFin, + 0,InFinTech, 2
+0,InX, + 1,

where 50 represents the constant, 51 captures
the effect of delayed green growth, &, captures
the effect of green finance, 0, captures the effect
of FinTech, and 0 ; captures the effects of the dif-
ferent control variables (GDP, population growth,
total natural resource rent, labor force, financial
globalization and governance). £, represents
the error terms. The models for each successive
step are structured similarly to those of Udeagha
and Ngepah (2023). The first model analyzes an
economy without green finance and FinTech. The
economy includes only control variables, includ-
ing GDP. Model 1 is specified below:

InGG,;, =06,+06,InGG, |

+0,InGDP, + 0,InPOPgrow, ©)
+0,InTNatRRent,, + 0 ,InLaboForce,
+05InFiGl, +0,GUV _ Index;, + 1.

2

Model 1 above incorporates green finance and
yields the second model below:

InGG,, =6, +9,InGG,,_|
+6,InGreenFin,, + 0,lnGDF,,
+0,InPOPgrow,, +0,InTNatRRent, 4)
+0,InLaboForce,, + 0,nFiGl,,

+0,GUV _Index,, + ;.

In Model 2, FinTech is included, resulting in the
third model below:

InGG;,, =06,+6InGG,,
+0,InGreenFin; , + &;InFinTech;,
+0,lnGDE,; +0,InPOPgrow,, ()
+0;InTNatRRent;, +0,InLaboForce;
+04InFiGl;, +0,GUV _Index, , + 1.

In Model 3 above, the interaction variable be-

tween green finance and FinTech is incorporated.
This allows us to account for the moderating effect

http://dx.doi.org/10.21511/ee.17(3).2026.16
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of FinTech on green finance. Model 4 is structured
as follows.

InGG,, =6, +0,InGG, |
+0,InGreenFin,, + &;InFinTech;
+06,InGreenFin, xFinTech, ,
+0,InGDF,, + 0,InPOPgrow,
+0;InTNatRRent, , + 0 ,InLaboForce,,

+0,[nFiGl;,+0,GUV _Index,, + p,,.

6)

The data cover 35 Sub-Saharan African countries
from 2000 to 2021. The analysis is constrained by
the availability of data of the dependent variable
(green growth), which is consistently reported for
the selected countries only up to 2021. More re-
cent data remain unavailable for many countries.
Following Sarkodie et al. (2023), green growth, the
dependent variable, is measured by the composite
indicator (Table 1).

Green finance is measured by a composite index
following Udeagha and Ngepah (2023), Tufail et
al. (2024), and Jawadi et al. (2025). This index in-
tegrates three dimensions: environmental protec-
tion expenditures, environmental taxation, and
public investment in renewable energy. These
dimensions align with the objectives of green fi-
nance, which are primarily the energy transition
and the fight against climate change (Zhao et al,,
2023). Alternatively, FinTech is measured by the
FinTech Financial Index, established according to
the methodology of Banik and Roy (2023), which
is constructed using a two-level principal corre-
spondence analysis procedure. The first level syn-
thesizes four fundamental dimensions: penetra-
tion, availability, usage, and competence. These
dimensions are then aggregated at the second level
to generate the composite FinTech Index, thus en-
suring a robust and multidimensional measure.

In addition to these variables, six other control
variables were included. Gross domestic product,
used by Udeagha and Ngepah (2023), and demo-
graphics, which significantly influence economic
growth according to Jawadi et al. (2025), are in-
cluded in the models. Natural resource rent influ-
ences green growth (Bitassa et al., 2025), as does
the labor force, a key driver of growth (Jahanger et
al., 2022). Financial openness, justified by the in-
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Table 1. Definition of variables and sources

Variables Definition Source Mean Standard deviation
GG Green Growth Index (score) FigShare (Sarkodie et al., 2023) 0.153
e e ﬁnance(score) AL e
R e F|nTech(score) S PR
e GDPpercap|ta(US$) — TR
 PoPgrow  Population growth (%) 0957
 TNatRRent . Total rent from natural resources (USS) 10591
R i Laborforce(%15+) oA TR
~ FGl . Financial globalization (score) 1691
C GUV.ndex | Governancelevel(scor) 0216

ternational origin of green funds for ASS (Chen et
al., 2023), as well as the governance index (Jawadi
et al., 2025), complete the list of variables.

