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Abstract: This study aims to compare the effectiveness of renewable energy and circular economy
practices in reducing environmental damage and poverty in China and the European Union (EU)
by using the Autoregressive Distributed Lag (ARDL) approach and the Vector Error Correction
Model (VECM) technique. Analyzing data from 1995 to 2022, we compared the effectiveness of
these approaches in both regions. This study offers several fresh perspectives on the fight against
environmental damage and poverty, differentiating itself from existing research in a few key ways. In
fact, most studies focus on a single region’s approach to sustainability. However, this research directly
compares China and the European Union (EU), highlighting how factors like economic structure and
development stages influence the effectiveness of renewable energy and circular economy practices.
Also, this study shows how renewable energy and circular practices can simultaneously tackle both
environmental damage (emissions) and social issues (poverty). Our findings reveal that factors like
poverty, fossil fuel reliance, economic growth, and international trade all contribute to rising carbon
emissions in both China and the EU, though their influence varies. Interestingly, China experienced
greater success in curbing emissions through solar power, circular economy measures, and wind
power compared to the EU. Additionally, the impact of these strategies on poverty reduction differed
significantly between the two regions. Based on these results, we recommend that policy makers
in both regions develop tailored strategies for tackling carbon emissions and poverty. Prioritizing
renewable energy sources and circular practices is key, as they can simultaneously reduce emissions
and alleviate poverty. However, it is crucial to focus on approaches that work best in each specific
region, considering social, economic, and environmental factors. This study suggests that a one-size-
fits-all approach will not work for fighting climate change and poverty. While renewable energy and
circular economies are effective, China saw greater success with solar and wind power compared
to the EU. Policy makers need to design strategies specific to their region’s economic, social, and
environmental context. Further research can refine these approaches, and public education is crucial
to promote sustainable behavior and empower policy makers. It is also needed to refine and improve
the implementation of these strategies. Finally, public awareness and education are essential to
promote sustainable behavior and empower policy makers in their fight against climate change and
poverty. This study highlights the importance of a region-specific approach to energy transition and
poverty alleviation. By comparing China and the EU, we gain valuable insights into the effectiveness
of different strategies in tackling these interconnected challenges. The findings provide valuable
guidance for policy makers looking to create a more sustainable and equitable future.
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1. Introduction

In the current era, humanity is facing numerous economic and social challenges that
have a detrimental impact on the standard of living and can even lead to fatalities. Poverty
is one of the most significant issues, with over 9 percent of the global population living
in extreme poverty, earning less than USD 1.9 per day, according to [1]. An outline of the
European Union’s concept of poverty may be found in [2] ‘The SAGE Encyclopedia of
World Poverty’. According to the European Union, a person or household is considered to
be in poverty if their income is below a specific level when compared to the national average.
This method seeks to quantify deprivation in relation to the average living standards by
concentrating on the distribution of income within a community. Furthermore, the EU
measures poverty using a multifaceted methodology that takes into account elements
including material deprivation, low labor intensity, and social isolation. With this broad
view, policy makers can address different aspects of poverty and create focused actions to
reduce it in EU member states”.

However, this situation has been exacerbated in recent times due to climate change
caused by rising carbon dioxide levels and environmental pollution. As a result, temper-
atures have increased by 0.9 ◦C since the 18th century and continue to rise at a rate of
0.14 ◦F per decade for sea surface temperature, as reported by the National Oceanic and
Atmospheric Administration (NOAA) and the Environmental Protection Agency (EPA) in
2022. This temperature increase adversely affects agriculture and food security in many
regions worldwide through a reduction in agricultural areas, an increase in desertification,
drying up of lakes, and decreased water levels in rivers. Recently, countries such as Iraq,
China, Germany, Portugal, France and Italy have experienced these negative impacts.

To confront climate change and reduce its effects, many countries have rushed to find
solutions and strategies for the medium and long term. Most of these solutions are based
on reducing dependence on traditional energy sources such as oil and coal, and replacing
them gradually with renewable energy sources that are less expensive and preserve the
environment. Additionally, circular economics is emerging as a solution to reduce the
quantities of waste discharged into the environment and reuse it in industrial circuits.
Circular economics is also considered a source of income for many people and families,
especially in poor and developing countries. It enables the wise use of limited resources
and reduces pollution. Therefore, How do economic structure and development stage
influence the effectiveness of renewable energy and circular economy practices in reducing
environmental damage and poverty in China compared to the EU? Can renewable energy
and circular economies be implemented to simultaneously address environmental damage
(CO2 emissions) and social issues (poverty) in both China and the EU? To answer these
questions empirically, many authors attempt to find solutions.

This study’s originality lies in its comparative analysis of China and the EU. While
research exists on renewable energy, circular economy, and their impact on poverty and
emissions, focusing on these factors in both regions and comparing their effectiveness
is a fresh contribution. The research combines analysis of both environmental damage
(CO2 emissions) and poverty reduction, offering a more comprehensive picture of the
impact of renewable energy and circular economy practices. By highlighting the different
effectiveness of these strategies in China vs. EU, this study provides valuable insights
for policy makers in each region. This knowledge can inform the development of more
targeted and successful policies for tackling poverty and climate change. While existing
research explores renewable energy, circular economies, and their impact on poverty
and emissions, it often focuses on single regions. This study explains that a crucial gap
exists—understanding how these strategies work across different contexts. China and the
EU, as major global energy consumers with distinct economic structures and development
stages, present a unique opportunity for comparison. By analyzing both regions, this
study sheds light on how these factors influence the effectiveness of sustainability efforts.
This comparative approach is significant because it allows us to move beyond a one-
size-fits-all mentality. By seeing how China and the EU achieved varying success with
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similar strategies, policy makers gain valuable insights. This knowledge empowers them
to design targeted approaches that consider their region’s specific social, economic, and
environmental landscape, ultimately leading to a more effective fight against climate change
and poverty.

The goal of this study is to detect the relationships between the indicated variables through
a comparative study between two major industrial and energy consuming poles in the world
(China and the European Union (EU)) based on the simultaneous equations by using the ARDL
(Autoregressive Distributed Lag) and the VECM (Vector Error Correction Model).

The research design focuses on examining the potential of renewable energy and
circular economy for reducing environmental damage and poverty. It try to explicitly
address the direction of causality. For example, does reducing environmental damage
necessarily lead to poverty reduction, or vice versa? Are there other factors at play?
Also, the research mentions using the ARDL and VECM techniques, which are good for
analyzing relationships between variables. However, the research looks at China and the
EU as a whole. though, both regions have significant internal economic and development
variations. The impact of renewable energy and circular economy policies might differ
across provinces in China or member states in the EU. To sum up, this study focuses
on the effectiveness of renewable energy and circular economies in tackling two major
challenges: poverty and environmental degradation. The unique aspect lies in comparing
these strategies in China and the EU, two significant global energy consumers. Previous
research has explored these themes, but this study is the first to directly compare their
effectiveness across these regions. By employing ARDL and VECM analysis, this study goes
beyond simply identifying correlations and aims to determine the direction of causality
between these factors. While recognizing the internal economic variations within each
region, this study offers valuable insights for policy makers, nonetheless, allowing them to
develop more targeted strategies for their specific contexts. The ARDL methodology and
the VECM technique are two econometric methods for analyzing time series data. Because
of their unique advantages, these methods may be used to investigate the connections
between trade openness, gross domestic product (GDP), poverty, renewable energy, the
circular economy, and the use of fossil fuels. The ARDL technique is essentially a versatile
method for cointegration analysis. First of all, it works well with mixed integration; in fact,
it performs best with variables that may have a variety of integration orders, some of which
may be stationary (constant variance over time) at level (I(0)) or after one differentiating
(I(1)). This is perfect for your research because poverty, economic variables (GDP, trade
openness), and the use of fossil fuels or renewable energy sources may both be I(0) or I(1).

Second, the ARDL method is very helpful when dealing with sparse data, which is a
typical problem in economic and environmental studies. This is due to the fact that it is
effective with smaller datasets as it integrates the estimation of long-run cointegration and
short-run dynamics in a single step. Finally, limits testing a statistical method to ascertain
if a cointegrating relationship between the variables exists is made possible by the ARDL.
This makes it easier to determine if these elements are in long-term balance. Nonetheless,
the VECM method makes the assumption that the variables are already cointegrated. This
might not be the best option for our study at first since, before employing the VECM, we
need to verify cointegration using tests like Johansen’s cointegration test. Emphasis on
short-run dynamics: the VECM is particularly good at examining the short-run dynamics
between the variables after cointegration has been achieved. It illustrates the process by
which temporal deviations from the long-run equilibrium represented by the cointegrating
equation are adjusted. This is useful in understanding the potential short-term effects on
poverty or GDP of changes in trade openness or the uptake of renewable energy. The
Error Correction Mechanism (ECM) term included in the VECM provides flexibility by
explaining the pace and amount at which the variables return to their long-term equilibrium
connection. This offers insightful information on the system’s capacity for self-correction.
In conclusion, ARDL and the VECM may be applied in turn to thoroughly examine the
relationships in your study: to begin, use ARDL;to check for cointegration among the
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variables, use ARDL. If there is cointegration, move forward with the VECM: Use the
VECM to learn more about the short-run dynamics and how these variables move towards
their long-run equilibrium if ARDL verifies cointegration. Combining these techniques
gives you a comprehensive grasp of this complicated system’s short-term modifications
as well as its long-term stable linkages. In conclusion, ARDL’s flexibility with mixed
integration and small samples makes it a great starting point. If cointegration is confirmed,
the VECM provides valuable insights into the short-run dynamics, allowing you to paint a
comprehensive picture of how poverty, renewable energy, the circular economy, fossil fuel
consumption, GDP, and trade openness interact with each other.

