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PREFACE
In recent decades, China’s unprecedented economic growth has been powered
overwhelmingly by fossil fuels, leaving it with the world’s largest ecological
footprint and mounting pressure to reconcile prosperity with planetary limits. At the
same time, the country has injected record sums into green finance—through green
bonds, credit programs and pollution-treatment investments—in an effort to
accelerate its transition toward cleaner energy. Yet questions remain about how, and
to what extent, this influx of green capital actually changes the environmental

impact of both renewable and non-renewable energy production.

This study explores whether green investment acts as a true “game-changer” in
China’s energy mix—magnifying the benefits of renewable sources and softening
the costs of fossil fuels—to bring the nation closer to a sustainable development
path. Drawing on time-series data from 1990 to 2022, we first test the
Environmental Kuznets Curve hypothesis for China’s ecological footprint and then
introduce interaction terms between green investment and energy outputs to capture

any moderating effects.

By shedding light on the real-world interplay between policy-driven green finance
and energy-sector emissions, our findings aim to inform policymakers and investors
alike: pinpointing which forms of green investment deliver the greatest
environmental dividends and guiding more effective strategies for curbing China’s

ecological footprint as its economy continues to expand.

Vi
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ABSTRACT

This study investigates how green investment (GI) moderates the relationship
between China’s energy production—both renewable (RE) and non-renewable
(NRE)—and its ecological footprint (EFP) over the period 1990-2022. Drawing on
annual data from the Global Footprint Network, International Energy Agency, and
CEIC, we employ an autoregressive distributed lag (ARDL) bounds-testing
framework to test for cointegration and estimate both long- and short-run dynamics.
Our findings confirm a stable long-run relationship among EFP, energy production,
GI, GDP, GDP?, and population density. While GI and RE individually exhibit
paradoxical positive effects on EFP—reflecting implementation costs and land-use
impacts—the interaction term (REGI) significantly reduces EFP, supporting GI’s
role as a moderator in expediting ecological benefits from renewable energy
deployment. These results underscore the importance of policy measures that
simultaneously scale green finance and renewable capacity, such as targeted
subsidies, carbon pricing, and technology incentives, to maximize ecological gains

and guide China’s transition toward sustainable energy production.
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Chapter 1: Introduction

1.1 Research Background

Amid the growing environmental concern, the pressure of human activity
such as development, deforestation, consumption and so on and the growing
demand for natural resources has crossed the limit of the Earth’s capacity to
sustainably meet these ongoing needs to maintain their living. The concept of
ecological footprint has arisen as a crucial indicator for understanding and
measuring human activity’s impact on the environment (Raihan et al., 2022a; Jie et
al.,2023). It measures the availability of the Earth’s productive land and water areas
used to support the human lifestyle by taking into account cropland, grazing land,
fishing ground, built-up land forest area, and carbon demand on land (Global
Footprint Network, 2024). Wackernagel and Rees (1996) have taken into account
water and soil pollution in addition to air pollution to develop a more
comprehensive environmental pollution indicator, hence, the ecological footprint
indicator has emerged. For instance, water is one of the major resources that are
declining significantly. Even though 70% of the Earth's planet is water, only a mere
2.5% of the 70% is fresh water and can be used (The World Counts, 2024a). Food
and Agriculture Organization of the United Nations (2013) also predicted that by
2025, it is expected that 1.8billion people will be living in countries or regions with
“absolute” water scarcity, and about two-thirds of the global population could live
under the “stress” condition of water scarcity.

Additionally, natural resources such as fossil fuels are being exhausted at a
concerning pace. The worldwide proven oil reserves amounted to 1723 billion
barrels by the end of the year 2021, showing a decrease of 2 billion barrels
compared to 2019 (The British Petroleum Statistical Review of World Energy,
2021). The worldwide resources-to-production ratio indicates that oil reserves were
only sufficient to sustain an average of 51 years of current production. Ecological
footprint is a comprehensive indicator of human activities' impact on ecosystems

that is gaining traction in sustainable development globally (Ji et al., 2020; Yilanci
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& Pata, 2020). Thus, when the ecological footprint index is relatively high, it
indicates that the supply of natural resources is having bigger difficulty in meeting
the demand for natural resources. Also, the ecological footprint also measures the
extent to which human resource consumption exceeds environmental boundaries
(Yilanci & Pata, 2020).

Since 1971, the global ecological footprint has been growing at a rapid pace,
reaching a staggering 1.71 Earths by 2022 and it is expected to grow continuosly
(Global Footprint Network, 2024). This trend indicated that the global demand for
resources and waste absorption now exceeds the Earth's capacity by 1.71 times,
highlighting that people live beyond the Earth’s capacity. The global trend of
ecological footprint varies significantly across countries and areas. High-income
countries tend to exhibit a relatively high ecological footprint in comparison to low-
and-medium-income countries (Moinuddin & Olsen, 2024). For example, high and
upper-middle-income countries like China, the US, Russia, Brazil, and Japan often
constitute the largest ecological footprints in the world. For instance, the latest data
of ecological footprint of China is 2.4 of Earth. China leads with a staggering 5.1
billion global hectares, followed by the US with 2.6 billion, Russia with 848 million,
Brazil with 551 million, and Japan with 553 million global hectares (Global
Footprint Network, 2024).

Economic development which 1is significant throughout human
development history has contributed to the global ecological footprint (Castro,
2005; Bertoletti et al., 2022). The carbon footprint is the main component of the
global ecological footprint with the constitution of 60% of humanity’s overall
Ecological Footprint and is the most rapidly growing component. (Global Footprint
Network, 2024). During the industrial development process, intensive exploitation
and utilization of natural resources have led to widespread environmental pollution
and ecological degradation on a global scale. For example, China, the United States,
and India are leading contributors to global carbon dioxide (COz) emissions from
fossil fuel combustion with 10, 648.54Mt, 4549.259Mt, and 279.007 Mt
respectively (International Energy Agency, 2024).

