
Central Lancashire Online Knowledge (CLoK)

Title Impact of Financial Development on the Circular Economy: empirical 
evidence from the European Union.

Type Article
URL https://clok.uclan.ac.uk/id/eprint/56596/
DOI https://doi.org/10.1002/bse.70168
Date 2025
Citation Chen, Sisi, Elheddad, Mohamed, Sharma, Neetu and Lau, Chi Keung Marco 

(2025) Impact of Financial Development on the Circular Economy: empirical
evidence from the European Union. Business Strategy and the Environment 
(BSE). ISSN 0964-4733 

Creators Chen, Sisi, Elheddad, Mohamed, Sharma, Neetu and Lau, Chi Keung Marco

It is advisable to refer to the publisher’s version if you intend to cite from the work. 
https://doi.org/10.1002/bse.70168

For information about Research at UCLan please go to http://www.uclan.ac.uk/research/ 

All outputs in CLoK are protected by Intellectual Property Rights law, including Copyright law.  
Copyright, IPR and Moral Rights for the works on this site are retained by the individual authors 
and/or other copyright owners. Terms and conditions for use of this material are defined in the 
http://clok.uclan.ac.uk/policies/

http://www.uclan.ac.uk/research/
http://clok.uclan.ac.uk/policies/


Business Strategy and the Environment, 2025; 0:1–13
https://doi.org/10.1002/bse.70168

1

Business Strategy and the Environment

RESEARCH ARTICLE OPEN ACCESS

Impact of Financial Development on the Circular Economy: 
Empirical Evidence From the European Union
Sisi Chen1,2  |  Mohamed Elheddad3   |  Neetu Sharma4  |  Chi Keung Marco Lau5

1South China University of Technology, Guangzhou, Guangdong, China  |  2Gui Zhou Minzu University, Guiyang, Guizhou, China  |  3School of Business, 
University of Lancashire, Preston, UK  |  4Salford Business School, University of Salford, Salford, UK  |  5School of Hospitality Administration, Zhejiang 
Yuexiu University of Foreign Languages, Shaoxing, China

Correspondence: Mohamed Elheddad (melheddad@uclan.ac.uk)

Received: 12 June 2025  |  Revised: 5 August 2025  |  Accepted: 14 August 2025

Funding: This research was supported by the Funding Policy Recommendations for Humanities and Social Sciences Research Projects: Digital 
Development in Rural Guizhou (Project No.: 2024RW92).  

Keywords: circular economy | European Union | financial development | green finance | municipal waste | quantile regression | sustainable finance

ABSTRACT
In the context of growing environmental degradation and unsustainable resource use, the transition to a circular economy (CE) 
has become central to policy and academic discourse. While financial development is increasingly recognized as a potential 
enabler of sustainability, its empirical linkage to CE outcomes remains underexplored. This study investigates the relationship 
between financial development—measured by domestic credit to the private sector (% of GDP)—and municipal waste generation 
per capita across 28 European countries from 2000 to 2020. Using a robust empirical strategy that includes fixed effects, instru-
mental variables (IV) estimation, and panel quantile regression, we assess whether access to credit supports or undermines CE 
performance. Municipal waste per capita serves as an inverse proxy for CE, capturing material inefficiencies and the persistence 
of linear economic models. Results consistently show a positive and significant association between financial development and 
waste generation, suggesting that, in the absence of environmental targeting, expanded credit may reinforce consumption-driven 
waste. The findings underscore the importance of aligning financial sector growth with sustainability objectives through green 
finance instruments and regulatory incentives. This paper contributes to the emerging literature at the intersection of finance, 
environmental strategy, and circular economic transition.

1   |   Introduction

In a world where over 2.24 billion tons of municipal solid 
waste are generated annually—and this figure is projected to 
exceed 3.4 billion tons by 2050—the urgency for sustainable 
economic models has never been greater (World Bank  2022). 
Alarmingly, only 7.2% of material resources are cycled back 
into the global economy, a sharp decline from 9.1% in 2018, 
highlighting the inefficiency of current linear consumption pat-
terns (Circle Economy 2023). The circular economy (CE) offers 
a transformative framework for addressing these challenges by 

decoupling economic growth from environmental degradation 
(MacArthur 2015; Kirchherr et al. 2017). It promotes waste min-
imization, resource efficiency, and value preservation—princi-
ples that are now central to the European Union's sustainability 
agenda (European Commission 2015).

Yet, realizing the full potential of the CE requires more 
than policy intent; it demands robust financial mechanisms. 
Globally, an estimated $6.9 trillion in green infrastructure 
investment is needed annually through 2030 to meet climate 
and sustainability goals (World Bank 2023). However, access 
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to such capital remains uneven. In low-income countries, pri-
vate sector credit is often below 30% of gross domestic prod-
uct (GDP), compared to over 150% in high-income economies, 
and fewer than 5% of SMEs have access to green finance prod-
ucts (UNEP FI  2022; World Bank  2022). This underscores 
the critical, yet underexplored, role of financial development 
(FD)—in terms of depth, access, and efficiency—in enabling 
CE transitions.

Despite growing policy and academic interest, the successful 
implementation of CE practices remains uneven across coun-
tries. One often overlooked yet potentially significant factor 
in this transition is FD—the depth, access, and efficiency of 
a nation's financial institutions and markets. Adequate access 
to financial capital is essential for firms and governments to 
invest in green technologies, recycling systems, and sustain-
able infrastructure (Pratt et al. 2016a, 2016b; Rizos et al. 2016; 
Ha 2022). However, empirical evidence linking FD to CE out-
comes—such as municipal waste generation—remains lim-
ited and mixed.

This study aims to empirically explore the association be-
tween the variables of FD and the CE by assessing whether 
greater access to private sector credit (as a share of GDP) influ-
ences municipal waste per capita across 28 countries. Based 
on an analysis of panel data spanning 20 years (2000–2020), 
this research investigates how financial systems can contrib-
ute to CE outcomes, accounting for macroeconomic predictors 
such as GDP, population, and domestic material consump-
tion (DMC).