This essay explores the complex interrelationships between environmental and eco-
nomic variables that influence global trends. The main areas of interest for us are the
relationships between poverty, the use of renewable energy sources like wind and solar
power, the adoption of a circular economy that reduces waste and fossil fuel consumption,
economic growth (measured by GDP), and trade openness. The following is, in essence,
the primary research question: Is it possible to promote the shift to renewable energy
sources, a circular economy, and more trade openness while also reducing CO2 emissions
and achieving sustainable development, which is defined by economic growth, poverty
reduction, and environmental responsibility?

In actuality, this paper’s structure is as follows: The research techniques used in this
study are described in the Methodology and Data section. It is necessary to go over the pro-
cedures for gathering the data, the particular variables that were examined (CO2 emissions,
rates of poverty, the capacity of solar and wind power, indicators of the circular econ-
omy, the consumption of fossil fuels, GDP, and trade openness data), and the econometric
methods that were employed to look at the correlations between these variables.

The Results and Discussion section delves into this study’s core findings. It explores the
statistical relationships between trade openness, GDP, poverty, renewable energy sources,
the circular economy, and CO2 emissions. This section analyzes the interplay between these
variables and assesses the potential for focused policy measures to achieve sustainable
development. Finally, the Conclusion and Policy Implications section summarizes the
key findings. It discusses the policy implications of the research, proposing potential
strategies for utilizing renewable energy, a circular economy, and increased trade openness
to promote economic growth, combat poverty, and reduce CO2 emissions. The conclusion
emphasizes the need for a comprehensive approach that addresses these interconnected
issues holistically.

2. Literature Review

Our research tackles shortcomings in our understanding of renewable energy, circular
economy, and their impacts on poverty and CO2 emissions. Existing studies often overlook
significant regional variations, focusing on general trends. This research addresses this
gap by using a comparative approach between China and the EU, highlighting the need
for region-specific policies. Additionally, while prior research acknowledges the potential
of renewable energy and circular economy practices, the degree of effectiveness remains
unclear. This study employs ARDL models to quantify the impact of these practices
on both CO2 emissions and poverty reduction in each region. Furthermore, existing
research primarily focuses on individual countries or regions. This research emphasizes
the importance of knowledge sharing between China and the EU to accelerate progress
in tackling shared sustainability challenges. The theoretical framework of sustainable
development, recognizing the interconnectedness of environmental and socioeconomic
factors, guides this research. This framework informs the methodology in several ways. The
bounds test and ARDL models identify long-run relationships between variables, aligning
with the theory of lasting connections between poverty, CO2 emissions, and sustainability
practices. Additionally, the VECM explores the complex causal relationships between
these variables, acknowledging the multifaceted nature of their interactions. Finally, the
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comparative approach reflects the understanding that successful sustainability strategies
require considering the specific contexts of each region.

By employing a methodology grounded in these principles, the research offers a
more nuanced understanding of how renewable energy and circular economy practices
contribute to poverty reduction and CO2 emission mitigation in China and the EU. This en-
riches the existing body of knowledge by highlighting the importance of regional variations
and global collaboration in achieving sustainability goals.

2.1. Renewable Energy and Poverty

In 2014, Terrapon-Pfaff et al. [3] attempted to verify the impact of various renewable
energy resources, including hydro, wind, and solar power, on poverty in 23 developing
countries. They conducted a cross-sectional review and found that access to renewable
energy plays a crucial role in reducing poverty in these nations.

Diallo et al. [4–6] have shown that renewable energies can help decrease environmental
damage caused by poverty. However, the increase in renewable energies has led to higher
electricity prices, which negatively affect household incomes and increase the risk of
poverty [7]. Masron et al. [5] investigated the dynamic influence of renewable energy in
mitigating the potential adverse impact of poverty on environmental degradation using
econometric methods for developing nations during the period of 2001–2014. The empirical
results obtained from the Gaussian Mixture Models estimator confirmed that renewable
energy tends to reduce the degree of environmental destruction caused by poverty in
the selected countries. On the other hand, an increase in poverty leads to environmental
degradation. Therefore, the significant use and consumption of renewable energy can
contribute to a decrease in the poverty rate and promote environmental sustainability.

A recent study by [8] explored the link between energy poverty and economic develop-
ment in Latin America. Employing a panel data analysis, they found evidence that initiatives
promoting energy access can significantly contribute to poverty reduction. Similarly, Al-
leviating Energy Poverty through Renewable Energy Technology: An Investigation Using
a Best-Worst Method-Based Quality Function Deployment Approach with Interval-Valued
Intuitionistic Fuzzy Numbers by [9] investigated the potential of solar energy in alleviating
energy poverty. Their findings, based on a best-worst method approach, suggest that solar
photovoltaic systems can indeed improve household electricity access and reduce energy
expenditure. However, it is important to acknowledge limitations within this area of research.
Many studies, like the ones mentioned above, focus on specific regions or technologies, limit-
ing the generalizability of their findings. Additionally, attributing poverty reduction solely
to renewable energy interventions can be misleading, as other social and economic factors
also play a significant role. Overall, recent literature highlights the promising role renewable
energy can play in tackling energy poverty. Further research that considers the interplay of
various socioeconomic factors and employing robust methodologies is needed to provide a
more comprehensive understanding of this complex relationship.

The literature on renewable energy and poverty presents a nuanced picture, showing
both the potential benefits and challenges associated with its implementation. Narine
et al. [10]’s cross-sectional review underscores the positive impact of renewable energy
access in reducing poverty across developing nations. This sentiment is echoed by [5] who
highlight the role of renewable energy in mitigating environmental degradation caused by
poverty. However, concerns arise regarding the affordability of renewable energy, as noted
by Shukla et al. [7], whose findings suggest that increased reliance on renewable sources
can lead to higher electricity prices, potentially exacerbating poverty risks. Furthermore,
while studies like [8] emphasize the positive correlation between energy access initiatives
and poverty reduction, it is essential to acknowledge the complexity of attributing poverty
alleviation solely to renewable energy interventions, as highlighted by [9]. Overall, the
literature underscores the promising potential of renewable energy in addressing energy
poverty but also calls for a holistic approach considering socioeconomic factors and robust
methodologies for a comprehensive understanding of this dynamic relationship.
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2.2. Renewable Energy and CO2 Emissions

Using the Autoregressive Distributed Lag (ARDL) approach, Marques et al. [11]
demonstrated that the adoption of renewable energy sources is an important strategy to
protect the environment, promote sustainable economic growth, and reduce dependence
on non-renewable energy sources. However, the authors highlighted the potential impact
of renewable energy application on household income, confirming that it could lead to an
increased probability of poverty or public elimination of households. Banday et al. [12]
analyzed the relationship between CO2 emissions and energy consumption (non-renewable
and renewable energies) for five emerging countries (South Africa, India, China, Russia,
and Brazil) using the bootstrap Dumitrescu and Hurlin panel causality test. The results
found a convergence relationship between renewable and non-renewable energies and
CO2 emissions in South Africa, India, and Russia, while a divergence relationship existed
in Brazil and China. Dias et al. [13] stressed the importance of reducing carbon dioxide
emissions and substituting fossil fuels to counteract the rise in global temperatures. This
requires the adoption of renewable energy sources to replace non-renewable energy sources
gradually. As renewable energy continues to expand, energy capacity will be a solution
to circumvent restrictions or back-up systems. Musah et al. [14] explored the relationship
between non-renewable energy consumption and CO2 emissions in North Africa during
the period of 1990–2015 using panel data and cross-section techniques. The estimated
results indicated that non-renewable energy consumption was a significant determinant of
CO2 emissions in these countries. The results also showed the existence of a bidirectional
causality relationship between energy consumption and carbon emissions on the one hand
and economic growth and carbon emissions on the other hand. Busu et al. [15] proposed
that European countries should promote the consumption of renewable energy. In fact, the
empirical results showed positive and direct effects of renewable energy consumption on
the reduction in CO2 emissions. Chen et al. [16] confirmed the negative effect of renewable
energy consumption on carbon dioxide emissions. This result is based on the estimation of
panel data involving 97 countries during the period of 1995–2015, and it was obtained by
examining the nonlinear effect of renewable and non-renewable energy consumption on
CO2 emissions. Jeon et al. [17] proved that relying on renewable energies would reduce the
emission of toxic gases and environmental degradation in the United States of America.
Similarly, Grodzicki et al. [18] demonstrated that the proportion of renewable energy usage
increased over time, while the value of CO2 emissions declined earlier than linear over the
same period. This study revealed that an increase in the proportion of renewable energy
consumption contributes to the reduction in CO2 emissions in Europe.

In summary, Research on renewable energy and CO2 emissions paints a complex
picture. Studies by [11,12] highlight the potential economic challenges of renewable energy
adoption, alongside its environmental benefits, while studies by [13,15–18] overwhelmingly
support the role of renewable energy in reducing CO2 emissions, the economic considera-
tions and varying effectiveness across regions suggest a need for nuanced solutions.