Energy combustion is one of the necessary cornerstones of economics and
industrial development which leads to emerging CO> emissions (U.S. Department
of Energy, 1999). Besides, the International Energy Agency (2023) also emphasizes

that global CO; emissions as a result of energy combustion and industrial activities
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increased by 0.9%, equivalent to 321 million metric tons, reaching a record high of
36.8 gigatons. In 2023, the CO; emissions grew again by another 1.1%, mainly due
to the economic recovery and rise in fossil fuel consumption and production from
the COVID-19 pandemic. Consequently, because of these increased emissions, the
world has experienced a significant global climate change. McKinesy and
Company’s report by Nivard et al. (2023), highlighted that over more than half a
year, from July 1 to January 1, the global average temperature exceeds the 1.5 °C
threshold on 182 out of 184 days. This increase in the temperature is mostly caused
by a short-term El Nifio effect, which has pushed 2023’s global warming to a critical
1.48°C above the pre-industrial levels

Not only that, urbanization process also contributes a significant portion of
the total global ecological footprint as this process requires a large area of
productive land or built-in land to convert into a built environment. On a national
scale, urbanization has a limited impact on land cover, but it still leaves a substantial
ecological footprint. Even a small-scale urban development can significantly impact
the stream ecosystem (US Environmental Protection Agency, 2024). The world
loses nearly 6 million hectares of forest land on average due to deforestation. In
light of this, it can be described as losing a piece of land size equivalent to Portugal
in every two years and alarmingly, a staggering 95% of this destruction happens in
tropical regions (Ritchie, 2021). Besides, the global forest area in million hectares
has been steadily decreasing, reaching an emerging low from the original 4.24
billion hectares in 1990 to of 4.05 billion hectares in 2021 (Salas, 2024). that urban
land usage is expected to expand with approximately 1.2 million square kilometres
of underdeveloped land to be added to the global by 2030 (World Bank Group,
2023).

This urbanization causes permanent destruction and fragmentation of
habitats. For example, deforestation and fragmentation of forest lands lead to the
deterioration and damage of forest interior habitat. The International Union for
Conservation of Nature’s Red List report (2021) remarked that 28% of the global
species are classified as being at risk of extinction. Certain social animals namely,
amphibians (41%), sharks (31%), and corals (33%) have been recognized as being
significantly exposed to extinction risks observed since 1990 due to excessive

development.
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Thus, this heightened alert on environmental damages elevates the
importance of renewable energy production. Green energy aims to reduce the
ecological footprint by lowering carbon emissions and minimising air and water
pollution. According to the International Renewable Energy Agency (2024),
renewable energy provides over 90% of necessary reductions in energy-related
carbon emissions. The share of renewable energy in global electricity production
has been showing an escalating trend over the last 10 decades. In 2020, the
proportion of renewable energy in electricity production plunged to approximately
29%, reflecting an increment from 27% in 2019. The shares of renewable energy in
electricity production globally have further expanded by 10% in 2021, the fastest
year-on-year growth since the 1970s (International Energy Agency, 2021).
Moreover, renewable energy capacity has also noticed growth further propelled by
supportive policies and growing public awareness. For example, in 2022, several
key policies have been announced concerning clean energy, particularly
REPowerEU in the European Union, the Inflation Reduction Act (IRA), in the
United States, and China’s 14th Five-Year Plan for renewable energy has promoted
the acceleration in renewable energy adoptions (International Energy Agency,
2024). However, it is still a global challenge to balance rapid economic
development with environmental stability, as most countries depend on fossil fuels
as a major element to meet growing energy demands. According to Ritchie and
Rosado (2024), over 70% of the global energy demand is sufficed by non-renewable

primary energy sources such as oil, coal, natural gas, and nuclear, which constitute

29.78%, 24.87%, 21.89%, and 3.72%, respectively.
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1.2 Problem Statement

China’s rapid industrialization is coupled with a high environmental cost
particularly affecting its land and water resources. To elaborate, ever since China
has opened its economy in 1978 and does international trading, its economy has
been growing at an average of gha every year (World Bank, 2024). Consequently,
China has the greatest ecological footprint among all countries in the world which
amounts to 5.3 billion gha. It has a biocapacity of 1.3 billion hectares, making it the
second-largest in the world after Brazil (World Population Review, 2024). However,
because of its high population, China has a total ecological deficit of 4 billion gha
and a per-capita biocapacity reserve of -2.79 in 2017. In 2013, China’s per capita
ecological footprint peaked at 3.43gha per person, dropping to 3.26gha per person
by 2016. Hence, it is crucial to examine the factors that impact ecological

sustainability in China.

Besides, China has an ambitious commitment to global climate goals to
balance its energy production with sustainable development. For instance, China is
one of the first few that ratify the Paris Agreement and its president, Xi Jinping had
pledged to peak carbon emissions in 2030 and has an ambitious target to reach
carbon neutrality by 2060 (Liu et al., 2023). However, China is still the world's
largest energy production country with 3,190 Mtoe of energy production (Enerdata,
2024). As a result, China’s substantial energy production made it the world’s top
emitter of greenhouse gases, generating over a quarter of the world's annual
greenhouse gas emissions, significantly contributing to climate change which could
subsequently lead to ecology degradation and ultimately worsen the ecological
footprint across the country over time (Andrew et al.,2021).

