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Transitioning to the green circular economy:
The age of VUCA

In a world defined by environmental degradation, economic volatility, and technological disrup-
tion, the circular economy (CE) has moved from a theoretical concept to a practical imperative.
This monothematic issue brings together diverse global perspectives and empirical research that
demonstrate how CE serves as a strategic response to today’s volatile, uncertain, complex, and
ambiguous (VUCA) conditions. The research featured here confirms that circularity is no longer
an optional pursuit. From hydroponic farming on Czech rooftops to green innovation in Viethamese
SMEs, CE practices are now integral to sustainable development. Jakubelskas and Skvarciany, for
instance, highlight how key CE indicators, such as recycling rates and material use, positively im-
pact the EU’s Sustainable Development Goals. At the same time, Khan et al. show that leadership
plays a crucial moderating role in managing climate change impacts on economies and the environ-
ment, making leadership a strategic asset in CE transitions.

Technology and behavior also emerge as critical drivers. Studies by Ali et al. and Nguyen et al.
demonstrate how big data analytics and green innovation improve both environmental performance
and financial outcomes. These findings point to the importance of digital infrastructure and
stakeholder alignment. Behavioural studies, like those by Ubaidillah and Zulkarnain on Malaysian
youth, and Hes et al. on re-use points in the Czech Republic, show how generational shifts in values
and digital fluency are reshaping consumption patterns, accelerating demand for sustainable
products and services.

This issue also reveals the sectoral breadth and systemic nature of CE. In fashion, Novo-
Corti et al. show that ethical consumption is deeply tied to consumer identity. In the seafood
industry, Fernandez-Gonzalez and team map out CE adoption using SWOT and PESTLE analyses,
revealing regulatory support and innovation as key enablers. Mekic et al. explore the adoption
of electric vehicles in the United Arab Emirates, finding consumer innovativeness to be a crucial
predictor of sustainable mobility behaviors. Several papers further extend the CE discussion
into broader socio-economic dimensions. Picatoste-Novo et al. examine how taxation and labor
informality influence CE effectiveness, presenting a model where fiscal policy and formality matter.
In post-Soviet economies, Khan et al. link tourism, emissions, and remittances to financial well-being
and sustainability. These studies show how CE intersects with labor markets, public finance, and
regional development strategies.

A few common themes stand out. Effective leadership and governance are essential across
sectors. Digital transformation and robust data ecosystems are non-negotiable for scaling CE.
Consumer behavior, especially among youth, is becoming a powerful force for change.
And VUCA challenges require adaptive, interdisciplinary approaches that blend policy, finance,
technology, and culture. Rather than prescribing a single CE model, this issue offers a dynamic
roadmap grounded in evidence and relevance. It equips scholars, practitioners, and policymakers
with insights for navigating sustainability transitions.

To all readers: whether you work in academia, policy, or industry, we hope this collection
deepens your understanding and helps catalyze the collaborations needed to build a more circular,
resilient, and inclusive future.
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Abstract: Environmental pollution and resource degradation have prompted researchers and
policymakers to seek solutions. Circular economy practices (CEP) can help enterprises reduce
emissions into the environment and move towards sustainable development. CEP has been
studied widely in developed countries but less studied in developing countries due to the limited
application of CEP in enterprises and the limitation of data. This paper aims to analyse the effect
of CEP on financial performance, including revenue, profit and ROA. We also analyse the mediating
role of green innovation and the moderating role of big data analytics in the relationship between
CEP and financial performance. The natural resource based view (NRBV) theory is used
to explain the relationship between variables and establish research hypotheses. We collected
data from 413 Vietnamese manufacturing enterprises and used the regression method to test
the research hypotheses. The results show that CEP positively impacts financial performance
through the mediating role of green innovation. Besides, big data analytics also positively impacts
the relationship between CEP and green innovation. In addition to the main results above, digital
transformation positively impacts financial performance, but quality management practices do not
affect financial performance. The research results are empirical evidence for enterprises considering
implementing CEP to move towards sustainable development.

Keywords: Circular economy practices, green innovation, big data analytics, digital transformation,
quality management practices, financial performance, ROA.
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Introduction

The world economy is growing, and the envi-
ronment is being polluted and degraded. Plastic
has emerged as one of the most widely utilised
materials because of its cost-effectiveness, es-
pecially in packaging. Therefore, it has become
a crucial element of municipal garbage man-
agement. Annually, an estimated 19-23 million
metric tonnes of improperly handled plastic
garbage are dumped from terrestrial sources
into aquatic bodies worldwide (Bergmann
et al., 2022). In addition, air pollution caused
by CO, emissions from industrial plants is also
at an alarming level through annual statistical
indicators. According to the Energy Informa-
tion Administration, China, the world’s largest
energy consumer, emitted 9,899 megatonnes
of CO, from fossil fuels in 2020. This figure rep-
resents 30.7% of the global CO, emissions for
that year (Cai et al., 2023). Consequently, miti-
gating CO, emissions is crucial for advancing
global objectives of low-carbon development
(Shen & Zhang, 2024; Zhou et al.,, 2024).
In short, the consequences of environmental pol-
lution are enormous; it inhibits the development
of countries. Therefore, it requires efforts to re-
search methods to help reduce environmental
pollution from researchers worldwide.

Circular economy practices (CEP) are en-
terprise activities aimed at recycling products
at the end of their life cycle (Le et al., 2023).
In addition, CEP also includes activities to re-
duce input resources and reuse defective
materials or products (Khan & Haleem, 2021).
CEP can help reduce the environmental impact
of production activities and help enterprises
develop sustainably (Singh & Singh, 2019).
Mazzucchelli et al. (2022) investigated the im-
pact of CEP, including waste treatment, reduc-
tion and recycling, on financial performance.
The findings showed that CEP enhanced fi-
nancial performance through the mediating role
of brand reputation. Yu et al. (2022) found that
CEP positively impacted financial performance
through the mediating role of environmental and
innovation performance. Besides, CEP also en-
hances economic and sustainable performance
(Chowdhury et al., 2022).

Vietnam has established itself as the most
rapidly expanding economy among emerging
nations, with an average growth rate of 7%
in recent years (Chowdhury et al., 2022). More
and more domestic and foreign companies are
investing in manufacturing goods and providing

services in Vietnam to optimise their supply
chains because Vietnam has cheaper labour
than neighbouring China (Deshmukh, 2021).
The production of goods negatively impacts
the environment due to industrial waste such
as plastic, liquid, and carbon emissions (Shen
& Zhang, 2024). In that context, scholars
and policymakers have recognised the CEP
metric as a means to address the constraints
of the conventional linear economic model
(Chowdhury et al.,, 2022). During COP26,
prime minister Pham Minh Chinh of Vietnam
committed to achieving net zero emissions
by 2050. Vietnam joined over 140 nations that
have vowed net zero emissions by the middle
of the century (Bui & Wang, 2024). Therefore,
CEP is essential for policymakers and com-
panies in Vietnam to help Vietnam achieve its
net zero commitment by 2050. Environmental
degradation is a global problem. Promoting
the application of CEP in economic activities
will help Vietnam reduce environmental pollu-
tion, thereby reducing pollution worldwide.

Various studies analyse the impact of CEP
on financial performance to provide empirical
evidence for researchers and policymakers.
The results of these studies are still inconsis-
tent. Some studies find that CEP has a posi-
tive impact on financial performance (Chen
& Dagestani, 2023; Mazzucchelli et al., 2022;
Yu et al., 2022), while others suggest that CEP
has no impact or a nonlinear impact on financial
performance (D’Angelo et al., 2023). Previ-
ous studies on the impact of CEP on financial
performance have been mainly conducted
in developed countries (Halog & Anieke, 2021;
Sarfraz et al., 2023). There are very few studies
on the impact of CEP on financial performance
in developing countries because developing
countries face technical barriers to apply-
ing CEP (Gedam et al., 2021). This study is
one of the first attempts to analyse the impact
of CEP on financial performance in a develop-
ing country. More studies in different contexts
and countries help researchers and policy-
makers better understand the impact of CEP
on financial performance.

This study has three main objectives to an-
swer three research questions (RQ). The first
question is (RQ71): What is the impact of CEP
on financial performance through the mediating
role of green innovation? The second question
is (RQ2): What is the moderating effect of big
data analytics variables on the relationship
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between CEP and green innovation? The third
question is (RQ3): How do digital transforma-
tion (DT) and quality management practices
(QMP) impact financial performance? The data
are collected from Vietnamese enterprises
in the manufacturing sector. We use the natural
resource based view (NRBV) theory founded
by Hart (1995) to propose hypotheses and ex-
plain the relationship between variables. Based
on the NRBV theory, this study proposes that
CEP is an organisational resource that can
create a competitive advantage through green
innovation. From this perspective, enterprises
can enhance CEP, creating green innovation
and advantages that competitors cannot imi-
tate. From these advantages, enterprises can
improve their financial performance.

From a theoretical aspect, the study contrib-
utes to explaining the impact of CEP on finan-
cial performance through the NRBV theory. This
contribution once again affirms the role of CEP
in creating enterprise competitive advantages,
improving business operations and chang-
ing towards sustainable development. From
a practical aspect, the study contributes to pro-
viding empirical evidence of the impact of CEP
on financial performance in the context of a de-
veloping country. The research results will en-
courage Vietnamese enterprises to apply CEP
in their operations and help Vietnam achieve
net zero by 2050. Achieving net zero by coun-
tries will promote sustainable development
worldwide. This study is structured into five
parts. After introduction, part one presents main
concepts such as the natural resource-based
view theory, circular economy practices, green
innovation, and research hypotheses. Part two
presents the research methodology. Part three
presents the research results, and discussion
and the last part is conclusion.

1 Theoretical background

1.1 Natural resource based view theory
Hart (1995) developed the natural resour-
ce based view (NRBV) theory based on
resource-based theory (RBT) by considering
the environmental impacts of manufacturing en-
terprises and directing enterprises towards sus-
tainable development. NRBV theory suggests
that a company may implement three strategies
to establish a competitive advantage by empha-
sising its natural resources, including pollution
prevention, product stewardship, and sustain-
able development (Hart, 1995). Specifically,

pollution prevention can be achieved through
control, which involves trapping, storing, and
treating emissions and effluents, and preven-
tion. In the early stages of pollution prevention,
simple changes can lead to significant emis-
sion reductions. However, as a firm improves
its environmental performance, further reduc-
tions become more challenging, often requiring
significant process changes or new production
technology (Hart, 1995). In this stage, enterpris-
es can apply product stewardship strategies,
including stakeholder integration, to minimise
product life-cycle costs and preempt competi-
tors. Overcoming obstacles in the product stew-
ardship stage, enterprises will move towards
sustainable development.

NRBV theory is applied in many different
fields, such as quality management (Nguyen
et al.,, 2024), human resource management
(Yahya et al., 2021), marketing management
(Rahman et al.,, 2021) and circular economy
practices (Coppola et al., 2023). In this study,
we use NRBV theory to explain the impact
of circular economy practices on green inno-
vation. Green innovation will help businesses
save costs and meet customer requirements,
thereby helping businesses have better finan-
cial performance.

1.2 Definition of key concepts

Circular economy practices (CEP) are ac-
tivities in which environmental concerns are
integrated into enterprise operations (Khan
& Haleem, 2021). CEP is a method to promote
the development of economy and sustainable
performance (Chau et al., 2023; Singh & Singh,
2019). In a circular economy, products and
materials are reduced and reused as much
as possible. Besides, waste and chemicals
that pollute the environment are minimised,
and products are recycled at the end of their
life cycle (Kristoffersen et al., 2021). The afore-
mentioned actions mitigate the negative envi-
ronmental effects of manufacturing operations
(Khan & Haleem, 2021). The integration and
synchronisation of the organisational activities
of marketing, sales, manufacturing, logistics,
IT, finance, and customer service inside and
between enterprises contribute to the im-
provement of corporate performance. This
result is achieved by terminating material and
energy loops, minimising input resources and
waste, and emission leakage out of the sys-
tem (Del Giudice et al., 2021). For the given
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situation, CEP allows business actions that are
good for the economy, society, and the environ-
ment in many ways (Farrukh & Sajjad, 2024;
Le et al., 2023; Noja et al., 2024).

Green innovation includes all kinds of new
ideas that help make important goods, ser-
vices, or processes that hurt the environment
less and use natural resources more efficiently
(Leal-Millan et al., 2017; Takalo & Tooranloo,
2021). Today, this form of innovation plays
a critical role by focusing on effectively utilising
natural resources to enhance the enterprise’s
operation. Furthermore, green innovation may
facilitate sustainable development (Leal-Millan
et al., 2017; Takalo & Tooranloo, 2021).

Green innovation combines innovations
that reduce the environmental impact of op-
erations by utilising enhanced technologies,
systems, and management practices (Singh
et al., 2020). Green innovation is distinguished
from conventional technological innovation
by its emphasis on facilitating the reduction
of environmental effects (Singh et al., 2020).
Green innovation also focuses on creating en-
vironmentally friendly products and processes
by adopting eco-design principles, using fewer
materials, and reducing emissions and water,
electricity, and other raw material consumption
(Leal-Millan et al., 2017; Singh et al., 2020).
In this study, green innovation is employed
by constructing green technology, processes,
and products.

According to Dang and Hieu (2024), per-
formance is measured by three indicators.
The first is financial performance measured
by profit, return on assets (ROS), or return
on investment (ROI). The second indicator
is market performance, measured by mar-
ket share and revenue. The third indicator is
shareholder returns, measured by shareholder
returns or the enterprise’s added value. Vari-
ous factors influence an enterprise’s financial
performance. Dang and Hieu (2024) analysed
the factors that influence financial performance.
The results showed that government support,
innovation, quality management practices,
and enterprise characteristics impact financial
performance. Yu et al. (2022) found that CEP
positively impacted financial performance
through the mediating role of environmental
and innovation performance. Zhai et al. (2022)
investigated the effect of digital transforma-
tion on firm performance using data from
Chinese enterprises. They found that digital

transformation positively impacts enterprise
performance. When enterprises implement
digital transformation, they have lower costs,
better efficiency in operation, and better in-
novation. These results lead to better perfor-
mance. In addition, quality management is
also a factor that affects financial performance.
Parvadavardini et al. (2016) collected data
from 152 Indian manufacturing enterprises
to investigate the impact of QMP and quality
performance on financial performance. The re-
sult shows that QMP and quality performance
positively impact financial performance.

1.3 Research model and hypotheses
According to NRBV, companies can imple-
ment CEPs as a strategy to gain a competi-
tive advantage, either by preventing pollution
through the use of recycled materials or by es-
tablishing policies and practices for the timely
disposal of machinery and equipment. How-
ever, in the long run, this will lead to signifi-
cant changes in processes or new production
technology (Hart, 1995). Moreover, firms can
engage in product stewardship by discon-
tinuing environmentally harmful operations,
revamping current product systems to minimise
liability, and creating new products with reduced
life-cycle costs (Hart, 1995). Consequently,
NRBV supposes that when companies imple-
ment CEPs, they will generate new products
with reduced life-cycle costs by considering
the potential for product reuse after they have
fulfilled their initial purpose during the design
phase. This approach fosters green innovation.
The relationship between CEP and green in-
novation is emphasised in the previous studies
(Le et al., 2023; Schultz & Reinhardt, 2022).
As a result, the authors propose that the imple-
mentation of CEPs has an impact on green in-
novation, including green process, technology,
and product innovation.

H1: Circular economy practices positively
impact on green innovation.

BDA is crucial in promoting circular eco-
nomy strategies and improving CEP through
green practices (Gupta & George, 2016;
Jeble et al., 2018; Kumar & Chakraborty, 2022).
The study by Kamble et al. (2021) emphasised
that BDA practices improve CEP and green
practices. Implementing BDA within the or-
ganisation will enable managers to promptly
and accurately determine the implementation
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of CEPs, thereby enhancing GI within the or-
ganisation. Khan et al. (2024) concluded
that BDA moderates the effect of green prac-
tices on green innovation. Thus, the research
proposes the hypothesis that BDA moder-
ates the relationship between CEP and Gl
in manufacturing enterprises.

H2: Big data analytics moderately impact
the relationship between CEP and Gl.

According to NRBV theory, product
stewardship strategy suggests focusing on
Environment-friendly materials and designing
more optimal production cycles. These activities
can reduce production costs and increase firm
performance (Pan et al., 2024). Green innova-
tion is the process of creating environmentally
friendly products and processes by implement-
ing organisational practices, such as using
fewer materials when designing products, using
eco-design principles and reducing emissions.
This approach also aims to reduce the con-
sumption of water, electricity, and other raw
materials, increasing financial performance,
including revenue, profit, and ROA. Numer-
ous previous researches have indicated that
organisations prioritise green innovation exhibit
superior overall performance compared to their
competitors. This result is because they utilise
their green resources and capabilities to promptly
and effectively address consumer requirements
(Albort-Morant et al., 2016; Leal-Millan et al.,
2017). Green innovation enhances corporate
image, identifying new market opportunities and
boosting success. Key outcomes include envi-
ronmental performance, financial performance,
competitive advantages, green image, and
customer loyalty. Practical green innovations
increase efficiency, core competencies, and
superior performance (Afum et al., 2021; Asadi
et al., 2020; Leal-Millan et al., 2017; Rezende
et al., 2019). Therefore, the authors suggested
that green innovation drives financial perfor-
mance in manufacturing enterprises.

H3: Green innovation positively impact
on financial performance.

The sustainable development strategy
in NRBV theory focuses on the combination
of stakeholders, especially technological co-
operation, to simultaneously meet economic
development and environmental protection
requirements (Hart, 1995). According to Chen
et al. (2015), digital transformation may boost

the company’s potential internal resources, ac-
quire new external resources, and coordinate
and integrate all internal and external resources
to promote dynamic capabilities. With the ex-
pansion of digital transformation, enterprises
can respond to the rising needs of consumers
and the market, gaining competitive advan-
tages and achieving excellent economic perfor-
mance (Li, 2022). Digital transformation helps
enterprises to increase process efficiency and
better manage resources. Hence, digital trans-
formation can improve economic performance
(Masoud & Basahel, 2023). Recently, Li (2022)
also demonstrated that digital transformation
enhances economic performance by analys-
ing survey data from 223 Chinese businesses.
However, the majority of investigations were
conducted in industrialised nations. Conse-
quently, investigating the link between DT and
financial performance in emerging economies
is still being explored. In this study, the author
proposes that digital transformation positively
affects financial performance.

H4: Digital transformation positively impact
on financial performance.

Quality management practices (QMP) are
a widely used management approach in numer-
ous countries that assists enterprises in achiev-
ing effective performance (Nguyen et al., 2024;
Sila, 2020). Companies applying QMP must
standardise their processes and continuously
improve quality. Quality improvement can incor-
porate pollution prevention, product stewardship,
and sustainable development strategies from
NRBYV theory to reduce product defects, reduce
costs, and increase performance (Nguyen et al.,
2024). Some studies indicated that QMP posi-
tively affected performance (Nguyen et al., 2021;
Sila, 2020). In addition, some papers, including
(Ochieng et al., 2015) and Liu et al. (2021), have
reported conflicting results. These papers sug-
gest that QM has a positive impact on ROA, but
it does not have an impact on profit and revenue.
In contrast, a few researchers concluded that
non-certified companies showed higher finan-
cial performance (Nair & Prajogo, 2009). Some
authors discovered no correlation between
financial performance and QMP (Kafel & Sikora,
2014). Conversely, few researchers concluded
that non-certified companies exhibited superior
financial performance (Nair & Prajogo, 2009).
In this study, the author continues exploring
the correlation between QMPs and financial
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performance in the context of companies under-
going digital transformation and CEPs.

H5: Quality management practices positive-
ly impact on financial performance.

Enterprise characteristics are also one
of the factors that affect financial performance.
Previous studies confirmed that enterprise
characteristics impact performance (Lin et al.,

2019; Xia & Walker, 2015). Xia and Walker
(2015) concluded that firm types positively im-
pacted enterprise performance. Lin et al. (2019)
confirmed that firm size significantly impacted
financial performance. In this study, we propose
firm type and firm size as control variables
that affect financial performance. We propose
the research model from the above hypotheses
and arguments, as shown in Fig. 1.

Research model

2 Research methodology and scales

This study uses quantitative methods to anal-
yse data, such as descriptive statistics, cor-
relation analysis and regression analysis.
We use the ordinary least square (OLS) method
to test the research hypotheses. According
to Tabachnick and Fidell (2013), OLS regres-
sion provides the best estimates when seven
OLS assumptions are met. These assumptions
are linearity in its error term and coefficients,
the mean of the error term is zero, no correla-
tions between the error term and the indepen-
dent variables, no serial correlation, constant
error term’s variance, no multicollinearity and
normal distribution of residual. First, we test
hypotheses H71 and H2 through Equation (1).
In Equation (1), green innovation (Gl) is the de-
pendent variable, circular economy practice
(CEP) is the independent variable, and big

Source: own

data analytics (BDA) is the moderate vari-
able. The results of the hypothesis testing will
be evaluated through the significance level
of the coefficients B, and B,. The coefficient of
CEP * BDA evaluates the moderate effect
of BDA on the relationship between CEP and
innovation. The letter i represents observations
with values from 1 to n, and a is a constant
in the regression equation. Finally, € represents
the error term of the regression result.

INNO, = o + B, * CEP, + 3, * CEP * )
* BDA, + ¢,

Next, we test hypotheses H3, H4, and H5
through regression Equations (2-3). In Equa-
tions (2-3), Y, is the dependent variable
measured through three parameters: revenue,
profit, and ROA. The independent variables
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include digital transformation (DT), green in-
novation (G/), and quality management prac-
tice (QMP). CONTROL represents the control
variables, including firm size and firm type.
The coefficients A, 8, y, and & are the regres-
sion coefficients. The letters p and v represent
the residuals of the regression equation. Equa-
tions (2—3) are presented in detail as follows.

Y,= A+ 0, * DT, + 0, * INNO, + @
+0, % QMP, + 1,

+6,* QMP,+ 8, * CONTROL, + v,

In Equations (2-3), CEP and DT are mea-
sured by the Likert scale. The CEP construct
is inherited from the study of Chowdhury et al.

(2022) and includes four indicators as follows:
“i) we work with clients/suppliers for ecological
design of products/services; ii) during the design
stage, we consider the possibility to reuse prod-
ucts after they have served their initial purpose;
iii) we are using recycled materials as inputs
in our processes; and iv) we have policies and
practices in place to dispose of machinery and
equipment on time.” The DT construct is inher-
ited from the study of Kuo et al. (2022) includes
three indicators as following: “i) our company
invests in digital infrastructure and facilities for
digital operation; ii) our company adopts digital
technology applications for digital operations;
and iii) our company empowers talented per-
sonnel and organisations to achieve digital op-
eration.” Details on the definitions of variables
and their measurement are presented in Tab. 1.

Definition of variables in the research model

Variables Labels Definition
Revenue REV Revenue at the end of 2023 (billion VNDs)
Profit PRF After-tax earning in 2023 (billion VNDs)
Return on asset ROA EBIT/total asset in 2023 (%)
Digital transformation DT Likert scale from Kuo et al. (2022)
Dummy variable, equals 1 if the enterprise had one
of the following activities in 2023 (using cleaner technology
Green innovation Gl to prevent pollution, using eco-labelling, using new technology
to minimise energy consumption, reducing, reusing and
recycling material); otherwise it equals 0
U G Dummy variable, equals 1 if the enterprise used advanced quality
v racti cg QMP management systems or obtained quality management system
p certificates (ISO 9001, 14001, HACCP); otherwise it equals 0
Gimrar economy CEP Likert scale from Chowdhury (2022)
practice
Big data analytic BDA Dummy v_arlable, gqua.ls 1if th_e er_lterprlse applies big data
analytics in operations; otherwise it equals 0
Firm size SIZE Number of staff at the end of 2023
Firm Type 1 TYPE1 Equals_1 |f_ the enterprise is in the food and beverage industry;
otherwise it equals 0.
Firm Type 2 TYPE2 Equals_1 |f_ the enterprise is in the rubber and plastic industry;
otherwise it equals 0
. Equals 1 if the enterprise is in the mechanical engineering
QURVESL TYPE3 and automation industry; otherwise it equals 0
Equals 1 if the enterprise is in the information technology,
Firm Type 4 TYPE4 | electronics, and telecommunications industry; otherwise
it equals 0

Source: own
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After proposing the research hypotheses,
we designed a preliminary questionnaire based
on previous studies on circular economy
practice and on factors affecting financial
performance of enterprises. The preliminary
questionnaire will be revised by group discus-
sions with experts, including circular economy
practice researchers (three members) and
company leaders (three members, including
managers and supervisor) involved in quality
management, innovation and digital transfor-
mation activities. After receiving comments from
the experts, we revised the questionnaire and
proposed the final questionnaire for the survey.

We collected data by interviewing the lead-
ers of enterprises in the manufacturing sector
based on the final questionnaire. We used
the snowball sampling technique. First, we con-
tacted our friends and alumni working in manu-
facturing enterprises to schedule an interview.
After completing the survey by interviewing,
we ask the respondents to introduce us to other
companies in the manufacturing sector that
they know so that we can continue to conduct
the survey. After we have more information
about other enterprises, we will contact them
and schedule the subsequent interviews. After
five months of data collection, we collected data
from 413 enterprises, including 55 enterprises

Descriptive statistics

in the food and beverage industry, 102 enter-
prises in the rubber and plastic industry, 154 en-
terprises in the mechanical engineering and
automation industry, 18 enterprises in the infor-
mation technology, electronics, and telecommu-
nications industry, and 84 enterprises in other
manufacturing sectors.

3 Results and discussion
3.1 Descriptive statistics
First, we analysed descriptive statistics to see
the distribution of the variables. Tab. 2 presents
details of the results. Among the 413 surveyed
enterprises, the average revenue is VND 804 bil-
lion (equivalent to USD 32.3 million), the maxi-
mum revenue is VND 91.536 billion, and
the minimum revenue is VND 0.1 billion. Enter-
prises have an average profit of VND 73.7 bil-
lion (equivalent to USD 2.96 million) and
an average ROA of 6.2%. Current enterprises
have low ROA because enterprises are still af-
fected by the post-COVID-19 and the negative
impact of wars in Europe and the Middle East.
For the independent variables, digital trans-
formation (DT) and circular economic practice
(CEP) were measured by a Likert scale with
mean values of 3.572 and 3.630, respectively.
This result shows that manufacturing enter-
prises have invested in digital transformation

Variables Mean Maximum Minimum Std. dev. Observations
REV 804.899 91,536.000 0.100 7,112.004 413
PRF 73.672 10,426.790 -6.811 715.006 413
ROA 0.062 11.332 -1.036 0.562 413
DT 3.572 5.000 1.000 0.955 413

Gl 0.240 1.000 0.000 0.427 413
QMP 0.453 1.000 0.000 0.498 413
CEP 3.630 5.000 1.250 0.908 413
BDA 0.206 1.000 0.000 0.405 413
SIZE 66.533 880.000 3.000 73.839 413

TYPE1 0.133 1.000 0.000 0.340 413
TYPE2 0.247 1.000 0.000 0.432 413
TYPE3 0.373 1.000 0.000 0.484 413
TYPE4 0.044 1.000 0.000 0.204 413

Source: own
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and circular economic practice. Cronbach’s
alpha analysis was used to assess the reli-
ability of these two variables. The analysis
results in Tab. 3 show that Cronbach’s alpha
of CEP and DT are 0.839 and 0.825, respec-
tively. These values are all greater than 0.7,
so the scale meets the reliability requirement
(Hair et al., 2019).

With green innovation activities, 24% of en-
terprises invested in these activities in 2023,

such as using cleaner technology to prevent
pollution, using eco-labelling, using new tech-
nology to minimise energy consumption, and
reducing, reusing and recycling material. This
rate is low because green innovation activities
always require a significant financial invest-
ment. Currently, enterprises in the manufactur-
ing sector in Vietnam still face difficulties due
to a lack of orders, so there is not much finan-
cial investment in innovation activities.

Reliability analysis of CEP and DT variables

. . Item (total Cronbach’s alpha | Cronbach’s
LEULLAE siestor geay A correlation) (if item deleted) alpha
CEP1 3.683 413 0.687 0.790
Circular CEP2 3588 | 413 0.639 0.811
economy 0.839
practice CEP3 3.661 | 413 0.689 0.789
CEP4 3.588 413 0.675 0.795
DT1 3.598 413 0.667 0.774
Digital DT2 3569 | 413 0.663 0.777 0.825
transformation
DT3 3.550 413 0.715 0.725
Source: own
For the quality management practice automation industry accounted for 37.3%,
(QMP) variable, 45.3% of enterprises ap- in the information technology, electronics,

plied advanced quality management systems
or obtained quality management system
certificates (ISO 9001, 14001, HACCP). This
rate is relatively high because manufacturing
enterprises are always concerned about qual-
ity management, which contributes to the en-
terprises’ competitiveness. The certificates
will help the enterprises meet the customers’
requirements. 20.6% of enterprises apply big
data analytics in their operations. This rate is
still relatively low because big data analytics
is a new technology. In Vietnam, manufacturing
enterprises lack expertise in big data analytics.
Besides, enterprises have not seen the benefits
of big data analytics, so they have not applied it
to their operations.

For the firm size, each firm had an average
of 67 employees. The largest firm had 880 em-
ployees, and the smallest had three employees.
Finally, for firm types, enterprises in the food
and beverage industry accounted for 13.3%,
in the rubber and plastic industry accounted
for 24.7%, in the mechanical engineering and

and telecommunications industry accounted
for 4.4%, and in other manufacturing sectors
accounted for 20.3%.

3.2 Correlation and regression results
Before regression analysis, we analysed
the correlation between variables in the re-
search model to see the relationship between
variables (Tab. 4). Correlation analysis helps
avoid the phenomenon of multicollinearity
when highly correlated variables are entered
into the model at the same time (Nguyen
& Nguyen, 2020). In regression Equation (1),
the correlation coefficient of CEP and
BDA is 0.3066. In Equations (2-3), the corre-
lation coefficient between the three indepen-
dent variables DT, GI, and QMP has values
from 0.2071 to 0.3671. The correlation coef-
ficients between independent variables are all
less than 50%, so there is a weak correlation
between independent variables. In other words,
the possibility of a multicollinearity phenom-
enon in the regression equation is not high.
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Correlation analysis

Variables REV PRF ROA DT (c]] QMP CEP BDA
REV 1.0000
PRF 0.8826 1.0000
ROA 0.0325 0.0239 1.0000
DT 0.1391 0.1389 0.0866 1.0000
Gl 0.1793 0.1775 0.1200 0.2459 1.0000
QMP 0.0755 0.0354 0.0702 0.3671 0.2071 1.0000
CEP 0.0921 0.0783 0.0755 0.6611 0.3743 0.4875 1.0000
BDA 0.1953 0.1951 0.1240 0.1970 0.9066 0.2107 0.3066 1.0000
Source: own

We test the first and second hypotheses
using regression Equation (1) with the depen-
dent variable green Innovation (Gl). The results
in Tab. 5 show that the variable circular economy
practice (CEP) positively impacts GI at a sig-
nificance level of 5%. The regression coefficient
corresponding to the variable BDA * CEP shows
the moderate effect of the variable big data
analysis (BDA) on the relationship between
CEP and GI. The results show that BDA posi-
tively impacts the relationship between CEP
and Gl at a significance level of 1%. In addition,
the VIF coefficients of a regression Equation (1)
are all less than 2, and the White (1980) test
for heteroscedasticity has a significance level
greater than 5%. This result proves that regres-
sion Equation (1) does not have multicollinear-
ity and heteroscedasticity.

Next, we conduct regression analysis using
Equations (2-3), with the dependent vari-
able being financial performance represented

by three variables: revenue, profit and ROA.
Equation (2) analyses the impact of indepen-
dent variables on the dependent variable,
while Equation (3) adds control variables (firm
size, firm type). The results in Tab. 6 show that
Gl positively impacts financial performance
in all regression equations, with a significance
level of 1% to 5%. The variable digital trans-
formation (DT) only positively impacts revenue
and profit but does not affect ROA. The vari-
able QMP does not affect the dependent vari-
able in all regression equations. For the control
variables, firm size impacts revenue and profit
but does not affect ROA. The variable TYPE4
has an impact on revenue and costs, while
the variables TYPE1, TYPE2 and TYPE3 have
an impact on ROA.

To ensure the reliability of the regression
equations, we estimated the variance inflation
factor (VIF). The results showed that all VIF co-
efficients in Equations (2—-3) were less than 2.

Regression analysis with green innovation as dependent variable

Variable Coefficient Std. error T-stat. Prob. VIF
Constant -0.0309 0.0409 —0.7547 0.4509
CEP 0.0234 0.0114 2.0533 0.0407 1.1614

BDA * CEP 0.2159 0.0060 35.9441 0.0000 1.1614
R-squared 0.7929

F-statistic 784.6578

Prob. (F) 0.0000

Source: own
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This result proves that the regression equa-
tions do not have multicollinearity. In addition,
we also performed the White (1980) test for
the regression equations. The analysis results

showed that the significance level of the het-
eroskedasticity tests was all greater than 5%.
This result proves that the regression Equa-
tions (2—3) do not have heteroskedasticity.

Regression analysis with revenue, profit and ROA as dependent variable

Independent Revenue Profit ROA
variables | Equation (2) | Equation (3) | Equation (2) | Equation (3) | Equation (2) | Equation (3)
Constant -2,479.8090 -3,452.5540 -270.3950 -334.1150 -0.0920 0.0121
DT 734.6030* 677.8280* 85.7970* 78.3770* 0.0297 0.0376
Gl 2,5653.7300*** | 2,290.9900*** 263.3300*** 236.6820*** 0.1330** 0.1406**
QMP 107.2160 -140.5900 -56.3740 -85.5730 0.0346 0.0533
SIZE 15.3680*** 0.9990** -0.0003
TYPE1 517.4290 160.1300 -0.2148**
TYPE2 -149.0000 16.3800 -0.1627*
TYPE3 -47.6400 -1.1810 -0.1311*
TYPE4 7,202.2100*** 422.4870** -0.1649
Observations 413 413 413 413 413 413
R? 0.0420 0.1200 0.0430 0.0750 0.0280 0.0440
F-statistics 5.9490 6.8940 6.0450 4.0650 2.7930 2.8150
Prob. (F-stat) 0.0000 0.0000 0.0000 0.0000 0.0450 0.0410
Note: *** 1% significance; ** 5% significance; * 10% significance.
Source: own

3.3 Discussions

The regression results in Tab. 5 show that
the circular economy practices (CEP) positively
impact green innovation (Gl). This evidence
supports hypothesis H7. This result is con-
sistent with the NRBV theory of Hart (1995).
Adopting CEP drives Gl by directing the en-
terprise resources, management systems, and
the involvement of stakeholders toward CEP.
This finding corroborates the earlier authors’
contention that CEP supplies an essential envi-
ronmentally friendly basis for fostering green in-
novations by converting the conventional linear
paradigm into a sustainable development para-
digm (Le et al., 2023). Furthermore, this finding
supports the assertion by Schultz and Reinhardt
(2022) that resources, management systems,
and knowledge play a crucial role in promot-
ing Gl. Next, the regression results show
that BDA positively impacts the relationship

between CEP and GI. The current outcomes
indicate that for enterprises applying BDA,
the impact of CEP on Gl will be greater than
when enterprises do not apply BDA. This result
supports the hypothesis H2. Prior studies have
also identified a positive effect of BDA on green
innovation (Khan et al., 2024; Le et al., 2023;
Schultz & Reinhardt, 2022).

The results in Tab. 6 show that Gl posi-
tively impacts financial performance, including
revenue, profit and ROA, with a significance
of 1% to 5%. This result supports hypothesis H3.
The impact of green innovation on financial per-
formance has been confirmed by previous re-
searches (Afum et al., 2021; Asadi et al., 2020;
Leal-Millan et al., 2017). Therefore, enterprises
with green innovation can improve their finan-
cial performance by managing operational
costs and satisfying customers and suppliers
(Rezende et al., 2019). People saw the benefits
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of green innovation in the form of better finan-
cial performance. This result included lower
costs for materials and energy use, lower
costs for getting rid of trash, and lower fines for
environmental problems.

The variable digital transformation (DT)
positively impacts financial performance, includ-
ing revenue and profit. This finding is consistent
with previous studies examining the effect
of digital transformation on financial perfor-
mance (Masoud & Basahel, 2023). In contrast
to the above results, DT does not affect ROA.
This result can be explained by the fact that en-
terprises spend much money to invest in assets
when implementing digital transformation. There-
fore, the ROA results of enterprises implement-
ing digital transformation are not high. Besides,
Li (2022) argued that the digital transformation
process should be comprehensive, as organisa-
tions must assess their level of digital maturity
and consider various influencing elements, in-
cluding organisational culture, management
team and employee preparedness, business
quality processes, and IT department prepared-
ness. In this context, it is important to note that
digital transformation does not provide immedi-
ate growth in a company’s profits. Specifically,
during the early phase of digital transformation,
enhancing a company’s economic performance
is expected to be limited.

Quality management practices (QMP)
do not affect financial performance. This result
is in contrast to the research results of Sila
(2020) and Nguyen et al. (2021) but similar
to the research results of Ochieng et al. (2015).
Liu et al. (2021) suggested that QMP only af-
fects financial performance in the short term.
In the long term, the positive impact of QMP
on financial performance will disappear one
to two years after achieving quality awards
or quality certification. For the control variables,
firm size impacts revenue and profit but does not
affect ROA. This result is explained by the fact
that the larger the company and the more em-
ployees, the more revenue and profit the enter-
prise has. In addition, firm type has a positive
effect on ROA. Enterprises in the information
technology, electronics, and telecommunica-
tions industry (Type 4) have higher revenue and
profit results than other enterprises. Enterprises
in the food and beverage industry (Type 1), rub-
ber and plastic industry (Type 2), mechanical
engineering and automation industry (Type 3)
have higher ROA results than other enterprises.

This result is similar to the research results
of Xia and Walker (2014) and Lin et al. (2019).
Different types of enterprises have different
competitive advantages and produce different
products, so different types of enterprises will
have different financial performance.

Conclusions

This study aims to examine the influence of cir-
cular economy practices (CEP) on financial per-
formance, specifically on attaining sustainable
development goals. Specifically, it focuses on
the responsible use of resources and mitigat-
ing environmental and societal consequences
of enterprise manufacturing. These efforts align
with the Vietnamese government’s objectives
to achieve net zero carbon emissions by 2050.
Using surveyed data from 413 enterprises
in the manufacturing sector, we empirically
tested the impact of CEP on financial perfor-
mance, including revenue, profit, and ROA and
obtained the following findings. First, CEP posi-
tively impacts green Innovation (GI). Second,
big data analytics (BDA) moderately impacts
the relationship between CEP and Gl. Third,
Gl positively enhances financial performance
including revenue, profit and ROA. Fourth,
digital transformation (DT) positively enhances
financial performance, including revenue
and profit. In summary, this study uncovers
how CEP, BDA, and DT improve financial per-
formance in the manufacturing sector.

Based on the study results, enterprises
should have business strategies in adopt-
ing circular economy practices to achieve
the Vietnamese government’s sustainability
goals, especially in promoting digital transfor-
mation activities. Enterprises should invest
in BDA to promote green innovation. Besides,
policymakers should enforce waste manage-
ment laws and strengthen existing policies,
with stricter enforcement of recycling and
waste segregation. The state should impose
high taxes on materials that are difficult
to recycle or cannot be recycled. In addition,
the state should also provide low-interest
loans or grants for startups and companies
investing in circular technologies. In addition,
the state can also invest in education and con-
duct public education campaigns to increase
awareness about the benefits of recycling and
sustainable consumption.

Nevertheless, this study is subject to its
limitations. Firstly, this study uses the snowball
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sampling method, which may have potential
biases, such as the presentation of certain firm
types or industries. Future research can try an-
other sampling method to minimise the biases
in the data collection. Secondly, the suggested
model was first assessed using cross-sectional
data, and future examinations may include
longitudinal data. Primary data sources such
as company annual reports, the General
Statistics Office database, the Vietnam Stock
Market database, and other relevant sources
may be utilised to analyse the causal connec-
tion between corporate environmental success
and financial success. Thirdly, this study only
examined the role of CEP in the Vietnamese
manufacturing industry, thereby lacking a cer-
tain degree of generality. Further enquiries can
be conducted in comparable economies such
as Germany, China, Japan, the United States,
and others. Finally, contextual factors may alter
the impact of CEP on financial performance.
Prospective future research should concentrate
on analysing the impact of moderating variables,
such as corporate strategy, institutional envi-
ronment, market risk, and atypical occurrences,
on the adoption of circular economy practices.
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Introduction current and future generations, individuals,
To address climate change, environmental deg-  companies, and nations must seek alterna-
radation, and the scarcity of natural resources  tive production and consumption methods
while guaranteeing a high quality of life for to balance society, the economy, and the
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environment (Kristensen & Mosgaard, 2020).
For that reason, the circular economy is pre-
sented as an alternative to an unsustainable
linear economy. As stated by Foft and Cerny
(2020), a circular economy could help solve
sustainability issues and minimise resource
intake (Alhawari et al., 2021). Although some
criticism regarding the linkage between circular
economy and sustainable development exists,
according to Merli et al. (2018), De Oliveira and
Oliveira (2023), and Korhonen et al. (2018),
circular economy contributes to SDG. Although
circular economy and sustainable development
are gaining popularity among researchers,
the role of circular economy practices in achiev-
ing sustainable development is fragmented.
The gap in research highlights the need for
a more comprehensive analysis to understand
how circular economy practices can be effec-
tively integrated and what specific benefits they
bring to sustainable development. As specified
by Rosa et al. (2023), the circular economy
fosters a symbiosis of sustainable practices, in-
novation, and economic capabilities, essential
for cleaner production and waste reduction.
Despite its importance, the integration and im-
pact of circular economy practices in sustainable
development, as mentioned above, are still not
thoroughly examined, as most research focuses
on the relationship between circular economy
practices and specific SDGs. Schroeder et al.
(2019) state that circular economy practices di-
rectly contribute to achieving several sustainable
development goals, including SDG 6 (clean water
and sanitation), SDG 7 (affordable and clean
energy), SDG 8 (decent work and economic
growth), SDG 12 (responsible consumption and
production), and SDG 15 (life on land). Dantas
et al. (2021) research showed that circular eco-
nomy and Industry 4.0 directly benefit SDG 7 (af-
fordable and clean energy), SDG 8 (decent work
and economic growth), SDG 9 (industry, inno-
vation and infrastructure), SDG 11 (sustainable
cities and communities), SDG 12 (responsible
consumption and production), and SDG 13 (cli-
mate action). However, there is a lack of studies
focusing on the relationship and impact between
a circular economy and the entire set of SDGs.
Hence, the present research aims to determine
which circular economy indicators most signifi-
cantly impact sustainable development goals
in European Union countries, emphasising
the importance of circular economy practices
as tools for achieving sustainable development

goals. This research explores the relationship
between the circular economy and its contri-
bution to achieving sustainable development
goals in European Union countries, the current
research gap in understanding how circular
economy practices contribute to the overall
sustainability of a country, as well as foster-
ing a deeper understanding of the circular
economy concept and its relation to sustainable
development. This research covers the entire
set of 17 sustainable development goals, while
most other studies typically explore the link
between the circular economy and specific in-
dividual goals. The research also covers an ex-
tensive list of countries, providing an opportunity
to gain a comprehensive view of the European
Union’s transformation towards a circular eco-
nomy and sustainable development. The Eu-
ropean Union is particularly significant in this
context, as the EU introduced its Green
deal with the ambition to become the first
climate-neutral continent. This initiative aims
to ensure no net emissions of greenhouse
gases, attain economic growth independent
of resource consumption, and guarantee that
no person and no place is left behind, aligning
with the vision of a sustainable future. The re-
sults of this study enable policymakers, busi-
nesses, and other stakeholders to recognise
the significance of circular economy practices
in attaining sustainable development, guiding
the development of policies that prioritise im-
pactful areas for countries dedicated to achiev-
ing sustainable development.

1 Theoretical background

A linear economy model, or the take-make-dis-
pose model based on unsustainable production
and consumption, is being changed to an alter-
native circular economy model aiming to miti-
gate environmental degradation, enhance
social equity, and foster sustainable economic
growth (Millar et al., 2019). Circular economy
strives to maximise the value and utility of prod-
ucts, materials, and resources through distinct
cycles, thereby aiming to dissociate economic
growth from the consumption of finite resources
(Grzymala, 2023). By promoting green innova-
tions and applying closed production cycles,
the circular economy reduces greenhouse
gas emissions, slows temperature rise, and
preserves the environment (Avramchikova
et al, 2021). On the other hand, sustain-
able development encompasses the pursuit
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of improved quality of life for current and future
generations, promoting economic growth, so-
cial stability, and environmental preservation.

There are ongoing discussions among
researchers about the circular economy and
its role in sustainable development. Merli et al.
(2018) state that while the circular economy pri-
marily addresses environmental and economic
issues, it also supports sustainable development
and contributes to achieving sustainable
development goals. Korhonen et al. (2018) ac-
knowledge that implementing circular economy
principles effectively supports all dimensions
of sustainable development, including social
factors. According to De Oliveira and Oliveira
(2023), the circular economy serves as a tool
to achieve sustainable development. Khajuria
et al. (2022) agree that the circular economy is
vital for sustainable development, and its ad-
vantages are broadly recognised by societies,
governments, and various stakeholders.

As stated by Mehta (2023), the circular eco-
nomy is a significant instrument for accelerating
progress toward achieving SDGs. Additionally,
de Oliveira and Oliveira (2023) confirm that a re-
lationship exists between the circular economy
and sustainable development. In order to vali-
date this, it is necessary to conduct an empirical
study and select suitable indicators.

Since this study focuses on a whole
set of sustainable development goals, one
of the ways to evaluate progress regarding
achieving these goals is the SDG index, which
was selected as a dependent variable in the cur-
rent research, while circular economy indicators
(independent variables) were selected based on
the European Union circular economy monitor-
ing framework, which is part of the EU’s strat-
egy for sustainable development. In other
words, in this research, the effect of selected
circular economy indicators on sustainable
development goals was evaluated.

The European Union’s circular economy
framework includes production and consump-
tion, which consist of material consumption
and waste generation sub-pillars. The circular
economy aims to redefine the traditional linear
economy by minimising waste and increasing
resource efficiency. As stated by Ottelin et al.
(2020), the circular economy seeks to mi-
nimise the use of raw materials by extending
the lifecycle of materials in use. It is crucial
to promote sustainable manufacturing. Ac-
cording to Nokele and Sebola-Samanyanga

(2022), sustainable manufacturing can be
achieved through a closed-loop 6R-based
concept, which includes reducing, reusing,
recovering, redesigning, remanufacturing, and
recycling, representing core circular economy
practices. This concept focuses on the envi-
ronmental impacts of manufacturing, including
energy consumption, waste generation, natural
resource use, and costs. In the context of mate-
rial footprint and waste generation reduction,
redesign and remanufacture are the main focus
of the concept. Reduce emphasises minimis-
ing resource and energy use and waste.
Redesign involves creating more sustainable
products, while remanufacturing restores used
products to a fully functional state. For waste
prevention, reuse in the 6R-based concept
emphasises extending a product’s life cycle
by repurposing it after its initial use and using
the same product or its components for subse-
quent lifecycles, thus reducing the demand for
new raw materials (Jawahir & Bradley, 2016).
If reuse and remanufacturing are no longer
available, recycling comes into place. Effective
waste management aims to reduce, recycle,
and treat waste, transforming it into valuable
resources. This approach aligns with circular
economy principles by viewing waste as a re-
source rather than a problem. The European
Union’s circular economy framework includes
waste management that consists of overall
recycling rates as well as recycling rates for
specific waste streams. As stated by Provin
et al. (2021), incorporating waste from one
industry into another, such as using food in-
dustry waste to produce biotextiles, promotes
sustainability and supports a circular economic
system. This also leads towards achieving
the sustainable development goals. This could
be applied to various sectors. As proposed
by Schitzenhofer et al. (2022), efficient con-
struction waste management is critical for
sustainable development as it helps conserve
natural resources, reduce landfill usage, and
lower carbon emissions, thereby contributing
significantly to the goals of a circular economy.

Secondary raw materials consist of the im-
pact of recycled materials on the demand for raw
materials and the trade of recyclable raw mate-
rials. As stated by Martins and Castro (2019),
the use of secondary raw materials plays a cru-
cial role in stabilising prices, reducing market
volatility, and mitigating supply chain risks. This
is particularly important for economies such
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as the European Union, which confront chal-
lenges related to resource depletion and envi-
ronmental impacts. Secondary raw materials
also reduce dependency on imports, which is
vital for countries with limited natural resources,
ensuring resource security and leading to sus-
tainable economic growth (Lee & Cha, 2020).
Promoting secondary raw materials also con-
tributes to achieving sustainable development.

Competitiveness and innovation encompass
private investment, employment, and gross
value added associated with circular economy
sectors and innovative activities. The relation-
ship between competitiveness and innovation
is a two-way relationship. The linkage between
competitiveness, innovation, and the circular
economy involves the integration of sustainable
practices to enhance business performance and
societal benefits. As stated by Bucea-Manea-
Tonis et al. (2021), green R&D, clean produc-
tion and innovations within a circular economy
framework help boost enterprise competitive-
ness. Saari et al. (2022) agree that manufactur-
ing companies that incorporate circular economy
practices into their operations notice improved
product or service innovativeness and com-
petitiveness. The circular economy maximises
resource value, minimises environmental impact
and promotes competitive and sustainable busi-
ness practices (Konietzko et al., 2020).

Global sustainability and resilience consist
of global sustainability and resilience derived
from the circular economy. Circular economy

principles improve sustainability and ensure
resilience in many ways, which were already
discussed in this section. As stated by Bag
et al. (2019), integrating circular economy
principles into supply chains can strengthen
resilience by encouraging sustainable manu-
facturing practices and minimising vulnerability
to disruptions. By reducing dependency on raw
materials, increasing efficiency, and generat-
ing new revenue streams, a circular economy
enhances economic resilience, affecting global
value chains and the economic system (Di Ste-
fano et al., 2023). Global sustainability and
resilience are vital to ensuring long-term envi-
ronmental, social, and economic stability and
achieving a sustainable and resilient future.

The literature indicates a strong connec-
tion between circular economy principles and
the attainment of sustainable development
goals. Based on the literature review, the fol-
lowing research hypothesis was developed:
the implementation of circular economy prin-
ciples positively contributes to achieving sus-
tainable development goals. In order to accept
or reject this hypothesis, the current research
was conducted.

2 Research methodology

In order to assess the impact of selected
circular economy indicators on sustainable
development, which is expressed via the Sus-
tainable development goals index (SDGI), panel
regression modelling was selected. The data

Selected independent variables — Part 1

Pillar Indicator

Definition

Material footprint (X)

Measures the total amount of raw materials
extracted globally to meet the consumption
demands of a country’s residents

Resource productivity (X,)

Measures the ratio of gross domestic product
(GDP) to domestic material consumption (DMC)

Generation of municipal

eI G £ waste per capita (X;)

consumption

Measures the amount of municipal waste
generated annually by each person in a given
population

Generation of packaging
waste per capita (X,)

Measures the amount of packaging waste
generated annually by each person in a given
population

Generation of plastic
packaging waste
per capita (X;)

Measures the amount of plastic packaging waste
generated annually by each person in a given
population
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Selected independent variables — Part 2

Pillar Indicator Definition
Recvcling rate of municioal Measures the percentage of municipal waste
yeing P that is recycled out of the total municipal waste

waste (X;)

generated

Recycling rate Measures the perceqtage of packagmg waste
; recycled, categorised by different types

LD of packaging waste by type of packaging materials such as plastic, paper,
management of packaging (X;) P ging P » Papet,

glass, and metal

Recycling rate of waste
of electrical and electronic
equipment (WEEE)
separately collected (Xj)

Measures the percentage of collected WEEE
that is recycled out of the total amount of WEEE
collected separately

Circular material use rate (Xj)
Secondary raw

Measures the share of material recovered and fed
back into the economy, reducing the need for new
material extraction

materials )
Trade in recyclable raw

materials (X,)

Measures the import and export flows of raw
materials that can be recycled and reintroduced
into the production process

Private investment and
gross added value related
to circular economy

Competitiveness sectors (X;)

Measures the financial investments and
the economic value generated by sectors involved
in circular economy activities, such as recycling,
repair, and reuse

and innovation

Persons employed in circular
economy sectors (X,)

Measures the number of people working
in industries related to the circular economy,
including recycling, repair, reuse, and other

sustainable practices

Consumption footprint (X;)

Global

Measures the environmental impact
of the consumption of goods and services
by a country’s residents, encompassing various
factors such as resource use, emissions,
and waste generated throughout the lifecycle
of consumed products

sustainability

o Greenhouse gases
and resilience

emissions from production
activities (X,,)

Measures the total amount of greenhouse gases
emitted as a result of production processes within
a country

Material import
dependency (X;)

used in the research were received from the Eu-
rostat open database. Selected independent
variables are presented in Tab. 1. The depen-
dent variable should be mentioned as SDGI.
The regression model is used on ten years’
worth of panel data from 2012 to 2021 (the lat-
est available data) for a sample of 27 EU coun-
tries. The focus on the EU countries has been
selected for several reasons. The EU has

Measures the extent to which a country’s economy
relies on imported raw materials to meet its
material needs

Source: own (based on Eurostat (2023))

established clear policies, such as the Circular
economy action plan, providing a clear frame-
work for member states, which they should
follow in order to transition to the circular
economy. Additionally, data from EU countries
is more consistent and accessible, making it
easier to compare their progress. However,
the results of the research could be considered
for non-EU members in order to reach progress
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in the circular economy context. The 10-year
period was selected mainly due to the available
data. However, it should be mentioned that
during this time, many countries began system-
atically reporting circular economy indicators
following the implementation of EU policies like
the Circular economy package and the global
adoption of the SDGs.

In order to find out the impact of the circular
economy on sustainable development, five

Research models

models have been developed. Before develop-
ing the models, they were tested for being fixed
or random-effect. For that purpose, the Haus-
man test was employed. According to the re-
sults, Model 1 appeared to be random-effects,
Model 2 - fixed-effects, Model 3 — random-
effects, Model 4 — fixed-effects and Model 5
— fixed-effects. The developed models are
presented in Tab. 2. It is worth mentioning
that the data used for Model 3, Model 4 and

Pillar

Definition

Production and
consumption

Model 1: SDGI; = a + B,X; + B, Xy + ByXyy + B Xy + BsXsy + Uy + €,

where: a — intercept; B, B,, B,, B., Bs — coefficients to be estimated for

the independent variables; u, — idiosyncratic error term for entity i at time t;
€;,— random error term

Waste
management

Model 2: SDGI, = a; + BeXoy + Br Xy + BeXey * Uy
where: a — intercept for entity /; B4, B,, B — coefficients to be estimated for
the independent variables; u, — idiosyncratic error term for entity / at time ¢

Secondary raw
materials

Model 3: SDGI, = a + BoXy; + B1oXyg + Uy + €,
where: a - intercept; B, B,, - coefficients to be estimated for the independent
variables; u, - idiosyncratic error term for entity / at time ¢; €, - random error term

Competitiveness
and innovation

Model 4: SDGI; = a; + By, X+ BipXig + U
where: a — intercept for entity /; B,,, B,, — coefficients to be estimated for
the independent variables; u, — idiosyncratic error term for entity / at time ¢

Global Model 5: SDGI; = ; + B15Xi5; + B1aXigr + B1sXisy *+ Ups
sustainability and | where: a — intercept for entity /; B,,, B4, B;s — coefficients to be estimated for
resilience the independent variables; u, — idiosyncratic error term for entity / at time ¢
Source: own
Pedroni cointegration test results
Modified - Augmented
Phillips-Perron | ' Millips-Perron Dickey-Fuller

Statistics 7.4832 -13.1879 -15.5561

Model 1
p-value 0.0000 0.0000 0.0000
Statistics 4.9491 -4.9582 -2.1897

Model 2
p-value 0.0000 0.0000 0.0143
Statistics 4.9415 -3.5869 -1.3442

Model 3
p-value 0.0000 0.0002 0.0894
Statistics 3.6603 -3.0644 -2.7263

Model 4
p-value 0.0001 0.0011 0.0032
Statistics 4.8159 -8.6632 -6.9737

Model 5
p-value 0.0000 0.0000 0.0000

Source: own
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Model 5, while the data used for Model 1 and
Model 2, was unbalanced, i.e., some data was
missing. However, this problem was resolved,
and the calculations were done with STATA,
which could handle unbalanced panel data
directly in most regression commands.

In order to proceed with the panel re-
gression analysis, it is essential to consider
the cointegration of the panels. Two series are
considered cointegrated if they share com-
mon trends, meaning they exhibit some level
of similarity. The null hypothesis posits that
the series are not cointegrated. In order to test
for cointegration, the Pedroni cointegration test
was utilised, which is considered to be one
of the most commonly used tests. The results
are displayed in Tab. 3.

The results provided in Tab. 3 indicate that
all the panels are cointegrated, so the research
results are provided below.

3 Results and discussion
In this study, five panel regression models
have been developed. Each group represents
one of the key circular economy areas based
on EU circular economy policy: production and
consumption, waste management, secondary
raw materials, competitiveness and innovation,
global sustainability and resilience.

First group: production and consump-
tion. The European Union’s circular eco-
nomy framework consists of 8 indicators

within the production and consumption area.
However, three indicators were excluded from
this research due to a lack of statistical data.
The used indicators include waste generation
per capita, waste generation excluding major
mineral wastes per GDP unit, and food waste.
The results of the panel regression modelling
are presented in Tab. 4.

As summarised in Tab. 4, three out of five
indicators are considered to be statistically
significant, and all three indicators have a posi-
tive effect on the Sustainable development
goals index. Based on the given coefficient
values, the material footprint (X;) has the most
considerable comparable effect, while the gen-
eration of municipal waste per capita (X;) has
the least. The result of material consumption
confirms the need for well-developed, circu-
lar production. Although increased material
footprint refers to a higher need for raw ma-
terials required to ensure the needs of society
and might seem as opposite as the ultimate
goal of sustainable development, in the long
run, increased demand for raw materials is
directed towards green innovation, or sustain-
able alternatives can help to achieve sustain-
able development goals. The positive effect
of the material footprint for achieving sustain-
able development goals might seem contradic-
tory; however, short-term and long-term effects
should be taken into account. In the short term,
investing in sustainable projects could lead

Production and consumption pillar’s panel regression results

Y Coefficient Std. error z P> |z| [95 conf. interval]
Material footprint (X,) 0.118 0.032 3.670 0.000 0.055 0.182
Resource 0.668 0.354 1.880 | 0.060 | -0.027 1.363
productivity (X;)
Generation
of municipal waste 0.006 0.001 5.760 0.000 0.004 0.008
per capita (X;)
Generation
of packaging waste 0.036 0.008 4.450 0.000 0.020 0.052
per capita (X,)
Generation of plastic
packaging waste 0.024 0.025 -0.990 0.323 -0.072 0.024
per capita (X;)
Cons 68.017 1.079 63.050 0.000 65.903 71.132
Source: own
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to an increase in material footprint. Such proj-
ects are usually related to sustainable infra-
structure or green technologies (for example,
renewable energy projects, electric vehicles,
and batteries) and require various materials,
which can be hard to extract. In the long term,
these infrastructures or green technologies pro-
vide environmental benefits, such as reduced
greenhouse gas emissions and support sus-
tainable development goals (Celik et al., 2024;
Razzaq et al., 2021). Since economies are
in a transition period and most countries have
not entirely switched to a circular economy and
are still highly dependent on the take-make-
dispose model, and since the circular economy
is in its initial phase, we can state that we are
in the short-term phase. The short-term phase
ends when circular economy principles become
widely integrated, resulting in more efficient
resource use and a reduced material footprint.

From another point of view, a higher ma-
terial footprint is associated with economic
growth. In some cases, as countries develop
and their economy grows, material footprints
could also increase. This is associated with
higher household incomes, leading to higher
expenditures as well. Countries could also in-
vest more in green technologies and reduce
their environmental footprint in the long run.
Such investments usually include advanced
waste management systems, as well as re-
cycling facilities or technologies that help
to improve the efficiency of resource use,
which in the long term reduce material footprint
(Sharma et al., 2021).

The generation of municipal waste and gen-
eration of packaging waste also has a positive
effect on the Sustainable development goals
index.

From an environmental perspective of sus-
tainability, waste has a negative effect on
the environment. However, from an economic
perspective, higher income levels are associ-
ated with higher waste generation per capita
(Ari & Sentiirk, 2020; Lagman-Bautista, 2020).
Since achieving sustainable development
goals is also related to economic growth and
increased household income, especially for
those who are in need, in the short run, it can
lead to increased waste generation per capita.
However, countries should implement policies
and invest in infrastructure to ensure that ad-
ditional waste is well managed, since effective
waste management is one of the most impor-
tant things when it comes to sustainability.

From the perspective of the research
hypothesis, this part of the results rejects
the hypothesis that circular economy principles
positively impact the achievement of sustain-
able development goals. However, the fact that
we are still in the short-term and developmental
stage may explain the effect of increased ma-
terial footprint and the generation of municipal
and packaging waste.

Waste management is also one pillar
of the European Union’s circular economy
framework. This part consists of 4 indicators;
however, the recycling rate of all waste, ex-
cluding major mineral waste, was not included
in this research due to a lack of statistical data.

Waste management pillar’s panel regression results

Y Coefficient | Std. error t P>t [95 conf. interval]
Recycling rate 0.111 0.011 10.30 | 0000 | 0.090 0.133
of municipal waste (Xj)
Recycling rate
of packaging waste 0.006 0.014 0.39 0.694 -0.022 0.033
by type of packaging (X;)
Recycling rate of waste
of electrical and electronic
equipment (WEEE) -0.042 0.009 -4.50 0.000 -0.061 -0.024
separately collected (X;)
Cons 77.908 1.140 68.33 0.000 75.661 80.155
Source: own
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The model consists of three indicators, and
panel regression results for this model are pre-
sented in Tab. 5.

As provided in Tab. 3, two out of three in-
dicators are considered statistically significant.
The recycling rate of municipal waste has a pos-
itive effect on the Sustainable development
goals index, while the recycling rate of waste
of electrical and electronic equipment (WEEE)
separately collected has a negative effect.
Based on the given coefficient values, the recy-
cling rate of municipal waste (X;) has the most
considerable comparable effect. Given that
the value is higher than the coefficient value
of generation of municipal waste per capi-
ta (X;), confirming the importance of recycling
facilities ensures that materials are returned
to the production cycle.

While recycling typically supports sustain-
ability, waste electrical and electronic equip-
ment (WEEE) present specific challenges.
Waste electrical and electronic equipment con-
tains scarce and valuable materials, meaning
that WEEE needs to be effectively managed.
If the recycling processes are not optimised
or if secondary raw materials are not effectively
reintegrated into the production cycle, it could
lead to inefficiencies that negatively impact
the sustainable development goals (Shittu
et al.,, 2021). At the current state, recycling
of waste electrical and electronic equipment is
intensive and complex process that include high
energy consumptions and the use of chemicals
to recover valuable materials, potentially in-
creasing greenhouse gas emissions and caus-
ing other environmental issues (Ardolino et al.,
2021). Inefficiency of WEEE recycling can be
related to weak regulation in some countries.
In the context of WEEE recycling, the focus to-
wards increased product durability and product
life extension is underestimated (Cole et al.,

2017). Extending the lifespan of electronic
devices has more significant environmental
benefits than recycling them once they turn
into waste. It is crucial to develop strategies for
reuse and repair to minimise the environmental
impact. This method preserves the embedded
energy and materials in the devices and sup-
ports the higher levels of the waste hierarchy,
which emphasises prevention and reuse rather
than recycling (Anandh et al., 2021).

From the perspective of the research hy-
pothesis, this part of the results partly confirms
the hypothesis. It is also important to highlight
that the effect of the recycling rate of municipal
waste is significantly higher than the generation
of municipal waste, emphasising the impor-
tance of investing in advanced recycling tech-
nologies to achieve sustainable development.

The third group: secondary raw materials.
The European Union’s circular economy frame-
work consists of 3 indicators within the second-
ary raw materials area. However, one indicator
was excluded from this research due to a lack
of statistical data. The final model consists
of 2 indicators, and the results are presented
in Tab. 6.

As shown in Tab. 6, both indicators are con-
sidered statistically significant. Both of these
indicators have a positive effect on the Sustain-
able development goals index. Circular material
use rate (X,) has the most considerable compa-
rable effect among the secondary raw materials
pillar’s variables. The circular material use rate
directly represents how effectively an economy
maintains materials within the economic system
and implements circular economy practices
while minimising waste and input of raw mate-
rial through closed loops. As stated by Walker
et al. (2018), material circularity as well as ef-
ficiency are essential elements of the circular
economy and can lead to reduced impacts on

Secondary raw materials pillar’s panel regression results

Y Coefficient | Std. error z P> |z| [95 conf. interval]
iy izl e 0.125 0.036 3.480 | 0.001 0.054 | 0195
rate (X;)
Trade inrecyclableraw |, o7 7 | 520607 | 1.990 | 0.047 |5.67¢-09 |8.68¢-0.7
materials (X,)
Cons 77.097 0.782 | 98.610 | 0.000 | 75565 | 78.630
Source: own
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the environment. Circularity also prevents re-
source scarcity and is aligned with sustainable
practices (Moraga et al., 2021).

Trade in recyclable raw materials also re-
duces the intake of natural resources and
enhances cross-country collaboration. In this
case, countries can ensure the needed demand
for resources and have a sustainable alterna-
tive for extracting natural resources. Trade
in recyclable raw materials is especially crucial
for less common materials like lithium, cobalt
or others (de Sa & Korinek, 2021). Trade in recy-
clable raw materials also promotes sustainable
development and can help to achieve various
sustainable development goals. This includes
international recycling systems that could help
manage waste more efficiently and reduce

environmental impact, as well as create new
job opportunities. Greenhouse gas emissions
can also be reduced by incorporating recycled
materials into production processes, which
reduces reliance on virgin raw materials. From
the perspective of the research hypothesis, this
part of the results confirms the hypothesis.

The fourth analysed group is competitive-
ness and innovation. The European Union’s
circular economy framework consists of 3 indi-
cators within the competitiveness and innova-
tion area. However, patents related to recycling
and secondary raw materials were not included
in this research due to a lack of statistical infor-
mation. The developed model consists of two
indicators, and panel regression results are
presented in Tab. 7.