2.3. Renewable Energy and Economic Growth

Many researchers have studied the relationship between economic growth and re-
newable energies in various countries and regions around the world. Meanwhile, Liang
et al. [19] have shown that investment in the renewable energy sector stimulates economic
growth in the studied N-11 countries but only has a short-term effect. For Ghana, Justice.
Gyimah et al. [20] found that there is a reciprocal impact between economic growth and
renewable energy use, meaning that renewable energy use does not have a significant
influence on gross domestic product. However, the increase in renewable energy use has a
positive impact on economic growth. Bie et al. [21] suggest that the relationship between
renewable energy consumption and economic growth is inconsistent at different thresholds
for high-income nations, while the impact of renewable energy use on promoting economic
growth is significant. The relationships among renewable energy consumption and eco-
nomic development are disparate for middle-income nations depending on the reserve
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dependence and anticorruption regulation replicas. However, for poor nations, a U-shaped
connection appears among renewable energy consumption and economic growth regard-
less of the model used. In addition, Wang et al. [22] affirm that nuclear energy decreases
CO2 emissions more significantly than renewable energy, and there is a positive relationship
between the increase in nuclear energy, renewable energy, and gross domestic product.
Therefore, both nuclear energy and renewable energy can stimulate economic growth. As
before stated, none of the researches in the literature explored the relationships in same
time between renewable energies consumption (solar and wind power), non-renewable
energies consumption and economic growth in the short and long run. Wu et al. [23] have
studied how monetary policy affects carbon emissions in non-linear ways. The authors
notably focused on non-linear effects in their investigation of the link between monetary
policy and carbon emissions. The research was published in the Energy Economics journal.
Wu et al. [24]’s study from 2024 adds to the expanding corpus of research on how mon-
etary policy affects environmental consequences. The authors investigated the intricate
connection between monetary policy and carbon emissions using non-linear models. This
strategy is crucial because it enables a more sophisticated understanding of how mone-
tary policy affects environmental sustainability. Based on national power heterogeneity,
Cao et al. [25] studied the link between conflict and the state of natural resources. The effect
of differences in national power on the state of natural resources was investigated by the
writers. The knowledge of how power dynamics shape the state of natural resources is
aided by this study. The results of this study may affect how resources are managed and
policies are made.

The relationship between renewable energy and economic growth is complex and
multifaceted. Studies show a range of outcomes depending on factors like a country’s
income level and existing energy dependence. While some research suggests a positive
short-term impact of renewable energy investment on economic growth [19] others find
a more nuanced picture [21]. There is even evidence of a U-shaped relationship for low-
income nations [21]. Interestingly, Wang et al. [22] highlight the potential of nuclear
energy alongside renewables to boost economic growth and reduce emissions. Overall,
the research underscores the need for further exploration that considers national contexts
and the interplay of renewable energy with other factors like monetary policy and resource
management [24,25].

2.4. Poverty and Economic Growth

Many research have been conducted recently on the connection between poverty and
economic growth. Breunig et al. [26] looked at the relationship between economic growth,
poverty, and inequality and discovered that these factors had a detrimental effect on the
latter. In a similar vein, Panjawa et al. [27] discovered that fiscal decentralization has no
impact on poverty through economic growth, but economic growth has a negative and large
direct influence on poverty. In their investigation of the connections between remittances
received, educational costs, energy consumption, income, poverty, and economic growth,
Wu et al. [24] discovered that while remittances have a beneficial impact on economic
growth, rising poverty has a negative impact on it. In their investigation of the relationship
between rural development and poverty and economic growth [28] discovered that rural
development contributes to both economic growth and the narrowing of the poverty gap.

World Bank [1] examined the link between poverty and economic growth in Vietnam.
The authors discovered that poverty and inequality, especially at high levels of poverty,
had a detrimental effect on economic growth. Similarly, Sumeitri et al. [29] discovered
that while economic growth has a negative and small influence on poverty in Central
Java, the human development index has a negative and substantial effect on poverty. After
investigating the relationship between energy consumption, poverty, and income inequality
and carbon dioxide emissions, Khan et al. [30] concluded that economic expansion had a
beneficial impact on carbon dioxide emissions. Asongu et al. [31] highlighted the intricate
interactions between these variables in influencing economic development by examining
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the conditional effect of poverty, inequality, and the severity of poverty on economic growth
in Sub-Saharan Africa. Overall, the research points to a strong relationship between poverty
and economic growth, with poverty often having a negative effect on it. There is a need for
more investigation into the precise processes by which poverty affects economic growth as
well as the possibility of mitigating these effects through policies and interventions.

The relationship between poverty and economic growth is multifaceted and multi-
faceted, with recent research offering a range of perspectives. Some studies find a negative
impact of poverty on economic growth [26,27,32]. Poverty can hinder growth by limiting
resources for investment and innovation. However, others highlight positive influences.
For instance, remittances can stimulate growth [33] and rural development can narrow the
poverty gap while boosting the economy [28]. The picture is further complicated by factors
like inequality [7] and energy consumption [30]. Asongu et al. [31] emphasize the need
for nuanced analyzes that consider the specific conditions of a region. Overall, research
underscores the critical link between poverty and economic growth, but the direction of
this influence can vary depending on the context.

2.5. Climate Change and Circular Economy

The literature on climate change and circular economy emphasizes the potential for
the circular economy to mitigate the effects of climate change. Gallego-Schmid et al. [34]
highlight the importance of intervention in the construction industry to achieve significant
reductions in greenhouse gas emissions. Mathur et al. [35] also stress the urgent need to
adopt a circular economy to reduce global resource demand and address the climate crisis.
Similarly, Narine et al. and Lange et al. [10,36] focus on specific industries, such as methanol
production and petrochemicals, and emphasize the importance of climate smart process
design and circular carbo-chemicals as responses to climate change. Furthermore, Khanna
et al. and Romero-Perdomo et al. [37,38] explores the research trends and relevance of the
circular economy for climate change, highlighting the need for further exploration and
understanding of this relationship. Additionally, Bellezoni et al. and Ghobadi et al. [39,40]
discuss the potential of the circular economy in cities and modern timber construction
as responses to climate change, further emphasizing the importance of circular economy
strategies in addressing climate change. Overall, the literature reviewed underscores
the potential of the circular economy as a significant catalyst for mitigating the effects
of climate change, particularly in industries such as construction, methanol production,
petrochemicals, and timber construction.

According to [41] managing economic recovery efforts while tackling climate change
has proven to be difficult for both Lithuania and Bulgaria. These nations’ climate policies
most likely include a range of tools, such as laws, subsidies, emissions reduction goals, and
low-carbon economy transition plans, to encourage the use of renewable energy sources.
In Bulgaria, initiatives may concentrate on areas including industry, transportation, and
energy with the goal of lowering greenhouse gas emissions and boosting climate effect
resistance. Being a Baltic nation, Lithuania could have climate policies designed to handle
particular issues including energy security, biodiversity loss, and coastal erosion. Both na-
tions’ recovery plans may make use of EU funding and put policies into place that support
the goals of the European Green Deal. This might involve making investments in infras-
tructure for renewable energy, enhancing energy efficiency, funding forestry initiatives, and
promoting sustainable agricultural methods. All things considered, the effectiveness of
Lithuania’s and Bulgaria’s recovery plans and climate policies would depend on things like
political will, stakeholder participation, resource availability, and alignment with larger EU
energy and climate goals.

Romero-Perdomo et al. [38] presents a comprehensive analysis of research trends at the
intersection of climate change and the circular economy, employing knowledge mapping
techniques to identify key themes, methodologies, and gaps in existing literature. Their
findings reveal a growing interest in the topic, with a significant portion of research focused
on renewable energy, sustainable development, and waste management. Methodologically,



Sustainability 2024, 16, 4468 9 of 25

the authors employ bibliometric analysis and text mining to analyze a vast corpus of aca-
demic publications, identifying prominent research clusters and emerging trends. They
highlight the increasing importance of interdisciplinary approaches, particularly in ad-
dressing complex challenges related to climate change adaptation and mitigation through
circular economy strategies. However, this also identifies limitations, such as potential bias
in the selection of databases and the need for more empirical research to validate theoretical
frameworks and models. Overall, this article provides valuable insights into the evolving
landscape of research on climate change and the circular economy, offering guidance for
future studies and policy interventions aimed at fostering sustainability and resilience in
the face of environmental challenges.

A growing body of research highlights the circular economy’s potential as a powerful
tool in combating climate change. Studies emphasize its effectiveness in various sectors,
from construction [34] to resource-intensive industries like methanol production [10]. How-
ever, challenges exist. Kotseva-Tikova et al. [41] showcase the complexities of integrating
economic recovery with climate action, pointing out the need for strong political will and
resource allocation for such strategies to succeed. Additionally, research by [38] identify a
need for more interdisciplinary approaches and robust methodologies to bridge the gap
between theoretical models and real-world implementation. Overall, the research high-
lights a promising synergy between the circular economy and climate change mitigation,
but achieving its full potential requires overcoming practical challenges and fostering
collaboration across various disciplines.

3. Methodology and Data

The objective of this paper is to analyze the role of renewable energy and the circular
economy in saving the environment and reducing poverty, using evidence from China
and the European Union. In effect, China’s rising economy places equal emphasis on
environmental sustainability and growth, which might result in an increase in renewable
energy sources in addition to economic growth. The EU may be able to discern a stronger
connection between poverty reduction and decreasing reliance on fossil fuels due to its
emphasis on social assistance and regulations. China’s energy balance is changing as the
country relies less on coal and more on renewable energy sources. This may indicate a
complicated short-term link between emissions and fossil fuels. With its well-established
renewable industry, the EU may show a more pronounced inverse relationship between
CO2 emissions and renewable energy. In China, the circular economy generates jobs in
waste management, which may indicate a connection between its acceptance and the
decline of poverty. Leading the way in circular practices, the EU may demonstrate a tighter
connection between resources recovery and lower fossil fuel consumption. China’s trade
openness has a complicated connection with pollution. While greater production volumes
may cause emissions to rise, increased efficiency may help reduce them. The EU may
see a stronger correlation between commerce and sustainability due to its emphasis on
environmental requirements in trade agreements. Different methods to policy are used.
The centralized government of China makes it possible to enact environmental laws swiftly,
which accelerates the reduction in energy use. The EU’s emphasis on rules may cause the
shift to a low-carbon economy to happen more slowly but maybe more sustainably.