China’s energy landscape is critical in its environmental challenges. A report
stated that China was the top energy producer and consumer in the world. In 2022,
China’s energy production experienced a notable increase of over 6%, with growth
observed across various energy sources, including renewable energy. Despite the
increasing emphasis on renewable energy, it still constitutes a minor component of
China’s energy mix (U.S Energy Information Administration, 2023). Moreover, the
total CO2 emissions from electricity generation in China had increased from 2,439.9
million tons of COz in 1991 to 9,974.3 million tons in 2020, and this trend is

expected to upward growth (Li et al., 2024). Looking ahead, another report on
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China’s carbon emission showed that the situation appears even more concerning
as China likewise holds the record for the highest cumulative carbon emissions
globally, contributing 22% of the world's total emissions between 1990 and 2020
(China Power Team, 2023).

The validity of the Environmental Kuznets Curve (EKC) is particularly
crucial for understanding the trajectory of environmental degradation in rapidly
developing countries like China. Consecutively, a study conducted on China using
data between 1960 and 2020, showed that energy diversification stands valid in the
EKC hypothesis in reducing carbon emissions (Zahra & Fatima, 2024). If the EKC
hypothesis stands valid for China, this would prove the country has yet to reach its
critical point, or rather, green investment is not valid in the EKC hypothesis for the
country. As a result, fossil fuel production (and consumption) has increased the
death toll and social costs of the country. As a result, annual fatality in China reaches
around 2 million people who have died from air pollution (World Health
Organisation, 2024); another study showed that that around 100,000 people have

died from water pollution each year in China (Buntaine et al., 2021).

In contrast to China, several major economies have already made notable
strides in reducing their carbon emissions. For example, the United States, which
stands as another trade giant on the global stage next to China, is already witnessing
decreasing carbon emissions, coming to a total of less than half of China’s emissions
at less than 5 million kilotons in 2020. The third biggest carbon emitter in the world,
India, had also witnessed a decreasing carbon emissions trend, reaching less than a
quarter of China’s carbon emission, at 2.2 million kilotons in the same year. Amidst
this urgent situation, one of the surfacing solutions is through the effective
application of green investment and employing higher levels of renewable energy

production (World Bank, 2023).

Despite the many benefits of utilizing renewable energy production to
promote environmental conservation, there are challenges to resisting its adoption
in China. According to Chen et al. (2023), China's economy remains heavily
dependent on traditional energy sources. For example, the country’s coal industry
remains deeply entrenched in its economic growth. In 2022, 61% of China’s total
energy supply still came from coal, next to it are oil at 17.9% and natural gas at 7.8%

(International Energy Agency, 2024). In response to mounting climate challenges
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and difficulties in adopting renewable energy production, China has launched the
green financial policy under the 'I1+N' framework, a strategic approach aimed at
enhancing its green financial sector and accelerating its efforts to peak carbon
emissions by 2030. The emergence of the green investment market provides some
excellent options that are growing rapidly in China such as green bonds, recorded
at 440.1 billion yuan in 2021 (Climate Bonds Initiative, 2022); green credit,
recorded at 15.9 trillion yuan in 2021 (Statista, 2024). However, despite numerous
green incentives, the country has struggled to curb its growing energy demand and
consequent emissions. In China, the green bond market is still in the early stage,
indicating that the green bond market is not mature enough to ensure comprehensive

and full reporting on the allocation of the proceeds (Escalanate et al., 2020).

1.3  Research Questions

1. Is the EKC still valid for China after considering the role of green
investment in renewable energy production?

2. Is the EKC still valid for China after considering the role of green
investment in non-renewable energy production?

3. Does green investment play a moderator role in influencing the impact of
renewable energy production on the ecological footprint in China?

4. Does green investment play a moderator role in influencing the impact of

non-renewable energy production on the ecological footprint in China?

1.4 Research Objectives

1. To examine the validity of the EKC hypothesis for China, after considering
the role of green investment in renewable energy production.

2. To examine the validity of the EKC hypothesis for China, after considering
the role of green investment in non-renewable energy production.

3. Toexamine whether green investment acts as a moderator in influencing the

impact of renewable energy production on the ecological footprint in China.
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4. Toexamine whether green investment acts as a moderator in influencing the
impact of non-renewable energy production on the ecological footprint in
China.

1.5 Significance of Study

If the study confirms the validity of the EKC hypothesis after considering
the role of green investment in renewable and non-renewable energy production,
the government will stand to benefit. This insight would empower the government
to craft targeted policies that leverage economic growth to drive environmental
improvements. For example, if green investment magnifies the positive impact of
renewable energy production, the government could introduce and scale up green
investments in key sectors, such as green energy and manufacturing, to accelerate
the green energy transition to a lower ecological footprint as China’s economy
grows. Such policies might include tax incentives for renewable energy projects,
subsidies for green technology adoption, and stricter environmental regulations
encouraging industries to innovate and reduce their emissions. Conversely, if the
green investment minimizes the negative consequences of non-renewable energy
production, the government could reinforce the environmental restriction on the
non-renewable energy production by the industries. The Chinese government could
also restructure their carbon pricing mechanism, such as introducing a more

comprehensive carbon tax.

If the expected finding shows that renewable energy production impacts
ecological footprint and green investment plays a moderating role, it would be
useful for government agencies to know how green investments may enforce the
positive effects of renewable energy production. For example, the government can
design concrete actions, which may include offering incentives to producers of
renewable energy or allocating money to encourage private capital investment in
green technologies that minimize the human impact on the environment. When the
government provides incentives to invest in renewable energy sources such as solar,
wind and hydropower, it becomes financially possible for energy producers to

transition from non-renewable energy sources to renewable types. This flow of
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funds into cleaner energy projects means that the carbon intensity of energy

produced in the country reduces, thus reducing the ecological footprint.