Competitiveness and innovation pillar’s panel regression results

Y Coefficient | Std. error t P> |t [95 conf. interval]
Private investment
and gross added value | _, 510 o5 | 4780-05 | -0.470 | 0.639 |-1.17e-04 | 7.17e-05
related to circular
economy sectors (X,,)
Persons employed
in circular economy 2.87e-05 5.60e-06 5.130 | 0.000 1.77e-05 | 3.97e-05
sectors (X,,)
Cons 74.942 0.666 112.560 | 0.000 73.631 76.254
Source: own

As summarised in Tab. 7, only persons em-
ployed in circular economy sectors are consid-
ered statistically significant and have a positive
effect on the Sustainable development goals in-
dex, while private investment and gross added
value related to circular economy sectors are
not considered statistically significant based on
the given results (X,).

Generally, demand for circular economy
or green jobs is increasing each year. In some
cases, circular economy sector jobs, especially
in enabling circular economy sectors, require
higher skills or experienced employees (Burger
et al, 2019). Promoting circular economy
practices creates new job opportunities, en-
hances skills and innovation, and contributes
to sustainable and inclusive economic growth
(Kurnia et al., 2023). In this case, emerging
circular economy jobs foster innovations and

ensure decent work, promoting sustainable
development and contributing towards achiev-
ing sustainable development goals. From
the perspective of the research hypothesis, this
part of the results confirms the hypothesis.

Finally, the fifth investigated group is global
sustainability and resilience. The European
Union’s circular economy framework consists
of 3 indicators within the global sustainability
and resilience area; all these indicators were
included in the panel regression analysis.
The obtained results are provided in Tab. 8.

As can be seen from Tab. 8, all three indi-
cators are considered statistically significant.
Consumption footprint and material import
dependency positively affect the Sustainable
development goals index, while greenhouse
gas emissions from production activities
have a negative effect. Taking into account
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Global sustainability and resilience pillar’s panel regression results

Y Coefficient | Std. error t P> |t [95 conf. interval]
LTl 0.069 0.011 6.160 | 0.000 0.047 0.091
footprint (X,)

Greenhouse gas
emissions from -4.30e-04 6.24e-05 -6.870 0.000 -5.5e-04 | -3.1e-04
production activities (X,)
v ampont 0.110 0.026 4190 | 0.000 | 0.058 0.162
dependency (X,s)
Cons 70.737 1.558 45.400 | 0.000 67.668 73.081
Source: own

comparable effects, among all statistically sig-
nificant variables, material import dependency
(X;5) has the most significant comparable effect.
Greenhouse gas emissions from production
activities (X,,) have the smallest comparable
effect. From the perspective of the research
hypothesis, this part of the results partly con-
firms the hypothesis. The effect of consumption
footprint is related to the impact of material
footprint, which was explained in this research
previously. Rising efforts to reduce poverty and
boost economic growth can lead to increased
footprints among different sectors, which is
associated with increasing income and expen-
diture among the most disadvantaged groups
of people. It is essential to mention that footprint
increases more than income or expenditure;
however, it is clear that inequality of people
should be reduced even in compromises with
environmental aspects, but it is necessary
to look for ways to create a human operating
environment that is both eco-friendly and fair
(Scherer et al., 2018).

The effect of greenhouse gas emissions
from production activities is straightforward.
In the circular economy, all products are
designed and made to reduce waste and
maximise long-term value while also minimis-
ing greenhouse gas emissions and ensuring
efficient use of resources. It is aligned with sus-
tainable development, especially in the context
of the environmental pillar.

Although high material import depen-
dency can lead to vulnerability of economies,
supply chain disruptions or price volatility,
as well as high transportation costs and ad-
ditional greenhouse gas emissions, it could

also provide access to specific resources that
are not available domestically and are crucial
for green innovations, such as renewable
energy technologies. The import of materials
can also foster international cooperation and
partnerships, drive innovation, and enhance
the technological capabilities of a country.

Overall, the research partly confirms
the hypothesis that circular economy prin-
ciples positively impact the achievement
of sustainable development goals. Some
results were not as expected, including those
related to the production and consumption pil-
lar, as well as the consumption footprint from
the global sustainability and resilience pillar.
Additionally, particular results, such as the ef-
fect of material import dependency or trade-in
recyclable raw materials, may vary depending
on the context. However, it is undeniable that
the circular economy and its practices are
a crucial part of sustainable development.

The comparison of the results of this study
with the findings of previous research indicates
that a circular economy can significantly benefit
the achievement of all sustainable development
goals. Unfortunately, the individual examples
of prior research on the relation between cir-
cular economy and sustainable development
goals do not allow for a broad discussion
of the results presented in this study, since
the majority of previous research is focused
on specific sustainable development goals
or targets. As presented by Valverde and
Avilés-Palacios (2021), the circular economy
can help to achieve SDG 6 (clean water),
SDG 8 (decent work), SDG 12 (responsible
consumption and production), and SDG 15 (life
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on land). Schroeder et al. (2019) study revealed
that the circular economy directly contributes
to SDG 7 (affordable and clean energy). Dan-
tas et al. (2021) research showed contribution
to the mentioned sustainable development
goals as well as SDG 8 (decent work and eco-
nomic growth), SDG 9 (industry, innovation and
infrastructure), SDG 11 (sustainable cities and
communities), and SDG 13 (climate action).
Garcia-Saravia Ortiz-de-Montellano et al. (2023)
state that while circular economy practices most
effectively contribute to SDG 8 (decent work
and economic growth), SDG 12 (responsible
consumption and production), and SDG 13 (cli-
mate action), circular economy strategies can
contribute to all sustainable development goals.
Ferraz and Pyka (2023) emphasise that the cir-
cular economy primarily focuses on SDG 12 (re-
sponsible  consumption and production),
as well as SDG 9 (industry, innovation, and
infrastructure), SDG 7 (affordable and clean en-
ergy), and SDG 6 (clean water and sanitation).
However, when combined with the bioeconomy,
which is closely related to the circular economy
in terms of overall goals, it can contribute to all
sustainable development goals. This aligns with
the outcomes of this research.

Other, more specific research shows that
individual sustainable development goals can
also benefit from the circular economy. For in-
stance, Schroder et al. (2020) state that by cre-
ating inclusive employment opportunities and
empowering women in sustainable industries,
circular economy initiatives can promote gen-
der equality (SDG 5). This research shows how
the circular economy can contribute to a set
of sustainable development goals, which is
crucial for the EU’s ambitious goal to become
the first climate-neutral continent and ensure
that no person or place is left behind.

Conclusions

The aim of this research was to determine which
circular economy indicators most significantly
impact the Sustainable development index
in European Union countries. It emphasises
the importance of circular economy practices
as essential tools for achieving sustainable
development goals. Panel regression analysis
was used to empirically explore the impact
of the EU Circular economy monitoring frame-
work indicators on sustainable development,
as represented by the Sustainable development
goals index.

The results of the analysis are in line with
the prior studies and confirm the linkage between
circular economy and sustainable development,
as presented in the literature review.

Although different circular economy indica-
tors can have varying impacts on achieving
sustainable development goals, considering
both the possible short- and long-term effects,
the circular economy is one of the solutions
for a sustainable future. For instance, the cir-
cular material use rate and trade in recyclable
materials showed significant positive effects
on the Sustainable development goals index.
This can not only accelerate progress towards
sustainability but also ensure cross-country
collaboration and improve competitiveness
in the sustainable product market. The negative
effect of the generation of municipal or packag-
ing waste per capita highlights the need for
effective recycling and waste management
solutions. Together with the positive impact
of the recycling rate of municipal or packag-
ing waste, these factors contribute to achiev-
ing the sustainable development goals. This
research has several practical contributions.
It serves as a guide for understanding the re-
lationship between the circular economy and
sustainable development. This includes an ex-
tensive study of different circular economy pil-
lars and their impact on achieving sustainable
development goals. By highlighting specific
areas of the EU Circular economy monitoring
framework that have the most significant impact
on achieving sustainable development goals,
countries can refine their national policies to pro-
mote sustainable practices. Utilising the circular
economy as a tool can accelerate the achieve-
ment of sustainable development goals.

Additionally, this research contributes
to the academic field by filling gaps in the cur-
rent understanding of how circular economy
initiatives can directly influence sustainable
development goals. This research confirms that
using circular economy practices can accelerate
the achievement of the entire set of sustainable
development goals. Furthermore, the circular
economy, as a modern alternative to the linear
economy, contributes to a sustainable future.

This research proposes opportunities for
future research. Future research opportuni-
ties can build on this study by incorporating
a broader set of indicators from the EU Circular
economy framework. Due to data limitations,
some indicators were not included in the current
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analysis. Additionally, the analysis was con-
strained to a specific timeframe, which may
not capture long-term trends. Moreover, future
research could explore the potential of cluster-
ing countries based on regional or economic
backgrounds. By grouping countries with simi-
lar characteristics, research can provide in-
sights into region-specific or economy-specific
strategies and challenges. This approach could
enable more tailored policy recommendations,
ultimately supporting more effective implemen-
tation of circular economy principles. Another
direction for future research would be to target
specific sustainable development goals that,
according to other researchers, are most
closely related to the circular economy.

It should be noted that the current study has
several limitations. The indicators and data have
been collected from the Eurostat database;
however, the selection of the used indicators
might not capture all the dimensions of the cir-
cular economy, potentially omitting some
qualitative aspects, such as social inclusion,
cultural attitudes and behavioural changes.
Moreover, the current study focuses on the EU,
which limits the generalisation of the research
findings, and their application in other regions
is limited due to differences in the economic
and cultural context. In spite of the mentioned
limitations, the present research offers a solid
basis for understanding the role of the circular
economy in achieving sustainable development
in countries.
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Introduction (Mukherjee et al., 2023). Institutions, govern-
With demand exceeding supply and increased  ments, and individuals have called for prudent
environmental depletion, novel strategies are  measures to mitigate the ecological footprint
needed to meet the ever-appreciated popula-  due to the increasing population and limited re-
tion demand of individuals and enterprises  sources (Cheng et al., 2024; Rodriguez-Reb’es
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et al., 2024). Ecological footprint (EFP) is trig-
gered by different factors, including energy con-
sumption (ENE), urban pollution, deforestation,
and sea level depletion. According to the global
footprint network, Central European communi-
ties require four times the land size needed
to meet their ecological footprint (Fig. 1). Germa-
ny contributes 4.4986, Czechia 5.0830, Hungary
3.7886, Slovakia 4.1589, Slovenia 4.7899, Po-
land 4.6867, and Austria 0.25933 to global pollu-
tion (Network G.F., 2019). As a result, reducing
the footprint caused by anthropogenic activities
and global crises has led to the development
of various policies, such as the EU Green Deal
and the EU circular principle in 2015. The circu-
lar economy is a limited model for addressing
global waste, energy, and pollution (Almulhim,
2024). In 2015, the EU presented to its mem-
ber communities its circular economy strategy
of eliminating waste and pollution, circular prod-
ucts and materials, and regenerating nature
(EU, 2019). Establishing indicates that circular-
ity complements the EU Green Deal by limiting
the principle of make-use-disposed linearity.
Numerous academics have demonstrated
that a circular economy will help to meet
the sustainability progress set by many nations
(Yu et al., 2023). Waste-energy is one of the al-
ternative ways to reduce the huge landfill sites
around Europe (Halkos & Aslanidis, 2024). They
specifically demonstrated waste conversion
into energy for production or household con-
sumption. Additionally, waste separation and
trade in the EU countries accounted for 50%,
part of which is shipped to Vietnam for recycling
(Thapa et al., 2024). On the IPAT equation mod-
el, Figge and Thorpe (2023) examined different
principles to a sustainable level. These include
circular economy, operational eco-efficiency,
and sufficiency. Central Europe advocates
a circular economy and green deals to reduce
landfill waste. Exploring the interconnection be-
tween circularity and ecological footprint within
Central European communities is important.
Furthermore, these regions are experiencing
rapid economic progress, and there is no doubt
that they are investing in innovative procedures.
Research and development in technologically
innovative ways is an efficient way to depreci-
ate the ecological footprint within the Central
European communities (Alina-Petronela et al.,
2023; Hao et al., 2023). In Italy, Javed et al.
(2023) conducted an empirical evaluation
on green technology and ecological footprint

to enhance the quality of the ecosystem. Their
findings identify renewable energy and techno-
logical innovation (TNI) as the keys to reduc-
ing industry footprints. Similarly, Appiah et al.
(2023) found that implementing innovation prin-
ciples in 29 OECD communities between 1990
and 2020 reduced their EFP and improved
the quality of the ecosystem. Therefore, evalu-
ating the influence of technological innovation
in Central Europe will help improve biocapacity
and depreciate the ecosystem footprint.

Nevertheless, the financial strength of a na-
tion determines its development. Green finance
(GNF) includes green credit, bonds, and
loans, which are tailing towards a sustainable
economy (Qing et al., 2024; Yu, 2024). Mohsin
et al. (2023) evaluation in Europe demon-
strated that communities such as Poland could
decrease their emissions footprint by reducing
their coal funding. The EU taxonomy has re-
cently addressed the question of what sustain-
ably qualifies for green finance. The European
Union’s 1 trillion-euro investment to achieve
climate neutrality by 2050 is a way to inform
governments and investors to invest in sus-
tainable financial assets. Tiwari et al. (2025)
conducted a study on the progress of the green
economy in the USA between 1990 and 2021.
The results showed that financial development
had a lower emissions footprint. Similarly,
Sampene et al. (2023) investigated the ecologi-
cal footprint and green finance of South Asian
communities. The econometric findings demon-
strated that green finance was effective in de-
preciating ecological footprints. Similar work
has confirmed that green finance is important
in reducing the ecological footprint (Chen et al.,
2024; Sapp, 2024). The Central European com-
munities are no different from other economies
in terms of green finance principles.

The increased urban population and re-
source utilization are causing pollution in Cen-
tral Europe. According to the EU Report 2022,
urban pollution in the European Zone has
increased due to industrial and transportation
consumption of non-renewable energy sources
(Clora & Yu, 2022; Kirat et al., 2024). Addai
et al. (2022) evaluated ecological footprint
and urbanization in Eastern Europe using
various econometric approaches. The findings
indicated that urbanization had a bidirectional
relationship with ecological footprint. Addition-
ally, Cheng et al. (2024) empirically examined
China’s provincial dual carbon goals from
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2010 to 2019. The findings indicated that
the link between renewable energy innova-
tion was appreciated when urbanization was
added as a control variable. By employing the
cross-sectional autoregressive distributed lag
(CS-ARDL) model on G11 nations. Mehmood
(2024) analyzed the influence of urbanization
and ecological footing between 1990 and 2020.
The results show that urbanization increases
environmental depletion in regions. With more
industries and individuals moving into urban
communities in Central Europe, the demand for
natural resources and pollution has increased.

The literature has shown unclear relations
between energy consumption (ENE), circular
economy (CRE), urbanization (UBZ), green
finance (GNF), technological innovation (TNI),
and economic progress (ECP), with Central Eu-
rope not being unique. The following questions
are presented: (1) What is the nexus between
the EFP and its factors? (2) What, if any, ex-
planations are available for this relationship?
This investigation aims to evaluate the impact
of various factors on reducing ecological foot-
prints in Central European economies from
1990 to 2022. These factors include energy
consumption, circular economy practices, tech-
nological innovation, urbanization, and green
finance. The Central European economies
were chosen due to their under-representation

in environmental climate studies, significant
progress in the past two decades, and their
role as emerging economies with substantial
energy consumption. The V-4 group, including
Poland, the Czech Republic, Hungary, Slova-
kia, and Slovenia, has an expected growth rate
of 5% per year, while Central Europe is 6.4%
over the next 40 years, narrowing the gap with
the V-4 group. Notably, Central European econ-
omies account for more than 15.7% of the Eu-
rozone’s energy consumption on solid fuels
and rank among the top twenty in ecological
footprint (Mohsin et al., 2023). These regions
have embraced the EU’s green deal, circular
economy principles, and increased investments
in environmental technologies, green finance,
and renewable energy. The study employs
robust techniques such as the CCEMG and
AMG approaches, which address the dearth
of empirical studies in this area. In addition,
the study investigates the role of CRE, GNF,
and innovations in reducing the ecological foot-
print in the economies of Central Europe. Fig. 1
illustrates the EFP levels in Central European
communities.

The study commences with a summary
of the previous literature, then proceeds with
data and an econometric model, and con-
cludes with empirical findings and policy
recommendations.

EFP levels in Central European regions

Source: Global footprint network report (2023)
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1 Theoretical background
1.1 Circular economy and ecological
footprint

Given the volume of waste associated with a lin-
ear economy and the depreciation in nations’
biocapacity, the desire to employ a more sustain-
able approach is necessary to reduce industrial
and residential waste (Mukherjee et al., 2023).
Yu et al. (2023) evaluated China’s green growth
policy using the ARDL model. Their findings show
a correlation between the adoption of the circular
economy and waste trade at 0.15% and 0.07%.
Allevi et al. (2021) examine the various ap-
proaches to reusing waste within the com-
munities of Lombardy in Italy. The evaluation
developed a model to reuse waste to generate
electricity and goods. Tauseef et al. (2023)
stated that the EFP of the BRICS economies
is their high dependency on linear economy
principles regarding emissions abatement.
However, their carbon footprint has improved
following the Paris emission targets policies
and the development of innovative approaches.
Sauvé et al. (2021) explored blue, grey, and
green water sustainability to reduce water
contamination in the context of water footprint.
Despite the impact of climate change and linear
waste from enterprises on the quality and quan-
tity of water exploration, Sauvé et al. (2021) pro-
posed using eco-efficiency, circular economy,
and eco-innovation policies to mitigate the wa-
ter footprint. Meanwhile, Halkos and Aslanidis
(2024) studied municipal waste in European
communities, examining how enterprises can
harness this waste to generate energy. While
waste can negatively impact the ecosystem,
it can also serve as a valuable resource for pro-
ducing fertilizer and energy. Solid waste from
industrial poultry can be converted into fish feed
and other forms of fertilizer. Thapa et al. (2024)
suggest that the industrial level can achieve
a circular economy through waste trade and
management. Yang et al. (2023) have estab-
lished the principles of industrial ecology.

1.2 Green finance and ecological footprint
Research on GNF has recently emerged
in academia due to its impact in alleviating
ecological depletion (Mohsin et al., 2023).
In emerging economics, Vardar et al. (2023)
selected 47 nations to identify the long-run
effects of green finance. Their investigation
asserts that GNF and renewable energy utiliza-
tion are the paths to sustainable ecology. From

the point of resource scarcity, Zhang and Chen
(2023) asserted in China that green finance
and renewable electricity depreciate ecological
impact with a bidirectional relationship between
the variables. Employing the EKC model,
Yu (2024) explored the road to carbon neutrality
through natural resource utilization, highlighting
natural resources’ role in increasing emissions.
The results change when green finance is con-
nected to natural resources to mitigate the EFP.
In the more polluting economics of South Asia,
the principal effect of green finance and bioca-
pacity was evaluated from 1990-2017 on panel
analysis. Employing various econometric mod-
els and the EKC approach, the results demon-
strated that biocapacity appreciates ecological
footprint with green finance depreciation fac-
tor for EFP (Sampene et al., 2023). Likewise,
in the context of Europe, Sun and Rasool
(2023) confirm a material effect of green financ-
ing in reducing ecological footprint. Khan et al.
(2022) indicated that green finance is the an-
swer to the challenge for a nation to trigger
economic progress. Furthermore, Qing et al.
(2024) established that the Paris climate target
can be achieved through green finance. There-
fore, we expect that GNF will have an effect on
the mitigation of the EFP.

1.3 Technological innovation and
ecological footprint

Governments and policy communities have
been concerned with adopting and investing
in technological innovation to improve environ-
mental quality (Rodriguez-Reb’es et al., 2024).
Literature has established the effect of TNI
on EFP reduction and increasing the bioca-
pacity of nations. In China, Sun et al. (2024)
evaluated the petrochemical enterprises and
their investments in technology structures.
Their study concludes that technological in-
novation is a catalyst causing an increase
in environmental depletion. This happens when
environmental governance moderates it. Has-
san (2023) examined South Africa due to its
status as a prominent coal mining country.
From 1981 to 2017, the econometric findings
of the FMOLS indicated that the environmen-
tal impact significantly diminished as coal
exploitation was integrated with technological
advancements. This finding is corroborated by
the investigation of Bekun (2024) on net zero
carbon and technological innovation between
1975 and 2020 in South Africa. Particularly with
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UNSDG13, the empirical results demonstrated
that technological innovation mitigates short-
term and long-term carbon emissions. Further-
more, Kirat et al. (2024) expounds the effect
of climate changes and environmental external-
ities on data curation of 111 regions. The out-
come of the investigation established that
the European community’s energy consump-
tion was affiliated with temperature diseases.
Employing the ARDL model in the US, Tiwari
et al. (2025) explored technological innovation
and ecological footprint. The estimates indi-
cated that, in the long run, environmental pollu-
tion influenced the deprivation of ecosystems.
Affirming this research, twenty-seven European
communities, plus the UK and Switzerland,
were analyzed by Clora and Yu (2024). They
indicated that to mitigate carbon emissions
and carbon leakage, these regions should
adopt technological innovation approaches
and techniques.

1.4 Urbanization and ecological footprint

The rapid pace of urban development has put
pressure on the biocapacity within Central
European communities (Quito et al., 2023).
Chen et al. (2022) delves into 110 economics
on the effects of UBZ on EFP. The empirical
results pointed out that urbanization is a cata-
lyst for ecological footprint. They recommended
that nations with high human capital manage
their environmental depletion better. Accord-
ing to Sahoo and Sethi’s (2022) investigation
of new industrial communities, technological

Variables definition — Part 1

innovation in urban areas appreciates the qual-
ity of the environment. This is possible when
economic progress hinges on innovation,
research, and development policies. Addition-
ally, the environmental Kuznets curve (EKC)
model of economic progress is tired to urban
pollution. This was affirmed in the investigation
of Mehmood (2024) in G11 states. The econo-
metric test demonstrated that urbanization
and economic progress impact the ecosystem
partners. In the context of MENA regions, Satari
Yuzbashkandi et al. (2023) evaluation of panel
data from 1990-2019 on urbanization and eco-
logical footprint highlighted that urbanization
is not the cause of depreciation in biocapacity
leading ecological footprint. Meanwhile, Toth
and Sebova (2024) employed the SLR tech-
nique to investigate the influence of environ-
mental externalities in Kosice population bias.
This finding is corroborated by the results from
Africa by Ekeocha (2021) on the connection
between urbanization, economic progress, and
ecological footprint. They identify an N-shaped
distribution within low-income regions. This
phenomenon was attributed to the dispar-
ity in income levels. Furthermore, Khan et al.
(2023) established that urbanization did not af-
fect the ecological footprint in India. Diversified
studies have identified an effect of urbanization
on the EFP. Addai et al. (2022) Eastern Eu-
rope, and Arif et al. (2023) Pakistan. According
to the investigations above, urbanization ad-
versely contributes to ecological footprints, and
smart urbanization is the next novelty.

Variables Proxy Definition Reference
Ecolog!cal EEP Ecological footprint in global hectares https://data.footprintnetwork.org/
footprint (gha) per person
Green finance GNF GRF measures enV|ronmenta| product OECD
protection by residents
. . L https://databank.worldbank.
Circular CRE Waste recycling techng!ogles, industry orglreports.aspx?sou rewords-
economy value addition -
development-indicators
Tefchnolo_glcal TNI Measured with % of all technologies OECD
innovation
Ener Percentage of oil, gas, fossil fuel (non- hitps://databank.worldbank.
y ENE 9 - 9as, org/reports.aspx?sourceworld-
consumption renewables) R
development-indicators
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Variables definition — Part 2

Variables Proxy Definition Reference
https://databank.worldbank.
Urbanization uBz Percentage of urban total population org/reports.aspx?sou rewords-
development-indicators
Economic https://databank.worldbank.
ECP GDP (constant USD — 2015) org/reports.aspx?sou rewords-
progress P
development-indicators

2 Methodology

The evaluation employed panel data from
various verified databases, including the World
Bank, Global Footprint Network, and OECD, for
the period 1990-2022. The research has estab-
lished that ecological footprint is associated with
increased economic progress in the early stages
but declined in the long run with development
and changes from non-renewable to adopt-
ing renewable energy. However, these are not
the only factors contributing to ecological footprint
appreciation within the Central European commu-
nities. Urbanization signs have been confirmed
by Ekeocha et al. (2021). Technological innova-
tion and circular economy assessment by Yang
et al. (2023) demonstrated a negative nexus with
ecological footprint. Previous articles have recom-
mended green finance to help mitigate ecological
footprint and appreciation of biocapacity. Central
Europe was selected as it forms about 35.5%
of the European region of 27 communities.
The ecological footprint within these regions ac-
counted for four times the biocapacity available.
Tab. 1 presents the variables definition, measure-
ment, and sources employed for the research.

21 Econometric model
The evaluation employed various econometric
models that have been verified previously (Eke-
ocha et al., 2021). We developed our model
to present the link between CRE, GNF, TNI,
ENE, UBZ, and ECP on EFP.

The initial model was developed as:

EFP = f(TNI, GNF, CRE, UBZ, ENE, ECP) (1)

The variables were changed to the loga-
rithm form to have a favorable econometric
approach suitable for the analysis. According
to Sampene et al. (2023). Equation (2) presents
the technique.

Source: own

InECF,, = A, + M, InTNI,, + A,InENE,, +
+ A, InGNF,, + A, InUBZ,, + A; InCRE,, + (2)
+ AInECP,, + €,

where: In — log form; EFP — ecological footprint;
TNI — technological innovation; GNF — green fi-
nance; CRE — circular economy; UBZ — urban-
ization; ENE — energy utilization; ECP — eco-
nomic progress; coefficients of A, — A,. The slope
is coined as A, with the error assessment given
by ¢, t — the period 1990-2022; and i — Central
European communities.

Cross-sectional dependence and slope
heterogeneity test

Panel data analysis is susceptible to biased
interpretations and inaccurate statistical results
when cross-sectional dependence (CSD) is
overlooked or neglected. In panel data analy-
sis, obtaining reliable and unbiased estimates
necessitates identifying and correcting CSD.
Research findings and policy recommenda-
tions may be compromised if this dependency
is overlooked, perhaps leading to inaccurate
conclusions about the relationships between
the variables (Adebayo et al., 2023; Sampene
et al., 2024).

®)

Next, the slope homogeneity was evaluated
to identify the independent variables across
time and groups. When investigating whether
or not slopes are homogeneous, this evalua-
tion is crucial since it sheds light on how stable
the nexus is under different circumstances.
When using panel data studies to make predic-
tions or propose policies, it is essential to un-
derstand if the slopes are consistent. This is
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particularly true when the connections between
variables may alter over time or between di-
mensions. Equations (4-5) present the function
of the slope homogeneity test (SHT).

(4)

®)

where: ASHT denotes the delta of the slope and
AASHT presents the adjusted SHT.

Unit root test

Panel root evaluation is fundamental in panel
data analysis to ensure the order and the sta-
tionarity of the construct. In the econometric
approach common augmented dickey-fuller
(CADF) and cross-sectional augmented imp-
pesaran-shin (CIPS) tests are considered
to check for issues of cross-sectional in the data.
The utilization of the test expounds to the next
appropriate evaluation.

(6)

where: y — the disparities among the indicators;
X, — the variables assessed in this research.

@)

where: N — the research period; T — the cross-
sections among the indicators.

Cointegration test

The Westerlund (2007) cointegration test,
formulated for panel data, facilitates the exam-
ination of long-term connections between vari-
ables. Cointegration is essential in time series
evaluation, signifying a shared stochastic ten-
dency among variables. The Westerlund (2007)
test for panel data includes cross-sectional
dependence, which lets you examine whether
a set of variables has a cointegrating connec-
tion. This is especially useful for analyzing eco-
nomic phenomena with long-term equilibrium

dynamics, as it helps identify persistent co-
movements across variables spanning time
and various entities. Equations (8—11) demon-
strated the cointegration test.

®)

©)

(10)
P,=Tn, (11)

where: the means for the group statistics is de-
picted by (G, — G,) and the cointegration is do-
nated by (P, - P,).

Long-term estimation models

In panel data analysis, the common corre-
lated effects mean group (CCEMG) estima-
tor is a good way to deal with possible CSD.
The CCEMG estimator enhances the mean
group (MG) estimator by accommodating
common correlated effects (Pesaran, 2006).
The CCEMG estimator provides superior co-
efficient estimates compared to conventional
MG estimators due to its utilization of data from
the entire panel. This renders it particularly ad-
vantageous for analyzing economic processes
that exhibit interdependence across temporal
and spatial dimensions. This strategy enhances
our understanding of how prevalent factors
influence various units over time. It improves
the model’s accuracy and mitigates the bias
risks associated with neglecting cross-sectional
dependence. Designed to address the differ-
ences between cross-sectional observations,
the augmented mean group (AMG) estimator
is a valuable tool for evaluating panel data.
The AMG estimator enhances the conventional
MG estimator by incorporating individual-spe-
cific fixed effects. This addresses unobserved
heterogeneity among units, offering a more
adaptable and realistic framework for studying
panel data. The AMG estimator is particularly
useful when analyzing economic phenomena
that differ between entities, such as industries
or regions. The AMG estimator makes pa-
rameter estimates more accurate in panel
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data analysis by considering effects specific
to time and units. This makes econometric
studies stronger and more reliable. Equations
(12-13), which express the AMG technique
computationally, are based on a two-stage
methodology:

Phase | AMG technique:

(12)

Phase Il of the AMG technique:

(13)

where: @, — the intercept, Y, and X, — the evalu-
ated element; 9, — heterogeneous terms hav-
ing common causes that are not evaluated,
A — the initial operator of the indicators; time
dimension t; and p, — the model’s stochastic er-
ror term.

The CCE-MG technique is the next
archetypal estimator we employed since
it is a reliable and consistent estimator. The ro-
bustness of no affiliation structural weakness,
the serial connection between the series, and
unexplained common elements are all consid-
ered by the CC-MG (Kapetanios et al., 2011).
Equation (14) provides an algebraic expression
for the CCE-MG:

Yy=o,+B X, +6,n,+u, (14)
where: Y, and X, are shown as observed
variables; a,; — the definite group effect;
B, — the steep of cross-sectional estimators,
indicates the unidentified common component
that loads with 6, heterogeneous and p, depicts
the model’s probabilistic error term.

Equation (15) represents the enhanced ap-
proach with a mean CSD of the described and
unknown parameters:

Vi=a,+B,Z,+ ¢, y,+Z,+0,n,+p, (15

This regression was computed using
the ordinary least squares approach for each
cross-section. Equation (16) provides a rigor-
ous solution for estimating the country-wise
co-efficient used by linear models:

(16)

Robustness analysis
Driscoll and Kraay (1998) proposed the standard
error estimating method in panel data analysis,
which offers a robustness test, particularly when
using the CCEMG and AMG estimators. How-
ever, the accuracy of their parameter estimates
depends on the validity of the assumed covari-
ance structure. The DSK evaluation provides
a diagnostic tool to demonstrate the sensitivity
of results to potential misspecifications in the co-
variance structure. By incorporating these stan-
dard errors into the evaluation, researchers can
gain insights into their estimates’ robustness
and improve their findings’ reliability. As a way
to make panel data analyses more rigorous,
the DSK approach tests how stable the results
are under different assumptions about the cova-
riance structure. This makes sure that the econo-
metric conclusions are more solid and reliable.
As a result of the earlier discussion,
the analysis utilized the ordinary least squares
method to estimate the DSK equations, as des-
ignated in Equation (17).

Ve =Xy B2z, y + Wy (17)
i=1,..,N,t=1,..,T

where: y, — the explanatory variable (EFP);

x, — the regressors (TNI, GNF, CRE, ENE,

UBZ, ECP). In addition, u — the error term of the

function; j — the Central European communities;

t — the period for the research.

Panel causality test

The investigation employs the panel Granger cau-
sality test Dumitrescu and Hurlin (2012) to evalu-
ate the link. The DH test becomes even more
important when error terms are cross-sectionally
dependent. Furthermore, in heterogeneous and
balanced panels, the DH is applicable when
the duration is longer than the cross-section units.
In contrast to the alternative hypothesis, which
supports the existence of a causal nexus in the ar-
chetype, the null hypothesis of the DH Granger
causality test is based on the premise that there is
no causal interaction between the variables.

(18)
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where: m - the segment of the lag;
" — the model’s autoregressive parameters.

3 Results

3.1 Descriptive and correlation evaluation
The descriptive evaluation is explored to assess
the variables’ initial match for the econometric
analysis (Tab. 2). The results demonstrated that
economicprogress had the highestaverage mean

(26.078). Urbanization mean value is 15.812.
The results implied that 15.8% of Central Euro-
pean communities live in urban areas. The other
variables had the following mean values: tech-
nological innovation (5.977), circular economy
(8.496), energy consumption (0.864), and eco-
logical footprint (0.417). The variables had nega-
tive and positive skewness with their kurtosis
and Jarque bera distributed.

Descriptive evaluation

EFP TNI GNF uBz ENE CRE ECP
Mean 0.417 5.977 2.662 15.812 0.864 8.496 26.078
Median 0.861 5.648 2.543 15.734 0.851 8.352 25.885
Maximum 1.438 10.062 4.605 17.990 1.261 10.896 28.921
Minimum -2.553 0.100 -0.083 13.820 -0.377 6.329 23.997
Std. dev. 1.131 2174 0.711 1.234 0.206 1.201 1.365
Skewness -1.734 0.110 0.840 0.236 -1.176 0.602 0.706
Kurtosis 4.473 2.153 4.976 2.314 10.139 2.598 2.670
Jarque-Bera 136.769 7.373 64.816 6.671 543.942 15.512 20.248
Probability 0.000 0.025 0.000 0.035 0.000 0.000 0.000
Observations 231 231 231 231 231 231 231
Source: own

3.2 Cross-sectional evaluation and slope
heterogeneity

We use cross-section and slope heterogeneity

to check the independence of the indicators

explored in this research. Tab. 3 presents
the outcomes from Breusch-Pagan, bias-correct-
ed scaled, and Pesaran, along with their signifi-
cance. The distribution exhibits independence

Cross-sectional evaluation and slope heterogeneity

Breusch-Pagan Bias-corrected scaled |, Pesaran |,
InEFP 289.454 41.423** 41.314**
InTNI 385.529** 52.081** 51.972**
InGNF 142.865*** 33.738*** 33.447
InUBZ 386.188"* 56.349*** 56.240***
InNENE 297.732** 42.395"* 42.281™**
InCRE 132.769*** 16.166™ 16.056***
InNECP 307.953*** 44277 44.168™*
Slope homogeneity Test statistics
A 28.536™*
Aadjusted 32.704***
Note: *** p = <0.01; ** p = <0.05; * p = <0.10 indicate the significance levels.
Source: own
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due to its high significance. In addition, the slop-
ing heterogeneity depicts the nexus between
the indicators and their dependent variables.
The Aand Aadjusted highlights the favorable
levels of independent and dependent affiliation
across the variables.

economic progress, energy utilization, and
ecological footprint holds significant impor-
tance due to their sloping heterogeneity and
cross-section dependence. We used the CIPS
and CADF approach, as shown in Tab. 4,
to determine the stationarity of the indixcators.

We calculated the estimates at the first level,
ensuring a 1% significance level. The results
of literary works by Bekun (2024) for South

3.3 Unit root assessment
Examining the variables of technological in-

novation, circular economy, urbanization, Africa confirmed a unit root at the first level.
Unit root assessment
CIPS CADF
Series
Level First difference Level First difference
InEFP -1.120 -8.470** -1.486 -5.070**
InTNI 1.179 -10.776*** 1.650 -10.498***
InGNF 1.421 —7.458** -1.786 -6.781**
InUBZ -0.897 -7.216** 1.558 -13.554***
InENE -1.213 10.149*** 1.127 11.216***
InCRE -1.326 -8.246** 1.489 9.109***
InECP 0.850 -14.277*** 0.861 —12.742***
Source: own

3.4 Cointegration assessment

The investigation undergoes a cointegra-
tion evaluation of Westerlund’'s assessment
to confine a long-term relation between
technological innovation, circular economy,
economic progress, green finance, urbaniza-
tion, and ecological footprint between Central

European countries (Tab. 5). The cointegration
coefficient and p-values Gr and Pr established
a cointegration relationship and long-term
nexus within the variables for the research
period. In Asia, Ahakwa et al. (2023) and
Eastern Europe, Addai et al. (2022) align with
these results.

Cointegration assessment

Test Statistics p-value
G, —-6.954*** 0.001
G, -1.112 0.831
P, —-9.946*** 0.000
P, -1.472 0.654
Variance ratio 161.866*** 0.000

Source: own
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3.5 Long-term estimation

Tab. 6 presents an estimate of the CCEMG and
AMG models to explore the nexus between
technological innovation, economic progress,
circular economy, urbanization, and green
finance on the EFP in Central Europe. The find-
ings revealed that technological innovation,
circular economy, and green finance decelerate
ecological footprint, with a percentage change
in these variables econtributing to a reduc-
tion in ecological damage by 0.782, 0.303,
and 0.355, respectively. However, UBZ, ENE,

Long-term evaluation

and economic progress accelerated environ-
mental deterioration, with a 1% change contrib-
uting to values of 0.883, 0.601, and 0.652 under
the CCEMG approach. Likewise, AMG results
align with CCEMG estimates with minor
changes in coefficient values. This indicates
that an increase or decrease in these variables
aligns more closely with the EFP over the long
term. The diagnosis outcome of R-squares ad-
justed R-squares, and the F-statistics affirmed
that the independent variable explained the de-
pendent variable favorably under both models.

Variable CCEMG AMG
Coefficient Std. error Coefficient Std. error
InTNI -0.782*** 0.029 -0.407** 0.043
INGNF -0.355*** 0.068 -0.116*** 0.053
InUBZ 0.883*** 0.163 0.428*** 0.104
InNENE 0.601*** 0.266 0.590*** 0.697
INCRE -0.303*** 0.204 —0.734** 0.255
InECP 0.652*** 0.092 0.683*** 0.235
Constant 8.796*** 2.190 14.936*** 3.283
Diagnostic test
R-squared 0.869 0.854
Adjusted R-squared 0.861 0.845
SE of regression 0.658 0.715
Sum squared resid 97.190 96.135
Log-likelihood -227.781 -235.090
F-statistic 75.759 87.644
Prob(F-statistic) 0.000 0.000
Source: own

3.6 Robustness test

In Tab. 7, two econometric models were em-
ployed to test the robustness of the empirical
outcome from Tab. 6. The FMOLS and DSK es-
timators were considered following Ahakwa
et al. (2023) which served as a reliability
check. The estimates and coefficients affirmed

the previous results that technological inno-
vation, green finance, and circular economy
exhibited a positive effect on the ecological
footprint within Central European communi-
ties. Likewise, energy consumption, economic
progress, and urbanization negatively impacted
the ecological footprint.
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FMOLS and DSK evaluation

Ve FMOLS model DSK model
Coefficient p-value Coefficient p-value
InTNI -0.775** 0.000 -0.953** 0.004
InGNF -0.802*** 0.000 -0.862*** 0.000
InUBZ 0.825*** 0.003 0.785*** 0.000
InENE 0.947*** 0.000 0.931*** 0.000
InCRE -0.702*** 0.001 -0.597** 0.000
InECP 0.525*** 0.000 0.783*** 0.000
Note: *** depicts significant coefficient at 1%, ** 5% and * 10%, respectively.
Source: own

3.7 Causality test

We evaluated the causality approach of D&H
to assess the impact of TNI, CRE, ENE, GNF,
UBZ, and ECP on EFP in the Central European
region. The D&H principle outlines the long-term
bidirectional, unidirectional, or no-directional nex-
us between the indicators. As illustrated in Tab. 8
and Fig. 2, technological innovation had a unidi-
rectional connection with EFP in the long term.
The evaluation demonstrated that TN/ depreciates

D&H evaluation

the speed of ecological footprint within Central
Europe. The outcome depicts that policy adop-
tions toward technological innovation by enter-
prises and governments will lead to a quality
ecosystem. The work of Kirat et al. (2024) affirms
these findings. Again, the investigation revealed
that green finance had a two-way nexus with eco-
logical damage. The underlying results explained
that green finance upsurges or surges ecosystem
quality in Central European communities.

Null hypothesis W-stat. Z-stat. Prob. Decision

TNI &> EFP 2171 0.004 0.996

EFP < TIN 20.188*** 20.243 0.000 Unidirectional
ENE < EFP 12.5467** 7.426 0.000

EFP < ENE 10.058** 8.245 0.011 Bidirectional
GNF & EFP 1.464 0.788 0.430

EFP < GFN 8.172%** 6.746 0.002 Unidirectional
CRE < EFP 1.578 0.660 0.508

EFP & CRE 11.485*** 3.270 0.756 Unidirectional
UBZ & ECF 7.439** 0.305 0.020

EFP & UBZ 10.311** 4.148 0.000 Bidirectional
ECP < EFP 1.819 0.225 0.550

EFP < ECP 8.295*** 0.744 0.4565 Bidirectional

Note: EFP — ecological footprint; TN/ — technological innovation; CRE - circular economy; UBZ — urbanization;

ENE - energy consumption; ECP — economic progress.

Source: own
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Causality evaluation

4 Discussions

The highlighted findings from the CCEMG
and AMG models indicated that techno-
logical innovation had a negative link with
ecological footprint, with —0.775 and 0.953, re-
spectively, within the Central European commu-
nities. The results attested to the improvement
of green technological innovation investments,
such as electric automobiles. The European
Union deals with principles to forge and transit
to a more sustainable community. On the path
to UNSDG-13, Bekun (2024) explored South
African technological innovation methodologies
to mitigate ecological deterioration. The inves-
tigation’s findings confirm that technological
advancement enhances ecosystem quality.
Additionally, Saqib et al. (2024) examined ten
most polluted and with high ecological footprint
quota. The empirical findings demonstrated
that innovation deployment in the communities
had aligned with a depreciation in greenhouse
gas. Conflicting with our estimates, Sun et al.
(2024) established that China’s recent invest-
ment in petrochemical enterprises and adoption
of technological innovations had posed an in-
crease in their ecological footprint.

According to empirical estimates, a 1% ap-
preciation in green finance reduces ecological de-
terioration by —-0.355 CCEMG and -0.116 AMG
in the Central European regions. The recently
adopted green monetary policies (green bonds,

Source: own

green credit, and green loans) initiatives by
the EU central bank government are a signpost
to mitigate ecosystem damage. The experiment
conducted by Sampene et al. (2023) in South
Asian communities, the assessment conducted
by Khan et al. (2022) in 26 Asian regions, and
the evaluation conducted by Mohsin et al. (2023)
in European nations all support the notion that
green portfolios can enhance environmental
quality. Despite the positive findings, Sun
and Rasool (2023) found that these policies
in Europe’s top 10 green finance regions nega-
tively impact the environment. The article recom-
mended that a proper green finance initiative will
reduce environmental deterioration.

With the econometric empirical assess-
ment of urbanization, all the dynamic ap-
proaches established an upsurge in ecological
footprint with a percentage of 1% shift in ur-
banization, resulting in 0.833 and 0.428 favor-
able rises in environmental damage within
Central European communities. This outcome
is associated with the desire for the popula-
tion to move from rural enclaves to urban
communities in search of white-collar jobs,
infrastructure, and a favorable lifestyle. This
trend coincides with the rise in urban trans-
port emissions, which are primarily attributed
to fossil fuel emissions and road infrastructure.
Zhang and Chen (2023) investigation in China
illustrated the connection between carbon
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emissions and urbanization, affirming that ur-
banization appreciates China’s urban carbon
footprint. Similarly, Arif et al. (2023) confirmed
in the context of Pakistan that the urban carbon
footprint is associated with foreign investment
and the establishment of industrial enterprises
in urban areas. Contradictory to the estimates,
Addai et al. (2022) investigation in Eastern
Europe on the affiliation between ecological
footprint and urbanization for a period 1998Q4
and 2017Q4. Employing the econometric tech-
nique of common correlated effect mean group
and the Dumitrescu Hurlin causality, the find-
ings indicated that urbanization appreciate
ecological footprint. Also, a bidirectional cau-
sality was found between the nexus of urban-
ization and ecological footprint. Additionally,
Tanveer et al. (2024) argued that urbanization
improves the quality of ecosystems. An impor-
tant element in reducing the damaging effect
of urbanization could be linked to the aware-
ness-action nexus of Toth and Sebova (2024)
in the mitigation context.

Furthermore, ENE demonstrated a sig-
nificant and positive correlation, with EFP ac-
counting for 0.601 and 0.590 for every
1% increase in the use of coal, fossil fuels,
and gases in Central Europe. This evaluation
clarified that due to Central Europe’s reliance
on non-renewable energy, countries like Poland
and Hungary consume a significant amount
of coal and fossil fuels, increasing their carbon
footprint indices. This empirical study shows
that economic growth harmed the ecological
footprint, as shown by the coefficients 0.635
and 0.683 for the CCEMG and AMG approach-
es, respectively. This suggests that a 1% ap-
preciation in economic progress intensifies
the EFP in Central European regions. The out-
come from the investigation corroborates with
Baz et al. (2020) employed the nonlinear model
to examined ecological footprint in Pakistan be-
tween 1971-2014. The findings demonstrated
that energy consumption is affiliated with eco-
nomic growth resulting in carbon footprint rising.
Likewise, Qing et al. (2024) confirm a material
effect traditional energy consumption on eco-
logical footprint in Pakistan. They established
that both in the long and short run oil, coal, and
gas had adverse effects on biocapacity.

A circular economy had a favorable affilia-
tion with EFP in the long term, with a CCEMS
value of —0.303 and an AMG value of —0.734.
Circular economic principles are linked with

waste and food security to diminish ecological
footprints in the Central European commu-
nity. The global food indices for 2019 bring
household food waste to sixty-one percent.
The findings demonstrated that methodologies
like e-waste and recycling, reproduction, and
reuse reduce ecological footprints. In line with
the evaluations, Aimulhim (2024) assessment
in Kingdom of Saudi Arabia on the affiliation
between circular economy and environmental
sustainability. The outcome established that cir-
cular economy principles were able to improve
the nation’s food sector. Likewise, Thapa et al.
(2024) corroborated the affirmation that the cir-
cular economy paradigm reduces environmen-
tal deterioration. The research is not consistent
with the works of Figge and Thorpe (2023)
and Halkos and Aslanidis (2024). Unsurpris-
ingly, the circular economy had a major impact
on ecological footprint depreciation, with these
communities integrating the EU green deals
and principles into their sustainability target.

Conclusions

The increase in anthropogenic activities on nat-
ural resources has motivated the government
and researchers to evaluate these ecological
damages. The influence of technological in-
novation, green finance, circular economy,
urbanization, and economic progress on eco-
logical footprint is assessed in the Central
European communities. The data curation
from 1990-2022 was adopted from verified
sources to avoid bias. A robust econometric
approach was employed to test the data nor-
mality and its nexus effect. The cross-sectional
dependence and slope heterogeneity were
evaluated to estimate the various collinearities.
Likewise, the unit root and cointegration ac-
counted for the approach stability and long-run
connection between the variables. The study
highlighted that TNI, GNF, and CRE positively
impacted ecological footprints through CCEMG
and AMG estimators, which were confirmed
by the FMOLS and DSK approaches. This
analysis demonstrates that when Central Eu-
ropean communities adopt these measures,
their ecological footprint will be reduced. More-
over, the affiliation with the EFP highlighted
the negative impact of urbanization, economic
progress, and energy consumption. In this
sense, economic progress is needed to switch
to more efficient and renewable energy while
not affecting productivity.
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Next, the D&H causality was employed
to estimate the link between TNI, CRE, ENE,
GNF, UBZ, and ECP on ecological footprint.
Consistent with econometric approaches
evaluations, technological innovation, green
finance, and circular economy displayed
a unidirectional nexus with ecological footprint
within Central Europe regions. The results have
induced suggestions to depreciate ecological
damage without a reverse effect. On the other
hand, urbanization, energy utilization, and ECP
had a bidirectional nexus with the ecological
footprint in the Central European countries.
The findings exhibited policy directions to com-
bat environmental deterioration in the Central
European communities. Central European
countries should invest in research and support
industrial enterprises in adopting necessary
technologies to mitigate environmental dam-
age. Additionally, tax incentives and policies that
facilitate the inflow of technology from neigh-
boring regions to utilize eco-friendly resources
should be prioritized in future agendas. Again,
green finance had a favorable and significant
impact on the ecological footprint. Countries
such as Germany, which lead in green finance
policies like green credit, green bonds, and
green loans play a crucial role in directing in-
vestments. Regions like Poland and Slovakia
can adopt similar strategies to empower lo-
cal manufacturers with the necessary capital
to invest in energy projects, such as electric
vehicles and household energy efficiency,
thereby reducing their reliance on coal and
fossil fuels. Additionally, circular economy is
viewed as the future of resource conservation
because it keeps products in circulation and
allows them to be reused for various purposes
before they eventually end up in landfills. With
the EU Green Deal and the municipal waste
separation policy set for 2030, Central Euro-
pean communities that implement stringent
policies will lower their levels of municipal
waste, contributing to a healthier ecosystem
and potentially increasing life expectancy.
Furthermore, governments could modernize
small communities by improving basic facilities
and infrastructure to reduce migration to urban
areas. Encouraging the private sector to invest
in rural development such as opening branches
in these regions can help retain young people
and prevent them from moving to cities
in search of better jobs. Finally, as energy
consumption and economic progress go hand

in hand, it is recommended that governments
invest in renewable energy sources which are
more environmentally friendly. Additionally, poli-
cies should encourage households to minimize
energy use during times.

Limitation. The study has some specific
shortfalls, including the fact that it only includes
data from Central Europe. As a result, the find-
ings may not apply to Asian or African commu-
nities. Future research should explore regions
such as Africa, BRICS nations, Asia, and
Oceania. Moreover, various econometric prin-
ciples and methodologies should be employed
to analyze the affiliation between these factors
and the ecological footprint.
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Introduction outline a global development roadmap, but
Sustainability is a complex goal encompass-  progress across these goals is interconnected.
ing intertwined environmental, social, and Synergies occur when advancement in one
economic challenges. The UN’s sustainable = SDG benefits others, while trade-offs may limit
development goals (SDGs), adopted in 2015,  progress on other goals (Bali & Ranganathan,
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2021; Kuc-Czarnecka, 2020). This intercon-
nectedness necessitates a systematic analysis
of SDG relationships and potential tensions for
effective sustainability policies.

The circular economy (CE) has emerged
as a strategy to reduce environmental impact
by closing production cycles through recycling,
reuse, and material efficiency (Geissdoerfer
et al., 2017). However, CE risks becoming
an “empty concept” without a focus on inclusiv-
ity and equity, especially in sectors like recy-
cling, where informal labor dominates in less
developed countries, often under low social
protection (Amato et al., 2024; Gittins & Let-
enyei, 2023; Steuer et al., 2018).

This paper focuses on SDG8 (decent work
and economic growth) due to its dual empha-
sis on social and economic development,
making it a key target for examining SDG and
CE interactions. In many developing countries,
informal employment represents a large share
of the workforce, posing challenges for sus-
tainable development, as informality reduces
transparency and hampers sustainable policy
implementation (ILO, 2018).

In addition to informality, this study con-
siders the role of fiscal systems in promoting
sustainability. Informality acts as a barrier,
particularly in waste recycling, where lack
of regulation is common (Fevrier, 2022; Steuer
et al.,, 2018). A favorable tax system, how-
ever, can encourage sustainable practices,
particularly in countries with high informality
(OECD, 2022). This paper seeks to analyze
synergies and trade-offs between SDG8 and
CE indicators under varying informality and
tax scenarios, proposing hypotheses for future
empirical research.

For the purposes of this study, informality is
defined as the proportion of economic activities
and employment that operate outside of for-
mal regulatory and taxation frameworks. This
includes unregistered businesses and workers
who do not benefit from formal labor protections
(ILO, 2018).

Fiscality is defined as the array of fiscal
policies, including taxation and fiscal incen-
tives, that governments employ to regulate
economic activities and promote sustainable
practices. In this context, fiscality specifically
refers to the policy measures that can either
enhance or hinder the effectiveness of circular
economy practices in achieving sustainable
development goals (OECD, 2011).

This research is organized as follows:
a theoretical review introduces key variables
and relationships, the second section details
the methodology, and the third presents results
with a discussion. Conclusions and references
follow.

1 Theoretical background

The notion of sustainability in the literature
encompasses a systemic approach where eco-
nomic, social, and environmental aspects must
be balanced to ensure inclusive and long-term
development (Brundtland, 1989). In the quest
for a better world, the SDGs represent a com-
prehensive framework for achieving this pur-
pose. They set specific goals, concrete targets,
and indicators to assess progress. In this way,
countries can focus their efforts in a coordinated
manner. However, these goals are interrelated
with each other (UN General Assembly, 2015);
they interact through networks of interdepen-
dence that generate synergies or trade-offs.
These relationships, documented in work such
as that of Bali and Ranganathan (2021), are es-
sential for understanding how progress in one
area can spill over into others in order to maxi-
mize co-benefits and mitigate adverse effects.

In this context, the circular economy (CE)
has positioned itself as a strategy to promote
sustainability by reducing waste and maximiz-
ing resource efficiency (Stankeviciene et al.,
2020). The main CE indicators, such as re-
cycling, resource efficiency, waste reduction,
and reduction of CO, emissions, are indicators
that allow the progress and assessment of EC
toward a more sustainable economic system
(Ghisellini et al., 2016). However, CE presents
challenges when applied in social justice and
sustainable development contexts, especially
in lower-income countries. For example, waste
recycling, a core practice of CE, is highly linked
to informality in developing countries, where
workers without labour protection or social
security are involved in materials recovery
(Vazquez Silva & de Rivera Outomuro, 2024).
This calls into question the EC’s ability to pro-
mote sustainable development if there are not
adopted specific strategies to include these
sectors in decent conditions.

At this point, SDG8 is fundamental, as it
addresses both economic development and
social justice through the promotion of decent
work; hence, it is a key element in this re-
search. In developing countries, where informal
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Diagram of the interrelationships between SDGs and EC according
to the institutional context, tax burden and incidence of informality

employment reaches high rates in sectors such
as agriculture and industry, barriers to sustain-
able growth are exacerbated, affecting the abili-
ty of countries to implement formal EC practices
(International Labour Office, 2018).

Beyond income and development levels,
institutional support for sustainability is key
to advancing SDGs. Here, the fiscal system
refers to government policies that shape eco-
nomic and sustainability choices. A favorable
tax system with incentives promotes sustain-
able practices like circular economy initiatives,
resource efficiency, and emissions reduction,
lowering costs and boosting benefits for aligned
companies. A neutral tax system, lacking sus-
tainability incentives, may limit positive impacts,
especially in high-informality contexts where
limited tax reach and capacity make tax design
crucial, influencing connections between SDG8
and CE indicators (Barrie et al., 2022).

This model considers two interrelated
variables (SDGs and CE) across multiple sce-
narios, accounting for varying outcomes based
on context. Key factors include the govern-
ment’s commitment to sustainable development
(assessed through the fiscal system) and
the economic environment, particularly the

Source: own

influence of informal labor markets. This re-
lationship and its contextual variations are
shown schematically in Fig. 1. Fig. 1, provides
a schematic representation of how institutional
contexts, including tax burden and informality,
influence the interactions between SDGs and
CE indicators.

1.1 Variables in the model

While eco-design innovation and durability and
product life cycle are recognized as important
dimensions of the circular economy, this study
intentionally excludes these indicators to main-
tain afocused empirical analysis. Our framework
concentrates on recycling, resource efficiency,
waste reduction, and CO, emissions reduction,
which more directly capture the impacts of fis-
cal policies and labor informality on sustainable
outcomes. This narrower focus is supported
by the literature, which suggests that limiting
the range of indicators can enhance empirical
tractability and theoretical clarity (Kirchherr
etal., 2017). By aligning our analysis with these
dimensions, we ensure that the model robustly
assesses the influence of institutional contexts
on circular economy practices without diluting
the central relationships under investigation.
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We initially considered six CE indicators
(Tab. 1), but opted for four key ones (recycling,
resource efficiency, waste reduction, and
CO, emissions) to simplify the analysis. The lit-
erature supports this selection (Fraser et al.,
2023; Ghisellini et al., 2016; Lieder & Rashid,
2016) as it captures essential material man-

the elimination of durability and product life
cycle (DLLC) and eco-design innovation (EDI)
is explained, without undermining their impor-
tance, by the fact that they present challenges
in terms of precise quantification and their ef-
fects are often indirectly reflected in resource
efficiency and waste reduction. Tab. 1 shows

agement and direct environmental
Following Blomsma and Brennan

Circular economy indicators

Initial indicator

Equivalent final
indicator

impact.
(2017),

the CE summary of information captured for
each indicator.

Description of equivalence

1. Recycling (R)

Recycling (R)

The percentage of recycled materials is directly
represented in the final recycling indicator

2. Resource use
efficiency (ER)

Resource use
efficiency (ER)

The proportion of reused products is directly reflected
in this indicator, measuring resource optimization

3. Waste reduction
(RW)

Waste reduction (RW)

The amount of waste avoided is a fundamental aspect
that is retained in the waste reduction indicator

4. Product
durability and
lifecycle (DCLP)

Resource use
efficiency (ER) and
waste reduction (RW)

Extended product lifespan and durability reduce
the need for new resources (ER) and decrease waste
generation (RW)

5. Eco-design
innovation (IED)

Waste reduction (RW)
and resource use
efficiency (ER)

Eco-friendly design minimizes waste production
and optimizes resource use, indirectly contributing
to these indicators

6. Carbon
emissions (CO,)

Carbon emissions
(COy)

Circular economy practices that reduce carbon
emissions are directly represented in this indicator

1.2 The interrelationships of the different
SDGs with each other

Each SDG is expressed as an equation that
captures these interactions of synergies and
trade-offs with respect to the other SDGs.
The log-linear model represents the interrela-
tionship among the SDGs in a suitable way, due
to the characteristics of these variables. See
Equation (1).

log(SDG)) = B;, - 1og(SDG,) + B,; -
-log(SDG,) + By, - log(SDG,) +---+ (1)
+ By, - log(SDG,,) + €

where: B; coefficients represent the nature
of the interaction: if it is synergy (B, > O
or trade-off B; < 0), and ¢, represents the er-
ror term, capturing any unexplained variation
between SDGs. To represent these interrela-
tionships in matrix form, let SDG be a vector

Source: own

containing the log-transformed values of prog-
ress levels for each SDG: Equation (2).

)

The interaction coefficient matrix A is
a 17 x 17 matrix where each element; a; rep-
resents the influence of SDG, in SDG; shown
in Equation (3), where a; > 0, a; < 0, a; = 0 in-
dicates a positive synergy, a potential trade-off
and no direct interaction between SDG;
and SDG, respectively.

The baseline vector B is a 17 x 1 vec-
tor representing the baseline progress
levels of each SDG without interactions.
€ is a 17 x 1 vector representing external
factors or random variations impacting each
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SDG. The matrix equation is the one in
Equation (3).

10g(SDG) = B + A - 1og(SDG) + € 3)

where: A log(SDG) is the matrix product that
accounts for the influence of each SDG on
the others; B is the baseline level of each SDG;
€ is the error term vector.

Equation (4) gives the solution for solving
the system for SDG progress.

log (SDG) = (I-A)"- (B+¢€) 4)

where: | is the identity matrix of size 17 x 17
and (I — A) represents the inverse matrix
of I = A, which allows to capture the cumula-
tive effects of interdependencies across SDGs.
The invertibility of the matrix (/ — A) is a key
point and crucial for solving this model some
key considerations and justifications for

the likelihood of invertibility in this context must
be attended. The first condition is that the de-
terrmiant |[I — A| # 0. If the diagonal elements
of A are all 1, then (/ — A) will have zeros on
the diagonal, making it non-invertible and caus-
ing the system to have no unique solution.

As the main focus of this work is on SDG8
and the circular economy, taking into account
the influence of the informal economy and
taxation, this will not be an issue. Further-
more, this situation is analysed under dif-
ferent institutional scenarios. As a first step,
a review of the academic literature is carried
out to analyse the possible synergies and
trade-offs between SDG8 and the other SDGs.
So, we have selected for a more specific
analysis the SDG8 (SDG8 decent work and
economic growth), which is the one most ap-
propriate for analysing the most direct effects
of the informal economy and fiscality on the la-
bour market (Tab. 2).

Interactions of SDG8 with other SDGs and justification of coefficient signs — Part 1

SDG '"te’a(cf;f)“ sign Justification Source
Growth and jobs under SDG8 Wei et al. (2023);
SDG1 + reduce poverty by increasing Frey (2018);
income and opportunity Banerjee and Duflo (2011)
) Salifu and Salifu (2024);
Decent work improves food ) o
. . . Food and Agriculture Organization
SDG2 + security through higher income (2019);
and better access Larson and Larson (2019)
Stable jobs contribute to better . .
SDG3 + health by reducing insecurity Picatoste et al. (2021);
. . ) Benach et al. (2007)
and improving benefits
Makarenko et al. (2021);
Education funding and job quality Picatoste et al. (2018);
SDG4 + . - ;
improve access and employability Psacharopoulos and Patrinos
(2018)
- International Labour Office
Equal opportunities reduce gender (2019b);
SDG5 + gaps and ienncrlmjsnicc:)i economic Picatoste et al. (2022);
Rai et al. (2019)
Jobs support water infrastructure,
_ ) Mekonnen and Hoekstra (2016);
SDG6 +/ but growth can increase water UNESCO (2018)
strain
SDG8 can promote clean energy
_ } IEA (2024);
SDG7 +/ but may al_so raise energy demand McCollum et al. (2018)
if unmanaged
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Interactions of SDG8 with other SDGs and justification of coefficient signs — Part 2

SDG Intera;::;g)n sign Justification Source
Economic growth drives .
SDG9 + investment in sustainable industry Opoku et al. (2024);
. Mahmood et al. (2024)
and infrastructure
SDG10 + Decent work reduces inequalities Wilkinson and Pickett (2010);
by providing fair access and wages Piketty (2014).
Urban resilience depends
SDG11 +/- on sustainable planning; rapid Seto et al. (2012)
growth can strain resources
Growth encourages sustainable Suarez-Eiroa et al. (2019);
SDG12 +/- production; high demand can Geissdoerfer et al. (2017);
strain resources Jackson (2017)
Rueda Fiorentino and Coronell
Sustainable jobs support climate (2024);
SDG13 +/- goals, but traditional industries International Labour Office
may raise emissions (2019a);
Steffen et al. (2015)
Responsible growth protects .
SDG14 +/- marine life; unregulated growth Halpern et al. (2008),
Mora and Sale (2011)
can harm ecosystems
Sustainable industry benefits . .
SDG15 +/- biodiversity; unchecked expansion Barbier (2020);
. Dasgupta (2021)
risks ecosystems
Decent work enhances . .
SDG16 + governance by supporting AcemoquRand. Robinson (2012);
. . . odrik (2007)
economic stability and equality
Economic growth strengthens .
SDG17 + partnerships, increasing funding OECD (2018);
. Sachs (2015)
and collaboration

Source: own

SDG8 synergizes with SDGs1, 3, 4, and
10, as decent work and growth enhance sta-
bility, health, and equity. However, unsustain-
able growth risks environmental trade-offs
with SDGs6, 12, 13, 14, and 15. Mixed effects
in SDGs7 and 11 highlight the need for clean
energy and thoughtful urban planning to sus-
tain economic benefits.

Tab. 2 outlines SDG8'’s effects on oth-
er SDGs, highlighting growth and job creation’s
positive and negative impacts, contingent
on sustainable policies. Each sign is backed
by literature, providing a foundation for under-
standing interactions in the circular economy
and SDG context.

To model the interactions of SDG8 with
the other SDGs, the structure of the general
equation is in Equation (5):

10g(SDGy) = ), By 10g(SDG)) + €, (5)
j#8

where: SDG, represents the level of progress
of SDG8; SDG,; represents each SDG that in-
teracts with SDGS8; Baj is the interaction coef-
ficient, positive for synergies (+) and negative
for trade-offs (-); €, is the error term, capturing
other unexplained external factors.

To deepen the analysis of SDG8 (decent
work and economic growth), we formalized
a mathematical model using summations
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to capture synergies and trade-offs at the target
level, with each SDG8 target interacting with
other SDG targets, as shown in Equation (6):

(6)

where: SDG; represents overall progress
on SDG8; M,, are targets specific to SDG8;
M, are the particular targets of other SDGs
(with i # 8); 0y, ; is the interaction coefficient be-
tween SDG; target M,, and other SDG target:
M;; ag; > 0 indicates synergy (positive effect);
g ; < 0 indicates a trade-off (negative effect);
€, is the error term, which captures the unex-
plained variations.

This model captures all effects and in-
teractions, providing a comprehensive view
of economic growth and decent work policies
within the SDG framework. We have examined
SDG8's theoretical interactions with other SDGs
using a matrix to visualize synergies and ten-
sions. Then, we focused on SDG8's targets
in relation to circular economy (CE) indicators:
recycling (R), resource efficiency (RE), waste
reduction (RW), and CO, emissions reduc-
tion (CO,), clarifying SDG8’s role in circular
economy sustainability.

2 Research methodology

A log-linear model is the selected method
to analyse the interactions between SDGS8
and CE indicators. This structure allows in-
terpreting each coefficient B, as the elastic-
ity of the corresponding indicator on SDGS,
i.e., the percentage change in SDG8 resulting
from a percentage change in each EC indica-
tor (Greene, 2012). In addition, this approach
is suitable for capturing the saturation effect
in indicator performances, a feature observed
in sustainability and environmental efficiency
studies (Porter & van der Linde, 1995; Stern,
2004). Using a logarithmic approach, the lin-
earized model simplifies analysis of diminishing
returns, enabling clear interpretation of SDG8
and CE indicator interactions.

Through a relationship matrix capturing syn-
ergies and trade-offs, the model examines how
taxation and economic informality levels impact
these interactions. Simulation scenarios explore
how these factors affect CE practices’ progress
on SDGS8, identifying sustainable impact pat-
terns and critical policy areas. Variables and

log-linear relationships are detailed in Equa-
tions (5-6) for SDG interactions, and Equa-
tion (7) for CE. Taxation (favorable or neutral)
and informality (adjusted by a y coefficient for
low/high informality) define the institutional
context.