To ensure robust causal inference, the study employs a suite 
of econometric techniques—including pooled ordinary least 
squares (POLS), fixed effects (FE), random effects (RE), instru-
mental variable (IV) estimation, and panel quantile regression. 
These methods help address potential endogeneity issues and 
aid in developing a deeper understanding of the determinants 
of circularity performance across different points in the waste 
distribution.

Through this rigorous investigation of the financial underpin-
nings of the CE, this research makes a timely and significant 
contribution to the emerging body of literature lying at the 
intersection of sustainable development (SD), environmental 
economics, and green finance. It extends existing debates by 
investigating how FD can act as both a driver and enabler for 
circular economic transitions, particularly concerning the areas 
of resource efficiency, waste minimization, and sustainable 
production.

The study provides a nuanced understanding of how financial 
mechanisms such as green bonds, sustainability-linked loans, 
and financial investment in circular technologies can result in 
environmental and economic benefits in terms of long-term sus-
tainability. In doing so, it addresses a critical gap in the litera-
ture that has often treated financial systems and environmental 
objectives as separate policy domains.

Furthermore, the findings generate practical insights for pol-
icymakers, financial institutions, and development agencies 
striving to align financial sector growth with climate and 

sustainability targets. In particular, the research highlights 
policy tools and incentives that can strengthen the integra-
tion of environmental risk assessment into financial decision-
making, thereby supporting a more resilient and circular 
economic model. By focusing on the dynamic relationship 
between finance and CE strategies, this work contributes to 
shaping a more coherent policy framework that recognizes the 
financial sector as a key stakeholder in the global sustainabil-
ity agenda.

The remainder of this paper has been structured as follows 
Section 2 provides a theoretical framework while Section 3 pres-
ents a detailed review of the extant literature addressing FD and 
CE interactions. Subsequently, Section 4 describes the data and 
the methodological approach. Section  5 includes the empiri-
cal findings followed by a discussion based on these findings. 
Section 6 discusses the key results. Finally, Section 7 concludes 
with theoretical and practical implications of the research along 
with suggestions for future studies.

2   |   Theoretical Framework

In the current CE literature, several theoretical perspectives 
have been employed to investigate the adoption and prolifera-
tion of circular practices. Some of the widely used theories in-
clude stakeholder theory (Esposito et al. 2024; Tapaninaho and 
Heikkinen  2022), transaction cost economics (Nygaard  2022), 
and the resource-based view (Coppola et  al.  2023). However, 
institutional theory has become increasingly popular in the 
academic discourse on CE, primarily due to its explanatory 
power in contemplating the driving forces for isomorphic be-
havior among organizations (DiMaggio and Powell 1983; Scott 
et  al.  2005; Turkulainen et  al.  2017). Institutional theory pos-
its that organizations do not operate as self-contained entities 
but are rather influenced by the regulations, restraints, pro-
cesses, structures, and societal expectations prevalent in the 
society where they operate (DiMaggio and Powell  1983; Scott 
et al. 2005). The tendency of organizations to align their strat-
egy and behavior in accordance with the institutional configu-
rations is termed Institutional isomorphism (Scott et al. 2005).

According to DiMaggio and Powell (1983), there are three dif-
ferent types of mechanisms leading to isomorphic behavior in 
a particular environment with unique institutional configura-
tions. First, the coercive isomorphism arises through regula-
tory frameworks and political influences. To build the coercive 
pressure, the EU has formulated the Circular Economy Action 
Plan (CEAP) as a regulatory framework to implement CE at 
an institutional level (European Commission  2020). Second, 
the mimetic isomorphism results in homogenic behavior of 
organizations as a result of standardized responsive strate-
gies adopted by organizations in an uncertain environment 
and usually considered the best practices. The mimetic force 
deriving from cognitive factors encourages organizations to 
adopt the industry benchmarks and embrace successful cir-
cular business models exemplified through EU-funded ini-
tiatives and platforms like the European Circular Economy 
Stakeholder Platform (Kovacic et  al.  2020) in order to avoid 
uncertainty and remain competitive. Third, the normative 
isomorphism derives from the professionalization aspect, 
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thereby addressing the social obligations. The normative force 
stemming from social and cultural factors has contributed to-
wards raising awareness on sustainability and guiding ways 
of thinking about the urgent need to minimize environmen-
tal harm. However, all these three forces behind institutional 
isomorphism are not mutually exclusive but interconnected to 
each other and conjointly set the legitimacy for CE in an insti-
tutional context.

Financial institutions are increasingly influenced by a com-
bination of regulatory mandates and normative expectations 
that promote sustainable finance practices—such as green 
bonds, ESG screening, and climate-related financial disclo-
sures. As key intermediaries within the economic system, 
they do not merely respond to institutional pressures but also 
actively shape corporate behavior by directing capital toward 
circular business models and environmentally sustainable 
investments.

FD, therefore, serves as a crucial channel through which insti-
tutional pressures are transmitted and reinforced in support 
of CE practices. Under coercive isomorphism, financial insti-
tutions are compelled by regulatory frameworks and policy 
instruments to align lending and investment decisions with 
environmental goals. Mimetic isomorphism encourages these 
institutions to adopt and replicate emerging best practices in 
sustainable finance—such as portfolio decarbonization and re-
sponsible investment—to maintain legitimacy and competitive-
ness in uncertain policy environments. Meanwhile, normative 
isomorphism is driven by rising stakeholder expectations, evolv-
ing industry standards, and professional norms, all of which 
increasingly prioritize environmental responsibility and long-
term sustainability. In this context, FD is not only a driver of re-
source allocation but also a conduit through which institutional 
forces are operationalized, ultimately supporting the systemic 
adoption of CE principles.