3. RESULTS

The dynamics of green growth in SSA over the
period 2000-2021 highlight an overall positive
trend, albeit marked by fluctuations (Figure 1).
This dynamic reflects the gradual efforts under-
taken by SSA countries to integrate environmen-
tal dimensions into their development strategies,
while also revealing the persistence of structural
constraints hindering the consolidation of this
progress. From 2000 to 2005, green growth in SSA

remained moderate due to limited attention to en-
vironmental issues and uneven implementation of
sustainable resource policies. Between 2006 and
2011, it slowed significantly, reaching a low point
around 2010-2011 amid the global financial cri-
sis and continued dependence on extractive sec-
tors. From 2012 onward, green growth improved,
supported by stronger international sustainabil-
ity commitments, expanding green finance, and
the diffusion of clean technologies. Performance
was particularly strong between 2013 and 2018 as
green investments consolidated. However, mo-
mentum weakened after 2019, with a sharp de-
cline in 2020-2021 linked to the COVID-19 pan-
demic. Despite these shocks, the long-term trend
remains positive.

7 .25
-.2
.6 =
2 ]
o =
© =
= =
£ _15 ~—
o [«5]
5 b 8
4]
3 L1
2 5
o 4 o)
O
~.05
.3
-0
2000 2005 2010 2015 2020
Year

— Green growth

—— Green finance

—— FinTech

Figure 1. Dynamics of green growth, green finance, and FinTech in SSA
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Table 2. Pesaran cross-sectional dependence test
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Variables cD : CDw CDw+ cD*

InGreenFin 0.850
InGreenFin o
1360

AL SO WU .. SO W= A WO - .- A WO = ..
LA S WA S RS W . AN WO, ... S
L L L WU .- R W .. SO WS ... A W ... M
InLaboForce 32.670%** -1.250 1511.880%** 1.110
LA R W AN W S WU .- WO .S
GUV_Index 2.480** -1.070 1195.490%** 0.700

Note: *** p <0.01, ** p < 0.05.

Green finance in SSA followed a generally up-
ward trajectory. Initially weak between 2000 and
2006, it accelerated after 2007 and peaked around
2016 amid stronger global climate commitments.
Although growth slowed afterward due to mac-
roeconomic constraints, levels remained above
those of the late 2000s. FinTech expanded steadily
from 2004 to 2021, reflecting technological prog-
ress, improved digital infrastructure, and broader
financial inclusion.

To test the cross-sectional dependence (Table 2),
we applied the Pesaran test (2015, 2021), which dis-
tinguishes between weak and strong cross-section-
al dependence. Weak dependence occurs when the
interdependence tends toward zero as the number
of cross-sections increases, while strong depen-
dence exhibits stable correlations. The null hypoth-
esis assumes a weak or zero cross-sectional corre-
lation, as opposed to the alternative hypothesis of
a strong cross-sectional dependence. Pesaran CD
test (2015; 2021) shows the presence of highly sig-
nificant cross-sectional dependence (Table 2). The
CDw+ test rejects HO for all variables and con-
firms the presence of cross-sectional dependence.
In contrast, the CDw and CD* tests show the pres-
ence of cross-sectional dependence for half of the
variables. Our results reject the null hypothesis,
indicating significant cross-sectional dependence
among the SSA countries, thus supporting the use
of second-generation unit root tests.

The second-generation IPS tests of Im et al. (2003)
and the CIPS of Pesaran (2007) were used under
the null hypothesis (H0) of the presence of a unit
root against the alternative hypothesis (Ha) of
non-stationarity. Unit root tests indicate that some
variables are stationary in levels, 1(0), while oth-

http://dx.doi.org/10.21511/ee.17(3).2026.16

ers become stationary after first differencing, I(1).
This mixed order of integration does not exclude
the possibility of a long-run relationship, which
justifies conducting a cointegration test (Table 3).
The Kao et al. (1999) cointegration test was applied
with the null hypothesis (H0) of no cointegration
against the alternative (Ha) of a cointegrating
relationship.

The results reported in Table 3 reject HO, con-
firming the existence of a stable long-term rela-
tionship among the variables. Because several
variables in this study are multidimensional in-
dices, potential issues such as endogeneity, auto-
correlation, measurement errors, reverse causal-
ity, and dynamic persistence may arise. To ad-
dress these concerns, GMM in its system form
(System-GMM) is adopted, as it can simultane-
ously manage endogeneity, serial correlation,
and model dynamics through the use of internal
instruments. Compared with standard GMM,
System-GMM offers greater efficiency. Carrasco
and Florens (2000) highlight three main advan-
tages: it produces consistent and efficient esti-
mates even with lagged variables, accounts for
unobserved heterogeneity, and remains robust in
the presence of multicollinearity.