The theoretical model uses a log-linear
function to connect SDG8 with essential
CE indicators: recycling (R), resource ef-
ficiency (RE), waste reduction (RW), and
CO, emissions (CO,). This approach reflects
diminishing returns, where each additional in-
crease in CE indicators yields more minor mar-
ginal benefits as a saturation point approaches
(Daly, 1996; Tietenberg and Lewis, 2018).
The proposed functional form of the model is
in Equation (7):

log(SDGy) = Bo + BllOg(R) +

+ B,l0g(ER) + B;log(RW) + (7)
+B,(C0,) + ¢

where: log(SDG,) represents the loga-
rithm of SDG8 progress; B, is the constant
of the model; B, (for i = 1, 2, 3, 4) are the partial
elasticity coefficients that measure the per-
centage effect of each EC indicator on SDGS;
€ is the error term.

On the other hand, the relationship matrix
effectively highlights possible synergies and
trade-offs among multiple SDGs, offering a clear,
structured view of how each CE indicator might
impact various SDGs and vice versa. This is
particularly valuable in theoretical analysis, as it
facilitates examining multiple reciprocal relation-
ships, especially when effects are non-linear
or each SDG influences others both directly
and indirectly. As pointed out by Le Blanc
(2015), the synergies and trade-offs require
a holistic approach like this, as it allows theo-
rizing about the directions of interactions and
initially categorizing the effects as positive
(synergies) or negative (trade-offs), depending
on the literature or the specific context (Nilsson
et al., 2016).

3 Results and discussion

3.1  Results

Tabs. 3-6 are the four relationship tables,
linking the targets of SDG8 with each circular
economy (CE) indicator: recycling (R), resource
efficiency (ER), waste reduction (RW), and
CO, emissions reduction (CO,).
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Relationship among SDGB8 targets and recycling (R)

SDGS8 target

Relationship with
recycling indicator (R)

Justification

Academic source

Target 8.1: Economic
growth

Enhances growth
by improving resource
efficiency

Reduces reliance
on virgin resources,
promoting sustainable
growth

Porter and Linde (1995);
Geissdoerfer et al.
(2017)

Target 8.2: Labor
productivity

Supports productivity
in sustainable industries

Fosters innovation
in materials, boosting
green sector productivity

Stahel (2016);
Kirchherr et al. (2017)

Target 8.3: Job
creation in small and
medium enterprises

Creates jobs and
supports SMEs in waste
management

SMEs are crucial
in recycling, generating
green jobs

Ellen MacArthur
Foundation (2018);
McCarthy et al. (2018)

Target 8.4: Resource
efficiency

Directly improves
resource efficiency

Minimizes virgin material
waste, enhancing
efficiency

Kirchherr et al. (2017);
Korhonen et al. (2018)

Target 8.5: Inclusive
and sustainable
employment

Generates inclusive,
sustainable jobs

Recycling supports
formal, sustainable
employment

ILO (2022);
McCarthy et al. (2018)

Target 8.6: Youth
employment

Provides entry-level
opportunities

Offers accessible jobs
for youth in sustainability

Ellen MacArthur
Foundation (2018)

Target 8.7:
Eradication of forced
labor and child
exploitation

Formalization reduces
unregulated labor risks

Minimizes forced
labor and exploitation
in unregulated markets

Preston (2012);
ILO (2022)

Target 8.8: Worker
rights and safe

Formalization improves
workplace safety

Enforces regulations
that protect rights and

Stahel (2016);
Geissdoerfer et al.

environments safety (2017)
Target 8.9: . . . )
Sustainable tourism Not applicable No direct link to tourism N/A
Target 8.10: Financial Not applicable No direct relation N/A

access

to financial inclusion

Target 8.a: Aid for
trade

Aligns with sustainable
trade aid

Supports sustainable
recycling initiatives
in developing countries

Preston (2012);
Ellen MacArthur
Foundation (2018)

Target 8.b:
Job creation
and economic
development policies

Aligns with green job
creation policies

Policy support for
recycling promotes
sustainable jobs

McCarthy et al. (2018);
Kirchherr et al. (2017)

Source: own
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Relationship among SDG8 targets and resource efficiency (ER)

SDGS8 target

Relationship with
resource efficiency
indicator (ER)

Justification

Academic source

Target 8.1: Economic
growth

Enhances sustainable
growth by reducing
costs

Improved efficiency
lowers costs, supporting
sustainable growth

Geissdoerfer et al.
(2017);
Tietenberg and Lewis
(2018)

Target 8.2: Labor
productivity

Boosts productivity
through optimized
processes

Allows productivity
gains without major cost
increases

Stahel (2016);
Korhonen et al. (2018)

Target 8.3: Job
creation in small and
medium enterprises

Strengthens SMEs via
reduced material costs

Supports SMEs
by lowering costs and
enhancing efficiency

Kirchherr et al. (2017);
Ellen MacArthur
Foundation (2018)

Target 8.4: Resource
efficiency

Fully aligned with
improving efficiency

Resource-efficient
production reduces
waste and impact

McCarthy et al. (2018);
Stahel (2016)

Target 8.5: Inclusive
and sustainable
employment

Generates green
jobs in resource
management

Efficiency in resources
creates jobs
in engineering,
environmental fields

ILO (2023);
Kirchherr et al. (2017)

Target 8.6: Youth
employment

Opens sustainable job
opportunities for youth

Provides roles
in resource
management and
sustainability sectors

Ellen MacArthur
Foundation (2018);
McCarthy et al. (2018)

Target 8.7:
Eradication of forced
labor and child
exploitation

Minimizes reliance
on informal labor
practices

Efficiency sectors
support formal, safer
jobs

Preston (2012);
ILO (2023)

Target 8.8: Worker
rights and safe
environments

Reinforces safe,
regulated workplaces

Regulated practices
uphold safety and labor
standards

Stahel, 2016;
Tietenberg and Lewis
(2018)

Target 8.9:
Sustainable tourism

Not applicable

No direct impact
on tourism

N/A

Target 8.10: Financial
access

Not applicable

No direct impact
on financial services

N/A

Target 8.a: Aid for
trade

Supports sustainable
practices in trade

Trade aid can promote
efficiency in developing
nations

Tietenberg and Lewis
(2018);
Ellen MacArthur
Foundation (2018)

Target 8.b:
Job creation
and economic
development policies

Aligns with job creation
in sustainability sectors

Policies fostering
efficiency create jobs
in green sectors

Kirchherr et al. (2017);
Stahel (2016)

Source: own
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Relationship among SDG8 targets and waste reduction (RW)

SDGS8 target

Relationship with
waste reduction
indicator (RW)

Justification

Academic source

Target 8.1: Economic
growth

Supports sustainable
growth by lowering costs

Minimizing waste cuts
production costs and
resource dependency

Porter and van der Linde
(1995);
Geissdoerfer et al.
(2017)

Target 8.2: Labor
productivity

Boosts productivity
by reducing
inefficiencies

Waste reduction
streamlines processes,
increasing productivity

McCarthy et al. (2018);
Kirchherr et al. (2017)

Target 8.3: Job
creation in small and
medium enterprises

Creates jobs
in sustainable waste
management

SMEs in waste
management employ
workers in recycling and
sustainability

Ellen MacArthur
Foundation (2018);
Preston (2012)

Target 8.4: Resource
efficiency

Directly enhances
resource use efficiency

Minimizes material
use, improving overall
efficiency

Stahel (2016);
Korhonen et al. (2018)

Target 8.5: Inclusive
and sustainable
employment

Fosters formal,
sustainable jobs

Supports job creation
in recycling, waste
management, and

environmental sectors

ILO (2023);
McCarthy et al. (2018)

Target 8.6: Youth
employment

Provides entry-level jobs
for youth

Offers accessible jobs
in waste management
and sustainability

Ellen MacArthur
Foundation (2018)

Target 8.7:
Eradication of forced
labor and child
exploitation

Reduces informal labor
risks

Formal waste
management lowers
forced labor risks

Preston (2012);
ILO (2023)

Target 8.8: Worker
rights and safe

Improves safety and
worker rights

Formal waste practices
ensure regulated, safer

Stahel (2016);
Tietenberg and Lewis

environments workplaces (2018)
Target 8.9: . No direct impact
Sustainable tourism Not applicable on tourism N/A
Target 8.10: Financial Not applicable No direct impact N/A

access

on financial inclusion

Target 8.a: Aid for
trade

Aligns with sustainable
trade practices

Trade aid can support
waste reduction
in developing countries

Preston (2012);
Geissdoerfer et al.
(2017)

Target 8.b:
Job creation
and economic
development policies

Supports job creation
in waste management

Waste reduction policies
create jobs, fostering
green growth

McCarthy et al. (2018);
ILO (2023)

Source: own
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Relationship among SDG8 targets and WCO, emissions reduction (CO,)

SDGS8 target

Relationship with CO,
emissions reduction
indicator (CO,)

Justification

Academic source

Target 8.1: Economic
growth

CO, reduction supports
sustainable growth

Reducing emissions
lowers climate risks,
building resilience

Stern (2004);
Porter and Linde (1995)

Target 8.2: Labor
productivity

Low CO, emissions
enhance
competitiveness in
eco-markets

Complying with emission
standards boosts market
competitiveness

Geissdoerfer et al.
(2017);
Daly (1996)

Target 8.3: Job
creation in small and
medium enterprises

Low-carbon industries
create jobs in SMEs

SMEs in low-carbon
tech support eco-sector
employment

Ellen MacArthur
Foundation (2013);
McCarthy et al. (2018)

Target 8.4: Resource
efficiency

Emission cuts improve
resource efficiency

Reducing emissions
links to efficient resource
use

Tietenberg and Lewis
(2018);
Stahel (2016)

Target 8.5: Inclusive
and sustainable
employment

Low-carbon transition
creates green jobs

Supports job growth
in renewables and
sustainability sectors

ILO (2023);
Ellen MacArthur
Foundation (2013)

Target 8.6: Youth
employment

Green sectors create
jobs for youth

Low-carbon industries
offer opportunities
in renewables

ILO (2023);
McCarthy et al. (2018)

Target 8.7:
Eradication of forced
labor and child
exploitation

Regulated low-emission
sectors reduce informal
labor

Formalization reduces
forced labor risks

ILO (2023);
Stahel (2016)

Target 8.8: Worker
rights and safe
environments

Low-carbon sectors
support safe work
environments

Formal industries
uphold safety and labor
standards

Ellen MacArthur
Foundation (2013);
Tietenberg and Lewis
(2018)

Target 8.9:
Sustainable tourism

Low-carbon practices
indirectly support
tourism

Emission cuts align with
sustainable tourism
goals

Geissdoerfer et al.
(2017)

Target 8.10: Financial
access

Not applicable

No direct effect
on financial inclusion

N/A

Target 8.a: Aid for
trade

Aligns with sustainable
trade aid

Trade aid for emission
cuts supports
sustainable growth

Stern (2004);
Tietenberg and Lewis
(2018)

Target 8.b:
Job creation
and economic
development policies

Supports green job
creation

Low-carbon policies
drive job growth
in renewables

ILO (2023);
Ellen MacArthur
Foundation (2013)

Source: own
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3.2 Introducing the informal economy
in the model

An adjustment coefficient (y) that modulates
the impact of each circular economy (CE) in-
dicators on SDG8 (0 <y < 1). A high informal
economy may weaken the effectiveness of eco-
nomic development policies, limiting the ben-
efits of SDG8 in terms of formal employment,
tax collection, and sustainability. This adjust-
ment represents how the informal economy can
reduce or amplify the effectiveness of economic
development policies related to SDG8. Two lev-
els for y are considered: i) y,,, = 1, represent-
ing the low presence of the informal economy,
resulting in no additional negative effect; and
i) Yngn = 0.7, indicating no additional negative
effect and high presence of the informal eco-
nomy, reducing the positive effect of policies
by 30%, reflecting lower regulation and trans-
parency. The adjustment for each SDG8 target
related to the CE indicators are in Equation (8):

log(SDGg,) = ayy + v[(a,; log(R) +
+ a;,log(ER) + o, log(RW) +
+ ai4 log(COZ)] + eiy (8)

where: SDG; represents each specific SDG8
target; a,, a;, 0,, O, a, — elasticity coefficients
for target i with respect to each CE indicator;
y — informal economy coefficient adjusting
the intensity of the relationships; when y = 1,
the informal economy has no negative impact;
when y = 0.7, it reduces the positive effects
by 30%; €Y — error term for target i.

Comparing results across scenarios shows
that a low informal economy (y,, = 1) maxi-
mizes the impact of CE indicators on SDGS,
enabling effective SDG8 policies through higher
formalization, tax revenue, and labor regula-
tion, which support sustainable practices. Con-
versely, in a high informal economy (v, = 0.7)
CE indicators’ impact on SDG8 decreases
by 30%, as limited regulation and transparency
weaken policy effectiveness and reduce formal-
ization and tax revenue, hindering the circular
economy’s full potential for SDGS8.

3.3 Introducing the fiscality in the model

Fiscality, represented by the adjustment co-
efficient ©, modulates CE indicators’ impact
on SDGS8 targets based on the fiscal environ-
ment. Fiscal incentives can enhance the ef-
fectiveness of circular economy practices
in achieving SDGs. Two levels of 6: i) 8, = 1.2

represents a tax system that incentivizes circu-
lar economy practices with favorable policies,
such as tax credits or reduced rates for sustain-
able sectors, boosting SDG8 impact by 20%;
and ii) 8, = 1 represents a neutral tax system
with no additional incentives for sustainability,
keeping CE impact on SDG8 unchanged.
Similar to informality adjustments, this intro-
duces a new model specification in Equation (9):

log(SDGy,) = ayy + B[ (o, log(R) +
+ a;,log(ER) + a,log(RW) + 9)
+ o, log(CO,)] + €

where: 0 is the fiscal sensibility coefficient;
6, = 1.2 represents favorable taxation, amplify-
ing the positive effect of CE indicators by 20%,
and 6, = 1 shows neutral taxation, with no im-
pact on the effect of CE indicators on SDGS;
€9 — error term for target /.

To further enhance the practical relevance
of our model, we have linked the coefficients
to empirical evidence. As highlighted in the work
of Kirchherr et al. (2017), high levels of eco-
nomic informality can diminish the effectiveness
of fiscal policies by approximately 30%, which
supports our choice of setting v, = 0.7. Simi-
larly, studies on sustainable fiscal incentives
suggest that favorable tax regimes can en-
hance the positive impact of circular economy
practices by roughly 20%, justifying our selec-
tion of 6, = 1.2. These observations substanti-
ate our parameterization and demonstrate that
the chosen coefficients reflect real-world policy
impacts across diverse institutional contexts.

Results show that favorable taxation
(6,= 1.2) boosts CE indicators’ impact on SDG8
by 20%, as fiscal incentives encourage sustain-
able practices and circular economy invest-
ments. In contrast, neutral taxation (6, = 1) has
no additional effect, lacking incentives to sup-
port circular economy practices.

3.4 Combined scenarios - Considering
the impact of informality and taxation
jointly
The simplified model in which we combine
the interaction of these two variables would
become the one shown in Equation (10) and
in Tab. 7.

log(SDGBi) =0y + Ye[an log(R) +
+ o, log(ER) + a;log(RW) +
+ o, log(CO,)] + €®

(10)

2025, volume 28, issue 3, pp. 50-68, DOI: 10.15240/tul/001/2025-3-004 E M 61



Results for different scenarios related to informal economy

Scenario Coefficient values Equation Result
- Ltf);l‘v"i)r:;c;;:l?;::t?::my, g Z 12 (13) Highest positive impact
- Lo‘r'lv;:tf;:"t‘:)l(:t?::omy’ g z 18 (14) Moderately positive impact
3. Hifgh informal ec9nomy, Y i 0.7 (15) Moderately_ reduced positive
avorable taxation 0=12 impact
. Hig:eiur;frc:l'r:laa):aetf::omy, g z (1)3 (16) Lowest positive impact

Considering these adjustments by intro-
ducing both fiscality and informality, the model
in Equation (10) for each scenary becomes
as explained in Equations (11-15):

log(SDGy;) = o,y + YO[a; log(R) +
+ a,log(ER) + a,log(RW) + (11)
+ o, log(CO,)] + €°

The corresponding equations for the four
scenarios are:

Scenario 1 (S1):
log(SDGy;) = o,y + 1.2[a;; log(R) +

+ a;,log(ER) + a,log(RW) +
+ o, log(CO,)] + €°

(12)

Scenario 2 (S2):

log(SDGy;) = oy + o, log(R) +
+ a;,log(ER) + a;log(RW) +
+ o, log(CO,) + €)°

(13)

Scenario 3 (S3):

log(SDGg,) = o, + 0.7 - 1.2[ ot log(R) +
+ a,log(ER) + a,log(RW) + (14)
+ o, log(CO,)] + €°

Scenario 4 (S4):
log(SDGy,) = a, + 0.7[c;, log(R) +

+ a,log(ER) + a,log(RW) +
+ a,log(CO,)] + €)°

(15)

S1 represents the optimal scenario, with low
informality and favorable taxation amplifying

Source: own

CE indicators’ impact on SDG8 by 20%, maxi-
mizing sustainable practice effectiveness.
S2 has a moderately positive impact, where low
informality supports policy effectiveness, but
without fiscal incentives, resulting in a standard
impact on SDG8. In S3, high informality reduces
fiscal incentives’ effectiveness, leading to a net
impact reduction of 16% on SDG8. The last
scenario is the least favorable, where high infor-
mality and neutral taxation reduce the positive
impact by 30%, making it the weakest option.

This model, shown in Equation (16), can
be applied to each SDG8 target to evaluate
the joint impact.

(16)

Key takeaways from these results

Best-case scenario: the low informality, favor-
able taxation scenario offers the highest impact
on SDG8, showing that a formal labor market
with supportive fiscal policies is crucial for
maximizing CE contributions to sustainable
development.

Moderate impact with low informality:
neutral taxation still yields a positive impact
but lower than with fiscal incentives. Formal
employment structures are necessary, but
additional fiscal incentives are needed to fully
leverage CE practices.

Diminished fiscal effectiveness with high
informality: In the high informality, favorable
taxation scenario, fiscal incentives’ benefits
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are partially offset by high informality, indicat-
ing fiscal policies’ effectiveness relies on lower
informality levels.

Worst-case scenario: high informality,
neutral taxation has the lowest impact, show-
ing that high informality combined with a lack
of fiscal incentives severely limits CE benefits
for SDG8.

3.5 Discussion

The results of this theoretical model, particu-
larly the differential impact of circular economy
(CE) indicators on SDG8 under varying levels
of informality and taxation, are consistent with
findings in recent literature. For example, Barrie
et al. (2022) explore the “circularity divide” and
confirm that structural inequalities such as in-
formality can weaken the benefits of CE initia-
tives. Similarly, Amato et al. (2024) highlight
the importance of integrating informal workers
into formal structures to enhance the environ-
mental and social outcomes of recycling sys-
tems, an effect mirrored in our scenarios where
high informality reduces the positive impact
of CE on decent work.

From a fiscal perspective, the positive influ-
ence of favorable taxation policies is aligned
with OECD (2022) findings, which underscore
the need for targeted green fiscal policies
to unlock CE investments. The model’s result
showing stronger impacts under favorable fis-
cal contexts echoes the empirical conclusions
of Fraser et al. (2023), who show that circularity
is more advanced in economies with structured
policy incentives and low levels of informality.

Moreover, the logic of synergies and trade-offs,
central to this paper’s modeling approach, builds
upon previous network-based analyses of SDG
interlinkages (Bali Swain & Ranganathan, 2021;
Le Blanc, 2015). The specific interaction between
SDGB8 and CE indicators reinforces earlier claims
by Geissdoerfer et al. (2017) and Ghisellini et al.
(2016), who emphasize that CE practices, when
embedded in inclusive economic frameworks,
are more likely to generate both environmental
and social co-benefits.

In contrast, contexts with high informality
and neutral fiscal policies mirror the limitations
identified by Fevrier (2022), who critiques the ef-
fectiveness of CE policies when they overlook
structural barriers such as informality or lack
of fiscal capacity. This supports our worst-case
scenario, where CE practices have diminished
effects on sustainable employment.

Thus, this work adds to the growing body of lit-
erature that calls for integrated, context-sensitive
policy frameworks. It emphasizes that the suc-
cess of circular economy initiatives depends not
only on technical or environmental efficiency but
also on the institutional and economic environ-
ments in which they are deployed.

Conclusions

Maximizing the contribution of circular economy
(CE) practices to SDG8 begins with a clear policy
message: governments must tackle labor-market
informality and fiscal design at the same time.
When informal work is brought into the for-
mal economy and tax systems are reshaped
to reward circular investments, the institutional
ground is prepared for CE initiatives to flourish,
delivering not only environmental benefits but
also higher-quality jobs, stronger worker protec-
tion and more resilient patterns of growth.

Against that backdrop, well-targeted fiscal
instruments, tax credits for recycled inputs,
accelerated depreciation for circular assets
or reduced VAT rates for repair services, be-
come powerful catalysts, especially in countries
where informality is already contained. These
incentives sharpen the financial case for firms
to adopt resource-efficient technologies and
business models, amplifying the positive effect
of CE indicators on sustainable-development
outcomes. By contrast, in highly informal econ-
omies the same measures struggle to gain trac-
tion: weak enforcement, limited transparency
and widespread regulatory evasion dilute their
reach, showing that taxation alone cannot com-
pensate for deeper institutional shortcomings.

A more promising route, therefore, lies
in advancing formalization and green-oriented
fiscal measures hand in hand. Formal labor
markets make it easier for authorities to moni-
tor supply chains, collect revenue and police
environmental standards, while supportive
taxation sends a clear economic signal that
circular practices are rewarded. In combination,
these agendas reinforce one another, allowing
CE initiatives to align more closely with national
development priorities and to generate durable
social and economic value.

When low informality and favorable taxation
coincide, the model set out in this study reveals
strong synergies: resource efficiency rises,
waste and CO, emissions fall, and the stability
and quality of employment improve, results that
translate directly into faster progress on SDG8.
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Conversely, a high level of informality coupled
with weak or poorly designed fiscal support
re-introduces trade-offs that limit the gains
from CE and can even set environmental and
economic objectives at odds. Recognizing these
dynamics, and designing policy packages that
minimize trade-offs while maximizing syner-
gies, is therefore essential for unlocking the full
transformative potential of the circular economy
in pursuit of inclusive, sustainable growth.

Future research directions. This study
highlights the need for empirical research
to validate the scenarios analyzed here.
Specifically, future studies could investigate
the combined effects of low informality and
favorable taxation on CE practices, testing
hypotheses about how these factors synergize
to advance SDG8 outcomes. Additionally, fur-
ther research could explore potential trade-offs
in other SDGs to understand better the broad-
er implications of CE policies on sustainable
development.

As a conclusion of this research, we got
a set of hypotheses, each focused on a specific
aspect, suitable for empirical testing in future
research. This approach keeps each hypoth-
esis targeted to a single variable or relationship
for clarity and effectiveness in application.

Fiscal incentives and CE practices in low-
informality economies: H17: In economies with
low informality, favorable taxation significantly
enhances the positive impact of circular eco-
nomy (CE) practices on SDG8.

Fiscal incentives in high-informality econo-
mies: H2: In economies with high informality,
fiscal incentives alone do not significantly im-
prove the impact of CE practices on SDG8.

Impact of high informality on CE effective-
ness: H3: High levels of informality reduce
the effectiveness of CE practices in achieving
SDG8 targets.

Impact of low informality on CE effective-
ness: H4: Low levels of informality enhance
the effectiveness of CE practices in advancing
SDGS8.

Combined effect of low informality and
favorable fiscal policies: H5: The combina-
tion of low informality and favorable taxation
maximizes the positive impact of CE indicators
on SDGS8.

High informality with neutral fiscal policy:
H6: High informality combined with neutral
taxation minimizes the impact of CE practices
on SDG8.

Sectoral response to fiscal incentives
in CE practices: H7: Heavily regulated sectors
respond more strongly to fiscal incentives for
CE practices than less regulated sectors.

Effectiveness of CE practices in highly in-
formal sectors: H8: In highly informal sectors,
CE practices like recycling and emissions re-
duction show limited improvement, even when
fiscal incentives are present.

CE practices’impactin high-income regions:
H9: In high-income regions, CE practices have
a stronger impact on SDG8 due to supportive
fiscal policies and low informality.

CE practices’ impact in low- and middle-in-
come regions with high informality: H10: In low-
and middle-income regions with high informality,
CE practices have limited impact on SDG8 de-
spite fiscal incentives, indicating a need for
targeted interventions.

Each hypothesis is derived from the em-
pirical patterns observed in our analysis; for
instance, the positive impact of fiscal incentives
in low-informality contexts (H7) directly reflects
the simulation results that show enhanced
SDG8 outcomes under favorable tax regimes,
while the reduced impact in high-informality
scenarios (H3 and H6) underscores the trade-
offs identified in our model.

Finally, we want to point out that the main
limitations of this study are its theoretical ap-
proach and simplifications in the log-linear mod-
el, which may not fully capture the complexity
of real economic conditions; e.g., dynamic in-
teractions and feedback effects within the eco-
nomy are not modelled in detail. In addition,
some interactions between SDGs and CE in-
dicators are general. Despite these limitations,
the study provides a structured framework for
analyzing interactions between the SDGs and
assessing the impact of taxation and informality
on sustainability outcomes. It provides a solid
basis for empirical research and policy design,
facilitating strategic decisions towards sustain-
able and balanced economic growth.
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Abstract: The circular economy now plays a crucial role in addressing ecological challenges.
The exact function of green human management (GHRM) in transitioning to a circular economy
has yet to be determined. Manufacturing firms are taking steps to enhance their sustainability
practices to support the circular economy. The relationship between organizational green actions
and GHRM in the transition to a circular economy remains uncertain. This study intends to discover
the relationship among manufacturing firms’ ecological leadership, green HR practices, green
innovations, and circular economy models to enhance sustainable performance. 234 survey
questionnaires from Pakistani small and medium-sized manufacturing industries were evaluated
using structural equation modelling with partial least squares. GHRM had a positive and
significant impact on circular economy and green innovation actions, as shown by the findings.
This framework is specifically designed for manufacturing SMEs in Pakistan. The architecture can
be adapted to different industries with minor modifications. The study may be biased due to its
reliance on management and specialists. This study’s findings will significantly contribute to human
resources managers and SME owner-managers by clarifying the significance and interplay
of essential green innovation components and GHRM. This will enlighten awareness of ecological
leadership, circular economy, and GHRM practices for sustainable performance. The proposed
framework simplifies the connection between ecological leadership, GHRM components, and
circular economy for practitioners and decision-makers. Environmental leaders effectively
encourage businesses to invest in proactive environmental strategies, lower pollution control,
and enhance the performance of green innovation, all while promoting a green image and
advancing environmental protection practices. This study determines the appropriate relationship
between ecological leadership, circular economy, and GHRM components in the limited Pakistani
manufacturing SME environment.
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Introduction

In Pakistan, SMEs make up to 40% of the coun-
try's GDP, 25% of its exports, 80% of its
workforce, and 35% of its added value in the in-
dustrial sector (Khan et al., 2019; Kumar et al.,
2013). However, because of their commercial
operations, SMEs in the textile, metallurgy,
and non-metallurgy sectors have a significant
negative influence on the environment (Boiral
et al., 2019). Research on ecological manage-
ment has demonstrated that creating an in-
novative environment in businesses results
in resource management (Awan et al., 2019).
Particularly, consumers are putting more and
more pressure on businesses to carry out
ecological management initiatives to promote
green development without negatively impact-
ing the industry’s ability to operate sustain-
ably in Pakistan (Igbal et al., 2023). Increased
knowledge is therefore required on which eco-
logical management practices, like resource
reutilizing and leftover reduction (Awan et al.,
2019), impact the circular economy. Circular
economy, which focuses on recycling, repair,
reuse, remanufacturing, altering consump-
tion patterns, product sharing, new business
systems, and modularization, is the optimal
approach for sustainable manufacturing (Khan
et al., 2024). The inappropriate usage and dis-
posal of chemicals in manufacturing industries
pose significant risks to ecosystems, human
health, and environmental stability. Industrial
chemicals capable of interacting with the endo-
crine system are referred to as toxic or those
requiring brute force (Cooper et al., 2011).
In the production of numerous goods, “mon-
strous hybrids” and “culture of monoculture,”
e.g., palm or soya plantations, are also com-
mon. For example, an ordinary juice container is
constructed of many polymers, cardboard, and
glue and lacks easily disassembled elements
(Suarez-Eiroa et al., 2019). Ecological lead-
ers aim to establish a production system that
is truly good for the environment, as opposed
to promoting affluence through the excavation,
harvesting, and burning of natural resources
as well as the erosion of species diversity and
cultural practices (Urbinati et al., 2017). Using
the variations in the soil and climate, resources,
and local knowledge, ecological leaders would
aim to counteract the previous management
approaches that promoted such wasteful
output (McDonough & Braungart, 2002). Eco-
logical leaders aim to establish a production

system that is truly good for the environment,
as opposed to promoting affluence through
the excavation, harvesting, and burning of nat-
ural resources as well as the erosion of spe-
cies diversity and cultural practices (Moktadir
et al., 2020).

The current study addresses the gap in our
understanding by examining the mediating role
that circular economy and green innovation ac-
tions play in the relationship between ecologi-
cal leadership and sustainable performance.
As green innovation actions are the most
established concept while introducing ecologi-
cal leadership will help to improve innovation
actions (He et al., 2023; Khanra et al., 2022)
in manufacturing firms with the well utilized
of resources and minimize waste (RBV). Spe-
cifically, it has created new insights by examin-
ing the boundary conditions of green HRM and
ecological leadership, green innovation actions,
circular economy, and sustainable perfor-
mance linkages. This research has made sig-
nificant contributions to the academic literature.
The study’s findings contribute to the global dis-
cussion on sustainable development by tackling
well-known challenges, including integrating
leadership, innovation, and sustainability prac-
tices. The global literature is supplemented
by providing a model that can be tailored to fit
various contexts and sectors.

The research brings together various strands
of information, thereby broadening academic
knowledge of sustainability frameworks while
also offering practical methods for companies
to attain their sustainability objectives, thereby
making a significant contribution to both theo-
retical and applied fields. RBV theory has been
used for these linkages to explain the best
theoretical background and the best usage
of organizational resources. Through data
collection from Pakistani manufacturing com-
panies, the present study aimed to investigate
the following research inquiries: 1) To what
extent do green innovation actions and circular
economy operate as a mediator in the rela-
tionship between ecological leadership and
sustainable performance? 2) How far does
green HRM highlight the connection between
ecological leadership and green innovation ac-
tions, and the circular economy? Furthermore,
to what degree do green innovation actions and
circular economy contribute to long-term sus-
tainable performance? The extremely pollut-
ing manufacturing sector, which is the subject
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of this research, is responsible for a significant
quantity of pollution in Pakistan (Muisyo & Qin,
2021) and is growing annually. According
to Hannah et al. (2020), the manufacturing
industry generated 55.6 million carbon dioxide
(CO,) emissions in 2018, indicating a decrease
from 52.6 million tons and 46.47 million tons
in 2017 and 2016, respectively. We believe that
this strategy would help minimize the environ-
mental impact that manufacturing organiza-
tions create and show the connection between
the circular economy, green innovation efforts,
sustainable performance, ecological leader-
ship, and green HRM.

The remainder of the work is organized
as follows: section 1 presents the derived hy-
potheses and the literature review. Section 2
covers the research methodology. The results
and analysis are shown in section 3. The con-
clusions, restrictions, and recommendations for
further study round up in the last section.

1 Theoretical background

1.1 Resource-based view theory

The pioneers of the resource-based theory
(RBV) were Barney (1996) and Barney
(1991). It outlined the company’s assets,
competencies, and connection to competitive
advantages. Hart (1995) expounded upon
the fundamental idea of this theory, indicating
that companies allocate their resources to en-
hance their capacity to attain a competitive
edge. The term resource-based view (RBV)
is a strategic management concept that em-
phasizes the importance of an organization’s
internal resources in gaining and maintaining
a competitive edge. Resources that are rare,
precious, unique, and non-substitutable (VRIN)
can help businesses outperform their rivals.
Together with intangible assets like intellec-
tual property, brand recognition, organizational
culture, or specialized skills, these resources
might also comprise tangible assets like prop-
erty or machinery. As per the RBV, companies
that efficiently utilize these resources can gen-
erate distinctive competencies, hence enabling
them to surpass rivals in the long run. Accord-
ing to the concept, which is not all resources
result in a competitive advantage; only those
that are difficult for rivals to copy or replace
offer long-term value. In contrast to Michael
Porter’s five forces model, which emphasizes
external market variables and industry struc-
ture, RBV places more emphasis on the internal

capabilities of the company, contending that
a company’s performance is determined by its
particular combination of assets and skills.
The resource-based view (RBV) theory links
green innovation activities by showing how
companies can utilise their distinctive resources
and skills to develop environmentally friendly in-
novations, resulting in both environmental and
competitive benefits. Manufacturing firms can
build distinctive capabilities in resource optimi-
sation, environmental innovation, and the de-
sign of sustainable products. These features
are in line with industry objectives set by CE
and can serve as potential sources of competi-
tive advantage. The current analysis aligns with
the resource-based perspective theorem. Simi-
larly, the resources and abilities of the busi-
nesses to attain circular economy benefits
as a result of sustainable performance are how
ecological leadership, green HRM, and Gl ac-
tions are classified in the current research.

1.2 Hypothesis development

Ecological leadership and sustainable
performance

The capacity to persuade people and organize
groups to realize a goal of long-term ecological
sustainability is known as ecological leadership
(Egri & Herman, 2000). In order to address
ecological concerns, executives must proac-
tively participate in and modify their strategies,
internal practices, and management systems
in response to ecological challenges faced
by businesses (Boiral, 2009). Considering that
senior management plays a critical role in en-
couraging employees to participate in the com-
pany’s ecological initiatives without having
a detrimental impact on the environment, based
on striking a balance between the environment
and the economy (Boiral, 2009). Ecological
leadership demonstrates a strong commitment
to sustainable development and ecological
preservation. Firms that exhibit strong eco-
logical leadership are better equipped to handle
the challenges posed by external ecological
pressures (Afsar et al., 2018), conserve en-
ergy and resources, reduce greenhouse gas
emissions, and fulfil their social and ethical
obligations (Jiang et al., 2020). By doing this,
businesses will be better equipped to compre-
hend and identify opportunities for innovation
and development as well as external ecological
pressure, leading to the eventual acceleration
of low-carbon development to significant levels
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(Xu et al., 2018). Moreover, companies can
enhance their green innovation skills, integrate
low-carbon innovation to strategic heights, and
incorporate internal innovation resources with
the support of strong top management ecologi-
cal leadership (Aftab et al., 2023). According
to Biedenkopf et al. (2020), innovative ideas,
products, and techniques can be developed,
implemented, and promoted by companies with
strong ecological leadership, thereby strength-
ening their eco-friendly initiatives. Ecological
leaders are dedicated to organisational change,
which includes finding eco-friendly production
processes, setting up contamination monitor-
ing systems, and improving workers’ ecologi-
cal knowledge. They also better understand
the value of ecological management and pay
particular attention to stakeholder expectations
(Papagiannakis & Lioukas, 2012).

Therefore, we suggest that the presence
of ecological leadership has a positive relation-
ship with sustainable performance.

H1: Ecological leadership positively links
with sustainable performance.

Green innovation action as a mediator

According to Peterson et al. (2003), the literature
on green innovation actions has highlighted
the importance of the top management’s role
in the process of making a strategic decision,
which ultimately affects the outcome of the or-
ganisation. Lin Moe (2012) states that ecological
leadership is a key factor that prevents business-
es from implementing management methods.
The top managers’ environmental conscious-
ness and actions send a strong message to their
subordinates that green innovation methods that
improve overall organisational performance will
be supported. According to Aldieri et al. (2021),
implementing green innovations will increase
productivity. The goal of green innovation initia-
tives is to reduce harmful environmental effects
such as product dumping, material waste, and
air pollution. A well-thought-out plan can help
to improve environmental performance, accord-
ing to an earlier study (Wagner & Schaltegger,
2004). More specifically, a company’s environ-
mental image can be established with the aid
of green innovation methods, which can improve
the company’s positive organisational reputa-
tion, boost sales, and create a new market for
hidden capital (Fraj-Andrés et al., 2009). Green
innovation techniques help to increase resource
productivity and find new revenue streams

by making better use of labour, energy, and raw
materials. In addition to achieving higher sus-
tainable performance, it can offset the expense
of environmental preservation entirely or in part
(Aldieri et al., 2021). Furthermore, taking action
in the area of green innovation is crucial for en-
hancing an organization’s reputation. A positive
corporate image can boost government funding,
increase consumer inclination to buy, increase
worker satisfaction, and assist businesses
in achieving sustainable performance. Therefore,
this research suggests the following hypothesis:

H2: Green innovation actions mediate
the relationship between ecological leadership
and sustainable performance.

Circular economy as a mediator

Ecological leadership committed to the circular
economy establishes metrics to track waste
reduction, recycling rates, and resource ef-
ficiency, thereby ensuring transparency and
accountability. Initiatives focused on a circular
economy are being reported on to illustrate
a company’s commitment and showcase
its progress (lrawan & Widodo, 2024; Zhou
et al., 2024). To reduce the adverse effects on
the environment, ecological leadership involves
making tactical, operative, and strategic deci-
sions in all business activities. Businesses have
integrated commercial strategies with environ-
mental management techniques (Tiwari et al.,
2024). Circular economy decreases the flow
of materials at each point of the value chain, pri-
oritising resource and energy efficiency (Aran-
da-Usoén et al., 2020). The circular economy
aims to decrease natural resource waste and
protect the environment, preserving biodiversity
and mitigating climate change (Stewart & Nie-
ro, 2018). By reducing the number of resources
or using recycled raw materials to maintain
a consistent level of production, the circular
economy model uses fewer resources (Figge
et al., 2018). The principles of reduction, reuse,
recycling, refurbishment, remanufacturing,
and recovery underpin the circular economy
(Pieroni et al., 2019). In order to help com-
panies derive high economic value from their
material life cycles, the circular economy is
expanding the current ecological leadership
management system (Stahel, 2019). In this
context, businesses need to produce goods
and services that meet the social and environ-
mental requirements of the circular economy.
As a result, the circular economy encourages
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sustainable management that occurs both with-
in and between organisations (Korhonen et al.,
2018). Environmental laws and government
incentives have influenced the company’s
sustainable corporate environmental practices
on a micro level (Aranda-Uson et al., 2024).
Government-made legislation to the circular
economy should, however, endorse design,
evaluation, payment, and sorting mechanisms
for recyclable goods at each step of the supply
chain, in addition to waste disposal and recy-
cling (Jia et al., 2020). Therefore, this research
suggests the following hypothesis:

H3: Circular economy mediates the rela-
tionship between ecological leadership and
sustainable performance.

GHRM as a moderator
According to Muisyo and Qin (2021), a few
of the practices covered by GHRM are eco-
logical leadership that creates a beneficial
effect on the environment, performance evalu-
ations, instruction, growth, and green hiring.
Sustainable product development, process in-
novation, and environmental effectiveness are
together referred to as Gl actions. According
to Singh et al. (2020), GHRM actively contrib-
utes to the creation of a Gl action that results
in environmental performance that is participa-
tory and preserved. The positive correlation
between GHRM and Gl action was highlighted
by Song et al. (2021), who also explained how
GHRM is linked to high company management
of environmental problems. The management
GHRM exercises in green hiring, training, and
development, as well as their impact on Gl ac-
tions, were highlighted by Sobaih et al. (2020).
Additionally, Mishra et al. (2014) emphasised
how GHRM has an impact on ecological lead-
ership, and Gl actions have a good relationship
that has advanced sustainable development
in manufacturing firms. Ren et al. (2018) ac-
knowledged that sustainable environmental
performance and development are achieved
by GHRM, which also develops green ex-
ercises and Gl actions. Furthermore, it has
been suggested by several previous studies
(Khan et al., 2024) that companies that use
GHRM and Gl actions are very successful and
respond to customers rapidly. Consequently,
the following is the research hypothesis:

H4: GHRM moderates the relationship
between ecological leadership and green
innovation actions.

In a summary of the circular economy, Mar-
rucci et al. (2023) found a correlation between
performance outcomes and GHRM prac-
tices. Their results point to the potential for
GHRM in high-performing companies to turn
into an exclusive practice. The importance
of GHRM initiatives and their connection to eco-
logical leadership and circular economy were
also proven by the study (Del Giudice et al.,
2018; Dibia et al., 2020). Additionally, Popovi¢
(2020) went into detail about the connections
with sustainable circular economy and the good
relationship between green HRM practices and
the green environmental approach. According
to Sassanelli et al. (2019), these investigations
supported the methodical relationship between
circular economy, HR practices, and GHRM for
firms. D’Adamo (2019), underlined the connec-
tion between human practices and the prospects
of sustainable performance. As stated by Chau
et al. (2024), and other environmentally con-
scious organisations, the circular economy
is actually the closed-loop architecture that
manufacturing companies have embraced for
the post-consumption phase with GHRM prac-
tices. In response to social injustice, climate
change, and worldwide limits of natural resourc-
es, sustainable development has produced a re-
lationship between GHRM and circular economy
(Khan et al., 2024). Green human resource
management incorporates environmental prin-
ciples into human resource practices, promoting
a workforce that is environmentally aware and
encouraging behaviors that support ecological
leaders to promote the circular economy, which
are valuable, rare, and unique resource for
achieving a sustainable goal, as stated by the re-
source-based view theory. RBV theory advocates
for harmonizing GHRM and circular economy
approaches to meet stakeholder requirements,
thereby boosting employee well-being, customer
retention, and environmentally sustainable prac-
tices. Aligning strategies promotes a green work
environment, enhances environmental results,
and develops robustness within the manufactur-
ing industry (Awan et al., 2023; Elshaer et al.,
2024). So GHRM is important for the employees
and managers to give them training on recycling
and reusing waste while using the resources
in a well-mannered way. Therefore, the scien-
tists hypothesize that:

H5: GHRM moderates the relationship
between ecological leadership and circular
economy.
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Source: own

Therefore, Fig. 1 serves as the basis for
the theoretical framework that follows.

2 Methodology

2.1 Sampling and data collection

Pakistan’s industry is particularly sensitive
to changes in the internal working environment,
making the context of small and medium-sized
firms crucial (Awan et al., 2019). Accord-
ing to Dulock (1993), the study’s descriptive
research plan was centred on outlining and
evaluating the hypotheses. Therefore, the pres-
ent study used primary data for analysis (Hox
& Boeije, 2005). In this study, simple probabil-
ity random sampling technique was used. This
makes it possible to choose a sample from
any member of the target population (Olken
& Rotem, 1995). Data were gathered using
the survey questionnaire technique, which in-
cluded a 7-point Likert scale (Harkness et al.,
2004). SMEs in Pakistan’s manufacturing indus-
try were, hence, the study’s target group. Using
a Google form, managers of the SME business-
es that served as informants provided the data.
A total of 400 questionnaires were distributed
and 300 data was collected from medium-sized
firms. Ultimately, 234 samples were accepted,

and 66 were discarded because of missing
data. Data analysis techniques including con-
firmatory factor analysis, measurement model
evaluation, structural model assessment,
moderation analysis (interaction terms) and
mediation analysis (indifference effect), were
performed using Smart PLS software.

2.2 Measures

Every measurement used in the research was
modified from earlier research and measure
all items on 7-point Likert scale. Ecological
leadership has 5-items adapted from Bass
(1985). The GHRM consisted of thirteen items,
drawn from Renwick et al. (2013) and Sun
et al. (2007). In a similar vein, Gl actions has
3-items, adapted from Zhang et al. (2015).
Ten components that were modified from Zeng
et al. (2017) made up the circular economy.
Sustainable performance has 6-items adapted
from Le et al. (2024). Furthermore, the research
employed control variables such as the number
of employees, respondent age, company age,
management level, and educational attainment.
The data was collected from the manufacturing
firms having a minimum of 500-1,000 em-
ployees. Smaller companies or teams may
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exhibit distinct behavior compared to larger
ones as a result of limited resources or varying
levels of organizational hierarchy. Accounting
for these variations guarantees that results
are not skewed by the dimensions of the enti-
ties being studied. To verify the scale reliability,
the survey questionnaires were also pre-tested
on a small sample of the intended population
before conducting a full-scale study.

3 Results

Ali et al. (2018), recognized as a cutting-edge,
versatile, and adaptive measuring tool is par-
tial least squares structural equation modeling
(PLS-SEM). Similarly, PLS-SEM was recom-
mended for widespread use in the analysis
by Hair et al. (2011) and Ringle et al. (2009).
However, when it comes to minimal require-
ments for data and data normality, PLS-SEM
is also quite appropriate (Joseph et al., 2022).
For assessment and hypothesis estimation,
the study, therefore, used Smart PLS. It is
advised to use a two-step approach, which
is ideal for social science research, when
summarising and emphasising the findings.
Convergent validity and discriminant valid-
ity evaluation procedures are used in the first
phase to deploy measurement model value
through confirmatory factor investigation.
In the following stage, path analysis (di-
rect relationship), indirect effect analysis

(mediation), and interaction term assessment
(moderation) are used by the structural model
valuation (SEM).

3.1 Common method bias

The data used in the research was provided
by a few selected SMEs in Pakistan. It is advised
to conduct collinearity test in this case to confirm
that the dataset’s collinearity continues in light
of the previously supplied information, as there
may be standard method bias. According to Kock
(2015), if a score more than 3.3 indicates that
there may be collinearity issues with the data.
The findings of this study showed that there
were no common biasness problems in the da-
taset, as indicated by the collinearity test score
being less than 3.3. Harman’s single-factor test
was employed to tackle this issue. The KMO was
above the accepted value at 0.908, and Bartlett’'s
test of sphericity was also statistically significant
(Field, 2013; Kaiser, 1974), indicating the exclu-
sion of common source bias.

3.2 Data normality and descriptive
statistics

Generally, PLS-SEM pays less attention to data
normality, which is indicative of a non-paramet-
rictool. Inorderto ensure thatthe dataare normal
(Hair et al., 2007), highlighted that only inferen-
tial statistical tests should be performed. Many
methods, including histogram plots, kurtosis,

Descriptive statistics and data normality

Sr. | Construct | Mean SD SK KU 1 2 3 4 5 6 7 8 9
1 EL 2.870 1.102 0.169 | -0.345 1

2 GHRM 3.176 1.020 0.133 | -0.148 | 0.271* 1

3 GIA 2.523 1.150 0.750 0.143 | 0.359** | 0.185* 1

4 CE 2.588 0.909 0.044 | -1.197 | 0.480* | 0.246* | 0.416* 1

5 SP 3.074 1.181 0.169 | -0.784 | 0.488** | 0.475* | 0441* | 0.524* 1

6 | Education | 2.509 0517 | -0.221 -1.518 | 0.072 0.202** | 0.109 0.119 0.203** 1

7 | Firmsize 1.295 0.465 1.033 | -0.591 | -0.019 0.052 0.050 0.050 0.100 | -0.019 1

8 | Firmage 4.295 2141 0.080 | -0.819 | 0.158* | -0.032 0.142* | 0.063 0.032 0.158 | -0.032 1

9 | Teamsize | 4.556 0.905 | -1.819 2316 | -0.010 | -0.166* | -0.025 0.051 [-0.052 |-0.010 |-0.166* | -0.025 1

Note: EL - ecological leadership; GHRM — green human resource management; GIA — green innovation actions;
CE - circular economy; SD — standard deviation; SK — skewness; KU — kurtosis; ** correlation at 0.01 level of signifi-

cance; * correlation at 0.05 level of significance.

Source: own
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and skewness, are used to establish the normal-
ity of the data (Munro, 2005). The data in Tab. 1
is considered normal when it meets the data
normality criteria, which extends from -2 to +2.
Tab. 1 illustrates how the data is consistently
dispersed for SMEs. The descriptive statistical
analysis for SMEs utilising different averages
and the standard deviation is also highlighted
in Tab. 1. A correlation analysis was also per-
formed to confirm that the constructs were
mutually associated. The findings showed that
correlation outcomes are acceptable for SMEs
and range from -1 to +1 (Godfrey, 1988). Thus,
PLS-SEM was used to perform additional
inferential statistics.

3.3 Measurement model assessment

The validity and reliability of the items are
confirmed by the measurement model assess-
ment, which is evaluated using convergent and
discriminant validity. Factor loading, average
variance extracted (AVE), and composite reliabil-
ity (CR) are assessed in order to demonstrate

the convergent validity, which is carried out using
a confirmatory factor analysis technique. Factor
loading levels are more significant than 0.50
(Tab. 2). According to Hair et al. (2017), the load-
ing values for both SMEs are legitimate and
appropriate. However, CR is used to illustrate
reliability. According to Hair Jr et al. (2014),
the acceptable threshold should be greater
than 0.70. According to a method proposed
by Hair Jr et al. (2014), items with loadings rang-
ing from 0.40 to 0.70 should be eliminated from
evaluation if deleting the observed variable could
increase the composite reliability in the reflective
scales. As a result, due to the higher AVE values,
item CE10 of the circular economy has been
abolished. Factor loadings, CR, and AVE com-
putations will be greater than the recommended
cut-off values if certain components are removed.
CR values are significant and appropriate for
SMEs, as Tab. 2 demonstrates. In a similar vein,
AVE presents internal validity. Tab. 3 shows that
significant or acceptable AVE values for SMEs
are larger than 0.50 (Cheung & Wang, 2017).

Confirmatory factor analysis (convergent validity) — Part 1

Constructs Items FL CR AVE
EL1 0.836
EL2 0.855
Ecological leadership EL3 0.796 0.906 0.659
EL4 0.826
EL5 0.741
GHRM1 0.784
GHRM2 0.741
GHRM3 0.798
GHRM4 0.726
GHRM5 0.761
GHRM6 0.692
ﬁ’:ﬁ:g';;“;f‘;‘ vl GHRM?7 0.712 0.938 0.539
GHRM8 0.761
GHRM9 0.745
GHRM10 0.643
GHRM11 0.783
GHRM12 0.712
GHRM13 0.669
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Confirmatory factor analysis (convergent validity) — Part 2

Constructs Items FL CR AVE

) . GIA1 0.869
Gree';;:‘igz‘s’atm“ GIA2 0.897 0.908 0.767

GIA3 0.861

CE1 0.762

CE2 0.739

CES3 0.754

CE4 0.772
Circular economy CE5 0.764 0.929 0.593

CE6 0.829

CE7 0.741

CES8 0.783

CE9 0.781

SP1 0.785

SP2 0.723

i SP3 0.785
se“;;f:“::'c‘: -~ s 0.897 0.594

SP5 0.816

SP6 0.757

Note: FL — factor loading; CR — composite reliability; AVE — average variance extracted.
Source: own

Additionally, the  heterotrait-monotrait  signify that the variables’ validity is acceptable.
criteria (HTMT) are used to emphasise the ex- The HTMT requirements for the constructs
amination of discriminant validity. According are less than 0.85 and significant, as Tab. 3
to Kline (2012), construct values less than 0.85  demonstrates.

HTMT ratio
Constructs EL GHRM GIA CE SP
EL
GHRM 0.305
GIA 0.418 0.209
CE 0.543 0.272 0.475
SP 0.562 0.527 0.518 0.658

Note: EL - ecological leadership; GHRM — green human resource management; GIA — green innovation actions;

CE - circular economy.

Source: own
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The age of VUCA

3.4  Structural model assessment

The structural model (PLS-SEM) assessment
includes path analysis, mediation, moderation,
and slope analysis. The framework of SP for
SMEs (Gudergan et al., 2008) incorporates
the validation of models and the verification
of hypotheses. Moreover, the validation of f3,
standard error (SD), and t-values reflects

the authenticity of the hypothesis. The values
of t >1.495 and p < 0.05 suggest that the hypo-
theses are accepted. The relationships between
the variables in the hypotheses in the scenarios
of direct, indirect, and moderation impact on SP
were supported by Tab. 4, Fig. 2. The findings
demonstrated that practically every hypoth-
esis has strong support, else one moderation.

Path analysis (structural equation modelling)

Hypothesis Relationship B SD t Decision
H1 EL — SP 0.262 0.064 4121 Supported
H2 EL — GIA— SP 0.072 0.025 2.812 Supported
H3 EL —~ CE— SP 0.140 0.034 4.130 Supported
H4 EL * GHRM — GIA 0.144 0.067 2.154 Supported
H5 EL * GHRM — CE 0.101 0.067 1.496 Not Supported

Note: EL — ecological leadership; GHRM — green human resource management; GIA — green innovation actions;

CE - circular economy.

Source: own
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As a result, the findings demonstrated the fol-
lowing relationships: EL with SP for SMEs
(B =0.262; t =4.121), hypothesis H1 supported
and mediation of GIA between EL and SP
(B = 0.072; t = 2.182), H2 supported and for
second mediation with CE between EL and SP
(B = 0.140; t = 4.130), H3 supported. As well
as for moderation analysis of GHRM be-
tween EL and GIA (B = 0.144; t = 2.154), H4 is
supported, and for other moderation analysis
of GHRM between EL and CE (B = 0.101;
t=1.696), H5 is not supported as the t-value is
less than 1.90.

Conclusions and discussion

This study applied the SEM method to explore
ecological leadership in circular economy and
sustainable manufacturing. This study examined
ecological leadership’s impact on sustainable
performance. The study further examined how
green human resources management practices
influenced the green innovation and the circular
economy on Pakistan’s manufacturing sectors’
sustainability. Ecological leadership positively
impacts sustainable performance. The results
showed that all factor loadings, composite reli-
ability (CR), and average variance extracted
(AVE) met the required standards, thereby
validating the construct’s validity and reliability,
and the hypothesis testing results also strongly
supported the proposed model, which exhibited
statistically significant and positive correlations
between the variables else one. This discovery
adds to the existing research on this connection
in other contexts. Top managers who effectively
implement environmental practices can suc-
cessfully balance the demands of other finan-
cial stakeholders and environmental protection
for sustained economic growth (Kim & Step-
chenkova, 2018). Green innovation actions
mediate the relationship between ecological
leadership and sustainable performance. Ac-
cording to previous findings in manufacturing
firms by Aldieri et al. (2019), ecological leader-
ship is positively associated with sustainable
performance through making environmental
conservation a top priority and business value.
The association established by Roh et al.
(2021) between green innovation initiatives and
a greener organization supports the proposition
that adopting eco-friendly practices is promoted
by such initiatives. The circular economy’s influ-
ence on ecological leadership promotes sus-
tainable performance (H3). The study’s findings

provide evidence for the positive association
between ecological leadership and sustainable
performance (Obeidat et al., 2023). H4 reveals
how GHRM practices contribute to green in-
novation actions and enhance sustainable per-
formance in manufacturing firms, in alignment
with Elsamahy et al. (2023) research. Green
human resource management techniques pos-
itively reduce the negative effect of environmen-
tal management on sustainable performance
(O’'Donohue & Torugsa, 2016). This finding
strengthens the assertions of other researchers
(Bhatti et al., 2022) that green HRM practices
promote sustainability via green innovation
actions and programs. This study introduces
a novel link between ecological leadership
and circular economy through the moderate
role of GHRM practices in hypothesis H5.
In the manufacturing sector of developing coun-
tries, the circular economy is a novel concept.
So, the hypothesis was not supported. Our find-
ings are in line with the previous research (Dhir
et al., 2021). In several emerging economies,
particularly in Pakistan, the circular economy
remains a developing concept. Insufficient in-
frastructure, resources, and government back-
ing may impede its integration, thus lessening
the importance of GHRM as a moderator.
Theoretical contribution. This study
significantly contributes to the literature and
theory. First, by doing extensive data research,
this study advances our understanding of green
projects. The main focus is that manufacturing
companies may fully utilise Gl actions and CE
by implementing GHRM practices, especially
if they depend more on sustainable perfor-
mance. Second, we propose that company
resources, as shown in ecological leadership
and GHRM practices, affect firm green in-
novation actions and circular economy, which
in turn affect sustainable performance, based
on RBV theory. Likewise, the research has
established a unique relationship with the re-
source-based view theory. Its application gave
Pakistani small and medium-sized businesses
in the manufacturing industry a competitive
edge in the CE framework. The study identifies
a moderating role for GHRM practices in the re-
lationship between ecological leadership and
Gl actions, specifically in the context of small
and medium-sized businesses. The study
emphasizes the role of GHRM practices
in strengthening the relationship between eco-
logical leadership and CE, notably for small and
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medium-sized enterprises. In the agenda for
improving CE in the 21t century digitalization
era. All of the study’s constructs are essentially
strategic environmental toolkits that provide
researchers additional avenues to pursue.

Practical implications. The study has prac-
tical ramifications in addition to theoretical ones.
This study, focusing on circular economy perfor-
mance and UN sustainable development goals,
particularly benefits small and medium-sized
manufacturing enterprises. Ecological leader-
ship and green innovation activities are crucial
for achieving sustainable performance. We pro-
pose that managers should take into account
the impact of integrating green innovation into
operations. GHRM produces a fundamental
change in GI, which is why managers need
to understand that Gl includes product sharing,
recycling, repairing, reusing, and remanufactur-
ing. Our research suggests that in order to gen-
erate Gl and CE, practitioners should talk about
the operational level responsibilities of environ-
mental leaders and GHRM. The study’s appli-
cation, efficacy, implementation, efficiency, and
functionality of CE in the manufacturing sector
make it crucial. By developing a strategic envi-
ronmental toolbox, the study would assist in cre-
ating a green HR environment and boost CE.
It would also help provide the foundation for
policy texts. The study’s conclusion, therefore,
provides senior management in the textile
industry with enlightening guidance on how
to deviate from conventional HR practices and
emphasize GHRM as a way to advance the in-
terests of the company and the community.
The research aims to enable managers of com-
parable small and medium-sized firms to ef-
fectively convey the significance of the circular
economy and its environmental conservation
implications. This study can enhance the ef-
fectiveness, practicality, safety, and productivity
of CE programs for SME employees. The cur-
rent study, due to its emphasis on environmen-
tal safety, is suitable for waste recycling, repair,
reuse, and remanufacturing.

Future direction and limitations. The
study includes both theoretical and practical
implications, the research has some limitations,
and offers of recommendations for the future.
Pakistan and other developing economies are
the subject of the current study. However, for
comparison, future studies need to concentrate
on developed economies under CE conditions.
The current study, which focuses on SMEs,

is significant for businesses in the industry. Ac-
cording to this, future research should be done
with a focus on different industrial sectors in dif-
ferent companies in order to achieve more com-
prehensive results. The current study focused
on the moderator roles of GHRM practices and
the mediator function of GI actions and CE
to emphasise the distinct conceptual structure
of ecological leadership about the sustainable
performance. As a result, in order to expand
on new links, further research should focus
on different methodology approaches. should
be conducted employing other criteria and dif-
ferentindustries, such as moderating major data
investment. Future research in GHRM and CE
should integrate knowledge management
practices. Future research could also examine
the mediating influence of pro-environmental
consciousness and socially responsible ac-
tions in the context of GHRM adoption and
sustainable outcomes.
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Discriminant validity — Fornell-Larcker criterion

1[-1s1 2w« Fornell-Larcker criterion

Constructs EL GHRM GIA CE SP
EL 0.819
GHRM 0.496 0.778
GIA 0.302 0.271 0.701
CE 0.496 0.499 0.509 0.752
SP 0.354 0.435 0.253 0.472 0.836

Note: EL — ecological leadership; GHRM — green human resource management; GIA — green innovation actions;
— circular economy.

Source: own
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Introduction pollution, acid rain and greenhouse effects (Ra-
Climate changes are more noticeable all over  dhi, 2010). One of the ways to respond to this
the world, and there is no doubt that sig- is utilizing a more efficient system of transpor-

nificant reliance on non-renewable energy is  tation and green mobility to minimize pollution
one of the factors, as it directly results in air  coming from transportation systems powered
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by conventional sources (Ismail et al., 2023).
Considering sustainability concerns, espe-
cially the imperative to reduce greenhouse gas
emissions, it is not surprising that the global
focus is increasingly shifting towards the adop-
tion of electric vehicles (Rahma et al., 2024).
However, the one must be aware that electric
vehicles (EVs) are attractive products, gaining
lots of attention among consumers because
of their cutting-edge innovative features. Moon
(2021) stated that purchasing an EV is not only
eco-friendly behavior, but also a behavior that
denotes someone’s openness towards innova-
tion. This is a particularly interesting variable
to study in the United Arab Emirates (UAE),
a country ranked 31t globally (World Intellectu-
al Property Organization, 2024) and first among
Arab countries in the Global Innovation Index
(WAM, 2022).

When observing total number of cars
sold in UAE, the share of electric vehicles in-
creases as compared to internal combustion
engines. PwC (2024) estimates that EVs will
take over 15% of new passenger cars and light
commercial vehicles, while by 2035, the share
will go up to 25% in UAE. UAE has Circular
Economy Policy 2021-2031 which aims
to achieve sustainable and efficient use of natu-
ral resources, promotes circular economy and
considers sustainable transportation as one
of the four priority sectors. Some of the initia-
tives promoted by the policy makers range
from developing the charging infrastructure
to support electric vehicles ensuring the legal
and regulatory frameworks support for electric
vehicles and understanding how to encourage
public transport or uptake of electric vehicles
(Government of UAE, 2021). Considering
the above-mentioned UAE'’s regional leader-
ship in innovation (WAM, 2022), sustainable
increase in share of EVs and its efforts to sup-
port electric vehicles, ensuring the legal and
regulatory frameworks support, we find it a very
interesting country to study and reveal addi-
tional insights into EVs adoption.

Although studies have established a direct
relationship between consumer innovativeness
and the intention to purchase new products,
Li et al. (2021) alarmed that the mechanism un-
derlying this relationship remained unexplained,
particularly when it comes to sustainable
products (Li et al., 2021). On the other hand,
while purchase intention has been extensively
studied, only a few studies investigated actual

adoption behavior of electric vehicles (Hoang
et al., 2022). According to Otieno et al. (2016),
despite being underutilized in technology
adoption and diffusion, the theory of reasoned
action was found to be a robust framework for
innovation adoption.

Accordingly, the theoretical contribution
of this study is threefold. First, it moves beyond
the purchase intention commonly examined
construct of electric vehicle (EV) to investi-
gate actual behavior, addressing a critical gap
in the literature highlighted by Hoang et al.
(2022). Second, this research applies the the-
ory of reasoned action (TRA), which, despite its
significant potential for understanding EV adop-
tion, has remained underutilized in this context
(Otieno et al., 2016). By doing so, the study
not only validates the applicability of TRA but
also bridges an existing gap in the body
of knowledge. Finally, the study extends TRA
by incorporating the consumer innovative-
ness construct, thereby proposing a novel
theoretical framework. This extension offers
a more nuanced understanding of EV adoption,
addressing a third gap in the literature as identi-
fied by Li et al. (2021). We believe that there
is a need for answering the following research
question (RQ): What is the role of consumer
innovativeness as predictor of EV purchase
behavior and actual behavior in an extended
TRA framework? This study aims to ex-
plain the interplay between customer innova-
tiveness, subjective norm, attitudes, purchase
intention and actual behavior. Findings of this
study may help initiatives proposed by UAE Cir-
cular Economy Policy 2021-2031 in providing
a better understanding on how to encourage
adoption of EVs. Besides scientific researchers
and policymakers, companies dealing with EVs,
especially car dealers and marketers may ben-
efit from a deeper understanding of EVs adop-
tion by adjusting their response to the unique
market of UAE.

1 Theoretical background and
hypotheses

1.1 Theory of reasoned action

The proposition that attitude and subjective
norm are major determinants of intention
to perform a behavior led to the conclusion
that a person’s behavioral intention can be
observed as a function of two: attitude towards
behavior and subjective norm. This is today
known as a theory of reasoned action (TRA)
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proposed by Fishbein and Ajzen (1975). These
authors believed that attitude has three basic
features: attitude is learned, it predisposes
action, and such actions are favorable or unfa-
vorable toward the object. Fishbein and Ajzen
(1975) believed that most researchers would
agree with defining attitude as a learned predis-
position to respond in a consistently favorable
or unfavorable manner with respect to a given
object. This theory raises another important is-
sue, saying that a person may or may not be
motivated to comply with the given referent, be-
lief that he should or should not perform certain
behavior. In fact, the normative beliefs and mo-
tivation to conform lead to normative pressures
which could, in overall, be defined as subjective
norm (Fishbein & Ajzen, 1975).

The theory of reasoned action might be
very helpful to understand if individual behav-
ior, such as utilizing an innovation, is pushed
by behavioral intentions which are considered
a function of someone’s attitude towards
the behavior, the subjective norms, and his/her
perceptions of easiness to do behavior. Even
though the theory has potential to be expanded
to further conceptualize the behavioral pat-
terns in the decision-making regarding the use
of a new innovation or technology, it was not
extensively utilized in studies dealing with
the assessment of technology adoption and
diffusion (Otieno et al., 2016). However, it was
highlighted by Otieno et al. (2016) that TRA has
strong explanatory power to investigate adop-
tion of innovation, as compared with other theo-
ries suitable for technological innovation.

1.2 Diffusion of innovation theory

In his diffusion of innovation theory, Rogers
(1983), proposes that innovativeness is a very
important factor to consider in technology adop-
tion, and he classified adopters on the basis
of innovativeness, coming up with following
categories: innovators, early adopters, early
maijority, late majority and laggards. Moreover,
he discussed innovativeness as one of the key
characteristics of opinion leaders.

According to Rogers (1983), innovativeness
refers to the degree to which an individual or unit
of adoption is relatively earlier in adopting new
ideas compared to other members of a system.
Moreover, he defined norms as the established
behavior patterns for the members of a social
system. Norms define a range of tolerable
behavior and serve as a guide or a standard,

which therefore can be a barrier to change
(Rogers, 1983). Being aware of the high impor-
tance of innovativeness in technology adoption
as explained by Rogers (1983), as well as hav-
ing on mind importance of subjective norm and
attitude as proposed by Fishbein and Ajzen
(1975), this study proposes a new theoretical
framework incorporating consumer innovative-
ness into the TRA, explained in the coming
paragraphs, and presented in Fig. 1.

1.3 Context of the study — EVs in UAE

As stated earlier, the share of EVs grows com-
pared to traditional internal combustion engines
in UAE. PwC (2024) estimates that by 2035,
the share of EVs will go up to 25% in UAE,
which will contribute to over 10% reduction
in overall CO, emissions.

UAE adopted a Circular Economy Policy
2021-2031, which sees sustainable transporta-
tion as one of the four priority sectors. This poli-
cy is very supportive towards electrification and
some of its initiatives are as follows: i) continue
developing circular mobility system with more
transportation options, such as electrified ones;
ii) further improve the charging infrastructure
for EVs; iii) expand new, eco-friendly concepts
in mobility, such as e-scooters or biking and
build more designated infrastructure to sup-
port it, especially within the facilities of universi-
ties; and iv) economic initiatives, such as how
penalties and rewards could be used to improve
transport sector efficiency, are to be assessed
to encourage the use of public transport and
transition to EVs (Government of UAE, 2021).

