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The issue of promoting green industrial productivity has emerged as a pivotal concern in economic development,
attracting substantial attention from scholars and policy makers alike. This study aims to scrutinize the impact of
green finance on Africa’s industrialisation, and further explore the potential moderating role of green innovation
within the relationship between green finance and industrialisation in the African context, i.e., assessing the
extent to which green innovation can influence the effect that green finance has on industrialisation. This study

encompasses 41 African nations, spanning the period from 2000 to 2020. The research methodology employs the
fixed effect model as proposed by Driscoll and Kraay (1998), in conjunction with the system Generalized Method
of Moments (GMM) regression analysis. The results show that green finance enhances industrialization in Africa,
while green innovations through renewable energy have a negative effect. Policy recommendations are

discussed.

1. Introduction

The shift of African economies towards industrial development has
persistently trailed behind that of other emerging economies and
developed nations. A multitude of factors contribute to this slower pace
of structural transition, which can be both endogenous and exogenous
(Nkemgha et al., 2023). Endogenous factors encompass excessive
governmental interference in national economies, ill-conceived invest-
ment initiatives, and overprotection of nascent industries. On the
exogenous front, key contributors include a decrease in export revenues
and output stagnation, both consequences of an unfavourable external
environment. The difference between African industrialization drives
and those of other developing nations is not only substantial but also
accruing and trajectory dependent, due to the fact that their industri-
alisation path is different from past industrial miracles. Some African
policymakers have argued in favour of adopting the Asian industrial
strategy due to the success of rapidly expanding emerging economies,
particularly China (Lall, 2004; Morris and Fessehaie, 2014). This strat-
egy involves, among others, the intervention of the State in the national
economy for structural transformation and defining clear industrial
paths, moving from agriculture to industry and from labour-intensive
sectors to high value-added industries.

For Africa to succeed in this drive and close its development gap, its
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economies should foster a competitive environment to attract both do-
mestic and foreign investments which are crucial for structural trans-
formation of their economies and reduction of unemployment.
However, Africa finds itself in a predicament. While advanced econo-
mies have developed through industrialization, generating substantial
greenhouse gas emissions in the process, African economies are
embarking on their industrialization journey at a time when the global
community is combatting environmental degradation through the
implementation of stringent environmental regulations. Green indus-
trialization thus serves as a pivotal gauge of a nation’s ability to address
environmental concerns, improve environmental performance, and
simultaneously foster sustainable industrialization. Consequently, the
question of how to stimulate green industrial productivity has emerged
as a central issue in economic development, attracting significant
attention from both scholars and policymakers (Lee and Lee, 2022;
Acheampong and Tyce, 2024). Increased climate aid through climate
finance is expected to shift investment priority from non-green in-
novations to green innovations which are ultimately expected to affect
green industrial development. The effect of green innovation could
consequently be negative or positive on industrialisation. Negatively,
green innovation through renewable energy could harm industrial
growth through its cost of setting up such technologies, especially in
developing economies like Africa. In reality, industries take decisions
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based on several factors such as return on investment, and if renewable
energy options are less economically viable than the conventional en-
ergy, industries may be reluctant to switch or opt for the use of
renewable technologies. On the contrary, adopting renewable energy
can help reduce the carbon footprint in the economy. This can help
reduce climate change and conserving natural capital, which attracts
environmentally conscious consumers, and support long-term economic
development.

Through capital allocation, green finance attempts to offer market-
oriented funding guarantees for green innovations,' green projects,
and green enterprises (Huang et al., 2022; Fang and Shao, 2022).
Climate finance can reduce investment risk, boost return on investment,
and attract worldwide investors to green energy projects, which conse-
quently lead to sustainable industrialization (Tolliver et al., 2020; Fotio
and Karim, 2024). However, finance has not always yielded positive
results on industrialization (Laeven and Levine, 2011; Gennaioli et al.,
2012; Kothakapa et al., 2020; Yu and Zhao, 2024).

Environmental innovations could result in more advanced environ-
mentally friendly processes, technologies, and goods. These could ulti-
mately increase long-term competitive advantage, cut total firm costs,
and improve financial performance (Yang et al., 2011; Lee et al., 2018;
Andries and Stephan, 2019; Adu-Yeboah et al., 2022). By improving
energy supply and efficiency and lowering the environmental impact of
the industrial sector, green innovation promotes sustainable industrial
development and aids in the decoupling of economic expansion and
environmental degradation. Furthermore, green innovation drives eco-
nomic growth and productivity. As nations transition from fossil fuels to
renewable energy sources, they achieve enhanced energy efficiency and
bolster green industrial output. However, some studies contend that
innovative green technology does not necessarily enhance industriali-
zation and economic growth (Yan et al., 2020; Sohag et al., 2021). They
suggest that the effectiveness of renewable energy in promoting green
economic development hinges on the level of technological advance-
ment, the cost of acquisition, and the requisite human capital skills to
operate the new technology (Nkemgha et al., 2023; Wirajing et al.,
2023). Therefore, the objectives of this study are as follows: (i) to
examine the effect of green finance on industrialization in Africa; and
(ii) to examine the modulating effect of green innovation in the green
finance-industrialization nexus in Africa, i.e., gauge the extent to green
innovation can influence the effect that green finance may have on
industrialization.

This study focuses on Africa due to unique factors relevant to the
research question. Firstly, renewable energy is more expensive
compared to fossil fuels, which are readily available in many parts of the
continent. Additionally, Africa, being one of the world’s poorest regions
with underdeveloped human capital, faces challenges in affording and
successfully implementing green technologies. Secondly, between 2020
and 2030, Africa’s estimated climate finance needs amounted to $2.5
trillion. However, by 2020, only 12 % of this required sum was mobi-
lized, and the continent receives barely 3 % of the current global climate
finance. (Climate Policy Initiative, 2022). The African Development
Bank (AfDB), however, asserts that Africa has significant space for
expansion in terms of climate funding. For instance, private equity funds
under management had reached a record of $6.3 trillion in 2021, while
global pension fund assets in the 22 largest markets had hit a new high of
$56.6 trillion by late 2022 (AfDB, 2023). Thirdly, it is anticipated that
Africa, at a comparable stage of development, will have a larger pro-
portion of tradable industries and mineral extraction than what is
currently seen in advanced nations. For instance, Africa’s wealth of
tourism resources is still underutilised and has enormous growth

! Green innovations refer to all forms of invention that contribute to the
development of essential goods or services that minimise their negative effects
on the environment while also making the best use possible of its resources
(Takalo and Tooranloo, 2021).
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potential, especially in the field of ecotourism and other sustainable
industries (Brahmbhatt et al., 2017). This study therefore answers the
following questions: (i) what is the effect of green finance on industri-
alization in Africa? and (ii) what is the modulating effect of green
innovation in the green finance-industrialization nexus in Africa?