The One-Step System-GMM estimator is used as
the main approach because it combines equations
in first differences and levels, controls for unob-
served individual effects, and reduces bias linked
to the lagged dependent variable (Roodman,
2009). This method is well-suited to panels with
many cross-sections but relatively few time peri-
ods (Blundell & Bond, 1998). For robustness, the
Two-Step System-GMM estimator with small-
sample correction is also applied.
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Table 3. Unit root test

Variables IPS unit root tests (Im et al., 2003) CIPS unit root tests (Pesaran, 2007)
Z-t-tilde—bar Decision CIPS Decision :
InGG - L ) B 1< S SO ()
InGreenfin e _assst i) uc2ct AN T )
InfinTech LTBA30 ) LT2090% 1)
InGreenFinxFinTech 43233 H0) LTesr o)
Ingop () -3 947***, @)
InPOPEIOW oo Jay L)
TNARRENE oo o), . o)
IntaboForce .. LTBOSIET ) D302t )
InFiGI —2 0959** 1(0) —2 903** I(1
GUV_IndeH>'(‘ ,,,,,,,, T T R |(0) R |(o
Kao cointegration test

Models t-statistics
InGG = f(InGDP, InPOPgrow, TNatRRent InLaboForce |nF|GI GU\/ Index) 711 9293***
InGG = f(InGreenFin, InGDP, InPOPgrow TNatRRent InLaboForce InF|GI GUV Index) —11 910***
InGG = f(InGreenFin, InFinTec, INGDP, InPOPgrow TNatRRent InLaboFRate InFlGI GUV Index) —8 8471***
InGG = f(InGreenFin, InFinTec, InGreenmeFmTech InGDP, InPOPgrow TNatRRent InLaboFRate InFlGI GUV Index) -8. 8130***

Note: *** p < 0.01, ** p < 0.05.

Table 4 presents the econometric results of models
estimated using a dynamic approach to analyze
the effects of variables of interest and macroeco-
nomic variables on green growth in SSA. Model
1 presents a baseline specification, while Models
2 and 3 successively introduce green finance and
FinTech, and Model 4 incorporates their interac-
tion to capture their combined effects. The results
indicate that the introduction of green finance in
Models 2 to 4 has a positive, statistically signifi-
cant effect on green growth at the 5% level. In
Model 4, the most comprehensive, a 1% increase
in green finance improves green growth by 5.63%.
This suggests that the development of financial in-
struments dedicated to green projects significantly
improves both environmental and economic per-
formance. The relatively high coefficients confirm
that green finance constitutes an important stra-
tegic lever for ecological transition in developing
economies, particularly in Sub-Saharan Africa.
The first hypothesis, which states that green fi-
nance, by providing financial resources to sustain-
able projects, positively affects green growth, is
then verified.

FinTech is introduced in Models 3 and 4. In both
Models, the coeflicients associated with FinTech
are positive and highly significant, indicating that
financial technologies play a constructive role in
promoting green growth. The results suggest that
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a 1% increase in FinTech leads to improvements
of 7.23% and 7.62% in green growth, respective-
ly. Model 4 also highlights a moderating effect
through the interaction between green finance
and FinTech, which is positive and significant at
the 5% level, with a marginal value of 0.22%. This
finding indicates that the combined develop-
ment of green finance and financial technologies
strengthens their contribution to green growth,
confirming the second hypothesis.

Regarding the control variables, GDP per capita
shows a negative and highly significant effect on
green growth across all models. Specifically, a 1%
increase in GDP per capita leads to a decrease in
green growth ranging from 0.58% to 1.894%. In
contrast, population growth significantly enhanc-
es green growth in Sub-Saharan Africa. The coeffi-
cient increases from 0.484% in Model 1 to 2.292%
in Model 4, suggesting that the demographic effect
becomes stronger when green finance and FinTech
are included in the analysis. This highlights the
growing importance of population dynamics in
models incorporating financial factors.