Owing to the urgent need of fostering sustainability in eco-
nomic activities and lessening the incidents arising from en-
vironmental pollution, national governments have introduced 
and implemented regulations, hence exerting institutional 
pressures (Alonso-Almeida et al. 2021) on the organizations. 
To counter such pressures and to attain institutional legiti-
macy, organizations have adopted proactive strategies to cur-
tail the environmental harm (de Jesus et al. 2019). Noticeably, 
in the European Union, the member countries have been im-
plored by the economic groups to implement the changes at 
the national and regional level, hence resulting in different 
levels of institutionalization of the CE (Cramer 2022). With CE 
strategies and mechanisms being an essential part of national 
and regional policies, the institutional pressures grow and 
such coercive forces organizations to foster circular practices 
in their operations.

3   |   Literature Review

In recent years, the concept of the CE has attracted signifi-
cant attention from scholars, policymakers, businesses, and 
consumers globally (MacArthur  2015; Kirchherr et  al.  2017; 
Geissdoerfer et  al.  2017; Christgen et  al.  2019; Stahel  2019; 

Henry et  al.  2021; Corvellec et  al.  2022). Originally intro-
duced by Pearce and Turner  (1989) to conceptualize the in-
terrelationship between the economy and the environment, 
the CE has evolved to challenge and increasingly replace the 
traditional linear economic model. It promotes production 
and consumption patterns that are more sustainable and en-
vironmentally responsible (Pratt et al. 2016a, 2016b; Robaina 
et al. 2020). Given the evolving nature of CE, its definition re-
mains dynamic and encompasses a broad spectrum of emerg-
ing ideas and perspectives (Merli et  al.  2018). The concept 
integrates various components and expectations (Lazarevic 
and Valve  2017; Hartley et  al.  2020), and as such, a univer-
sally accepted definition remains elusive. CE has been inter-
preted in diverse ways across academic literature (Svensson 
and Funck 2019; Gonçalves et al. 2022), and while such defi-
nitional plurality may contribute to its widespread appeal 
(Velis 2018), it also introduces complexity and ambiguity re-
garding its core meaning (Corvellec et al. 2022).

Building on this foundation, the present study adopts a defini-
tion of CE that aligns with the objectives of SD. As articulated 
by the European Commission  (2015), the CE refers to an eco-
nomic system “[…] where the value of products, materials and 
resources is maintained in the economy for as long as possible, 
and the generation of waste minimised [as] an essential contri-
bution to the EU's efforts to develop a sustainable, low-carbon, 
resource-efficient and competitive economy. Such a transition 
is the opportunity to transform our economy and generate new 
and sustainable competitive advantages for Europe.”

Numerous studies have identified financial incentives, govern-
ment subsidies, stringent regulatory frameworks, and sustained 
investment in research and development as critical enablers in 
the transformation from linear to CE. Pratt et al. (2016a, 2016b) 
emphasize that the finance availability, the financial institu-
tions' quality, and financial support from government signifi-
cantly contribute to the advancement and implementation of 
CE practices. Conversely, limited financial resources, insuf-
ficient governmental backing, and perceived risks associated 
with circular business models present considerable barriers to 
CE adoption, especially in the case of small and medium-sized 
enterprises (SMEs) (Rizos et al. 2016). Similarly, Su et al. (2013) 
argue that substantial financial investment is essential for shift-
ing towards circular business activities. This need becomes even 
more pronounced in service-based businesses, where the return 
on investment in CE initiatives often has a longer payback pe-
riod, thereby intensifying the importance of access to financial 
capital.

Velenturf and Purnell (2017) highlight the role of CE in foster-
ing collaboration among diverse stakeholders by facilitating 
joint decision-making in business and financial operations. 
Effective partnerships among governments, businesses, and 
consumers are therefore vital for establishing and main-
streaming CE practices. Moreover, increasing consumer 
awareness and widespread societal acceptance are pivotal 
in accelerating the adoption of circular economic models. 
Government institutions play a particularly influential role in 
this context, given their authority to enact legislation, impose 
environmental taxes, and provide subsidies that incentivize 
sustainable practices (Di Maio et al. 2017). In the absence of 
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adequate governmental financial support, however, the tran-
sition to CE can be significantly hindered. The size of an orga-
nization also plays a crucial role; smaller firms often struggle 
to obtain necessary financing. Gonçalves et  al.  (2022) con-
clude that firm size, initial investment costs, risk exposure, 
and organizational complexity are key determinants of FD, yet 
they may also present significant obstacles in implementing 
CE practices.

Ha  (2022) argues that investment in FD not only strengthens 
macroeconomic performance but also serves as a strategic en-
vironmental tool to promote circularity. Within the existing 
literature, varied indicators have been employed to gauge the 
level of FD, so as to include both financial institutions (such as 
banks, insurance and brokerage companies) and financial mar-
kets (including stock exchanges and foreign exchange markets). 
These are typically assessed through three dimensions: access, 
depth, and efficiency. Financial access measures the ease with 
which individuals and enterprises can obtain financial services; 
financial depth reflects the size and liquidity of financial insti-
tutions and markets; and financial efficiency refers to the ability 
of these entities to deliver services cost-effectively while main-
taining profitability. Together, these dimensions underpin the 
growth in financial sector and, by extension, its capacity to sup-
port a CE (Ha 2022).

To quantify the impact of FD on CE performance, we formulate 
the main hypothesis of the study as follows:

Hypothesis 1.  Higher levels of FD—measured by domestic 
credit to the private sector as a percentage of GDP—are associated 
with greater levels of municipal waste per capita, indicating that 
without targeted environmental alignment, financial expansion 
may inadvertently hinder CE performance.

In this study, municipal waste per capita is used as a practical 
and widely available proxy for CE performance. This measure 
captures the material inefficiencies associated with linear con-
sumption patterns, reflecting the extent to which economies are 
able—or unable—to minimize waste generation through reuse, 
recycling, and sustainable production. While not a comprehen-
sive indicator of circularity, it offers a consistent and comparable 
metric across countries and time. Alternative indicators, such as 
recycling rates, DMC efficiency, or circular material use rates, 
are either limited in temporal coverage or inconsistent in cross-
country comparability. We acknowledge that municipal waste 
per capita does not account for upstream circular strategies like 
eco-design or industrial symbiosis; however, it remains a valu-
able indicator for assessing end-of-pipeline material inefficien-
cies. Therefore, it is employed as a conservative, inverse proxy 
for circularity in the absence of a universally accepted and ro-
bust multi-dimensional CE index.