By exploring the role of climate finance and green innovations in
industrial development, this study adds to the body of literature already
available on the factors influencing industrialization by considering a
global south perspective. Most of the studies on the subject are domi-
nated by the global north view. A global south view is would contribute
to a more diverse and representative understanding of the problem,
which is crucial for a more holistic and inclusive knowledge base. This
study is particularly important for Africa given that the world is pro-
gressively moving towards a new financial architecture and that, world
leaders have acknowledged the need for the new financial architecture
to be designed to serve the needs and aspirations of Africa, which is
suffering more from the effects of climate change than she has contrib-
uted to its damage. Hence, it becomes crucial to evaluate how Africa will
navigate its industrialization path in an era where green financing is
expected to take precedence and clean energy is anticipated to power
the continent. The results of the study show that green finance and green
innovations have positive and negative effects on industrialization
respectively. The rest of the study is further tailored around a literature
review (Section 2), methodology of research (Section 3), results and
discussions (Section 4), and conclusion and policy implications (Section
5).

2. Review of related literature
2.1. Theoretical underpinnings

Theories explaining the relationship between finance and growth
(developmental aspects) have a long history, tracing back to Schum-
peter’s work on economic development in Schumpeter (1912). More
recent perspectives, such as those of McKinnon (1973) and Shaw (1973),
argue that government restrictions on the banking system, including
interest rate ceilings, direct credit programs, and high reserve ratio re-
quirements, impede financial development, subsequently reducing
growth. Contemporary endogenous growth literature presents models
on financial intermediation and the various services provided by
financial intermediaries (such as liquidity provision, information gath-
ering, etc.) and conclude that such intermediation positively influences
growth and developmental components (Greenwood and Jovanovic,
1990; Bencivenga and Smith, 1991).

Bagehot (1873), in his study on Lombard Street, was among the pi-
oneers to explore the connection between finance and industrial
development. He posited that financial factors are exogenous variables
influencing changes in industrial structure, a claim based on the British
Industrial Revolution, which he attributed to the financial system’s
provision of capital for large-scale industrial projects. In line with
Bagehot (1873), Rajan and Zingales (1998) tested a hypothesis on the
fact that financial development encourages industrial growth via the
reduction of cost of borrowing, which indicated a positive effect of
financial development on industrial performance. However, in the
1990s, a new perspective emerged, suggesting that financial services are
endogenous variables influencing industrial structures and facilitating
change. This school of thought emphasized that financial development is
a crucial pathway for industrial structural adjustment (Greenwood and
Jovanovic, 1990; Bencivenga and Smith, 1991), a concept later vali-
dated and accepted by empirical studies (Vernon, 1966; King and Lev-
ine, 1993).

2.2. Empirical literature

2.2.1. Green finance and industrialization
According to the United Nations Environment Programme Finance
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Initiative (2007), green finance refers to financial products or services
with an environmental focus, such as loans, credit cards, insurances, or
bonds. They attribute the growth of green finance to the overall devel-
opment of the financial sector. Similarly, Noh (2010) and Hyomnyoktan
(2012) suggest that green finance constitutes a significant portion of the
finance sector, sourced primarily from international public finance,
private sector finance, and domestic public finance. These sources sup-
plement the financial sector of every economy. Wang et al. (2019)
further define green finance as a manifestation of financial innovation, a
novel policy instrument developed to address environmental issues.
They note that green finance shares similar characteristics with tradi-
tional finance.

Therefore, akin to financial development, the evolution of green
finance can also foster economic development. However, given its
novelty, there are only a few empirical studies on this subject (Zhou
et al., 2020). Given the limited literature on how green finance impacts
industrialization, the following section will provide a few explanations
on how green finance may influence industrialization, taking into ac-
count the role of financial development on industrialization.

Numerous studies investigating the connection between financial
development and the growth of the manufacturing industry have yielded
diverse conclusions. One prominent conclusion is that the development
of the financial sector positively influences the growth of the
manufacturing industry. Holmstrom and Tirole, (1997) believe that
financial industry development promotes real growth via the reduction
of internal and external financing cost. In 13 OECD countries, with the
use of the VAR model, Neusser and Kugler (1998) examined the rela-
tionship between manufacturing and financial development. The results
from the study revealed that for most of the developed countries, there
exist a positive significant correlation between financial development
and manufacturing output. A buoyant financial system has equally been
shown to foster the upgrading of manufacturing industries’ structure
(Beck et al., 2000; Ross, 2005; Yi and Liu, 2015; Liang and Zhang; 2018;
Zhao, 2003; Yu and Zhao, 2024). Yu and Zhao (2024) argue that to
address the financial constraints of industrialisation, strategic measures
could include expanding mobile payment options, diversifying financial
institutions, enhancing financial infrastructure, and implementing more
flexible financing options. From the standpoint of a developing econ-
omy, Doumbe and Zhongxiu (2017) explored the relationship between
financial development and industrialization in Cameroon over the
period 1970-2014. The Autoregressive Distributed lag (ARDL) tech-
nique, alongside the aggregate production framework were used and the
results concluded that financial development influences investment, and
consequently industrialization, which has recently been supported by
the study of Appiah et al. (2023) for African countries.