Saleh (2024) reported that UAE imple-
ments variety of policies to stimulate EV adop-
tion, such as, e.g., subsidies, free charging,
and lower registration costs for EV’s owners.
Moreover, in 2023, the number of registered
green vehicles (EV or hybrid) in Dubai was over
47,000, and the UAE has goal to assure that
half of all new cars sold by 2030 to be green.
Even though Tesla holds position of a leader
in the UAE’s EV market, Chinese manufactur-
ers, particularly BYD and NIO are becoming
increasingly popular.

Another important aspect of UAE, which
makes it interesting to study EVs adoption is
the fact that, according to World Intellectual
Property Organization’s (WIPQO) Global Inno-
vation Index 2022, UAE remained at the top
among Arab nations for the seventh consecu-
tive year (WAM, 2022). The situation did not
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change much in 2024, and the UAE achieved
32 position globally among 133 ranked
economies. The UAE scored particularly high
in several criteria: institutions, human capital
and research, infrastructure and business
sophistication (World Intellectual Property
Organization, 2024).

However, it is important to bear in mind that
in the UAE, cars are more than just a means
of transportation, as they symbolize an owner’s
status and modernity (Saleh, 2024). Consider-
ing all the above, it is not surprising that there
are aspirations of M Glory Holding to establish
an automotive manufacturing industry in UAE.
The company has plans to invest in a new as-
sembly and production facility for EVs, which
conforms to the UAE’s national strategy for
economic diversification and sustainability
(Alkaabi & Alazazi, 2023). This company aims
to manufacture 55,000 EVs per year in Dubai
Industrial City. The facility, whose investment
is worth AED 1.5 billion, will manufacture vari-
ous electric vehicles, whose types and details
will be revealed in the future (Dubai Indus-
trial City, 2022). Considering recent research
on entrepreneurial mindset, which found that
opportunity alertness and dispositional opti-
mism affected entrepreneurial mindset in UAE,
the EV's manufacturing may become a direction
on the agenda to push electrification forward
(Ramadani et al., 2023).

1.4  Subjective norm and purchase
intention

Fishbein and Ajzen (1975), in their TRA theory,
assumed that subjective norms concerning be-
havior affect the intention to perform behavior.
Dong et al. (2020) utilized a structural equation
model to analyze survey data collected from
eight economic regions in China and provided
evidence of the relationship between subjec-
tive norm and intention to perform behavior
in the context of electric vehicles. Moreover,
the authors found that subjective norms sig-
nificantly affected urban households purchase
intention in buying an electric vehicle. Another
evidence comes from the Malaysian electric
vehicles market. Vafaei-Zadeh et al. (2022) re-
ported that subjective norms affected purchase
intention of consumers in Malaysia. These
mentioned effects are confirmed by Ji et al.
(2024) who used a sample of 867 partici-
pants to investigate the impact of subjective

norm on EVs’ purchase intention. Results
of the study were statistically significant. Yusha
(2023) focused on the impact of subjective
norm on the green purchase intention of people
living in Beijing to purchase one of the three
brands BYD (Build Your Dream), Tesla and
Wuling. The findings of the study supported that
subjective norm affects EVs purchase intention.
However, not all the authors would agree with
this statement, e.g., Handarujati (2024) found
that the impact of subjective norm on EVs’ pur-
chase intention was insignificant. Wang et al.
(2016) investigated mediating role of subjective
norm in a relationship between environmental
concern and hybrid electric vehicles adoption
intention, and found that subjective norm posi-
tively affected purchase intention. Dutta and
Hwang (2021) provided evidence from Taiwan
and reported that subjective norm significantly
influenced users’ sustainable consumption
intentions for green electric vehicles. Based
on all these arguments, we propose the first
hypothesis of our study as follows:

H1: Subjective norm has a positive effect
on purchase intention.

1.5 Consumer innovativeness and attitude
towards EV
Rogers (1983) emphasized importance of con-
sumer innovativeness in adopting innovations,
stressing out that not everyone adopt innova-
tion at the same time, but in a time sequence,
which may be classify them into different cat-
egories depending on their approach to using
a new idea. Saleem et al. (2022) conducted
a study using TRA and technology acceptance
model (TAM) with the aim to investigate factors
of e-shopping among Pakistani consumers.
It was reported that personal innovativeness
had positive and significant effects on attitude
towards online purchasing as well as purchase
intention. Liu et al. (2015) reported that con-
sumer innovativeness has a positive impact
on perceived economic benefits, and therefore
significantly contributes to the formation of pos-
itive attitudes and purchase decisions. Accord-
ing to He et al. (2018), consumers with higher
personal innovativeness and environmental
concerns are more inclined to purchase electric
vehicles compared to those with lower personal
innovativeness. They reported that innovative
individuals are aware of the innovation related
benefits. Accordingly, considering EVs an in-
novative technology, it can attract the attention
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of such innovative individuals. Their high per-
sonal innovativeness may lead consumers
to believe that EVs are a trend replacing inter-
nal combustion vehicles, which may anticipate
many benefits from early adoption. Contrary
to previously reported evidence, Tu and Yang
(2019) found that the personal innovative-
ness of consumer did not significantly affect
attitude towards electric vehicles. Moreover,
Moon (2021) found that innovative propensity
influences consumers’ attitudes towards EVs.
Therefore, the second hypothesis of this study
is as follows:

H2: Consumer innovativeness has a posi-
tive effect on attitude towards EV.

1.6 Attitude towards EV and purchase
intention

According to Fishbein and Ajzen (1975), atti-
tude represents a consistent inclination to re-
spond to a specific object, while in the context
of electric vehicles, it might refer to consumers’
positive or negative emotional reactions to-
ward them. Ajzen (1991) observed that attitude
significantly influenced behavioral intentions,
including the intention to purchase electric
vehicles. This was further supported by Sha-
keel (2022). Chiou and Shen (2012) found
that attitude affects consumers’ intentions
to use internet banking. The literature provides
lots of evidence about the impact of attitudes
on purchase intention in EV context. Vafaei-
Zadeh et al. (2022) found significant direct
effects of attitude on the purchase intention
of electric vehicles by consumers in Malaysia.
These findings are confirmed by Ji et al. (2024)
who used a sample of 867 participants to in-
vestigate the impact of attitude towards EVs
on purchase intention. Yusha (2023) inves-
tigated the impact of attitude on the green
purchase intention of people living in Beijing
to purchase one of the three brands BYD (Build
Your Dream), Tesla and Wuling. The findings
of the study supported that attitude affects
EVs purchase intention. While investigating
mediating role of attitude towards hybrid elec-
tric vehicles in a relationship between consum-
ers’ environmental concern and hybrid electric
vehicles adoption intention, Wang et al. (2016)
found that attitude positively affected adoption
intention. However, despite of so many stud-
ies confirming the above mentioned relation-
ship, Handarujati (2024) challenged the status
quo and found that the impact of attitude

towards EVs on purchase intention was in-
significant. Ramadani et al. (2024) found that
attitude towards EVs contributes to EVs pur-
chasing behavior, suggesting the strengthen-
ing of efforts to improve attitudes towards EVs
and consequently boost purchase intention
of customers. Finally, Dutta and Hwang (2021)
provided evidence from Taiwan to support that
attitude significantly influenced users’ sustain-
able consumption intentions for green electric
vehicles. Based on these arguments, we pro-
pose hypothesis three as follows:

H3: Positive attitude towards EV has a posi-
tive effect on purchase intention.

1.7 Consumer innovativeness
and purchase intention

The relationship between consumer innova-
tiveness and purchase intention took attention
of researchers in recent years (Al-Jundi et al.,
2019; Esfahani & Reynolds, 2021; Flores
& Jansson, 2021; He et al., 2018; Morton et al.,
2016; Yildirim & Ozdemir, 2021). Esfahani and
Reynolds (2021) used a sample of 300 par-
ticipants to find that motivational elements
of innovation, with the exception of hedonic
motivation, positively influence purchase in-
tention (Esfahani & Reynolds, 2021). Another
evidence comes from the Emirate of Abu Dhabi,
where Al-Jundi et al. (2019) reported evidence
of significant effects of consumer innovative-
ness on purchase intentions. Moreover, Morton
et al. (2016) found innovativeness and attitudes
related to the performance of EVs significantly
influence the choice for hybrid or electric ve-
hicles. Yildirim and Ozdemir (2021) focused on
the intentions of customers to purchase Turk-
ish EV based on ethnocentrism and innovative-
ness of consumers. Results indicated positive
effects of both consumer ethnocentrism and
consumer innovativeness onto the purchase
intention. Flores and Jansson (2021) focused
on another segment of e-mobility and did
a study of shared e-bikes and e-scooters.
Results revealed evidence of a link between
consumer innovativeness and shared e-scooter
use. In addition, He et al. (2018) found that
two types of personality, such as personal in-
novativeness and environmental concern, sig-
nificantly affect EV purchase intention directly.
Considering the literature presented above,
we propose:

H4: Consumer innovativeness has a posi-
tive effect on purchase intention.
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1.8 Purchase intention and purchase
behavior

Many researchers contributed to a better un-
derstanding of the interplay between purchase
intention and purchase behavior (Fishbein
& Ajzen, 1975; Hoang et al., 2022; Pefia-Garcia
et al., 2020; Tri Cuong, 2024; Wee et al., 2014).
In the theory of reasoned action, Fishbein and
Ajzen (1975) assume that behavioral inten-
tion will lead to actual behavior. Pefia-Garcia
et al. (2020) provided evidence that the online
purchase intention of customers affects their
online purchase behavior. Wee et al. (2014)
found that the actual purchase behavior of or-
ganic food products was significantly affected
by the purchase intention of the products.
On a case of food delivery applications, Tri
Cuong (2024) found that customers’ intentions
significantly contributed to their actual behavior.
Hoang et al. (2022) reported that even though
there is a lot of evidence that purchase intention
affected actual purchase behavior in context
of many different products discussed above,
the systematic literature review revealed that,
talking of electric vehicles context, only a few
studies examine actual adoption behavior (Ho-
ang et al., 2022). Toraman et al. (2023) found
a strong role of intention as a precursor to active
usage of EVs in last mile delivery for fast-mov-
ing consumer goods. Therefore, we propose
the following hypothesis:

H5: Purchase intention has a positive effect
on purchase behavior.

1.9 Attitude towards EVs and consumer
innovativeness

Even though many researchers provided evi-
dence of direct effects when it comes to the in-
terplay between attitude towards EVs, consumer
innovativeness and purchase intention, there
is a shortage of studies dealing with attitude
towards EVs as a mediator between consumer
innovativeness and purchase intention. Li et al.,
(2021) utilized the results from 1,853 consumers
to do a mediation test, and found that sustain-
able products such as electric vehicles, attitude
partially mediated the effects of social innova-
tiveness on purchase intention, as well as the in-
fluence of hedonist innovativeness on purchase
intention (Li et al., 2021). Despite the efforts
of authors such as Ali and Naushad (2022)
or Jaiswal et al. (2021) who considered atti-
tude an interesting mediator between different
predictors and EVs purchase intention, the me-
diating effects of attitude towards EVs between
consumer innovativeness and purchase inten-
tion remained unclear. Considering evidence
of the relationship between consumer innova-
tiveness and attitude towards EVs (He et al.,
2018; Moon, 2021; Tu & Yang, 2019), evidence
of attitude towards EVs as predictor of purchase
intention (Chiou & Shen, 2012; Dutta & Hwang,

Proposed theoretical framework

Source: own
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2021; Ji et al., 2024; Shakeel, 2022; Vafaei-
Zadeh et al., 2022; Wang et al., 2016; Yusha,
2023) as well as evidence of effects of consumer
innovativeness on purchase intention (Al-Jundi
et al., 2019; Esfahani & Reynolds, 2021; Morton
et al., 2016; Yildirim & Ozdemir, 2021), encour-
aged by the work of Li et al. (2021) it was decid-
ed to hypothesize mediating effects of consumer
innovativeness in a relationship between attitude
towards EVs and purchase intention. Accord-
ingly, we propose:

H6: Attitude towards EVs mediates the ef-
fects of consumer innovativeness on EVs’ pur-
chase intention.

All hypothesized relationships are con-
ceptualized into one theoretical framework
illustrated in Fig. 1.

2 Research methodology
This section will explain the literature review
methodology, sampling methods, respondent
details, instrument development, and statistical
techniques used. Literature review was com-
pleted according to “integrative literature re-
view” guidelines of Torraco (2005) and Snyder
(2019), in four phases, as presented in Tab. 1.
Population and sample. Population and
sample were carefully addressed in this study.
Car drivers, residents of United Arab Emirates
(population), were invited to join the study.
Random sampling was applied, and the sample
was composed of 212 participants with differ-
ent sociodemographic characteristics, such as,
e.g., gender, age, education, and driving
experience. Gender balance could be better,
considering that 63.21% are male participants,

Process of integrative literature review — Part 1

Phase

Activities

Design

Torraco (2005) and Snyder (2019) believe that integrative literature review results

in advanced knowledge and theoretical frameworks. As our study proposes and
validates a new theoretical framework, this argument makes it a relevant literature
review methodology to follow. Most recent papers (2020-2024) from journals indexed
in Scopus and Web of Science were prioritized over those published earlier.

Conduct

Final selection of papers ended up with 39 papers from Scopus and Web of Science
database and only 3 papers from journals indexed in other databases such as Tubitak
Ulakbim, Copernicus, Ulrich. The articles were researched using keywords such as:
“electric vehicles,” “technology adoption,” “technology acceptance,
innovativeness,” “theory of reasoned action,” “EVs adoption,” and “electric vehicles
in UAE.” Majority of sources selected for literature review are journal articles, even
42 papers. 39 of them are coming from Scopus indexed journals, while 37 of them
are from Web of Science databases. Finally, the rest of the literature (18 references)
are books, relevant websites and other sources. Scopus indexed articles are mostly
selected papers from Q1 (30 out of 39). Only 5 (out of 39) articles are in Q2, and 4

customer

(out of 39) papers are in Q3 of Scopus database. Web of Science database provided
us with 26 papers are from journals indexed in Social Sciences Citation Index (SSCI),
13 papers from journals indexed in Science Citation Index Expanded (SCIE), 7 papers
from journals indexed in Emerging Sources Citation Index (ESCI), and 11 papers
from journals indexed in both SCIE and SSCI. When it comes to recency of papers,
most of them, even 22 (59%) come from the recent 4 years period (2020-2024).

Nine papers are published in the period from 2015 to 2019, while seven papers are
coming from the period between 2003 and 2012. Finally, only four papers go back

to the period 1951 to 1991.

Thematic analysis was used to analyze selected papers, and articles are grouped into
several subheadings, each reflecting a specific theme identified from the literature.
After analyzing articles, the key findings of the studies are presented under

the relevant subheading in theoretical background and hypotheses development
section. Empirical evidence was reported discussed, and studies contributed

to proposition of new theoretical framework.

Analysis
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Process of integrative literature review — Part 2

Phase

Activities

Structuring
and writing
the review

Literature review was organized into 9 sections, whereby the first and second

are explaining theory of reasoned action and diffusion of innovations theory.

The third section provides information about UAE as a context of EVs adoption.

The remaining six sections treat individual relationships among variables. The entire
process is reported on 3 pages of literature review section, providing evidence for
the hypothesized relationships in the model.

Note: Literature review methodology according to guidelines of Torraco (2005) and Snyder (2019).

while 36.79% are female respondents. While
46.23% of participants are 36-50 years old,
as compared to 38.68% of those 22-35 years
old, the first category might be considered
the dominant one in the sample. While most
of the participants (even 56.6%) have had a driv-
ing license for over 12 years, only 19.34% re-
ported having it for 6-12 years. Even though
the largest group of respondents are those
with a master’s degree (38.68%), they only
slightly outnumber those with a bachelor’s de-
gree (35.85%). The remaining respondents fall
into three categories: college degree (11.32%),
high school (8.02%) and PhD degree (6.13%).
While 58.02% of the surveyed respondents are
UAE expatriate residents, the UAE citizens ac-
count for 41.98% of the sample.

Measures. Measures are developed using
valid and reliable scales from previous studies.
Information about demographics and other
characteristics of respondents was collected
using questions with categorical responses.
When it comes to latent variables, four scales
were applied to measure four variables. Attitude
towards EVs is unidimensional variable (play-
ing multiple roles of both dependent, mediating
and independent variable in the model) with
total of 5 items adjusted from the original scale
developed by Tybout et al. (2005). Consumer
innovativeness is also unidimensional variable
(playing multiple roles of both dependent, me-
diating and independent variable in the model)
with six items, based on the work of Hirschman
(1980). Subjective norm (independent, unidi-
mensional variable) was measured using five
five-item scale adapted from the scale originally
created by Ajzen (1991), and finally the pur-
chase intention is measured using a three-item
measurement instrument as reported by Rodg-
ers (2003). All variables are measured using
a 5-point Likert scale (1 — strongly disagree

Source: own

to 5 — strongly agree). The variable behavior
is measured on a categorical basis whereby
respondents were answering if they were own-
ers of electric vehicles already (0 — | am not
EV owner; 1 — | am EV owner).

Data collection. Data collection was con-
ducted using a questionnaire in online form, and
it took respondents approximately 15 minutes
to complete. Before data collection, participants
got information about the purpose of the study
and instructions on completing the question-
naire. Moreover, respondents were informed
about anonymity, and that the data collected
will be used exclusively for scientific research
purposes. In addition, it was communicated
with participants that participation is on a vol-
untary basis, meaning that they have the right
to withdraw at any time during the process.

Data analysis. Data analysis was conduct-
ed using the Microsoft Excel and SmartPLS4
software packages. Microsoft Excel was used
for frequency analysis and descriptive statistics,
while SmartPLS4 was utilized to evaluate reli-
ability using Cronbach’s alpha and composite
reliability, but also to investigate the convergent
and discriminant validity (Ringle et al., 2024).
Another reason to use SmartPLS for data
analysis in this study is the fact that PLS-SEM
works efficiently with small sample sizes (Hair
et al., 2022). Moreover, the bootstrapping algo-
rithm in SmartPLS makes no assumptions on
the shape of the distribution and can be applied
to small sample sizes with more confidence
(Hair et al., 2017). Considering the fact that
the theoretical model was composed of 4 latent
variables and 1 categorical binary endogenous
variable, following the advice of Hair et al.
(2012), caution in analysis was necessary.
According to Hair et al. (2012), the utiliza-
tion of binary categorical variable in structural
equation is problematic as path coefficients are
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estimated by OLS regressions. Therefore, it is
mandatory that the dependent latent variable
is continuous. Not to violate OLS assump-
tion, the theoretical model was divided into
two models for statistical analysis as follows:
a) SEM model (Fig. 2) composed of four latent
continuous variables whose hypothesized ef-
fects were tested using bootstrapping algorithm
at 10,000 subsamples (Ringle et al., 2024) and

focused on the following hypotheses: H1, H2,
H3, H4, H6; b) logistics regression model com-
posed of one independent latent continuous
variable and one dependent variable, which
was tested using logistics regression in Smart-
PLS4, and it was applied to investigate the par-
ticular impact of purchase intention on actual
behavior (H5). The outputs of the two statistical
procedures are illustrated in Fig. 2.

Output of bootstrapping algorithm (left) and logistics regression (right)

Note: * consumer innovativeness.

3 Results and discussion

Information on descriptive statistics results,
data distribution, Cronbach’s coefficients, and
composite reliability tests are provided and dis-
cussed. Upon preliminary findings, the results
of testing the measurement model are reported
to demonstrate evidence of discriminant and
convergent validity. Upon confirmation of ac-
ceptable levels of reliability and validity, the re-
lationships from the structural model are tested
and discussed.

Source: own

3.1 Results

The investigated variables in this study had
a range of mean values from 3.73 to 3.79,
while a range of standard deviations was be-
tween 0.66 and 0.82 (Tab. 2). The lowest mean
value observed was for the subjective norm
construct (mean = 3.73; SD = 0.66), implying
that respondents are exposed to some level
of social pressure while thinking whether to pur-
chase an electric vehicle. On the other hand,
the highest value was recorded for attitude
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Descriptive analysis, normality, and reliability

Code Variable Mean SD Skewness Kurtosis
SN Subjective norm 3.73 0.66 -0.870 1.004
(o] Consumer innovativeness 3.79 0.69 -0.757 0.188
PI Purchase intention 3.74 0.82 -0.854 0.750
ATT Attitude towards EVs 3.84 0.67 -0.568 0.135
Note: SD — standard deviation.
Source: own

towards EVs (mean = 3.84; SD = 0.67), indi-
cating that respondents have a positive attitude
towards electric vehicles.

The skewness values ranged from —0.870
to —0.568, while kurtosis values ranged from
—-0.188 to 1.004, all within the acceptable bound-
aries of -2 to +2, therefore confirming normality

of the data (Hair et al., 2022). The proposed
model (both measurement and hypothetical
model) is presented in Fig. 3, which shows
some results of PLS-SEM algorithm, namely
inner model correlations and factor loadings.

The results of the SmartPLS algorithm are
detailed in Tabs. 3—4.

Results of the PLS-SEM algorithm

Note: * consumer innovativeness.
Source: own
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Summary of the measurement model

Variables and dimensions Items Loadings Composite reliability (CR)
SN1 0.757
SN2 0.787
Subjective norm (SN) 0.833
SN3 0.701
SN4 0.736
CIN1 0.796
CIN2 0.824
Consumer innovativeness (Cl) 0.881
CIN3 0.865
CIN5 0.734
AT1 0.902
Attitude towards electric
vehicles (AT) AT2 0.866 0.876
AT3 0.739
PI1 0.850
Purchase intention (PJ) PI2 0.792 0.867
PI3 0.838

Note: Items SN5, CIN4, CIN6, AT4, AT5 were removed due to insufficient loadings.

The analysis indicated that items have
sufficient loadings, consistent with the criteria
set by Hair et al. (2022). According to Tab. 2,
all variables demonstrated composite reliability
values of 0.833 and above.

Tab. 4 shows that scores of Cronbach’s alpha
varied from 0.733 to 0.819, showing a sufficient
internal consistency (Cronbach & Shavelson,
2004; Cronbach, 1951; Taber, 2018). The results
of the Fornell-Larcker criterion (1981) test are
presented in Tab. 4, and they demonstrate that
the square root of the average variance extracted
value (AVE) for each variable is higher than its

Construct validation

Source: own

highest correlation with any other variable, indi-
cating that a variable shares more variance with
its own indicators than it does with other variables
(Fornell & Larcker, 1981). All constructs had
average variance extracted (AVE) values above
the threshold recommended by Hair et al. (2022),
which is 0.5. Considering the discussed results,
convergent validity has a satisfactory level.

A bootstrapping algorithm was applied
in SmartPLS4 to test the structural model, and
selected confidence level for hypotheses test-
ing was 90%. Results are illustrated in Fig. 4,
while the details are presented in Tab. 5. Out

Variable C'sa AVE AT CIN PI SN
AT 0.786 0.703 0.839
CIN 0.819 0.650 0.327 0.806
PI 0.769 0.684 0.681 0.324 0.827
SN 0.733 0.556 0.528 0.473 0.375 0.746
Note: C’'s a — Cronbach’s alpha.
Source: own
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of seven hypotheses tested, five were sup-
ported (H2, H3, H4, H5, H6), while one was not
supported (H7). The direct effects of subjective
norm on purchase intention appear to be statis-
tically insignificant (H7). Consumer innovative-
ness had significant direct effects on attitude
towards EVs (H2), while attitude towards EVs
significantly affected purchase intention (H3).

The effects of consumer innovativeness
on purchase intention were statistically sig-
nificant (H4). Purchase intention demonstrated
significant positive effects on purchase behav-
ior (H5). Moreover, the attitude towards EVs
was found to be significant mediator in the rela-
tionship between consumer innovativeness and
purchase intention (H6).

Results of bootstrapping and logistics regression procedures in SmartPLS4

3.2 Discussion

Tab. 5 reports findings on investigating direct
effects and demonstrates that subjective norm
has no statistically significant influence on pur-
chase intention (H7) of consumers in UAE with
a t-value of 0.429 and a p-value of 0.668. This is
consistent with the results of Handarujati (2024),
but at the same time, opposing results of many
other studies (Dong et al., 2020; Dutta & Hwang,
2021; Vafaei-Zadeh et al., 2022; Yusha, 2023).
However, it is interesting to notice that path
coefficient is negative (—0.030), indicating insig-
nificant (Fig. 3), but inverted influence, meaning
that higher level of subjective norm led to lower
level of purchase intention. In other words,
the influence of friends and people important
in life of customers towards purchasing EVs
is negative, but statistically insignificant. This
might be explained by the fact that even though
trend of electrification is positive, the internal

Source: own

combustion engines are still significantly
dominant in UAE and take 97% of share of cars
sold in 2024, as reported by PwC (2024). It is
important to either keep the negative impact
of subjective norm on EVs purchase intention
norm at insignificant level or try to convert it into
positive impact by promoting EVs as a mobility
solution. This, however, can be realized only
if the implications or policy makers discussed
in the coming paragraphs will be implemented.

Results revealed positive and statistically
significant effects of consumer innovativeness
on attitude towards EVs (H2) with t-value
of 4.936 and p-value of 0.000, indicating that
higher levels of consumer innovativeness
led to significantly more positive attitudes to-
wards EVs. This finding is consistent with most
of the evidence from the literature (He et al.,
2018; Liu et al.,, 2015; Moon, 2021; Saleem
et al.,, 2022). Consumer innovativeness has
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a positive and significant impact on UAE
residents’ intention to purchase an EV (H4)
with t-value of 1.838 and p-value of 0.066
(at 90% confidence level). This means that
more innovative consumers are more likely
to have intention to purchase an EV in UAE,
which is consistent with the existing literature
(Al-Jundi et al., 2019; Esfahani & Reynolds,
2021; Flores & Jansson, 2021; He et al.,
2018; Morton et al., 2016; Yildirim & Ozdemir,
2021). Accordingly, policy makers may con-
sider providing more support for educational
programs supporting the development of in-
novative mindsets in elementary schools, high
schools and higher education institutions, but
also strengthening innovation hubs, creating
awards for outstanding innovations in various
fields. Marketers should utilize this by promot-
ing EVs as innovative solutions.

Attitude towards EVs had significant and
positive effects on purchase intention (H3) with
t-value of 11.553 and p-value of 0.000, demon-
strating the strongest impact compared to other
purchase intention predictors in the model.
Finding that more positive attitude of UAE con-
sumers have about EVs, the higher the prob-
ability that they will intent to purchase an EV
supports existing evidence from the literature
(Chiou & Shen, 2012; Dutta & Hwang, 2021;
Ji et al., 2024; Vafaei-Zadeh et al., 2022; Wang
et al., 2016; Yusha, 2023). Therefore, influenc-
ing attitudes towards EVs might be of great
contribution for adoption, and following options

might be considered: educational campaigns
to inform people on EVs’ benefits; offering op-
portunity for citizens to experience and try EVs;
promote EVs through local communities; ad-
dress the concerns of customers by providing
them with more information and breaking po-
tential stereotypes towards EVs.

Purchase intention was found to be signifi-
cant predictor of purchase behavior (H5) with
p-value of 0.000 and t-value of 4.634, indicating
that the intention to purchase an EV of con-
sumers in UAE will most likely lead to actual
purchase. This supports the existing evidence
available in the literature (Fishbein & Ajzen, 1975;
Hoang et al., 2022; Pefia-Garcia et al., 2020; Tri
Cuong, 2024; Wee et al., 2014). It is important
to stress out that this finding is very significant
as Hoang et al. (2022) reported that even though
there is a lot of evidence that purchase intention
affected actual purchase behavior in the context
of many different products, only a few studies
examine actual adoption behavior in the elec-
tric vehicles context. Policy makers can help
customers convert their purchase intention into
EVs purchase behavior by providing different
financial options such as, e.g., attractive leas-
ing/financing options, strengthening charging
infrastructure and keeping the costs of charging
low, providing subsidies, implement sales tax
reduction, and keep enabling EVs’ owners with
free dedicated parking spots.

Speaking of indirect effects, attitude
towards EVs played a significant mediating

Results of testing the hypothetical model and logistics regression

H Path in the model p t-value Status
Direct effects

H1 Subjective norm — purchase intention 0.668 0.429 | Not supported

H2 Consumer innovativeness — attitude towards EVs 0.000* 4.936 Supported

H3 Attitude towards EVs — purchase intention 0.000* 11.553 Supported

H4 Consumer innovativeness — purchase intention 0.066* 1.838 Supported

H5 Purchase intention — purchase behavior 0.000* 5.892 Supported
Mediating effects

H6 Consumer innovativeness - attit_ude towards EVs 0.000* 4.634 Supported

— Purchase intention

Note: * significant at 90% confidence interval; H1, H2, H3, H4, H6 were tested using bootstrapping algorithm
(10,000 subsamples) in SmartPLS4; H5 was tested using logistics regression in SmartPLS4.

Source: own
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role in the relationship between consumer in-
novativeness and purchase intention (H6).
The t-value of 4.634 and p-value of 0.000
indicate significant indirect effects. This leads
to the conclusion that consumer innovativeness
affects purchase intention not only directly,
as reported earlier, but also indirectly through
attitude towards EVs. Considering that all three
paths, namely path a, path b, and path c are
statistically significant in the triangular me-
diation model, according to the rules of Kenny
et al. (1998), the mediation type in H6 might be
characterized as partial mediation. This finding
supports the earlier work of Li et al. (2021).

According to Husain (2024) Dubai Electricity
and Water Authority (DEWA) and Dubai’s Roads
and Transport Authority (RTA) already provided
many incentives for EVs adoption such as: free
parking (green parking spots available at public
parking areas, many malls, offices, government
centers), free salik tag; lower interest rates for
electric vehicle loans, also known as “green
loans,” provided by many banks in UAE to re-
ward eco-aware borrowers. According to Tabrez
(2025), charging on the government-owned
EV charging network (UAEV) will no longer
be free, and EV charging tariffs are supposed
to take effect from January 2025. The UAEV
provides standardized and transparent fees for
EV drivers and makes it easy for them to locate
those by launching a user-friendly mobile app
and 24/7 call center for instant support.

Conclusions

This study explored predictors of EVs purchase
intention and purchase behavior, focusing
on a mediating effect of attitude towards EVs
between consumer innovativeness and pur-
chase intention. We proposed that subjective
norm, consumer innovativeness and attitude
towards EVs affect purchase intention, which
in turn affects purchase behavior.

While consumer innovativeness and at-
titude towards EVs had significant influence
on purchase intention, the impact of subjective
norm appears to be statistically insignificant.
Consumer innovativeness had significant direct
effects on attitude towards EVs, while purchase
intention predicted purchase behavior. Moreover,
the mediating effects of attitude towards EVs be-
tween consumer innovativeness and purchase
intention are found to be statistically significant.

When it comes to theoretical contribution,
results enrich the field by better understanding

of the purchase intentions and actual behav-
iors of consumers, emphasizing that factors
such as consumer innovativeness (directly)
and attitude towards EVs (both directly and
indirectly) can positively influence job satisfac-
tion. In contrast, subjective norms, even though
negative, do not significantly affect purchase
intention of consumers in UAE.

Practical applications of these findings sug-
gest that relevant stakeholders in UAE might
revise their current approach to customers and
think of ways to increase their level of consumer
innovativeness and attitudes towards EVs, with
the aim to influence their purchase behavior.
Considering generally positive attitude of re-
spondents towards EVs, it is important to make
it sustainable towards EVs adoption, where
following policy options might be helpful: a) pro-
moting EVs as a better and socially responsible
mobility solution to influence positive attitudes
towards EVs; b) providing more support for
educational programs supporting development
of innovative mindsets in schools and universi-
ties to further improve consumer innovative-
ness of future EV customers; c) strengthening
innovation hubs, create prizes and awards
for outstanding innovations in various fields
can be also helpful and benefit EV adoption
in the long run; d) marketers should promote
EVs as innovative mobility solutions to benefit
from consumer innovativeness; e) educational
campaigns with the aim of informing people
on EVs’ benefits, offer them opportunity to try
EVs and address the concerns of customers
by providing them with more information to con-
front potential stereotypes towards EVs; and
f) to help people come from purchase intention
to purchase behavior through even more attrac-
tive leasing/financing options and affordable
charging costs. Going the extra mile may ac-
celerate electrification by, e.g., providing more
subsidies, implementing sales tax reduction/
exemptions, and providing interest-free loans.

Sample size can be considered a limitation
of the study, and it is advised to have it expanded
for future research. It is also advised that future
researchers consider the benefits of qualita-
tive methods, such as focus groups, to focus
deeper into the research problem. In addition,
a regional comparison of UAE results with other
countries could provide evidence on contex-
tual effects that shape consumers’ purchase
intentions. Specific research questions (not
limited to) that might be addressed by future
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researchers are as follows. Is there a difference
in customers’ attitudes towards EVs, subjective
norms, consumer innovativeness, purchase
intention and purchase behavior towards EVs
across different generations, age groups,
gender and education groups? Do predictors
of EV adoption, and adoption itself differ among
Gulf countries such as, e.g., Oman, Qatar, and
Saudi Arabia? What are other variables that
might be incorporated in the tested structural
equation model to better explain purchase be-
havior towards EVs? What is EVs adoption
across fleets in different industries. How much
are EVs adopted by shipping companies?
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Abstract: Waste generation is among Malaysia’s most persistent environmental concerns, with
both urban and rural regions trying to cope with the rising volume of waste. Circular economy is
an economic model that aims to eliminate waste and pollution, circulate products and materials
at their highest value, and regenerate natural systems. It is a shift from the traditional linear
“take-make-waste” model to a more sustainable system where resources are used for as long
as possible. The concept also reduces material use, redesigns materials and products to be
less resource-intensive, and recaptures “waste” as a resource to manufacture new materials
and products. This helps address climate change, biodiversity loss, waste, and pollution. One of
the aims of the 12" Malaysia Plan is to promote sustainability and minimize waste in society.
However, limited knowledge on circular economics is found in the literature in the context of youth
in developing Asian countries. Youth are the target audience for this study, since they have
a significant influence on future consumer attitudes and behaviors related to sustainability. Their
perspectives are vital in advancing the circular economy and creating a more environmentally
conscious society. This study aims to identify factors that influence youths’ circular economy
products adoption in the context of developing Asian countries. This study applied PLS-SEM using
data from 154 respondents, consisting of youth in Sarawak, Malaysia. The results demonstrate
that attitude, environmental concern, moral norm, perceived behavioral control, and subjective
norm significantly influence circular economy products adoption. However, perceived sacrifice has
an insignificant impact on the circular economy products adoption. This suggests that younger
people value sustainable practices in their daily lives. This shows the adaptability of youth to future
possibilities. This study also suggests that the transition to a circular economy is imperative for
a country’s economic progress and sustainable development.
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Introduction the rising volume of waste. Malaysia produces
Waste generation is among Malaysia’s most  approximately 30,000 tons of solid waste daily,
persistent environmental concerns, with both  of which food is the largest component of waste
urban and rural regions trying to cope with  (31%), followed by plastic, paper, and diapers
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(Muhammad et al., 2023). With the growing
rate of population, the problem of solid waste
management continues to worsen (Song et al.,
2014), thus negatively affecting the environ-
ment, such as climate change and health effects.
The current population in Malaysia is 34.67 mil-
lion, and with the growth rate of 1.06%, this
would increase the issue of solid waste being
produced daily. This results in landfills produc-
ing greenhouse gases (GHG) such as carbon
dioxide and methane, affecting the atmosphere
(Gorka et al.,, 2021). These emissions are
mainly produced by human-related activities
such as industrial activities (Isella & Manca,
2022) and act as significant drivers that affect
climate change and worsen global warming.
If such a condition persists, this could affect
Malaysia’s Nationally Determined Contributions
(NDCs) under the Paris Agreement to reduce
carbon intensity against GDP by 45% by 2030
in comparison with the 2005 level.

The take-make-waste economy, also known
as the linear economy, is a long-lasting system
that aims at the extraction of resources, produc-
tion of goods and services, and waste disposal.
This system has been the root of economic
success, pushes mass production, encourages
consumerism, and propels industrial expansion
as well as economic growth. Although it has its
advantages, it also has disadvantages, includ-
ing the depletion of resources, an increase
in waste, and a decaying environment. This
system is also heavily dependent on the ex-
istence of Earth’s finite resources. Its effects
on the deteriorating environment and how frail
the system is based on its reliance on finite
resources. The demand for these resources
will not fade away (Tan et al., 2022). Instead,
it escalates alongside population growth. Tan
et al. (2022) stated that, as society is still greatly
dependent on the linear economic model,
the expectation is that the activities of extract-
ing resources that produce GHG emissions
are not expected to slow down anytime soon.
This leads to the notion of a circular economy
in achieving overall economic prosperity, social
integration, and environmental sustainability.
The system that circular economy (CE) exer-
cises is a loop-like system where the resources
are reused, recycled, and regenerated.

Similar to the concept of the 3Rs method,
which focuses on waste management, CE el-
evates this concept by pushing the loop
cycle system that advocates for reducing

the extraction of resources, reprocessing them,
and regenerating them into new energy (Ro-
driguez-Espindola et al., 2022). The main idea
of CE is the optimization of resources, waste
prevention, where products are created with
the intention of a longer lifecycle, as well as in-
corporating the concept of sustainability within
the design of the products. This system values
the concept of reusing or repurposing products
and discourages the old tradition of waste dis-
posal. Hollander et al. (2017) stated that there
is no concept of waste in a circular economy
as it is seen as one of the resources. The im-
plementation of CE does well for the good of
the environment, as well as encouraging novel
ideas, innovations, and life enhancements. This
concept provides solutions for resource scar-
city and dependency (Di Stefano et al., 2023),
as well as the overwhelming volume of wastage
(Perey et al., 2018).

Malaysia’s Ministry of Investment, Trade
and Industry (MITI, 2024) has created the Cir-
cular Economy Policy Framework, which is
a critical step in promoting green production
methods while dealing with the ecological chal-
lenges connected with the traditional industrial
models. The framework attempts to transition
from processes that rely fully on non-renewable
fossil fuels to a more sustainable value chain
practice that would lessen environmental deg-
radation. One of the efforts of policymakers is
the Extended Producer Responsibility (EPR)
program, which ensures producers are held
responsible for their products’ lifecycle, spe-
cifically for the environmental costs throughout
their production processes. Such strategies
would foster greater contribution to the coun-
try’s GDP, as the producers gain from the value-
added by-products in their value chain, and
lower wastage and emissions to the environ-
ment. At present, the industry accounts for
around 24% of GDP and 20% of national
emissions (Ministry of Investment, Trade and
Industry, 2024). This framework is consistent
with the National Energy Transition Roadmap
(NETR) to “navigate the complexity of energy
transition on a large scale, especially the shift
from a traditional fossil-fuel-based economy
to a high-value green economy” (Ministry
of Economy Malaysia, 2023). The circular
economy movement has also been embedded
in the major national development plan, namely
the 12" Malaysia Plan (12MP). The 12MP goal
is to achieve net-zero GHG by 2050 through
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strategic focus on energy transition and effec-
tive coordination. In particular, the main aim is
to identify the complex and interrelated land-
scape of energy structures and accept the re-
quirement to achieve equilibrium in the energy
trilemma (Ministry of Economy Malaysia, 2023).
These are in tandem with United Nations
Sustainable Development Goals, Goal 12 Re-
sponsible Consumption and Production, as well
as Goal 13 Climate Action.

Circular practices are an excellent substi-
tute for the linear economy, and many have
taken part in implementing them in the form
of policies and frameworks. However, there
is still a lack of comprehensive legal frameworks
that are able to provide significant support for
circular practices. Abdul-Hamid et al. (2023)
stated that there is a lack of laws and policies,
as well as financial constraints, that can support
circular practices in Malaysia. The existing legal
documents are the Environmental quality act
of 1974 and the Solid waste and public cleans-
ing management act of 2007, and they only of-
fer minimal support towards a circular economy
(Malaysia, 1974; Malaysia, 2007). Furthermore,
low awareness among local communities
results in less engagement in circular prac-
tices, thus slowing down the implementation of
the circular economy. This is further supported
by Kuah and Wang (2019), who highlighted that
there is a low awareness of CE facilities and
programs among Asian buyers.

The waste produced differs vastly depend-
ing on various factors such as an increase
in population, greater economic activities, and
consumer behavior. Such volatile patterns
may burden the successful implementation
of circular economy practices. In addition,
the ambiguity surrounding the term “circular
economy” among society may also delay its
overall implementation. This could result in low-
er public awareness and a lower willingness
to participate in any circular economic activity.
Operators may find it difficult to make invest-
ments in environmentally friendly operations
or technology if they are uncertain of customer
demand for goods that are sustainable. Recog-
nizing the increased need for green alternatives
via circular economics, efforts could assist
firms in matching their plans with client require-
ments. As mentioned by Krajnc et al. (2022),
public awareness, in particular, among youth,
is essential as their behavioral patterns are
fundamental towards the successful transition

to a circular economy in the long run. In this
study, the term CE products adoption is used
to represent responsible and sustainable
CE practice, specifically the purchase and use
of CE products. According to Vidal Ayuso et al.
(2023), CE is considered as “shared use,”
“repair,” “recycle,” and “upcycle” within the pur-
chasing process. Meanwhile, CE products are
considered as upcycled fashion and acces-
sories, circular footwear, biodegradable and
composting products and recyclable electron-
ics, particularly from palm-based practices.
As a major global producer and exporter, Ma-
laysia has made significant efforts in the circu-
lar economy in the palm oil industry. According
to Aziz et al. (2021), the concept of circular
practices is applied in the process of palm oil
production, addressing the issues regarding its
production, which are deforestation and waste
management. Some instances include palm
oil waste, such as empty fruit bunches, which
are created after sterilizing and stripping, and
can be used as compost and for the genera-
tion of energy. Another example is the palm oil
mill effluent, which is mostly created during
the sterilization and clarifying process, that can
be reused and sprayed on the fiber to speed
up bacterial breakdown in the compost facility.
Oil palm fiber and oil palm shell are produced
during the crushing and extraction of palm ker-
nels after the nuts have been removed. The oil
palm shell is also used as a coarse aggregate
alternative in concrete to create lightweight
palm oil-based concrete for green buildings
(Cheah et al., 2023). More examples of palm-
based products as a result of circular economy
practices are nanocrystalline cellulose (NCC)
that can be used as textile effluent contaminant
remediation in upcycle fashion (Shanmugara-
jah et al., 2019), while polyol derived from palm
oil can be utilized in circular footwear (Blasco
et al., 2020). In addition, oil palm empty fruit
bunch can be used to produce biodegradable
bioplastic specifically in food packaging (Rah-
man et al., 2019), while palm fatty acid distil-
late (PFAD) is an environmentally friendly and
renewable industrial lubricant (Golshokouh
et al., 2014). Significant barriers in CE products
adoption are a lack of ability among the general
public to recognize and differentiate between
conventional products and CE products.
In the Malaysian context, certifications such
as MyHijau Mark & SIRIM Eco-labelling serve
as institutional tools to identify responsible and
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ecologically conscious products (Malaysian
Green Technology Corporation, 2021).

There is a plethora of studies investigating
factors influencing CE adoption due to rising
interests in circular economy practices, which
typically utilize the theory of planned behavior
(TPB). This study utilizes extended TPB to in-
vestigate CE products adoption. The complex
incentives and barriers unique to CE adoption
may not be well-captured by the classical
TPB framework. In theory, TPB concentrates
on the rational decision-making but it often
received critiques for disregarding moral ef-
fects on environmental behavior as well as lack
of prediction of repeating behavior (Klockner,
2013). Furthermore, there are limited region-
specific studies that explore the drivers or bar-
riers for youth to embrace CE practices, which
deters policy-makers, think tanks, education
institutions and industry players to construct
targeted interventions in promoting sustain-
able behavioral change. Ahmed et al. (2022)
also stated that there are very limited studies
on CE, particularly for emerging and developing
countries. Furthermore, there is a critical gap
in contextualizing this behavioral model from
the perspective of a developing Asian country
with a different institutional structure and socio-
cultural norms than the west within the circular
economy framework. Hence, the study adapts
TPB by incorporating three additional factors,
specifically perceived sacrifice, moral norms
and environmental concern, to address these
gaps. These factors are underexplored and
have inconsistent evidence of a person’s sense
of morality and their environmental concern
while complying with the sacrifices needed.
It was shown that a person’s morale can drive
their personal sacrifices (O’Connor & Assaker,
2021), while another study asserts that circu-
lar activities engagement is due to a person’s
moral norms rather than a sense of environ-
mental responsibility (Arias et al., 2022). Hence,
an in-depth study is needed to identify the in-
tricacies of those variables, especially within
the youth group. Another research gap in this
study is the population gap, focusing on the cul-
tural gap between generations, specifically on
the younger people. The perception of moral
norms, environmental concern, and perceived
sacrifices might differ from the older genera-
tion. This is due to the influences in their era,
making them have different beliefs, values, fi-
nancial conditions, and mindsets. For instance,

a higher expense of circular activities is seen as
a higher sacrifice for them, lowering their desire
to participate (AlJaber et al., 2023), despite their
beliefs. According to Maria (2022), the youth are
more likely to participate in circular economic
practices through knowledge sharing. This re-
search focuses on the perspective of the youth
that is included in the extended TPB to capture
the key factors that drive younger people to en-
gage in circular practices. Addressing these
gaps will give a better understanding of youth
behaviors and their decision-making processes,
catering to better policies for each generation.

This integrated model provides a more
holistic approach towards better understanding
drivers of CE adoption among youth in the de-
veloping Asian region which leads to the fol-
lowing research questions (RQ). RQ7: How
does TPB constructs influence CE products
adoption? RQ2: Are perceived sacrifice, moral
norm and environmental concern significant
determinants towards CE products adoption?
RQ3: To what extent do the determinants influ-
ence CE products adoption among youth in
the context of developing Asian country?

In response to this, the research objective
(RO) of this study is to investigate determi-
nants of circular economy products adoption
specifically: RO1: To investigate the influence
of TPB constructs towards CE products adop-
tion. RO2: To assess the role of perceived sac-
rifice, moral norm and environmental concern
towards CE products adoption. RO3: To pro-
vide empirical insight in the context of youth
in developing Asian country.

This study will focus on youth in the con-
text of the developing Asian country, in this
case, Sarawak, Malaysia. Youth and their age
range vary throughout different organizations,
but the identical characteristics that were
agreed upon are that it is a phase of transi-
tion from teens to adulthood. Internationally,
youth are defined as people in the age group
of 15 to 24 years old. According to the Institute
of Labour Market Information and Analysis
(ILMIA, 2017), the youth categories are defined
as those in the age range between 15 and
30 years old. The individual in this group grows
up in the early years of the technology boom,
seeing the revolutionized usage of social
media, and these attributes make them well
informed and up to date with events that are go-
ing on around the world. This proves that they
are resilient in this modern environment and
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economic state, and challenges (Motti-Stefanidi
et al,, 2022). Despite that, action plans are
required to bridge the gap between youth and
multi-stakeholders. Circular economy is a com-
plex mechanism that is relatively new to the Ma-
laysian economy and industry. This encourages
integrated cooperation from governments,
industry, investors, non-governmental organi-
zations, and youth to understand the drivers
of circular economy implementation.

1 Theoretical background

1.1 Extended theory of planned behavior
This study utilizes the extended theory
of planned behavior to investigate factors that
influence CE products adoption among youth
in a developing Asian country. The extended
theory of planned behavior (ETPB) was de-
veloped based on TPB by integrating other
factors that delve more into detailing human
behavior. The well-known theory of planned
behavior (TPB) is popular in explaining human
behavior with three main factors, which are at-
titude, subjective norms, and perceived behav-
ioral control. TPB was the result of expansion
by Ajzen (1991) from the theory of reasoned
action (TRA), introducing perceived behavior
control into the equation, taking into account
the influences that may accelerate or slow
down certain behavioral performance. Outlin-
ing the key factors of TPB, attitude is known
as a person’s favorable and unfavorable as-
pects of the behavior. Subjective norm relates
to the social influences expected for an indi-
vidual to act or not engage in certain behavior.
In the extended form of TRA, perceived behav-
joral control was introduced, and it refers to
a person’s beliefs in their capability to perform
the behavior as intended. Collectively, these
mentioned factors affect the intention behavior
as well as the actual behavior. Although TPB
is known to be an efficient framework in study-
ing human behavior (Ajzen, 1991), it lacks
a person’s emotional aspect, past experience,
and ethical standing (Sun, 2019). Therefore,
this study introduced perceived sacrifice, moral
norm, and environmental concern to the frame-
work, extending it to see its effects on behavior.
Perceived sacrifices are the risks taken, such
as efforts, time taken, and these are known as
the non-monetary cost (Johnstone & Tan, 2014).
It also represents a personal judgement of
the expected negative outcomes it may impose
on the consumers that engage in the behavior

(Peter & Tarpey, 1975). Moral norm (MN) is a set
of values and doctrines that are affected by per-
sonal behaviors and beliefs (Harms & Skyrms,
2009). Developed from the Schwartz theory,
the norm activation model (NAM) (Schwartz,
1977) and later enhanced by Stern et al. (1999)
value-belief-norms (VBN) theory was proposed
and asserts that an individual’'s action on eco-
friendly activities is affected by moral norms that
are based on past experiences.

As for environmental concern, it is related to
the character of behavior and results in a cer-
tain situation and the creation of perceptions
(Bamberg, 2003). According to the concept
of environmental concern, which involves a per-
son’s knowledge, beliefs, opinions, and behav-
iors (Cruz & Manata, 2020), those who are
concerned about the degrading environment
are more prone to adopt a pro-environmental
lifestyle. There are multiple important values
defining an individual's environmental con-
cern, especially those who strive to preserve
the environment; they are more likely to be-
have in a pro-environmental manner. Through
the integration of these factors, a more inclu-
sive model is introduced, extending it as well
as allowing for a more insightful understanding
of human behaviors.

Despite offering an important framework
to investigate CE adoption by extending
the theory of planned behavior (TPB), the theo-
retical input applied in the study may generally
appear subtle as a result of extensive usage
in research on sustainability. The TPB frame-
work is enhanced by incorporating additional
constructs, including perceived sacrifice, moral
norms and environmental concern, although
the integration typically adds to the body of lit-
erature instead of providing new theoretical
viewpoints. Nevertheless, the study delivers
contributions by presenting nuanced perspec-
tives on CE-based behaviors and establishing
this extension within the CE framework.

1.2 Attitude towards behavior (ATB)

Ajzen (1991) has established that a posi-
tive attitude would make consumers more
inclined to enact a particular behavior. At-
titude is also known as a state of acceptance
or readiness that is affected by a positive ex-
perience that the individual's action towards
that particular action (Aishi et al., 2020). Ac-
cording to Amoako and Dzogbenuku (2020),
attitude towards green behaviors is significant
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in the purchasing behavior of green products
in Ghana.

This study will focus on individuals’ at-
titudes and their relationship with the adoption
of CE practices. Generally, the link between
attitude and CE practices is from the effects
of depletion of natural resources, the amount
of waste generated, and GHG emissions
(Rincén-Moreno et al., 2020), and this exhibits
an urgency to the adoption of CE practices.
Costa et al. (2021) investigated individuals who
have experience with environmental conscious-
ness and their attitudes toward the adoption
of green products. The researchers found that
attitude does impact the intention to adopt
green products. This will create people who
have an environmentally conscious mindset,
where they will find ways to live their lives
in accordance with a sustainable lifestyle, such
as practicing reusing, recycling, and purchas-
ing green products. This will indirectly drive up
the demand for sustainable products as well
as raise the number of individuals who are envi-
ronmentally conscious. This is supported by Jan
(2022), who states that attitudes have a posi-
tive influence on the purchase of CE products
in Turkey. As for Alves et al. (2023), they found
in their study that students showed different
types of CE behavior and had a positive attitude
toward CE. Jimenez-Fernandez et al. (2023)
focus on the relationship between awareness
and attitudes toward CE beliefs and found that
attitudes are positively significant to the beliefs
of CE. Individuals’ attitude is a catalyst that
accelerates changes, especially in terms of
the adoption of CE practices. Globally, the tran-
sition towards CE is imperative considering
the effects of increasing waste levels on climate
change (Bilal et al., 2020).

H1: Attitude has a positive influence on
CE products adoption.

1.3 Subjective norms (SN)

Subjective norm is the perception of an indi-
vidual's understanding or perception of social
influence to react in a certain way. Ackaah et al.
(2021) described subjective norm as an indi-
vidual's perceived social pressure to perform
or not to perform a particular behavior. In short,
it is the level of influence from their social circle
that has an impact on individuals and their
judgment of what others might perceive, and
it is not necessarily the true thoughts of other
people.

In this context, subjective norms are
observed in terms of their relation to CE prac-
tices adoption. Subjective norms could be
the actual behaviors of others who are acting
on such purchasing green products, or just
the perception of other thoughts and opinions
on CE practices. Ting et al. (2023) mentioned
that in a community, subjective norm decisions
are impacted by others within the industry, con-
sidering whether to adopt the circular economy
(CE) model. And this emphasizes that collective
thoughts in a community have an influence on
an individual. Hao et al. (2020) investigated
the effects of elements on the readiness to en-
gage in CE and found that subjective norm has
a significant impact on individuals’ readiness
to participate in CE practices. However, ac-
cording to Sauermann et al. (2020), it is firmly
stated that community collective activities are
important in transitioning to CE practices.

Centobelli et al. (2021) studied the relation-
ship between factors that affect CE capability
in small and medium enterprises (SMEs) and
found that social influence affects the expecta-
tion of environmental commitment. While Lee
(2022) found that subjective norm has a signifi-
cant impact on news consumption and circular
packaging. Jan (2022) stated that subjective
norms have a positive influence on the pur-
chasing intention of CE products in Turkey. This
shows that subjective norms have an active
role in individuals’ acceptance of CE practices.

H2: Subjective norm has a positive influ-
ence on CE products adoption.

1.4 Perceived behavioral control (PBC)
Perceived behavioral control is the degree
of confidence and control an individual has
in performing certain behavior (Ajzen, 1991).
While Wang et al. (2016) indicated that per-
ceived behavioral control can be defined
the perceived ease or the perceived issues of
acting on the behavior. SchmalfuB} et al. (2017)
define perceived behavioral control as a per-
son’s perceived capability to achieve a behav-
ior within their internal and external resources.
Hence, the difficulty level of performing any
CE practices specifically affects the adoption
of CE products.

The study by Shin and Hancer (2016)
shows a positive influence of perceived behav-
ior control on the purchasing intention. Similarly,
Berki-Kiss and Menrad (2021) examine the fac-
tors influencing the adoption of green products
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in Germany and note that perceived behavioral
control significantly influences the adoption.
In this context, perceived behavioral control
influences the adoption of CE practices,
such as the obstacles and risks that come with
the adoption of CE practices. Jan (2022) stated
that perceived behavioral control has a positive
influence on the purchasing of CE products
in Turkey. This shows that when people have
adequate knowledge and the ability to engage
in an environmentally friendly act, they are
more likely to adopt CE practices.

In the industry area, Tran-Thi-Thanh and
Nguyen-Thi-Phuong (2023) focused on the fac-
tors that affect firms’ adoption of circular busi-
ness models (CBMs) and found that the most
influential factor is perceived behavioral
control. This reflects organizations’ confidence
in adopting CE practices, and this is due to their
sufficient resources and being well educated on
the matters of CE, enabling them to be in con-
trol. As Ham et al. (2015) stated, perceived
behavioral control includes the capabilities
to manage obstacles and risks and exhibits
dominant control while adopting sustainable
products. Ham et al. (2015) further mention that
confidence can be influenced by experiences
with green products, positive monetary barriers
perception, and the perceived convenience it
brings. While Adabre et al. (2022) stated that
focusing on the transition to circular economy
practices, perceived behavioral control can be
affected by barrier factors such as risks, which
will lower the adoption of circular practices,
hence, slowing down the transition to circular
economy. Therefore, this study will delve into
understanding the perceived behavioral control
stance in the adoption of CE practices.

H3: Perceived behavioral control has
a positive influence on CE products adoption.

1.5 Perceived sacrifice (PS)

Perceived risk is an individual's expectation
of a certain product’'s performance, bring-
ing positive or negative outcomes; in other
words, the costs that were given up acquiring
another product (Shukla, 2010). Perceived
risk is also known as a subjective evaluation
of an individual to the degree of uncertainty
that is involved in attaining or using the prod-
ucts, as well as the potential impacts related
to it (Faqih, 2016). Moreover, it also embodies
a personal judgement of the expected nega-
tive outcomes it may impose on the consumers

who purchase and use the product (Peter
& Tarpey, 1975). Wong et al. (2020) categorize
perceived sacrifice into two aspects, which
are monetary and non-monetary. Perceived
sacrifices are the risks that were taken, such
as efforts, time taken, and these are known as
the non-monetary cost (Johnstone & Tan, 2014;
Lai, 1995; Pura, 2005). It was further stated
that comfort and convenience are also non-
monetary factors in perceived sacrifice (Wong
et al., 2020). As for monetary factors, Yang and
Peterson (2004) stated that the costs incurred
are evident factors, and this is also supported
by Sanchez et al. (2005).

In terms of circular economy practices, sac-
rifices can look like purchasing green products
is expensive, or if a person wants to recycle,
but it takes time to accomplish. Ramayah et al.
(2010) studied the intention to purchase green
products and found that consumers’ efforts and
convenience negatively impact the intention
to purchase green products. This can also be
viewed as a type of risk. For instance, an in-
dividual might perceive that switching to solar
panels is a financial burden, risking their exist-
ing convenience for a higher-priced product.
Supported by Wong et al. (2020), identified that
perceived sacrifice negatively impacts the adop-
tion of green habits amongst airline passengers.
This illustrates that people have to abandon
their comfort and convenience to adopt sustain-
able practices, thus decreasing their intention
to do so (Wong et al., 2020). This will create
hesitation among people to accept circular
economy practices, thus slowing the process
of transitioning to a circular economy. Lobo
et al. (2021) also stated that barriers such as fi-
nance, risk, information, and knowledge are
the obstacles that necessitate further research.
Therefore, perceived sacrifice added as a vari-
able in the extended theory of planned behavior
enables the strengthening of the understanding
of the adoption of circular practices.

H4: Perceived sacrifice has a negative influ-
ence on CE products adoption.

1.6  Moral norm (MN)

Harms and Skyrms (2009) stated that a moral
norm (MN) is a complex set of principles that
goes beyond society and is affected by person-
al behaviors and beliefs. Moral norm is derived
from the Schwartz theory, the norm activation
model (NAM) (Schwartz, 1977). An individual’'s
comprehension of the responsibility that they

110 E M 2025, volume 28, issue 3, pp. 104-127, DOI: 10.15240/tul/001/2025-3-007



must bear through their certain actions is when
their MN is triggered (Schwartz, 1977). This
theory was later enhanced by Stern et al.
(1999), who proposed a value-belief-norms
(VBN) theory. This theory argues that an indi-
vidual’'s action on pro-environmental behavior
is affected by moral norms that are experienced
in social interactions. In other words, moral
norms are activated when people know their
actions have consequences and take up
the responsibility to mitigate those effects. In
this study, moral norm is an added variable, ex-
panding the theory of planned behavior (TPB).
Many have addressed the importance of moral
norms in regard to pro-environmental behav-
ior (e.g., Yazdanpanah & Forouzani, 2015).
Bamberg and Moser (2006) stated that there
is an increase in curiosity in adding MN as one
of the predictors in the original TPB frame-
work and also observing it in its correlation to
the pro-environmental behaviors. Thus, adding
this factor would enhance the understanding of
the role of moral norms in the adoption of circu-
lar economy CE practices.

He and Zhan (2017) did a study on factors
that influence electric vehicle adoption and
were able to identify that moral norms have
a positive impact on the intention to adopt it.
Yazdanpanah and Forouzani’'s (2015) findings
in their study strengthen the statement that
moral norms are an important factor in indicat-
ing people’s intention to act on environmentally
friendly behavior. The researchers also found
that among the students in Iran, moral norm
is an important factor that affects the purchase
of organic food (Yazdanpanah & Forouzani,
2015). This stresses the crucial role of youth
being the age group that is the most active
in adopting CE practices. As for Liu et al. (2020),
they stated that moral norms affect consumers’
adoptions of green products and mediate be-
tween attitude and subjective norms. Similarly
to Zhang et al. (2022), who studied moral norms
as a mediating role regarding purchasing green
electronics appliances and found that consum-
ers who have a high moral standing are likely
to purchase these products.

Additionally, moral norms also influence re-
cycling behavior. Saphores et al. (2012) found
that moral norms are able to explain an individ-
ual’s willingness to recycle and to act on pro-en-
vironmental behaviors. In addition, Botetzagias
et al. (2015) stated that moral norm plays an im-
portant role in the intention to recycle. Similarly

to Miliute-Plepiene et al. (2016), who explored
the drivers that affect the behavior of recycling
and identified that moral norm has the most
important influence on recycling behavior.
This is supported by a recent study by Siringo
et al. (2020) that agrees on the importance
of moral norms as one of the variables that af-
fects an individual’'s behavior on recycling, and
the researchers also indicate that moral norms
are a mediating variable to enhance the under-
standing of recycling behavior.

H5: Moral norm has a positive influence on
CE products adoption.

1.7 Environmental concern (EC)
Bamberg (2003) stated that environmental
concern is related to behavioral characteristics,
and it impacts a certain situation and the gener-
ation of situation-specific cognitions. According
to Cruz and Manata (2020), the idea of environ-
mental concern consists of knowledge, beliefs,
opinions, and behaviors. Therefore, those who
believe and are concerned about the degrad-
ing environment are more likely to embrace
a pro-environmental lifestyle. There are multiple
important values defining an individual’s envi-
ronmental concern, especially those who strive
to preserve the environment; they are more
likely to behave in a pro-environmental manner.
Past studies indicated that individuals’ envi-
ronmental concerns are a driving force that pro-
motes the transition to circular economy practice
(Cruz & Manata, 2020; Patwa et al., 2020; Yue
et al., 2020). Ratner et al. (2020) identified that
those who have a high education level are more
expressive regarding preserving the environ-
ment, thus making them more conscious of de-
cisions that are in the environmentally friendly
categories. While Akkalatham and Taghipour
(2021) studied the barriers to green consumer-
ism behavior and found that circular economy
implementation led to pro-environmental be-
haviors. According to Pinho and Gomes (2023),
more people have taken an interest in environ-
mental concerns, which has raised the number
of individuals who are more pro-environmental
and make every effort to live sustainably,
which positively affects the environment. This
promotes the adoption of circular econom-
ics practices, which can focus on resource
efficiency and decreasing waste. Similarly,
Gomes and Lopes (2023) studied the effects
of environmental concern on circular practices
and found that environmental concern does
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influence different types of circular practices,
such as water saving and zero plastics. In this
study, environmental concern is added variable
to the theory of planned behavior. As Minelgaité
and Liobikiené (2021) stated, there is still a lack
of studies regarding this, where the increase
of shifts in the adoption of practices in the circu-
lar economy by the pro-environmental. There-
fore, this warrants in-depth research allowing
an extensive observation of environmental
concern on the individuals’ behavior during
the transition to the circular economy.

H6: Environmental concern has a positive
influence on CE products adoption.

Survey items — Part 1

2 Research methodology
21 Respondents, procedures,
and measurements

The sample size in this study was collected
in 2024 and involved 154 respondents.
The surveys were established using data gath-
ering instruments and adopted closed-ended
questions with predetermined response op-
tions. The surveys were employed to examine
the adoption of CE products in Kota Samara-
han city, Sarawak, Malaysia. The Likert scale
was utilized to identify the degree of agreement
among participants, ranging from 1, indicating
significant disagreement, to 5, indicating strong

Construct/factors Items Measurement indicators
ATBA1 | think CE products adoption is reasonable.
ATB2 | find CE products adoption appropriate.
Attitude towards ATB3 CE products adoption is beneficial for me.
behavior (ATB) ATB4 | believe CE products adoption is good for my family.
ATB5 CE products adoption makes me feel comfortable.
ATB6 CE products adoption are very useful to my family.
SN1 My parents support my CE products adoption.
Subjective norms SN2 My siblings support my CE products adoption.
(SN) SN3 My friends support my CE products adoption.
SN4 Colleagues/peers support my CE products adoption.
PBC1 | am confident on CE products adoption if | want.
Perceived PBC2 For me, CE products adoption is easy.
behavioral control PBC3 The decision for CE products adoption is not out of my control.
=Y PBC4 Decision for CE products adoption or not is entirely up to me.
PBC5 | can afford for CE products adoption.
PS1 | do not know about the CE pr_oducts adoption, before
| adopt it.
If | opt for CE products adoption, the probability of waste
Perceived sacrifice PS2 is very high.
(PS) PS3 | need more information about.CE‘ products adoption, before
adopting it.
PS4 | have to try it many times.
MN1 | believe | have a moral obligation for CE products adoption.
MN2 CE products adoption is consistent with my moral principles.
Moral norm (MN)
MN3 My personal values encourage me for CE products adoption.
MN4 | have a moral responsibility for CE products adoption.
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Survey items — Part 2

Construct/factors Items Measurement indicators
| adopt CE products because the balance of nature is very
EC1 ) .
delicate and can be easily upset.
EC2 | adopt CE products because human beings are severely
Environmental abusing the environment.
concern (EC) | adopt CE products because humans must maintain
EC3 ) ; .
the balance with nature in order to survive.
EC4 | adopt CE products because human interferences with nature
often give a negative impact.
P11 | often opt for CE products adoption.
P12 My CE products practices are very high.
CE products | have purchased CE products (recyclable, reusable,
. PI3
adoption (CE) upcycle products).
P14 | will continue to opt for CE products adoption.
P15 | am recommending to my relatives for CE products adoption.

Source: Ajzen (1991), Dodds et al. (1991), Dopico et al. (2009), Yadav and Pathak (2016),
Shin and Hancer (2016), Liu et al. (2020)

agreement. Tab. 1 shows the survey items  and validated the survey regarding its relevance
adapted from Ajzen (1991), Dodds et al. (1991),  and content validity.