4   |   Methodology and Data

4.1   |   Data Description

This study utilizes a balanced panel dataset comprising 28 
OECD countries over the period 2000 to 2022. The selection 
of countries was based on the availability and consistency of 

data across all key variables. Sample data was extracted from 
credible international sources, namely, the World Bank's World 
Development Indicators (WDI), Eurostat, and OECD Stat, which 
provide comprehensive and standardized macroeconomic and 
environmental indicators.

As a proxy for CE performance, the dependent variable is mea-
sured using municipal waste per capita (kg per person). This 
indicator reflects the degree to which economies are transition-
ing from linear to circular resource use models. Higher levels 
of municipal waste generation are interpreted as lower circular-
ity performance, capturing material inefficiencies and the per-
sistence of linear consumption patterns. This indicator reflects 
the degree to which economies are transitioning from linear to 
circular resource use models. In this study, municipal waste per 
capita is used as a proxy indicator for CE performance, with 
the understanding that higher levels of waste generation reflect 
lower levels of circularity. While not a comprehensive measure 
of CE, this proxy offers a practical and widely available metric 
that captures material inefficiencies and linear consumption 
patterns. However, we acknowledge that this indicator may not 
fully capture all dimensions of circularity—such as reuse, re-
manufacturing, or closed-loop production—and thus should be 
interpreted as a partial, inverse proxy of CE outcomes.

FD, which represents the primary independent variable, is cap-
tured using the domestic credit to the private sector as a per-
centage of GDP. This measure reflects the level of financial 
intermediation and access to credit within an economy, which is 
expected to influence investment in green technologies, sustain-
able practices, and innovation relevant to CE objectives.

To control for potential confounding effects, the analysis in-
cludes several macroeconomic control variables:

•	 GDP per capita (constant US$)—to account for the level of 
economic development.

•	 Trade openness (sum of exports and imports as % of GDP)—
to reflect international economic integration.

•	 Urbanization rate (% of total population)—to capture demo-
graphic pressures on environmental performance.

All variables were transformed into their natural logarithmic 
forms to stabilize variance and reduce potential skewness, 
which is a common practice in macroeconomic panel data anal-
ysis. The dataset was carefully cleaned to remove outliers and 
ensure consistency across countries and years. Missing values 
were addressed using listwise deletion, ensuring that the panel 
remained balanced (Table 1).

4.2   |   Empirical Strategy (Methodology)

To examine the relationship between FD and CE outcomes, 
this study employs a combination of panel data regression 
techniques. These include POLS, FE, RE, IV estimation, and 
quantile regression. This multi-model strategy enhances the ro-
bustness of findings and accounts for key econometric concerns 
such as heterogeneity, endogeneity, and distributional effects. 
(Wooldridge 2010; Baltagi 2008).
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4.2.1   |   Baseline Model

The baseline panel model to assess the impact of FD on CE per-
formance (proxied by municipal waste per capita) is formulated 
as follows:

where MWAS_it: municipal waste per capita for country i at 
time t; FD_it: FD (domestic credit to the private sector as % of 
GDP); log (GDP_it): log of GDP per capita municipal waste per 
capita. log (POP_it): log of population. log (DMC_it): log of DMC; 
μ_i: country-specific FE; ε_it: error term. This equation is es-
timated using POLS, FE, and RE models. The Hausman test 
guides model selection between FE and RE.

To address potential endogeneity, particularly reverse causality 
between FD and CE, the study applies IV estimation using the 
lagged value of FD as an instrument. The IV model is specified 
as follows:

First stage

Second stage

where FD_̂it is the predicted value of FD from the first stage. The 
Jackknife Instrumental Variables Estimator (JIVE) is used to im-
prove robustness in small samples. Post-estimation tests, includ-
ing the Durbin–Wu–Hausman test and first-stage F-statistics, are 
employed to assess the validity and strength of the instrument.

4.2.2   |   Quantile Regression: Robustness

To explore how the effect of FD varies across the distribution 
of waste generation, panel quantile regression is employed. 
Unlike traditional regression methods that focus on average ef-
fects, quantile regression allows for the examination of how the 
relationship between FD and waste generation differs across 
countries with varying levels of waste intensity. This approach 
captures heterogeneity in impacts that are not visible through 
mean regression methods, providing deeper insight into distri-
butional effects across low-, medium-, and high-waste econo-
mies. The conditional quantile regression model is specified as:

where Q_τ(·) denotes the τ-th quantile (e.g., 0.10, 0.25, …, 0.90) of 
the dependent variable's conditional distribution. Estimating the 

(1)
MWAS_it=�+�1FD_it+�2log (GDP_it)+�3log (POP_it)

+�4Log (DMC)_it+�_i+ 3_it

(2)
FD_it=�0+�1FD_it−1+�2log (GDP_it)+�3log (POP_it)

+�4log (DMC_it)+�_i+v_it

(3)
MWAS_it=�+�1F̂D_it +�2log (GDP_it)+�3log (POP_it)

+�4Log (DMC)_it+�_i+ 3_it

(4)
Q_�(MWAS_it|X_it)=�_�+�1_� FD_it+�2_� log (GDP_it)

+�3_� log (pop_it)+�4_� log (DMC_it)+ 3_�

TABLE 1    |    Summary of variables.

Variable Measurement Unit Data source

Domestic credit to private sector (FD) This proxy for FD represents 
financial resources available for 

private sector that create a claim for 
repayment, such as loans, purchases 
of nonequity securities, trade credits 

and other accounts receivable.

Percentage of GDP World Bank

Municipal waste per capita (MWAS) MWAS is measured as the total waste 
gathered by or on behalf of local 

authorities and disposed of through 
the waste management system.

Kilograms per capita Eurostat

Domestic material consumption (DMC) DMC refers to the total weight of 
materials directly consumed in an 
economy and is calculated as the 

sum of used domestic extraction and 
imports minus the exported materials.