Both ARDL and the VECM are wellsuited to analyzing the impact of renewable
energy and circular economy practices on environmental damage (emissions) and poverty
reduction in two distinct regions (China and EU) over a time period (1995–2022). These
models can capture both the short-term effects (how changes in one variable immediately
impact another) and the long-term equilibrium relationships between the variables. This
study likely involves analyzing several variables like poverty, fossil fuel reliance, economic
growth, international trade, renewable energy adoption, and circular economy measures.
ARDL and the VECM are powerful tools for handling such complex scenarios where
multiple variables potentially influence each other. However, a key aspect of the research is
comparing the effectiveness of these sustainability practices in China and the EU. These
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models allow for the investigation of how these variables interact differently in each region,
considering factors like economic structure and development stages. In essence, ARDL
and the VECM provide a robust framework to analyze the interconnectedness of these
variables over time, compare the effectiveness of different approaches across regions, and
understand the complex dynamics at play in the fight against environmental damage
and poverty.

While the Autoregressive Distributed Lag (ARDL) approach and the Vector Error Correc-
tion Model (VECM) technique offer valuable insights into the dynamics between renewable
energy, circular economy practices, environmental damage, and poverty, they also come
with certain limitations. One limitation of the ARDL approach is its sensitivity to model
specification. The choice of lag length and included variables can significantly impact the
results, potentially leading to biased estimates if not carefully selected. Moreover, ARDL
assumes that the relationships between variables are linear, which may not always accurately
capture the complex dynamics inherent in socioeconomic and environmental systems.

Similarly, the VECM technique has its own set of limitations. Firstly, it requires the
time series data to be stationary, which may not always hold true for real-world datasets.
Additionally, the VECM assumes that all variables are cointegrated, implying a long-term
relationship among them. However, this assumption may not be put in certain cases,
leading to inaccurate results. Furthermore, the VECM is sensitive to the presence of outliers
and structural breaks in the data, which can affect the reliability of the estimated coefficients.

In the first step, we define the econometric model by writing the Autoregressive
Distributive Lag (ARDL) and the Vector Error Correction Model (VECM). The tests and
estimations results are presented in step three. Following the work of [42], we develop
an empirical model based on a typical production function with constant returns, and the
combined output function with respect to time (t) can be expressed as follows:

Y(t) = α0 + βX(t) + ε(t) (1)

By including our variables, the econometric models become as the following form:

CO2Et = C + β1POV + β2lnWPt+β3SPt + β4lnCEt + β5FCt + β6GDPt+β7TOt + εt (2)

POVt = C + β1CO2E + β2lnWPt+β3SPt + β4lnCEt + β5FCt + β6GDPt+β7TOt + εt (3)

where

1.
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t : White-noise disturbance term.

lnCO2E represents CO2 emissions expressed as a logarithmic function, while POV
denotes poverty, SP denotes solar power, PW denotes power wind, CE represents circular
economy, lnFC represents fossil fuel consumption expressed as a logarithmic function,
lnGDP represents per capita gross domestic product expressed as a logarithmic function,
and TO denotes trade openness.

In selecting variables to analyze the role of renewable energy and the circular econ-
omy in saving the environment and reducing poverty, several criteria were considered
to ensure the accurate representation of the constructs of interest. Firstly, CO2 emissions
were chosen as a key indicator of environmental impact, reflecting the extent of greenhouse
gas emissions and their contribution to climate change. Poverty, as a multidimensional
concept, was operationalized using indicators such as income levels, access to basic ser-
vices, and living standards, aiming to capture the socioeconomic dimensions of well-being.
Renewable energy sources, specifically solar power and wind power, were included to
assess their potential in reducing reliance on fossil fuels and mitigating environmental
degradation. The circular economy, characterized by principles of resource efficiency and
waste reduction, was selected to evaluate its role in sustainable development and resource
conservation. Fossil fuel consumption was included as a contrasting variable to renewable
energy, reflecting the dependence on non-renewable resources and their environmental
implications. Per capita gross domestic product (GDP) served as a measure of economic
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development and prosperity, while trade openness reflected the degree of integration
into the global economy and its implications for environmental and social outcomes. By
considering these variables, the analysis aimed to provide a comprehensive understanding
of the interplay between renewable energy, the circular economy, environmental sustain-
ability, poverty reduction, and economic development in the contexts of China and the
European Union.

In model (1), CO2E is the dependent variable, while the remaining variables are
exogenous. In model (2), POV is the dependent variable, while the other variables are
exogenous. The data used in this study were obtained from [1,43,44]

In the condition of existence of long-term cointegration, the ARDL model is written in
the following form:

DlnCO2Et = α0 +
p
∑

i=1
γiDlnCO2Et−i + β1CO2Et−1 +

q
∑

i=1
δiDlnPOVt−i + β2POVt−1 +

q
∑

i=1
ϵiDlnWPt−i + β3WPt−1

+
q
∑

i=1
θiDlnSPt−i + β4SPt−1 +

q
∑

i=1
ϑiDlnCEt−i + β5CEt−1 +

q
∑

i=1
µiDlnFCt−i + β6FCt−1

+
q
∑

i=1
πiDlnGDPt−i + β7GDPt−1 +

q
∑

i=1
τiDlnTOt−i + β8TOt−1 +
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(5)

In this study, we use D to represent the first-difference operator. lnCO2E represents the
logarithm of CO2 emissions, lnSP represents the logarithm of solar power, lnWP represents
the logarithm of wind power, lnCE represents the logarithm of circular economy, lnFC
represents the logarithm of fossil fuel consumption, lnGDP represents the logarithm of
per capita gross domestic product, TO represents the logarithm of trade openness, and
lnPOV represents the logarithm of poverty. The error correction dynamics in the model
are denoted by γ, δ, ϵ, θ, ϑ, µ, π and τ. The long-run coefficients in the model are denoted
by β1 to β8 while, α0 represents the constants, p and q signify the optimal lags and
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t is a
white-noise disturbance term. The ARDL model is founded on the bounds test (F-statistic),
which is used to verify the presence of a long-run relationship between the variables of
interest. The F-statistic value indicates that the null hypothesis of non-cointegration is
rejected at the 10 percent significance level. The null hypothesis (H0) is that there is no
long-run relationship, while the alternative hypothesis (H1) is that a long-run relationship
exists between the variables.

H0. β1 = β2 = β3 = β4 = β5 = β6 = β7 = β8 = 0 (no long-run relationship exists).

H1. β1 ̸= β2 ̸= β3 ̸= β4 ̸= β5 ̸= β6 ̸= β7 ̸= β8 ̸= 0 (a long-run relationship exists).

The cointegration test was carried out using the ARDL approach developed by [45]
which follows the ARDL bounds testing approach to cointegration introduced by [46] and
later refined by [45]. Alimi et al. [47] argued that the ARDL approach to cointegration
provides more reliable results for small sample sizes, such as in our case, compared to
traditional methods such as [48,49]. Another advantage of the ARDL bounds testing is
that the unrestricted model of ECM determines appropriate lags that capture the data-
generating process in a comprehensive manner, providing an overall structure for the
measurements [50]. This technique avoids the need to classify variables as I(1) (integrated
in order one) or I(0) (integrated at level) by using bands of critical values to determine
whether the variables are stationary or non-stationary processes.

Unlike other cointegration methods, such as Johansen’s process, which require pre-
testing for unit roots and assume that the underlying variables are of the same order
of integration, the ARDL model allows for testing long-run relationships regardless of
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whether the variables are I(0) or I(1), or even marginally integrated. Therefore, prior unit
root testing is unnecessary. Furthermore, traditional cointegration methods can suffer from
the problems of endogeneity, whereas the ARDL method can account for both dependent
and independent variables. As a result, estimates obtained from the ARDL method of
cointegration analysis are unbiased and efficient and avoid issues that may arise from serial
correlation and endogeneity.

It is worth noting that the ARDL method allows for flexible lag orders, whereas
Johansen’s Vector Error Correction (VECM) does not. However, Pesaran et al. [46] have
argued that appropriate adjustment of the orders of the ARDL model is sufficient to account
for residual serial correlation and endogeneity.

Once the existence of cointegration among the variables is verified, we employ the
VECM Granger causality methodology to determine the direction of causality between
the variables. The VECM is a restricted version of Value at Risk (VAR), where the error
correction term (ECT) represents a cointegration term that allows endogenous variables
to be linked to the cointegration relationships while allowing for short-term dynamic
adjustments. By using the VECM, it is possible to estimate short-term relationships, and
the ECT provides an opportunity to verify the presence of long-term relationships.

The short-run causal relationships will be demonstrated using a vector autoregressive
framework (VAR) as follows [51]:

DlnCO2Et = α0 +
p
∑

i=1
γiDlnCO2Et−i +

q
∑

i=1
δiDlnPOVt−i +

q
∑

i=1
ϵiDlnWPt−i +

q
∑

i=1
θiDlnSPt−i +

q
∑

i=1
ϑiDlnCEt−i

+
q
∑

i=1
µiDlnFCt−i +

q
∑

i=1
πiDlnGDPt−i +
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where α0 represents the constant, while γ, δ, ϵ, θ, ϑ, µ, π and λ denotethe parameters to
be estimated. The error term
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represents the white noise. The ECT or the error correction
term, indicates the long-run equilibrium relationship between the variables.