Total natural resource rents exhibit a nega-
tive and statistically significant coeflicient in
all models, ranging from -0.018% to -0.028%
at the 1% significance level. This indicates that
increased reliance on natural resource exploi-
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Table 4. Estimation of the effects of green finance, FinTech, and their interaction on green growth

in SSA
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Note: Standard errors in parentheses; *** p <0.01, ** p < 0.05, * p<0.1.

tation reduces green growth. Conversely, labor
force participation contributes positively and
significantly across all models. Financial open-
ness also shows a positive and significant effect,
suggesting that greater financial integration fa-
cilitates access to international capital, encour-
ages green investment, and supports environ-
mentally sustainable technologies. Governance
quality is another key determinant, as poor
governance negatively and significantly affects
green growth.

Diagnostic tests confirm the robustness of the
estimations. AR(2) p-values range from 0.358 to
0.670, indicating no second-order autocorrelation.
The Sargan tests confirm the validity of the instru-
ments, supporting the reliability of the System-
GMM One-Step estimates. However, the lagged
green growth variable is not statistically signifi-
cant, suggesting limited persistence. Consequently,
a System-GMM Two-Step approach is used as a
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robustness check, and the consistency of results
across methods strengthens the credibility of the
empirical findings.

The robustness check results using an alterna-
tive specification of the System-GMM Two-Step
(Table 5). The results obtained from these esti-
mations largely confirm the previous conclu-
sions. Unlike previous estimations, the coefhi-
cient of the lagged term of green growth is highly
significant across all specifications. This signifi-
cance confirms the dynamic nature of the green
growth process. The econometric tests generally
demonstrate the significance and validity of the
estimations. Consequently, the AR(2) tests show
non-significant p-values, indicating the absence
of second-order autocorrelation. The Sargan and
Hansen tests are satisfactory in the most com-
prehensive models, and the number of instru-
ments is well-managed relative to the number of
countries.
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Table 5. Financial innovation and green growth (robustness check with System-GMM Two-Step)

Variables

Green growth in SSA (dependent variable)

Model 1
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The robustness check using an alternative System-
GMM Two-Step specification (Table 5) largely
confirms the previous findings. Unlike earlier
estimations, the coefficient of the lagged green
growth term is highly significant across all spec-
ifications, confirming the dynamic nature of the
green growth process. Diagnostic tests support
the validity of the estimations: AR(2) tests show
non-significant p-values, indicating the absence
of second-order autocorrelation. The Sargan and
Hansen tests are satisfactory in the most compre-
hensive models, and the number of instruments
remains well controlled relative to the number of
countries.

The robustness results show that green finance has
a positive and significant impact on green growth
in all models. Although the coefficients are slight-
ly smaller, their sign and significance remain un-
changed, confirming the stability of the green fi-
nance effect. FinTech also maintains a positive and
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highly significant influence. Moreover, the interac-
tion between green finance and FinTech remains
positive and significant, indicating that FinTech
strengthens the effectiveness of green finance in
promoting green growth. Macroeconomic vari-
ables display consistent patterns. GDP shows a
negative and highly significant effect in all models,
supporting the EKC hypothesis. The labor market
becomes positive and significant in Models 3 and
4, highlighting its contribution when financial
and technological conditions improve. Financial
openness remains positive and highly significant,
facilitating the diffusion of green investment in
Sub-Saharan Africa, while poor governance con-
tinues to exert a significant negative effect on
green growth.

The robustness of the results is confirmed using
an alternative System-GMM Two-Step specifi-
cation (Table 5). Marginal predictions and con-
ditional marginal effects from the econometric
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model, helping to visualize the statistical signifi-
cance of the estimated relationships, are presented
(Figure 2). Figure 2a shows a linear and increasing
relationship between FinTech and green growth.
The prediction curve crosses the zero line at ap-
proximately 0.27, indicating a zone of statistical
uncertainty where the confidence interval in-
cludes non-significant effects. Beyond this thresh-
old, the relationship becomes positively significant
and continues to increase. A similar pattern ap-
pears for green finance (Figure 2b), although the
effect emerges earlier, around 0.21. The prediction
curve displays a steadily increasing slope, indicat-
ing a consistently positive and robust relationship
across the entire range of values. This dynamic
suggests that green investments generate positive
externalities that support green growth.

Figure 2c presents the marginal effect of green fi-
nance on green growth conditional on FinTech,
which forms the core of the theoretical argument.