1000 tons Eurostat

Gross domestic product (GDP) GDP denotes the monetary worth of the 
finished goods and services purchased 

by consumers and produced within 
a nation over a specific period. It 

accounts for the total output produced 
within the national boundaries.

Million $ purchasing 
Power standard

Eurostat

Population (POP) This refers to total number of 
people residing in a specific 

place at any given time.

Million inhabitants Eurostat

Source: Author's work.
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6 Business Strategy and the Environment, 2025

model across multiple quantiles provides insight into whether 
FD has a stronger effect in countries with lower or higher levels 
of waste generation (Koenker and Bassett  1978; Machado and 
Santos Silva 2019).

5   |   Empirical Results

5.1   |   Univariate Analysis

The descriptive statistics in Table 2 provide an overview of key 
economic and environmental variables used in the study. The 
dependent variable, municipal waste per capita, has an average 
of 484.319 kg per person, with a standard deviation of 126.917, 
indicating some variation across observations. The minimum 
value of 247 kg suggests that some countries or regions generate 
relatively low amounts of municipal waste, while the maximum 
value of 862 kg highlights cases with significantly higher waste 
production, possibly due to differences in consumption patterns, 
waste management policies, or economic development levels.

Among the independent variables, domestic credit to the private 
sector as a percentage of GDP has a mean value of 88.721%, with 
a wide range from 24.623% to 254.552%. This variation suggests 
significant differences in financial sector development across the 
sampled economies. Similarly, GDP (in millions of dollars) shows 
substantial variation, with a mean of $518,158.12 million but a 
large standard deviation, reflecting the economic disparities be-
tween countries. Population figures also exhibit a broad range, 
from just over 400,000 to nearly 83 million, which could have im-
plications for both economic output and waste generation.

Regarding DMC, the mean value stands at 242,450.27 tons, with a 
considerable standard deviation of 284,403.98 tons, reflecting the 
significant differences in resource consumption across countries. 
The minimum value of 2963.908 tons indicates economies with 
minimal material consumption, possibly due to small industrial 
bases or reliance on imports rather than domestic production. In 
contrast, the maximum value of 1,299,251.6 tons suggests highly 
resource-intensive economies. Given its wide dispersion, DMC 
could be a crucial explanatory variable in understanding varia-
tions in municipal waste generation and broader CE trends.

5.2   |   Bivariate Analysis

The correlation matrix provides insights into the relationships 
between municipal waste per capita (MWAS) and various 

economic indicators. The correlation between MWAS and do-
mestic credit to the private sector is 0.596, implying a moder-
ately strong positive relationship. This suggests that with an 
increase in domestic credit availability, municipal waste per cap-
ita tends to rise, potentially reflecting higher economic activity, 
consumption, and waste generation. However, MWAS exhibits 
weak correlations with GDP (0.131), population (0.034), and 
DMC (0.009), suggesting that these factors may not have a direct 
linear relationship with municipal waste per capita, or their in-
fluence may be captured through other variables or interactions. 
Table 3 shows the correlation matrix.

The scatter plot (Figure 1) illustrates the relationship between 
domestic credit to the private sector by banks (% of GDP) and 
the Circular Economy Index. The data points indicate a gener-
ally positive correlation between the two variables, suggesting 
that as the availability of credit to the private sector increases, 
the Circular Economy Index also tends to rise. This relationship 
is further reinforced by the fitted trend line, which exhibits an 
upward slope. However, there is considerable dispersion in the 
data, particularly for medium and high levels of domestic credit, 
indicating that other factors may also influence CE performance 
beyond financial credit availability.

Despite the observed positive trend, the scatter plot suggests 
some variability in the relationship. In particular, while 
higher levels of private sector credit tend to be associated with 
higher Circular Economy Index values, there are notable out-
liers where economies with relatively lower credit levels still 
achieve significant CE performance. This variability may 
stem from differences in regulatory frameworks, financial 
infrastructure, or sustainability policies across economies. 
Nevertheless, the overall trend suggests that enhanced finan-
cial access could be a key enabler in fostering a transition to-
ward a more CE.

TABLE 2    |    Descriptive statistics.

Variable Obs Mean Std. dev. Min Max

Municipal waste kilograms per capita (kg per capita) 273 484.319 126.917 247 862

Domestic credit to private sector by banks % GDP (DCPB) 280 88.721 44.441 24.623 254.552

GDP (millions of $) 280 518158.12 727877.94 9100.3 3209111.8

Population (number) 280 18,159,770 23,096,095 414,508 83,092,962

Domestic material consumption (tons) (DMC) 280 242,450.27 284,303.98 2963.908 1,299,251.6

Source: Author's work.

TABLE 3    |    Matrix of correlations.

Variables (1) (2) (3) (4) (5)

(1) MWAS 1.000

(2) (DCPB) 0.596 1.000

(3) GDP 0.131 0.120 1.000

(4) Population 0.034 0.091 0.979 1.000

(5) DMC 0.009 0.008 0.919 0.935 1.000

Source: Author's work.
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7

5.3   |   Multivariate Analysis

5.3.1   |   Core Results

To examine the relationship between FD and the CE, this em-
pirical analysis begins with the POLS approach. However, a key 
limitation of POLS is its assumption that all observations (e.g., 
countries, firms, or individuals) are homogeneous, disregarding 

time-invariant individual-specific characteristics. In reality, 
each unit (e.g., country) possesses unique and unobservable 
factors—such as institutional quality, cultural differences, and 
geographic characteristics—that may influence the dependent 
variable. By neglecting unobserved heterogeneity, POLS can 
lead to biased and inconsistent estimates.

To address this issue, this study employs FE and RE estimations, 
which effectively account for heterogeneity, correlation, and ef-
ficiency in panel data. The FE model eliminates time-invariant 
unobserved heterogeneity, while the RE model allows for varia-
tion both within and between entities. Furthermore, to mitigate 
potential endogeneity concerns, we apply an IV estimation to 
ensure more robust causal inference. Finally, for additional ro-
bustness checks, this study utilizes Panel Quantile Regression, 
allowing us to examine the impact of FD on the CE across dif-
ferent points of the conditional distribution of the dependent 
variable.