Dopico et al. (2009), Yadav and Pathak (2016),

Shin and Hancer (2016) and Liu et al. (2020). 2.2 PLS-SEM

Subject matter experts in the field of circular  The collected data was evaluated using partial
economy and sustainability have also reviewed  least squares structural equation modelling

Conceptual framework

Source: own (adaptation based on Ajzen (1991)
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(PLS-SEM) to assess CE products adoption.
PLS-SEM was used in this study because it is ap-
propriate for investigating research objectives,
considering the limited sample size, and account-
ing for probable non-normality in the dataset.
The measuring model assesses the relationship
between latent components and the indicators
they represent, and its methods include com-
posite reliability, indicator loadings, discrimi-
nant validity, and average variance extraction.
The structural model assesses the course of con-
nections between the independent and depen-
dent factors/variables used in the research.

Fig. 1 shows the conceptual framework for
this research, which studies the factors influ-
encing CE products adoption. This study em-
ploys the main factors of the theory of planned
behavior (TPB), which are attitude, subjective
norm, and perceived behavior control. Ad-
ditional factors integrated into this framework
are perceived sacrifice, moral norms, and

Results for descriptive analysis

environmental concerns. The framework shows
the construct hypothesis and its direct impact
on the adoption of CE products.

3 Results and discussion

3.1 Descriptive statistics

The data provided shows a respondent’s
demographic breakdown (Tab. 2). 51% of re-
spondents are female, while 49% are male.
The respondents consist of Malay (27%), lban
(17%), and Chinese (28%), making up the three
largest ethnic groupings. In terms of the highest
form of education, approximately half of the re-
spondents have pre-university or comparable
credentials (53%), while a sizable fraction has
a bachelor’s degree and above (39%). The ma-
jority of households (63%) fall into the B40
group, which denotes lower-income house-
holds, in terms of household income, while
37% consist of middle to high levels of income
(=M40).

Demographic Percentage (%)
Male 49
Gender
Female 51
Malay 27
Chinese 28
Indian

Ethnicity Iban 17

Bidayuh

Melanau
Other Bumiputera 9

Primary and secondary education
Pre-university/equivalent 53
Education -
Diploma 8
Bachelor’s degree and above 39
i B40 (<RM 4,850/EUR 982) 63
Household income
=M40 (=RM 4,851/EUR 982) 37
Source: own

3.2 Measurement model

Using PLS-SEM, the measurement model was
initially evaluated to confirm that the indica-
tors accurately represent the latent variables
or constructs. This evaluation comprised tests for

the reliability of the measurement scales, as well
as checks for convergent and discriminant validity.
Based on Tab. 3, all item loadings exceeded 0.6,
which is considered satisfactory. Each construct
met the minimum requirements of 0.5 for average
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variance extracted (AVE) and 0.7 for composite re-  roots of the AVEs were higher than the correla-
liability, as recommended by Hair et al. (2017) and  tions between the constructs and other constructs
Fornell and Larcker (1981). The discriminant valid-  in the model. Therefore, all tests confirmed that
ity values in Tab. 4 demonstrated that the square  the measurement model is satisfactory.

Results for measurement model

Variable Item Outer loading Cor_npc_)s_lte L NI
reliability extracted
ATB1 0.875
ATB2 0.812
ATB3 0.898
Attitude 0.948 0.751
ATB4 0.863
ATB5 0.875
ATB6 0.872
EC1 0.848
EC2 0.891
Environmental concern 0.906 0.707
EC3 0.803
EC4 0.819
MN1 0.846
MN2 0.863
Moral norm 0.914 0.727
MN3 0.832
MN4 0.868
PBC1 0.851
PBC2 0.742
Perceived behavioral PBC3 0.808 0.881 0598
control
PBC4 0.695
PBC5 0.761
CE1 0.845
CE2 0.838
CE products adoption CE3 0.875 0.935 0.742
CE4 0.893
CE5 0.854
PS1 0.613
Perceived sacrifice PS3 0.763 0.801 0.577
PS4 0.880
SN1 0.905
SN2 0.883
Subjective norm 0.937 0.789
SN3 0.900
SN4 0.863

Source: own (based on the PLS-SEM model)

2025, volume 28, issue 3, pp. 104-127, DOI: 10.15240/tul/001/2025-3-007 E M 115



Discriminant validity using Fornell and Lacker criterion

. CE products | Environmental | Moral Perceived Perceived | Subjective
Attitude . i i
adoption concern norm | behavioral control | sacrifice norm
Attitude 0.866
Ll Ch 0643 |  0.861
adoption
Environmental 0513 0.569 0.841
concern
Moral norm 0.536 0.676 0.449 0.852
Perceived behavioral | 6, 0.595 0.431 0533 0.773
control
Perceived sacrifice 0.478 0.420 0.386 0.448 0.415 0.760
Subjective norm 0.693 0.641 0.387 0.607 0.51 0.491 0.888

3.3 Structural model

Based on the analysis in Tab. 5 and Fig. 2, at-
titude, environmental concern, moral norm, per-
ceived behavioral control, and subjective norm
are significant drivers towards circular economy
products adoption. The R? value of 0.637 is
above 0.26 value suggested by Cohen (1988),
indicating a substantial model. The effect sizes
() are also observed in this study. Itis found that
there is a small effect for attitude, environmental
concern, moral norm, perceived behavioral con-
trol and subjective norm in producing the R? for
CE products adoption. Five out of six relation-
ships are found to have t-value = 1.645, hence
significant at 0.05 level of significance. The small
effect size is rather a reflection of the complex
nature of the study. It is a common phenomenon
whereby all variables synergistically contribute
towards the model, with individual variables hav-
ing subtle roles but theoretically important part in
the context of social science study.

Attitude has a substantial impact on purchas-
ing circular economy items, with a coefficient
of B =0.140 and a p-value = 0.038. This shows
that a favorable attitude toward these items
might increase the chance of acquiring them.
Consumers with positive attitudes about circu-
lar products are more likely to engage in sus-
tainable purchasing activities. This is consistent
with Jan’s (2022) results, which emphasize
the need to develop favorable user attitudes
in order to effectively support circular economic
activities. In the same way, Jimenez-Fernandez

Source: own (based on the PLS-SEM model)

et al. (2023) also found a significant relation-
ship between attitudes and circular economic
beliefs, showing that a positive attitude is a driv-
ing force towards the acceptance and adoption
of circular practices. This stresses that produc-
ers should highlight the advantages gained
through circular economy products to enhance
user attitudes and their purchase.

As evidenced by the results of = 0.225
and a p-value = 0.000, environmental concern
has a significant influence on the desire to buy
circular economy items. This finding shows that
environmentally conscious users are more like-
ly to participate in circular economy-related pur-
chases. Individuals who are concerned about
the environment place a high value on sustain-
able activities and products, which causes them
to favor green products to reduce environmen-
tal degradation and resource exploitation. This
conclusion is similar to the work of Pagiaslis
and Krontalis (2014), who emphasized the rel-
evance of environmental awareness in influenc-
ing customer behavior toward green products.
As a result, businesses could capitalise on this
issue by highlighting the environmental benefits
of their circular economy offerings in order to at-
tract environmentally concerned customers.
In a recent study by Pinho and Gomes (2023),
they stated that the increased number of pro-
environmentalists would increase the adoption
of sustainable lifestyles, thus raising the circu-
lar practices among communities. Gomes and
Lopes (2023) corroborate through their findings
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that environmental concern influences different
types of circular practices, such as water saving
and zero plastic.

The moral norm has a substantial impact
on the propensity to acquire circular economy
items (8=0.305, p-value =0.000). This outcome
suggests that consumers who feel a moral duty
to support sustainable practices are more in-
clined to purchase circular economy products.
A society that upholds strong integrity and eth-
ics would consider its purchase on the basis
of benefiting the people and the environment.
Hence, their purchase of circular economy
products is considered one of the sustainable
actions that morally aligns with their personal
ethics and integrity. As a result, producers that
highlight their ethical commitments to their
circular economy-based goods and services
would appeal to users and encourage them
to make environmentally conscientious pur-
chase decisions. Corroborated with past stud-
ies, moral norms reinforce people’s intention
to perform environmentally friendly activities
and positively influence the intention to pur-
chase organic food (Yazdanpanah & Forouzani,
2015). Moral norms also play a mediating role
in affecting circular products, where consumers
who have high moral standing are likely to en-
gage in environmentally friendly activities (Liu
et al,, 2020; Zhang et al., 2022).

Hypotheses testing

Perceived behavioral control has a sub-
stantial influence on acquiring circular economy
items. This outcome (§ =0.160, p-value = 0.042)
suggests that customers who believe that they
possess the capacity to make sustainable-
based decision-making are more likely to adopt
circular economy products. This includes
factors such as accessibility for the particular
goods and services. When users think they
can overcome the obstacles, such as access
to CE facilities of CE adoption, they are more
likely to do so. Validated by a recent study,
the positive influence that perceived behavioral
control brings towards the adoption of circular
products (Jan, 2022). This result also cor-
roborates with Tran-Thi-Thanh and Nguyen-
Thi-Phuong (2023), who emphasize the need
to increase consumers’ perceived behavioral
control in order to successfully encourage sus-
tainable consumption practices.

Subjective norms have a substantial impact
on the propensity to acquire circular economy
items (B = 0.210, p-value = 0.005). This finding
implies that users are significantly affected by
the behaviors of their social circle, which may
include their family, friends, colleagues, and
acquaintances, in circular economic adoption
decision making. Users are compelled to make
similar decisions if their social circle possesses
values that appreciate sustainable practices.

H Relationshi Original Sample ::ril:tiaorg T statistics -values f? R?
P sample (0) | mean (M) | (Crrcot | (OISTDEV) P
py | Altiude — CE products | 4, 0.136 0.067 2,072 0.038" | 0021 | 0637
adoption
Hz | Environmental concem | 5y 0.225 0.060 3.737 0.000* | 0.094
— CE products adoption
H3 Moral norm — 0.305 0.300 0.073 4153 0.000* | 0.136
CE products adoption
Perceived behavioral
H4 | control — CE products |  0.160 0.165 0.079 2.030 0.042* | 0.039
adoption
Hg | Perceived sacrice — | q -0.030 0.062 0.635 0526 | 0.003
CE products adoption
Hg | Subiective norm — 0.210 0.209 0.075 2.786 0.005* | 0.052
CE products adoption

Note: Significance levels: ** p < 0.05.

Source: own (based on the PLS-SEM model)
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PLS-SEM output

This aligns with Hao et al. (2020), who stress
the role of the social environment in affect-
ing customer behavior. Similarly, government
agencies and producers may also initiate
a culture or values that support circular eco-
nomic activities, enabling more sustainable
decision-making. Corroborated with recent
studies that indicate subjective norms influence
circular packaging adoption as well as having
a positive impact on circular products purchase
(Jan, 2022; Lee, 2022). This validates the idea
that subjective norms heavily influence the cir-
cular economic products adoption.

Perceived sacrifice is not significant upon cir-
cular economic products adoption (8 = —0.039,
p-value = 0.526). In the case of normalization
of circular economy adoption in society, people
may perceive it as a socially expected behavior
rather than a perceived sacrifice. The out-
come also suggests that challenges, which
may include financial factors or perceived

Source: own (based on the PLS-SEM model)

convenience, are either compensated for
by the benefits or insufficiently recognized
by society.

3.4 Discussion

The significant role of attitude towards CE prod-
ucts adoption can be affected by dimensions
of affective and symbolic, e.g., the sense
of fulfillment of “doing good” as well as work-
ing in parallel with global movement such as
the United Nation Sustainable Development
Goals (UN SDG). Youth who associate with
eco-conscious firms have stronger bonds with
green products due to their emotional connec-
tions (Hartmann & Apaolaza-lbafiez, 2012).
Youths are more likely to participate in CE prac-
tices such as recycling, upcycling and selecting
sustainable products if they perceive these ini-
tiatives as beneficial, rewarding, or in line with
their identity (Kumar et al., 2021). The output
of this study pointed out that CE practices are
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a result of a positive narrative driven by a sense
of responsibility as well as a form of progressive
and sustainable way of new thinking among
the younger generation.

Youth behavior in a collectivist culture
is formed by peer pressure, familial demand,
and social standards, which pose a strong effect
on subjective norms (Wang et al., 2020). Youth
is more likely to perform CE practices that are
endorsed or promoted by their members of so-
ciety (Krajnc et al., 2022). Furthermore, social
standards portray by social media influencers
can also shape consumers’ preferences by en-
couraging sustainable practices among younger
generation (Confetto et al., 2023). The scenario
also indicates that the road towards promoting
and normalizing CE practices can be expediat-
ed by ensuring it to be a publicly-acknowledged
and socially valuable behavior.

The role of perceived behavioral control
confirms that it is an imperative position in
the studies of sustainable based behavior and
practices. Youth tend to perform CE practices
when they believe they possess the capacity
to involve in CE based behaviors (Paul et al.,
2016). Lack of access to CE facilities may deter
PBC and sustainable practices in Southeast
Asia (Chinen & Matsumoto, 2020). Hence,
the outcome stresses the neccessity for build-
ing supportive surroundings, for example,
recycling facilities, repair and refurbishment
centres, and remanufacturing facilities that fos-
ter youths’ morale and readiness to take action
on CE-based practices.

Generally, environmental concern is associ-
ated with pro-environmental behaviour (Schultz
et al., 2005). Environmental concern can be
locationally activated or repressed in regard
to media, disaster outbreak and social culture
(Liobikiené & Poskus, 2019). Severe and appar-
ent environmental deterioration, for instance,
water pollution in rivers as a result of waste
disposal and air pollution due to industrial
emissions in urban cities can be translated into
strong behavioural action (Nguyen et al., 2019).
In relation to this, the integration of sentimental
and value-based attraction for CE stakehold-
ers, such as youth, may improve salience for
CE products adoption as a response to risky
natural hazards.

Jusoh and Khalifah (2018) stated that per-
sonal norm is a significant predictor of recycling
and reusing behaviour among youth in Malay-
sia. This further strengthens that CE products

adoption is guided by internalized values as it
is perceived as an ethical obligation for the next
generation. Individual responsibility not only
represents moral norm, but it also forms
principle-based mindset, e.g., biosperic values
and sense of altruism. Society’s moral actions,
according to Schwartz (1977), are influenced
by their awareness of repercussions or after-
math and sense of responsibility. This is sup-
porterd by de Groot and Steg (2008), who
emphasize that biospheric value significantly
influences moral responsibility towards pro-
environmental behaviour. The internal motiva-
tion for CE products adoption can be further
bolstered by including sustainable agendas
in the academic curriculum and socio-cultural
discourse among the younger generation.

Based on this study, itis found that perceived
sacrifice is the only non-significance determi-
nant of CE products adoption among youth.
This shows that factors including rising costs,
difficulties and lack of options in products’ offer-
ings may not strongly discourage youth in Asia
to adopt CE practices. The scenario is mostly
influenced by greater ecological awarenesss
and moral duties which override the oppurtunity
costs of CE products in younger generations. It
is apparent that despite being overpriced and
have very limited options, younger generations
most likely are prepared to tolerate with these
drawbacks so long as the action or behavior
aligns with their cultural values and sense
of belonging (Gomes et al., 2023). This leads
to market paradigm shift in which environmen-
tal consciousness outweigh monetary and
functional use, in the scenario where there is
a growing influence of sustainability-based
movements among youth.

Conclusions

Theoretical implications. This study identified
significant variables, specifically attitude, per-
ceived behavioral control, social norm, moral
norm and environmental concern for the adop-
tion of circular economy (CE) products for
youth in Sarawak, Malaysia. This study makes
several important contributions to theory by ex-
tending the theory of planned behavior (TPB)
(Ajzen, 1991) to better explain the adoption
of circular economy (CE) practices among
youth in a developing country context. Environ-
mental concern (EC) reflects the tendency to-
wards preservation of the environment shaped
by values, knowledge and emotional sensitivity
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(Schultz, 2001). CE practices may involve shift-
ing from habitual convenience to a more sus-
tainable practices, such as purchasing upcycle
clothes or footwear and waste-generated prod-
ucts that require efforts and sacrifice. However,
society with strong environmental values are
inclined to surpass their difficulties and mon-
etary constraints as a result of the dedication
to their environmental principles (Ko & Jin,
2017). Since Malaysia is a developing country
where the awareness of CE practices is cur-
rently at a gradual pace, rising environmental
concern may serve as a trigger for a behavioral
paradigm shift. According to Schwartz (1977),
moral norm is defined as an internalized sense
of obligation to perform certain behavior despite
facing external pressures or obstacles. Hence,
actions such as lessening waste and refrain-
ing from overconsumption is ethical accord-
ing to the principle of CE. The imperativeness
of salience in moral obligation is significant
considering Malaysia as a religiously influenced
society. Interestingly, perceived sacrifice is not
found to be significant in determining CE prod-
uct adoption, which indicates that factors
such as costs, time, energy, and space may
compensate for the benefit and values gained
among youth.

Practical implications. The results of
the predictors, based on their relationship with
CE products adoption, offer practical guidance.
For attitude, as stated by Chou et al. (2020),
marketing firms can showcase all the positive
characteristics of CE products, such as their
cost-effective aspects, durability, and their
regenerative nature, which result in fostering
positive perception within individuals, increas-
ing their interest in adopting circular products.
As for environmental concern, it is feasible to
practice “design for repair (DfR)” as early as ini-
tial design in ensuring extended lifespan as well
as reducing obsolescence of certain products
to promote environmental conservation and re-
duce waste (Roskladka et al., 2025). Prominent
figures can aid by strengthening moral norm by
promoting ethical and sustainable practices via
advocacies which influence younger generation
to adopt CE products as it is considered as “the
right thing to do.” In addition to that, social norm
can affect youth decision-making by establish-
ing a socially-acceptable behavior by prioritizing
“shared use,” “repair,” “recycle” and “upcycle”
CE products over new products. CE-based
initiatives (e.g., upskilling and re-skilling) must

” o«

also integrate all social groups especially the
marginalized part of society (e.g., underprivi-
leged and disabled) in order to promote inclu-
siveness and equity. Younger generations are
highly affected by perceived behavioral control
specifically on the accessibility and visibility of
CE products. This can be improved by provid-
ing access to CE-based or related facilities and
providing clear communication and marketing
of CE-based products (Salleh et al., 2024).
Policy implications. The outcome of this
study leads to a number of imperative policy
implications targeting youth in the developing
Asian countries’ context in promoting CE prod-
ucts adoption. Youth standpoints, particularly
in policy discourses and strategies, continue
to be understated despite the commendable
development of various policies and roadmaps
for a circular economy. Furthermore, this study
stresses the critical need to harness favorable
thoughts on CE products to encourage sustain-
able practice. Government, specifically policy-
makers, should emphasize educational plans
that highlight sustainability agendas. Malaysia’s
circular economy policies should be integrated
into the national education blueprint, which
spearheads knowledge and technological inno-
vation in schools and higher institutions. This al-
lows for an enabling condition for the curriculum
by integrating circular economy philosophies in
the academic curriculum and research environ-
ment. Early exposure, particularly among youth,
to sustainable consumption, waste reduction,
and the concept of recycling leads to lifelong
pro-circular behavior, which is important for
the long-run achievement of circular economics.
This includes more collaboration among various
stakeholders, specifically the government, in-
dustry, and academia, to ensure the success of
the circular initiatives in the form of incentives,
funds, knowledge sharing, apprenticeships,
and internships. The youth’s visions, likings,
and innovations must be dynamically integrated
into these policies with the aim of increasing
their inclusivity in parallel with UN Sustain-
able Development Goals UNSDG10 to reduce
inequalities. To support this, CE-related plat-
forms for youth’s consultation, co-creation and
decision-making should also be institutional-
ized by policy-makers nationwide as well as at
the state-level. Furthermore, youth is important
as they serve as an agent of change through
massive youth-based enterprises, inventions
and various community-based efforts in building
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peer support towards sustainable consump-
tion. It is known that there is a lack of abil-
ity among the general public to recognize and
differentiate between conventional products
and CE products. This can be done via tools
to increase perceived behavioral control, for
instance, mass CE products labelling and mo-
bile applications on CE products identification.
In addition, it is vital for policy-makers to incen-
tivize the adoption of CE products by providing
discounts, loyalty, and a recycling platform
to ensure CE products are more appealing and
rewarding among the public, particularly youth
or younger generations.

Limitations. The limitation in this research,
in terms of contextual outlooks, is constrained
to one area, which is Kota Samarahan, thus
limiting the demographic information as well
as restricting the results from other economic
and cultural viewpoints. Therefore, future stud-
ies can expand the socio-demographic research
area and apply cross-cultural or cross-country
comparisons that might showcase the role
of economic and cultural differences affecting
the adoption of CE. In addition, further studies
should be conducted to understand the role
of perceived sacrifices in circular economy
adoption among youth. Addressing the non-
significance could provide valuable insight and
identify barriers in circular economy practice
in the context of youth and developing Asian
countries. This may include future studies
on public policy reform and sector-specific
cases to further validate the findings. Moreover,
longitudinal studies can also be implemented
to learn the long-term behavioral shifts between
the factors and the CE adoption.
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Introduction (Brodny et al., 2021). The use and implemen-

The transition to renewable energy is gener-
ating new economic opportunities for a sus-
tainable future (Kabeyi & Olanrewaju, 2022).
These opportunities include climate change
mitigation measures, the transition to the circu-
lar economy, and environmental conservation

tation of renewable energy resources lead
to joint technological and socio-economic
development (Maisanam et al., 2021; Quispe
et al., 2024). The European countries use
their economies not only to advance their in-
dustries but also to improve the environment
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and health of their populations (Kihombo
et al., 2021). Policy support mechanisms such
as public-private partnerships and carbon emis-
sions can also support long-term sustainability
(Lilliestam et al., 2021).

From the recent research, one can conclude
that even some scale of the cost of renewables
and the relationship with the limited use of fossil
fuels can make a real difference (Olujobi et al.,
2023). Furthermore, the various cleaner produc-
tion policies, incentives for the utilization of re-
newable energy, and environmental regulation
can minimize the emission of CO, into the envi-
ronment as well as enhance the quality of the en-
vironment, thus supporting sustainable economic
growth and development of the green economy
and creating more employment opportunities for
society (Mikhno et al., 2021).

The European Union (EU) considers
sustainable development in the framework
of the SDGs to address environmental sustain-
ability in addressing environmental challenges,
social cohesion and economic well-being
(Szymanska, 2021). It can be seen that this
path towards a low carbon future, conserva-
tion of biodiversity, and clean energy system is
part of the journey towards a fairer future for
all. Likewise, a tendency is observed for more
EU countries to tap into clean power sources
and raise the energy market’s call for technol-
ogy development to boost foreign investors
in the renewable energy sector for the eco-
nomic development of the countries concerned
(Al-Shetwi, 2022). This integration also brings
more equity and supply of the quality to support
human survival and life, and more sustainable
energy (Henderson & Loreau, 2023).

Policies in energy also have a very crucial
role regarding the formulation of rules and
directives and their impact on the realization
of sustainable development (Ali et al., 2020;
Lucchi et al., 2022). Therefore, a sustainable
system that reuses and recycles materials
to reduce waste is in line with social, economic,
and environmental sustainability goals (Ogun-
makinde et al., 2022; Ulanov, 2024). The con-
tinued growth and sustainability of renewable
technologies can balance policy stability and
long-term planning to improve economic ef-
ficiency (Riaz, 2024).

Renewable energy technologies that pro-
vide innovation in materials to enhance their
performance and make them easy to recycle
can minimize waste generation and cost, and

then economic prosperity is decoupled from
environmental degradation (Alcay et al., 2021;
Nham & Ha, 2023). Furthermore, maximizing
the recovery and recycling of valuable materials
can create more sustainable development, miti-
gate pollution, empower people, and escape
poverty (Gigauri et al., 2023; Ogunmakinde
et al., 2022). Although attention to environmen-
tal problems is focused on mobilizing collective
action and driving positive change, advancing
environmental protection and climate ac-
tion catalyzes efforts to protect the planet
and encourages policymakers to prioritize
decision-making and efficient economic growth
and sustainability (Barth et al., 2021). More-
over, the EU’s circular economy action plan can
drive positive environmental, economic, and
social outcomes. By adopting multidimensional
eco-friendly strategies such as industrialization,
urbanization, and agricultural practices, we can
mitigate ecological pollution while supporting
economic growth (Xuan et al., 2024).

The EU has substantially reduced the costs
of renewable energy produced from wind and
solar power and, therefore, makes them in-
creasingly cost-competitive against fossil fuels
and nuclear energy. Fossil fuels have higher
price volatility because they are linked with
the global oil market (Shafiee & Topal, 2010).
Moreover, nuclear energy requires higher initial
investments and long-term expenses regarding
waste management expenses (Yiksel et al.,
2024). As compared to the EU, China and India
are heavily dependent on fossil fuels because
of their lower initial investment and extensive
availability of oil. However, the USA and Russia
retain a diversified portfolio of energy sources,
including significant investments in fossil fuels
and nuclear energy as well (Siddi & Silvan,
2024; Singh et al., 2024). Such deviation in en-
ergy pricing and strategic decisions regarding
energy mix have an impact on the competitive-
ness of these regions. The EU is taking benefits
from sustainability gains, while countries de-
pendent on fossil fuels face challenges of fuel
price volatility and growing global demands.

Among different sources of renewable
energy, solar and wind energy are considered
the most sustainable among all, with fewer en-
vironmental side effects. Although the manufac-
turing and disposal of solar panels have some
environmental concerns, but when installed,
it produces electricity with no significant emis-
sions. Similarly, the energy through wind power
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also produces lower emissions; however,
it may disturb local ecosystems, including birds,
bats, etc. (BoSnjakovi¢ et al., 2024). Overall,
solar and wind energy emerge as the most
environmentally sustainable choices, assuming
their lifecycle impacts are effectively managed.

Energy policies play a crucial role in the for-
mulation of rules and directives and their
impact on achieving sustainable development
(Ali et al., 2020; Lucchi et al., 2022). A sustain-
able system that reuses and recycles materials
to reduce waste aligns with social, economic,
and environmental sustainability goals (Ogun-
makinde et al., 2022). The continued growth
and sustainability of renewable technologies
can balance policy stability and long-term plan-
ning, thereby improving economic efficiency.
The aim of this study is to explore the role of re-
newable energy in achieving economic sustain-
ability in the European region. This study is
novel in multiple perspectives and thus makes
significant contributions to the field of knowl-
edge. First, it utilizes a comprehensive dataset
covering twenty-eight (28) European countries.
Second, the study employs the most recent
dataset, spanning the years 2014 to 2023.
Finally, it incorporates not only baseline regres-
sion models but also advanced endogenous
models, such as system generalized method
of moments (SGMM) regressions.

The EU aims to empower community en-
gagement and unlock economic potential, there-
by advancing social equity and cohesion across
the region. By fostering collaboration among
policymakers, businesses, civil society organi-
zations, and citizens, there is a collective effort
to transition from fossil fuels to clean energy,
promoting economic sustainability and ensuring
an equitable future for Europe and its citizens
(Khan et al., 2022b; Maatta, 2021). Conse-
quently, this study holds significant implications,
particularly for countries within the euro region
and, more broadly, for the rest of the world.

The rest of the paper is organized as follows:
section 1 explains the philosophy of the study,
followed by the methodology in section 2 and
the empirical analysis in section 3. Lastly,
the discussion and conclusions are presented
in section 4 and concluding section.

1 Theoretical background

and research hypothesis
The usage of renewable energy is an effec-
tive source to mitigate the potential of carbon

emissions through increasing the life span
of products, enhancing the efficiency of resourc-
es, and reducing the consumption of waste
(Romero-Castro et al., 2023). The integration
of circular economy practices into the supply
chain and ecosystem can significantly reduce
not only the dependence on fossil fuels but
also pollution, which can drive positive envi-
ronmental outcomes and contribute to the ex-
pansion of renewable energy infrastructure
(Mutezo & Mulopo, 2021). Therefore, the cir-
cular economy presents enormous benefits
for accelerating the exchange of knowledge,
mobilizing investment, demonstrating strong
commitments, and developing innovative
circular economy solutions and technologies
(Fernandez-Gonzalez et al., 2023; Ibrahim
& Shirazi, 2021).

The circular economy model is repeatedly
considered a sustainable approach in coping
not only with the scarcity of resources but
also with reducing waste. However, even
the sustainability of the circular economy model
is not without any flaws and needs to be exam-
ined critically. Firstly, recycling as a key factor
in the circular economy model faces some in-
herent challenges, e.g., it requires a high level
of energy consumption and presents inefficien-
cies of resources (Xu et al., 2018). Moreover,
some of the materials (i.e., plastics and metals)
usually endure downcycling because the qual-
ity declines with each reuse, therefore making
perpetual recycling non-practical (Bertino et al.,
2021). Secondly, the efficacy of recycling de-
pends upon infrastructure and the participation
of consumers, which by default vary widely
across different regions and, therefore, create
inconsistencies and inefficiencies (Velenturf
& Purnell, 2021).

Some recent studies also documented
the nexus between renewable energy and eco-
nomic sustainability. For example, Yang and
Long (2024) examined the impact of renewable
energy on the extraction of natural resources.
Using data from 10 countries, the results
showed that renewable energy can stimulate
the economy and thus improve environmental
sustainability. Similarly, Zhang et al. (2024) de-
veloped a framework regarding renewable and
economic sustainability. Moreover, the study
of Khan et al. (2024) used data from developing
economies and found a positive relationship
between renewable energy and CO, emissions.
Correspondingly, Qing et al. (2024) explored
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the impact of renewable energy investment
and green financing on carbon neutrality and
economic sustainability. By using data from
the Asian region, the results provide support-
ive evidence regarding renewable energy and
economic sustainability.

One of the most relevant studies on
the topic is conducted by Armeanu et al.
(2017), in which authors investigate how re-
newable energy drives sustainable economic
growth in Europe. However, the current study
is different from the said study in multiple per-
spectives. The said study only covers the data
from 2003—-2014, and we incorporate the most
recent data on the topic, i.e., from 2014-2023.
The said difference in time period is one
of the major significant contributions of the cur-
rent study from multiple perspectives. Firstly,
the current study is also important, particularly
in the context of the post-COVID era. COVID-19
is a global phenomenon that not only impacts
the developed countries but also developing
economies. Moreover, countries in the Europe-
an regions had faced severe recession in their
economies (Usman et al., 2020). Therefore,
based on the said depression, OECD drops
2020 growth estimation from 1.1% to 0.8%
(Weerasekara, 2020). Although such a depres-
sion was not good for the economy, it positively
affected environmental consequences (Usman
et al., 2021). However, soon after the epidemic,
the world opened again, and it was needed
to restructure the environmental policies; there-
fore, the nature and ecology can be preserved.
European countries have successfully adopted
such a new normal situation and extensively
utilized renewable sources of energy. Sec-
ondly, the current study focuses on examining
the endogenous relationship between renew-
able energy and economic sustainability using
advanced econometric techniques. Lastly,
there is a massive advancement in renewable
energy that has happened in the last decade;
therefore, this study offers a fresh perspective
on the present state of renewable energy usage
in Europe and its economic consequences.

The development of recycling technologies
as a source of renewable energy can ensure
resource conservation for future generations
and reduce the demand for raw materials
(Hageliken & Goldmann, 2022). Although
the process of recycling reduces CO, emissions,
it also creates economic value by satisfying
consumer demand for eco-friendly and socially

responsible products (Akbar et al., 2020; Islam
et al., 2022). Integrating cleaner energy pro-
duction can improve corproate innovation and
performance and thus mitigate the risks associ-
ated with environmental challenges. However,
on the other hand, the adoption of clean energy
can have benefits in the form of cost reductions
regarding waste disposal and enhanced pro-
ductivity and therefore capture new business
opportunities in a much more sustainable man-
ner (Arseculeratne & Yazdanifard, 2014).

The relationship between renewable energy
and economic sustainability among European
countries plays a crucial role, as the said nexus
provides market certainty, reduces investment
risks, and attracts financing. These outcomes
can help achieve broader energy targets and
climate goals (Qudrat-Ullah, 2024). Moreover,
the aforementioned relationship can also facili-
tate market development and growth, leading
to economies of scale, enhancing investor con-
fidence, and reducing perceived risks. These
factors will eventually help achieve economic
growth and sustainability (Feyen et al., 2023).

The relationship between renewable en-
ergy and economic sustainability can also be
explained through foreign direct investment
(FDI) in Europe. Environmental regulations may
influence investment decisions and encourage
potential investors to invest in EU green indus-
tries (Siddik et al., 2023). Such energy-intensive
investments can facilitate sectoral composi-
tion, international trade, and the green supply
chain, and these strategies eventually promote
sustainable investment and the economy
(Liu et al., 2024).

Renewable energy and economic sustain-
ability are interconnected and entail the subject
of economic performance and job develop-
ments, corporate efficiency, and clean energy
(Khan et al., 2021). Likewise, managing energy
markets contributes to microeconomic stability,
containing trade imbalances and also owning
to better quality steady jobs and greater em-
ployment opportunities and more inclusion
in the long run (Lin et al., 2023). Thus, they
are favoring the local economies, and possible
SME entrepreneurs by promoting the innova-
tion and development of renewable energy
technologies (Dianu et al., 2021; Fernandez-
Gonzalez et al., 2022).

The technological advances in the defining
components decrease the cost of renewable
energies, which can help overcome some
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environmental concerns like pollution and
climate change (Aziz & Sarwar, 2023). Stabil-
ity in policies and long-term commitments
additionally limits financial risks and increases
the overall chances of achieving success within
such projects (Felix et al.,, 2022; Li & Wang,
2023). This is beneficial for EU countries as it
helps them to diversify and enhance their en-
ergy security and to attract consumers, energy
service providers, and investors (Hysa et al.,
2023; Mihailova, 2023). These processes can
stimulate the demand for renewable electricity
in the market and increase the overall competi-
tiveness of renewable energy. In this regard,
such policies can also help to respond to public
concerns such as pollution, climatic change,
or geopolitical risk factors, which have given
rise to public demand for clean energy solutions
(Alpano, 2023). Most importantly, it is necessary
to focus on the social acceptance of the poli-
cies, the intention to provide equal access
to opportunities to all the citizens of the country
and to all living organisms that are inhabitants
of this planet, and the environmental justice
of the policies for achieving the maximum
amount of positive impact on society (Chang
et al., 2024). Based on the discussion above,
we can hypothesize that:

H: There is a positive impact of renewable
energy on economic sustainability.

2 Research methodology

21 Sample and data source

The primary objective of this study is to inves-
tigate the impact of renewable energy on eco-
nomic sustainability across twenty-eight (28)
European countries from 2014 to 2023. This
study’s macroeconomic country-level data
is extracted using the Eurostate database.
The Eurostat database is an ideal source
for this study as it provides reliable, harmo-
nized data across European countries, offers
a comprehensive range of relevant economic
and energy indicators, and enables longitudi-
nal analysis through its panel data structure.
Our final dataset consists of 290 country-year
observations. The methodological approach
employs panel data analysis, and the scope
of this research endeavor is to rigorously
examine the interplay between renewable en-
ergy and economic sustainability, with the aim
of providing the potential pathways for promot-
ing sustainable economic and environmental
outcomes in the European region.

This study particularly concentrates on Eu-
ropean countries because the EU has been
at the forefront regarding the implementation
of renewable energy policies and thus offers
a unique context to explore the relation-
ship between renewable energy and eco-
nomic sustainability (Wtodarczyk et al., 2021).
The EU’s ambitious energy transition goals,
robust policy frameworks, and diverse econo-
mies make it an ideal case to understand how
renewable energy can contribute to sustainable
economic development (Neofytou et al., 2020).

2.2 Variable descriptions
Explained variables. The dependent vari-
able of this study is economic sustainability.
We employ two variables to measure the said
variable, i.e., the sustainable development goal
(SDG-8) and gross domestic product per cap-
ita. The SDG-8 is a composite scale variable
quantified by the United Nations. It measures
economic sustainability and inclusive growth
through a set of specific targets and indicators
such as GDP growth rate, employment and de-
centwork, labor productivity, resource efficiency,
inclusive economic growth, access to financial
services, trade and global value chains, labor
rights, and tourism sustainability. Moreover,
we also use gross domestic product per capita
as a proxy for economic sustainability. These
variables provide a comprehensive assess-
ment of economic sustainability, highlighting
the efficiency and effectiveness of overall eco-
nomic performance, inclusivity, and productivity
dimensions within the 28 European countries.
Explanatory variables. In this study,
renewable energy is used as an independent
variable and quantified by using multiple
proxies, namely the share of renewable en-
ergy (electricity), the share of renewable energy
(transport), and the overall share of renewable
energy. These proxies serve as crucial indica-
tors for evaluating the extent of renewable
energy integration among the sample countries
within the European region. A higher share
of renewable energy sources not only contrib-
utes to mitigating climate change by reducing
greenhouse gas emissions but also enhances
energy diversity, thereby promoting economic
sustainability (Chen et al., 2023). The coun-
tries’ power sectors play a pivotal role in shap-
ing a sustainable energy infrastructure for
future generations. By transitioning towards
renewable energy sources, countries can pave
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the way for a more environmentally conscious
and sustainable energy landscape, ensuring
the availability of clean and reliable energy re-
sources for generations to come and eventually
economic sustainability (Idoko et al., 2024).

Control variables. We use four different
control variables in this study, namely govern-
ment expenditure (Khan et al., 2022a), net
lending and borrowing (Li et al., 2023), govern-
ment revenue (Smirnova et al., 2021), and ag-
riculture productivity (Lankoski & Thiem, 2020).
These variables provide a comprehensive
picture of the economy and impact economic
sustainability. Therefore, these variables are
essential for policymakers in designing and
implementing strategies to enhance overall
societal well-being.

2.3 Econometric model

Based on the nature of the dataset and the con-
struction of variables, we have developed
a baseline econometric model. The model con-
sists of dependent, independent, and control
variables with an incept and error term.

Economic Sustainability,, =
= B, + B, Renewable Energy,, + (1)
+ X°, B; Control Variables,, + e,

The model above represents regression
models where the dependent variable is Eco-
nomic Sustainability,, and categorized into
SDG-8 and gross domestic product per capita.
The independent variable is Renewable Ener-
gy, and classified as the share of renewable

Summary statistics

energy (electricity), the share of renewable en-
ergy (transport), and the overall share of renew-
able energy. Lastly, we have Control Variables,,
e.g., government expenditure, net lending
and borrowing, government revenue, and ag-
riculture productivity. In the model, k denotes
an individual country, and t denotes time. f, is
an intercept term representing the expected
value of economic sustainability when all other
variables become zero. e is an error term, rep-
resenting the difference between the observed
value of economic sustainability and the value
predicted by the models. It captures the effects
of unobserved factors and random variation.

3 Empirical results and analysis

Tab. 1 presents the summary statistics of all
the variables used in this study. We have a to-
tal of 290 observations divided into the panel
of countries and years. SDG-8 shows a mean
value of 7.37 with a minimum value of 5 and
a maximum value of 8. Similarly, GDP per cap-
ita has values ranging from 8 (minimum) to 11
(maximum). Based on the descriptive statis-
tics, the overall share of renewable energy,
the share of renewable energy (electricity),
and the share of renewable energy (transport)
have mean values of 25.88, 36.90, and 8.58%,
respectively.

Tab. 2 depicts the pairwise correlation coef-
ficients between dependent, independent, and
control variables. All values presented in Tab. 2
are acceptable and within the bounds required
to establish that the data is free from collinearity
issues that cause multicollinearity.

Variable Unit Obs. Mean Std. dev. Min Max
Sustainable development goal - 8 Scale 290 7.37 0.61 5.98 8.64
Gross domestic product per capita usD 290 10.08 0.63 8.61 11.37
Overall share of renewable energy Percentage 290 25.88 17.63 4.47 85.78
Share of renewable energy (electricity) Percentage 290 36.90 25.90 3.33 120.01
Share of renewable energy (transport) Percentage 290 8.58 7.37 0.41 92.55
Government expenditure usb 290 239,779.00 396,918.00 3,523.00 2,003,380.00
Net lending and borrowing usb 290 -11,274.00 36,260.00 -207,084.00 144,437.00
Government revenue usb 290 228,554.00 375,350.00 3,390.00 1,901,807.00
Agriculture productivity Yield 290 7,785.00 11,415.00 43.00 56,701.00
Source: own
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Correlation matrix

1 2 3 4 5 6 7 8
2 0.520
3 0.231 0.230
4 0.351 0.350 0.892
5 0.345 0.344 0.399 0.390
6 0.241 0.242 -0.157 -0.012 0.065
7 0.017 0.015 0.239 0.172 0.047 -0.624
8 0.256 0.258 -0.143 0.005 0.074 0.697 -0.563
9 0.061 0.063 -0.250 -0.102 -0.043 0.679 -0.716 0.761

Note: 1 — sustainable development goal — 8; 2 — gross domestic product per capita; 3 — overall share of renewable en-
ergy; 4 — share of renewable energy (electricity); 5 — share of renewable energy (transport); 6 — government expenditure;
7 — net lending and borrowing; 8 — government revenue; 9 — agriculture productivity.

Source: own
Baseline regression estimates
| Coefficients
Independent variables
0.0071***
Overall share of renewable energy
(3.8800)
Sh f bl (electricity) 0.00707
are of renewable energy (electrici
= / (6.4100)
Sh f bl (t rt) 0.02287
are of renewable ener ranspo
= & (2.4800)
Control variables
0.0012*** 0.0006*** 0.0001***
Government expenditure
(-17.2400) (-12.7700) (-16.3400)
0.0001*** 0.0013*** 0.0021***
Net lending and borrowing
(-14.4800) (-11.4500) (-14.1100)
0.0032*** 0.0031*** 0.0051***
Government revenue
(17.9900) (13.2400) (16.8200)
0.0022*** 0.0055*** 0.0058***
Agriculture productivity
(-3.8400) (-3.9600) (-3.9000)
7.1248* 7.0638** 7.1281
Constant
(89.8900) (102.8200) (83.0200)
Model summary
Number of observation 290 290 290
F-stats 136.8800 126.8800 127.7000
Prob. > F 0.0000 0.0000 0.0000
R-squared 0.2067 0.2507 0.2399

Note: Dependent variable — sustainable development goals — 8; country-year — panel dataset; ordinary least square — OLS;

***p <0.01; t-stats in ().

Source: own
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To dig out the nexus between renew-
able energy and economic sustainabil-
ity, we use regression analysis, a particular
multivariate regression analysis technique.
Firstly, we incorporate ordinary least squares
regression as a baseline tool using SDG-8
as a dependent variable. Moreover, we use
three separate proxies of renewable energy,
i.e., the overall share of renewable energy,
the share of renewable energy (electricity),
and the share of renewable energy (trans-
port). The results reported in Tab. 3 repre-
sent a positive and statistically significant
impact of renewable energy on economic

sustainability. All the regression models are
statistically fit based on the significance level
of relevant F-statistics.

To further check the robustness of the re-
sults reported in Tab. 3, we change the proxy
of economic sustainability from SDG-8
to GDP per capita. Based on the results report-
ed in Tab. 4, all of the proxies of renewable en-
ergy show a positive relationship with GDP per
capita and, therefore, are in line with our earlier
results. These outcomes support the narrative
that renewable energy as an alternate energy
source provides new opportunities for sustain-
able economic growth.

Baseline regression estimates (robust check)

| Coefficients
Independent variables
0.0073***
Overall share of renewable energy
(3.8900)
0.0072***
Share of renewable energy (electricity)
(6.4100)
0.0233**
Share of renewable energy (transport)
(2.4900)
Control variables
0.0091*** 0.0025*** 0.0021***
Government expenditure
(-17.2300) (-12.8100) (-16.3300)
0.0023*** 0.0712** 0.0007***
Net lending and borrowing
(-14.4900) (-11.4800) (-14.1100)
0.0072*** 0.0022** 0.0034***
Government revenue
(17.9800) (13.2700) (16.8100)
0.0184*** 0.0075** 0.0026***
Agriculture productivity
(—3.8400) (-3.9500) (-3.8900)
9.8264 9.7641*** 9.8297***
Constant
(121.3100) (138.8300) (112.0200)
Model summary
Number of observation 290 290 290
F-stats 122.6800 125.2500 126.1100
Prob. > F 0.0000 0.0000 0.0000
R-squared 0.2067 0.2503 0.2397

Note: Dependent variable — gross domestic product per capita; country-year — panel dataset; ordinary least square — OLS;

***p<0.01; ** p <0.05; t-stats in ().

Source: own
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We move towards the system general-
ized method of moments (SGMM) model for
the advanced regression estimates. The selec-
tion of the said technique is based on several
reasons. Firstly, endogeneity is a great con-
cern, particularly in panel datasets. SGMM ad-
dresses endogeneity caused by simultaneity,

Advanced regression estimates

measurement errors, or omitted variable bias
(Van Tran et al., 2019). Secondly, unobserved
heterogeneity is also another challenge
encountered in panel data. SGMM can pro-
vide consistent and efficient estimates even
in the presence of heteroskedasticity. Lastly,
SGMM exploits the panel data structure more

Coefficients
Independent variables
0.0063***
Overall share of renewable energy
(3.9400)
Sh f bl (electricity) 00mIS™
are of renewable energy (electrici
9y y (8.7400)
0.0057***
Share of renewable energy (transport)
(2.3300)
Control variables
0.0055** 0.0001** 0.0021**
Government expenditure
(1.7500) (2.1000) (-1.8100)
0.0001 0.0001** -0.0001
Net lending and borrowing
(0.3100) (1.9900) (-1.1300)
-0.0016 -0.0001** 0.0031
Government revenue
(-0.3800) (-2.0500) (1.0800)
-0.0001*** -0.0001*** -0.0001***
Agriculture productivity
(-15.2100) (-13.5100) (-14.2900)
7.3056*** 7.1308*** 7.4090***
Constant
(156.9200) (143.4600) (182.3100)
Model summary
Number of observations 290 290 290
Number of groups 29 29 29
Observations per group 10 10 10
Wald Chi? 406,215.2400 307,259.4600 425,361.0100
Prob. > Chi? 0.0000 0.0000 0.0000
Sargan test
Chi? 6.8600 5.1700 8.1200
Prob. > Chi? 1.0000 1.0000 1.0000

Note: Dependent variable — sustainable development goals — 8; country-year — panel dataset; system generalized meth-

od of moment — SGMM;
***p <0.01; ** p <0.05; t-stats in ().

Source: own
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effectively than OLS, particularly for datasets
with many individuals and few time periods
(Lin & Lee, 2010).

Tab. 5 reports the regression results using
the SGMM technique. As per the outcome,
we found a positive and statistically significant
impact of renewable energy on economic
sustainability. All the models are statistically

fit based on the significance of the respective
values of chi-square. To verify the validity
of the instruments, we conducted a Sargen test,
and based on their statistical values, all the in-
struments proved to be valid for SGMM models.
These findings are in line with the literature,
support our hypothesis, and prove that a higher
share of renewable energy leads to an increase

Advanced regression estimates (robust check)

| Coefficients
Independent variables
0.0064**
Overall share of renewable energy
(3.9500)
sh f bl (electricity) 0.0m6™
are of renewable energy (electrici
9y y (8.7700)
0.0058***
Share of renewable energy (transport)
(2.3400)
Control variables
0.0001*** 0.0001** 0.0012
Government expenditure
(2.4200) (2.0800) (-1.0400)
0.0021** 0.0001** 0.0001***
Net lending and borrowing
(2.2800) (1.9600) (2.1700)
0.0001 -0.0001** 0.0001***
Government revenue
(-0.3400) (-2.0200) (-2.1100)
-0.0001*** —-0.0001*** -0.0001***
Agriculture productivity
(-15.2000) (-13.5300) (-14.2500)
10.0095*** 9.8311 10.1153***
Constant
(210.4000) (194.0500) (243.0500)
Model summary
Number of observations 290 290 290
Number of groups 29 29 29
Observations per group 10 10 10
Wald Chi? 727,035.6800 552,717.8500 758,024.7000
Prob. > Chi? 0.0000 0.0000 0.0000
Sargan test
Chi? 6.8500 5.2000 8.0900
Prob. > Chi? 1.0000 1.0000 1.0000

Note: Dependent variable — gross domestic product per capita; country-year — panel dataset; system generalized method

of moment (SGMM);
***p<0.01; ** p <0.05; t-stats in ().

Source: own
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in economic sustainability, particularly in the
European region.

To check the robustness of the findings
of SGMM reported in Tab. 5, we use an alternate
proxy of economic sustainability, i.e., GDP per
capita. The findings remain consistent and ver-
ify the study’s hypothesis, i.e., that renewable
energy positively impacts economic sustainabil-
ity. These results in Tab. 6 show that the higher
overall share of renewable energy and the
share of renewable energy in the electricity
and transport sectors subsequently enhance
economic sustainability. All of the regression
results are statistically significant (t-statistics,
chi-square, and sargan-statistics) and in line
with the previous studies.

4 Discussion

The findings of this study provide some valu-
able insights into the impact of renewable
energy on economic sustainability, particularly
in the context of the European region. The re-
sults of this study are not only aligned with
the relevant theories, including the circular eco-
nomy model, but also with the previous studies
on the topic, e.g., Armeanu et al. (2017), Yang
and Long (2024), and Zhang et al. (2024).
A positive impact has been observed between
these two variables, which align with the pre-
vious literature and provide the potential eco-
nomic benefits of transitioning towards cleaner
energy sources. Firstly, the results validate that
investing in renewable energy can contribute
to long-term economic sustainability. As coun-
tries within the European region shift from fossil
fuel dependence towards alternate renewable
sources, countries can mitigate the risks associ-
ated with volatile energy prices and supply dis-
ruptions. This stability in energy costs can have
lasting implications for businesses, households,
and overall economic stability. However, these
findings are different in the context of develop-
ing countries, as mentioned in the study of Gy-
imah et al. (2023), where the author concluded
that renewable energy consumption causes no
effect on economic growth.

Furthermore, developing renewable energy
infrastructure can also stimulate job creation and
economic activity across various sectors. From
manufacturing to operation, renewable energy
can offer employment and skill development
opportunities. This new green job can foster
economic growth. Additionally, the positive
relationship between renewable energy and

economic sustainability could be attributed
to the potential for energy cost savings over
the long run. As renewable energy matures and
achieves economies of scale, the energy cost
from alternate sources (e.g., wind and solar) is
expected to become increasingly competitive
with traditional fossil fuels. Such a reduction
in the cost can translate into lower energy bills
for consumers and businesses, thus increasing
investments and consumption.

It is, however, important to consider that
the evolution to renewable energy requires
significant initial investments, which may be
a challenge. However, the long-term benefits
suggested in this study show that these in-
vestments can eventually settle in the form
of economic sustainability. Moreover, the find-
ings of this study underscore the importance
of rational and supportive policy frameworks
to facilitate the adoption of renewable energy.
Incentives, subsidies, and regulatory mea-
sures can also play an important role in ac-
celerating the deployment of clean energy
solutions, thereby amplifying their positive im-
pact on economic sustainability.

Economic sustainability stresses retaining
long-term economic growth without exhausting
resources or even causing environmental dam-
age. The said nexus is aligned with sustainable
development, which integrates economic,
social, and environmental aspects in fulfilling
the needs. Moreover, ecological sustainability
also focuses on preserving natural ecosystems
and biodiversity and provides the foundation
on which economic and social systems are
dependent (Hariram et al., 2023). Similarly,
ecological economics links the aforementioned
concepts by considering the economy
as a subsystem of the environment. Therefore,
to achieve economic sustainability, it is required
to build a holistic view that connects ecologi-
cal sustainability and sustainable development
to ensure a resilient future (Fuchsova, 2022).

Conclusions

The world faces numerous challenges re-
garding adopting renewable energy sources
as an alternative to traditional fossil fuel-related
energy sources. Traditional energy sources
are not only harmful to human health but
also detrimental to the environment. Therefore,
studying the economic impact of renewable
energy sources is of utmost importance. Keep-
ing in view the said objectives, this study is
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designed to diagnose how renewable energy
sources can play a role in achieving economic
sustainability. For this study, we have chosen
countries from the European region because
these countries are swiftly moving from tra-
ditional energy sources towards renewable
energy sources. Moreover, these initiatives can
also motivate other countries to restructure their
economies for more sustainable and green
energy sources.

We have collected data from twenty-eight
(28) European countries from 2014 to 2023
and used OLS and SGMM regression tech-
niques. The empirical results provide sup-
portive evidence about the positive impact
of renewable energy on economic sustain-
ability. These results are robust checked using
different proxies for both renewable energy
and economic sustainability. Therefore, based
on the statistical analysis, we can suggest that
renewable energy can be considered an alter-
nate source to improve economic conditions
and achieve sustainability.

The recommendations and policy implica-
tions of the study are multidimensional. Firstly,
the positive results could prompt policymak-
ers to establish and strengthen regulatory
frameworks that authorize renewable energy
targets. Secondly, as the current study uses
recent empirical data, particularly in the context
of the post-COVID situation, the policymakers
could restructure the environmental policies;
therefore, the nature and ecology can be
preserved. Thirdly, as compared to the previ-
ous studies, the current study recommends
an endogenous relationship among renewable
energy consumption and economic sustainabil-
ity and therefore opens a new arena for future
studies. Because as the renewable energy
sector expands, there could be an increasing
demand for skilled workers. Therefore, policy-
makers could invest in workforce development
programs, vocational training, and educational
initiatives to equip the labor force with the nec-
essary skills and knowledge to support the tran-
sition process. Lastly, public acceptance
and support are important for successfully
implementing renewable energy policies. Thus,
policymakers could initiate public awareness
campaigns and educational programs to high-
light the economic and environmental benefits
of renewable energy.

Apart from all the effective policy implica-
tions, this study also has some limitations.

Firstly, we use the data from European
countries; therefore, the findings can only be
implemented in the countries having similar de-
velopmental status. Moreover, we consider Eu-
rope as a union and investigate a holistic view;
therefore, investigating each sample country
separately is beyond the scope of the study.
Secondly, we use macro-level data for our
analysis; therefore, the results could only be
generalized to other countries, with the pos-
sibility that corporate-level data could bring
different results. While the results of this study
provide compelling evidence of the favorable
relationship between renewable energy and
economic sustainability, further research can
be conducted to understand the other aspects
of renewable energy, i.e., ethical concerns,
education policies, environmental effects, etc.
Furthermore, evaluating sample countries
separately could also bring interesting results.
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Abstract: The logistics sector has become an integral component of the urban fabric, significantly
influencing the gateway areas of cities. In Central Europe, the rapid expansion of warehouse
infrastructure has been particularly notable, with the total net warehouse area reaching 59 million
square meters in 2023. This development contributes to the formation of urban heat islands,
which adversely impact the microclimate of nearby cities, exacerbating environmental challenges.
The need for sustainable solutions to balance urban not only logistics growth with environmental
preservation is increasingly urgent. This article explores the benefits and challenges of rooftop
hydroponic farming through a case study conducted in July and August 2024 in the Czech Republic.
The presented research is based on the students’ project “Lettuce on the roof” that integrates
advanced hydroponic technology with the local rooftop environment and market conditions,
contributing to sustainability, food security, and urban resilience. Key findings demonstrate that
the hydroponic farm effectively reduced roof and surrounding temperatures, enhancing thermal
regulation and building energy efficiency. The project achieved several months production of lettuce
and herbs, with a short and efficient distribution chain ensuring fresh produce reached customers
quickly. However, logistical complexities and the maintenance requirements of the selected concept
present challenges, highlighting areas for improvement. These results underscore the potential
of rooftop hydroponics as a viable urban agriculture solution, although future research should
address operational scalability and optimization financial strategies for long-term sustainability.

Keywords: Sustainable agriculture, green production, environmental, social, and governance
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Introduction and theoretical background

Urban agriculture was already known in an-
cient civilizations. Today, we are rediscovering
it in the light of innovative hydroponic growing
technology driven by climate change, the pres-
sure to reduce CO, production and the search

for new forms of cultivation due to population
growth (Wirza & Nazir, 2021).

Rooftop hydroponic farming represents
aninnovative approach to urban agriculture, em-
bodying the capacity to adapt to the conditions
described by the VUCA framework (volatility,
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uncertainty, complexity, and ambiguity). Amid
growing climate challenges, unstable supply
chains, and population growth, rooftop hydro-
ponics enhances urban resilience by reducing
reliance on external food sources and minimiz-
ing environmental impacts (Sharma et al., 2024).
The flexibility of the system allows for rapid ad-
justments in production to meet shifting demand
and climatic conditions, addressing market
volatility. It mitigates uncertainty by decentral-
izing food production, while the complexity and
ambiguity of urban environments are managed
through the integration of cultivation technolo-
gies within the city’s infrastructure (Zu, 2023).
Rooftop hydroponics serves as a practical tool
for cities striving for sustainability and adapt-
ability in a VUCA-shaped world.

Rooftop hydroponic farming can also help
municipalities achieve circularity by integrating
sustainable practices into urban infrastructure.
It utilizes underused rooftop spaces, transform-
ing them into productive areas that contribute
to local food systems (Martin et al., 2019).
The closed-loop hydroponic systems optimize
water usage by recycling it within the system,
significantly reducing waste (Buehler & Junge,
2016). By producing food locally, rooftop farms
minimize transportation emissions and reduce
dependency on external food supply chains

(Hsieh et al., 2018). They also improve urban
microclimates by mitigating the heat island
effect, reducing energy demand for cooling
buildings (Fussy & Papenbrock, 2022). These
initiatives align with circular economy principles
by creating systems that maximize resource
efficiency, reduce waste, and promote envi-
ronmental sustainability within municipalities
(Wirza & Nazir, 2021).

Therefore, hydroponics represents a sus-
tainable alternative to traditional agriculture
as it maximizes overall output and minimizes
using space, land, water and other resources.
This method utilizes soilless cultivation tech-
niques to grow crops in urban environments,
effectively addressing space limitations and
enhancing food security (Payen et al., 2022).
Similarly, other research indicated that rooftop
hydroponic systems can yield crops such
as lettuce and other leafy vegetables, often with
higher efficiency compared to traditional farm-
ing methods (Ezzaouia & Bulchand-Gidumal,
2021). For instance, another meta-analysis
highlighted that the crop yields from hydroponic
rooftop gardening can significantly exceed
those from conventional urban gardening prac-
tices (Payen et al., 2022). These systems can
also contribute to stormwater management and
reduce urban heat through increased vegetation

Lettuce on the roof in VUCA world

Source: own
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cover (Kong et al., 2015). Studies have shown
that rooftop farms can be less contaminated
than their ground-level counterparts, potentially
reducing the carbon footprint associated with
food transportation (Liu et al., 2016).

This article examines overall the benefits
and challenges of rooftop hydroponic farming
based on a case study carried out in the city
of Liberec, in the Czech Republic. The study
melds expertise in cutting-edge hydroponic
cultivation technology with an understanding
of the potential of the local rooftop environment
and the local market. This convergence led
to the conception of a regional network of open
rooftop hydroponic farms, which was developed
as a “Lettuce on the roof,” the winning project
at the Start-up student competition at the Tech-
nical University in Liberec in 2023. The main
aspects of the case study are shown in Fig. 1.

The evaluation of the case study is based
on data analysis in three crucial areas of sus-
tainability: i) environmental aspects (measure-
ment of temperature differences, recording
of temperature maps); ii) social areas (public
response — evaluation of media campaign, re-
actions at farmers’ markets); and iii) economic
consequences of the project (cost-benefit analy-
sis (CBA) used for evaluation of a specific case).

From the environmental point of view,
hydroponic farming generally requires sig-
nificantly less water than traditional agriculture,
with reductions of up to 90% in some instances
(Thanushree, 2024). This water efficiency is
particularly advantageous in areas experienc-
ing water scarcity (Gageanu et al., 2024). Fur-
thermore, hydroponic systems can be designed
to recycle water, thereby further minimizing
overall water consumption (Sorrilla et al., 2023).
The decreased demand for land and water can
result in lower operational costs and a reduced
environmental impact. Operating in controlled
environments, hydroponic systems are less vul-
nerable to soil-borne pests and diseases, which
can reduce the need for pesticides and result
in healthier crops that can command premium
prices (Sharma et al., 2024). The absence
of soil also reduces the risk of contamination
from pathogens, thereby enhancing food safety
(Moschou et al., 2022). Additionally, hydropon-
ics enables year-round cultivation, independent
of seasonal variations, which can stabilize
farmers’ incomes and ensure a consistent sup-
ply of fresh produce to markets (Sharma et al.,
2024; Thanushree, 2024). The capability

to cultivate crops in urban areas also lowers
transportation costs and reduces carbon
emissions associated with food distribution
(Naresh et al., 2024). Our case study consid-
ers expected benefits and potential challenges
within the comprehensive research framework.
To fulfil the submitted goals, in the second step,
it was necessary to select a suitable case and
establish appropriate measurement parameters
concerning the main pillars of sustainability.
During the entire research, continuous data
collection occurred (e.g., temperature measure-
ment, cost monitoring or evaluation of the media
campaign), which was subsequently evaluated
and reported in the Results section. The entire
study is then assessed in the discussion and
conclusion. Possible solutions to building is-
sues are also offered, and research limits and
future research directions are presented.

1 Research methodology

The examination of a specific unit within a par-
ticular topic can be achieved through a case
study, offering a comprehensive perspective.
Additionally, it can serve as a foundation for
applying principles and guidance from a pilot
study in certain instances (Yin, 2018). Since
the topic of hydroponic farming on rooftops
has not yet been sufficiently researched and is
also not widely used in the commercial sphere,
the case study appears to be an ideal research
method for this type of project.

Researchers are faced with the critical deci-
sion of whether to conduct a case study, which
encompasses defining the nature of the case
and its constraints. A clear and thorough
definition of the case is crucial at the outset.
Limitations pertain to what is encompassed
by the case in terms of time, structure, or ad-
ditional perspectives (Epler, 2019).

Takahashi and Araujo (2019) also refuted
certain criticisms related to the size of the sam-
ple. A case study typically involves a small
sample of units, focusing on analysing the issue
in depth rather than breadth to deepen theo-
retical and empirical knowledge. The approach
and concepts adopted in a case study may
also be subject to challenge and inquiry. This
often arises due to the complex and extensive
nature of the phenomenon being investigated,
rather than any inherent limitations of the cho-
sen method (Takahashi & Araujo, 2019).

The case study, found as a suitable tool for
pilot research, was conducted in five main steps.
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STEP 1: Definition of objectives

Since the entire case study is based on the fun-
damental pillars of sustainability, the defined ob-
jectives were divided into three primary groups.
From an economic perspective, the case study
focuses on achieving financial viability and
long-term profitability. Begin by conducting
a detailed cost analysis, estimating the capital
investment required for setup and the ongoing
operating expenses, including seeds, nutri-
ents, and maintenance. It is crucial to set yield
targets that reflect the potential of the roof-
top space, factoring in market demand and
the value of the crops being grown. A compre-
hensive economic overview is based on CBA,
allowing for a structured decision-making ap-
proach and ensuring that all relevant factors
are considered, which is essential for effective
resource allocation.

On the environmental side, the emphasis
should be on minimizing the farm’s ecological
footprint. First, assess the rooftop’s environ-
mental conditions, such as sunlight exposure,
wind patterns, and temperature fluctuations,
as these factors directly influence crop selec-
tion and system design. Water-use efficiency
represents another key aspect, as hydroponic
systems are known for using significantly less
water than traditional farming methods. As part
of the case study, temperatures were moni-
tored outside and inside the building (under
and outside the farm). Water consumption was
also observed.

From a social sustainability perspective,
the project should contribute to the well-being
of the community while promoting urban ag-
riculture. This can be done by implementing
education and awareness initiatives, offering
workshops, and engaging local residents in the
practice of hydroponic farming. For this case
study, several methods were used to verify
the general public’s interest: i) two workshops
were held as part of the university teach-
ing; ii) a media campaign was launched; and
iii) the products were introduced on a pilot basis
at farmers’ markets.

STEP 2: Case selection

The pilot hydroponic farm was installed on
the roof of the Technical University in Liberec’s
building, which was builtin 1965 and is ready for
reconstruction. Therefore, the selected struc-
ture and its roof represent an ideal space to ver-
ify the positive impacts and to test all possible

challenges. The farm configuration consisted
of four separate racks (2.5 m x 5 m x 1.5 m),
each holding 200 slots, combining to a total
area of 50 m? and a capacity of 800 slots, po-
tentially yielding up to 800 units (lettuce/herbs)
per month during the growing season from April
to October. Water and nutrient replenishments
were performed manually, and water quality,
nutrient levels, and pH were monitored thrice
weekly. The farm utilized municipal water from
the building supply, with a weekly consumption
of approximately 1,000 I. Maintenance required
about 4 hours per week. The construction is
shown in Fig. A1 (appendix).

Setting up a temporary seedling nursery
directly in the building was also allowed. The
pre-growing phase of the plants lasts about
three weeks, and the plants in the racks on
the roof need the same amount of time to ma-
ture fully. Seedlings were grown from seeds
in propagation trays with cultivation fleece.
The nursery facilitated experimentation with
different lettuce and herb varieties. Fleece culti-
vation ensured clean production. Herb propaga-
tion was effectively achieved by rooting cuttings
in cultivation fleece. The nursery’s operational
reliability was high, with only one electrical
outage affecting pump operation. It adequately
supported the entire farm’s capacity (800 slots),
with minimal water and nutrient replenishment
requirements and UV lamps accounting for
energy consumption. Fig. A2 (appendix) shows
the design of the seedling nursery.

STEP 3: Setting up methods used

for evaluation a case study

The case study evaluation relies on data
analysis across three key sustainability areas:
environmental factors, including monitoring
temperature differences and mapping tempera-
tures; social aspects, assessed through public
feedback from media campaigns, workshops
and farmers’ markets; and economic impacts,
evaluated using a cost-benefit analysis to de-
termine the project’s financial viability.

The measurement of temperature differenc-
es was also supplemented with a temperature
map. Water consumption for the given period
was also measured.

Temperatures were monitored at a to-
tal of 6 locations: i) in the room under the
farm (1) x in the room not under the farm (2);
ii) on the roof under the farm (3) x on the roof
outside the farm (4); and iii) at a height of 1.2 m
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below the farm (5) x at a height of 1.2 m outside
the farm (6).

The collected data were analysed using
descriptive statistics to compare mean, median,
and variability across these points, offering
insights into temperature mitigation effects.
Temperature maps were employed to visualize
differences and fluctuations, reinforcing the find-
ings. This comparison highlights the farm’s
impact on moderating indoor and outdoor
temperatures, demonstrating its contribution
to thermal regulation and resource efficiency.