On the other hand, if the finding indicates that non-renewable energy
production affects the ecological footprint and green investment plays a moderating
role, there would be a different implication. For example, if green investment
mitigates the negative impact of non-renewable energy production on ecological
footprint, the government may enhance the efficiency of non-renewable production
and slow down the investment in energy transition. This makes logical sense in the
short run too because China is still mainly dependent on non-renewable energy
sources to produce power. Such initiative may direct movement to R&D efforts to
increase the efficiency of non-renewable energy production and installations of
activated carbon filters in energy stations such as coal plants to reduce carbon

footprint.
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Chapter 2: Literature Review

2.1 Green Investment and Ecological Footprint

As the world takes an urgent stance to transition towards sustainable
development, environmental regulations have become a vital tool to encourage
industries to adopt greener practices and technologies. Porter's hypothesis states that
strict environmental regulations stimulate the demand for more green investment
toward efficient production and using greener technologies (Porter & Linde, 1995).
Testa et al. (2011) conducted a study in the building and construction sector in the
EU region and they concluded that a stringent environmental policy has pushed

more investments toward innovative products and improved business performance.

China’s proactive environmental policies have shown promising results,
especially in the reduction of air pollutants. Placing this in mind for China which
launched its “war on pollution” in January 2014, the country was able to minimize
its particulate pollution by almost 30 percent. Additionally, more than half of the
world’s reduction of particulate pollution in five years between 2013-2018 came
from China (Greenstone & Fan, 2020). Following the Paris Agreement, China has
pumped abundant resources and supportive policies that have grown its prime
example in green energy production, which is solar. According to Li and Huang
(2020), China has decreased its solar installation cost by 80% since 2014 and is
accounting for one-third of the world’s global solar power in 2017. This has majorly
contributed to China’s ability to decarbonize its energy system, which in turn reduce

the global ecological footprint (Lu et al., 2021).

Alternatively, ecological can also be reduced when green investment has
been directed to promote circular economy practices. For instance, Mazzucchelli et
al. (2022) who conducted a study on 404 large-sized Italian manufacturing firms,
found that firms that adopted circular practices by following the 3R concept have
effectively reduced their environmental impact. Moreover, green investment could

also be injected into producing recycling technologies that could reduce resource

10
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extraction. Take phosphorous for example, which is a limited yet essential resource,
Seyhan et al. (2012) proved that recycling can postpone its depletion cost and
maintain a low consumption forever. Huangfu et al. (2024) pointed out that this
could be advantageous for China, knowing it is the biggest white phosphorous
producer in the world and is urgently seeking green transformation for this

substance.

China’s transition toward a circular economy has been demonstrated by its
efforts to integrate sustainability into its industrial field. For example, Guiyang, one
of the most resource-dependent cities that heavily relies on resource mining and
processing, has majorly depleted its natural resources causing huge environmental
degradation. Nevertheless, in a study where the city has taken the sustainable
approach of using an industrial symbiosis strategy (waste of one company becomes
raw materials for another company) has shown successful resource saving and,
decrease in waste and CO» emission (Li et al., 2015). Aside from that, China had
also approved the National Demonstration Eco-Industrial Parks and has since
involved around 90 industrial parks in the change to play a crucial role in circular
cities to spur industrial innovation and achieve ecological advancement

(Bleischwitz et al., 2022).

Despite the advantages of green investment, several studies pointed out the
potential drawbacks, such as the unintended consequences of increased green
investment. This can be illustrated as the rebound effect. Berkhout et al. (2000)
concluded that when the energy efficiency gains from technological innovation
drive the price lower, it would inflict a higher level of consumption; A. Greening et
al. (2000) conducted on residential data from the United States also reviewed the
rebound effect and saw an offset in environmental benefits when energy becomes
more efficient; Lin and Liu (2015) conducted research on both China’s rural and
urban residential buildings concluded that urban areas consume more energy and,
thus, greater rebound effect. China could have conserved 20% of electricity
consumption in residential buildings had they had the appropriate energy and

pricing policies.
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The nature of human behavior can be another caveat that leads to an
unsuccessful implementation of green investment. While the rebound effect is one
unintended consequence that arises from green investment, there are also grounds
to discuss the potential green paradox effect. Sinn (2012) argued that green
investment may indirectly increase in fossil fuel consumption temporarily from
future anticipation of a potential restriction or taxes on carbon emissions and it must
be accompanied by simultaneous policies on carbon pricing to offset this
paradoxical effect. He called this the Green Paradox effect. Ecological footprint
could increase globally; Jensen et al. (2015) observed that a failure in the U.S.
carbon cap could have a spillover effect and leak to world markets, making changes
to carbon emissions outside of the country. Wei et al. (2022) mentioned that China
does not have a carbon tax at the moment although many have advocated this idea,
because it would place a heavy burden on companies, consecutively the economy,
and its people’s income. However, the anticipation of lower demand in the future

could cause an increase in energy supply and consumption (Lai et al., 2022).

Conversely, effective planning is key to maximizing the benefit of green
investments, ensuring are directed towards relevant projects that contribute
positively to environmental sustainability. To illustrate the opposite, Zhang et al.
(2021) have pointed out that inappropriately managed green investment causes a
positively correlated relationship between green investment and ecological
footprint. To elaborate, China has taken steps to promote its energy security by
employing bioenergy. However, growing these energy crops would deepen the
problem of deforestation and displace the high-quality land available for food crops.
Nevertheless, biofuel crops have great cultivation in non-grain-producing areas, but

they require careful strategies and utilization for these crops (Cao et al., 2022).
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2.2 Renewable Energy Production on Ecological Footprint

In response to increasing environmental degradation and the urgent need to
shift from carbon-intensive practices, renewable energy has emerged as a critical
instrument for reducing the ecological footprint and fostering sustainable
development. Scholars have broadly examined the relationship between renewable
energy and ecological footprint, with consistent findings that the adoption of
renewable energy can significantly reduce environmental pressures. Pata (2021),
employed the Fourier cointegration ARDL test on data from BRICS countries
spanning 1971 to 2016, the study found that renewable energy consumption plays
a key role in minimizing environmental pressure. Li et al. (2023), who employed
quantile regressions and pairwise causality analysis using an updated and extensive
dataset from 1988 to 2021 in China, they found that enhancing and investing in
renewable energy usage effectively reduces ecological footprint across different

quantiles.