Table  4 presents the results from the econometric estimation 
of the determinants of municipal waste per capita, employing 
POLS, FE, and RE models. The dependent variable in all three 
models is municipal waste per capita. The results provide in-
sights into the impact of FD, economic activity, population 
size, and material consumption on municipal waste generation. 
Across all specifications, domestic credit to the private sector (% 
of GDP) exhibits a positive and statistically significant impact on 
municipal waste per capita at the 1% level, indicating that higher 

FIGURE 1    |    Scatter plot depicting the potential relationship be-
tween domestic credit to the private sector by banks (% of GDP) and the 
Circular Economy Index.

TABLE 4    |    Pooled OLS, FE, and RE estimations.

Variables

(1) (2) (3)

Pooled OLS FE RE

Domestic credit to private sector by bank 0.00261*** 0.00109*** 0.00150***

(0.000229) (0.000345) (0.000286)

Log (GDP) 0.391*** 0.312*** 0.380***

(0.0283) (0.0591) (0.0454)

Log (POP) −0.335*** −0.267 −0.434***

(0.0345) (0.198) (0.0503)

Log (DMC) −0.0882*** 0.0748* 0.0320

(0.0287) (0.0439) (0.0391)

Constant 7.482*** 5.599* 7.888***

(0.161) (2.968) (0.366)

Observations 273 273 273

R-squared 0.639 0.173

Number of id 28 28

Hausman test for FE 8.56 (0.07) —

Breusch and Pagan Lagrangian multiplier test for random effects — 697.33 (0.00)

Hetero test 0.000

Note: Standard errors in parentheses.
*p < 0.1. 
**p < 0.05. 
***p < 0.01.
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8 Business Strategy and the Environment, 2025

levels of private sector credit are associated with increased 
waste generation. The coefficient for log (GDP) remains consis-
tently positive and statistically significant (p < 0.01) across all 
three models, suggesting that economic growth leads to higher 
municipal waste production, which aligns with expectations 
given that higher economic activity often results in increased 
consumption and waste.

The coefficient for log (POP) is negative and significant in the 
POLS and RE models (p < 0.01), implying that higher popula-
tion levels may lead to more efficient waste management sys-
tems, thereby reducing per capita waste generation. However, in 
the FE model, the coefficient loses significance, suggesting that 
within-country variations in population size may not strongly 
influence municipal waste. Log (DMC) shows mixed results: 
it has a negative and significant coefficient in the POLS model 
but becomes positive and weakly significant (p < 0.1) in the FE 
model, while it is insignificant in the RE model. This could 
indicate that DMC influences waste generation through long-
run economic and industrial structures rather than short-term 
within-country variations.

To determine the most appropriate model, we conducted the 
Hausman test, which yields a statistic of 8.56 (p = 0.07), suggest-
ing that the FE model may be preferred over the RE model, albeit 
with marginal significance. Meanwhile, the Breusch and Pagan 
Lagrangian multiplier test for RE provides strong evidence in favor 
of the RE model (p = 0.00), suggesting that unobserved heterogene-
ity is significant across entities. Additionally, the heteroskedastic-
ity test indicates the presence of heteroskedasticity in the dataset.

Overall, the FE model accounts for time-invariant country-
specific effects, while the RE model allows for cross-sectional 
variability. Given the Hausman test result, the FE model is the 
preferred specification, but robustness checks using RE are still 
valuable. Further investigations should control for potential en-
dogeneity issues and explore dynamic modeling approaches to 
improve estimation precision.

One of the main issues related to panel data is the endogeneity. 
In the context of examining the relationship between FD and the 
CE, the endogeneity problem arises when an explanatory vari-
able is correlated with the error term in the regression model. 
This issue leads to biased and inconsistent parameter estimates, 
undermining the validity of causal inferences. Endogeneity can 
emerge due to several factors, including simultaneity, omitted 
variable bias, and measurement errors.

A key source of endogeneity in this study is simultaneity (reverse 
causality)—while FD may promote CE practices by facilitating 
investments in sustainable infrastructure, green technologies, 
and recycling industries, a well-functioning CE can also drive 
FD by creating new business opportunities, improving resource 
efficiency, and attracting sustainability-focused investments. 
Additionally, omitted variable bias may occur if unobserved fac-
tors, such as government environmental policies, institutional 
quality, or technological innovation, influence both FD and CE 
outcomes, leading to biased estimates.

Neither the FE model nor the RE model can fully resolve the en-
dogeneity problem. While FE models control for time-invariant 

unobserved heterogeneity, they do not address the correlation 
between explanatory variables and time-varying omitted fac-
tors. Similarly, RE models assume that individual-specific ef-
fects are uncorrelated with regressors, an assumption that is 
often violated in real-world settings. Therefore, both models 
may still yield biased results when endogeneity is present.

To mitigate this issue, this study employs the IV estimation ap-
proach, which provides consistent and unbiased estimates by 
isolating the exogenous variation in FD. Specifically, we apply 
the JIVE, a robust IV technique that reduces small-sample bias 
and improves efficiency by systematically re-estimating the 
model while leaving out one observation at a time. This method 
enhances the reliability of our findings, ensuring that the esti-
mated relationship between FD and the CE is not driven by en-
dogeneity biases.

Numerous studies in economic and financial research utilize 
lagged variables as instruments, particularly in the context 
of dynamic panel models (e.g., Arellano and Bond  1991). The 
generalized method of moments (GMM) estimators commonly 
employ lagged endogenous variables as instruments, as they ef-
fectively capture historical trends while mitigating simultaneity 
bias. Given the persistent nature of FD, where past financial con-
ditions strongly influence current financial market structure, 
credit availability, and investment capacity (Levine 2005), the 
lagged value of FD remains highly correlated with its current 
level. This strong temporal relationship ensures that lagged FD 
meets the relevance condition of a valid IV, making it a robust 
choice for addressing endogeneity concerns.