Another strand of the literature argues that there is no obvious role
played by financial development in boosting the development of the
manufacturing industry. Rajan (2006) posits that financial development
introduces vulnerabilities, including an overdependence on financial
systems, misinformation, and inconsistent incentives across banks that
can result in ill-advised risk ventures. In the event of bankruptcy, these
vulnerabilities can trigger panic, compel liquidation, and subsequently
disrupt the manufacturing industry through closures, significant finan-
cial losses, and production interruptions. Laeven and Levine (2011)
support this finding as they concluded that economic development is
significantly impeded by financial innovation. In Gennaioli et al. (2012),
issues within financial institutions accumulate, leading to instability in
the manufacturing industries. The study also found that external finance
constrained the operation and advancement of manufacturing in-
dustries, effectively negating the financial sector’s capacity to promote
the development of the manufacturing industry (Da Rin and Hellmann,
2002). Kothakapa et al. (2020) analysed the link between financial
development and industrialization in low- and middle-income countries
from 1970-2014 and the results were inconclusive. The results revealed
that financial development negatively affects industrialization up to a
certain point, after which the resulting effect turns positive. This depicts
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a U-shaped relation, and the complexity of the correlation, which was
recently supported by the work of Nkemgha et al. (2023), who argued of
a change in sign in the relationship based on the level of human capital
development.

The aforementioned discussion reveals conflicting outcomes
regarding the relationship between financial development and the in-
dustrial sector. While some researchers argue that financial develop-
ment positively impacts the industrial sector, others present evidence of
its destabilizing effect, particularly on the manufacturing industry. Does
this imply that green finance, based on the evidence presented, will yield
similarly contradictory results across different countries and regions?

Proposals have been put forward asserting that the growth of green
finance can be significantly bolstered through foreign direct investment,
which in turn has a substantial impact on economic development and
growth. Foreign direct investments in a country can stimulate its local
entities, particularly manufacturing companies, to accelerate the
development of innovative ideas and technological progress. Ultimately,
this has the potential to increase employment opportunities as various
sectors of the economy expand (Moran, 2012).

Wang and Wang (2021) conducted a study examining the impact of
green finance on the upgrading of China’s regional industrial structure
from 2008 to 2020. They employed the gray correlation method to
empirically assess the relationship between the variables. Following the
gray correlation analysis, the GMM model was used to understand the
direction and the degree of the impact of green finance on industrial
structure upgrading. The findings were categorized based on different
industrial levels. The correlation between green finance and output
value was most pronounced in the tertiary industry, indicating that
green finance has the most substantial effect in this sector in China,
thereby promoting rapid development and facilitating the upgrade of
the industrial sector. However, the results varied across different regions
in China, although all demonstrated positive effects. The study
concluded with robust policy recommendations, including the need to
promote green technology development, train green finance agents,
establish green finance infrastructure, and enhance foreign exchange
cooperation.

The majority of existing research, as observed, has concentrated on
developed nations, OECD countries, and the Asia-Pacific region, with
relatively few studies addressing the relationship between green finance
and industrialization in Africa and its regions. This presents an oppor-
tunity for the current study to bridge this gap and offer policy insights
for the region, particularly in low-income countries.

2.2.2. Green finance and green innovation

Several studies have explored the impact of green finance on green
innovation. Existing literature suggests that green policy, particularly in
terms of credit, assists in regulating two high-polluting industries and
one overcapacity industry in China, as indicated by Zhang et al. (2011).
This viewpoint is further reinforced by Liu et al. (2017) who discovered
that green loan policies can reduce investments in energy-intensive in-
dustries, thereby promoting green technologies. Similarly, Xu and Li
(2020) and Liu et al. (2019) found that green credit policies and the
development of green credit can lower debt financing costs for green
enterprises undertaking green projects. Furthermore, Li et al. (2018)
developed a green loan theory, emphasizing the effectiveness and sig-
nificance of green bank loans in driving green innovation.

Yu et al. (2021) conducted a study to understand the impact of
limited access to financial resources on the growth of China’s green
industries. The study also aimed to evaluate whether green finance
policies could serve as a solution to this issue, particularly by fostering
green innovations and mitigating the effects of financial constraints. The
findings revealed that green finance policies significantly alleviate the
impact of financial limitations on the innovation within green in-
dustries. However, this effect is more pronounced for state owned en-
terprises and very minimal for privately-owned enterprises seeking
financial relief. Dong et al. (2022) found that green finance significantly
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enhances green innovation across various Chinese companies from 2008
to 2020. Other studies concluded that access to green credit enhances
corporate R&D, facilitates eco-innovation, promotes industrial structure
upgrading, and technological innovation (Chen et al., 2019; Wu et al.,
2019; He et al., 2018). Another argument in the literature suggests that
direct financing (investment in green securities) is more effective that
indirect financing (green credit) for the growth and development of
green industries (Lin et al., 2018).

Huang et al. (2022) in their study explore mechanisms through
which green finance influences green innovation. They used data from
30 Chinese provinces spanning 2009-2017 and constructed a green
finance index. Using spatial Durbin and panel threshold models, they
analysed the relationship between these variables. Their findings
revealed a significant positive autocorrelation between green finance
and green innovation. Both direct effect and indirect effect coefficients
showed that green finance was found to have a significant positive effect
on green innovation. Finally, for the threshold results, the effect of green
finance on green innovation diminishes with the intensification of
environmental regulation policies. Consequently, they recommend that
governments implement trickle-down policies in dealing with green
finance and consider easing of environmental regulations. Ma et al.
(2023) corroborates the positive effect in Chinese high-carbon in-
dustries, with the effect most evident in green invention patents.

2.2.3. Green innovation and industrialization

While research on the relationship between green innovation and
industrialization is limited, there is a body of work exploring the
connection between green innovation and sustainable development
goals (SDGs), particularly in developed countries. Given that green
innovation is closely tied to SDG 9 (Industry, Innovation, and Infra-
structure), it is reasonable to infer that green innovation can signifi-
cantly influence industrialization. However, the lack of studies focusing
on this relationship in developing countries presents an opportunity for
further exploration in this area, which the present study attempts to do.