In China, which is the largest emitter of CO: globally, the government has
made vast investments in renewable energy technologies to mitigate the nation’s
ecological impact. The aggressive expansion of solar and wind capacity has helped
China reduce the carbon intensity of its energy system. China contributed to nearly
half of global renewable energy capacity additions in 2022, with solar photovoltaics
and wind power being the leading sectors. This transition has played a vital role in
improving air quality, reducing land degradation caused by coal mining, and
lessening dependency on polluting fossil fuels. For instance, Gao et al. (2021) used
the life cycle assessment and found that while wind power is the most effective in
reducing ecological footprint. They also found that solar photovoltaic power
reduces emissions and increases biomass power to contribute to lowering CO:
emissions. Sharif et al. (2021) also found that solar energy significantly contributes
to reducing ecological footprint scores in China, with the strongest impact observed
at higher levels of solar energy use and lower levels of ecological footprint using
quantile-on-quantile (QQ) regression. Besides, Nan et al. (2022) employed a vector

autoregressive model from 2000 to 2019, and the findings reveal that renewable
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energy such as photovoltaic, wind energy, and biomass energy exerts a long-term

negative effect on the ecological footprint.

Despite the consensus on its benefits, the impact of renewable energy on
ecological footprint is not universally positive unless supported by appropriate
factors. For instance, Li et al. (2022) employed threshold panel regression model
using data from 120 countries spanning the past 20 years found that renewable
energy reduces ecological footprint and supports economic growth, but its
effectiveness varies with the level of urbanization and income group, showing
stronger environmental benefits after urbanization crosses certain thresholds and in
regions with better energy efficiency and development conditions. Besides. Azimi
and Rahman (2024), who employed the same model in the context of 74 developing
countries from 2000 to 2022. They found that renewable energy could reduce
ecological footprint by lowering environmental degradation, but its effectiveness
depends on achieving certain thresholds in fiscal capacity, human development,

institutional quality, and population density.

2.3 Non-Renewable Energy Production on Ecological Footprint

Recently, there has been growing traction in studying natural resources and
ecological footprints (Danish et al., 2020; Abbasi et al., 2021; Jahanger et al., 2022).
Human activities are the main driving force behind environmental degradation. CO»
are used as indicator to represent environmental degradation, which serves as a
proxy for the ecological footprint (Shabir et al., 2021; Akpanke et al., 2024). The
ecological footprint index included a different dimension of factors such as cropland,
forest area, carbon demand on land, fishing grounds, grazing land, and built-up land
(Alvarado et al. 2022). Azam et al. (2023) revealed that the ecological footprint has
expanded dramatically in recent years, primarily due to the production of produce
excessive waste and pollution by human activities that encompass energy
production. World Energy and Climate Statistics — Yearbook (2024), claims that
energy production means the quantity of natural resources extracted for energy
production. Danish et al. (2020) posited that economic development boosts the
industrialization process, which in turn leads to greater extraction of natural

resources. The extraction and exploitation of natural resources increase at the same
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rate as income, resulting in a decline in biocapacity and, ultimately, an increase in
the ecological footprint. Humanity is depleting scarce resources that have surpassed
the Earth’s ability to regenerate them while also producing waste that exceeds the
planet’s natural capacity to dispose of them (Akif and Sinha, 2020; Danish et al.,
2020; Nathaniel, 2020). When these carbon-based resources such as fossil fuel, coal,
and natural gases, are combusted, they emit a significant amount of carbon emission,
which heavily depletes the atmosphere (Zhao et al., 2021; Hanif et al., 2019; Zhao
et al., 2022). Moreover, they have concluded that the CO; emissions are closely
related to energy consumption patterns and economic growth by using the
autoregressive distributed lag model in Indonesia (Yahya et al., 2023; Idroes et al.,
2023). Sharma and Kautish (2020) also examined how electricity generation from
oil and coal affects CO, emissions, focusing on India from 1976 to 2016. They
concluded that both types of power plants significantly contribute to environmental

degradation by releasing greenhouse gases.

Liu et al. (2020) noted that high-emitting industries production for steel,
cement, chemical and other industries in China that are heavily reliant on fossil fuel
energy for their production process are the major contributors to greenhouse gas
emissions, as a significant amount of CO; was produced during the process in 2019.
Lin and Jia (2020) further analysed how coal-based electricity in China impacts
energy, economy, and the environment. In China, coal is heavily used for heating
during winter. However, combusting coal directly for heat, instead of converting it
into electricity, also produces even higher levels of CO; emissions, bringing more
harmful impacts to the environment. Though generating electricity from coal
releases relatively less CO: than burning coal directly for heat, the electricity
generation from coal is not far less polluting as it generates millions of BTUs of
energy output, emitting significant CO». In this way, while coal-based electricity is
used as a tool for controlling emissions, it also remains a major source of CO»
pollution. Zhang et al., (2023) reconfirmed that electricity production from fossil
fuel and CO; emissions are positively correlated, which generally harms the
environmental balance and degrades the natural resources. However, they also
found that coal-fired plants are the most destructive, as coal combustion releases

the highest amount of CO2 emissions among all fossil fuels such as oil and nuclear.
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Besides that, there are several studies that focused on the non-renewable
energy in the environmental aspect. The increased of reliance on non-renewable
energy significantly reduced environmental sustainability, thereby leading to the
urgent requirement for the strategies in using renewable energy (Sherif et al.
2022; Khan et al., 2019; Hassan et al., 2019; Dehdar et al., 2023; Chu et al.,
2023; Zhang et al., 2022). Furthermore, Xu et al. (2022) underlined the importance
of monitoring non-renewable energy production to reduce the ecological footprint
and discourage rent-seeking behavior and uncertain economic policies. By
effectively strategizing and overseeing non-renewable energy production, resource
extraction can be done responsibly with respect for the environment. Hence, it can

reduce the ecological footprint.