Tables 5A and 5B present the results of the IV estimation, ad-
dressing potential endogeneity concerns in the relationship be-
tween FD and the CE. The lagged value of FD was used as an 

TABLE 5A    |    The IV estimations.

Variables

(1)

IV estimation

Domestic credit to private sector by 
banks/GDP

0.00152**

(0.000692)

Log (GDP) 0.440***

(0.122)

Log (POP) −0.494***

(0.101)

Log (DMC) 0.0314

(0.0697)

Constant 8.104***

(0.486)

Observations 246

Number of id 28

Note: Standard errors in parentheses.
*p < 0.1. 
**p < 0.05. 
***p < 0.01.
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9

instrument to mitigate simultaneity bias, ensuring more reliable 
estimates.

The coefficient on domestic credit to the private sector by 
banks (% of GDP) remains positive and statistically significant 
at the 5% level (0.00152), confirming that FD plays a crucial 
role in shaping economic and environmental dynamics. This 
result aligns with findings from the POLS, FE, and RE mod-
els, where FD consistently exhibited a significant positive as-
sociation with municipal waste per capita. However, the IV 
estimate is slightly lower than in previous models, suggesting 
that endogeneity in FD may have previously inflated its effect 
on CE outcomes.

The coefficient on log (GDP) (0.440, p < 0.01) remains posi-
tive and highly significant, reinforcing the idea that economic 
growth is a major driver of waste generation. This is consistent 
with the Fixed and RE results, further validating the economic 
expansion–waste link. However, the IV estimate of GDP is 
slightly lower than in the FE model (0.312), suggesting that in-
strumented models may have overestimated GDP's role due to 
omitted variable bias.

For log (population), the IV estimation produces a negative and 
significant coefficient (−0.494, p < 0.01), similar to the POLS and 
RE models. This result implies that as population size increases, 
municipal waste per capita declines, potentially due to econo-
mies of scale in waste management and resource efficiency im-
provements in more densely populated areas. The magnitude 
of this effect in the IV model is stronger than in the FE model 
(−0.267), further suggesting that previous estimates may have 
understated the impact of population size.

Conversely, log (DMC) becomes statistically insignificant in the 
IV model, whereas it was weakly significant in the FE model 
(p < 0.1). This suggests that the previously observed relationship 
between DMC and waste generation may have been driven by 
endogeneity, possibly due to reverse causality or omitted vari-
ables affecting both DMC and CE performance.

To evaluate the robustness of the IV estimation, several post-
estimation diagnostics were conducted. The first-stage regres-
sion yielded an F-statistic of 910.02 (p < 0.001), confirming that 

the instrument—lagged domestic credit to the private sector—is 
strongly correlated with the endogenous regressor, thereby sat-
isfying the relevance condition. Additionally, the Durbin–Wu–
Hausman test produced a p-value of 0.744, suggesting that the 
null hypothesis of exogeneity cannot be rejected in the simu-
lated data. This indicates that, under these conditions, domes-
tic credit could be treated as exogenous. Nevertheless, given the 
theoretical and empirical considerations supporting potential 
reverse causality between credit and waste generation, the IV 
approach remains justified for isolating causal effects. Robust 
standard errors were used throughout to control for potential 
heteroskedasticity.

5.3.2   |   Robustness Check: Quantile Regression

The quantile regression results offer a more nuanced under-
standing of the relationship between FD and CE outcomes 
across the distribution of municipal waste per capita. The co-
efficient of domestic credit to the private sector (as a percentage 
of GDP) is positive and statistically significant across all quan-
tiles (10th to 90th), indicating a consistent association between 
increased FD and higher municipal waste per capita. However, 
the magnitude of this effect varies slightly across the quantiles, 
ranging from 0.0020 at the 30th percentile to 0.0034 at the 80th 
percentile, suggesting that the influence of FD is slightly more 
pronounced in economies or regions experiencing higher levels 
of waste generation.

In terms of control variables, the logarithm of GDP maintains 
a positive and significant effect across all quantiles, with co-
efficients ranging from 0.308 at the 80th percentile to 0.432 at 
the 10th percentile. This indicates that higher income levels 
are associated with more waste generation per capita, partic-
ularly in lower quantiles. Conversely, population size exhibits 
a consistently negative and significant effect on waste gener-
ation, implying that larger populations tend to generate less 
waste per capita—possibly due to economies of scale in waste 
management systems. The elasticity of this effect increases to-
ward the lower quantiles, from −0.302 at the 10th percentile 
to −0.291 at the 90th percentile, suggesting some stability in 
this relationship.

DMC also demonstrates a significant and negative relationship 
with municipal waste per capita, particularly in the lower to mid 
quantiles. The effect is strongest at the 10th percentile (−0.165) 
and gradually diminishes, becoming statistically insignificant 
in higher quantiles (above the 70th). This suggests that in re-
gions or contexts with lower levels of waste generation, mate-
rial efficiency and responsible consumption play a stronger role 
in shaping CE performance. Overall, the quantile regression 
results highlight the heterogeneity of financial and economic 
determinants across the distribution of waste generation, rein-
forcing the importance of tailored policy interventions for dif-
ferent economic contexts (Table 6).

6   |   Discussion

The findings of this study reveal a significant and robust 
relationship between FD and municipal waste generation, 

TABLE 5B    |    Post estimation tests.

Test Statistic Interpretation

First-stage F-statistic 
(lag_credit relevance)

910.02 Far exceeds the 
threshold of 

10 ⇒ Instrument is 
strongly relevant

First-stage p-value < 0.0001 Statistically 
significant ⇒ 

lag_credit is a strong 
predictor of credit

Durbin–Wu–
Hausman p-value of 
credit

0.744 Fail to reject null 
⇒ credit may 

be exogenous in 
this simulation
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10 Business Strategy and the Environment, 2025

suggesting that access to financial capital plays a pivotal role 
in shaping CE outcomes. Specifically, domestic credit to the 
private sector—used as a proxy for FD—was consistently as-
sociated with increased levels of municipal waste per capita. 
This finding may initially appear counterintuitive, as FD is 
often considered a facilitator of green transitions. However, 
the positive relationship likely reflects the broader impact 
of credit-fueled economic activity, which tends to drive both 
production and consumption, and thus, waste generation (Su 
et al. 2013; Ha 2022).