10

Green growth fitted values

FinTech

Figure 2a. Marginal effect of FinTech
development

Marginal effect
3
1

FinTech

—— Marginal effect dGG/aGreenFin
95% ClI

Environmental Economics, Volume 17, Issue 3, 2026

The marginal effect curve shows a shallow but pos-
itive slope, confirming technological complemen-
tarity between green finance and financial digita-
lization. As the financial ecosystem becomes more
digital, the impact of additional green finance on
green growth strengthens. Importantly, the lower
bound of the confidence interval remains above
zero, indicating strong statistical significance of
the interaction effect. FinTech therefore acts as
a lever that improves the marginal efficiency of
green investments and reinforces the ecological
transition confirming our second hypothesis.

To assess the stability of instrumental variable es-
timates under endogeneity, we applied the Kinky
Least Squares (KLS) sensitivity test (Kripfganz &
Kiviet, 2021). This approach progressively restores
correlation between the endogenous variable and
structural residuals by varying the endogeneity
parameter (p) and estimating the interaction coef-
ficient for each value. The tests indicate positive

Green growth fitted values

0 A 2 3 4 5 6 N .8 9 1
GreenFin

Figure 2b. Marginal effect of green finance
development

Figure 2c. Marginal effect of green finance
conditional on FinTech

Figure 2. Graphical analysis of marginal effects
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IV 95% CI

KLS >=95% ClI
— |V estimate
—— KLS estimate
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N
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3 4

Postulated endogeneity of InGreenFin

Figure 3. Sensitivity test to postulated endogeny

and moderate endogeneity (p € [0, 0.35]). Figure 3
shows that the KLS estimates remain close to the
IV benchmark with limited variance, confirming
the robustness of the interaction effect.

4. DISCUSSION

The results of this work highlight the back-
bone role of green financial mechanisms and
FinTech in the dynamic towards green growth,
while revealing the importance of macroeco-
nomic factors specific to sub-Saharan African
economies. The positive and significant effect
of green finance on green growth corroborates
several previous studies emphasizing the im-
portance of sustainable financial mechanisms.
Tufail et al. (2024) showed that green finance
accelerates green growth in OECD countries,
while Udeaghha and Ngepah (2023) identified
a similar positive contribution in BRICS coun-
tries. Likewise, Oanh (2023), Al Mamun et al.
(2022), and Xu et al. (2023b) highlighted the
role of green finance in promoting sustainable
economic development. Other studies, such as
Xu and Lin (2024) and Zhao et al. (2024), indi-
cate that green finance contributes to reducing
greenhouse gas emissions and improving en-
vironmental performance. As for Taghizadeh-
Hesary and Yoshino (2019), green financial in-
struments promote the financing of low-carbon
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projects and also reduce financing constraints.
Similarly, Xue et al. (2022) emphasize that green
financial development significantly reduces CO,
emissions. Yang et al. (2021) also emphasize that
green finance supports high-quality economic
growth. However, some studies report contrast-
ing results. Wang et al. (2022b) found a nega-
tive relationship between green finance and en-
vironmental efficiency in China, while Adekoya
et al. (2021) identified inefficiencies in the green
bond market in the United States. These dis-
crepancies may be explained by market vola-
tility, regulatory constraints, and the stringent
conditions attached to some green financial
instruments, which may discourage long-term
investments. Zhang et al. (2021) further argued
that green credit policies may stimulate short-
term financing but discourage long-term invest-
ment due to their restrictive nature.

In the context of SSA, green finance supports
environmentally friendly initiatives by financ-
ing projects aimed at reducing greenhouse
gas emissions and combating climate change.
These instruments contribute to the creation
of a greener economic environment, reduce
environmental degradation, and support the
implementation of sustainable projects, includ-
ing agroecology, sustainable forestry, and re-
newable energy development. The involvement
of international development partners further
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strengthens these efforts and promotes long-
term sustainable growth.

The positive and significant impact of FinTech
confirms the growing importance of digital in-
novations in supporting green growth. Financial
technologies facilitate financial inclusion, re-
duce transaction costs, and improve access to
financial services, thereby encouraging invest-
ments in green projects. Their role becomes par-
ticularly important in economies where tradi-
tional financial systems remain underdeveloped.
These findings are consistent with the work of
Zhou et al. (2022), who argue that FinTech-
enhanced green finance plays a key role in pro-
moting green growth. Similarly, Nenavath and
Mishra (2023) found that FinTech strengthens
the positive environmental impact of green fi-
nance, while Muganyi et al. (2021) showed that
the development of FinTech positively influenc-
es green investment initiatives.