4. Results and Discussion

The first step in our study before examining the relationship between variables is to
determine the stationarity of both variables (Table 1)to explain their order of integration. To
do this, we used ADF and PP unit root tests with one and two structural breaks developed
by [52]. The null hypothesis (H0) denotes the presence of a unit root. If H0 is rejected, our
econometric study can proceed. The results in Table 2 show that each variable is stationary
in first difference, which means that in this case, we can reject the null hypothesis. The
break years correspond to significant political, social, and economic changes in Chinese
history and the history of the European Union. The year 1978 represents a crucial turning
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point for the Chinese economy, as it marked the beginning of China’s “Reform and Opening
Up” policy. This policy marked a shift away from the centrally planned economy of the
Mao era towards a more market-oriented economy and laid the foundation for China’s
rapid economic growth over the following decades. Some strategies have been taken by
the Chinese government such as agricultural reform to increase agricultural productivity
and to alleviate rural poverty, create special economic zones and finally develop foreign
trade by liberalizing foreign trade policies, reducing trade barriers, and opening to foreign
investment. Overall, 1978 represented a significant moment in the history of the Chinese
economy, as it marked the beginning of a series of reforms that would transform China from
a poor, isolated country into a major economic power. While there have been challenges
and setbacks along the way, the legacy of the Reform and Opening Up policy continues to
shape China’s economy and its role in the world today.

Table 1. Variables summary.

Variables Measuring Sources

CO2 emissions (CO2E) Metric tons per capita WIDI, 2024
Poverty (POV) Income less than USD 1.9 per day WIDI, 2024

Wind power (WP) Number of giga watts WIDI, 2024
Solar power (SP) Number of giga watts WIDI, 2024

Circular economy (CE) Percentage of materials or products kept within the
economy through reuse, recycling, or remanufacturing WIDI, 2024

Fossil consumption (FS) Kilograms of oil per capita WIDI, 2024
Gross domestic product (GDP) GDP per capita WIDI, 2024

Trade openness (TO) Percentage of GDP WIDI, 2024

Table 2. Results of unit root tests.

China

Variables PP test statistic ADF test statistic Multiple breaks LM unit root tests
m = 1 m = 2

Test statistics Break years Test statistics Break years

Levels

CO2E −2.562 (0.084) * −1.674 (0.082) ** −0.341 2019 −0.703 2019, 2021
POV −3.221 (0.851) −3.838 (0.075) * −2.341 2014 −9.223 2014, 2019
WP −4.892 (0.048) ** −0.433 (0.051) * −4.310 1978 −8.942 2019, 2021
SP 1.771 (0.375) −2.930 (0.518) −2.374 1978 −0.993 2019, 2021
CE −2.802 (0.607) −5.851 (0.465) −2.112 2019 −1.935 2019, 2021
FC 0.977 (0.543) −0.109 (0.708) −4.021 2019 −5.337 2019, 2021
GDP −3.805 (0.061) * −2.272 (0.082) * −0.898 2019 −3.560 2019, 2021
TO −0.272 (0.390) −0.343 (0.066) * −3.323 2019 −2.225 2019, 2021

First differences

DlnCO2E −6.315 (0.049) ** −4.112 (0.042) **
DlnPOV −5.581 (0.001) *** −3.327 (0.064) *
DlnWP −3.260 (0.063) * −4.462 (0.036) **
DlnSP −4.248 (0.004) *** −4.476 (0.008) ***
DlnCE −7.383 (0.000) *** −7.132 (0.000) ***
DlnFC −7.834 (0.002) *** −5.070 (0.002) ***
DlnGDP −5.617 (0.075) * −4.001 (0.057) **
DlnTO −6.805 (0.000) *** −8.305 (0.002) ***

European Union (EU)

Variables PP test statistic ADF test statistic Multiple breaks LM unit root tests

m = 1 m = 2
Test statistics Break years Test statistics Break years
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Table 2. Cont.

Levels

CO2E 4.504 (0.481) 3.516 (0.825) −1.382 2020 −3.481 2020, 2022
POV 0.817 (0.629) 0.464 (0.662) −3.534 2008 −5.732 2008, 2020
WP −3.303 (0.096) * −2.703 (0.087) * 2.219 2020 2.295 2020, 2022
SP −2.956 (0.474) −2.140 (0.102) 2.903 2020 2.814 2020, 2022
CE −2.370 (0.037) ** −2.384 (0.029) ** −0.752 2022 −4.277 2019, 2021
FC −6.067 (0.008) *** −4.237 (0.053) * −2.428 2022 −1.052 2019, 2021
GDP 0.645 (0.564) 1.642 (0.378) −1.342 2020 −4.234 2020, 2022
TO −1.713 (0.819) −1.806 (0.436) −4.217 2020 −2.910 2008, 2020

First differences

DlnCO2E −3.218 (0.057) * −8.231 (0.000) ***
DlnPOV −5.342 (0.003) *** −6.980 (0.070) *
DlnWP −4.580 (0.000) *** −4.236 (0.001) ***
DlnSP −2.097 (0.068) * −3.560 (0.005) ***
DlnCE −2.267 (0.081) * −4.097 (0.000) ***
DlnFC −7.848 (0.002) *** −8.718 (0.000) ***
DlnGDP −5.522 (0.000) *** −7.304 (0.000) ***
DlnTO −3.601 (0.061) * −4.621 (0.036) **

The asterisks ***, ** and * denote the significance at 1 percent, 5 percent and 10 percent, respectively. PP denotes
the Phillips–Perron test and ADF denotes the Augmented Dickey–Fuller test.

For Chinese, 2014 was a significant year for the economy, as it marked a continuation
of the country’s remarkable economic growth in recent decades, while also highlighting
some of the challenges and risks that China faces as it seeks to maintain its momentum.
Some of the key developments in the Chinese economy in 2014 include slowing growth:
China’s economic growth slowed to 7.4 percent in 2014, marking the weakest expansion
in 24 years. This slowdown reflected both cyclical factors, such as weak global demand
and a cooling property market, as well as structural challenges, such as overcapacity in
some sectors and an aging population. However, in 2014, the Chinese economy had a
structural reform. In fact, to address these challenges, the Chinese government launched
a series of structural reforms aimed at rebalancing the economy away from investment
and exports and towards consumption and services. These reforms included efforts to
reduce bureaucratic red tape, liberalize financial markets, and encourage private enterprise.
The years 2019 and 2021 are two dates of recovery in global demand and supply due to
the containment following the COVID-19 epidemic. The year 2008 represents a major
turning point for the European economy, as it marked the beginning of the global financial
crisis, which had far-reaching consequences for the region and the world. Some of the key
developments in the European economy in 2008 and the years that followed include the
banking crisis, the sovereign debt crisis and the Euro-zone crisis, including the lack of fiscal
union and the uneven distribution of economic power among member states. However,
2020, 2021 and 2022 are years of global economic recession due toCOVID-19 epidemic.

In the second step of our study, we employ the bounds test (Table 3) to check for
cointegration in the long run among variables. This test is based on the computation of the
F-statistic and comparing it with critical values. The optimum lag is selected by minimizing
the Akaike Information Criterion (AIC) and the Schwarz Criteria (SIC). The results of the
bounds test indicate that the F-statistic exceeds the 10percent upper bound, indicating the
presence of cointegration in the long run between the variables.

Null Hypothesis: No long-run relationships exist.

In Table 4, we used the Breusch–Godfrey serial correlation Lagrange Multiplier (LM)
test to identify the correlation of residuals. The results indicate that there is no serial
correlation for residuals. The results of the Autoregressive Conditional Heteroskedasticity
(ARCH)test show that the modelis free from heteroscedasticity and the normal distribution
describes the deliveries of error terms.
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Table 3. Bounds test for cointegration.

F-Statistic Optimal Lag Length F-Statistic

China

FlnCO2E(lnPOV, lnWP, lnSP, lnCE, lnFC, lnGDP, lnTO) (2, 0, 0, 1, 2, 0, 1, 2) 7.467 ****

FlnPOV(lnCO2E, lnWP, lnSP, lnCE, lnFC, lnGDP, lnTO) (1, 1, 0, 1, 0, 1, 1, 1) 3.008 **

Critical Value bounds

Significance level I(0) I(1)
10% 1.62 2.85
5% 2.11 2.94

2.5% 2.32 3.12
1% 2.13 3.96

European Union (EU)

FlnCO2E(lnPOV, lnWP, lnSP, lnCE, lnFC, lnGDP, lnTO) (1,0,1,0,0, 1,0, 0) 3.117 **

FlnPOV(lnCO2E, lnWP, lnSP, lnCE, lnFC, lnGDP, lnTO) (1, 0, 0, 0, 1, 1, 1, 0) 5.577 ****

Critical Value bounds

Significance level I(0) I(1)
10% 1.62 2.85
5% 2.11 2.94

2.5% 2.32 3.12
1% 2.13 3.96

The asterisks **** and ** denote the significance at 1 percent and 2.5 percent respectively.

Table 4. Diagnostic test.