Sarkar (2013) highlights that most OECD governments already
recognise eco-innovation as a strategic tool for achieving SDGs while
maintaining economies and industries competitive. He cites the Euro-
pean Union as an example where eco-innovation is seen as a great
driving force for achieving objectives such as improving industrial
competitiveness, increasing resource efficiency and fostering overall
growth.

Studies such as Dogaru (2020) and Habanabakize (2020) suggest
that eco-innovation supports numerous sustainable development goals,
including good health and well-being, zero hunger, clean water and
sanitation, affordable clean energy, industry, innovation and infra-
structure, economic growth, sustainable cities and communities, and
climate action. Sadiq et al. (2023) found that green finance,
eco-innovation, and creativity positively impact the SDGs in ASEAN
countries. Lee et al. (2018) also found that eco-innovation enhances firm
productivity and positively influences the SDG related to environmental
performance, innovation, and economic growth. Recently for China,
Yang et al. (2024) discovers that through agglomeration effects and
legislation, the smart city pilot program might offer businesses a fresh
incentive for their green innovation behaviour. They pointed to the need
for the government to keep supporting green enterprise innovation
through the creation of smart cities and to adopt smart city construction
programs that take local conditions into account in order to support
China’s high-quality economic development.

When companies develop green innovations, they increase their
competitiveness and experience product value increase because of the
use of more technically efficient innovations. They also benefit from a
reduction in raw material cost, shape future regulations, raise their
competitors’ costs, and reduce community and public pressure for effi-
ciency and clean production (Murty and Kumar, 2003; Yang et al., 2011;
Andries and Stephan, 2019). Asadi et al. (2020) discovered that green
innovation has the potential to promote and improve sustainable
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performance in the hotel industry. For Africa, Nkoa and
Fonguen-Kong-Ngoh (2024) reiterated the importance of renewable
energies in achieving the twin goals of environmental protection and
industrialisation, and suggest the creation of a comprehensive interna-
tional funding mechanism with several stakeholders aimed at support-
ing energy transition and green industrialisation. Despite these
observations, other studies argue that innovative green technology does
not necessarily enhance industrialisation and economic growth (Yan
et al., 2020; Sohag et al., 2021).

Regarding the relationship between green finance, green innovation,
and industrialization, with green innovation playing the modulating
role, based on our knowledge, the literature appears to be sparse. While
studies have examined the relationship between sustainable develop-
ment, green finance and industrial structure (Wang and Wang, 2021),
and the mechanisms linking green finance and green innovation (Huang
et al, 2022), the specific triadic relationship remains largely
unexplored.

Other research has examined the mediating role of green supply
chain integration in the relationship between green manufacturing
practices and sustainable performance (Afum et al., 2020), the impact of
environmental tax regulations on industrialization (Tchapchet Tchouto
et al.,, 2022), and gender inequality moderating the role of green
financing on eco-innovations (Saha et al., 2022). Despite the lack of
literature specifically addressing the relationship between green
finance, green innovation, and industrialization, the studies presented in
this section suggest a potential connection between these variables.
Therefore, conducting this study could contribute to the debate
regarding the nexus of green finance and industrialization.

3. Methodology
3.1. Econometric strategy

Drawing from the existing literature on the factors influencing
industrialization (1999; Nkemgha et al., 2023), the empirical model is
specified as in Eq. 1. Where IND is the measure of industrialization of
country i at time, t, Green-Fi is green (climate) finance, Green_inn is green
innovation and X is the vector of explanatory variables including foreign
aid (ODA), trade openness (Trade), foreign direct investments (FDI), and
natural resources rents. v is the time fixed effect and y is the individual
effect.

IND;; = p, + p, Green_Fiy + p,Green_inny + o Xic + 0, +7; + €t 1)
3.1.1. Dependent variable

The dependent variable in this study is industrialization, measured
initially as the total industrial value added as a percentage of GDP. To
ensure the robustness of the findings, additional measures are used such
as manufacturing value added, agricultural value added, and service
value added. The data for these variables has been collected from the
World Bank’s World Development Indicators. Fig. 1 below shows the
evolution of industrial value added across selected countries over the
study period.

3.1.2. Independent variables of interest

The first independent variable of interest is green finance, measured
as the total mitigation-related development finance (2020 thousand
USD) received, and it is collected from the OECD database. Climate
finance can reduce investment risk, boost return on investment, and
attract worldwide investors to green energy projects, which conse-
quently lead to sustainable industrialization (Tolliver et al., 2020; Wang
and Wang, 2021). This variable is therefore expected to have a positive
sign in this study. The second variable of interest is green innovation,
proxied by renewable energy consumption (% of total energy con-
sumption). The role of renewable energy in fostering green economic
development hinges on several factors. These include the level of
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Fig. 1. Evolution of average industrial value added (% of GDP) for 41 African countries, 2000-2020.

technological advancement, the cost of acquiring the technology, and
the requisite human capital skills needed to operate this new technology
(Nkemgha et al., 2023). Considering Africa’s current state, characterized
by a significant deficit in human capital development and a high poverty
rate, coupled with the relatively higher cost of clean energy on the
continent, we anticipate that the impact of renewable energy may be
inversely related to sustainable industrialization. Fig. 2 illustrates the
trend of climate finance in Africa over the years 2000-2020.

3.1.3. Control variables

The first control variable considered is trade openness. Measured as
the sum of exports and imports relative to GDP, the variable is expected
to exhibit a positive sign consistent with the findings of Bankole and
Oladapo (2019) and Choi et al. (2021). The next control variable is
foreign direct investment inflows (%GDP). Drawing on the work of
Mamba et al. (2020), we expect this variable to either be neutral or
positively influence structural transformation. The third control variable
is natural resource rents, proxied by total natural resource rents (%
GDP). Nkemgha et al. (2022) argue for a positive effect of natural re-
sources on the structural transformation of the industrial sector. The
rationale is that rents from natural resources can facilitate investment in
other industrial sectors, thereby fostering overall industrialization. The
last but not the least control variable is foreign aid, measured by the net

250000

200000
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100000

Green Finance

50000

0_
T T T T T
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Year

Fig. 2. Trend of green finance for 41 African countries.

official development assistance received (%GNI). The variable is ex-
pected to produce a negative sign in line with the findings of Nchofoung
et al. (2022) who posited that foreign aid tends to reduce industrial
employment in Africa.