From the point of view of CBA, offer-
ing an economic view of the selected case,
costs and revenues were also monitored and
studied in two months. The process of con-
ducting a CBA typically encompasses several
fundamental stages: defining the objectives
of the analysis, identifying the available alter-
natives, and evaluating the anticipated costs
and benefits associated with each option.
Analysts often express the results in terms
of NPV, benefit-cost ratios, or incremental
cost-effectiveness ratios, which facilitate in-
formed decision-making regarding resource
allocation (Hoch et al., 2002). Furthermore,
CBA extends beyond purely financial metrics
to include social and environmental consider-
ations. This comprehensive approach is crucial
for capturing the full spectrum of a project’s
potential impacts on society, the environment,
and human well-being (Ponomarenko & Fried-
man, 2017). Cost-benefit analysis in the con-
text of hydroponic farming involves evaluating
the economic viability of hydroponic systems
compared to traditional soil-based agriculture.
This analysis encompasses various factors,
including initial setup costs, operational ex-
penses, yield potential, and resource efficiency.

The media campaign launched in August
2024 can be quantitatively evaluated as part
of social impact monitoring. In marketing and
public relations, advertising value equivalent
(AVE) is a widely used metric for quantifying
the value of earned media coverage by equat-
ing it to the cost of purchasing an equivalent
amount of advertising space or airtime. AVE is
calculated by estimating how much it would
have cost to buy the same space in a given
media outlet if it had been used for an ad-
vertisement instead of editorial coverage.
For example, if a company receives a half-page
feature in a newspaper, AVE would approximate
the cost of a paid advertisement occupying

the same half-page in that publication (Kee
& Hassan, 2006).

The results of the workshops and participa-
tion in farmers’ markets can only be assessed
qualitatively from a research point of view
through interviews and feedback collection.

STEP 4: Data analysis and reporting

of results

The collected data were thoroughly analysed
to evaluate the environmental, social, and
economic dimensions of the project. Descrip-
tive statistics were applied to temperature
data to assess the mean, median, and vari-
ability across six monitored locations, provid-
ing valuable insights into the farm’s ability
to mitigate temperature fluctuations. The use
of temperature maps visually highlighted differ-
ences between shaded and unshaded areas,
reinforcing the findings that the rooftop farm
contributed to thermal regulation and improved
energy efficiency.

From an economic perspective, a CBA was
conducted over a two-month period, examin-
ing the balance between costs and revenues.
Key financial indicators, such as NPV and
benefit-cost ratios, were employed to assess
the economic viability of hydroponic farming
compared to traditional soil-based agriculture.
The analysis also incorporated social and en-
vironmental benefits, ensuring a holistic view
of the farm’s overall impact.

The media campaign, launched in August
2024, was evaluated using AVE to quantify
the value of earned media coverage. This met-
ric allowed the project team to estimate the cost
equivalent of the media exposure gained
through editorial content. In addition, qualitative
feedback from workshops and farmers’ markets
was gathered through interviews, providing in-
sights into public perception and community en-
gagement. The complete overview of obtained
data offers section Results.

STEP 5: Conclusions and reflection

of limitations

The main results are summed up in the con-
clusion part. The combination of quantitative
and qualitative analysis offers a comprehen-
sive understanding of the project's outcomes,
demonstrating the rooftop farm’s contribution
to sustainability, economic efficiency, and social
engagement. These findings form a solid foun-
dation for future decisions regarding resource
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allocation and potential expansion of similar
urban agriculture initiatives. As other similar
projects, also this research has some limitation.
Crucial limits are divided in a summary into two
main parts: limits of the case study itself and
limits of hydroponic rooftop farming in general.

2 Results

The outputs are presented based on the initial
division into three main areas: environmental,
social and economic.

21  Environmental area
Between July and August 2024, the rooftop farm
endured extreme weather conditions, including
hailstorms, strong winds, heatwaves surpass-
ing 60°C, and cold, rainy periods, all without
sustaining damage. Lettuce plants, in particu-
lar, demonstrated impressive resilience, though
occasional flowering or leaf tip rot occurred due
to the varying climate. Remarkably, no pests
were found on the roof, while the presence
of beneficial insects such as bees, wasps,
ladybugs, and butterflies suggested improved
biodiversity. During hot days, the area around
the cultivation stands provided a more comfort-
able environment compared to the exposed
sections of the rooftop.

Data from the thermometer pairs confirm
these observations. The roof’s surface temper-
ature beneath the farm was up to 20°C cooler,

primarily due to the shade and water evapora-
tion, compared to unshaded areas. Fig. 2 offers
the comparison made by a thermal camera.

The graphs in Figs. 3—4 show that the farm
helped stabilize temperature variations across
the roof.

Temperatures were measured at regular in-
tervals. Temperatures measured at 9:00, 12:00,
15:00, 18:00 and 21:00 were selected for
evaluation. In total, 310 values were collected
for each place. Final outputs from two-months
monitoring are summarized in Tab. 1.

The meanindoor temperature under the farm
was 27.13°C, slightly lower than the 27.57°C
measured in the room outside the farm. This
indicated that the farm provided some thermal
insulation or cooling benefits. The median tem-
peratures were also comparable, with 26.47°C
under the farm and 26.38°C outside, suggest-
ing a similar range of temperature distributions.
However, the standard deviation was 1.36°C
under the farm, compared to 1.62°C outside,
showing that the temperature under the farm
was slightly more stable.

The average temperature on the roof
under the farm was 24.43°C, significantly
lower than the 27.17°C on the exposed roof,
demonstrating the cooling effect of the hydro-
ponic farm, likely due to shading and water
evaporation. The median temperature was
23.77°C under the farm compared to 22.38°C

Thermal camera image of the farm

Source: own
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Thermal data — comparison of surface temperatures of an open roof and a roof
under the farm

Source: own

Thermal data — comparison of 2 identical offices interiors under the roof (lower
under the farm)

Source: own
Descriptive statistical values of temperature measurements (°C)
Room Room On the roof | On theroof | At1.2m At1.2m
Measurement . .
oints under not under under outside below outside
P the farm (1) | the farm (2) | the farm (3) | the farm (4) | the farm (5) | the farm (6)
Mean 27.1268 27.5680 24.4284 27.1702 20.7884 22.1365
Median 26.4681 26.3806 23.7653 22.3764 25.1500 19.7979
Siandad 1.3580 16233 81975 | 12.3448 5.6609 5.7458
deviations
Source: own
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outside, suggesting that the farm moderated
temperature fluctuations. The standard devia-
tion was 8.20°C under the farm and 12.34°C on
the exposed roof, indicating that temperatures
fluctuated more widely without the farm’s cover.

At a height of 1.2 m, the mean tempera-
ture under the farm was 20.79°C, cooler than
the 22.14°C measured outside. However, the
median temperature was 25.15°C under
the farm, higher than the 19.80°C recorded out-
side, suggesting that temperature fluctuations
at this height were influenced by factors such
as shading, airflow, or time of day. The standard
deviations (5.66°C under the farm and 5.75°C
outside) were comparable, indicating that
temperature variability at this height remained
similar in both environments.

2.2 Social aspects

In the first phase, workshops for university
students were held in May 2024. Two semi-
nars, each attended by 15 students from
the 1%t and 2" year of the Faculty of Economics
in Liberec, were conducted as part of the Busi-
ness Processes course. The topic of the work-
shops was devoted to the presented case study,
focusing on urban agriculture. Students were
introduced to the project through a presenta-
tion, followed by a demo of the hydroponic rack
with lettuce and a tour of the indoor seeding
nursery. The primary objective was to engage
students in creative thinking through a mind
map, exploring the factors that could impact
the project’s success or failure.

The second group focused on developing
practical manuals for seed planting in the seed-
ing nursery. They participated in hands-on activi-
ties, gaining direct experience with the planting
process. Through this combination of theory
and practice, students evaluated the poten-
tial of the rooftop farming concept from both
operational and entrepreneurial perspectives.
The workshops encouraged creative problem-
solving and practical learning, offering valuable
insights into the challenges of sustainable
urban projects.

After nearly two months of pilot farming,
a targeted media campaign by the university’s
PR department garnered extensive coverage,
highlighting significant public interest in the “Let-
tuce on the roof”’ project. The campaign empha-
sized the dual benefits of rooftop hydroponic
farming: cooling urban environments and pro-
ducing fresh food. Coverage included 32 media

outputs with an estimated AVE of EUR 1.47 mil-
lion. Notable outlets such as Czech Television,
CNN Prima News, and Czech Radio featured
the project across TV, radio, print, and online
platforms. Articles and broadcasts detailed
the innovation, environmental benefits, and
potential for urban applications, inspiring dis-
cussion on utilizing industrial rooftops for sus-
tainable farming.

As the third event aimed at evaluating
the project’s potential within the social pillar
of sustainability, the “Lettuce on the roof” project
participated in the farmers’ market near OC Fo-
rum in Liberec on September 7, 2024. Over
the course of just two hours, nearly 400 lettuce
portions were distributed for free or in ex-
change for voluntary contributions. The event
received immediate positive feedback from
visitors, many of whom were already familiar
with the project thanks to prior media cover-
age. This strong public response highlights
the effectiveness of the promotional campaign
and the growing interest in sustainable urban
agriculture initiatives.

2.3 Financial area
The initial investment required for hydroponic
systems can be greater than that for conven-
tional agricultural practices. The profitability
of a hydroponic farm hinges on various factors,
including control over the growing environ-
ment, the efficiency of farming techniques, and
the market demand for the produce. To calcu-
late cost-effectiveness, the researchers divided
costs into two categories — investment costs
and operating costs. From the operating costs,
it is necessary to separate variable costs directly
related to production and directly corresponding
to the quantity of products grown, and fixed costs
related to the operation of the farm as such.
The CBA was based on the most com-
mon requirements of the private sector:
farm area 100 m?, 2,592 growing positions.
The investment costs, as indicated in Tab. 2,
consist of the rooftop hydroponic system
as such (i.e., stands and irrigation equip-
ment + automated fertilizer replenishment
system), as well as the security of the working
environment (work at height), i.e., the place-
ment of safety railings around the entire farm.
The farm also needs to be connected to the wa-
ter and electricity supply. The investment costs
also include the installation of the farm itself,
i.e., the construction supervision, the work
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of the crane and the installation and connection
of the stands themselves. We also assume that

access to the roof is provided by sufficient and

safe routes.

Costs analysis for a rooftop farm (100 m?, 2,592 positions)

Type of cost | Costs (EUR)

Fixed costs

Racks and irrigation system 13,802
Railing 1,200
Windlass (electric hoist + arm) 240
Installation (transport + installation + construction supervision + crane 1,408
Administration (1 person, 4 h per week) 2,080
Total fixed costs 18,730
Variable costs

Seedlings (0.12 EUR per piece) 1,866
Fertilizer (5 | per week) 624
Water (2.2 m? per week) 292
Electricity (67,2 kWh per week) 384
Distribution (0.12 EUR per piece) 1,866
Labor work (1 person, 8 h per week) 4,160
Autumn uninstallation + spring installation 256
Insurance premium 1,200
Total variable costs 10,649

Source: own

CBA and NPV for three years

Year 1 (EUR)

Year 2 (EUR)

Year 3 (EUR)

Costs
Fixed 18,730 2,080 2,080
Variable 10,649 10,649 10,649
Total 29,379 12,729 12,729
Benefits
Earnings from the sale of lettuce 18,000 18,000 18,000
Intangible benefits: PR, ESG 4,000 4,000 4,000
Total benefits 22,000 22,000 22,000
B-C -7,380 9,270 9,270
B/C 0.749 1.728 1.728
Net present value 5,520

Source: own
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The setup costs for a hydroponic farm
total EUR 18,730 in fixed expenses, includ-
ing construction, equipment, installation, and
administration. Variable costs for a six-month
cycle, covering seedlings, fertilizer, water,
electricity, labour, distribution, and insurance,
amount to EUR 10,649. The projected lettuce
price of 1.2 EUR per head reflects market
trends for premium, eco-friendly produce, sup-
ported by urban farming’s logistical advantages
like lower transport costs and faster delivery. In-
tangible environmental, social, and governance
(ESG) benefits, valued at EUR 4,000 annu-
ally, enhance the farm’s public image, align
with sustainability goals, and attract eco-
conscious consumers and investors, boosting
long-term viability.

The cost-benefit analysis for a rooftop
hydroponic farm indicates that the project
becomes more favourable over a three-year
period. In the first year, total costs amount
to EUR 29,379, due to the significant fixed costs
of EUR 18,730 combined with variable costs
of EUR 10,649. In the second and third years,
fixed costs are reduced to EUR 2,080 annu-
ally, while variable costs remain consistent
at EUR 10,649. The farm is expected to gener-
ate EUR 18,000 annually from lettuce sales,
along with EUR 4,000 in intangible benefits,
such as improved public relations (PR) and
contributions to environmental, social, and gov-
ernance (ESG) goals. This brings the total ben-
efits to EUR 22,000 each year. Tab. 3 shows
the financial plan dedicated for three years.

In terms of financial outcomes, the
benefit-cost difference (B-C) is negative
in the first year at -7,380 EUR, mainly due
to the high initial setup costs. However, this
shifts to a positive balance of EUR 9,270 in both
the second and third years as costs decrease.
The benefit-cost ratio (B/C) improves to 1.728
in the second and third years, indicating a re-
turn on investment. The NPV over the three-
year period is EUR 5,520, demonstrating that
the project offers a positive return in the me-
dium term, making it financially sustainable and
potentially attractive for long-term investment.
We have considered a discount rate of 5% p.a.
for a three-year investment horizon.

3 Discussion

The discussion of outputs is also structured
into three main areas, following the case
study strategy.

The rooftop hydroponic farm demonstrated
significant benefits on the environment, par-
ticularly in terms of thermal regulation and
biodiversity enhancement. The surface beneath
the farm was up to 20°C cooler than the exposed
areas, thanks to shading and water evapora-
tion, reducing the impact of heat islands. Inside
the building, the room under the farm was 0.5°C
cooler than the control room, indicating poten-
tial energy savings by lowering the need for air
conditioning. Additionally, the farm promoted
biodiversity, with beneficial insects like bees,
butterflies, and ladybugs observed on the roof,
while no pests were detected. These findings
highlight the potential of hydroponic systems
to enhance urban resilience by mitigating
temperature fluctuations and creating a more
comfortable environment. The ability to control
environmental conditions, including tempera-
ture, is one of the key benefits of hydroponic
systems, making them particularly suitable for
addressing the challenges posed by climate
change and extreme weather events (Siddiq
et al., 2020).

The hydroponic farm in this case study
lowered outdoor temperatures and reduced
fluctuations on the roof by minimizing heat ex-
posure through shading and water evaporation.
Indoors, the farm provided some cooling ben-
efit, resulting in slightly more stable tempera-
tures, which could contribute to energy savings
for the building. At 1.2 m height, while the mean
temperature under the farm was lower, the vari-
ability in median values suggested that mi-
croclimatic factors played a role, warranting
further investigation to better understand daily
temperature patterns. Our outputs confirm that
the implementation of hydroponic systems
on rooftops can lead to energy savings in build-
ings. As green structures can provide insulation
and reduce heat absorption, thereby lowering
cooling costs (Nadal et al., 2017). Additionally,
rooftop hydroponics can contribute to environ-
mental sustainability, which in turn has social
implications. By utilizing otherwise unused
urban spaces, these systems can help mitigate
urban heat islands, improve air quality, and en-
hance biodiversity (Gageanu et al., 2024).

One of the primary social impacts of rooftop
hydroponics is its potential to improve food
security in urban settings. As urban popula-
tions continue to grow, traditional agricultural
practices often struggle to meet the increasing
demand for fresh produce. Ngie and Sithole
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(2023) highlighted initiatives in Johannesburg
where hydroponic farms on rooftops are trans-
forming urban food systems and improving live-
lihoods by providing access to fresh vegetables
(Ngie & Sithole, 2023).

The implementation and promotion
of the rooftop hydroponic farm in our case
study yielded both educational and public en-
gagement benefits, highlighting its potential for
sustainable urban agriculture. Workshops for
university students combined theory with practi-
cal activities, fostering creative problem-solving
and offering hands-on experience with planting
processes, while also encouraging entre-
preneurial thinking. Media coverage across
television, radio, print, and online platforms
significantly amplified public interest, with
32 outputs reaching an AVE of EUR 1.47 mil-
lion. The widespread media attention under-
scored the dual benefits of the project (cooling
urban spaces and producing fresh food), while
the distribution of lettuce at the farmers’ market
in Liberec further strengthened public engage-
ment. The enthusiastic response to these ac-
tivities suggests that rooftop farming initiatives
can effectively resonate with both students and
the public, contributing to the discourse on sus-
tainable solutions for urban environments.
The social dynamics of rooftop hydroponics can
also promote social inclusion and cohesion.
As highlighted by Sanyé-Mengual et al. (2015),
rooftop farming initiatives can boost community
empowerment and foster social interactions
among diverse groups. These projects often
bring together individuals from various back-
grounds, creating opportunities for collabora-
tion and shared learning experiences. This
communal aspect can strengthen neighbour-
hood ties and enhance social capital, which is
crucial for building resilient urban communities
(Sanyé-Mengual et al., 2015). Gajbe (2020)
further emphasizes that urban agriculture,
including rooftop hydroponics, can safeguard
livelihoods and enhance urban food security,
thereby contributing to the overall well-being
of communities (Gajbe, 2020).

The economic analysis indicates promising
sustainability for rooftop hydroponics, highlight-
ing potential for higher yields and lower trans-
portation costs. However, initial investment and
operational costs may hinder widespread adop-
tion. The analysis of the rooftop hydroponic farm
over three years suggests a promising financial
model. While the hydroponic farm incurs high

initial fixed costs (EUR 29,379 in the first
year), these costs decrease substantially
in subsequent years to EUR 12,729 annually.
The annual revenue from lettuce sales, cou-
pled with intangible benefits such as positive
PR and ESG contributions, results in total ben-
efits of 22,000 EUR per year. Although the proj-
ect faces a negative balance in the first year due
to start-up costs, it reaches profitability in years
two and three with a positive B-C balance
of EUR 9,270. The B/C ratio improves to 1.728
in the later years, and the three-year NPV
of EUR 5,520 indicates a sustainable return
on investment.

The financial analysis of rooftop hydroponic
farms reveals a multifaceted landscape char-
acterized by economic viability, environmental
benefits, and social acceptance. Rooftop hydro-
ponics presents a promising solution to urban
food production challenges, particularly in areas
with limited arable land. Other studies also in-
dicate that rooftop hydroponic systems can
produce leafy vegetables that are competitive
in both cost and quality compared to traditional
farm-grown produce, thereby enhancing food
security in urban settings (Liu et al., 2016).
Additionally, the hydroponic model allows for
PR and ESG benefits, which can enhance
the farm’s reputation and appeal to eco-con-
scious investors (Yusoff et al., 2017). However,
hydroponics also involves significantly higher
initial setup costs and reliance on specialized
infrastructure, such as irrigation systems and
controlled environments, which may limit ac-
cessibility for some farmers (Fussy & Papen-
brock, 2022). In contrast, conventional farming
has lower initial setup costs and is less complex
to establish, but it relies on seasonal limitations,
higher land use, and greater environmental
impact (Pomoni et al., 2023).

Accordingly, what recommendations for
evaluating investment in hydroponic farms
do the research studies suggest? To verify
economic advantages, Sisodia et al. (2020)
proposed to value the hydroponic farm strat-
egy using approaches such as net present
value or assessment of real options (Sisodia
et al., 2020). It is essential to conduct an envi-
ronmental assessment of hydroponic agricul-
ture from the point of view of the production
capacity and sustainability of such systems
(Martin & Molin, 2019). The process also in-
volves investigating the impact of hydro-
ponic agriculture on water resources in order
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to ensure the required sustainability (Ajeng
Setyoningrum et al., 2022; Wood et al., 2020).
An expert group (Delphi method) to identify
and mitigate risks can also be used for evalu-
ation (Sakti & Thoriq, 2021). It is also critical
to consider the economic feasibility and mar-
ket potential of hydroponic farms in the long
term (Banerjee & Adenaeuer, 2014).

As urban areas seek innovative solutions
for sustainable food production, hydroponic
rooftop farming offers a unique opportunity
to align with circular economy (CE) principles.
Much like how excess energy from household
solar panels can be fed back into the grid
to maximize efficiency, hydroponic systems
can be designed to minimize waste and close
resource loops in urban agriculture (Chowdhury
& Asiabanpour, 2024). By integrating hydropon-
ic farms with local food systems, organic waste
from households, restaurants, and markets
could be repurposed into bio-based nutrients,
reducing reliance on synthetic fertilizers and
contributing to a more sustainable urban eco-
system (Naresh et al., 2024). Surplus produce
from hydroponic farms could be distributed
to food banks or community-supported agricul-
ture programs, ensuring that no resources go
to waste while simultaneously addressing food
security challenges (Aminullah et al., 2024).

For successful implementation, hydroponic
systems must be strategically integrated into city
planning and policy frameworks. Financial incen-
tives, such as subsidies for green infrastructure
or tax benefits for urban farmers, could lower
the barrier to entry and encourage investment
(Panotra et al., 2024). Advancements in technol-
ogy, such as Al-driven climate control, automat-
ed nutrient recycling, and loT-based monitoring,
can also improve operational efficiency and eco-
nomic feasibility (Rahman et al., 2024). Beyond
financial and technological considerations, fos-
tering public engagement through educational
initiatives, urban farming cooperatives, and local
food networks would enhance acceptance and
long-term sustainability. By embedding hydro-
ponic rooftop farms into the broader framework
of circular and regenerative food systems, these
initiatives can serve as a scalable model for
both urban and peri-urban agricultural resilience
(Appolloni et al., 2021).

Conclusions
The pilot hydroponic farm was established
at the Technical University in Liberec. The con-

figuration included four independent racks, re-
sulting in a total farming area of 50 m? and a ca-
pacity of 800 slots. This rooftop farm provided
an opportunity to investigate both the benefits
and potential challenges associated with hy-
droponic urban agriculture. With this setup,
the farm had the potential to produce up to 800
units of lettuce or herbs per month during
the growing season from April to October, al-
lowing for a substantial yield within a compact
urban space. This case study aimed to evalu-
ate not only the technical and financial viability
of rooftop hydroponics but also its environmen-
tal and social impacts in an urban setting.

In conclusion, the rooftop hydroponic farm
demonstrated significant advantages in urban
sustainability, environmental impact, and social
engagement. This model contributed to urban
cooling by reducing temperatures on the roof
surface and within the building itself, mitigating
the urban heat island effect and potentially low-
ering energy costs for air conditioning. The farm
also promoted urban biodiversity, attracting
beneficial insects while maintaining a pest-free
environment, thereby supporting urban eco-
logical resilience. These findings underscore
the potential of hydroponic systems not only
to produce food but also to enhance urban
environments, making them a valuable tool for
addressing climate-related challenges in cities.

The financial analysis shows that while
the hydroponic farm has high initial costs, it be-
comes increasingly profitable over a three-year
period, reaching a positive net present value
and a sustainable benefit-cost ratio. Addition-
ally, the project’s social and environmental ben-
efits, such as public engagement, educational
opportunities, and contributions to ESG goals,
add intangible value that conventional agricul-
ture may not provide. Compared to traditional
farming, rooftop hydroponics offers unique
advantages for urban areas with limited land
and high environmental impact, positioning it
as a forward-looking approach to sustainable
agriculture. However, the success of such proj-
ects depends on addressing initial financial and
infrastructure challenges, as well as engaging
the public in sustainable practices.

The research and pilot hydroponic rooftop
farm itself have several limitations. From a re-
search perspective, this case study provides
insights based only on a single case, limiting
generalizability to other urban environments
or building types. Additionally, only one
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hydroponic farming technology was tested,
potentially excluding other viable approaches.
The measurements were conducted over
a two-month period, which restricts under-
standing of seasonal or long-term impacts.
Furthermore, not all indicators, particularly so-
cial aspects, could be quantitatively assessed.
CBA is not without its disadvantages as well.
One of the main criticisms of CBA is the diffi-
culty of accurately quantifying certain benefits
and costs, especially intangible factors such
as social justice or environmental impacts. This
difficulty can result in either an underestimation
or overestimation of the project’s true value.

Despite encouraging findings, challenges
also remain in terms of the pilot farmitself, includ-
ing technical barriers and regulatory hurdles.
Collaboration among local governments, urban
planners, and agricultural experts is essential
to overcome these obstacles. Ongoing research
is also needed to integrate rooftop hydroponics
with other urban sustainability initiatives. Logis-
tical challenges related to distribution and sales
were not included in the evaluation, as these
aspects were managed by project. The farm
also involved high initial costs, which may pose
a barrier to scaling or replicating the model.
There is also a risk that initial public enthusiasm
could wane, impacting long-term demand and
willingness to pay higher prices for produce
grown on urban rooftop farms.

Regardless of its limitations, this study
provided valuable insights into the feasibility
and potential benefits of rooftop hydroponic
farming in urban settings. As cities face popu-
lation growth and climate change, investing
in such practices is crucial for developing
resilient urban food systems. The pilot project
demonstrated that rooftop hydroponics can ef-
fectively contribute to urban cooling, enhance
biodiversity, and produce fresh, locally sourced
vegetables, all while utilizing otherwise unused
space. The environmental advantages, such
as temperature regulation and reduced urban
heat island effect, alongside social benefits like
increased public engagement and educational
outreach, highlight the significant impact that
urban agriculture can have on city sustainability.
This pilot study has set a foundational under-
standing that can inform future efforts in urban
food security, environmental sustainability, and
community-building initiatives.

Future research could address several
areas to further explore and refine this model.

Long-term studies over multiple growing sea-
sons would provide a more comprehensive
understanding of the farm’s environmental and
economic impact. Additionally, testing a variety
of hydroponic technologies and plant species
would help determine the most efficient configu-
rations for diverse urban environments. Further
research could also quantify social impacts,
such as community engagement and educa-
tional outcomes, through more rigorous social
science methods. Finally, integrating logistical
and distribution challenges, as well as assess-
ing consumer willingness to pay for urban-grown
produce, would create a more complete picture
of the economic viability of rooftop hydroponic
farms, enhancing their scalability and attrac-
tiveness as a sustainable solution for urban
food systems.
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conducted using annual data from 15 post-Soviet nations, covering the period from 2000 to 2023.
The key findings are that a positive shock in greenhouse gas emissions leads to increased income
inequality, thereby reducing financial well-being and sustainable adoption. On the other hand, a positive
shock in international tourism reduces income inequality and enhances financial well-being, promoting
sustainable adoption among the post-Soviet population. Lastly, a positive shock in inward remittances
promotes income inequality and reduces financial well-being, although this effect was not statistically
significant. The study adds to the limited literature on financial well-being and sustainable adoption.
The articles contextually focus on the post-Soviet nations, which are still in the early development
phase and thus offer useful implications for developing countries. The study offers useful implications
for policymakers, who can leverage the findings to reduce greenhouse gas emissions and promote
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Introduction continually garnering attention to achieve bal-
Economic, environmental, and social vari- anced and sustainable growth. All major global
ables have become essential determinants  economies consistently emphasise the promo-
of sustainable development in recent years, tion of inclusive and sustainable growth through
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policies that tackle income inequality, environ-
mental sustainability, and economic resilience,
extending beyond their own jurisdictions
to a global context (Terra dos Santos et al.,
2023). Nonetheless, to maintain it as a priority,
initiatives must be undertaken by all nations
across all global areas, irrespective of their
developmental phases. Numerous countries,
particularly post-Soviet states, remain very
nascent following their independence and have
had just a few decades of existence, encounter-
ing distinct problems after their dissolution that
have influenced their sustainable development
aspirations. Their function must be considered
in the proper execution of sustainability initia-
tives. In contrast to wealthy nations, post-Soviet
countries are comparatively nascent in sustain-
able growth and development (Dabrowski,
2022; IMF, 2020; Li & Zhou, 2016). These na-
tions experienced significant political and eco-
nomic transformations following the dissolution
of the Soviet Union. The initial objective was
to achieve economic equilibrium, execute
market-oriented reforms for stability, and foster
growth and development (Dabrowski, 2022).
The importance of sustainability has been more
evident in post-Soviet countries in recent years
(Matiiuk et al., 2020). The primary priority areas
among the many projects are the promotion
of renewable energy, the reduction of inequal-
ity, the enhancement of energy efficiency, and
the improvement of financial well-being (Shar-
if et al., 2024). These nations are now more
engaged and regularly involved in international
sustainability initiatives, working openly while
striving to achieve social inclusion, effective
environmental conservation, and enhanced
economic development (Matiiuk et al., 2020).

It is particularly important for post-Soviet
republics, as domestic economic stabil-
ity concerns and external global dynamics
influence their economic structure throughout
the transition stages. Global trends are increas-
ingly influencing post-Soviet countries in terms
of remittances, environmental sustainability,
and international tourism, all of which are piv-
otal to achieving the sustainable development
goals (SDGs). They continue to confront
the economic, social, and ecological issues that
emerged with the fall of the Soviet Union (Bat-
saikhan & Dabrowski, 2017). To gain a deeper
comprehension of the situation after over
thirty years, particularly from economic, social,
and environmental viewpoints, it is essential

to examine the effects of remittances, green-
house gas (GHG) emissions, and international
tourism on sustainable economic savings and
inequality for several reasons. Economic
inequality has expanded in several post-Soviet
governments, leading to an increasing dispar-
ity between urban and rural populations. This
disparity undermines social cohesiveness, ob-
structs comprehensive economic growth, and
diminishes financial well-being. The intricate,
interrelated issues of economic development,
inequality, and environmental sustainabil-
ity confront post-Soviet states (Chancel et al.,
2022; Gore, 2021). Remittances to post-Soviet
republics started a notable increase quickly af-
ter the disintegration of the Soviet Union (Kakh-
kharov et al., 2017). Numerous countries have
experienced a reduction in migrant remittances
during and after the pandemic (Gurbanov et al.,
2021). Policymakers must consider the ramifi-
cations of overseas remittance inflows, since
they can significantly affect individuals’ financial
well-being and encourage sustainable practices
(Tokhirov et al., 2021).

Remittances, a critical source of foreign
finance for several post-Soviet countries,
significantly contribute to financial well-being
by increasing savings and diminishing income
inequality (Abduvaliev & Bustillo, 2020). Remit-
tances furnish households with supplementary
income, which may be directed towards sav-
ings, education, and business investments,
so promoting long-term financial stability
(Barkat et al., 2024; Chand & Singh, 2024).
The link between remittances and inequality
is inversely correlated in most countries (Tokhi-
rov et al., 2021). The degree to which remit-
tances mitigate income inequality and foster
sustainable adoption is contentious, as they
may redistribute wealth or, conversely, intensify
disparities by predominantly benefiting middle-
and upper-income families (Borja & Hall, 2018;
Koczan & Loyola, 2018). In this context, it is es-
sential to analyse how remittances affect sav-
ings and inequality.

Greenhouse gas emissions have been
identified as a substantial obstacle to sustain-
able development (Hsieh & Yeh, 2024; Yang
et al., 2023). The post-Soviet states endeavour
to reconcile economic growth with environ-
mental sustainability (Atashov et al., 2023).
Addressing greenhouse gas (GHG) emissions
is essential and must be incorporated into
economic, environmental, and social planning.
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Elevated emissions levels can adversely affect
long-term savings, as the expenses related
to economic, social, and environmental degra-
dation, health repercussions, and climate issues
persistently escalate until they garner sufficient
attention for mitigation measures (Osman et al.,
2023). The repercussions of environmental
degradation are frequently disproportionately
experienced by various societal segments,
particularly lower-income groups, hence exac-
erbating existing inequalities and confronting
them with significant living issues (Gochfeld
& Burger, 2011). Consequently, GHG emis-
sions may adversely affect financial stability
and impede sustainable growth and practices.

International tourism constitutes a signifi-
cant aspect of economic growth for post-Soviet
countries. The growth of the tourist industry
contributes to economic advancement, en-
hances income and savings, and generates
job possibilities across diverse groups and sec-
tors of the business community, so promoting
financial well-being (Khan et al., 2020; Li et al.,
2018). Nonetheless, the allocation of these
benefits requires scrutiny, as their impact
on income disparity across various groups
has yet to be ascertained. Tourism may foster
inclusion by generating employment in rural
and neglected regions. Yet, it may also result
in economic inequality if the advantages are
concentrated in specific locations or sectors
(Bui Hoang, 2024; Liu et al., 2023).

This research aims to enhance the current
literature on sustainable development by iden-
tifying the pivotal importance of independent
factors and their alignment with global sustain-
able development goals, while also addressing
their specific issues. The current study’s find-
ings elucidate the principal economic factors,
including remittances, tourism, and greenhouse
gas emissions, that influence savings and in-
equality, particularly in this comparably under-
researched location. This research seeks
to elucidate the individual and collective influ-
ences of remittances, greenhouse gas emis-
sions, and international tourism on sustainable
economic savings and inequality, specifically
addressing how these factors have affected
the savings and inequality of post-Soviet nations
and how they can attain a more balanced and
equitable trajectory in economic development.

The study encompasses a literature review,
research methodology, data analysis, findings
presentation, discussion, and conclusion, which

includes limitations, a future research agenda,
and policy implications.

1 Theoretical background
1.1 Sustainability and financial well-being
The literature focuses on the SDG goals of re-
ducing inequality, poverty, and well-being.
The study examines how inward remittances,
reduction in carbon emissions, and increased
tourism can reduce inequality and improve
individuals’ financial well-being. The connec-
tion between inward remittances, reduction
in carbon emissions, and increased tourism can
significantly enhance individuals’ financial well-
being through the increase in savings and re-
duction in income inequality. Inward remittances
play a significant role in strengthening financial
well-being by directly increasing household in-
come, enabling individuals to meet basic needs,
investin education, reduce poverty, and consume
sustainable products (Barkat et al., 2024; Borja
& Hall, 2018; Masron & Subramaniam, 2018).
This additional income often reduces financial
vulnerability, particularly in developing econo-
mies, where remittances are a critical safety net.
On a broader scale, countries with substantial
remittance inflows usually experience improved
financial systems, such as enhanced banking
services, which further support individuals’ finan-
cial stability and well-being (Ali Bare et al., 2022;
Ofori et al., 2023).

According to the results of another study,
a universal environmental approach that im-
proves financial inclusion through robust and
easily accessible financial systems is recom-
mended, especially for low-income nations
(Hussain et al., 2023), which hints that there
is a kind of connection between financial
well-being and environmental issues, financial
well-being improves with financial inclusion
(Fu, 2020). Environmental degradation caused
by elevated emissions negatively affects health,
leading to reduced productivity and increased
medical expenses (Liu et al., 2021), which
directly undermine an individual's financial
stability, thereby hurting sustainable adoption
(Cohen & Kirzinger, 2014). Additionally, tour-
ism plays a vital role in enhancing financial
well-being by contributing to local economies
through job creation and entrepreneurial op-
portunities, particularly for individuals involved
in tourism-related businesses (Nazir et al,
2021; UNCTAD, 2013). Job creation, increas-
ing entrepreneurial activities, and the related
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positive impact of tourism lead to financial well-
being (Gémez Lépez & Barron Arreola, 2019).
Based on the above arguments, the following
relationship has been tested to demonstrate
how personal remittance, reduction of green-
house gas emissions, and tourism contribute
to improved savings and reduced income
inequality, ultimately enhancing individuals’
financial well-being.

1.2 Personal remittance and income
inequality

For many households in developing economies,
remittances have become a primary source
of income (Song et al., 2021). The empirical lit-
erature on the impact of remittances on poverty
reduction and income inequality presents mixed
findings. Some scholars argue that migrant re-
mittances effectively reduce income inequality
and social discrimination through reduced pov-
erty levels (Giannetti et al., 2009). Islam and
Azad (2023) support the notion that remittances
positively contribute to lowering the income gap
by highlighting their direct effect of increasing
the income of recipient households and pro-
moting additional migration. Despite its positive
impact on reducing income inequality, the mag-
nitude is moderate (Ofori et al., 2022).

While Song et al. (2021) argue about
the adverse effect of remittances on income
disparities, explaining that most households
receiving remittances are high-income. In an-
other investigation into the impact of foreign
remittances on poverty, inequality, and house-
hold welfare, Viet (2008) found that remittances
significantly increased the income and con-
sumption of the receiving households, leading
to a reduction in poverty levels accompanied
by a small magnitude increase in income in-
equality. Despite the evidence remaining incon-
sistent, the answer is likely to depend on three
major factors: the average amount of remit-
tance receipt, the proportion of households that
receive transfers, and the share of welfare ben-
efits and remittances allocated to individuals
with fewer advantages (Giannetti et al., 2009).
In addition, Anwar et al. (2024) findings show
the contribution of remittances to the increase
in income inequality in the South Asian region.
In contrast, in areas such as Central Asia, East
Asia and the Pacific, the Caribbean, Eastern
Europe, Latin America, and Sub-Saharan
Africa, it has the opposite effect, further sup-
porting that the disparities among regions may

have been caused by several factors such
as initial economic status of migrant-sending
households, the cost of migration and the ex-
tent of migrant community networks in the host
country. Given the findings, further research
is needed to explore the relationship between
income inequality and remittances (Anwar
et al.,, 2024). The rationale of the following
hypothesis is to understand that remittances
can serve as an additional source of household
income, enabling increased savings and invest-
ment in sustainable economic activities.

H1: Higher remittance inflows are posi-
tively associated with increased savings and
enhanced financial well-being in post-Soviet
nations.

1.3  Greenhouse emissions and income
inequality

All literature available is typically divided into
two main perspectives. Some studies explored
how income inequality affects greenhouse gas
emissions, while others research how environ-
mental degradation contributes to income in-
equality, particularly from CO, emissions. Many
studies have found a statistically significant
positive correlation between income inequality
and CO, emissions (Baloch et al., 2020; Yang
et al., 2022). Investigating the relationship be-
tween greenhouse gas emissions and income
inequality reveals dependency on income lev-
els (Grunewald et al., 2017). They suggest that
in the case of middle and low-income countries,
lower levels of CO, emissions are associ-
ated with higher income disparities. In contrast,
countries with higher income disparities, par-
ticularly those in the high and upper-middle-
income categories, exhibit greater emissions
per capita. Parsons et al. (2024) also note that
climate change will exacerbate the existing in-
equality, widening the gap between privileged
and vulnerable communities, where the burden
of health risks, loss of the means of financial
support, and displacement will fall onto under-
privileged children. Taconet et al. (2020) inves-
tigate the effect of reducing greenhouse gases
on inequality by preventing climate damage and
reducing the cost of mitigation. They highlight
that damage estimates are the main depen-
dents of reducing inequalities through reducing
mitigation costs. The proposed hypothesis ratio-
nale is to understand how environmental degra-
dation resulting from high GHG emissions may
harm long-term economic sustainability, leading

2025, volume 28, issue 3, pp. 160-175, DOI: 10.15240/tul/001/2025-3-010 E M 163



to reduced savings due to increased costs
in public health and environmental mitigation.
H2: Higher GHG emissions levels are nega-
tively associated with savings and reduced
financial well-being in post-Soviet nations.

1.4 International tourism and income
inequality

Tourism can impactincome inequality differently.
In a regime with lower economic development,
it can help alleviate the burden of income
inequality; however, in a regime with upper
economic growth, it may worsen the disparity
(Wang & Tziamalis, 2023). Zhang (2021) re-
ports a positive relationship between income in-
equality and tourism, the effect of which is more
pronounced in developing countries at an in-
creasing magnitude. Camacho and Ramos-
Herrera (2024) report that, in the short term,
worldwide tourism contributes to an increase
in income disparities, regardless of the coun-
try’s degree of development. They argue that
in developed countries, tourism tends to lead
to a decrease in income disparity in the long run.
Dossou et al. (2023) have examined the effect
of tourism on income inequalities in developing
Asian economies, including Central Asian coun-
tries such as Armenia, Azerbaijan, Georgia, Ka-
zakhstan, the Kyrgyz Republic, and Tajikistan,
which were previously part of the Soviet Union.
Their investigation supports that tourism and
income inequality have a statistically significant
positive relationship.

Furthermore, Alam and Paramati’'s (2016)
investigation of 49 developing countries across
the world (including Armenia, Belarus, Ka-
zakhstan, Kyrgyz Republic, Kyrgyzstan, Mol-
dova, and Ukraine) confirms that in the long
run, tourism leads to an increase in income
inequality. The oligopolistic nature of selected
countries can primarily drive such widening
in societal disparity. Thus, small to medium
enterprises will not be able to compete with
them in the local market (Alam & Paramati,
2016). In addition, Ghosh and Mitra (2021)
report that even in the early stages, the ex-
pansion of tourism negatively affects income
inequality because of the markets’ oligopolistic
environments. Therefore, the rationale behind
the proposed hypothesis is to understand that
tourism generates foreign exchange, creates
jobs, and stimulates economic activities, which
can contribute to long-term savings and finan-
cial sustainability.

H3: Growth in international tourism posi-
tively impacts savings and enhances financial
well-being in post-Soviet nations.

1.5 Research gap and the conceptual
framework

The study intends to address two gaps: inward
remittances, GHG emissions and international
tourism, and their association with financial
well-being and sustainability. The second
gap focuses on the geographical context, the
post-Soviet nations. Ofori et al. (2022), claim
that remittances enhance income inequality,
supported by Song et al. (2021) found the ad-
verse effect of remittances on income dispari-
ties: remittances raise income inequality, while
economic growth reduces, whereas Viet (2008)
found that remittances significantly increase re-
ceiving households’ income and consumption,
leading to a reduction in poverty levels accom-
panied by a small magnitude increase in in-
come inequality. Anwar et al. (2024) findings
show the contribution of remittances to the rise
in income inequality in the South Asian re-
gion. Since the oil industry dominates many
nations and, in the recent past, has become
independent, promoting renewable energy
could be rather difficult, and their contribution
to greenhouse gas is a critical factor to anal-
yse. In the 1990s, Central Asia nations faced
many of the same hardships during economic
transition as Central and Eastern European
and other formerly communist countries, such
as sharp inflation, partial de-industrialization
and the breakdown of welfare systems. Many
still have not transitioned to a market economy
(Batsaikhan & Dabrowski, 2017). However,
most nations, specifically those like, e.g., Uz-
bekistan, Kyrgyzstan, have recently opened
their borders and are promoting international
tourism. Many have become part of Eastern
Europe; in such a scenario, it becomes impera-
tive to draw the attention of researchers toward
inward remittance, greenhouse gas emis-
sions, and international tourism, specifically
in the context of post-Soviet nations.

Based on the above factors, inward re-
mittances, greenhouse gas emissions, and
international tourism might significantly in-
crease savings, reduce inequality, and lead
to more sustainable economic improvement.
Therefore, the following conceptual framework
has been framed and tested in the context
of a post-Soviet nation.
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2 Research methodology

The current examination uses a panel data
framework to analyze the relationship between
adjusted savings damages (ADS), remittances
(REM), greenhouse gas emissions (CO,), and
international tourist receipts (ITR) as shown in
Fig. 1. The study aims to investigate the influ-
ence of REM, CO,, and ITR on ADS, a key
indicator of financial well-being and income
inequality in post-Soviet nations. The avail-
able empirical literature motivates the cur-
rent research, documenting REM as a key
influencer of well-being (Dey et al., 2024) and
income inequality (Anwar et al., 2024), par-
ticularly in East Asia, Eastern Europe, and Latin
America. The increasing levels of greenhouse
gas emissions have also piqued the interest
of policymakers and researchers, leading to nu-
merous inquiries exploring the correlation be-
tween CO, and rising income inequality (Cevik
& Jalles, 2023; Jorgenson et al., 2015). Similar-
ly, researchers extensively explore international
tourist receipts (ITR) as a key macroeconomic
indicator influencing economic growth and
income equality (Zhang, 2021). The authors
were motivated to use adjusted savings deficit

(ADS) as the outcome variable in the current
research due to the need to explore a more
comprehensive indicator of rising inequality and
well-being beyond commonly used indicators
such as GDP or GDP per capita. Researchers
have consistently shown interest in the ADS
or GINI% for a given country, as evidenced
by available empirical examinations concerning
income inequality and well-being (Ugur, 2021).
The World Development Indicator (https:/
databank.worldbank.org/source/world-develop-
ment-indicators) provides annual panel data for
the 15 post-Soviet nations from 2000 to 2023.
We use the data in logarithmic format. We can
formulate the proposed model as follows:

ADS, = o, + B,REM, + B,CO, + ()
+B,ITR, + e,

where: CO,, — the total greenhouse gas emis-
sions (kt of CO, equivalent) for country i at time ;
ITR, — the international tourist receipts (USD)
for country i at time t; ADS, — adjusted sav-
ings damage as a GINI% for country j at time
REM,— represents personal remittances received
as a percentage of GDP; e, — the error term

Research model

The logarithmic form of Equation (1) can be
presented as:

InADS, = «, + B,InREM,, +

2
+ B,InC0,,, + B,InITR, + e, @)

Source: own

Tab. 1 presents the descriptive statis-
tics of the variables included in the study.
The ASD report shows a mean value of 1.21,
yet a noticeable difference exists between
the minimum and maximum values, suggesting
a variation in income inequality and financial
well-being among the post-Soviet countries.
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In terms of remittances, the mean value is 1.28.
Also, the variation between the 15 post-Soviet
countries is visible from the minimum and
maximum values reported by the analysis.
Similarly, the mean value for CO, is 1.32,
but there is a variation between the mini-
mum and maximum values, suggesting that
economic activities at the national level vary
across all 15 post-Soviet countries. ITR has
a mean value of 20.2, but the variation between

Descriptive statistics

minimum and maximum values is less than for
other variables. This indicates that all the post-
Soviet countries receive a decent number
of tourists every year. Therefore, the descrip-
tive analysis suggests that income inequality
is prevalent and varies across all post-Soviet
countries. Additionally, economic growth var-
ies among these countries, as evidenced by
the levels of CO, emissions. However, each
of these countries welcomes a significant influx

Variable Mean Median SD Min Max
INASD 1.21 1.25 0.83 -0.49 3.31
INREM 1.28 1.34 1.58 -2.64 3.93
InCO, 1.32 1.32 0.93 -1.14 2.73
InITR 20.20 20.20 1.59 15.40 23.70

of tourists annually. Therefore, the descriptive
analysis suggests a prevailing disparity that
warrants further statistical examination.

The current study applies several estima-
tion techniques to ensure the robustness
of the findings.

Cross-section dependence test. Baltagi
et al. (2012) identify cross-sectional dependen-
cy in extensive macropanels with substantial
time series as a significant issue. The spatial ex-
ternalities among the units may result in errone-
ous interpretations and results. Consequently,
the present investigation employs the Pesaran
cross-section dependency (CD) test (Pesaran
et al., 2004) and the Breusch-Pagan Lagrange
multiplier tests (Breusch & Pagan, 1980).
These tests examine the relationship among
the panel’'s residuals. This can be expressed
as:

©)

Source: own (using R-studio)

Panel unit root test. The robustness
of the model is guaranteed by the stationarity
of the variables, which ensures a reliable esti-
mate, avoids incorrect statistical inferences, and
suggests a stable trend (Dickey & Fuller, 1981;
Levin et al., 2002). A second-generation test,
the cross-sectionally augmented Dickey-Fuller
unit root test (Pesaran, 2007), is employed
in the current study. The cross-sectionally aug-
mented Dickey-Fuller unit root test (CADF) can
be represented as follows:

Ay, =+ B ¥ + Vi Yis + (5)
+6,Ay, + ¢,

Estimation technique. A panel model can
be estimated by applying either the fixed or ran-
dom effect estimators. To choose between
the two estimation techniques, a statistical
technique, the Hausman test is applied. This
test examines the relationship between indi-
vidual effects and regressors, a crucial basis
for applying random effect estimators (Haus-
man, 1978). We utilize the Hausman test with
the following equation:

H= (GI;‘{E‘_ BRE) 'JVUFEEFE) - (6)
= Var( Bee)]™ (Bee = Bee)
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Panel corrected standard error. The
panel-corrected standard error approach
guarantees the model's robustness, which
addresses the issue related to cross-sectional
dependence, heteroscedasticity, and autocorre-
lation. This research employs cluster standard
errors that are effective in autocorrelation and
heteroscedasticity in large panels, as Arellano
(1987) and Arellano and Bond (1991) argued.

3 Results and discussion

With growing globalisation and increasing fo-
cus on regional cooperation, there is a growing
interdependence among the countries. This
may impact the statistical inferences drawn if
it remains unaccounted. Therefore, the current

cross-sectional dependence among the coun-
tries under examination. The results of the
CSD test are reported in Tab. 2.

The given p-value is above the 5% sig-
nificance threshold, leading us to fail to reject
the null hypothesis of no cross-sectional de-
pendency in the panel. Consequently, we can
ascertain that there is no link among the panel’s
residuals. As a result, a positive or negative
shock in one post-Soviet nation does not
inherently impact another nation. This makes
a lot of sense when examined with the results
of descriptive analysis that pointed to existing
variations among the post-Soviet nations.

Once it is confirmed that there is no statisti-
cally significant cross-sectional dependence

study applies the Pesaran CSD test to checkfor  among the countries under examination,
CSD test result
Test Statistics (2) p-value Average ab§olute Alternatlv.e
correlation hypothesis
Pesaran CD test 1.114 0.265 0.126 Cross-sectional
dependence

CADF unit root test result

Source: own (using R-studio)

Variable Level First difference p-value
0.005*** 1 (0)
InASD -3.639 -6.981
0.000*** 1 (1)
0.015"** 1(0)
InNREM -3.279 -17.286
0.000*** 1(1)
0.008*** 1(0)
InCO, -3.475 -15.922
0.000*** 1 (1)
0.0001*** 1 (0)
InITR -4.554 -12.905
0.000*** 1 (1)

Note: *, ** and *** indicate the statistical significance level at 10, 5 and 1%, respectively at | (0) — level, and

I (1) — first difference.

the next step is to check if the variables are
stationary. The current study applies the
cross-sectional Dickey-Fuller augmented unit
root test, and the findings are given in Tab. 3.
The analysis revealed that all the variables
under examination are stationary at both levels
and first-difference, which further confirms

Source: own (using R-studio)

the robustness of the statistical inferences
drawn.

The next step after ensuring the stationarity
of the variables and concluding that there is no
unit root is to test for the estimation method.
The current study applies the Hausman test
to choose between the appropriateness of fixed
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Hausman test result

Chi-square

p-value

63.174

Panel regression model

0.000***

Source: own (using R-studio)

Variable Coefficient | Standard error p-value Hy&ost:ﬁ:es
Constant 4.813 0.616 0.000***
InCO, 0.362 0.087 0.000*** Supported
InITR -0.200 0.035 0.000*** Supported
InREM 0.008 0.030 0.792 Not supported
Observations 360
Number of cross-sections 15
R-squared 0.403

Note: *, ** and *** indicate the statistical significance level at 10, 5 and 1%, respectively.

and random effect estimators. The results
of the test are given in Tab. 4.

The results of the Hausman test revealed
that the p-value is less than 5%, leading
to the rejection of the null hypothesis that
the random effect model is consistent. Thus,
the current study applies fixed-effect estimators
to examine the relationship between dependent
and independent variables. Tab. 5 presents
the statistical inferences drawn applying fixed
effect estimators.

The results showed that a 1% increase
in greenhouse gas emissions (CO,) causes
a 0.36% increase in adjusted savings damages
(ADS), which in turn increases income inequal-
ity and decreases overall financial well-being.
Further, the analysis revealed that a 1% rise
in international tourist receipts (ITR) reduces
the ADS by 0.20%. Thus, an increase in in-
ternational tourism reduces income inequality
and thereby enhances the financial well-being
of the people in the post-Soviet nations. Lastly,
the other key variable of the model, remittances
(REM), depicted a statistically insignificant im-
pactonincome inequality with every 1% increase
leading to only a 0.008% increase in ADS.

Source: own (using R-studio)

4 Discussion

This study examines the association between
inward personal remittance, greenhouse gas
emissions, and international tourism with indi-
vidual savings and inequality. It investigated
the significance of the three independent vari-
ables with individual savings and inequality
using the GINI index. The study used the panel
data analysis and concluded its findings, which
align with similar results to those of the existing
studies and add more to the existing litera-
ture on sustainability and financial well-being.
The first hypothesis tested H7: higher remit-
tance inflows are positively associated with
sustainable economic savings in post-Soviet
nations. The study found that the impact of re-
mittances on income inequality is statistically
negligible. The coefficient of 0.008 indicates
that a 1% increase in personal remittances
results in a 0.008% increase in adjusted sav-
ings damage, but this effect is not statistically
significant (p-value = 0.7918). Thus, the tested
hypothesis is not supported. This suggests that
remittances do not significantly impact the im-
provement of savings or income inequality re-
duction. Therefore, do not increase savings and
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reduce income inequality among the people
of post-Soviet nations. However, the existing
literature has a mixed opinion and findings on
it such as Anwar et al. (2024), Ledn and Koech-
lin (2006), Song et al. (2021), and Tokhirov
et al. (2021) found negative, marginal, or insig-
nificant and many found it significant and posi-
tive, e.g., Borja and Hall (2018), Inoue (2024),
and Islam and Azad (2024). Overall, the finding
suggests no significant impact of inward remit-
tances on decreasing income inequality and
improving savings. The study found that the in-
significance of inward remittances may reflect
the structural realities of post-Soviet econo-
mies. Factors such as uneven income, wealth,
and education distribution due to remittances
may benefit selected households, failing to ad-
dress broader inequality. Also, dependency
risks such as high reliance on remittances can
deter domestic economic initiatives and rein-
force income disparities. Therefore, it suggests
governments should focus on creating robust
domestic employment opportunities to reduce
dependency on remittance flows. The insig-
nificant impact of REM may be due to many
possible reasons, which need attention for
further exploration such as a large portion of re-
mittances is used for immediate consumption
needs, such as housing, food, and healthcare,
rather than being saved or invested, people mi-
grate to move to overseas might be due to not
having enough opportunity to earn so to fulfill
necessities, and many of the soviet nations
are still struggling with employment, it could be
more severe in the bigger size families. Remit-
tances can increase domestic income in many
post-Soviet nations, rather than promoting local
economic growth or self-sufficiency. This reli-
ance on outside revenue may constrain the wid-
er economic consequences that could lower
inequality or increase national savings. Re-
mittances are typically sent to needy families,
which can help minimise immediate poverty for
recipients, but do not address broader struc-
tural issues of wealth inequality in the country
(Acosta et al., 2007; World Bank, 2005).

The lack of access to savings mechanisms
or investment opportunities could also hinder
remittances’ ability to boost national savings
or reduce income inequality in the long term
(Olivié & Santillan, 2022). Another critical point
is galloping inflation in some cases. The influx
of remittances can lead to inflation, particularly
in local housing markets, which may further

exacerbate income inequality. As remittance-
driven demand increases for goods and ser-
vices, those without access to remittances may
find it more difficult to afford necessities. In short,
whereas remittances give many families much-
needed temporary respite, they do not solve
the systemic problems of income disparity
or saving habits in post-Soviet countries.

The second hypothesis examines the high-
er GHG emissions levels negatively associated
with sustainable economic savings in post-So-
viet nations. The findings of our study support
the second hypothesis, which posits that higher
levels of greenhouse gas (GHG) emissions are
negatively associated with sustainable eco-
nomic savings and income inequality in post-
Soviet nations. The coefficient of 0.3620 shows
that a 1% increase in CO, emissions is as-
sociated with a 0.3620% increase in adjusted
savings damage. This result is highly significant
(p-value < 0.0001), indicating a strong and
positive relationship between environmental
degradation (in terms of CO, emissions) and
sustainability concerns. As CO, emissions
increase, adjusted savings, which account
for environmental damage, are significantly
reduced, increasing savings and reducing
income inequality in the post-Soviet nations.
Therefore, the tested hypothesis found support
for GHG, which does not have a positive effect.
The present findings support the existing stud-
ies (Ashenafi, 2022; Escamilla-Garcia et al.,
2024; Kelly et al., 2021; Yang et al., 2022).
CO, emissions have a strong positive impact
on adjusted savings damage. This result sug-
gests that higher environmental degradation
(in the form of CO, emissions) significantly
worsens a country’s ability to save sustainably,
considering ecological damages and inequality.
Therefore, there is a need to reduce green-
house gas emissions for higher savings and
lower income inequality in post-Soviet nations,
as in other parts of the world. GHG emissions
significantly influence economic outcomes,
largely through their indirect effects on savings,
inequality, and financial well-being. The impli-
cations for post-Soviet nations include envi-
ronmental degradation costs: High emissions
contribute to environmental damage, reducing
adjusted savings by necessitating higher ex-
penditures on mitigation and healthcare. This
disproportionately affects low-income house-
holds, widening inequality. Lowering emissions
through investments in green technologies and
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renewable energy can create new industries
and job opportunities, fostering economic inclu-
sivity. However, addressing emissions is critical
for aligning with global climate goals as well.

The third hypothesis (H3) investigated that
the growth in international tourism positively
impacts sustainable economic savings by pro-
moting economic diversification in post-Soviet
nations. The study found that an increase in in-
ternational tourism reduces income inequality
and thereby enhances the financial well-being
of the people in post-Soviet countries. The co-
efficient of -0.20 shows that a 1% increase
in international tourism is associated with
a 0.20% decrease in adjusted savings damage.
This negative relationship is statistically signifi-
cant (p-value < 0.0001), suggesting that higher
tourism activity improves the sustainability
of savings, possibly by contributing to economic
growth and development, which offsets environ-
mental and social costs. Therefore, the tested
hypothesis was supported and revealed a posi-
tive association between tourism and income
inequality reduction. This finding of the present
examination has similarities with various exist-
ing studies (Bui Hoang, 2024; Subramaniam
et al., 2022; Wang & Tziamalis, 2023).

International tourism significantly impacts
economic inequality and sustainability in post-
Soviet nations. The revenue generated through
tourism can promote regional development, and
tourism stimulates local economies, particularly
in rural and less-developed regions, through
increased employment and infrastructure
development. It might help diversify economies;
many post-Soviet nations, such as Georgia and
Uzbekistan, rely heavily on commodity exports.
Tourism offers an alternative revenue stream,
reducing economic vulnerability. However, for
tourism to effectively mitigate income inequal-
ity, policy measures must ensure its benefits
are equitably distributed. This can be achieved
through investments in skill development, lo-
cal entrepreneurship, and community-based
tourism initiatives.

Conclusions

The present study investigated the significance
of inward remittance, greenhouse gas emis-
sions, and international tourism in increas-
ing savings and reducing income inequality.
The present research framed three hypoth-
eses: the significance of remittance in increas-
ing savings and reducing income equality

was insignificant, and the other two hypoth-
eses found significant support in the analysis.
The study highlighted the important roles of in-
ward remittances, international tourism, and
GHG emissions in influencing economic sav-
ings, inequality, and, thereby, financial well-be-
ing in post-Soviet nations. Policymakers should
leverage the opportunities provided by tourism
and green economy initiatives to foster sustain-
able and inclusive growth. These findings em-
phasise the need for holistic, evidence-based
strategies to address these transitioning econo-
mies’ unique challenges and opportunities. The
existing literature has mixed opinions on
the following; therefore, some studies support
the results and keep the space open for further
research and investigation in different contex-
tual and regional frames. This study achieves
its objective and adds to the sustainability
and economic development literature. Though
the study attempted to showcase the results
with robust analysis, it is not free from limita-
tions, such as the analysis may be constrained
by the availability and reliability of data from
post-Soviet nations. Inconsistent or incom-
plete data on inward remittances, GHG emis-
sions, and tourism can affect the accuracy
and robustness of the findings. For example,
underreported emissions or informal tourism
activities might not be adequately captured.
Post-Soviet nations exhibit significant diversity
in economic structures, resource endowments,
and policy frameworks. Aggregating data from
these nations may overlook country-specific
nuances, limiting the generalizability of results
to individual contexts. While the study identifies
significant associations, it may not establish
clear causal relationships between variables
like GHG emissions and savings or income in-
equality. Reverse causation or omitted variable
bias could influence the results. The study fo-
cuses on inward remittances, GHG emissions,
and international tourism, potentially overlook-
ing other critical factors influencing savings and
inequality, such as education, governance qual-
ity, or social policies. The analysis might not
differentiate between short-term and long-term
impacts. For instance, international tourism
may have immediate benefits, but its long-term
effects on inequality and sustainability depend
on consistent policy implementation.

The limitations give scope and direction for
more rigorous research. Further research could
explore the sectoral distribution of tourism
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benefits, the socio-economic impacts of green
policies, and the role of institutional quality
in moderating these relationships. Moreover,
a micro-level analysis could provide a nuanced
understanding of household-level savings
and inequality dynamics, as well as disag-
gregate data analysis to explore regional and
country-specific variations. Conduct longitudi-
nal studies to examine dynamic relationships
over time. Incorporate additional variables,
such as institutional quality and labour market
conditions, to provide a more comprehensive
analysis. Employ mixed methods, including
qualitative approaches, to understand the lived
experiences of communities impacted by tour-
ism and environmental policies. More so, future
studies could incorporate micro-level house-
hold data to capture more granular insights into
financial well-being and inequality dynamics.
Additionally, examining the role of institutional
quality, governance, and labour market condi-
tions as moderating factors could further enrich
the analysis. The study’s findings give direction
for further exploration, specifically focusing
on inward remittances in developing economies
in transition.

Policy implications and recommen-
dations. The findings of this study provide
valuable insights into the factors influencing
income inequality and economic sustainability
in post-Soviet nations. Specifically, while inward
remittances were found to be insignificant, in-
ternational tourism and greenhouse gas (GHG)
emissions emerged as significant contributors.
These results have theoretical and practical
implications for understanding the dynamics
of the GINI index, adjusted savings damage,
savings growth, and income inequality in these
transitioning economies. Policies should focus
on sustainable tourism by investing in eco-tour-
ism, infrastructure, and equitable profit-sharing
mechanisms. Emphasis on reducing emissions
through renewable energy projects, green tech-
nologies, and carbon trading markets can yield
economic and environmental benefits. Reduc-
ing over-reliance on remittances and traditional
industries by promoting entrepreneurship and
innovation can help create a balanced economy.
Ensuring transparency, reducing corruption,
and improving governance will enhance the ef-
fectiveness of tourism and environmental poli-
cies. Reducing GHG emissions and promoting
tourism are key for post-Soviet nations as they
have a direct impact on prevalent financial

disparities and overall financial well-being. En-
hanced financial well-being not only facilitates
the achievement of UNSDG 8.1 but also helps
in promoting sustainable adoption.

Better access to financial services, en-
suring that remittances are directed toward
savings or business endeavours, tax breaks
on inward remittances, and alluring government
investment and savings programs are among
the suggestions made in light of the findings.
These measures could promote more sus-
tainable growth. They also advise improving
people’s financial planning and money man-
agement abilities. The present study findings
support international tourism and GHG emis-
sions for reducing inequality; therefore, among
the recommendations, the first is that govern-
ments and tourism boards should help local
communities by providing training programs,
financial incentives, and marketing assistance
to develop community-led tourism initiatives that
minimise environmental impact and maximise
local benefits. Policymakers should allocate
funds to build eco-friendly accommodations,
renewable energy-powered transport options,
and waste management systems in popular
tourist destinations to reduce the carbon foot-
print of tourism. Encourage airlines, hotels, and
tour operators to adopt carbon offset initiatives,
such as tree-planting projects and conserva-
tion programs, to mitigate GHG emissions
from international tourism. Encourage the use
of electric and hybrid transportation options for
tourists by offering subsidies for electric tour
buses, boats, and rental vehicles while improv-
ing public transport connectivity to tourist sites.
Introduce policies that ensure fair distribution
of tourism revenues, particularly in rural and
underserved areas, through revenue-sharing
agreements, microfinance initiatives for local
entrepreneurs, and incentives for businesses
that prioritise local employment. Implement
green tourism taxes that charge visitors a small
fee for environmental conservation while offer-
ing tax breaks to companies that adopt sustain-
able practices. Offer training programs to equip
workers in the tourism sector with green skills,
improving their employability in an environmen-
tally conscious industry. This could empower
marginalised groups and enhance their eco-
nomic mobility. Implement carbon taxes or cap-
and-trade systems targeting the tourism sector
to encourage sustainable practices and reduce
emissions. The revenue generated could be
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reinvested into social programs that address
inequality and promote financial well-being and
sustainable consumption.
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Abstract: The article explores the attitudes and behavior of Czech consumers aged 18+
towards the adoption of secondhand goods within the framework of the circular economy. While
the European Union’s Circular economy action plan emphasizes sustainable production and
consumption, consumer resistance to re-used goods remains a barrier. The exploratory study
aims to identify the perception/attitude/relationship of the Czech population towards the purchase
of used items. Detailed knowledge of the customer is an elementary base for the market of re-used
products to grow. The research objective is divided into three partial objectives: identifying the main
customer segments in secondhand markets, evaluating the reasons for and against purchasing
re-used items, and assessing the perceived suitability of various product categories for secondhand
trading. Conducted in June 2024, the research involved an online survey of 1,300 respondents
across the Czech Republic. Ajzen’s theory of planned behavior (TPB) was employed to structure
the questionnaire, while data analysis utilized Pearson’s x>test of independence to examine
relationships between categorical variables. In some instances, complementary methods were
employed. The findings indicate that younger consumers and those actively employed are more
inclined to purchase re-used goods, while older individuals and pensioners show higher reluctance.
Cars, art, and books were viewed as highly suitable for secondhand markets, whereas casual
footwear was ranked lower. The results also suggest that Czech consumers are generally open
to the secondhand market and each product category has corresponding group of customers who
find the product suitable to sell. This research contributes to the literature on the circular economy
by highlighting how targeted business and marketing strategies can address consumer resistance,
ultimately fostering sustainable consumption.
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Introduction

The transition towards a sustainable future
demands comprehensive strategies that ad-
dress the complex nature of production and
consumption. The European Union’s new Cir-
cular Economy Action Plan represents a holistic
framework aimed at fostering a cleaner and
more competitive Europe (European Commis-
sion, 2020). This plan encompasses a series
of interconnected initiatives designed to estab-
lish sustainable products, services, and busi-
ness models as the norm. One aspect of this
plan is the transformation of consumer habits
to ensure that waste generation is minimized.
By engaging economic actors, consumers, citi-
zens, and civil society organizations, the plan
seeks to create a collaborative effort towards
sustainability and competitiveness, not only
in Europe but globally.

However, the strategic policy of the Europe-
an Union (EU) does not fully address the resis-
tance of consumers towards circular economy
(CE) objectives, particularly regarding re-used
goods. Therefore, one of the challenges to fulfill
this plan is to understand the relationship be-
tween purchase of new and re-used products
and the conditions under which the consumer
is willing to buy secondhand products and
use them.