Dependent Variable LM Test ARCH Test Reset Test JB Test

China

FlnPOV(lnCO2E, lnWP, lnSP, lnCE, lnFC, lnGDP, lnTO) 0.511 0.223 0.321 0.665

FlnPOV(lnCO2E, lnWP, lnSP, lnCE, lnFC, lnGDP, lnTO) 0.434 0.121 0.093 0.742

European Union (EU)

FlnPOV(lnCO2E, lnWP, lnSP, lnCE, lnFC, lnGDP, lnTO) 0.602 0.473 0.096 0.083

FlnPOV(lnCO2E, lnWP, lnSP, lnCE, lnFC, lnGDP, lnTO) 0.065 0.113 0.052 0.273

Note: JB denotes Jarque–Bera test.

Moreover, we used the Cumulative Sum (CUSUM) and Cumulative Sum Square
(CUSUMSQ) tests to validate the stability of the ARDL model. The results are shown in the
form of figures, in which the curve should be through the critical bounds (Table 5). The
curve located between the two limits shows that the two econometric models are stable
over time.

After approval of the order of stationarity of the variables and confirmation of the
existence of cointegration using bounds test results, we can now estimate the long- and
short-run coefficients. The different results of ARDL long-run coefficients are situated in
Table 6.

The results of this study indicate that poverty [53], fossil consumption [54], gross
domestic product [55], and trade openness [24] are significant factors contributing to
increased CO2 emissions in both China and the European Union (EU). However, the
impact of these factors differs significantly between the two regions. In China, poverty,
fossil consumption, GDP, and TO are found to increase CO2 emissions by 4.153 percent,
15.893 percent, 5.979 percent, and 3.361 percent, respectively, which are much higher
than the impact of these factors on CO2 emissions in the EU. In the EU, poverty, fos-
sil consumption, GDP, and TO increase CO2 emissions by 0.546 percent, 1.011 percent,
2.939 percent, and 0.033 percent, respectively. These findings suggest that the impact of
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POV, FC, GDP, and TO on CO2 emissions is more significant in China than in the EU.
This highlights the need for region-specific strategies to tackle carbon emissions, consider-
ing the unique socioeconomic and environmental factors that drive carbon emissions in
each region.

Table 5. CUSUM and QUSUMSQ tests.

CO2E as Dependent Variable

China European Union (EU)

CUSUM test CUSUMSQ test CUSUM test CUSUMSQ test
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Table 6. Long-run ARDL estimates. 

CO2E as Dependent Variable 

China European Union (EU) 

Indep. variables Coef. T-Statistic Indep. variables Coef. T-Statistic 

DlnPOV 4.513 4.925 *** DlnPOV 0.546 5.493 ** 

DlnWP −3.197 −0.390 * DlnWP −2.939 −2.138 * 

DlnSP −4.181 −6.339 * DlnSP −0.013 −2.741 * 

DlnCE −3.100 - 4.412 ** DlnCE −0.788 −3.195 *** 

DlnFC 15.893 6.061 * DlnFC 1.011 5.484 

DlnGDP 5.979 2.191 ** DlnGDP 2.939 2.138 

DlnTO 3.361 5.608 DlnTO 0.033 0.173 * 

Constant −134.381 −1.580 ** Constant 7.322 1.018 

R-squared 0.989 Akaike info criterion −2.709 R-squared 
0.847 

Akaike info 

criterion 
−2.148 

Adjusted R-

squared 

0.987 Schwarz criterion −2.311 Adjusted R-squared 0.816 Schwarz criterion −1.843 

F-statistic 389.919 Hannan–

Quinncriter. 

−2.560 F-statistic 27.782 Hannan–

Quinncriter. 

−2.040 

Prob (F-statistic) 0.000 Durbin–Watson stat 1.051 Prob (F-statistic) 0.000 Durbin–Watson 

stat 

1.621 

Stability analysis 

CUSUM Stable CUSUM Stable 

CUSUMSQ Stable CUSUMSQ Stable 

POV as DependentVariable 

China European Union (EU) 

Indep. variables Coef. T-Statistic Indep. variables Coef. T-Statistic 

DlnCO2E −0.959 −3.238 *** DlnCO2E 0.035 1.430 ** 

DlnWP 0.012 4.066 DlnWP −0.023 −1.217 * 

DlnSP −41.317 −1.830 ** DlnSP −0.001 −1.919 * 

DlnCE −3.035 −2.413 *** DlnCE −0.128 −5.489 *** 

DlnFC −1.715 −5.122 * DlnFC 4.979 27.251 

DlnGDP 0.829 0.173 DlnGDP −2.282 −4.931 * 

DlnTO 0.027 0.114 DlnTO −1.341 −5.559 

Constant 5.665 1.131 ** Constant −10.997 −4.587 
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CO2E as Dependent Variable 

China European Union (EU) 

Indep. variables Coef. T-Statistic Indep. variables Coef. T-Statistic 

DlnPOV 4.513 4.925 *** DlnPOV 0.546 5.493 ** 

DlnWP −3.197 −0.390 * DlnWP −2.939 −2.138 * 

DlnSP −4.181 −6.339 * DlnSP −0.013 −2.741 * 

DlnCE −3.100 - 4.412 ** DlnCE −0.788 −3.195 *** 

DlnFC 15.893 6.061 * DlnFC 1.011 5.484 

DlnGDP 5.979 2.191 ** DlnGDP 2.939 2.138 

DlnTO 3.361 5.608 DlnTO 0.033 0.173 * 

Constant −134.381 −1.580 ** Constant 7.322 1.018 

R-squared 0.989 Akaike info criterion −2.709 R-squared 
0.847 

Akaike info 

criterion 
−2.148 

Adjusted R-

squared 

0.987 Schwarz criterion −2.311 Adjusted R-squared 0.816 Schwarz criterion −1.843 

F-statistic 389.919 Hannan–

Quinncriter. 

−2.560 F-statistic 27.782 Hannan–

Quinncriter. 

−2.040 

Prob (F-statistic) 0.000 Durbin–Watson stat 1.051 Prob (F-statistic) 0.000 Durbin–Watson 

stat 

1.621 

Stability analysis 

CUSUM Stable CUSUM Stable 

CUSUMSQ Stable CUSUMSQ Stable 

POV as DependentVariable 

China European Union (EU) 

Indep. variables Coef. T-Statistic Indep. variables Coef. T-Statistic 

DlnCO2E −0.959 −3.238 *** DlnCO2E 0.035 1.430 ** 

DlnWP 0.012 4.066 DlnWP −0.023 −1.217 * 

DlnSP −41.317 −1.830 ** DlnSP −0.001 −1.919 * 

DlnCE −3.035 −2.413 *** DlnCE −0.128 −5.489 *** 

DlnFC −1.715 −5.122 * DlnFC 4.979 27.251 

DlnGDP 0.829 0.173 DlnGDP −2.282 −4.931 * 

DlnTO 0.027 0.114 DlnTO −1.341 −5.559 

Constant 5.665 1.131 ** Constant −10.997 −4.587 
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POV as DependentVariable 

China European Union (EU) 

Indep. variables Coef. T-Statistic Indep. variables Coef. T-Statistic 

DlnCO2E −0.959 −3.238 *** DlnCO2E 0.035 1.430 ** 

DlnWP 0.012 4.066 DlnWP −0.023 −1.217 * 

DlnSP −41.317 −1.830 ** DlnSP −0.001 −1.919 * 

DlnCE −3.035 −2.413 *** DlnCE −0.128 −5.489 *** 

DlnFC −1.715 −5.122 * DlnFC 4.979 27.251 

DlnGDP 0.829 0.173 DlnGDP −2.282 −4.931 * 
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The positive correlation between GDP and CO2 emissions confirms the existing knowl-
edge that economic development often comes at the cost of environmental degradation,
especially in the early stages of industrialization. This highlights the need for sustainable
development strategies that prioritize clean energy and resource efficiency. The impact
of trade openness (TO) on CO2 emissions is interesting. It suggests that increased trade
can lead to higher emissions, possibly due to the movement of production processes to
countries with less stringent environmental regulations. This challenges the idea that
globalization inherently reduces emissions and calls for international cooperation on envi-
ronmental standards. The finding that poverty contributes to CO2 emissions sheds light on
a critical challenge. Low-income populations often rely on cheap, polluting energy sources
like coal for basic needs. This creates a trap where poverty hinders investment in clean
energy, perpetuating reliance on fossil fuels and hindering development.
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Table 6. Long-run ARDL estimates.