Incorporating the moderating influence of green innovation, repre-
sented by the consumption of renewable energy, Eq. (1) is specified as
follows:

IND;; =p, + fp, Green_Fiy + §,Green_Inn; + f5(Green_Fi « Green_Inn), @
+ B Xie +ve 7+ €

Where g5 is the coefficient of the indirect effect, and the rest of the

variables and coefficients are defined as in Eq. 1. In some cases, the

direct and indirect effects produce the same signs, leading to synergy

effects. However, in case both the direct and indirect effects are signif-

icant and opposite in signs, a net effect should be computed as in (3).

Net effect = p, + p3Green_Inn 3)

In this specification, Green_Inn is the average of the modulating
variable (green innovation), and the rest of the coefficients are defined
as above. Fig. 3 shows the fitted scattered plot of the relationships under
investigation.

Fig. 3 shows an initial insignificant relationship between green
finance and industrialisation. However, an econometric regression cor-
recting for possible biases assess better the relationships under study.

Due to data limitations on key variables of interest, our study

801

® Industrial value added
Fitted values

Green finance

Fig. 3. Fitted scatted plot on the relationship between green finance and
industrialisation.
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comprises 41 African countries,” with data spanning from 2000 to 2020.
Table 1 shows the descriptive statistics of the variables used in the
model, while the corresponding correlation matrix is presented on
Table 2.

Table 1 shows that the logarithm of the industrial value added varies
between 3.24 and 72.15, while that of green finance varies between
0.286 and 17.711. The percentage of renewable energy in total energy
consumption varies between, 0.06-98.34, with just about 31 % of
renewable energy present in total energy consumption between the
years 2000-2020. Table 2 shows that the explanatory variables have a
very low correlation coefficient within themselves, as a result, there is
very low risk of multicollinearity with our data. Given this observation,
we proceed to estimate our model.

3.2. Estimation method

Initially, Eq. 1 is estimated using the fixed effect Driscoll and Kraay
(1998) standard error procedure. This method proves robust when
dealing with a large time dimension, as it can withstand extensive types
of cross-sectional and temporal dependencies. Furthermore, the corre-
lation analysis between the dependent variable (industrial value added)
and its first period lag yields a correlation coefficient of 0.981, under-
scoring the significance role that initial levels of industrialization play in
in explaining economic development (Barro and Sala-i-Martin, 1992;
Barro, 2019). We therefore make the assumption that our sample’s in-
dustrial growth outcomes are dynamic and can be specified as:

INDy = By + p1INDy1) + p,Green_Fiy + pyGreen_inny, + X +ve +v; + €
C)]

The literature has long recognized, since the works of Nickell (1981)
and Anderson and Hsiao (1982), that employing Ordinary Least Squares
(OLS) to estimate dynamic panel equations can lead to biased and
inconsistent estimates. In response to this challenge, Arellano and Bond
(1991) proposed the use of a Generalized Method of Moments (GMM)
estimator as a more suitable alternative in such scenarios. According to
Roodman (2009), the cross-sectional dimension (41) must be greater
than the time dimension (21) for a GMM estimator to be utilised in a
regression, which is the case with our data. When the instruments are
weak, Blundell and Bond (1998) demonstrated via Monte Carlo simu-
lations that the GMM estimator in the first differentiation will produce

Table 1
Descriptive Statistics.
Variable Obs  Mean Std. Min Max
Dev.
Industrial value added (log) 841 26.022 11.903 3.243 72.153
Green finance (log) 794 9.462 2.58 .286 14.711
Renewable energy 861  23.312  31.682 .06 98.34
Trade 800 62.459 26.498 9.955 163.619
Natural resource rents 861 11.505 9.953 .195 59.684
Foreign direct investment 861 3.864 7.692 —18.918 103.337
Foreign aid 861 7.931 8.76 —.188 92.141
Manufacturing value added 783 8.806 1.115 5.268 12.4
(log)
Agricultural value added 787 7.103 .986 5.434 9.875
(log)
Service value added (log) 780 8.379 .758 6.369 9.935

2 Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon,
Central African Republic, Chad, Congo Dem. Rep., Congo Rep., Cote d'Ivoire,
Egypt, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya,
Lesotho, Liberia, Madagascar, Malawi, Mali, Morocco, Mozambique, Namibia,
Niger, Nigeria, Rwanda, Senegal, Sierra Leone, South Africa, Sudan, Tanzania,
Togo, Tunisia, Uganda, Zambia, Zimbabwe.
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biased findings in finite samples. Two-step estimates of standard errors
contain a large downward bias despite being asymptotically more ac-
curate. Windmeijer (2005) created a finite-sample correction to the
two-step covariance matrix to make up for this.

The issues of identification, simultaneity, and restrictions are likely
problems with the GMM estimation. In this sense, all of our explanatory
variables are handled as endogenous in accordance with current schol-
arship, with the suspicion that they are a source of endogeneity
(Arellano and Bond, 1991; Arellano and Bover, 1995; Blundell and
Bond, 1998; Roodman, 2009). Also, period fixed effects are used as in-
struments, and in order to limit instrument proliferation, the in-
struments are collapsed in line with Roodman (2009).

4. Results and discussion

The baseline estimation using the Fixed effect Driscoll and Kraay
(1998) estimator, the dynamic model estimate using the system GMM,
the results of the robustness regression, and finally the indirect effect
results are all covered in this section.

4.1. Direct effect results

The baseline results are presented in Table 3, and they show that
green finance has an enhancing effect on industrialization in Africa.
Similar positive effects are apparent for trade openness, natural resource
rents, and foreign direct investment. Conversely, green innovations
(renewable energy) and foreign aid present negative effects as expected.

The positive effect of green finance on industrialization corroborates
the results of Tolliver et al. (2020) and Wang and Wang (2021). On its
part, Green innovation (renewable energy) has a negative effect on
industrialization in line with the findings of Zhang et al. (2020) and Xie
et al. (2022) who discovered that engagements in green innovation
tends to diminish firm value due to the high costs associated with such
initiatives.