Despite the benefits, several barriers im-
pede consumer acceptance of reused products.
These include concerns about product quality
and performance, risk aversion, lack of owner-
ship, low value offer and access, hygiene, and
social stigma associated with using second-
hand goods (Camacho-Otero et al., 2017).
But the overall change to circular economy
also includes the consumer integration into
process of the change. Studies of positive at-
titudes, driven by environmental consciousness
and cost savings, show that consumers who
perceive reused products as environmentally
friendly and economically beneficial are more
likely to engage in re-use behaviors (Camacho-
Otero et al., 2017; Edbring et al., 2016). Based
on theoretical background this research is di-
vided into three objectives:

RO1: Identify the key customers of sec-
ondhand stores and find correlations between
customer categories and product categories.

RO2: Evaluate the significance of reasons
for and against purchasing used items.

RO3: Identify the suitability of different
types of products for trading in the secondhand

market and the shortcomings of used items
as perceived by potential customers.

This research aims to explore whether,
within the context of the CE, consumers
in the Czech Republic are willing to adopt
secondhand products, and if not, to identify
the barriers that hinder their acceptance. Fur-
thermore, this paper seeks to investigate poten-
tial strategies to enhance consumer openness
and willingness to embrace re-used products,
thereby supporting the broader goals of the CE.

1 Theoretical background

1.1 Re-use within circular economy

The concept of the CE encompasses various
models, starting from the 3R approach (re-
duce, re-use, recycle) to the more expanded
4R model (reduce, re-use, recycle, recovery),
and extending to the waste management pyra-
mid. The waste management hierarchy is used
also within EU bodies to prevent the waste
in following order: prevention, preparing to use,
recycling, other recovery and disposal (Direc-
tive 2008/98/EC, 2018). It must be noted that
CE models include re-use as a strategy to ex-
tend the product lifecycle.

Despite these numerous frameworks, there
is no unified definition, leading to what Kirchherr
et al. (2017) describe as “circular economy bab-
ble.” Moreover, many of these frameworks fail
to adequately incorporate the role of the con-
sumer and societal systems in the transition
from a linear to a circular economy (Haberl
et al,, 2019).

Doldereretal. (2021) argue that neoclassical
economic theory struggles to address the eco-
logical and social challenges of the 215 century,
which might contribute to the lack of consensus
on CE concepts. Some researchers assert that
it is impossible to sustain economic growth
while achieving environmental objectives,
as economic growth is often linked to polluting
activities (Fischer-Kowalski & Haberl, 2015;
Haller, 2020). This suggests that maintaining
current economic growth is a complex issue,
and part of the solution for integrating a circular
economy involves focusing on the consumer
and changing their purchasing behavior.

The household resource consumption
may be classified into six domains in which
consumer goods (ICT/AV equipment, furniture,
clothes, sports/entertainment, paper/stationery
and other) create approximately 20% of all
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lifestyles total carbon footprints per capita per
year in average in Finland (Lettenmeier et al.,
2019). According to the Prosperity and Financial
Health Index the level of the living environment
in the Czech Republic (Czechia) has slightly
improved year-on-year, the Czechia is currently
ranked 229, while Finland is ranked 9™ (Europe
in Dates, 2023). Results show that Czechia still
has work ahead to achieve an improvement.

EU bodies identified the key product value
chains qualified for coordinated actions to ad-
dress sustainability challenges and enhance
markets for circular products. These value
chains are electronics and ICT, batteries and
vehicles, packaging, plastics, textiles, construc-
tion and buildings, food, water, and nutrients
(EC, 2020). Based on the cross-correlation
of the household consumption domains and
the identified value chains the fields identified for
re-use include consumer goods such as ICT/AV
equipment, furniture, clothes, and sports/enter-
tainment items, as well as packaging, textiles,
and food-related products. These products
constitute the basis for the development
of the re-used market.

1.2 The role of customer in the circular
economy

The socio-technical view emphasizes that
change in consumption behavior arises from
the interaction between daily actions and
broader societal structures, rather than from
individual decisions alone. Thus, understanding
and altering consumption patterns requires fo-
cusing on the social and material contexts that
shape consumer behavior, rather than merely
attributing overconsumption to individual choic-
es (Mylan et al., 2016). Therefore, the transition
to a CE requires cooperation and coordination
across multiple spheres of influence, including
government policies, business practices (par-
ticularly within supply chains), societal norms,
and ultimately consumer acceptance and ac-
tion (Hazen et al., 2017).

The push-pull-mooring theory of migration
(PPM) posits that individuals are compelled
to change behavior due to negative macro-level
push factors, such as increased housing costs,
scarcity of essential resources such as electric-
ity or fuel, oppressive conditions, epidemics,
and natural disasters. Concurrently, they are at-
tracted by positive macro-level pull factors, which
include better living conditions, improved employ-
ment prospects, superior product performance,

groundbreaking technologies, or governmental
incentives and tax breaks, such as those for
alternative-powered vehicles. However, the mi-
cro-level ground factors, encompassing personal,
social, and cultural values, play an intensifying
role in consumer’s intention to migrate towards
remanufactured products (Hazen et al., 2017).

While this perspective highlights the role
of market offerings and infrastructures, it alone
does not address the underlying concern that
economic growth is linked to increased pollu-
tion. This view belongs to a group of opinions
where consumers are often portrayed as pas-
sive (Wurster & Schulze, 2020) and their
passive acceptance is considered crucial for
the continuity of the CE (Hobson, 2021; Mylan
et al., 2016). However, the CE encompasses
more than just the delivery of new services
or products; it involves extending product lifecy-
cles through re-use, as emphasized in the new
publication related to the implementation and
further development of European Union (EU)
waste legislation (EC, 2024). The perspective
of simple “consumer acceptance” overlooks
the significant socio-economic transformations
that the CE aims to bring to society (Hobson,
2021). Instead, consumers should be actively
involved, shaping market offerings and contrib-
uting to broader sustainability goals. This active
involvement is essential for realizing the full
potential of the CE in the fields of long use
of products as well as the re-use or recycling.

In the concept of a CE, there is a crucial role
for all stakeholders, including manufacturers,
authorities, local communities, and consum-
ers. During the transformative phase of both
economics and society to CE, it is essential for
consumers to actively participate in extending
product lifecycles through re-use or prolonged
use, thereby reducing overconsumption, and
resisting the continuous demand for suppos-
edly improved products that sometimes offer
insignificant innovations. But to achieve so, one
must firstly understand the positive attitudes but
also the barriers which prevent consumer from
accepting once re-used product and focus the
offer on the acceptable products and build the
environmental awareness slowly based on
the positive experience.

1.3 The barriers in acceptance of re-used
products

Social norms and cultural factors significantly

impact consumer behavior towards re-used

178 E M 2025, volume 28, issue 3, pp. 176-194, DOI: 10.15240/tul/001/2025-3-011



products (Ertz et al., 2021). In societies where
sustainability is a valued norm, consumers are
more likely to adopt re-used items (Camacho-
Otero et al., 2017; Edbring et al., 2016), but
in cultures with strong preferences for new
products, promoting re-use requires substantial
efforts to change deep-rooted consumption
patterns (Bianchi & Birtwistle, 2012). Despite
obvious efforts from the EU bodies, research-
ers point out the lack of sufficient awareness
of the environmental advantages associated
with re-used, repaired, and refurbished prod-
ucts (Abbey et al., 2017; Camilleri et al., 2023).

Studies have shown that, despite being
aware of environmental problems and intending
to address them, consumers often do not choose
sustainable options and are unwilling to pay
higher prices for sustainable products or lo-
gistics (Schleiden & Neiberger, 2020) and are
driven by hedonistic motives (Tascioglu et al.,
2019) or price (Bianchi & Gonzalez, 2021).

Secondhand products are an option, partic-
ularly when price and environmental value align.
However, not all consumers have such strongly
developed environmental values and have dif-
ferent barriers to adopt secondhand products.
These include concerns about product quality
and performance, risk aversion, lack of owner-
ship, unidimensional value offering, and ac-
cess, hygiene, and social stigma associated
with using secondhand goods (Camacho-Otero
etal., 2017).

Consumer willingness to pay for re-used
products decreases when there is a perceived
risk that these products may be of lower qual-
ity, either functionally or cosmetically. In this
context, factors such as durability, features,
performance, and usability are critical determi-
nants of perceived quality (Abbey et al., 2017).
Although re-used goods are often sold at lower
prices, the savings are frequently not seen
as sufficient to offset the perceived reduction
in quality (Sheoran & Kumar, 2022).

Hazen et al. (2012) identified a significant
relationship between consumer perceptions
of ambiguity (arising from insufficient product
information) and their willingness to pay for
refurbished items. Tolerance for ambiguity
was shown to influence perceptions of quality,
which, in turn, affected price sensitivity. To ad-
dress these concerns, Guiot and Roux (2010)
advocated for greater consistency in seller
claims and enhanced quality assurances,
including the provision of detailed technical

documentation. This call for clarity was further
supported by Watson et al. (2017) who high-
lighted a general lack of consumer awareness
regarding warranty periods and consumer
protection rights, thus further impeding the up-
take of refurbished goods. To overcome these
barriers, targeted interventions are required.
Quality assurance certifications, alongside
well-orchestrated awareness campaigns, are
essential in reshaping consumer perceptions
(Khor & Hazen, 2017; Mugge et al., 2017;
Watson et al., 2017). Moreover, companies are
encouraged to enhance transparency by shar-
ing the “story” of the product (emphasizing its
prior use and the recycling processes it has
undergone) thereby making the item more ap-
pealing to environmentally conscious consum-
ers (Kamleitner et al., 2019).

In the realm of secondhand clothing, Sheo-
ran and Kumar (2022) specified that concerns
over cleanliness and safety play a significant
role in deterring purchases, particularly within
fashion and personal items, where consumers
may associate used goods with poor hygiene
or a diminished social status. Other barriers in-
clude the absence of size labels, limited sizing
options, disorganized store layouts, and the un-
availability of fashionable items, which often re-
flect outdated styles, thus making secondhand
products less attractive compared to new ones
(Farrant et al., 2010).

On the other hand, psychological owner-
ship, as described by Etzioni (1991) and
further elaborated by many influential authors
in the field of psychology, sociology, economics,
product design and others (Baxter et al., 2015;
Kumar, 2021; Lee & Suh, 2015; Pierce et al.,
2001) and possession of “property” become
extensions of the self, embedding a sense
of “mine” deeply within an individual’s identity.
This ownership provides emotional self-deter-
mination and control over one’s environment,
which are critical components of modern con-
sumer behavior.

The abovementioned study proves that con-
vincing consumers about the benefits of a pur-
chase requires more than a simple appeal
to the value of the environment. For environ-
mental behavior (like re-use), motivation is often
lacking, requiring interventions to first generate
motivation and then focus on implementation
(Ajzen & Schmidt, 2020) to encourage adoption
of these sustainable practices. Change in at-
titude, subjective norm, or perceived behavioral
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control can only be expected if the intervention
effectively alters the overall set of behavioral,
normative, or control beliefs (Ajzen & Schmidt,
2020). One model for such interventions is
the typology of interventions in proximal physi-
cal micro-environments (TIPPME) introduced
by Hollands et al. (2017), which outlines six
intervention types designed to modify either
the properties or placement of objects or stimuli
within sensory-perceptible physical micro-envi-
ronments. Placement can be adjusted by alter-
ing the availability and position of objects, while
properties can be modified in terms of func-
tionality, presentation, size, and available
information (Marteau et al., 2020). This change
requires a complex understanding of customer
perception of the re-used products purchase.

2 Research methodology

The research was conducted in June 2024
through an online survey targeting a repre-
sentative sample of 1,300 respondents across
the Czech Republic. The sampling (set by
the Laboratory for the study of human behav-
ior) reflects the overall population distribution,
with quotas based on gender, age, education,
income levels, size of place of residence,
and economic activity (sometimes referred to
as profession). These demographic variables
were chosen to ensure a comprehensive analy-
sis of the secondhand market and to capture
key consumer segments.

The study employed Ajzen’s theory of
planned behavior (TPB) to frame the design
of the questionnaire.

Ajzen’s (1991) theoretical background,
as expanded with Fishbein and Ajzen (2010),
provides a comprehensive view of the theory
of values from multiple perspectives, offer-
ing a robust foundation for understanding
decision-making processes. Specifically, the
theory of planned behavior (TPB) was selected
for this study due to its well-established frame-
work for exploring the determinants of behav-
ioral intentions and actions. TPB identifies three
core constructs that influence behavior: at-
titudes toward the behavior, subjective norms,
and perceived behavioral control.

This framework is particularly relevant
to the study as it aligns with the research objec-
tive of examining Czech consumers’ attitudes
and behaviors toward re-used goods. By struc-
turing the questionnaire around TPB constructs,
the study captures the psychological and social

factors influencing consumer decision-making,
offering insights into the drivers and barriers
within the context of the circular economy.

Responses were collected using a 7-point
Likert scale to mitigate the ceiling effect,
as per Fishbein and Ajzen’s (2010) guidelines.
The survey aimed to answer three main re-
search objectives, each with a set of specific
questions. The research was meant to be ex-
ploratory, so there are no hypotheses tested.

Ajzen’s TPB is commonly applied to test
hypotheses related to its constructs; however,
as this research is exploratory, we employed
methods designed to uncover deeper insights
and identify patterns rather than test predefined
hypotheses. Therefore, data analysis was
conducted using Pearson’s x*test of indepen-
dence, which is apt for assessing the relation-
ships between two categorical variables. This
test was selected because it allows for the ex-
ploration of associations between demographic
characteristics (such as gender, age, education,
income) and behaviors related to secondhand
purchases. The x*-test compares observed fre-
quencies of responses within categories against
expected frequencies derived under the as-
sumption of independence between the vari-
ables. This method’s capability to handle both
nominal and ordinal variables enabled compre-
hensive insights into consumer behavior across
various demographic segments. Employing this
statistical test was crucial to effectively answer
the research questions and identify statistically
significant patterns in the data. For the final
analysis, although many results showed signifi-
cance at the 0.1 and 0.05 levels, it was decided
to focus exclusively on those with a significance
level of 0.01. This stricter threshold was applied
to minimize the risk of false positives, ensuring
that only the most robust relationships were
considered. By excluding results with higher
p-values (0.1 and 0.05), the analysis aimed
to reduce the likelihood of interpreting rela-
tionships that may have occurred by chance.
Additionally, the fact that all results were ini-
tially tested across the 0.1, 0.05, and 0.01 sig-
nificance levels further validates the toughness
of the findings, as it confirms that the chosen
results met the most stringent criteria, ensuring
greater confidence in the conclusions. In some
instances, it was necessary to employ alterna-
tive methods. These included the use of graphi-
cal visualizations or mean correlation analysis,
mostly in the form of a matrix.
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This approach enhances the credibility
of the analysis, confirming that the observed
associations, whether between customer
categories and their secondhand purchasing
behavior or product suitability, are statistically
robust and reliable and align with the explana-
tory method of the research.

3 Results and discussion

3.1 Results

To facilitate better orientation in the overall re-
search and the data, which are quite extensive,
the results are divided into three objectives and
each of these is further segmented by the ques-
tions that were considered within each objective.

RO1: Identify key customer segments
of secondhand stores and examine correlations
between customer categories (such as gender,
age, education, income) and product catego-
ries. The research objective is answered via
a set of three research questions.

RQ1.1: Are there significant differences
in purchasing secondhand items based on gen-
der, age, place of residence, education, income,
and economic activity?

Pearson’s chi-square analysis did not find
a significant correlation between gender, size
of place of residence, education and income
level and purchases of secondhand items.
The respondents were answering the question
of whether they buy used products. Significant
correlations were found regarding age and
economic activity related variables implying
significant trends regarding the purchase
of secondhand items (Tab. 1).

Significance in purchasing behavior

RQ1.2: Can specific activities be identi-
fied through which different population seg-
ments contribute to charitable causes via
secondhand stores?

The matrix of Pearsons chi-square reveals
specific preferences for engaging in charitable
activities through secondhand stores, with no-
table trends showing that gender, age, and
profession play the crucial role (Tab. 2).

In case of willingness based on the “good
cause” appeal, the variables seem to play
more significant role than in shopping behavior.
To explain phenomena was used means com-
parison in matrix.

The matrix categorizes questions and cor-
responding variables into different percentile
ranges. The variables without significance
at a higher or lower level are not listed for clarity
(Tab. 3). Asimple look at the Tab. 3 indicates that
a good cause is a strong motivator for women
and parents at the maternity leave category.

The best option for every category is selling
or donating items to such shops. The other option,
shopping within walking distance, follows with
a significant difference. The higher the distance or
the bigger the effort, the significantly lower the de-
sire to purchase for good cause. On the other
hand, men rather donate money than travel or ac-
tively participate. Women prefer activities, even
traveling or active participation over donating
money. An interesting phenomenon is the behav-
ior of people with the highest incomes who fall into
lower categories in nearly all categories (except
for doing nothing). The trend of social help does
not seem to be important to them.

TC Level of significance

0.1 0.05 0.01
Economic activity 23.924 9.236* 11.070% 15.086*
Monthly income 5.031 12.017- 14.067- 18.475-
Size of place of residence 13.347 13.362- 15.507- 20.090-
Age 67.694 15.987~ 18.307* 23.209¢
Education 5.854 10.645- 12.592- 16.812-
Gender 8.771 4.605 5.991% 9.210-

Note: TC — tested criterion; the “x” represents significance found at particular level; the “—* represents no significance

found at particular level.

Source: own
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Correlation of variances to the willingness to contribute to good case

Age 18-64 Sl Income Economic
Question/variable Gender d Age of place of | Education L
and 65+ . level activity
residence
If | knew that shops with re-used items were contributing to a good cause, | would be willing to do
Shop at a secondhand shop within
N X X X X
walking distance
Shop at a secondhand shop M X M X
within 30 km
Shop in a secondhand shop
X X X X X X
over 30 km away
Donate unwanted items to such
X X
a shop
Sell unwanted items to such a shop X X
Donate a sum of money to such
X X X X
a shop
Actively participate in the running
X X
of the shop
Nothing
Note: The “X” represents significance found at 0.01 level.
Source: own

RQ1.3: Can connections be specified
between customer categories and the types
of products they prefer to purchase?

The analysis examines the purchasing be-
havior of 1,018 respondents who indicated that
they shop at secondhand stores regularly or oc-
casionally. This subset of the original sample
was selected after excluding 22% of the total
respondents who do not shop at secondhand
stores at all.

The Pearson’s chi-square test results
(Tab. 4) underscore that there are statistically
significant differences between the groups for
most product categories. Each demographic
category exhibits distinct purchasing patterns,
suggesting that demographic factors sig-
nificantly influence secondhand purchase most
of the products, except for art.

The following matrix of product groups
and individual variables provides an overview
of the groups that purchase products the most,
highlighted in green (percentile 275%), and
the least, highlighted in red (percentile <25%).
Based on Tab. 5, it is evident that the mean
purchases significantly differ across the catego-
ries. Tab. 5 is organized according to the means
calculated based on participant responses

on a 7-point scale, where 7 indicates the most
frequent purchase and 1 indicates never.

The product matrix reveals that cars are
the best commodity to sell, and the best cus-
tomer is an entrepreneur or customer with a high
income with residence in place up to 5,000 citi-
zens and in age between 35-54 years. However,
it should be noted that only three categories fall
below the statistical deviation from the group
average, appearing unsuitable for car sales,
namely people from cities with over 100,000 in-
habitants, pensioners, and the age group 65+.

Categories such as books, workshop tools,
sports equipment, art, household appliances,
and pet supplies exhibit very small standard
deviations, indicating minimal overall differences
in the mean responses. This suggests that these
categories are generally consistent in terms
of purchasing behavior. On the other hand, casu-
al clothing, games and toys, children’s clothing,
and equipment show a deviation of 0.4, reflect-
ing greater variability in purchasing behavior.

The most variable category is footwear
with a standard deviation of 0.5. It is primarily
purchased by parents on maternity leave, stu-
dents, individuals with lower incomes and edu-
cation levels, and young people aged 18-34.
In contrast, the lower percentiles for footwear
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Transitioning to the green circular economy:
The age of VUCA

Comparison of means in questions related to contribution to good cause

Size of place of Monthl
Gender Age | residence (number | Education | Economic activity incomz
of of inhabitants)
=
14 o
Question = Ly S g 5 g 5 g
= 2/8|8|3|2|8|E2|e|5]|°8
o = =3 = T T = &l > o £ m i
S|I§|@|n|l&s|LX|s|g|2 |8 |g|m
S(3|F|&(8 (2|83 |g|s|8|5|>3
B (= [=] £ ° @ @ = - =
S S =3 3 <« = g (' >
< 8 | 5 3 = [ 2
@ @ b
& -
sigpete il e i 427 | 425 | 424 | 424 | 420 | 425 | 428 | 436 | 428 | 428 | 424
walking distance
Sh°patase°°;‘:l'::1“d shop within 364 | 363 | 362 | 362 | 357 | 363 | 365 | 374 | 366 | 365 | 363
SN ECCEL LIS ) GLet 314 | 313 | 313 | 312 | 3.08 | 314 | 314 | 323 | 346 | 3.4 | 343
30 km away
LI “"Waa";;‘ige"‘sms""h 478 | 477 | 477 | 476 | 474 | 478 | 479 | 4.88 | 479 | 479 | 4.76
Sell unwanted items to such a shop 480 | 480 | 480 | 480 | 478 | 479 | 480 | 4.88 | 4.80 | 4.81 | 479
D°"at°as”'2::|:;°"ey'°s“°h 3.00 284 | 283 | 283 | 2.83 . 284 | 284 | 294 | 2.86 | 2.84 | 2.83
AR BN G 308 | 308 | 3.07 | 307 | 305 | 3.08 | 3.08 [ 319 | 300 | 3.00 | 308
of the shop
Nothing 343 | 344 | 314 | 314 | 343 | 343 | 312 | 3.09 | 3.0 | 3.2 | 3.14

Note: Values represent mean responses on a 7-point Likert scale (1 = strongly disagree, 7 = strongly agree).

Coloring is applied row-wise to highlight relative positions of the means. A green box indicates that the mean is positioned
in the sector with the highest agreement percentile (275%) and red indicates the lower agreement percentile (£25%).
Green shades indicate higher mean values (closer to strong agreement); red shades indicate lower mean values (closer
to disagreement) in the row.

Source: own
1[-l:/ = | Pearson’s chi-square results — Part 1
Age 18-64 3 Income Economic
Question/variable Gender d Age of place of | Education v
and 65+ . level activity
residence
| personally buy
Personal electronics (e.g., computers, X X X
mobile phones, notebooks)
Household appliances X X X X
Household supplies X X X
Home textiles X X X X
Clothing (casual) X X X
Children’s clothing X X X X
Children’s equipment X X X X
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Pearson’s chi-square results — Part 2

Age 18-64 ilhio Income Economic
Question/variable Gender J Age of place of | Education L
and 65+ . level activity
residence
| personally buy
Specialised expensive clothing
(e.g., sports, special occasion X X X X
clothing)
Books, CDs, DVDs X
Footwear X X X
Specialised expensive footwear
X X X
(e.g., sports)
Sports equipment and tools X X X
Games and toys X X X X
Furniture X X X
Car X X X X
Sanitary ceramics X X X X
Workshop tools X X X
Decoration and home accessories X X X X
Gifts for family X X X X
Pet supplies X X X
Art
Note: The “x” represents significance found at 0.01 level.
Source: own

purchases include pensioners, entrepreneurs,
high-income groups, individuals aged 55+, and,
surprisingly, residents of towns with populations
between 5,001 and 20,000.

RO2: Evaluate the significance of reasons for
and against purchasing used items. The research
objective starts with the first research question:

RQ2.1: What are the main reasons why
people buy secondhand items?

The correlation of reasons to purchase and
the socio-demographic group show (Tab. 6) that
motivations for buying secondhand items are not
driven by cost but by social and personal con-
nections, as well as ethical considerations.

Knowing the seller personally is a crucial
motivator across education and income dif-
ferentiated groups. Similarly, meeting people
changes with age education level. Additionally,
the social aspects of shopping and altruistic
reasons like environmental concern and aid-
ing disadvantaged groups also play significant
roles, particularly among younger consumers

and women, which is proven by previous
answers to research questions. The location
plays a crucial role based on age, gender, and
the size of place of residence.

RQ2.2: What are the barriers that prevent
people from purchasing used goods?

The analysis encompasses responses
from all 1,300 participants addressing various
concerns that hinder the purchase of sec-
ondhand goods (Tab. 7). The correlations
indicated in the matrix primarily revolve around
age and profession, suggesting specific trends
within these groups.

The chi-square analysis reveals that differ-
ences in the perception of challenges related
to purchasing secondhand items are primarily
associated with age and profession. The most
significant disparities across categories are
observed in the issue of a lack of product infor-
mation (service, warranty or information about
origin), which varies not only by age and profes-
sion but also by education level.
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Pearson’s chi-square results
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Pearson’s correlation (the reason to buy re-used items)

Age Size
Question/variable Gender 18-64 Age of place of | Education
and 65+ residence

Income | Economic
level activity

| buy used things because of

Low prices

The owner or seller
is a acquaintance

The shop is close to my home X X X

| meet other people there X X

No one else owns this item

I like to collect “treasures”
that | can only find in this type
of shop

| am interested

. . X
in the environment

| will help the disadvantaged X

Note: The “x” represents significance found at 0.01 level.
Source: own

Barriers preventing the purchase of secondhand products

Age S Income | Economic
Question/variable Gender 18-64 Age of place of | Education .
. level activity
and 65+ residence
Buying used goods, it bothers me
Obsolescence X X
Lower product performance X X
Lower product lifetime
Lack of information about
X X X X
product features
Lack of information about X X ,
the origin of the product
Lack of warranty X X X
Lack of service and spare parts X X X
Dirt X X X
Limited range of products X
Note: The “X” represents significance found at 0.01 level.
Source: own
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RQ2.3: Can differences be identified in the
added value between the observed variables
(contributing to a good cause/environment)?

Data about the environment and “good
cause” were already interpreted however
in different context. Fig. 1 shows that the en-
vironmental appeal generally scores higher
across most demographic segments compared
to the appeal of helping disadvantaged per-
sons, though the difference is marginal.

Environmental concerns and aiding dis-
advantaged individuals generally hold greater
significance for women compared to men.
The environmental appeal scores higher than
the concern for helping the disadvantaged, with
the largest difference observed in the 18-24 age
group, students, and respondents with low
income. Environmental considerations seem
most important for women, individuals with
incomes up to EUR 642, students, and parents
on maternity leave, while being least significant
for those with incomes over EUR 1,604.

Regarding the importance of helping
disadvantaged individuals, it resonates most
with women, people with basic or incomplete

education, pensioners, and aged 65+, and
parents on maternity leave. Interestingly, it is
slightly less significant for residents of towns
with populations up to 1,000. On the other end
of the spectrum stand men, younger respon-
dents aged 18-24, and those with the highest
incomes.

RO3: Identify the suitability of different
types of products for trading in the second-
hand market and the shortcomings of used
items as perceived by potential customers.
The research objective starts with research
question 3.1:

RQ3.1: Which types of used goods are con-
sidered most suitable for trading?

RQ3.1 is addressed by analyzing the mean
scores assigned to different categories
of goods. These scores reflect the perceived
suitability of these items for trading in the sec-
ondhand market. Fig. 2 provides ranks of vari-
ous types of used goods based on their mean
scores, which indicate how suitable respon-
dents perceive these items for trading.

Cars rank the highest with a mean score
of 5.5 (the most suitable score was 7),

Comparation environment vs. disadvantaged persons preference

Note: The x-axis represents the average mean of the responses (categories: gender, age — years, size of place of
residence — number of inhabitants, education, monthly income, economic activity); K& = CZK, exchange rate according
to the Czech National Bank as of May 29, 2025: CZK 24.94 per EUR.

Source: own
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Perceived suitability of used product to trade

Note: The number in each box represents the average mean of the responses.

suggesting they are considered the most suit-
able for trading in the used goods market. This
could be due to the significant cost savings
involved and the general acceptance of buy-
ing used cars as a practical option. Art and
books, CDs, and DVDs score highly (5.3),
indicating strong suitability. These items often
have enduring value and can be appreci-
ated by new owners without significant dete-
rioration in quality. On the other hand, casual
footwear has the lowest perceived suitability
with a mean score of 2.8. This may reflect
concerns about hygiene, fit, and wear specific
to this category, making them less desirable
as traded goods.

Respondents suggested, in an open ques-
tion, a wide variety of other goods as suitable
for trading: i) small electronics, though not
specified, likely due to their practical utility
and high demand; ii) items such as cosmet-
ics, drugstore products, perfumes or wigs
that might not suit one person but could still
be desirable to others; iii) garden furniture,
fishing gear, and collectibles (coins, stamps,
knives) highlight niche markets where specific
interests drive trading; iv) building materials
and homemade products indicate a market
for DIY (do it yourselves) enthusiasts and
hobbyists, probably meant produced from
old materials. This implies that the customer

Source: own

does not distinguish between re-use, recycle
or rebuilt options but recognize them; and
V) an interesting suggestion is medical sup-
plies like crutches. Antiques and jewelry which
were meant to be included in art prove that
the market is segmented and almost any item
can find a niche and a suitable buyer.

RQ3.2: What shortcomings do respondents
perceive in used goods?

The analysis focuses on the shortcomings
identified by consumers when purchasing used
items. It looks like within the categories are not
identified high deviation in answer distribution
except one related to gender, two to broader
age category, one to more segmented age
category and last to place of residence (Tab. 8).

Age appears to be a significant factor
in the experience of odors or the lack of infor-
mation about a product’s origin when shopping.
Additionally, a notable gender difference is
observed in responses regarding insufficient
photos and descriptions on e-shops, which
may reflect differing online shopping patterns
between men and women. An interesting cor-
relation exists between the size of the place
of residence and the perception of products
being unpleasant to touch. This correlation war-
rants further investigation based on the popula-
tion structure of each region in Czechia.
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Experienced shortcomings when purchasing secondhand goods

Question/variable Gender

Age place of

Size of .
Income | Economic

Education level activity

residence

| experience the following shortcomings when buying used items

Low product quality

Defects in the appearance of the
product (e.g. paint, un-ironed or
unwashed products)

Product has an odor

The product is unpleasant to the touch

The product cannot be returned

Short selection of used products

The price does not correspond to the
risk of buying second-hand

Little information about where the
product comes from

Cannot pay by card

The layout and general appearance of
the shop

Quality of service

Insufficient information about the shop
(opening hours, contacts, terms and
conditions)

Insufficient photos and descriptions on
the e-shop

Note: The “x” represents significance found at 0.01 level.

3.2 Discussion

The results of the analysis on Czech consumers
emphasize that consumer behavior is shaped
by interactions between societal structures
and individual actions (Mylan et al., 2016) and
acceptance of re-used products is influenced
by broader economic, cultural, and social fac-
tors (e.g., Hazen et al., 2017). The purchase
of the re-used products at different levels and
by different sociodemographic groups of Czech
citizens points at variety reasons for or against
the purchase and highlight the necessity to un-
derstand customers values and norms like
the market with new products.

When promoting consumers active role
in this process of building CE, the findings sug-
gest that while consumers generally find some
secondhand products suitable for sale, there are

Source: own

notable differences in the perception and prefer-
ences for products across demographic groups
and periodicity in purchase. But the results re-
vealed that each product has the potential to find
an appropriate market and consumers.

This study further underscores the im-
portance of understanding the barriers
in consumer acceptance of re-used products.
Concerns about product quality, hygiene, and
insufficient information about the origin and
warranties differ based on age and education
level, in some cases by gender in purchases.
Addressing these concerns through enhanced
transparency, quality certifications, and aware-
ness campaigns, as advocated by Mugge
et al. (2017) and Watson et al. (2017), could
reshape consumer perceptions and increase
the adoption of secondhand goods. The lack
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of consistent product information highlights
the critical role of transparency in the digital
environment. Mostly men, but not exclusively,
search for information at e-shop webpages, look-
ing for complete data and pictures of the prod-
uct for purchase decision.

Notably, the study revealed that specific
categories (namely 65+ and seniors) are more
resistant to secondhand shopping than other
groups. The students and younger consum-
ers up to 34 represent a new wave of market
behavior. It was found that the older the cus-
tomers are, the less inclined they are to buy
secondhand products. However, the younger
generation entering the markets may bring
about change.

Age and education were shown as important
factors in the societal role of re-used centers,
which may help in promoting the center itself and
support the purchase in the point of sale. The sig-
nificance of social and personal connections
in motivating secondhand purchases was evident
and it aligns with the findings of Ertz et al. (2021)
and Camacho-Otero et al. (2017), who empha-
sized the importance of trust and personal re-
lationships in the adoption of re-used products.
This suggests potential strategies to engage
demographics such as university-educated
individuals and seniors, who typically purchase
less in secondhand markets.

The research approved that environmental
concerns motivate re-used purchases (Edbring
et al., 2016) because the respondents showed
higher levels of environmental engagement, al-
though not equally across all consumer catego-
ries. A positive discovery is that distance does
not deter the willingness of certain consumers
to purchase secondhand items for a good
cause. Categories such as women and parents
on maternity leave claimed willingness to travel
over 30 km for such purchases significantly
more than others. On the other hand, men were
more inclined to provide support by donating
money, highlighting different opportunities for
engagement across consumer groups.

Similarly, helping disadvantaged indi-
viduals, often employed in re-use centers,
also influences consumer intention to buy.
However, it was observed that in Czech culture,
individuals with the highest incomes show
the least interest in good cause motives, which
presents an opportunity for improvement. Inter-
estingly, environmental benefits were perceived
as more important than helping disadvantaged

individuals, particularly among younger re-
spondents, students, and low-income groups.
Helping disadvantaged individuals, however,
remains a significant motivator for older con-
sumers, parents on maternity leave, and those
with lower education levels.

The secondhand purchase product matrix
identified specific target groups more likely
to purchase certain types of products. Based
on the results it may be said that each product,
at a certain performance level may find the ap-
propriate consumer for purchase.

The study aimed to explore whether
consumers in the Czech Republic are willing
to adopt secondhand products within the CE,
and to identify the barriers that hinder their
acceptance. Additionally, the research sought
to investigate strategies to increase consumer
openness to re-used products to support
the broader objectives of the CE. Addressing
these issues, this study supports the CE’s goal
of promoting sustainability through extended
product lifecycles and greater consumer partici-
pation in re-use.

The findings suggest that age and educa-
tion level play a crucial role in segmenting
the target group. In some cases, it is productive
to focus on residents in towns with populations
up to 5,000, as this group has shown potential
as prospective consumers. These areas may
include satellite communities of larger cities,
where residents tend to be more environmentally
conscious and choose to live closer to nature.

To overcome these challenges, strategies
such as improved transparency (including
“storytelling” about the product’s history), qual-
ity assurances, and awareness campaigns are
vital in reshaping perceptions. By engaging
the citizens within walking distance or close
to the re-used centers into different community
events with focus on different values of the tar-
get group will help promote the re-use shop
together with products offered.

The results highlight the need to profes-
sionalize the market for re-used products, with
a focus on education, social inclusion, and
providing alternatives to existing products,
rather than solely emphasizing environmental
benefits. The range of appeals should be var-
ied and tailored to different segments based
on their knowledge and preferences. There
is also an opportunity for the involvement
of local and state authorities and local and
national businesses.
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Conclusions

The CE offers a vital framework for addressing
environmental challenges by promoting the re-
use, recycling, and extended lifecycles of prod-
ucts. This study underscores the significant
potential of the secondhand market as a signifi-
cant component of the CE, capable of fostering
sustainability and reducing waste.

The findings reveal that Czech consum-
ers possess both the capacity and willingness
to engage in the circular economy through
the purchase of secondhand goods. However,
a key barrier lies in the approach adopted by re-
use centers. For the circular economy to evolve
effectively, the re-use market should be treated
with the same strategic mindset as markets for
new goods. This includes recognizing the active
role of consumers in selecting and purchasing
re-used items and ensuring that these items
are positioned as viable, desirable alternatives
to new products.

Despite its potential, the secondhand
market remains largely underestimated. Bar-
riers such as concerns about product quality,
hygiene, and insufficient information persist
on one hand, while inadequate promotion and
lack of professionalization of re-use centers
hinder consumer engagement on the other.
Addressing these challenges requires a shift
in focus from assuming that re-used goods ap-
peal to limited groups of customers to actively
identifying and targeting specific customer
segments for each product group. The study
highlights that even items perceived as “least
desirable” can find a potential market if strat-
egies align with consumer preferences and
needs. Providing clear and detailed product in-
formation such as its origin, prior use, and con-
dition, alongside quality assurance measures
like warranties or post-purchase services,
can build consumer trust. Maintaining clean,
organized environments and ensuring the hy-
giene of products are critical for overcoming
psychological barriers.

To foster broader acceptance, re-use cen-
ters should offer tailored products and services
that resonate with specific target groups, such
as affordable children’s items for families or sus-
tainability workshops for younger consumers.
The centers need to engage in transparency
initiatives, including sharing the product’s
history or guarantees, to reshape consumer
perceptions and encourage trust. And finally,
involve local and national institutions to provide

certifications, and quality standards, addressing
consumer concerns and enhancing credibility.

The professionalization of the re-use market
requires active support from local and national
authorities. Targeted interventions, supported
by law, can significantly reduce quality uncer-
tainty, as originally proposed by Akerlof (1978).
Legal frameworks that promote consistency
in seller claims, offer quality assurances, and
ensure consumer protection rights as empha-
sized by Guiot and Roux (2010) and Watson
et al. (2017) are essential steps. Incorporating
such measures, alongside consumer education
and community engagement, will strengthen
trust and sustainability within the secondhand
economy.

By implementing these strategies, re-use
centers and policymakers can transform the
secondhand market into a fully integrated and
professionalized component of the CE, unlock-
ing its potential to drive sustainable consump-
tion and reduce waste.

Together with practical implementation of CE
objectives, this research contributes to the grow-
ing body of literature in the re-use field, providing
valuable insights into consumer behavior and
the specific motivators and barriers that shape
purchasing decisions. It highlights the need for
further research on strategies to engage diverse
consumer segments and offers a foundation for
future discussions on how to better integrate re-
used goods into mainstream markets. Ultimately,
fostering an inclusive approach that recognizes
the diverse motivations and concerns of differ-
ent customer groups will be crucial in achieving
the full potential of the CE and driving meaning-
ful progress toward a more sustainable future.
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Introduction

In the modern world, climate change has
emerged as a major problem. It has led to dif-
ferent kinds of issues that are directly influenc-
ing the environment (Gura et al., 2023; Igbal
et al., 2021). The sustainability of the environ-
ment is possible when the government and
other supporting agencies are working together
to protect the environment. Rich countries have
launched different kinds of initiatives to improve
sustainability in the environment (Sheller,
2021; Stoian et al., 2023). The world leaders,
including the former prime minister of Paki-
stan, who initiated the Billion Trees Tsunami
program, strive to save the environment with
natural and green weather. The sustainability
of the environment can be reached through
large-scale initiatives for the benefit of the pub-
lic. The reliability of public attitude towards
the advancement of climate sustainability can
motivate the government further to take direct
steps for improvement in government facilities
(Mohsin et al., 2021). The developed nations
are advanced in their environment protection
attitude that is reliable for a better and more
productive approach.

The role of leadership is critical in the work-
ing administration of any country. Countries
without leaders fail to achieve prosperity
(Bradley et al., 2020). In this way, the economic
conditions require to demonstrate leadership
for the environment. The success of the gov-
ernment performance can be a useful way
to achieve sustainability in the environment
(Jeswani et al., 2021). The better working ap-
proach of leaders in the world provides a way
to the sustainability of the environment. The suc-
cess of the government in terms of sustainable
development is possible when the role of lead-
ership is advanced to protect the environment
(Howarth et al., 2020). Many nations have paid
less attention to improving their environment,
and the natural hazards damaged a lot of their
property. The success of the government
working for the protection of the environment
is possible with long-term strategic planning
to get better results in the way of sustainable
performance (Maja & Ayano, 2021).

The escalating environmental challenges
facing our planet, from global climate change
to local pollution, have prompted responses
at all levels of society (Hart & Pomponi, 2021).
The circular economy, with its focus on reduc-
ing waste, reusing resources, and regenerating

natural systems, has emerged as a promising
strategy to address these pressing concerns
(Kaur et al., 2024). Previous research highlight-
ed the significant potential of circular economy
approaches to contribute to climate change
mitigation. Pham et al. (2020) highlighted that
climate change is afundamental problem for suc-
cessful development. Environmental problems
emerge when the government of a country is
not serious about solving environmental issues
(Shahzad, 2020). Furthermore, the problem
of environmental issues is not limited to the cli-
mate only, economic issues have also emerged
from it. Indeed, Asian countries are also fac-
ing environmental issues (Balsalobre-Lorente
et al., 2020). Pakistan being an atomic power
in Asia is facing environmental issues that
are not properly managed by the community.
Economic and environmental issues are raised
in Pakistan as it faced floods every year for
a decade (Tariq et al., 2020). A lot of community
is disturbed by floods including the agriculture
sector because of this issue. There is less focus
on the government to develop long-term poli-
cies for climate control in the country (Hussain
et al.,, 2020). These little initiatives to control
the climate are dangerous for the community
that is suffering from such kinds of hazards.

Recent research has emphasized the role
of leadership in achieving environmental sus-
tainability and environmental performance
(Yousaf et al., 2023). Moreover, leaders can
raise awareness about the circular economy
and its benefits. Effective leadership is crucial
for driving the transition towards circular-
ity, for the practical implementation of circular
economy and its widespread adoption. Leaders
educate employees, customers, and the wider
public about the importance of sustainable
practices and empower them to make in-
formed choices (Ma et al., 2024). The circular
economy is seen as a viable solution for climate
change management.

The purpose of this research is to determine
the direct effect of climate change on the eco-
nomy and environment in Pakistan. This study
also aims to test the moderating impact of lead-
ership skills on climate change, the economy,
and the environment. The research has novelty
since a few studies were conducted to explore
the abovementioned relationship, particularly
in the context of Pakistan. The research has
remarkable implications for theory and prac-
tice as well as for improving climate control
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by considering leadership skills. Furthermore,
the study has significant future directions that
are necessary to be taken by scholars in their
future research to contribute to the literature.
This paper is divided into an introduction,
literature review, methodology, data analysis,
discussion and conclusion, limitations, and
future directions.

1 Theoretical background
Markkanen and Anger-Kraavi (2019) argued
that the economies of modern countries are
disturbed due to the issues related to climate
change. Furthermore, Nasir et al. (2019) high-
lighted that climate change is a factor that
must be considered to improve the economic
situation of any country. In this vein, the cir-
cular economy concept is closely associated
with tackling climate change (Leal Filho et al.,
2023). The role of climate change is critical for
the economy as hazards caused by it and other
climate-related consequences significantly im-
pact economic activities. The relationship of
climate change is direct with the economic
downsizing in the country due to its dangerous
effect on progress and prosperity. Streletskiy
et al. (2019) highlighted that developed coun-
tries are focusing on the issues related to cli-
mate change to ensure that the effect of climate
change should not damage the economic
growth in the country. The less focus on climate
change can affect businesses, and the interest
of investors is also down due to it. Enterprises
are not achieving theirimport and export targets,
which is an obstacle to progress on sustainable
development due to climate change (Nawaz
et al., 2021). Slow progress towards improving
the environment and reducing the impact of cli-
mate change may result in a less productive
approach to the environment and sustainability
(Ehsanullah et al., 2021). Conversely, focusing
on climate change can contribute to sustainable
development goals (SDGs). The fundamental
way to combat climate change can be to im-
prove the environment and achieve sustain-
ability. Therefore, while working on economic
growth, the government must also address
the negative effect of climate change.

H1: There is a relationship between climate
change and the economy.

The impact of climate change on the envi-
ronment is negative because many businesses
are closed due to a threatening environment.

Previous studies illustrated adverse impact
of climate change on the business (Dogru
et al.,, 2019). Natural disasters caused by cli-
mate change are dangerous for the environ-
ment and ecosystem that is not acceptable
for sustainability (Confetto & Covucci, 2021;
Norouzi et al., 2020). To achieve sustainability
goals, the environment should be appropriately
managed by the policies of the government.
For example, the carbon emissions in the envi-
ronment should be reduced over time. Environ-
mental sustainability can be achieved by taking
reasonable actions. The damaged environ-
ment is problematic for the economic growth
of a country (Hoang et al., 2023; Khan et al.,
2019). In this regard, the circular economy is
increasingly recognized as a potential solution
to mitigate climate change. Circular economy
practices, such as such as material reuse and
recycling, can significantly reduce greenhouse
gas emissions in various sectors (Leal Filho
et al., 2023). Furthermore, government policies
for long-term implications can provide a bet-
ter way forward to improve the environment.
The leadership is required to take strategic
actions to protect the environment and to avoid
detrimental economic conditions (Dale et al.,
2020). Sustainable development is possible
with the long-term policies of the government
that is the fundamental source to get advance-
ment in the environment. The understanding
and responsibility of the citizens for better en-
vironmental conditions can be helpful to save
the environment that is necessary to improve
the sustainability of the country (Srivastava
et al., 2023; Zuk & Szulecki, 2020). However,
for the protection of the environment and to re-
duce the impacts of climate change relevant
actions are required.

H2: There is a relationship between climate
change and the environment.

Leadership in any country plays a critical role
in the advancement of the environment. Lead-
ers shape policies to meet social, economic,
and environmental goals, achieve sustainabil-
ity, and build a circular economy (Covucci et al.,
2024). The circular economy thrives on collabo-
ration. Leaders facilitate partnerships across
different sectors, organizations, and stake-
holders to create circular systems and share
resources effectively. The policies developed
and implemented by the leadership play a criti-
cal role in the way of successful performance
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(Balogun et al., 2020). The qualities of leaders
are considered appropriate for the development
of the economy. Leaders should develop long-
term plans for improved economic conditions
and for achieving sustainability (Pettorelli et al.,
2021). In this regard, leadership skills need
to be demonstrated. Generating knowledge
through leadership skills can improve economic
and environmental conditions (Bos & Gupta,
2019). Countries affected by climate change
in particular require leaders with the appropriate
skills to manage their economies and the envi-
ronment. The available facilities for economic
growth are useless when the economic envi-
ronment of a country is not stable for working
(Zheng et al., 2019). Access to management
policies and initiatives can be useful in monitor-
ing the environment and improving conditions.
The leaders of developed nations are more
concerned with advancing the economic situa-
tion of the country. Access to usable information
can be a step forward in developing leadership
skills (Rehman et al., 2021). Leadership with
experience can play a significant role in ame-
liorating economic condition and boost climate
change mitigation efforts.

H3: There is a moderating role of leader-
ship skills between climate change and the
economy.

Climate change is considered a critical
factor for the environment. The relationship
between climate change and the environment

requires that leaders work on mitigation
of the problem (Skovgaard & van Asselt, 2019).
For this reason, leadership skills should be im-
proved to take collective action. When the lead-
ers are sincere in working for the advancement
of climate change, they are deliberately working
to improve the environment (Sovacool, 2021;
Srivastava et al., 2023). Leaders are expected
to drive innovation, improve organizational ef-
fectiveness, and implement changes to address
current complex environmental challenges
(Gigauri & Khan, 2025). Working on climate is
required by the leaders as they are policymak-
ers and decision-makers. Leaders can gain
public support while implementing the initiatives
aiming at dealing with climate change (Prideaux
et al.,, 2020). Better leadership with strategic
planning can facilitate the government to solve
the critical problems related to the environment
(Igbal et al., 2021). Furthermore, the real-time
monitoring of the actions by leaders can pro-
vide a way to reduce the emission of carbon
and protect the environment in a reliable way
(Bradley et al., 2020). The majority of people
are willing to support their leadership in dealing
with climate change-related issues.

H4: There is a moderating role of lead-
ership skills between climate change and
the environment.

The theoretical model of this research is
based on four variables, including the moderat-
ing role of leadership skills, shown in Fig. 1.

Theoretical model

Source: own
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2 Research methodology

The selection of a quantitative research de-
sign and survey-based methodology in this
study is informed by several factors. Firstly,
the research aims to investigate the relation-
ships between climate change, leadership,
the economy, and the environment, which are
all complex and multifaceted phenomena that
can be challenging to capture through qualita-
tive research alone. A quantitative approach
uses statistical techniques to analyze large sets
of data, allowing for a more comprehensive
understanding of the relationships between
the variables of interest (Suieubayeva et al.,
2025). Finally, the use of existing studies and
measures from the literature ensures that
the study is grounded in established theoretical
and empirical frameworks, thereby enhancing
the reliability and validity of the data collected.
Overall, the choice of a quantitative research
design and survey-based methodology is ap-
propriate for this study given the complexity
of the research questions, the need to collect
data on a large scale, and the desire to ensure
the reliability and validity of the results.

The items for climate change are taken from
the study of Christensen and Knezek (2015)
after determining the Cronbach alpha > 0.78
and composite reliability 0.73. Also, the items
for leadership skills are taken from the study
of Gilfoyle et al. (2007) after determining
the Cronbach alpha > 0.72 and composite re-
liability 0.77. On the other hand, the items for
the economy are taken from the study of Taiwo
et al. (2012) after determining the Cronbach
alpha > 0.71 and composite reliability 0.79.
Finally, the items for the environment are taken
from the study of Noordin and Sulaiman (2010)
after determining the Cronbach alpha > 0.83
and composite reliability 0.81.

Pakistan was chosen for data collection
because in the previous years the country’s
leadership, namely Imran Khan, the former
prime minister, has taken a number of initia-
tives to mitigate environmental problems.
He also raised his voice in several international
forums for a collective effort to combat climate
change (Rahman et al., 2022). The population
for this research was the general public in Paki-
stan, who were asked to provide their views
on the role of leadership in relation to green
initiatives and climate change, and how these
initiatives impact the country’s environment
and economy. In April 2023, the respondents

from major cities across different provinces
of Pakistan, including Lahore, Karachi, Fais-
alabad, Islamabad, Multan, and Peshawar,
were surveyed to collect data. This study has
shown no bias in data collection because
people from every walk of life are targeted
for data collection. The respondents to this
research were asked to fill out a hard copy
of the questionnaire, and an introductory note
regarding the purpose of the study was given
on the questionnaire. Their consent was taken
on the questionnaire, and it was ensured that
the information would not be used for commer-
cial purposes. A total of 5,044 questionnaires
were distributed in two waves using time lag
approach, and data was collected successfully
on 4,299 questionnaires. After conducting initial
screening, the final sample size of this research
was based on 4,243 responses. This research
has used the structural equation modelling
to analyze the data since many recent relevant
studies have utilized the same method (Khan
et al,, 2022).

3 Results and discussion

3.1 Results

The normality of data is checked at the initial
stage of data analysis. This normality is tested
to determine the skewness, kurtosis, and
missing values. These findings help to deter-
mine the usability of data for further analysis.
In this way, the skewness values must be less
than +1 which is acceptable. Furthermore,
the kurtosis values must be less than -1 which
is also acceptable (Royston, 1992). Moreover,
the missing values are tested, and the analysis
revealed that there are no missing values in this
data. Thus, the data collected for this study is
considered normal for further data analysis
tests (Tab. 1).

Furthermore, the factor loadings of the
study’s measurements are tested to determine
whether the study’s measurements are fit for
data analysis or not. The data factor loadings
for significance should be above 0.60 (Shevlin
& Miles, 1998). Thus, this research has appro-
priate validity (Tab. 2).

In addition, the test for convergent validity
is used to determine the reliability and valid-
ity of data. The Cronbach’s alpha, composite
reliability and average variance extracted are
tested in this stage. The Cronbach alpha > 0.70
is acceptable (Tavakol & Dennick, 2011),
the composite reliability > 0.70 (Alarcon et al.,
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Data normality

Items | No. | Missing | Mean | Median| Min | Max 3:?;?;: I:Eu xr(t:z:iss Skewness
CcC1 1 0 4.072 4 1 5 1.072 0.816 -1.169
CC2 2 0 3.578 4 1 5 1.149 -0.333 -0.572
CC3 3 0 3.960 4 1 5 1.055 -0.078 -0.791
CC4 4 0 3.957 4 1 5 1.022 0.173 -0.830
CC5 5 0 3.448 3 1 5 1.150 -0.464 -0.422
LS1 6 0 3.574 4 1 5 1.130 -0.466 -0.494
LS2 7 0 3.610 4 1 5 1.183 -0.473 -0.574
LS3 8 0 4.448 5 1 5 0.955 2.897 -1.852
LS4 9 0 4.231 5 1 5 1.046 1.132 -1.349
LS5 10 0 4.007 4 1 5 1177 0.439 -1.135
LS6 11 0 4.083 4 1 5 1.1567 0.634 -1.216
EN1 12 0 3.928 4 1 5 1.1567 0.149 -0.970
EN2 13 0 4.072 4 1 5 1.122 0.684 -1.192
EN3 14 0 4119 4 1 5 1.090 0.877 -1.248
EN4 15 0 3.787 4 1 5 1.261 -0.401 -0.787
ENS5 16 0 3.668 4 1 5 1.183 -0.475 -0.610
EC1 17 0 3.986 4 1 5 1.048 0.334 -0.918
EC2 18 0 4.065 4 1 5 0.996 0.519 -0.990
EC3 19 0 4.025 4 1 5 1.035 0.629 -1.032
EC4 20 0 4.054 4 1 5 1.051 0.628 -1.083
EC5 21 0 3.978 4 1 5 1.108 0.296 -0.983
EC6 22 0 3.783 4 1 5 1.116 -0.125 -0.739

Note: CC — climate change; LS — leadership skills; EN — environment; EC — economy.
Source: own

Factor loadings — Part 1

Items Climate change Economy Environment Leadership skills
cc1 0.681

cc2 0.692

cc3 0.833

cc4 0.859

CC5 0.755

EC1 0.872

EC2 0.851
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Factor loadings — Part 2

Items Climate change Economy Environment Leadership skills

EC3 0.856

EC4 0.905

EC5 0.867

EC6 0.839

EN1 0.873

EN2 0.872

EN3 0.837

EN4 0.859

EN5 0.640

LS1 0.609

LS2 0.693

LS3 0.663

LS4 0.845

LSS 0.843

LS6 0.823

Note: CC — climate change; LS — leadership skills; EN — environment; EC — economy.
Source: own

Cronbach alpha, composite reliability, and average variance extracted

Constructs Cronbach’s alpha Composite reliability Ave:axgtt:a\g;ﬁmce
Climate change 0.823 0.877 0.589
Economy 0.933 0.947 0.749
Environment 0.876 0.91 0.674
Leadership skills 0.843 0.885 0.566
Source: own

2015), and the average variance extract-
ed > 0.50 (Alarcon et al., 2015) is accepted.
The findings available in Tab. 3 demonstrate
that the study has achieved a reliability test,
and the data used in this study is valid. Thus,
the findings are appropriate, and data can be
used for further tests.

The discriminant validity of this research data
is tested with the heterotrait-monotrait method.
This method is recommended when the model
of the study is complex. The values in the matrix

must be less than 0.90 for significant reliability
and validity (Gold et al., 2001). Thus, the find-
ings available in Tab. 4 demonstrated that
the study has achieved discriminant validity.
Furthermore, the cross-loadings are
also tested to determine the validity of the study
data. This method is used to check whether
the items used for different variables are
the same or different. Barlat et al. (2013) rec-
ommended that the values of cross-loadings
for the items representing one construct should
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Heterotrait-monotrait

Climate change Economy Environment Leas(:(e“n;zhip
Climate change
Economy 0.650
Environment 0.811 0.766
Leadership skills 0.867 0.644 0.694
Source: own
Cross-loadings
Items Climate change Economy Environment Leasic-izlnzhip
CC1 0.681 0.298 0.478 0.511
CC2 0.692 0.388 0.455 0.449
CC3 0.833 0.475 0.579 0.594
CC4 0.859 0.495 0.616 0.630
CC5 0.755 0.531 0.495 0.548
EC1 0.447 0.872 0.578 0.452
EC2 0.500 0.851 0.616 0.527
EC3 0.482 0.856 0.564 0.473
EC4 0.527 0.905 0.590 0.505
EC5 0.527 0.867 0.569 0.523
EC6 0.512 0.839 0.572 0.519
EN1 0.619 0.566 0.873 0.745
EN2 0.576 0.543 0.872 0.728
EN3 0.517 0.427 0.837 0.707
EN4 0.601 0.561 0.859 0.687
ENS5 0.512 0.633 0.640 0.475
Ls1 0.608 0.433 0.452 0.609
LS2 0.615 0.566 0.543 0.693
LS3 0.417 0.229 0.496 0.663
LS4 0.505 0.416 0.711 0.845
LS5 0.509 0.447 0.709 0.843
LS6 0.496 0.481 0.738 0.823
Note: CC — climate change; LS — leadership skills; EN — environment; EC — economy.
Source: own
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be greater than the items of other constructs
that are in correlation with it. Thus, the data
analyzed and reported in Tab. 5 disclosed that
the study data has discriminant validity.

The data for this research is quantitative
in nature, and t-statistics are used to deter-
mine the findings. The findings are tested
with the structural equation modeling method.
The t-values > 1.96 are acceptable for sig-
nificant path (Hair et al., 2020). The study has

checked the t-values for the first path, and it is
determined that climate change has a sig-
nificant and positive impact on the economy
(B=0.334, t=4.630, and p = 0.000). Similarly,
the study has checked the t-values for the sec-
ond path, and it is determined that climate
change has a significant and positive impact
on the environment (f = 0.199, t = 2.931, and
p = 0.004). The results are described in Fig. 2
and Tab. 6.

Path findings

Source: own
Path findings
Relationships el SR Star.'nd.ard T-statistics | p-values
sample mean deviation
Climate change — economy 0.334 0.338 0.072 4.630 0.000
Climate change — environment 0.199 0.199 0.068 2.931 0.004
Moderating effect 1 — economy 0.336 0.335 0.088 3.835 0.000
Moderating effect 2 0.671 0673 0.075 8.944 0.000
— environment
Source: own
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m Moderating effect of leadership skills between climate change and economy

On the other hand, the t-values for the third
path are checked, and it is determined that
leadership skills have a significant and positive
moderating impact between climate change
and the economy (B = 0.336, t = 3.835, and

Source: own

p = 0.000). This moderation is strengthening
the relationship between climate change and
the economy (Fig. 3).

Finally, the t-values for the final path are
checked, and it is determined that leadership

m Moderating effect of leadership skills between climate change and environment

Source: own
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skills have a significant and positive moder-
ating impact between climate change and
the environment (B = 0.671, t = 8.944, and
p = 0.000). This moderation is strengthening
the relationship between climate change and
the environment (Fig. 4).

3.2 Discussion
This research has used the findings of struc-
tural equation modeling to determine the
paths. This model helps to find the t-values.
The t-values above 1.96 are accepted for any
relationship to become significant reported
by Zuk and Szulecki (2020). In this way, hy-
pothesis H1 statistics show that there is a posi-
tive relationship between climate change and
the economy. These findings are seen in light
of the findings of existing studies. Balogun et al.
(2020) reported that the more attention given
to environmental issues, the more measures
that everyone involved will take to alter it for
the better. The essential solution to combating
global warming can lead to a healthier environ-
ment and a sustainable future. Authorities must
reduce the adverse effects of global warming
while focusing on the growth of the economy.
As a result of the unfavorable economic cli-
mate, global warming has a negative effect
on the surroundings. Pettorelli et al. (2021)
reported that poor environmental conditions
can have a detrimental effect on a country’s
ability to support itself. To develop managerial
skills properly, information availability is essen-
tial. Norouzi et al. (2020) reported that skills
for leadership are needed to manage affairs
and develop the economy as well as protect
the environment. When the economic climate
in a country is unstable, the resources avail-
able for economic expansion are useless.
Nasir et al. (2019) reported that the ability
to positively influence the environment may be
made possible through access to the plans and
efforts of the leadership. Leaders of industrial-
ized countries are more focused on improving
the economic situation. Leadership traits are
seen to be suitable for economic growth.
Furthermore, hypothesis H2 statistics show
that there is a positive relationship between
climate change and the environment. These
findings are seen in light of the findings
of existing studies. Sustainable leadership
emerges as a promising model for effectively
mitigating climate change impacts (Fragouli,
2020). Additionally, environmentally-specific

transformational leadership and leader’s pro-
environmental behaviors significantly influ-
ence employees’ environmental passion and
behaviors (Robertson & Barling, 2013). Envi-
ronmentally-specific leadership and workplace
pro-environmental behaviors affect employees’
environmental passion and pro-environmental
behaviors. Furthermore, leadership with envi-
ronmental concerns can advocate for climate
and environmental protection. Our findings
underscore the importance of leadership in fos-
tering organizational environmental responsibil-
ity and adapting to climate change. Improved
management and tactical preparation can help
the authorities address the pressing issues
that must be resolved to enhance the state
of the natural environment (Felix et al., 2022;
Zheng et al., 2019). The effects of rising tem-
peratures are disrupting the financial structures
of developed nations. The aspect that must be
taken into account to boost financial position is
warming temperatures (Rehman et al., 2021).
Both developed and developing countries are
considered to be critically affected by the warm-
ing climate. The complex connection between
environmental degradation and climate change
poses significant threats, which needs to be ad-
dressed. Since the policies for climate change
and the environment do not apply to only one
country, the world’s leaders must cooperate
(Prideaux et al., 2020).

Thirdly, the t-values identified for hypoth-
esis H3 revealed that there is a positive mod-
erating role of leadership skills between climate
change and the economy. This relationship is
new in the literature and at the infancy stage, but
the findings of this relationship are supported
by the existing study results. Leadership plays
a crucial role in addressing climate change and
its economic implications. Additionally, leader-
ship’s in-the-moment oversight of the activities
execution can offer a technique to effectively
reduce carbon emissions and protect the envi-
ronment (Khan et al., 2019). Many citizens are
ready to back initiatives to address challenges
connected to global warming. The consequenc-
es of climate change on the world economy are
considerable as there is a direct link between
rising temperatures and the economy. To pre-
vent the effects of climate change from harming
the economy and companies, developed coun-
tries are concentrating on concerns associated
with warming temperatures (Streletskiy et al.,
2019). To protect the environment, greenhouse
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gases in the atmosphere should be decreased
over time. When acceptable measures are
adopted, a sustainable environment is feasible.
Regulations with a lasting impact may offer
a better path forward for enhancing the natural
environment and free it from unfavorable con-
ditions (Nawaz et al., 2021). Focusing on re-
ducing climate change can be a meaningful
strategy for achieving sustainable development
objectives. Slow environmental improvement
and climate change mitigation measures may
prove to be a less effective strategy for ensuring
environmental sustainability (Sovacool, 2021).
Natural hazards brought on by environmental
disasters and other climate change-related
catastrophes are intolerable for survival (Ehsa-
nullah et al., 2021). Today’s leaders are actively
striving to enhance sustainability when they
are genuine about advancing the fight against
global warming.

Finally, the t-values identified for hypoth-
esis H4 revealed that there is a positive mod-
erating role of leadership skills between climate
change and the environment. This relationship
is new in the literature and still at the infancy
stage. However, some existing studies sup-
port the findings. The progress in the resolu-
tion of environmental problems depends on
the sustainability of the climate. Leaders must
address climate issues since they are respon-
sible for policymaking (Markkanen & Anger-
Kraavi, 2019). A step in the right direction for
developing efforts to combat climate change is
the support of the general public. Corporations
may suffer due to the diminished attention given
to world warming, and the interest of investors
may also decline as a result (Dogru et al., 2019).
The government’s long-term policies, which
are the main driver of environmental advance-
ment, make it feasible for the environment to be
sustained. A nation can increase its long-term
viability by preserving its natural assets with
the support of its residents’ awareness of and
commitment to better environmental conditions
(Skovgaard & van Asselt, 2019). Therefore,
improving and addressing climate change re-
quires actions to maintain the ecosystem. In this
respect, circular economy has strong potential
to address environmental sustainability. How-
ever, it requires integration of environmental
innovation, organizational learning, and stake-
holder orientation. Leaders are needed to drive
the adoption of circular economy principles
in organizations. They can create sustainable

value for customers, investors, and the environ-
ment in order for the successful implementation
of circular economy. Thus, leadership abilities
positively influence the transition towards sus-
tainability practices. Managerial decisions and
actions play a crucial role in the path to sustain-
able performance. From the standpoint of lead-
ership attributes to advance human behavior
for the sake of management and leadership,
the role of everyone involved cannot be ignored
(Dale et al., 2020; Todorovic et al., 2024).

Conclusions

Theoretical and practical implications. This
research is theoretically important as the litera-
ture is extended by it. The study has introduced
a newly developed relationship that had not
been reported in existing studies. The relation-
ship between climate change and the economy
and environment as a whole has not been dis-
cussed in previous studies. Hence, this study
has theoretical importance, as it has highlighted
that climate change has a significant impact on
the economy and environment. The direction
of this relationship is positive, which has not
been observed in existing studies. Therefore,
the study has novel findings that are significant
in the literature based on its critical outcomes.

Furthermore, this study also introduced two
significant moderating relationships in the liter-
ature. First, the research suggested that leader-
ship skills have a significant moderating impact
on the relationship between climate change and
the economy. The direction of this relationship
is positive, and it is also statistically proven that
the moderating impact of leadership skills is
strengthening the relationship between climate
change and the economy. Second, the research
has shown that leadership skills have a sig-
nificant moderating impact on the relationship
between climate change and the environment.
Furthermore, the direction of this relationship is
positive, and it is also statistically proven that
the moderating impact of leadership skills is
strengthening the relationship between climate
change and the environment.

Moreover, the research contributes to
the concept of circular economy by enriching
the literature with the findings displaying the
complex relationship between climate change,
environment, economy, and leadership. The cir-
cular economy is highly relevant for climate
actions and environmental issues as circular
economy strategies can reduce greenhouse gas
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emissions, mitigate climate change, improve
waste management, use resources efficiency,
implement renewable energy, and achieve
sustainable development. Leaders engage with
a wide range of stakeholders, including employ-
ees, customers, suppliers, and communities,
to build consensus and drive collective action
towards circularity. Leadership, by setting the vi-
sion for a circular future within organizations and
across industries, should develop strategies and
roadmaps to guide the transition, outlining spe-
cific goals, targets, and timeline.

In addition, this research has significant
practical implications that can be used to im-
prove the economy. Climate has a significant
impact on the business activities that contrib-
ute to the economy. Therefore, the leader-
ship in each country are required to adopt
the sustainable development goals to promote
environmental protection and economic growth.
Leadership performance can be improved
by access to policy information. Furthermore,
successful policy implementation with a reliable
leadership strategy is the way forward to aug-
ment environmental stewardship. Effective
leadership can become a supportive team for
improving the environment.