2.4 Moderator Role of Green Investment Toward Ecological
Footprint

Numerous studies have revealed that those regions and countries with more
green investment have a lower ecological impact, even as they grow economically.
Such a trend suggests that green investment is not only an additional component of
economic growth, but also a factor that can shape growth in a more sustainable
manner. For instance, Danish et al. (2020), who employed fully modified ordinary
least square and dynamic ordinary least square estimators on BRICS economies for
the period from 1992 to 2016. They found that the function of green investment
reduces the ecological footprint, implying that green investment has a positive
contribution to environmental quality. Besides, Suki et al. (2022) also discussed
how technology innovations, a proxy for green investment, play a significant role
in sustaining the environmental integrity of sustainable development in Malaysia
during the period from 1971 to 2017. Bergougui (2024) also found that green
technology reduces ecological footprint, from 1990 to 2021 in Algeria.

The moderating function of green investment on the relationship between
research and development (R&D) expenditure and ecological footprint is based on
the endogenous growth theory proposed by Romer (1989). The theory considers the

key economic growth determinants lie within innovations, human capital, and
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knowledge. In this case, green investment directs the financial resources towards
funding the R&D process, enabling the constant creation of technological
innovation that maintain the long-term economic growth and reduce the ecological
footprint. For instance, the expenditure on R&D contributes positively to the
reduction of CO; emissions in the EU-15 and the US (Fernandez et al., 2018). In
addition, Alvarado et al. (2021) analysed a sample of 77 countries and investigated
how R&D spending contributes towards the reduction of ecological footprint over
the time frame of 1996-2016. They concluded that R&D expenditure has a negative
relationship with ecological footprint. The outcomes of investment in environment-
related technologies in a sustainable environment, Khan et al. (2022) discussed the
conditions in Canada, they established that this investment in Canada helped in
combating environmental deterioration. Furthermore, Li and Xu, (2023) used the
annual data in BRICS countries from 1990 to 2020. They authors concluded that
green investment positively influences the fiscal policy on ecological footprint from

1990 to 2018.

Technological innovation is another crucial pathway through which green
investment plays a moderating role in reducing the ecological footprint. Green
investment plays a role in fostering technological innovation by providing the
necessary financial resources and incentives for research, experimentation, and
commercialization of eco-friendly technologies. For instance, Xu et al. (2022)
discussed the adoption of energy-efficient technologies in industries significantly
lower non-renewable energy use and reduce the ecological footprint in Turkey using
the yearly dataset spanning from 1980 to 2019. Ahmad et al. (2021) showed that
technology innovation moderates the effects of ecological footprint in G-7 countries
over 1980 to 2016. Besides, Hosan et al. (2020) analysed that the technological
innovation has facilitated the improvement of ecological footprint using
environmental quality as proxy in Asian countries of 1985 to 2014 and found a
strong inverse relationship between technology innovation and ecological footprint.
Satrovic et al. (2024) also found consistent result with Jahanger et al. (2022) in the

case of green investment serves as moderating function towards ecological footprint.

Renewable energy investment, particularly in wind and solar technologies,
has a positive impact on ecological footprint by reducing dependence on carbon-

intensive energy sources and minimizing environmental impacts. Green investment,
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as moderator function, shifts energy production towards cleaner alternatives,
resulting in lower greenhouse gas emissions and less strain on natural resources.
For example, Zhang et al. (2022) revealed how the application of technology
innovation negates the impact of urbanisation on the environment in the course of
1990-2018 in the BRICS countries, suggesting that technology innovation further
reducing the deterioration of the environment. Moreover, Haldar and Sethi (2022)
indicated that technological innovation reduces environmental pressure and
enhances environmental quality. Raihan et al. (2022) also found that technological
advancement helps initiate improvements in the ecology in Bangladesh for the

period of 1990-2019.

The above literature review revealed that green investment acts as a
moderator towards ecological footprint. Therefore, we propose the two hypotheses

as follows:

Hypothesis 1: Green investment moderates the impact of renewable energy

production on ecological footprint.

Hypothesis 2: Green investment moderates the impact of non-renewable energy

production on ecological footprint.

2.5 Environmental Kuznets Curve (EKC) Hypothesis for
Ecological Footprint

The Environmental Kuznets Curve (EKC) Hypothesis was first introduced
by Grossman and Krueger in the year 1991 (Shahbaz et al., 2019). In EKC, it
suggests that when a country develops economically, its environmental condition
will tend to worsen at the early stage. However, as the economy expands, there is
an increasing awareness among households and the government regarding
environmental concerns. Consequently, measures are taken to address these issues,
ultimately reducing environmental degradation (Prasad, 2024). In simple words, as
economic growth, environmental damage tends to increase. However, after
reaching the curtain threshold level, this movement of trend reverses, and
environmental degradation starts to decline. This relationship can be illustrated as

an inverted- U-shaped curve.
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The relationship between pollution and income is influenced by three key
factors: scale, composition, and technical. Firstly, the scale effect indicates that
when the production level rises, it tends to drive up the pollution level. While the
composition effect reflects a sectoral transformation in economies. For instance,
during the sectoral transformation like agricultural to industry, the environment
tends to degrade along with this transformation. While the technical effect is
illustrated when the economy evolves again from the industry sector to services,
pollution typically reduces after reaching certain maximum level of industry growth

and environment at the stage of industry economies.