To further check the validity of our results, we use a dynamic model
as described in Table 4.

Results in Table 4 validate the positive and negative effects of green
finance and renewable energy, respectively, on industrialization. The
results further show the absence of both first- and second-order auto-
correlation in our model, with the instruments valid from Hansen’s
statistics. Also, the first period lag of industrialization is positive and
significant, corroborating the results of Barro and Sala-i-Martin (1992),
indicating that African economies will eventually catch up with the
industrialized economies.

Looking at the control variables, trade openness enhances industri-
alization, this is consistent the study by Mignamissi and Nguekeng
(2022) for Africa. Trade leads to technological spillover and an increase
in economic productivity and competition. In the African context, export
structures are predominantly dominated by primary industries. Trade
openness has catalysed technological development, particularly within
the tertiary industrial sector. This sector is witnessing a faster growth
trajectory compared to the secondary sector on the continent. Also,
natural resources enhance industrialization in Africa, corroborating the
result of Nkemgha et al. (2022) for African economies. African countries
are rich in natural resources, and rents from resource exploitation act as
additional capital for the economy, which can be channelled for in-
vestment into other industrial sectors. Foreign aid is harmful for in-
dustrial development in line with the study by Nchofoung et al. (2022),
who argued that aid has been looted by public authorities in Africa and
that the share successfully used for development purposes on the
continent has mostly been used towards non-productive sectors. Addi-
tionally, Gennaioli et al. (2012) argued that external financing sources
limit the functioning and upgrading of manufacturing industries. This is
mostly true for a region like Africa with many low-income countries
which depend on external aid. Overreliance on these external sources
could potentially precipitate a sudden economic downturn, especially
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Table 2
Matrix of correlations.
Variables @™ ) 3) 4 5) 6) @ ®) © (10)
(1) industrial value added 1.000
(2) Green finance —0.137* 1.000
(3) Renewable energy 0.458%** 1.000
(4) trade 0.525 0.281* 1.000
(5) natural resource rents 0.625 —0.007 0.255 1.000
(6) foreign direct investment 0.047*** . —0.101%*** 0.330 0.105* 1.000
(7) foreign aid —0.429* —0.189 —0.432 -0.217 0.117 0.051 1.000
(8) Manufacturing value added 0.744"* —0.019 0.634 0.367* 0.271 —0.056 —0.543 1.000
(9) Agricultural value added 0.256** 0.117* 0.705 0.061 —0.066 -0.114 —0.593 0.518 1.000
(10) Service value added 0.492% 0.107 0.809* 0.2527%* 0.007 —0.095* —0.563 0.836 0.669 1.000
* p<0.1
" p<0.05,
™" p<0.01,
Table 3
Baseline regression.
m ) ®3) @ ) (6) @)
VARIABLES Dependent variable: Industrial value added
Green finance 0.111% 0.265%** 0.159%* 0.283** 0.2807** 0.206**
(0.0589) (0.0706) (0.0693) (0.0839) (0.0811) (0.0829)
Renewable energy —0.143*** —0.212%** —0.136%** —0.0741** —0.0744** —0.0722**
(0.0408) (0.0331) (0.0296) (0.0281) (0.0275) (0.0258)
Trade 0.104+** 0.0297* 0.0240* 0.0243
(0.0188) (0.0105) (0.0133) (0.0146)
Natural resource rents 0.4467** 0.451%** 0.485***
(0.0467) (0.0476) (0.0447)
Foreign direct investment 0.0429 0.0313
(0.0733) (0.0769)
Foreign aid —0.184%**
(0.0355)
Constant 24.91%%* 29.41%%* 28.63""* 22.05%%* 19.01%** 19.19%** 20.80"**
(0.605) (1.065) (1.053) (1.744) (1.027) (1.006) (1.188)
Period FE Yes Yes Yes Yes Yes yes yes
Observations 778 841 778 727 727 727
Number of countries 41 41 41 41 41
Fisher 3.572* 12.26%* 26.0 42.61* 88.1

Standard errors in parentheses
" p<0.1

p<0.05,
p<0.01,

during global shocks. This was evident during the COVID-19 pandemic,
when international donors scaled back their aid commitments, with
some even nearing a complete cessation of financial assistance to Africa.
Such scenarios underscore the vulnerability of economies heavily reliant
on external aid.

4.2. Robustness checks

To affirm the robustness of our findings, our regression is performed
again, substituting the dependent variable with alternative measures of
industrialization, including the value added across the agricultural,
manufacturing, and service sectors. The results, as presented in Table 5,
consistently show the positive effect of green finance and the negative
effect of renewable energy on industrialization across these different
specifications.

4.3. Indirect effect results

We further verify the hypothesis that green innovation is the
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mechanism through which green finance affects industrialization in
Africa, as presented in Table 6. The results show that green finance in-
teracts with renewable energy, producing positive net effects® across all
industrial sectors except the agricultural sector, which exhibits a posi-
tive synergy effect. For the overall industrial sector and the
manufacturing sector, renewable energy interacts with green finance,
producing positive direct effects and negative indirect effects. However,
the positive direct effect outweighs the negative indirect effect, pro-
ducing overall positive net effects. For the service sector, the positive
indirect effect outperforms the negative direct effect, producing a pos-
itive net effect.