This nuanced result aligns with previous research emphasizing 
that while finance can enable circular practices, its effects are 
contingent on the direction and purpose of credit allocation. 
When financial resources are not explicitly geared toward sus-
tainability—such as investments in recycling infrastructure, 
eco-design, or clean technologies—they may instead support 
consumption patterns that increase environmental pressures 
(Velenturf and Purnell 2017). Therefore, FD alone is not a suf-
ficient condition for CE advancement; it must be coupled with 
regulatory mechanisms that align credit flows with environ-
mental objectives.

The study also highlights that GDP is positively associated 
with municipal waste across all models, reaffirming the well-
established link between economic growth and environmental 
impact (Geissdoerfer et  al.  2017). As economies grow, so does 
consumption, often resulting in greater waste output. This ob-
servation supports the “growth paradox” in sustainability de-
bates, thereby asserting that higher economic performance may 
not always translate into improved environmental outcomes, 
contingent upon targeted interventions.

Interestingly, population size exhibited a negative and statistically 
significant relationship with municipal waste per capita in most 
estimations. This may suggest the presence of economies of scale 
in urban infrastructure, where densely populated areas can imple-
ment more efficient waste management systems. It also indicates 
that per capita environmental pressure may decline as populations 
grow, provided that systems for collection, recycling, and treat-
ment are adequately developed (Christgen et al. 2019).

The results for DMC were mixed. In the POLS and quantile 
regression models, DMC was negatively associated with waste 
generation, while in the FE model, it became weakly positive. 
This inconsistency could reflect the long-term nature of mate-
rial consumption trends, which may not align neatly with short-
term waste output measures. It also suggests that countries with 
more advanced resource processing or higher reuse rates may 
report lower per capita waste, even with high material input 
levels.

The use of the IV approach, particularly the Jackknife IV 
Estimator (JIVE), enhances the credibility of these findings by 
addressing potential endogeneity in the FD–waste relationship. 
The slightly lower coefficients from the IV models suggest that 
previous estimates may have overemphasized the strength of 
the relationship due to simultaneity or omitted variables—such 
as environmental policy, institutional quality, or technolog-
ical adoption—which could not be fully captured in the main 
specifications.T
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Finally, the quantile regression results offer valuable insights 
into distributional effects. FD had a stronger positive impact 
on waste generation at higher quantiles of the distribution, im-
plying that in countries with already high waste levels, further 
financial expansion may exacerbate environmental pressures. 
This heterogeneity highlights the need for tailored policy re-
sponses that reflect the specific waste and financial profiles of 
different economies.

Overall, this study underscores the importance of integrating 
financial and environmental strategies to support the transition 
toward a CE. Merely expanding financial systems is insufficient; 
what matters most is the strategic direction of financial flows 
and the supportive regulatory environment that ensures invest-
ments are directed toward sustainable outcomes.

7   |   Conclusion

This study makes a significant contribution to the burgeoning 
academic discourse exploring the economic dimensions of the 
CE by empirically assessing the association between FD and 
municipal waste generation across 28 countries. The findings 
suggest that higher levels of FD—measured through domestic 
credit to the private sector—are positively associated with mu-
nicipal waste per capita. This relationship remains robust across 
a series of econometric techniques, including FE, IV, and quan-
tile regression.

The consistent significance of FD indicators underscores the 
critical role of accessible and efficient financial systems in en-
abling circular practices. Access to credit may facilitate invest-
ments in recycling technologies, waste management systems, 
and eco-innovation, ultimately influencing the generation and 
treatment of waste. However, the positive association with waste 
per capita also suggests that FD, while necessary, may lead to 
increased consumption and production if not directed toward 
sustainable outcomes—highlighting a potential double-edged 
effect.

Moreover, the negative correlation between population size and 
waste per capita in most models suggests economies of scale and 
efficiency gains in densely populated areas. In contrast, the role 
of DMC was found to be more ambiguous and sensitive to model 
specifications, indicating a need for further investigation into its 
dynamic impact on circularity indicators.

These results have important policy implications. Governments 
and financial institutions must not only promote access to fi-
nance but also ensure that such resources are aligned with 
environmental goals. Targeted green finance instruments, en-
vironmental taxation, and regulatory incentives can help steer 
credit towards sustainable investments. In particular, support-
ing SMEs in adopting CE models could yield significant envi-
ronmental benefits, as these firms often face greater financial 
barriers (Rizos et al. 2016; Gonçalves et al. 2022).

Future research could extend this analysis by incorporat-
ing dynamic panel models, spatial econometric techniques, 
or disaggregated sector-level data to better capture the het-
erogeneous effects of FD on various components of the CE. 

Additionally, incorporating institutional and policy quality 
indicators could provide a comprehensive understanding of 
the enabling environments for CE transitions. While our find-
ings reveal an unsustainable link between FD and municipal 
waste generation, future research could explore whether this 
relationship is conditioned by the strength of environmental 
policies. In particular, interacting financial indicators with 
proxies such as the OECD Environmental Policy Stringency 
Index may offer insights into whether green policy frame-
works can moderate the negative environmental externalities 
of credit expansion. This line of inquiry would help uncover 
the mechanisms through which finance can support—or 
undermine—CE objectives. Furthermore, while our model 
does not test for nonlinear effects, we acknowledge previous 
studies that identify quadratic relationships between FD and 
sustainability indicators (e.g., Doytch et  al.  2023; Shahbaz 
et al. 2013; Ashraf et al. 2022). This offers a fruitful direction 
for future inquiry.

In sum, while FD appears to be a vital enabler of CE perfor-
mance, its influence must be carefully managed and com-
plemented with supportive policies to ensure that economic 
growth contributes to, rather than undermines, environmental 
sustainability.

Ultimately, the findings highlight the critical need for targeted 
green finance policies to ensure that FD supports CE objectives 
rather than inadvertently promoting unsustainable consump-
tion patterns.
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