In earlier studies, there are numerous researchers studied the cause of
environmental degradation by using CO; emissions as a proxy for environmental
degradation and they have shown there is a correlation between these two variables
(Chaabouni, Zghidi, Mbarek, 2016; Shahbaz, Jamel et al., 2016). However, CO-
emissions provide very limited insight into the extent of environmental degradation
because it is limited to the measurement of air quality. Hence, there has been a
notable movement in scholarly focus toward using ecological footprint as another
proxy for environmental degradation due to its comprehensiveness and extensive

dimension (Aydin et al., 2019; Destek & Sarkodie, 2019; Wang & Dong, 2019).

The past studies on ecological footprint and economic growth shown a
mixture result as compared with CO; emission. A study by Al-Mulahi et al. (2015),
who have explored the EKC hypothesis across 93 different countries using panel
data with ecological footprint as the dependent variable. In their studies, they found
that the EKC is valid for high and middle-income countries, but it does not hold for
lower middle and low-income countries. Similarly, Ozturk et al. (2016) also found
a coincide result to Al-Mulahi et. al(2015) by testing the correlation between
ecological footprint, tourism GDP, foreign trade volume, urban population, and
energy consumption across 144 countries from 1988 to 2008 with the time-series

generalized method of moment and stochastic generalized method of moment.

Moreover, researchers have shown that economic growth has an inverted
U-shaped effect on ecological footprint. For instance, Asici and Acar (2016a)
analysed the relationship between ecological footprint, biocapacity, GDP, trade

openness, population, industry share, ecological regulation, and energy by using the
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FE econometric method in 116 countries. Charfeddine and Mrabet (2017) used a
panel analysis test for 15 MENA countries for the period from 1995 to 2007 on
ecological footprint, GDP, energy usage, urbanization, fertility and life expectancy.
Ulucak and Bilgili (2018) explored the correlation between GDP and ecological
footprint across 45 low, middle, and high-income nations from 1961 to 2013 by
using the second-generation panel data methods. Destek and Sarkodie (2019)
discovered the casual relationship between ecological footprint, GDP, energy
consumption, and financial development of 11 newly industrialized countries
between the sample period 1977-2013. Lee and Chen’s study (2020) on 123
countries spanning from 1992-2016 by using a quantile regression approach. This
means that, after a certain level of development, the concern about Earth's resources
has been apparent by people and thus, the ecological footprint has dropped

eventually.

While numerous researchers likewise have shown the opposite result of
EKC with ecological footprint. For instance, Bagliani et al. (2008) analyzed
ecological footprint data from 141 countries in the year 2001 by utilizing both the
Ordinary Least Squares and Weighted Least Squares methods as well as
nonparametric regression analysis to examine linear, quadratic, and cubic
relationships. Their findings indicate EKC relationship does not emerge when the
ecological footprint is used as the dependent variable. Instead, they found that
environmental stress tends to rise as income per capital increases. Besides, Wang et
al. (2013), observed that both income levels and biocapacity play a significant role
in affecting the ecological footprint. Similarly, Uddin et al. (2017) discovered that
economic growth as measured by real income is positively correlated with
ecological footprint. In other words, the income levels and the ecological footprint
tend to move in the same direction. Also, Alola et al. (2022) conducted an analysis
of the dynamics of ecological footprint for the period from 1971 to 2016 and they

revealed that economic growth are positively correlated with ecological footprint.

In Qatar, Charfeddine (2017) further supported that the concept of
ecological footprint is comprehensive. The author discovered a U-shaped
relationship between GDP and ecological footprint, implying that when GDP
increases, EP initially decreases before bouncing back. Destek and Shinha (2020)
have examined the validity of the EKC across twenty-four OECD countries during
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the period from 1980 to 2014. Their result revealed that EKC did not hold for these
countries, and they found evidence of a U-shaped relationship between economic
growth and ecological footprint. Bagliani et al. (2008) have concluded that EKC
hypothesis is invalid because by changing the localization of supply, environmental
damage is shifted away from wealthier countries, suggesting that the changes in
production often linked to the EKC, can occur not only through advancement in
technology and changes in consumption but also through relocating supply chains

in other regions.

The above literature review revealed the dynamic result of the EKC
hypothesis in different countries with different periods. Therefore, we propose the

hypothesis as follows:

Hypothesis 3: Green investment has a significant inverted U-shaped effect on the

relationship between economic growth and the ecological footprint in China.
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Chapter 3: Data and Methodology

3.1 Description and Source of Data

The ecological footprint is quantified by calculating the ecological footprint
global hectare (gha) per person, using the data obtained from the Global Footprint
Network. The ecological footprint consists of a more comprehensive measurement
that is calculated by measuring the build-up land, CO»> emission, cropland, fishing
grounds, forest products, and grazing land. For the measurement of green
investment (GI), we used another extensively utilized proxy, namely investment in
industrial pollution treatment using the unit measurement of RMB billion. The data
for this measurement was obtained from the Committee of Electronic Information

and Communication.

Renewable energy production (RE) is measured by gigawatt hours (GWh).
While non-renewable energy production (NRE) is assessed using terajoule (TJ),
which is equivalent to 1 trillion joules. Both of these data are obtained from the
International Energy Agency. Besides, gross domestic production (GDP) is
measured by the GDP per capita in constant local currency units (LCU), which is
obtained from World Bank Data. The measurement of population density (PD)
which is quantified by people per sq. km of land area. The data for this measurement

was obtained from World Bank Data.