The observed positive synergy effect within the agricultural sector
can be attributed to how green finance investments in renewable energy
temper the adverse impact of non-renewable energy sources on climate
change, a factor that has traditionally impeded agricultural productiv-
ity. In the manufacturing sector, substantial energy investments are
essential for efficient operations. However, the relatively higher cost of
clean energy sources can deter the pursuit of green industrialization
within this sector. Despite this, a significant portion of green finance is

3 The net effect is calculated as specified in Eq. 3 and our interest centers is
the sign of the total effect and not its coefficient in line with findings by
Nkemgha et al. (2023).
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Table 4 Table 5
System GMM estimation results. Robustness checks.
m 2) 3) “@ 5) (€8] ) 3)
VARIABLES Dependent variable: Industrial value added Dependent variable
Industrial value ~ 0.707*** 0.7877%* 0.975%** 0.538 0.915%** VARIABLES Manufacturing Agricultural Service Value
added (—1) value added value added added
(0.0273) (0.105) 0.0192)  (0.0251)  (0.0223) Manfactr 0674
Green finance  0.162" 0.319**  0.0444*  0.0145 a“;l a; “g;‘gd 1 -
(0.0941) (0.155) (0.0254)  (0.0260) valued added (= ©0.0505)
bl —0. % —0. 2 —0. * —0. 2 % .
Re:;:;y ¢ 0.0648 00278 ~0.0443 0.0329 Green finance 0.00715%* 0.00179" 0.00138
(0.0304) (0.146) (0.0229) (0.0189) (0'00138)%* (0.000818) (0.000796)
Trade 0.0222" 0.00695 Renewable energy —0.00376** —0.000159 —0.00104
((') 0130) ((') 0368) (0.00160) (0.000715) (0.000718)
Natural 0.205%+ 0.301%+ Agricultural valued 0.978%**
resources added (-1)
rents (0.0192)
(0.0233) (0.0878) Sez'mlc)e Value added 0.596***
Foreign direct 0.227%%* 0.0771 -
oreign direc (0.0286)
fnvestment Constant 7,409+ 0.238* 3410+
(0.0283) (0.0644) ° ((.) 459) (6 130) (6 223)
Foreign aid —0.00581 —0.220* Control variabl v y Y y J
.263%* . 1.002 11.1 2,834
Constant 3.263 0.367 oo 11.18 834 Observations 650 653 647
Number of countries 41 41 41
1.282 5.189 0.640 0.908 0.801
. . ( ) ( ) ( ) ¢ ) ¢ ) Prop>AR1 0.065 3.92e—05 0.0127
Time Fixed No Yes Yes Yes Yes
effect Prop>AR2 0.431 0.737 0.806
Instruments 33 33 33
Ob. ti 699 699 748 748 800
Nu:'; ?r‘ ;‘;“S i “ " " " Prop>Hansen 0.208 0.228 0.203
. Fisher 49.09%** 86227 171.9%%*
countries
Prop>AR1 0.000138  0.000255  0.000367  0.00111  0.000588 Standard errors in parentheses
Prop>AR2 0.133 0.213 0.120 0.132 0.153 * p<0.1
Instruments 34 40 29 26 24 p<0.05
Prop>Hansen 0.162 0.681 0.299 0.222 0.120 - (‘) 0 1
Fisher 308.8"* 675.47%* 1098+ 902.5%%* p<0.0L,

251.4

Standard errors in parentheses
" p<0.1

" p<0.05,

“* p<0.01,

directed towards the renewable energy sector and other green industrial
products. The effective utilization of these products necessitates
manufacturing, which explains why the direct effect is outpaced by the
indirect effect.

4.4. Further discussion of results

In essence, green finance can enhance industrialization through
several mechanisms: the development of new financial products,
financing new industries and technologies, reducing investment risk,
and the efficiency of eco-friendly industries. Braguinsky et al. (2021)
argue that product innovation is a key to firms’ growth as a result of
product diversification. Besides, financing new industries means finan-
cial industries themselves are developed in the process, which makes it
possible to leverage and redirect public funds through government
bonds, public-private partnerships, and development banks by expand-
ing the financial sector. The financial industry is in charge of developing
mechanisms such as payment systems as well as capabilities such as
credit assessment and risk analysis. These public mechanisms will be
unable to function as planned unless they are supported by a stable
financial system (Bell and Rousseau, 2001; Gennaioli et al., 2012). Neal
(1994) and Laeven and Levine (2011) emphasized the connection be-
tween finance and industrial development and cited the sluggish growth
of the stock market and banks as the main source of slow industriali-
zation. In this context, climate finance could potentially augment the
financial resources available for industrial development, thereby
enhancing the existing capital stock available for industrial investment
and growth.
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The study highlights a negative effect of green innovation, proxied
through renewable energy on industrialisation. Several factors can
explain this negative relationship, moving from high costs of initial in-
vestment, human capital development required for its operation, limited
infrastructures and intermittency of renewable energy sources. Firstly,
Africa is a continent grappling with significant underdevelopment in
terms of human capital and a precarious poverty rate. Given the rela-
tively higher cost of clean energy in Africa, the negative correlation
between green innovation and industrialization becomes even more
pronounced. Compared to unclean energy, renewable energy use will
reduce industrialization due to increase in the cost of production. Le
Roux (2016) echoes this sentiment, emphasizing the high cost of
renewable energy and its consequent unaffordability for the typical
African citizen. Secondly, operating renewable energy technologies re-
quires skilled labour, which is still underdeveloped in Africa, making the
effective use of renewable energy technologies for industrial purposes
inefficient. This is in line with Ukoba et al. (2023) who argued that
before introducing large-scale renewable energy technologies and fa-
cilities in Africa, there needs to be a focus on advancing education and
fostering small-scale innovation, particularly within rural communities.
Their argument hinges on the fact that most renewable energy sources
are prohibitively expensive for the average African. Thirdly, the cost
issue is further exacerbated by Africa’s limited manufacturing capacity.
Poor infrastructure especially in rural Africa limits access to renewable
resources. Lack of proper roads, connectivity or transmission lines to the
main grid can hinder the deployment of renewable energy technologies
in such areas, or limit the integration of renewable energy sources into
the grid. This deprives the local communities from easily engaging in
green industrial productivity.