The positive interaction between green finance and
FinTech confirms their complementarity in pro-
moting green growth. FinTech acts as a dynamic
channel that facilitates financial transactions, re-
duces information asymmetries, and strengthens
financial inclusion. In SSA, where sustainable de-
velopment initiatives such as climate change miti-
gation, agroecology, and natural resource man-
agement are gaining importance, financial tech-
nologies help connect financial institutions with
stakeholders engaged in environmental activities.
Furthermore, FinTech contributes to removing
barriers to green finance by improving access to
green credit and directing financial resources to-
ward environmentally responsible investments.
By expanding financing channels, improving the
financial environment, and reducing transaction
costs, FinTech strengthens financial support for
green projects and promotes structural transfor-
mation toward greener economic systems (Jawadi
etal., 2025; Ali, 2026).

The negative effect of GDP per capita on green
growth is consistent with the EKC hypothesis
(Dinda, 2004). In many Sub-Saharan African
countries, economic growth is still associated
with resource-intensive industrialization, in-
creased energy consumption, and growing eco-
logical pressures. Similar findings have been re-
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ported by Udeaghha and Muchapondwa (2023)
and Udeaghha and Ngepah (2023). The positive
effect of population growth can be interpreted
in light of the concept of the demographic divi-
dend. When the proportion of the working-age
population increases relative to the dependent
population, this can generate significant eco-
nomic opportunities if appropriate policies are
implemented. In the context of the SSA, a large
working-age population can promote the adop-
tion of clean technologies and support green
growth. Our results are consistent with those
of Bloom and Williamson (1998) but contradict
those of Weber and Sciubba (2019). The nega-
tive effect of natural resource rent also reflects
the presence of a resource curse phenomenon
in SSA, where resource extraction often leads to
environmental degradation rather than sustain-
able development. This result is consistent with
Udeaghha and Ngepah (2023) and Xu (2022).

Conversely, the positive contribution of labor
force participation highlights the importance
of human capital in supporting green growth.
A dynamic labor market promotes technologi-
cal innovation, facilitates the diffusion of envi-
ronmentally friendly practices, and strengthens
the effectiveness of green investments. Ahakwa
et al. (2023) similarly identified human capi-
tal as a key factor in promoting environmental
sustainability. Financial openness also plays a
significant role by facilitating access to interna-
tional capital and concessional financing dedi-
cated to green projects. In SSA, where a large
share of green project financing comes from
international organizations, financial integra-
tion promotes the transfer of clean technologies
(Ali, 2021), the financing of green infrastruc-
ture, and the adoption of international envi-
ronmental standards (Chen et al., 2023). Finally,
governance quality emerges as a crucial deter-
minant of green growth. Weak institutional
frameworks and poor governance can hinder
the effective management of natural resources
and limit the implementation of environmental
policies. Previous studies, such as Jawadi et al.
(2025) and Bitassa et al. (2025), have also dem-
onstrated that strong governance structures, in-
cluding corruption control and political stabil-
ity, are essential for achieving sustainable devel-
opment and green growth.
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CONCLUSION

This study investigates the role of green finance in promoting green growth in SSA and examines the
moderating contribution of FinTech to this relationship. To address potential endogeneity concerns, the
analysis employs the System-GMM One-Step estimator, while the two-step estimator is used to verify
the robustness of the findings. The results reveal that green finance exerts a significant positive effect on
green growth across the region. Besides, FinTech strengthens the positive influence of green finance by
improving financial inclusion, reducing transaction costs, enhancing transparency, and facilitating ac-
cess to sustainable investment opportunities. These findings confirm the complementary roles of green
finance and FinTech in advancing environmentally sustainable development in SSA.

The study concludes that strengthening green finance frameworks and promoting FinTech innova-
tion are essential for achieving sustainable and resilient economic growth in the region. Policymakers
should establish supportive regulatory environments that facilitate the development of green financial
instruments and integrate sustainability criteria into investment decisions. Greater emphasis should
also be placed on renewable energy investment, green innovation, and market-based mechanisms such
as green bonds, carbon taxes, and emissions trading schemes to accelerate the transition toward low-
carbon development. Future research may further explore the transmission channels linking green fi-
nance, FinTech, and green growth in SSA.
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