CO2E as Dependent Variable

China European Union (EU)

Indep. variables Coef. T-Statistic Indep. variables Coef. T-Statistic
DlnPOV 4.513 4.925 *** DlnPOV 0.546 5.493 **
DlnWP −3.197 −0.390 * DlnWP −2.939 −2.138 *
DlnSP −4.181 −6.339 * DlnSP −0.013 −2.741 *
DlnCE −3.100 −4.412 ** DlnCE −0.788 −3.195 ***
DlnFC 15.893 6.061 * DlnFC 1.011 5.484
DlnGDP 5.979 2.191 ** DlnGDP 2.939 2.138
DlnTO 3.361 5.608 DlnTO 0.033 0.173 *
Constant −134.381 −1.580 ** Constant 7.322 1.018

R-squared 0.989 Akaike info
criterion −2.709 R-squared 0.847 Akaike info

criterion −2.148

Adjusted
R-squared 0.987 Schwarz criterion −2.311 Adjusted

R-squared 0.816 Schwarz criterion −1.843

F-statistic 389.919 Hannan–
Quinncriter. −2.560 F-statistic 27.782 Hannan–

Quinncriter. −2.040

Prob (F-statistic) 0.000 Durbin–Watson
stat 1.051 Prob (F-statistic) 0.000 Durbin–Watson

stat 1.621

Stability analysis

CUSUM Stable CUSUM Stable
CUSUMSQ Stable CUSUMSQ Stable

POV as DependentVariable

China European Union (EU)

Indep. variables Coef. T-Statistic Indep. variables Coef. T-Statistic
DlnCO2E −0.959 −3.238 *** DlnCO2E 0.035 1.430 **
DlnWP 0.012 4.066 DlnWP −0.023 −1.217 *
DlnSP −41.317 −1.830 ** DlnSP −0.001 −1.919 *
DlnCE −3.035 −2.413 *** DlnCE −0.128 −5.489 ***
DlnFC −1.715 −5.122 * DlnFC 4.979 27.251
DlnGDP 0.829 0.173 DlnGDP −2.282 −4.931 *
DlnTO 0.027 0.114 DlnTO −1.341 −5.559
Constant 5.665 1.131 ** Constant −10.997 −4.587

R-squared 0.942 Akaike info
criterion −2.862 R-squared 0.740 Akaike info

criterion −5.575

Adjusted
R-squared 0.930 Schwarz criterion −2.558 Adjusted

R-squared 0.707 Schwarz criterion −5.357

F-statistic 81.667 Hannan–
Quinncriter. −2.755 F-statistic 22.794 Hannan–

Quinncriter. −5.498

Prob (F-statistic) 0.000 Durbin–Watson
stat 1.648 Prob (F-statistic) 0.000 Durbin–Watson

stat 0.687

Stability analysis

CUSUM Stable CUSUM Stable
CUSUMSQ Stable CUSUMSQ Stable

The asterisks ***, ** and * denote the significance at 1 percent, 5 percent and 10 percent, respectively. The numbers
are in percentage.

The results suggest also, that in China, the implementation of wind power, solar
power, and circular economy measures have been successful in reducing CO2 emissions.
Specifically, wind power decreased CO2 emissions by 3.197 percent, solar power decreased
CO2 emissions by 4.181 percent, and circular economy measures decreased CO2 emissions
by 3.1 percent. In comparison, the European Union (EU) has not seen the same level of
success in reducing CO2 emissions through these measures. Wind power decreased CO2
emissions by 2.939 percent, solar power only decreased CO2 emissions by 0.013 percent, and
circular economy measures decreased CO2 emissions by 0.788 percent. This reinforces the
existing body of knowledge that renewable energy sources like wind and solar are effective
alternatives to fossil fuels. Their expansion displaces polluting sources, leading to a cleaner
energy mix and demonstrably lower CO2 emissions. Also, this finding adds weight to
the emerging understanding of the circular economy’s role in climate change mitigation.
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By reducing reliance on virgin materials through recycling, reuse, and repair, the circular
economy lowers emissions associated with resource extraction and production processes.

These results suggest that there may be differences in the implementation or effec-
tiveness of these measures between China and the EU, highlighting the need for further
research and analysis to better understand these differences and identify ways to improve
the effectiveness of these measures.

The results show that the impact of solar power, circular economy, fossil consumption,
and CO2 emissions on poverty reduction varies significantly between China and the
European Union (EU). In China, solar power had the highest impact on poverty reduction
with a decrease in the poverty rate by 41.317 percent [56], followed by circular economy
measures with a decline in the poverty rate by 3.035 percent [57]. Fossil consumption and
CO2 emissions also have significant impacts on poverty reduction with decreases in the
poverty rate, respectively, by 1.715 percent and 0.959 percent. However, wind power, gross
domestic product, and trade openness had a slight negative impact on poverty reduction
in China. In comparison, in the EU, CO2 emissions and fossil consumption have a positive
impact on the poverty rate. These two variables led to an increase in the poverty rate,
respectively, by 0.035 percent and 4.979 percent. On the other hand, wind power, solar
power, circular economy measures, gross domestic product, and trade openness had a
positive impact on poverty reduction in the EU, with circular economy measures having the
highest impact with a decrease inthepoverty rate by 0.128 percent. These results highlight
the need for region-specific policies and measures to tackle poverty and reduce the impacts
of climate change. Renewable energy and circular economy play a vital role in poverty
reduction. Solar power in China and circular economy measures in the EU demonstrate
that focusing on sustainability can have a positive social impact.

The negative impact (of fossil fuels and CO2 emissions) in China and positive associ-
ation in the EU highlight the complexities at play. In developing economies, fossil fuels
might be crucial for initial economic growth, lifting some out of poverty. However, in
developed regions, their long-term environmental consequences could worsen poverty
through climate change impacts.

While this study sheds light on regional differences in factors affecting CO2 emissions
and poverty reduction, some limitations need to be considered. Firstly, this study relates to
existing research on poverty reduction impacts, which might not fully capture the complex
social dynamics at play. Secondly, the reasons behind the varying effectiveness of renewable
energy and circular economy measures between China and the EU are unclear. Further
research is needed to explore these differences in policy implementation, infrastructure,
and economic factors. An alternative explanation for the positive association between fossil
fuels and poverty reduction in the EU could be due to specific industries or sectors relating
on these fuels. Additionally, increased trade openness might be linked to knowledge or
technology transfer that aids poverty reduction in developed economies. Overall, this
study highlights the need for more nuanced analyzes and region-specific approaches that
consider historical context, industrial structures, and ongoing sustainability efforts.

The Granger causality results (Table 7) show the existence of mixed relationships
(unidirectional and bidirectional) between variables.

The VECM Granger causality test gives mixed results of relationships (unidirectional,
bidirectional) between variables. The asterisks (***, ** and *) indicate that the dependent
variable cause the independent variable as indicated in Table 6.

The presence of long-term causal relationships is resolute by the errors correctionterm
(ECT). When the coefficient at the same time is significant and negative, it indicates that
there is at least a long-run relationship between the variables and that the endogenous
variable has an essential role as an adjustment element once the model diverges from
equilibrium. The results of Table 7, in specific the coefficients of the ECT, approve the
existence of long-run relationships among the variables designated by the cointegration
tests. Similarly, the results show that there is a co-movement of the variables.
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Table 7. Results of Granger causality test.

Causality Direction

China

Short term Long term

Dependent
variables DLnCO2E DlnPOV DlnWP DlnSP DlnCE DlnFC DlnGDP TO ECT

DLnCO2E ---- 0.0 22
(0.535)

0.330 *
(0.749)

4.774 **
(0.221)

2.232 *
(0.758)

−0.847 *
(−0.544)

0.166 **
(0.247)

0.033 *
(0.994)

−0.940
(−0.060)

DlnPOV 0.332
(0.012) ---- −1.212

(−0.736)
−1.303 *
(−0.230)

0.804 **
(0.637)

0.323
(0.039)

−5.083 *
(−0.043)

−1.632
(−0.994)

−0.062
(−0.125)

DlnWP −0.504 *
(−0.038)

−0.0323
(−6.847) ---- 0.746

(6.030)
0.329

(1.883)
−1.003 *
(−3.008)

0.731 **
(0.773)

0.201
(0.532)

0.306
(0.863)

DlnSP −0.215 **
(−0.088)

−1.013
(−0.546)

0.048 *
(4.039) ---- 0.936 *

(0.928)
−1.993 *
(−0.546)

1.966 *
(0.284)

0.036
(0.022)

−1.042 **
(−0.673)

DlnCE −1.032 *
(−0.663)

−2.037 **
(−0.044)

1.009
(0.563)

4.847
(1.837) ---- −1.883 *

(−0.494)
0.033 *
(0.124)

1.626 *
(0.479)

−2.940 *
(−0.094)

DlnFC 1.112 **
(3.930)

1.002
(0.898)

0.938 *
(0.124)

1.738 **
(0.028)

1.242
(0.807) ---- 2.934 *

(0.808)
−0.463

(−0.390)
−0.334 *
(−0.854)

DlnGDP 2.213 **
(0.843)

−1.283 *
(−0.088)

0.948
(0.737)

0.442
(0.098)

0.209 *
(0.833)

2.904
**(0.211) ---- 2.047 **

(0.465)
−2.110 ***
(−0.047)

DlnTO 1.003 **
(0.604)

−1.432
(−0.023)

0.984
(0.047)

5.930
(0.553)

3.932
(0.534)

2.003 *
(0.049)

1.623 ***
(0.325) ---- −0.232

(−0.112)

European Union (EU)

Short term Long term

Dependent
variables DLnCO2E DlnPOV DlnWP DlnSP DlnCE DlnFC DlnGDP TO ECT

DLnCO2E ---- 0.534
(0.182)

0.452
(0.182)

1.738
(0.541)

3.002
(0.371)

0.391 **
(0.095)

0.721 *
(0.206)

1.003 ***
(0.755)

−0.724 **
(−0.230)

DlnPOV 0.873
(0.982) ---- 1.036

(1.873)
0.982

(1.002)
2.045 ***
(1.820)

0.462
(0.042)

0.472 *
(0.583)

2.782 **
(1.420)

−0.042
(−0.331)

DlnWP 0.735
(0.863)

1.674
(1.563) ---- 0.123 **

(1.563)
0.482

(0.529)
1.662

(0.840)
1.002 *
(0.945)

0.043
(0.484)

−6.056 *
(0.829)

DlnSP 1.883
(0.156)

2.020
(0.792)

0.567 *
(1.836) ---- 0.033

(0.641)
0.032

(0.498)
1.121

(0.320)
0.225 *
(1.032)

−4.062
(−1.732)

DlnCE −2.690
(−0.332)

0.452 *
(0.033)

1.035
(0.728)

2.640 **
(0.620) ---- 0.852

(1.730)
0.842

(0.882)
0.301 **
(0.982)

−0.592 *
(−0.452)

DlnFC 1.083 *
(0.801)

0.728
(0.417)

0.783
(0.640)

1.027
(2.063)

1.773 ***
(1.432) ---- 1.566 *

(3.061)
1.056 *
(0.594)

−1.823
(−0.331)

DlnGDP 1.003 *
(2.212)

2.331 *
(1.521)

0.024
(0.539)

0.989
(1.292)

0.842
(0.562)

2.662 **
(4.951) ---- 1.376 *

(4.961)
−0.934 ***
(−0.045)

DlnTO 0.762
(0.501)

0.762
(0.482)

0.821
(0.582)

0.672
(1.052)

0.832
(2.024)

0.845 *
(0.972)

1.042 *
(1.908) ---- −0.694

(−0.828)

The asterisks ***, ** and * denote the significance at 1 percent, 5 percent and 10 percent, respectively.