5. Conclusion and policy implications

The structural transition of African economies towards industrial
development has consistently lagged behind that of other emerging
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Indirect effect.
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@®

Dependent variable:

(@)

3)

“

VARIABLES Industrial value added Manufacturing valued added Agricultural value added Service value added
Industrial value added (—1) 0.645%**
(0.0276)
Green finance 0.102%** 0.00555"** 0.00885"** —0.00180%**
(0.0264) (0.00135) (0.00149) (0.000758)
Renewable energy (A) 0.0447** —0.00185** 0.000826 —0.00150**
(0.0179) (0.000725) (0.00144) (0.000696)
Trade 0.0116 0.00119*** —0.000166 —0.000167
(0.0134) (0.000351) (0.000454) (0.000222)
Natural resource rents 0.292%** —0.00100 —0.00251*** —0.000161
(0.0278) (0.000937) (0.000828) (0.000402)
Foreign direct investment 0.0857*** —0.000427 —0.000259 —0.000519
(0.0301) (0.000523) (0.000572) (0.000357)
Foreign aid —0.0675%** 0.000418 —0.00328*** 9.86e—05
(0.0138) (0.000842) (0.00106) (0.000316)
Green finance*A —0.00355%** —6.97e—05* 0.000240*** 0.000123***
(0.000892) (3.75e—05) (3.66e—05) (1.37e—05)
Manufacturing valued added (—1) 0.783""*
(0.0581)
Agricultural value added (- 1) 0.536***
(0.0256)
Service value added (—1) 0.6627%*
(0.0164)
Constant 4.409% "+ 1.897%%* 3.195%** 2.887%"*
(1.546) (0.509) (0.202) (0.129)
Time Fixed Effect Yes Yes Yes Yes
Net effect 0.01924 0.00393 s.e 0.001067
Observations 699 650 653 647
Number of countries 41 41 41 41
Prop>AR1 0.000151 0.0225 5.88e—05 0.00898
Prop>AR2 0.129 0.549 0.720 0.985
Instruments 36 35 35 35
Prop>Hansen 0.232 0.280 0.500 0.244
Fisher 336.2¢"* 130.2%* 301.4%** 1987+

Standard errors in parentheses
" p<0.1
" p<0.05,
" p<0.01,

economies and developed nations. To bridge these gaps, African econ-
omies must enhance their competitiveness to attract foreign direct in-
vestments, which can facilitate structural transformation and reduce
unemployment. However, Africa faces a unique challenge. While
advanced economies have developed through industrialization, often
accompanied by significant greenhouse gas emissions, African econo-
mies are embarking on their industrialization journey at a time when the
world is grappling with environmental degradation and implementing
stringent environmental regulations.

Green industrialization, therefore, emerges as a critical indicator of a
nation’s ability to manage environmental issues, improve environ-
mental performance, and promote sustainable industrialization.
Consequently, the question of how to foster green industrial productivity
is of paramount importance in the economic development literature,
attracting significant interest from academics and policymakers (Lee
and Lee, 2022). Green finance can enhance green innovations, leading to
economic growth and productivity, especially as countries transition
from fossil fuels to renewable energy, thereby improving energy effi-
ciency and green industrial productivity.

This study aimed to: (i) examine the effect of green finance on
industrialization in Africa, and (ii) investigate the moderating effect of
green innovation in the green finance-industrialization nexus in Africa.
Due to data limitations, we collected data for 41 African countries for the
period 2000-2020 and implemented the fixed effect Driscoll and Kraay
(1998) and the system GMM regression methodologies.

Our findings indicate that green finance bolsters industrialization in
Africa, while green innovations through renewable energy have a
negative impact on industrialization. Climate finance could supplement

the sources of finance for industrial development by augmenting the
existing capital stock available for industrial investment and develop-
ment. It is important to note that the effective use of renewable energy
technologies for industrial purposes is hampered by the underdeveloped
skilled labour force in Africa. Our results also reveal that green finance
interacts with renewable energy to produce positive net effects on
industrialization, with similar outcomes evident across the
manufacturing and service sectors. Notably, positive synergy effects
were observed in the agricultural sector.

These findings yield several policy implications. Firstly, to reap the
benefits of sustainable industrialization, Africa needs reforms at the
levels of multilateral development agencies, development banks, and
national governments in terms of climate financing. As stated by the
president of the African Development Bank at the June 2023 summit on
the Global Financial Architecture, Africa currently faces a climate
financing gap of USD 242.4 billion per year, which is expected to persist
until 2030. This gap has hindered the goal of sustainable industrializa-
tion on the continent.

To reverse this trend, more financial resources need to be channelled
towards climate finance. This can be achieved by mobilizing more pri-
vate sector donors, while national governments should strive to mobilize
other sources of climate finance. Environmental taxation is one of the
most efficient ways for governments to combat climate change, by
mobilizing finance through climate actions. Furthermore, for the bene-
fits of green innovation and green industrialization to be fully realized in
Africa, governments must address the needs of local communities, which
are still significantly lacking in innovative facilities and structures, and
as a result, rely heavily on non-renewable energies for their needs.
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To maximise the effects of green finance and green innovation on
industrialization in Africa, a multi-faceted approach is required. A key
focus should be on education and capacity building, particularly within
rural communities, to foster small-scale innovation and prepare for the
introduction of large-scale renewable energy technologies. Subsidising
these technologies and investing in research and development can make
them more affordable and efficient, addressing the current cost and
manufacturing capacity challenges. Leveraging green finance for in-
dustrial development is crucial, requiring robust regulatory frameworks
and dedicated management entities. A skilled workforce is also essential,
necessitating investment in vocational training and higher education
programs that focus on green technologies.

Furthermore, environmental taxation can serve as a powerful tool to
mobilize finance for climate actions, while promoting local
manufacturing of renewable energy technologies can reduce costs and
create jobs. Strengthening regional cooperation can facilitate the
sharing of best practices, pooling of resources, and coordinated efforts
towards green industrialization. This could involve establishing regional
centres of excellence for renewable energy research and development or
forming regional alliances to negotiate better terms for green finance.
These strategic actions, if effectively implemented, could significantly
enhance Africa’s journey towards sustainable industrialization.

Future studies on the subject could incorporate other variables such
as government policies, international trade relations, and economic
stability as modulating variables, which could significantly influence the
effectiveness of green finance. Including these factors might provide a
more comprehensive view of the challenges and opportunities in
enhancing green industrial productivity. Future studies could also
consider country specific studies and different time spans, which could
help in understanding the evolving trends and in making more robust
policy decisions that support sustainable industrialisation over time.
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