The sample period for data collected spans from 1990 to 2022 in China. In
order to reduce multicollinearity and heteroscedasticity in the regression models,
natural logarithm transformation is applied to all variables. This approach helps
stabilize variance, reduce the scale of the data, and enhance the interpretability of

the coefficients, ultimately leading to more robust and reliable results in the analysis.
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3.2 Model Specification

To determine the impact of independent variables (energy production and
green investment) and control variables (economic growth and FDI) on ecological
footprint, we need to construct an appropriate benchmark model for these variables.
Based on the studies by Ansari (2022) and Zia et al. (2021), we establish the 2
frameworks to separate into two types of energy production (renewable energy and

non-renewable) as shown in the following specification:
INEFP,= f (InRE;, InGI,, InGDP,,InGDP?, InPD) (D)
INEFP.= f (InNRE;, InGI,, InGDP,,InGDPZ, InPD) ()

where t represents years (i=1,2,3...Y).

The newly developed method for empirical evaluation is presented in

Equations (3) and (4):
INEFP,_fBy + B1InRE, + B,InGI, + B3InGDP; + B,InGDP? + BsInPD, + &, (3)
INEFP._By + B1InNRE, + B,InGI, + B3InGDP, + B4InGDP? + BsInPD, + €, (4)

where €; refers to random errors. §; means the constant term. f; s represented

expected coefficients.

When f; s are negative values, it indicates that variables have a negative
impact on the ecological footprint. In simple terms, the indicators can help reduce

the ecological footprint if the coefficients are negative.
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3.3 Methodology

3.3.1 The ARDL Bounds Testing Approach

The autoregressive distributive lag (ARDL) bound testing approach is used
to estimate the long-run relationship between the variables and to test whether the
variables are integrated I(1) or I(0). By applying the correct lag length, we are also
able to deal with the endogeneity problem as well as serial correlation. Moreover,
it is also an accurate estimation technique used in small finite samples while
producing short-run and long-run estimates at the same time. Because of these
benefits, ARDL is the best econometric model for estimating both long-run and
short-run estimates of our variables. The ARDL model for our selected variables is
shown in Equation (5) and Equation (6), to separate between the independent

variables, renewable energy production and non-renewable energy production:

ALogEFP; = 0p + ALogRE1 + ALogGFe.1 + A3LogGDPy; + ALog(GDP?)t. +
AsLogPDe1 + ZmiALogREw + XmALogGFu +  XnsALogGDPur  +
Yma ALog(GDP?)1 + Zns ALogPDyr +ECTw + p (5)

ALo0gEFP; = 09 + MLogNRE.1 + ALogGF1 + A3LogGDP..1 + MLog(GDP?)t +
AsLogPDe1 + EZmALogNRE. + ZmoALogGFu + XnsALogGDPur +
Ys ALog(GDP?) + Sns ALogPDuy +ECTw + p (6)

where A is the first difference operator, A represents the long-run coefficients, 0 is

the short-run coefficients, and p is the error term.

The joint null hypothesis that signifies no cointegration relationship is HO:
T # M2 # 73 # T4 # s # 0. The alternative hypothesis of a cointegration relationship
is H1: m1 = m2 = m3 = m4 = ms = 0. The ARDL method begins with testing the
hypothesis of no cointegration using an F statistic. ARDL also has upper bound and
lower bound values for the F statistic where if it exceeds the upper bound values
signifies cointegration, and if below the lower bound signifies no cointegration. The
results are unsuitable if the F statistic lies between the upper and lower bounds.

After testing the existence of cointegration is to estimate both short and long run
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dynamics. A few tests will also be utilized to check the model’s reliability and

validity.

To test Hypothesis 1 of this study, we explore deeper into how green
investment influences the relationship we are examining as a moderating factor.
Researchers commonly evaluate the effect of a moderator by incorporating an
interaction term between the moderator and the explanatory variables in their
baseline regression model. Subsequently, they assess the moderating effect by
observing the coefficient of the interaction term to determine its impact on the
relationship between the explanatory variable and the outcome (Yang et al., 2022).
Thus, this paper investigates how the variable of GI and its interaction with EP
affect the moderating role of green investment. It examines how green investment
moderates the impact of energy production on ecological footprint. The structure of
Equations 7 and 8 are as follows to separate the independent variables, renewable

energy production, and non-renewable energy production:

In EFP,_By + BLInRE + ByInGl, + Bsln(GI * RE), + B,InGDP, + BsInGDPZ +
BelnPD; + (7)

In EFP,_By + ByInNRE + B,InGI, + BsIn(GI * NRE), + B,InGDP, +
PsInGDP?+ BgInPD, + p, (8)

To validate EKC, we have used the baseline equation by focusing on the
GDP and GDP? to capture the non-linear relationship. To separate between
renewable energy production and non-renewable energy production, we used
Equation (9) and Equation (10), respectively. Both represent the Environmental
Kuznet Curve hypothesis equation in which GDP and GDP?, are evaluated in the

following possible outcomes (Lee, 2021).

INEFP,_fy + B1InRE; + B,InGI, + B3InGDP; + B,InGDP? + BsInPD; + &, (9)

INEFP;_By + B1InNRE, + B,InGI; + B3InGDP; + B,InGDP? + BslnPD, + £, (10)
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The correlation between economic development (GDP) and the ecological
footprint can be different depending on the coefficients by GDP and its square term
in the model. When both coefficients for GDP and GDP squared are equal to zero
(B3 = p4 = 0), it implies that there is no statistically significant link between GDP
and ecological footprint, indicating a flat association. Conversely, if the coefficient
of GDP is positive (B3 > 0) and the squared term is zero (B4 = 0), it indicates that
the ecological footprint increases in a monotonic manner with GDP, demonstrating
a persistent positive correlation between economic growth and the ecological

footprint.

Conversely, if the coefficient of GDP is negative (§ 3 < 0) and the squared
te