The different relationships among variables are recapitulate as figures in Table 8. This
table was used to simplify the direction causality relationships running from variable to
another variable. The dependent variable in the first model (CO2E) was colored in red
color; however, the dependent variable in the second model (POV) was colored in yellow
color. The double-headed arrows indicate that there is a bidirectional causal relationship
between the dependent variable and the explicative variable. While the single-headed
arrow indicates that there is a unidirectional relationship running from the explicative
variable to the dependent variable.
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Table 8. Convergent radial of different bidirectional relationships for CO2 emission and poverty variables.

China European Union (EU)

Short run Long run Short run Long run
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5. Conclusions and Policy Implication

This work proposed a new technique to explore the role of renewable energies and
circular economy in saving environmental and in reducing poverty in China and the
European Union region during 1995–2022 periods. To that end, we used the multi-steps
methodology starting with the stationarity test (to determine the order of integration of each
variables), the bounds test (to verify the existence of long-run cointegration), Autoregressive
Distributed lag (to determinate the coefficients of estimation in long run) and finishing by
using the Vector Error Correction model (to detect the short run causality relationships
among variables).

In addition, the result of bounds test confirms the presence of long-run cointegration
relations which means that there is at least a long-run relationship among the series of
variables. The VECM results show the existence of mixed relationships among variables
(unidirectional and bidirectional causal relationships). The ARDL estimate results reveal
that poverty, fossil consumption, gross domestic product, and trade openness are significant
factors contributing to increased CO2 emissions in both China and the European Union.
However, the impact of these factors differs significantly between the two regions, empha-
sizing the need for region-specific strategies to tackle carbon emissions. This study also
highlights the effectiveness of wind power, solar power, and circular economy measures
in reducing CO2 emissions in China, while the EU has not seen the same level of success
in reducing CO2 emissions through these measures. Furthermore, this study shows that
the impact of solar power, circular economy, fossil consumption, and CO2 emissions on
poverty reduction varies significantly between China and the EU, further emphasizing the
need for region-specific policies and measures to tackle poverty and reduce the impacts of
climate change. These findings underscore the importance of understanding the unique
socioeconomic and environmental factors that drive carbon emissions and poverty in each
region to develop effective solutions for mitigating climate change and poverty.

The empirical results of this study provide valuable insights that can be linked to the
theoretical framework and research questions, shedding light on the complex interplay
between renewable energy, circular economy practices, environmental sustainability, and
poverty reduction in China and the European Union (EU). Firstly, the findings confirm the
presence of long-run cointegration relations among the variables, validating the theoretical
expectation of interconnectedness between environmental and socioeconomic factors over
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time. This supports the premise that sustainable development requires addressing both en-
vironmental degradation and poverty in tandem. Furthermore, the identification of mixed
relationships among variables, including both unidirectional and bidirectional causal rela-
tionships, aligns with the theoretical understanding that the dynamics between renewable
energy, circular economy practices, and poverty are multifaceted and contextdependent.

The empirical evidence also underscores the significance of regional variations in
influencing the effectiveness of policy interventions. The differential impacts of factors such
as solar power, circular economy measures, and fossil fuel consumption on CO2 emissions
and poverty reduction between China and the EU highlight the importance of tailoring
strategies to the specific socioeconomic and environmental contexts of each region. This
supports the theoretical notion that the success of sustainability initiatives is contingent
upon understanding local conditions and implementing targeted measures accordingly.

Moreover, the implications of the findings extend beyond regional policy considera-
tions to broader implications for global cooperation and knowledgesharing. The recom-
mendation for policy makers in both regions to prioritize data-driven approaches and
establish knowledge-sharing platforms reflects the recognition of the interconnectedness
of global challenges such as climate change and poverty. This aligns with the theoretical
framework emphasizing the importance of collaborative governance and collective action
at the international level to address shared sustainability challenges effectively.

Policy makers in both regions should prioritize data-driven approaches. Understanding
local economic structures and environmental vulnerabilities is crucial for crafting effective
interventions. Based on the findings, China should prioritize scaling up investments in solar
power and circular economy initiatives. The EU, on the other hand, should focus on enhancing
the effectiveness of existing renewable energy and circular economy programs.

However, to accelerate progress, both regions should establish knowledge-sharing
platforms to learn from each other’s experiences. Additionally, global cooperation is crucial
for developing and disseminating best practices for tackling poverty and climate change.

By implementing these recommendations, policy makers can leverage the power of
renewable energy and circular economy to create a more sustainable and equitable future
for both China and the EU. This will not only mitigate climate change but also empower
communities and lift people out of poverty.

The research emphasizes the importance of understanding regional variations. This
knowledge is crucial for crafting effective policies that tackle poverty and address envi-
ronmental vulnerability specific to each region (China vs. EU). It highlights the need for
knowledge sharing platforms and global cooperation. By encouraging both regions to
learn from each other’s experiences and develop best practices, the research promotes
collaboration that can accelerate progress in tackling poverty and climate change.

In terms of limitations, the research does not explicitly explore the mechanisms through
which renewable energy and circular economy reduce poverty. Future research could delve
deeper into these mechanisms to provide a more comprehensive understanding of the
causal relationships. The timeframe (1995–2022) might not fully capture the long-term
impact on poverty reduction. Further research with a longer timeframe could strengthen
the connection between these factors.

Aligning with the research objective of understanding the effectiveness of renewable
energy and circular economy practices in reducing poverty and environmental damage,
this study employed a comparative approach between China and the EU. The findings
confirmed the initial hypothesis that there is a complex interplay between these factors.

Firstly, the results supported the theoretical framework of sustainable development
by demonstrating long-run cointegration between poverty, CO2 emissions, and economic
factors. This highlights the interconnectedness of environmental and socioeconomic issues,
requiring a holistic approach to achieve sustainability. Secondly, this study identified both
unidirectional and bidirectional causal relationships among the variables, reflecting the
multifaceted nature of how renewable energy, circular economy, and poverty reduction
interact—a key finding aligned with the research questions. Furthermore, the research



Sustainability 2024, 16, 4468 22 of 25

emphasizes the importance of regional variations. China, for instance, saw a greater impact
of solar power and circular economy measures on reducing CO2 emissions compared to the
EU. This underscores the need for region-specific policies, as highlighted in the conclusion.

By highlighting these regional variations and the limitations of the current timeframe,
this study paves the way for future research to delve deeper into the mechanisms at play
and explore the long-term effects on poverty reduction. Overall, the research findings offer
valuable insights for policy makers, supporting the call for data-driven, region-specific
approaches, knowledge sharing platforms, and global cooperation to tackle poverty and
climate change through renewable energy and circular economy practices.

This research offers critical insights for policy makers in China and the EU, urging
them to adopt regionally specific strategies to combat climate change and poverty. This
study recommends that China significantly increase investments in solar power and circular
economy initiatives, proven effective in reducing CO2 emissions and potentially alleviating
poverty. For the EU, the focus should be on enhancing existing renewable energy and
circular economy programs through better implementation, resource allocation, or tech-
nological advancements. Looking beyond regional approaches, the research emphasizes
the importance of global collaboration to address these shared challenges. Establishing
knowledge-sharing platforms would enable China and the EU to learn from each other’s
experiences with renewable energy, circular economy practices, and poverty reduction
efforts. This collaboration, along with data-driven policymaking that leverages regional
economic structures and environmental vulnerabilities, can lead to more effective global
strategies. International cooperation is essential for developing and disseminating best
practices to tackle global issues like climate change and poverty. This study significantly
advances our understanding of the complex interplay between renewable energy, circular
economy practices, and their impact on poverty and CO2 emissions. It highlights the crucial
role of regional variations in designing sustainability policies and sheds light on the knowl-
edge gap between China and the EU. By promoting knowledge sharing and collaboration,
this research pave the way for faster progress in achieving sustainable development. This
study also reinforces the theoretical framework of sustainable development by emphasiz-
ing the interconnectedness of environmental and socioeconomic factors. Future research
can explore the mechanisms by which these practices reduce poverty and investigate the
long-term impacts beyond the timeframe explored here.

6. Key Findings

• Regional disparity: The impact of economic and environmental factors on poverty and
CO2 emissions differs significantly between China and the EU. Fossil fuel dependence
and economic growth contribute to increased CO2 emissions in both regions, but with
varying degrees of impact.

• Renewable energy and circular economy: Wind, solar power, and circular economy
measures effectively reduce CO2 emissions in China, while their impact in the EU is
less pronounced.

• Poverty reduction: The study reveals the multifaceted nature of poverty reduction.
While solar power is a key driver in China, circular economy measures take center
stage in the EU.
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