The findings contribute to the practice of cir-
cular economy showcasing the important rela-
tionship between climate change, environment
and economy, as well as the role of leadership
in mitigating climate change and protecting
the environment. By fostering sustainable
practices and collaborative approaches, lead-
ers can encourage circularity. The transition
to a circular economy may require different
leadership approaches with transformational
and pro-environmental styles. This, in turn,
will lead to improved economic results. In par-
ticular, the circular economy can contribute
to climate change mitigation by reducing
greenhouse gas emissions through more ef-
ficient resource utilization, promoting the use
of renewable and recyclable materials, and
minimizing waste generation. The transition
to a circular economy requires a fundamental
shift in mindsets, policies, and business prac-
tices, presenting an opportunity for visionary
leadership at all levels of society. Leaders who
embrace the principles of the circular economy
and spearhead its implementation can serve
as role models, inspiring others to follow suit
and accelerate the transition towards a more
sustainable future.

Research limitations and future direc-
tions. This research has used quantitative data
and structural equation modeling. Despite its
contribution, the research has some limitations
that can be addressed by future studies. This
study has collected cross-sectional data; how-
ever, data obtained using a longitudinal design
may be valuable in determining the moderating
impact of leadership skills on climate change,
the economy, and the environment. Therefore,
future studies can be based on longitudinal data
to compare with the results of this study. This
research has used a structural equation model
for path findings, and future studies should be
based on regression analysis to determine the
findings. Although this study is based on the
quantitative method that is appropriate for
the research model, it has discussed only lim-
ited variables. Thus, future research can iden-
tify new factors that may contribute to economic
and climate challenges. Furthermore, the tran-
sition to a circular economy requires research
from different contexts in terms of countries,
cultures, and industries.
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Introduction social challenges and accounts for ap-

The circular economy has received significant
attention as an alternative to traditional linear
production models, especially within the con-
text of sustainable development. The European
Parliament (2023) defines circularity as a model
that prioritises recycling, reuse, and reduction,
challenging traditional economic paradigms
rooted in disposable consumerism. The global
fashion industry, valued at USD 1.68 tril-
lion, exemplifies both environmental and

proximately 10% of global carbon emissions
(Oizom, 2024; Tab. A1). Research indicates
that consumer behavior within this sector is
shaped by an interplay of economic, ethical,
and technological factors, particularly among
younger generations. Recognizing these fac-
tors provides a more nuanced understanding
of how young consumers perceive the circular
economy in fashion, highlighting their attitudes
toward sustainable and ethical consumption.
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Research hypotheses for explaining factors influencing young consumers’
assessment of the importance of the circular economy in the fashion industry

Specific objective

Research hypotheses

To identify the relationship between concern
for competitive pricing and the valuation
of the circular economy in fashion

Hypothesis 1 (H7): Concern for competitive
prices (X,) is positively associated with
the valuation of the circular economy
in fashion (Y).

To evaluate the impact of projected trends
toward sustainable fashion consumption
among younger generation on perceptions
of the circular economy

Hypothesis 2 (H2): The perception of a trend
toward increased sustainable fashion
consumption among younger generations (X,)
has a positive relationship with the importance
assigned to the circular economy (Y).

To determine whether e-commerce and
social commerce are perceived as drivers
of sustainability in the fashion industry

Hypothesis 3 (H3): The belief that e-commerce
and social commerce will enhance sustainability
in fashion (Xj;) is positively associated with
the valuation of the circular economy (Y).

To explore the relationship between
interest in ethical fashion and the valuation
of the circular economy in the sector

The main objective of this research is
to evaluate the factors influencing young
consumers’ assessment of the importance
of the circular economy in the fashion industry,
among young people, with a focus on the im-
pact of attitudes towards price, sustainable
consumption, e-commerce and ethical fashion.
The specific objectives, and their correspond-
ing working hypotheses are shown in Tab. 1.

1 Theoretical background

In recent years, the circular economy has
gained prominence in academic and social dis-
course. In the Scopus database, publications
on the topic grew from 121 in 2010 to 8,036
by 2024, highlighting its relevance in various
fields (Scopus, 2024; Tab. A1). Concepts of cir-
cularity permeate corporate strategies, policy
initiatives, and civil society agendas, influenc-
ing consumer behavior and market trends
(De Pascale et al.,, 2023; Ho et al., 2021).
At its core, the circular economy emphasizes
sustainability, focusing on reusing, recycling,
and minimizing waste. According to the Euro-
pean Parliament, it encourages a shift from
traditional linear models to a system that
maximizes resource utility (European Parlia-
ment, 2023). Similarly, the Ellen MacArthur
Foundation defines it as a framework address-
ing global issues like climate change through
principles of waste elimination, material reuse,

Hypothesis 4 (H4): Interest in ethical fashion (X,)
is positively related to the valuation of the circular
economy (Y).

Source: own

and ecosystem regeneration (Ellen MacArthur
Foundation, 2024; Tab. A1).

Although often framed as a modern ap-
proach, the circular economy builds on long-
standing concepts from ecological economics
and industrial ecology, which emphasize cycli-
cal resource flows to promote sustainability
(Ghisellini et al., 2015; Pearce & Turner, 1989).
It also incorporates general systems theory,
highlighting interconnected systems that foster
resource regeneration and environmental sta-
bility (Bertalanffy, 1968; Geisendorf & Pietrulla,
2018). However, some scholars argue that defi-
nitions of the circular economy remain overly
broad, creating potential ambiguity in practical
applications (Corvellec et al., 2022; Radl et al.,
2022). These critiques underscore the need
for more precise conceptual frameworks
(Kirchherr et al., 2023), as theoretical clarity is
crucial for applying circular principles across
various industries.

The circular economy model seeks to over-
come the limitations of the traditional linear
economy, which follows a take-use-dispose
pattern and depends on consuming finite re-
sources (Stahel, 2019). Rooted in neoclassical
economics, this linear model views consumer
preferences as fixed and endlessly insatiable
(Ghisellini et al., 2015; Sen, 2002). It assumes
natural and manufactured resources are inter-
changeable, often overlooking the finite nature
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of our planet’s resources, making “strong sus-
tainability” harder to achieve (Ornelas Martins,
2016). Additionally, by equating happiness with
utility, the neoclassical view reduces well-being
to material accumulation, overlooking deeper
aspects of human fulfilment (Bruni, 2007; Pena-
Lopez & Membiela-Pollan, 2025). This “homo
economicus” perspective promotes self-interest
and economic gain, frequently at the expense
of environmental and social health (Etzioni,
2010; Granovetter, 1985).

From a socioeconomics perspective, the
shortcomings of the linear model are further
intensified by their influence on lifestyle and so-
cietal values (Pérez Adan, 1997). The neoclas-
sical paradigm leads to a “hedonic treadmill”
of consumption, where material accumulation
has minimal impact on subjective well-being,
contributing to social and environmental deg-
radation (Membiela-Pollan et al., 2019; Sacco
et al., 2006). The pursuit of material wealth
results in waste and devalues resources,
ultimately undermining long-term well-being
(Bartolini, 2007; Membiela-Pollan et al., 2019).

In contrast, the circular economy promotes
a sustainable, regenerative approach that
aligns with environmental, economic, and
social goals (Ghisellini et al., 2015; Temesgen
et al.,, 2021). This model emphasizes durable
design and resource efficiency, extending prod-
uct lifespans to keep materials in use and
reduce resource extraction (Pearce & Turner,
1989; Webster, 2015). Circular practices have
been shown to generate environmental, eco-
nomic, and employment benefits, reducing
waste, alleviating ecosystem stress, and lower-
ing production costs (Schroeder et al., 2018;
Schulze, 2016). The circular economy reposi-
tions waste as a resource, fostering economic
opportunities in recycling, remanufacturing,
and product innovation (Melece, 2016; Stahel,
2010). Such virtuous cycles are increasingly
observed across various sectors as industries
adopt strategies that minimize raw material use
(De Pascale et al., 2023).

Nonetheless, challenges persist. Adopting
circular models requires technological, regula-
tory, and cultural transformations, which involve
coordination among government entities,
corporations, and consumers (Corvellec et al.,
2022). The shift from linear to circular models
also demands substantial changes in supply
chains, as well as investments in recycling infra-
structure that may be economically unfeasible

in the short term (Risteska & Gveroski, 2022).
Certain circular processes can even be cost-
lier than producing new materials, particu-
larly when commodity prices are low. Moreover,
circular practices can lead to unintended
consequences, such as the “rebound effect,”
where improved efficiencies drive up overall
consumption, diminishing environmental gains
(Zink & Geyer, 2017). Circular processes
also consume energy and generate waste,
demonstrating that they are not entirely free
of environmental costs (Korhonen et al., 2018).
The regulatory framework supporting circularity
remains complex and varies across regions,
complicating large-scale adoption (De Romph
& Cramer, 2020).

The circular economy’s potential to replace
unsustainable linear models hinges on over-
coming these barriers. While the circular ap-
proach has clear advantages for sustainable
development, achieving widespread imple-
mentation will require addressing regulatory
inconsistencies, enhancing technological infra-
structure, and fostering consumer and business
alignment with circular values.

1.1 Circular economy and fashion industry
The emphasis on sustainability and the circular
economy encompasses both industry opera-
tions (supply) and consumer behavior (demand)
(De Pascale et al., 2023). One of the most vis-
ible sectors in this transition is the fashion in-
dustry, given its deep integration into daily life.
This industry is composed by clothing, textiles,
footwear, and fashion accessories, encompass-
ing production, distribution, sales, promotion,
and consumption (Kawamura, 2018).

Global data on this sector highlights its
significance as a target for circular initiatives.
The fashion industry, valued at USD 1.68 trillion
annually (Euromonitor, 2024; Tab. A1), ranks
as the third most polluting industry worldwide,
contributing approximately 10% of total car-
bon emissions (Oizom, 2024; Tab. A1). Textile
production alone is responsible for nearly 20%
of industrial water pollution, largely due to dye-
ing and finishing processes, and generates
92 million tonnes of waste annually. Only
about 1% of garments are recycled into new
clothing (European Parliament, 2023; Ellen
MacArthur Foundation, 2017 — Tab. A1).

In this context, circularity within the fashion
industry operates through multiple interrelated
strategies. Design-phase decisions, which
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account for up to 80% of a product’s environmen-
tal impact, are crucial (Dan & Qstergaard, 2021).
These choices affect resource efficiency, mate-
rial selection (favoring sustainable, recycled,
recyclable, or compostable options), and product
durability (Dissanayake & Weerasinghe, 2021).
Circular practices extend through reuse, repair,
refurbishment, remanufacturing, and ultimately
recycling and waste transformation.

This model proposes a closed, “virtuous”
circular system in contrast to the linear “take-
make-dispose” approach, whereby resources
are reused and kept within a production-use
loop, generating value over a longer period
(Urbinati et al., 2017).

However, the circular economy in fashion
faces significant challenges on both the sup-
ply and demand sides. The fashion market
has grown steadily, with production doubling
since 2000 (Ellen MacArthur Foundation, 2017;
Tab. A1), while contemporary lifestyles are
heavily influenced by fast fashion’s low-cost
solutions (De Aguiar, 2021; Dissanayake
& Weerasinghe, 2021). Fast fashion alone,
valued at USD 68 billion in 2020, is projected
to exceed USD 200 billion by 2030 (Research
and Markets, 2020; Tab. A1). On the supply
side, the fashion industry’s long and complex
supply chain (including raw material production,
processing, manufacturing, distribution, and
transportation) complicates the adoption of cir-
cular models and reverse logistics (Dissanay-
ake & Weerasinghe, 2021). Furthermore, these
processes require costly, specialized infrastruc-
ture and technology (Jacometti, 2019). Shifting
to new business models on the supply side
demands significant resources (financial, tem-
poral, and intellectual), as well as a supportive
institutional framework (Grafstrom & Aasma,
2021). Promoting a culture of sustainable con-
sumption and durability over “buy-and-dispose”
habits also requires awareness-raising initia-
tives (Papamichael et al., 2022).

Progress toward circularity and sustainabil-
ity in fashion is nonetheless evident, impacting
both producers and consumers. However, this
shift is somewhat ambivalent, as it conflicts with
the industry’s rapid growth (Ritch et al., 2023).
Today, brand marketing campaigns emphasize
green, sustainable, ethical, and eco-conscious
values through initiatives like slow fashion (Kusa
& Uninova, 2020). Some brands, like Patagonia
and Ecoalf, were founded on corporate sustain-
ability principles. From a production standpoint,

sustainability in fashion includes the use of sus-
tainable, recycled, and recyclable materials;
manufacturing processes that conserve water
and energy; and the minimization of harmful
chemicals. Brands, especially those positioned
in medium-high and high markets, now promote
durability as a key purchasing factor, exempli-
fied by Levi’s slogan, “Buy better, wear longer”
(Levi Strauss & Co., 2021; Tab. A1). Addition-
ally, reuse-focused initiatives are growing, such
as Zara'’s pre-owned platform, where users can
buy secondhand Zara items uploaded by other
customers (Zara, 2024; Tab. A1). In recycling
and remanufacturing, projects like H&M'’s Loop,
a store-based recycling system that transforms
old garments into new ones through a process
of cleaning, shredding, and spinning textiles
into new yarn, illustrate innovative circular prac-
tices (H&M, n.d.; Tab. A1). Brands also seek
partnerships and certifications to validate their
sustainable and circular commitments (Jastram
& Schneider, 2015).

On the demand side, consumer behavior
reflects this shift, with high percentages of con-
sumers, differentiated by generation, indicating
a preference for sustainably labeled products
(Gazzola et al., 2020). Purchase decisions are
influenced by eco-labeling and certifications
across the supply chain (De Aguiar et al., 2021).
However, consumer choices are also affected by
the price of sustainable products and concerns
over greenwashing (Kusa & Uninova, 2020).
In terms of reuse, collaborative consumption
(Ghisellini et al., 2016) and the secondhand
fashion market have grown significantly, with
the market value rising from USD 141 billion
in 2021 to USD 230 billion in 2024 (Statista,
2023; Tab. A1). Recently, there has been
a growing interest in “slow fashion,” which em-
phasizes buying fewer items while prioritizing
sustainability, quality, and durability (Domingos
et al., 2022).

1.2 Consumer behaviour towards

the circular economy. The case

of young adults
The prevailing approach in economic science,
embodied by the neoclassical paradigm, de-
monstrates its limitations by oversimplifying
human nature, thus excluding elements that
are valuable for descriptive, predictive, and
evaluative economics (Sen, 1997). This reduc-
tionism not only constrains economic analysis
but also impedes the generation of subjective
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well-being and the promotion of harmonious
socio-economic and environmental growth
(Membiela-Pollan et al., 2019).

Within this context, the circular economy
emerges as a viable alternative to the linear,
neoclassical “take-use-dispose” model, offering
a framework that fosters positive externalities
beneficial to both the environment and society.

The limitations of the traditional approach
are particularly evident in analyses of consumer
behavior, as it excludes numerous intrinsic mo-
tivations that influence individual preferences
and decision-making. In the neoclassical utility
function, consumer utility is derived solely from
the goods and services consumed, represented
in Equation (1) as follows:

U= f(Xy) Xpp eoe vor o ) X,) W)

And subject to budgetary constraint, in
Equation (2):

;pi'xi: Y (2

However, borrowing from the paradigm
of socioeconomics, the utility function posited
by Amitai Etzioni (2010), a more realistic view
would be as appears in Equation (3):

U=fxy) ©)

In this context, individuals are motivated
by a combination of instrumental (self-serving,
rational, and profit-maximizing) (x) and expres-
sive (moral, altruistic, and oriented toward
social welfare) (y) motivations, meaning they
are driven both by “pleasure,” as understood
in neoclassical terms, and by “moral commit-
ments” (Etzioni, 2010).

Thus, the socio-economic utility function is
represented as follows:

U=oa-Ux+B-Uy (4)

where: Ux — utility derived from individual mate-
rial benefits; Uy — the utility derived from fulfill-
ing ethical and social values; a and 8 — param-
eters that reflect the importance the individual
assigns to instrumental versus expressive ben-
efits. These parameters vary according to per-
sonal context and the social environment.
Returning to sustainability and the circu-
lar economy, a parallel function to Etzioni’'s
proposal (one that integrates preferences for

sustainability and circularity) can be formulated
as follows in Equation (5):

U=a-f(x, %, ..,x,)+B-S (5)

where: a and B — parameters that capture
the relative importance that the consumer as-
signs to traditional consumption satisfaction
and sustainability, respectively.

If B is high, the consumer gives significant
weight to sustainability, and utility is maximised
when the good consumed meets sustainable
criteria. If B is low or zero, the consumer acts
under a traditional utility function, prioritising
price and quantity over sustainability.

The utility function is directly linked to con-
sumer behavior, as individuals aim to maximize
their welfare or satisfaction through a series
of choices in the consumption of goods
and services (Coto-Millan, 1999). However,
the traditional utility function within mainstream
economics is both simplistic and reductionist,
assuming that individuals act solely to maxi-
mize their satisfaction, constrained by a fixed
budget. Within this framework, individuals are
portrayed as perfectly rational, consistently
selecting the alternative that optimizes their
utility. Additionally, their preferences are as-
sumed to remain constant over time, unaffected
by social influences.

A more realistic model of consumer be-
havior, however, must incorporate motivational
and psychosocial factors. Individuals are influ-
enced by a range of internal variables (such
as personal characteristics, values, interests,
attitudes, perception, knowledge, and learning)
and external variables (including culture, social
norms, social class, income, social groups, and
information), all of which are interrelated (Kotler
& Armstrong, 2023).

In this holistic view, the consumer behavior
function can be expressed as Equation (6):

C=f(n, Ex) (6)

As consumers, individuals are influenced
by internal psychological variables (/n) and
external social factors (Ex). A review of the lit-
erature on consumer behavior concerning
sustainability and the circular economy identi-
fies several pertinent variables that shape this
role. Prominent among these are personal val-
ues and attitudes (Lundblad & Davies, 2015),
subjective beliefs, ethical concerns, and the
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impact of social norms and influences (Sari-
cam & Okur, 2018). Additional factors include
knowledge, information accessibility, and avail-
ability of sustainable products (Okur & Saricam,
2018). Demographic elements such as age
and generational differences (Musova et al.,
2021), cultural diversity (Khan et al., 2024),
and economic considerations like pricing and
transparency (Ronda, 2024) are also crucial
to understanding consumer behavior within
this context.

1.3 Four significant variables

in sustainable consumption behaviour

of young adults
This paper examines four main variables
of significant influence on young adults’ con-
sumer behaviour concerning sustainability and
circularity: digital technology, socio-cultural
and market trends, ethical considerations, and
price consciousness. These variables were
selected based on their theoretical relevance,
topicality within the study’s context, capacity
to consolidate the explanatory power of related
factors, and alignment with established con-
sumer behaviour theories and models, such
as Ajzen’s (1991) theory of planned behaviour.
Together, they encompass both internal and ex-
ternal influences, providing a comprehensive,
multidimensional approach.

Digital technology (internet, e-commerce,
s-commerce)
Technology functions as a key driver and
enabler of sustainable and circular practices
among both producers and consumers. Fo-
cusing on the demand side, the Internet plays
a crucial role as a vast source of information
and knowledge, particularly regarding sustain-
able products, transparency, and related move-
ments (Charnley et al., 2022). Additionally,
it supports platforms for the resale and redis-
tribution of goods and services, aligning with
the principles of the collaborative economy.
Globally, young people spend an average
of more than six hours daily online, whether
through mobile devices or other technologies
(DataReportal, 2024; Tab. A1). From a con-
sumer behavior perspective, individuals actively
engage with information, seek out compara-
tive product details, receive recommenda-
tions, complete transactions, and participate
in post-purchase activities. E-commerce, social

commerce (i.e., buying and selling via social
networks), and peer-to-peer collaborative plat-
forms (e.g., Depop, Vinted, Vestiaire Collective,
Grailed) have significantly facilitated the ex-
change of used, repaired, or refurbished goods.
These platforms reduce geographical and
economic barriers, thereby enhancing acces-
sibility and convenience (Ek Styvén & Mariani,
2022). Furthermore, these digital innovations
are instrumental in fostering a mindset oriented
toward reuse, repair, and recycling; central
pillars of the circular economy (Hansmann
& Binder, 2023).

The secondhand market for clothing and ac-
cessories has experienced exponential growth
in recent years, with projections suggesting it
will reach USD 350 billion globally by 2028
(Statista, 2023; Tab. A1). In the United States,
for example, two out of three consumers who
purchased secondhand clothing and accesso-
ries in 2023 made at least one online purchase,
a trend more pronounced among younger adults
(Gen Z and Millennials). For these demograph-
ics, 65% favor digital platforms over physical
stores, which continue to grow at an annual rate
of 17% (ThredUp, 2024; Tab. A1).

Socio-cultural and market trends

Individuals are not isolated entities; rather, both
individuals and organizations are influenced
by their micro-environment and the broader
macro-environment (Kotler & Armstrong, 2023).
Individuals are shaped by prevailing cultural
and social norms and are influenced by pri-
mary and secondary groups, whether these are
belonging, reference, or aspirational groups.
Added to these are the messages from endors-
ers and influencers (Schafer, 2021).

In recent years, sustainability-related trends
have become deeply embedded, affecting cul-
tural values that emphasize intergenerational re-
sponsibility, the notion that resources should be
preserved for future generations (Peattie & Col-
lins, 2009). These trends not only influence but
also apply considerable pressure on consum-
ers and businesses alike. From a sociological
perspective, the rising significance of sustain-
ability can be explained by normative confor-
mity theory (Cialdini & Goldstein, 2004), which
posits that individuals tend to act in accordance
with social norms to gain social acceptance and
recognition. Likewise, the theory of planned
behavior highlights the role of subjective norms
in shaping individual actions, understood
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as the perceived social pressure to perform
or avoid a behavior (Ajzen, 1991). Within this
context, sustainability serves as a form of social
identity, enabling consumers to define and proj-
ect themselves as responsible, environmentally
conscious individuals.

In the fashion industry, the impact of the sus-
tainability and circularity trend is especially
pronounced. Fashion is deeply integrated into in-
dividuals’ lives, with clothing serving as a medium
of personal identity, self-expression, and social
representation (Davis, 1994). Furthermore, it is
heavily influenced by media and fulfills a funda-
mental individual need. Trends in this sector have
the potential to significantly shape consumption
patterns, particularly among Millennials and Gen-
eration Z. These cohorts, which engage in high
volumes of fashion purchases, are also anthro-
pologically more aligned with sustainable values.
Both generations express a strong willingness
to invest more in sustainable and circular prac-
tices; indeed, four out of five young consumers
report interest in sustainable products and sec-
ondhand goods (PwC, 2024; Tab. A1).

Ethics

According to Encyclopaedia Britannica, ethics
is defined as the “discipline concerned with
what is morally good and bad and morally right
and wrong” (Encyclopaedia Britannica, 2024;
Tab. A1). Complementarily, the Real Academia
Espafiola de la Lengua (RAE) defines ethics
as the “set of moral rules that govern a person’s
conduct in any sphere of life” (Real Academia
Espafiola, n.d.; Tab. A1).

It is essential to distinguish ethics from so-
cial and cultural norms, which often drive trends
such as sustainability. Although interrelated,
ethics is primarily internal and endogenous
to the individual, whereas social norms are ex-
ternal and shaped by cultural context. According
to Schwartz (2012), ethics influences behavior
by establishing a normative framework that
guides individual decisions and actions.

Such decisions impact the environment and
generate externalities, both positive and nega-
tive (Smith, 1997). While individuals may be vari-
ably aware of these externalities, the concept
of “warm glow” from altruism theory describes
the positive feelings or emotional satisfaction
that individuals experience when engaging
in acts of kindness, altruism, or ethical behavior
(Andreoni, 1990). This sense of satisfaction can
be a powerful motivator for ethical actions.

Today, commitment to sustainability, au-
thenticity, transparency, and social justice has
become integral to the context of supply chains,
particularly among younger generations who
are drawn to movements like ethical and green
fashion (Gazzolla et al., 2020). Generations X
and Millennials, in particular, seek brands that
not only offer aesthetically pleasing products but
also embody genuine commitments to sustain-
able, ethical, and circular practices (Thredup,
2024; Tab. A1).

Ethics thus emerges as a crucial variable
in analyzing consumer motivations, percep-
tions, and attitudes (internal variables) toward
consumption in the fashion industry. lllustra-
tively, a search on Google Scholar reveals
24 documents linking “consumer ethics” and
“fashion” in 2000, increasing to 792 by 2023.

Price-consciousness

Price is a widely discussed factor in the litera-
ture on consumer behavior and sustainability.
Individuals often face budgetary constraints
that influence their decisions as they seek
to maximize utility. Sustainable products, often
perceived as costly, may therefore experience
limited demand (De Aguiar et al., 2021).

However, consumers value not only price
but also product attributes. From a socio-
economic perspective, the dual utility paradigm
formulated by Etzioni (2010) posits that con-
sumer satisfaction derives from both pleasure
and moral commitments. This framework helps
explain the growth of the secondhand market
within the fashion sector, where consumers
maximize utility by purchasing items at lower
prices that they perceive as sustainable choic-
es, contributing to social and environmental
well-being (EI Observatorio Cetelem, 2024;
Tab. A1). Additionally, a significant proportion
of young adults report a willingness to pay
more for fashion products deemed sustainable
(Musova et al., 2021).

Within the price-sustainability choice
dynamic, research suggests that consumers
who spend more time comparing products
and prices tend to exhibit greater concern for
the sustainability and ethical impact of their
choices. A correlation thus emerges between
prudent financial resource allocation and
green consumption values (Haws et al., 2014).
This relationship may be attributed to these
consumers’ exposure to information regard-
ing sustainable production practices, material
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sourcing, and the environmental impact of their
purchases.

These consumers carefully assess not
only the price but also the product’s overall
perceived value, which includes its social
and environmental implications (Sheth et al.,
2011). Furthermore, studies indicate that this
price-conscious and ethically oriented consum-
er segment actively shapes the market, driving
companies to adopt sustainable practices and
enhance transparency in their supply chains
(White et al., 2019). By exerting their influence,
these consumers stimulate demand for ethical
products and incentivize companies to provide
sustainable options at competitive prices.

2 Research methodology

This paper’s empirical analysis is based
on a cross-sectional analysis using multiple lin-
ear regression to investigate young consumers’
perceptions of the circular economy in the fash-
ion industry, with data from 107 responses
on a 5-point Likert scale survey (Sedgwick,
2014). The model captures relationships be-
tween circular economy valuation and core sus-
tainable consumption factors, including price
sensitivity, ethical concerns, and the influence
of digital commerce. Assumptions about linear
relationships between variables and the con-
tinuous approximation of the Likert scale allow
us to interpret shifts in attitudes towards the cir-
cular economy (Harrell, 2015; Norman, 2010).

The questionnaire’s validity was rigorously
established through a panel of eight experts,
comprising four professionals from the fash-
ion sector and four with expertise in research
methodology. Each expert reviewed all items
for clarity, relevance, and suitability. Based
on their feedback, ambiguous statements were
removed, and some items were revised to en-
hance accuracy and alignment with the study
objectives. The finalized questionnaire included
five key items assessing opinions on price
importance, sustainable consumption trends,
e-commerce influence, and ethical dimen-
sions, with respondents indicating agreement
on a 5-point scale from total agreement to total
disagreement. Sociodemographic data were
also incorporated for context.

Multiple linear regression in this context has
two main advantages. First, it identifies the sig-
nificant impact of each variable, such as price
consciousness or ethical interest, tested through
the p-values of each -coefficient. Second,

it enables a nuanced analysis of combined vari-
ables, allowing for the examination of individual
impacts within a controlled model. This is par-
ticularly valuable for studies of perception and
behavior, as it provides insights into how factors
like pricing, ethics, and digital access collec-
tively influence attitudes towards sustainability,
supporting a clearer understanding of circular-
ity promotion within the fashion industry.

The first refined version of the question-
naire was subjected to a pilot test, where
the questionnaire was administered to a group
of 10 people between 15 and 65 years old,
as representatives of the target public, and
the Cronbach’s alpha (coefficient that measures
the internal consistency of the items on the Lik-
ert scale) was calculated among the responses
obtained, reaching a value of 0.752 for 5 items
(including the independent variable) and 0.714
for the 4 items of the explanatory variables,
for this pilot test. In general, for a preliminary
analysis of the reliability of the questionnaire
with the Cronbach’s alpha coefficient, it is con-
sidered that a Cronbach’s alpha value greater
than 0.7 usually indicates good internal con-
sistency (George & Mallery, 2019). For the sta-
tistical and econometric calculations, the IBM
SPSS-26 statistical package was used.

According to the theoretical background,
the proposed model to examine whether at-
titudes towards sustainable consumption,
interest in ethical fashion, and perceptions
of e-commerce have a significant effect on
the valuation of the circular economy in fashion,
as shown in Equation (7):

Y=Bo+ 81X1+ 62X2+ B3X3+ B4X4+€ (7)

where: Y — importance of circular economy
(“I think that circular economy is very impor-
tant for fashion industry”); X, — relative price
(“I check the price of the competitors before
buying a product”); X, — future trends on sus-
tainable consumption (“The trend of the sustain-
able fashion consumption increase in the future
for the youngers”); X, — e-commerce and
s-commerce influence (“The e-commerce
and s-commerce will make fashion industry
more sustainable”); X, — ethical consumption
(“I express my interest in ethical fashion”);
B, — model intercept, representing the score
when all independent variables are zero;
B., B, Bs B, — regression coefficients for each
independent variable, interpreting the expected
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change in Y for a unitary change in each X;
keeping the other variables constant; € — error
term, which captures the variability in Y not ex-
plained by the X, variables.

The variables used in this model have
conceptual linkages that may lead to multicol-
linearity, which could, in turn, impact the ac-
curacy of coefficient estimates and hinder
precise interpretation of the model. Therefore,

multicollinearity was thoroughly evaluated
to mitigate any potential influence on result in-
terpretation. Two primary indicators were used
for this assessment: the variance inflation factor
(VIF) and the variance proportions derived from
the collinearity diagnostics. The VIF quantifies
the degree to which the variance of a regression
coefficient is “inflated” due to collinearity with
other independent variables. Conventionally,

Coefficients for multicollinearity analysis

Variable Unstapqardlzed Standard error VIF
coefficient (B)
X, — | check the price of the competitors before 0.289 0074 1119
buying a product
X, — The trend of the sustainable fashion
consumption increase in the future for 0.256 0.097 1.256
the youngers
X, —The e-commerce and s-commerce will make 0.206 0.080 1148
fashion industry more sustainable
X, — | express my interest in ethical fashion 0.174 0.078 1.213
Note: Dependent variable: | think that circular economy is very important for fashion industry.
Source: own

Coefficients for multicollinearity analysis

Condition

Dimension i
index

Eigenvalue

Variance proportion
of independent
variables

Variance proportion
of constant

1 4.832 1.000

0.000 All<0.30

2 0.058 9.092

1%

1%
24%
72%

0.000

3 0.052 9.631

2%
56%
0%
1%

0.00

4 0.036 11.557

23%
50%
16%
26%

10%

5 0.021 15.009

9%
49%
3%
0%

90%

XX XKROX XXX X[ X ) X x

Source: own
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a VIF exceeding 5 indicates moderate multicol-
linearity, while values above 10 suggest signifi-
cant multicollinearity (Montgomery et al., 2021).

The results, presented in Tab. 2, show that
all VIF values range between 1.119 and 1.256,
remaining well below the critical threshold of 5.
This finding indicates minimal multicollinearity,
with no substantial correlations among the vari-
ables that might compromise the stability
of the coefficient estimates.

The condition index and variance propor-
tions provide further insights into the model’s
stability and potential collinearity issues. A con-
dition index above 15 indicates potential collin-
earity, while values above 30 suggest a severe
problem (Belsley et al., 1980).

As Tab. 3 shows, the highest condition index
is 15.009 (moderate multicollinearity in the last
dimension). However, none of the individual
variance proportions exceed the 50% thresh-
old across multiple dimensions, so the in-
dependent variables seem not to be highly
correlated to the extent that it compromises
the model. The distribution of variance across
dimensions confirms that the model structure
is suitable for multiple regression analysis
(Kutner et al., 2005). Since VIF values are low
and the maximum condition index is below 30,
multicollinearity should not significantly impact
the accuracy of coefficients or the model’s sta-
bility. This finding allows a reliable interpretation

of each independent variable’s effects on
the valuation of the circular economy without
inflated standard errors or distorted coefficient
estimates. In view of these results, the VIF and
collinearity component diagnostics indicate
that multicollinearity in the proposed model is
minimal and does not compromise the validity
of the analysis. Therefore, the multiple regres-
sion model can be reliably used to interpret
the relationships between ethical and sus-
tainable behavior variables and the valuation
of the circular economy in fashion, with stable
and credible coefficient estimates.

3 Results and discussion

3.1 Results

The R? score is 0.404, indicating that 40.4%
of the variability in Y is explained by the X inde-
pendent variables. Then, a moderate relation-
ship between the independent and dependent
variables is shown, which is acceptable in so-
cial studies (Cohen, 1988).

Regarding to the analysis of variance shows
that the model is statistically significant, with
F(4,102) = 17.267 and p < 0.001. This indicates
that at least one of the independent variables
has a significant effect on Y. A high F value
and a low p-value indicate that the model,
as a whole, is adequate to explain the variabil-
ity in the dependent variable (Y), which is es-
sential in studies investigating the relationship

Results for the test of research hypotheses

Research hypotheses Regression coefficients Result
. . - . B =0.289
Hypothesis 1 (H7): Concern for competitive prices (X) _
. ” : : ) : B,=0.315 Accepted
is positively associated with the valuation of the circular t=13.890
economy in fashion (Y). p < 0.001
Hypothesis 2 (H2): The perception of a trend toward B =0.256
increased sustainable fashion consumption among B, =0.226 Accented
younger generations (X,) has a positive relationship with t=2.643 P
the importance assigned to the circular economy (). p<0.010
Hypothesis 3 (H3): The belief that e-commerce and B =0.289
social commerce will enhance sustainability in fashion (X) B, =0.211 Accepted
is positively associated with the valuation of the circular t=2.571 P
economy (). p<0.012
Hypothesis 4 (H4): Interest in ethical fashion (X,) B i0'174
) " . - B,=0.188
is positively related to the valuation of the circular t=0237 Accepted
economy (). p <0.027
Source: own
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between multiple predictors and a continuous
response (Kutner et al., 2005).

The regression model coefficients are shown
in Tab. 4 by schematic summary of the results and
its relationship with the hypotheses. The model
results are also shown in Equation (8). Results
for intercept are B, = 0.469 (p = 0.269).

Y'=0315X, +0.226X, + 0.211X, + (g
+0.188X, + ¢

The acceptance of the four research hy-
potheses means that consumers who tend
to check competitive prices assign greater
importance to the circular economy in fashion
(H1), that an expectation of increased sustain-
able consumption correlates with a positive view
of the circular economy (H2), that consumers
perceive digital commerce as a relevant factor
in sustainability and, therefore, in the circular
economy (H3), and that a stronger interest
in ethical fashion aligns with a higher valuation
of the circular economy.

3.2 Discussion

The analysis of the results suggests that
all independent variables positively relate
to the importance young people attach to the
circular economy in fashion. The model high-
lights the role of economic and ethical factors
in the perception of sustainability, which is
consistent with previous studies on sustainable
consumer behavior (Gupta & Ogden, 2009;
Haws et al., 2014).

The findings emphasize that promoting
circularity in fashion among young consumers
requires multifaceted strategies that address
economic accessibility, leverage digital chan-
nels, and foster ethical engagement. By aligning
sustainable practices with these diverse mo-
tivations, brands and policymakers can effec-
tively support the integration of circular economy
models within the fashion industry (De Pascale
etal., 2023).

The analysis of results underscores
that each independent variable (price sen-
sitivity, trends in sustainable consumption,
e-commerce and social commerce, and inter-
est in ethical fashion) has a significant posi-
tive relationship with the importance young
consumers place on the circular economy
in the fashion sector. This finding reinforces
the notion that young consumers adopt a ho-
listic approach to sustainability, balancing

economic, ethical, and technological consid-
erations. This holistic perspective aligns with
findings by White et al. (2019), who proposed
the SHIFT framework to explain how sustain-
ability can become part of consumer routines
when practical, moral, and identity-based ap-
peals are combined.

In particular, the positive association with
price sensitivity indicates that young con-
sumers view responsible consumption and
affordability as integral to supporting circular
economy practices. However, unlike the tradi-
tional model, young consumers’ preferences
demonstrate an awareness of sustainability, in-
dicating an evolution toward “ethical rationality”
(Etzioni, 2010) that combines self-interest with
collective environmental responsibility (Sheth
etal., 2011).

The significance of trends in sustain-
able consumption highlights a forward-looking
orientation among young people, who per-
ceive the growing momentum of sustainability
as a norm rather than an exception. This indi-
cates a generational shift in values, suggesting
that younger consumers may be catalysts for
embedding circular practices in mainstream
markets, driven by a collective vision of sustain-
ability (PwC, 2024; Tab. A1).

The strong relationship between e-com-
merce and the circular economy demonstra-
tes how digital platforms facilitate sustainable
practices, lowering barriers to access through
the resale and redistribution of goods. This
finding is aligned with the current technologi-
cal landscape, where online and peer-to-peer
platforms are central to the adoption of circular
practices (Charnley et al., 2022). The results
imply that digital accessibility reinforces young
consumers’ engagement with circularity, mak-
ing sustainable options more visible, conve-
nient, and socially acceptable.

Finally, the positive relationship with interest
in ethical fashion underscores a value-driven
componentin young consumers’ attitudes, where
ethical concerns and environmental conscious-
ness are key factors influencing their support for
circular models. This suggests a departure from
purely hedonic consumption patterns toward
a value-laden form of consumerism, where
sustainable and ethical attributes are seen
as essential product characteristics (Lundblad
& Davies, 2016).

Although the sample size is limited, and linked
to a specifc place in the North West of Spain,
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it contains responses of people of different
nationalities, so this work provides valuable in-
sights by exploring the emerging topic of circular
economy practices in the fashion industry, focus-
ing on young consumers (a key demographic for
the adoption of sustainable behaviour). The depth
of the analysis and the robustness of the empirical
model enable the identification of relevant trends
and relationships, which can serve as a founda-
tion for future research with larger samples.
Furthermore, this work contributes essential initial
knowledge in a field where primary data collection
is often challenging, thus strengthening its signifi-
cance within the existing literature.

Additionally, it should be noted that the scal-
ability of circular models in the fashion industry is
highly dependent on the socio-economic context
in which they are implemented. In developed
regions, factors such as advanced infrastruc-
ture, technological capabilities, and supportive
regulatory frameworks facilitate the adoption
of circular practices (Papamichael et al., 2023).
However, in emerging markets, barriers such
as limited financial resources, inadequate tech-
nology, and lower consumer awareness often
hinder scalability (Risteska & Gveroski, 2022).
Policy frameworks should consider these con-
textual differences by providing targeted incen-
tives, such as financial subsidies, tax reductions,
and capacity-building initiatives, to promote both
company and consumer engagement with circu-
larity. Such tailored strategies can significantly
improve the feasibility and expansion of circular
models across diverse regions.

Conclusions

This work directly relates the circular economy
in the fashion sector with consumer behaviour,
placing responsible individual consumption
at the centre of the analysis, in which the com-
parison of prices between different options
is a good indicator of consumers’ concern for
understanding the intrinsic qualities of what
they buy and how ethics in consumption drives
the commitment to circular fashion. In addition,
technological advances and their various ap-
plications in the fashion sector have highlighted
the growing commitment to the circular eco-
nomy. Thus, digital platforms and social com-
merce have shown themselves to be emerging
and increasingly influential factors in promoting
circularity, and secondhand or reconditioned
products are an example of the commitment
to circular behaviours.

Fashion companies seeking to adopt
the circular economy should focus on strategies
that optimise the use of resources and manage
waste throughout the product life cycle. This
includes sustainable design with recyclable
or biodegradable materials, and the imple-
mentation of business models such as resale,
rental and return programmes. Investment
in technology for recycling and traceability
in the supply chain is crucial to meet sustain-
able standards and improve brand reputation.
Eco-certifications reinforce consumer confi-
dence, especially among young people, whose
behaviour in the digital age drives the adoption
of circular practices.

Large companies, with greater invest-
ment capacity, can develop their own in-
frastructures and adopt extended producer
responsibility (EPR) programmes. On the other
hand, SMEs must resort to strategic col-
laborations in circular economy networks
and focus on niche markets with high added
value, such as ethical or personalised fashion,
to differentiate themselves.

Factors such as price awareness, percep-
tion of sustainable trends, ethical consump-
tion practices and technological advances
particularly influence the decisions of younger
consumers who are more likely to support
circular economy initiatives in the fashion
sector. This reinforces the need for business
strategies and policies aligned with sustainable
values. For this reason, among others, com-
panies in the fashion sector seeking to adopt
the circular economy must focus on strategies
that optimise the use of resources and man-
age waste throughout the product life cycle,
for example, through sustainable design with
recyclable or biodegradable materials, and
the implementation of business models such
as resale, rental and return programmes.
On the other hand, investment in technology
for recycling and traceability in the supply chain
could be an interesting avenue to explore,
in order to comply with sustainable standards
and improve brand reputation, as ecological
certifications reinforce consumer confidence,
especially among young people, whose be-
haviour in the digital age is the main driver for
the adoption of circular practices.

In this sense, regulatory measures, such
as mandatory recycled content quotas and ex-
tended producer responsibility (EPR) schemes,
can drive companies to integrate circularity
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into their operations. Financial incentives, in-
cluding tax reductions on sustainable products
and subsidies for innovation in recycling tech-
nology, can alleviate the costs associated with
transitioning to circular practices. Additionally,
public awareness campaigns and consumer
education programs can enhance demand
for circular fashion, particularly among young
consumers. Implementing certification and
eco-labelling standards can also incentivize
businesses to maintain transparency and
sustainability, fostering greater trust and en-
gagement from consumers. These combined
measures strengthen both the supply and
demand sides, accelerating the shift towards
a circular economy in the fashion sector.

Policy makers can therefore use technol-
ogy to promote circularity in fashion, with digital
platforms and social commerce as essential
enablers of circular economy practices, in par-
ticular with secondhand and ethically sourced
products, thus providing a practical way for
young consumers to engage with sustainable
fashion, effectively bridging the gap between
sustainable aspirations and achievable behav-
iours, so that emerging behaviours at the in-
dividual level are extended to broad societal
groups and become mainstream. Through
individual behaviours, a shift towards collec-
tive responsibility can be achieved and circular
patterns are fostered, which can thus become
mainstream in the fashion industry. The sus-
tainability goals outlined by national and su-
pranational bodies are in line with individual
desires, and this commitment is expected to be
reinforced for younger generations in the future.

The role of digital platforms as amplifiers
of sustainable choices in fashion consump-
tion is another area that requires the attention
of public managers, due to its implications for
aligning consumer behaviour with sustainable
development goals.

The results obtained with this work open
the door to further research on informed
responsible consumption choices and under-
lying ethical values, which function as driv-
ers of the circular economy in the context
of the information society.
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Abstract: The circular economy concept is popular because it encourages resource efficiency,
sustainable production, a shift in economic thinking, and the creation of higher-skilled jobs. We are
unavoidably used to the traditional linear economy cradle-to-cradle model of production and
consumption in our contemporary life. This study aims to determine the elements that support
and impede Malaysian manufacturing enterprises’ adoption of the big data analytics and circular
economy business model, given the discrepancy in developing countries in Southeast Asia.
The circular economy business model is used to analyze the impacts of sustainable performance.
Using the lenses of dynamic capability theory (DCT) and covariance-based structural equation
modeling (CB-SEM), this study assesses the responses of 241 respondents from various sectors
of the manufacturing sector having environmental management systems (EMS) within Malaysia.
Therefore, survey-based primary data was gathered to understand the effect of big data analytics
on sustainable performance via moderate mediation of circular economy practices, brand reputation,
and environmental dynamics. Findings of distal mediation revealed that big data analytics have
a significant positive effect on the sustainable performance of manufacturing firms. Furthermore,
it is revealed that environment dynamics at each level of mediation moderate the relationship
significantly; hence, it is important for the firms to understand the dynamics of the environment,
either internal or external, where the firms are operating to effectively implement the big data
analytics (BDA), circular economy practices (CEP) to achieve sustainable performance.

Keywords: Big data analytics, circular economy practices, brand reputation, environmental
dynamics, sustainable performance.
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Introduction

Those seeking sustainable performance need
big data analytics (BDA). As a result, BDA pro-
vides actionable insights that enable firms
to make strategic decisions (Sahoo et al.,

2023). The sustainability outcomes of sustain-
able organizations remain unknown despite
well-documented organizational performance.
By recycling, remanufacturing, and reduc-
ing waste, the circular economy practices
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(CEP) promote sustainability (Le & Vu, 2024).
BDA plays a crucial role in CEP and brand
reputation (BR) by catalyzing them. Since en-
vironmental dynamics are dynamic and volatile,
their impact on sustainability objectives may be
adverse. Big data analytics (BDA) has been
shown to enhance or mitigate environmental
dynamics as they develop (Sahoo et al., 2023).
Also, BDA processes and analyses large data
sets for strategic planning. Sustainability per-
formance varies with BDA but does not follow
a linear or straightforward path. This means
that intermediary variables heavily influence
sustainability discourse. ED (environmental
dynamics) could also have an effect. The cir-
cular economy promotes resource utilization,
reduces waste, and balances the environment
while promoting sustainability (Arsawan et al.,
2024). Companies must put sustainability first.

As a result, CE practices are not linked
to firm performance, according to Bag and
Pretorius (2022). A CE practice did not increase
Chinese industrial firms’ profits, as CE practices
were in their infancy, which led to higher invest-
ment costs affecting operating costs. With these
intangible assets, brand reputation (BR) enhanc-
es consumer perceptions and legitimacy (Mitra
& Datta, 2014). Intangible assets like reputation
reflect stakeholder expectations about a firm’s
capabilities. A company’s reputation can also
indicate how it meets stakeholder expectations
(Pérez-Cornejo et al., 2020). Further, Sangpetch
and Ueasangkomsate (2023) say big data ana-
lytics can benefit from sustainability initiatives.
The BDA moderates CEP, BR, and sustainable
performance. A vast dataset can help businesses
identify inefficiencies, predict future trends, and
identify inefficiencies. Environmental dynamics
(ED) moderate sustainability outcomes. Climate
change, regulatory changes, and market disrup-
tions impact sustainability. Using sustainability
outcomes as a mediator, we developed an inte-
grated BDA model.

Literature examines BDA’'s impact on or-
ganizational outcomes; however, the BDA-SP
relationship provides nuanced insights into in-
direct pathways through which BDA influences
sustainable performance by introducing circular
economy practices and brand reputation. With
context dimensions, organizations can now
adapt to environmental volatility. When environ-
mental dynamics are incorporated into the mod-
el, it becomes much more complicated. Using
BDA to boost firm performance becomes

a strategic priority rather than just a regulatory
requirement in this study. Sustainability practic-
es and brand positioning can complement each
other. BDA can boost brand reputation and
enhance sustainability by optimizing circular
economy practices. By leveraging this insight,
companies can develop data-driven, sustain-
able strategies. BR and CEP play a crucial role
in mediating sustainability in BDA initiatives.
A circular economy improves reputation, com-
petitiveness, and carbon footprint (Halog et al.,
2021). Data-driven approaches are essential
to profitability and sustainability. Understanding
environmental dynamics can improve business
moderation. The study filled several literature
gaps, allowing researchers, companies, and
policymakers to evaluate how BDA interacts
with CEP, BR, and SP as a first step toward
sustainable performance. Research into BDA's
moderating role is discussed. The objective
of this research is to use BDA to outperform
competitors sustainably.

1 Theoretical background

This study draws upon dynamic capability
theory (DCT) as its theoretical foundation, em-
phasizing firms’ ability to adapt and reconfigure
internal resources, processes, and competen-
cies in response to dynamic environments.
DCT posits that firms can achieve sustained
competitive advantage by fostering capabilities
that enable them to sense opportunities, seize
them effectively, and transform operations
to align with environmental changes (Alsawafi
et al., 2021). DCT focuses on how internal
competencies and organizational culture fa-
cilitate the alignment of business models with
sustainable performance goals (Prieto-Sando-
val et al., 2019). As a result, firms are required
to reorganize their operations to reduce waste,
reuse materials, and regenerate resources
(Khan et al., 2020). Additionally, Scarpellini
et al. (2020) emphasize the importance of ad-
dressing internal challenges to implement CE
effectively. By using this theoretical lens, key
relationships in this study can be conceptual-
ized: big data analytics (BDA) as an internal
capability, CE practices as a transformational
process, and brand reputation (BR) as a stra-
tegic outcome. Sustainable performance
(SP) is the result of a combination of these
elements. This study applies DCT to contem-
porary sustainability challenges by integrating
these dynamics.
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1.1 Big data analytics (BDA), circular
economy (CE), brand reputation (BR)
and sustainable performance (SP)

Big data analytics (BDA) has emerged as

a transformative capability, enabling firms

to analyse vast and complex datasets to inform

strategic decision-making. Leveraging digital
technologies for data analysis provides insights
that help organizations identify inefficiencies, op-
timize operations, and minimize environmental
impacts, particularly within circular economies

(Yuan & Pan, 2023). The heterogeneity of tech-

nologies and the difficulty of integrating into circu-

lar business models make it challenging for firms
to adopt the right digital tools (Nobre & Tavares,

2017). BDA plays an important role in increasing

sustainability. For instance, Frisk and Bannister

(2017) argue that BDA improves supply chain

operations by providing actionable insights into

waste reduction, customer behaviour, and re-
source optimization. Furthermore, BDA enables
firms to align business operations with CE goals
by identifying market trends and environmental
risks (Dubey et al., 2019). A practical application
of BDA for CE practices is, however, not widely
accepted, requiring further study. Data analy-
sis allows BDA to build brand reputation (BR)
by creating transparency and showcasing com-
panies’ sustainability commitment in real-time.

Using BDA to communicate CE initiatives effec-

tively increases trust and loyalty among consum-

ers (Ferraris et al., 2020). For firms to achieve
sustainable performance (SP), these capabilities
must be integrated together. Therefore, the hy-
potheses are as follows:

H1: There is a significant relationship be-
tween BDA and sustainable performance.

H2: There is a significant relationship be-
tween BDA and circular economy practices.

H3: There is a significant relationship be-
tween BDA and brand reputation.

H4: There is a significant relationship be-
tween CEP and brand reputation.

Hb5: There is a significant relationship be-
tween CEP and sustainable performance.

1.2 Brand reputation (BR)

Brand reputation (BR) plays a pivotal role
in shaping consumer perceptions, particularly
in sustainable practices. Companies that ac-
tively pursue environmental and social goals
often experience spillover effects that enhance
their brand reputation and increase demand for
their products. By using circular economy (CE)

practices, firms can communicate directly with
customers about sustainability initiatives (Tura
et al., 2019). A powerful tool that can be used
to showcase real-time CE efforts is digital and
social technologies (Belabbes et al., 2020).
Sustainability-oriented initiatives and market
competitiveness are linked by brand reputation.
In turn, a company’s CE practices can increase
its consumer’s goodwill and preference. Thus,
environmental responsibility and financial per-
formance are inextricably linked. Ferraris et al.
(2020) highlight how customers relate a brand’s
ethical and responsible values to its alignment
with CE goals. In this study, BR is conceptu-
alized as an important driver of sustainable
performance (SP) and part of effective CE prac-
tices. A strong reputation not only helps firms
attract environmentally conscious customers
but also improves their market positioning.

H6: There is a significant relationship
between brand reputation and sustainable
performance.

1.3 Environmental dynamics (ED)

Environment dynamics (ED) refers to the forces
outside a firm that influence its strategic deci-
sion-making and ability to adapt. As markets
change and technology advances, firms operat-
ing in dynamic environments must enhance their
competitiveness. These dynamics compel firms
to adopt circular economy (CE) practices to im-
prove resource efficiency, mitigate risks, and
address environmental concerns (Permatasari
et al., 2022). Research highlights that environ-
mental dynamism acts as a critical driver for
promoting CE practices, yet empirical evidence
exploring its direct and moderating roles remains
scarce, especially in emerging economies (Bag
et al.,, 2021; Santa-Maria et al., 2022). Firms
must adopt strategic approaches to manage
the complexities of transitioning toward CE,
including addressing internal barriers and align-
ing operational systems with sustainability goals
(Castro-Lopez et al., 2023). For instance, organi-
zations that understand and respond effectively
to environmental dynamics can better rank sus-
tainability projects and prioritize actions such
as waste reduction and resource reutilization
(Gupta et al., 2019). lllustrative examples further
underscore ED’s relevance. For example, Pirelli,
a global tire manufacturer, utilized big data ana-
lytics to enhance inventory management, reduce
tire landfill disposals, and lower greenhouse
gas emissions. Keeping CE principles in mind.
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The case illustrates how market pressure for
sustainable products can drive innovation and
achieve sustainability objectives (Koseleva
& Ropaite, 2017; Song et al., 2017). As a mod-
erating variable, ED factors into the relationships
between big data analytics (BDA), CE practices,
brand reputation, and sustainable performance.
ED is accounted for in this research to provide
a nuanced understanding of how firms can
optimize their sustainability strategies. Fig. 1
shows the conceptual model illustrating the re-
lationships and hypotheses tested in this study.
Therefore, the hypotheses are as follows:

H7: The effect of big data analytics on sus-
tainable performance significantly moderate
by environmental dynamics.

H8: The effect of big data analytics on cir-
cular economy practices significantly moderate
by environmental dynamics.

H9: The effect of big data analytics on brand
reputation significantly moderate by environ-
mental dynamics.

H10: The effect of circular economy prac-
tices on brand reputation was significantly
moderate by environmental dynamics.

H11: The effect of circular economy
practices on sustainable performance was
significantly moderate by environmental
dynamics.

H12: The effect of brand reputation on sus-
tainable performance was significantly moder-
ate by environmental dynamics.

Conceptual framework

2 Research methodology

We used explanatory and descriptive research
design, requiring minimum researcher interfer-
ence to avoid biases. The study is cross-sec-
tional, but the data collection was completed
at intervals of two months for the same survey.
Participants were asked to respond for sustain-
able performance to avoid the common method
biases. We target firms that have environmental
management systems (EMS). The participants
are supply chain managers, employees who
are part of production lines, and employees
who play critical roles and have authority

Source: own

to instrument the circular economy’s implemen-
tation decisions. Based on knowledge and inter-
est in sustainable performance, manufacturing
firms have chosen to have EMS since these
firms have an understanding related to sustain-
able production to attain the EMS certification.
MITI (Malaysian International Trade and Indus-
try) has 975 manufacturing firms with EMS, and
276 firms were selected from 16 manufacturing
sectors as targeted participants (Ting et al.,
2024). We used a cluster random sampling
technique to collect data from participants.
In the first stage, the 16 manufacturing sectors

232 E M 2025, volume 28, issue 3, pp. 229-243, DOI: 10.15240/tul/001/2025-3-014



were considered clusters, and 18 question-
naires were distributed randomly in each
sector. According to Hair et al. (2014), for multi-
variate data analysis, select sample size based
on a rule of thumb number of items x 5; here,
this study has 46 items x 5 = 236. However,
we increased the sample size by 20% to handle
outliers and missing responses, which total 46.
Hence, the study distributed 276 questionnaires
and received 241 valid responses after miss-
ing values and outliers. Data was collected via
a questionnaire; we used a five-point Likert scale
to measure participants’ responses. 9-items
were adapted loaded on single factor to mea-
sure the BDA as variable (Bag et al., 2021).
The circular economy practices were measured
with four items adapted from (Kucharska, 2020).
At the same time, the environmental dynamics
variable was measured with five items loaded
on a single construct adopted (Kumar & Bha-
tia, 2021). The brand reputation scale with four
items was also adopted from (Kucharska, 2020).
Lastly, sustainable performance was measured
with 4 dimensions, i.e., environmental perfor-
mance (7 loaded items), economic performance
(7 loaded items), social performance (5 loaded
items), all adapted from Shoaib et al. (2022), but
human development (5 loaded items) adapted
from Mueller and Parcel (1981).

2.1 Analytical approach

This study used the CB-SEM technique via
the AMOS 26 process to measure the model
developed based on a theory (Hair et al., 2019).
Further, this study used the MLE method in data
analysis to robust the parameter estimates
more than other required estimations, like gen-
eralized least squares, because the observed
constructs did not attain the multivariate nor-
mality distribution. Moreover, this study follows
four steps of analysis: PCFA was conducted
to confirm the validity of the survey and reli-
ability of data, and path analysis was performed
to assess the effect of exogenous constructs
on endogenous constructs. In the third step,
we performed mediation by applying bootstrap-
ping techniques. Lastly, we apply moderate
mediation with a subgroup approach and boot-
strapping technique by applying 5,000 boot-
strapped samples as suggested by Hayes
(2009). To evaluate the association among
the constructs via the application of Pearson
correlation (r) with a coefficient of multivariate
data determination (R?), the effect size was as-
sessed via premeditated with Hedges’ g (Ellis,
2010). Fig. 2 presents the measurement model
used in this study, illustrating the relationships
between observed variables and their corre-
sponding latent constructs.

Measurement model

Source: own
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3 Data analysis

3.1 Confirmatory factor analysis

The study confirmed the face and content valid-
ity with experts and deleted one item from big
data analytics before the process for the PCFA.
Hence, 5 constructs with 45 loaded items were
used to evaluate the measurement model, so it
found a significant fit by achieving the thresh-
old value required for multivariate data
analysis when using CB-SEM. Once the study
performed the measurement model, the results

Convergent validity — Part 1

generated the Bollen-Stine value of x? 356.451
with 241 degrees of freedom, which assessed
a relative value of chi-square 1.479, with
RMSEA value of 0.051, CFl 0.979, TLI 0.977
and NFI 0.973, which are acceptable and
achieved the threshold value. The construct va-
lidity was assessed via factor loading achieved
above 0.70 with significance below p < 0.001.
The results revealed that the items achieved
convergent validity and confirmed the latent
constructs (Hair et al., 2019), see Tab. 1.

Construct Statement FL | AVE | CR a
Our company used BDA to improve decision-making power. 0.88
Our company integrate information from various sources via 0.86
application of BDA. '
Our company used a visualisation technique to make complex 0.84
information understandable for decision-making. '
Our company used BDA to do root cause analysis to work for 0.86
continuous improvement. '
Big data Our firm improves machine life cycle, reduces waste and follows 088 | 0742 | 0.963 | 0.821
analytics an efficient process via application BDA. ' ' ' '
By applying BDA, the company can optimise its resources and make 0.81
processes more efficient. '
BDA helps us to identify the more options for recycling of wastage. 0.92
After application BDA, our company have better demand curves, 0.86
efficient use of resources and effective use of energy. '
Our company employed experts to handle BDA, and everyone follows 0.84
the given timelines to complete the task. '
Our company work closely with supplier/clients to develop 0.84
environment friendly products/services. '
Circular Our company confirm the recycling process of products at initial stage 0.86
economy | Of product development. "~ | 0744 | 0921 | 0.887
practices Our company used recyclable material for production. 0.88
Our company follow design policies and process for disposal 0.87
of machinery and equipment. '
Customers have overall better perception for total experience of our 0.89
product. '
Brand Customers prefer our products in comparison to others. 0.91 0779 | 0.934 | 0.899
reputation | Our customer believe that we are doing well for product quality. 087 | ’ '
Customers have positive feeling to buy products from our company 0.86
in future. '

234 E M 2025, volume 28, issue 3, pp. 229-243, DOI: 10.15240/tul/001/2025-3-014



Convergent validity — Part 2

Construct Statement FL | AVE | CR a
Our company focused on doing ecological transition in the market. 0.82
Our company focus on producing new products by focus 0.86
on environment. '
Environmental | Our company focus on continuous ecological transition in the market. | 0.85 0.716 | 0926 | 0.921
dynamism Our company focus on significantly improvement in ecological 0.84
transitions in government regulations. '
Our company prefer to being innovative product in the industry those 0.86
environment friendly. '
Lower discharge of noxious chemicals into the air and water. 0.81
_ | Increase in the usage of renewable energy and sustainable fuels. 0.87
©
‘g’ Enhancement in the organization’s environmental state. 0.92
% Reduction in the frequency of environmental mishaps. 0.89 | 0.743 | 0.958 | 0.881
‘2 | Direct and indirect toxic emissions are reduced. 0.86
w
Increase the rate of purchase of environmentally friendly goods. 0.84
Increase the volume of recycled materials and reduce waste. 0.82
The organization’s profit growth is generally due to reduced energy 0.88
consumption and materials. '
Rise in the enterprise’s market share and improve the organization’s 0.86
reputation. '
@ Reduction in the cost of energy usage. 0.84
- S Reduction in the processing fees and waste disposal. 0.82 0.726 | 0.949 | 0.843
s u3_| Average growth in market share over the past two years has 0.81
= increased. '
(=}
5 Average profit and profit growth over the past two years has 0.88
;‘ increased. '
E Average growth in market share over the past two years has 0.87
£ increased. '
] Increase attention to the rules for the health and safety of employees 0.82
when using hazardous materials and radiation. '
Improving community health, safety, and infection control. 0.88
© f . . ) .
3 Reducing the impact of the organization’s waste on the community. 0.86 0.710 | 0924 | 0.891
“ Improving the quality of service provided and commitment to the code 0.8
of ethics. '
We are developing economic activities in the community and providing 0.81
more job opportunities. '
+ | Human capital has a greater sense of belongingness
S o . 0.89
£ |toanorganization and its goals.
o
2 | Employees feel safe at work. 0.87
>
8 | Organizations can practice zero tolerance for workplace harassment. | 0.84 0730 | 0.931 | 0889
o
§ Employee-organizational relationships get better. 0.81
T | Employees’ expectations towards success are well met. 0.86
Source: own
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All the constructs achieved an AVE value
greater than 0.50 to ensure convergent validity.
Composite reliability was also achieved over
the threshold value of 0.70; results signify that
each construct attained internal consistency
(Hair et al., 2019). Further, we ensure the dis-
criminant validity (as shown in Tab. 2) by exam-
ining the square root of each construct's AVE
and comparing it with the estimated correlation
between the constructs. It is revealed that bold
diagonal values of the square root AVEs are

Discriminant table

above the conforming correlation coefficients,
which indicates that each construct is discrete
from the other. Tab. 3 shows that the specific
measurement model accurately fits the sample
data and supports the successive structural
equation model for path analysis (Hair et al.,
2019). Fig. 3 shows the final measurement
model results obtained using AMOS, illustrat-
ing the standardized path coefficients and
the relationships among the latent constructs
in the study.

Construct Mean SD VIF BDA CEP BD ED SP
Big data analytics 4.01 0.61 1.189 | 0.86
Circular economic practices 3.99 0.91 1.231 0.12 0.86
Brand reputation 4.21 0.89 | 1.119 | 0.23 0.45 0.88
Economic dynamics 4.14 0.88 | 1.146 | 0.34 0.32 0.59 0.84
Sustainable performance 3.98 0.81 1.106 | 0.44 0.29 0.41 0.38 0.85

Note: Bold and italic refer to the square root of AVE values, which explained that the below values are not greater than
the calculated value of AVE’s square, indicating that there is no issue of multicollinearity with this study, and it achieved

the discriminant validity.

Source: own

Structural model

Source: own
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3.2 Structural model and mediation analysis
At first, the reliability of data and validity
of the survey were confirmed, further ensuring
the structural path between constructs. Hence
the results revealed that structural model
achieved the model fitness, because the value
of Bollen-Stine x? 356.451 with degree of free-
dom value 241, also study achieved the thresh-
old level of CFI value 0.979, TLI 0.977,
NFI value of 0.973 along with 0.051 value
of RMSEA, all the values are above the sug-
gested values of multivariate data analysis
of measurement model (Hair et al., 2022). Fur-
thermore, the study also assessed the standard
estimation of causal path, the model achieved
the 0.54 value of R? which refers to the total

Sequential mediational analysis

change caused by exogenous constructs
in the endogenous construct of sustainable per-
formance. Mediational analysis was conducted
with 5,000 bootstrapped sample with 95% con-
fidence interval, the study found a significant di-
rect effect of BDA on sustainable performance.
Also, the indirect effect of BDA via CEP and BR
was found significant (B = 0.488; p < 0.001).
Whereas the overall effect of direct effect + in-
direct effect show a significant effect (B = 0.568,
p < 0.01). Furthermore, with bootstrapped con-
fidence interval, it is revealed that zero did not
prevail between the lower and upper bounds
of each path, hence revealing that partial se-
quential mediation prevails between BDA and
sustainable performance (Hair et al., 2019).

Bootstrapping sample with 95% confidence
Path ?s\t,:rlnl:i(; (En\é::r‘:i) SE z Bias-corrected Percentile J;:;:::ge
Lower Upper Lower Upper
Specific indirect effect
SIE1 0.223 0.269 0.059 3.112 0.037 0.359 0.039 0.297 *
SIE2 0.021 0.027 0.041 4141 0.006 0.269 0.004 0.229 *
SIE3 0.221 0.237 0.057 4.561 0.119 0.467 0.217 0.467 i
Total indirect effect
BDA>CEP>BR>SP | 0488 | 0521 | 0087 | 5554 | 0298 | 0647 | 019 | osar |
Total direct effect
BDA > SP | ot | oter | oost | 387 | ooes | osos | oot | oase | -
Total effect
ggz:ggpesnesm 0.568 ‘ 0.611 ‘0.081 ‘ 7.118 ‘ 0.409 ‘ 0.587 ‘ 0.499 ‘ 0.678 ‘ i

Note: We used a 5,000 bootstrapped sample, n = 241, unstandardized refers to SE, SIE1 = BDA > CEP > SP,
SIE2 = BDA > BR > SP and SIE3 = BDA > CEP - BR > SP; *p < 0.05, **p < 0.01 and ***p < 0.001.

For distal moderate mediation results
assessed, the sub-group SIE1 was found sig-
nificant only at grade 3 (8 = 0.221; p < 0.001),
but SIE2 was not significant at any of the three
determined grades, whereas SIE3 was found
significant at each of the three grades. Further-
more, it is assessed that SIE1 and SIE2 were not
significantly different at grade 3 when compared
all the SIEs. Whereas the sub-group SIE1 was
found significantly different from SIE3 at each

Source: own

stage SIEdiff = -0.268, -0.109 and 0.211 cor-
respondingly; p < 0.05). Also, the sub-group
SIE2 comparing with SIE3 assessed different
from each other when compare at 1st grade
SIEdiff = -0.399; p < 0.001), see Tab. 4.

After completion of sub-group comparison
process at each grade, we further investigate
the relationship between direct and indirect
effect at each of grades. At each level of three
grades, no significant difference emerged
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Moderation mediation analysis (point estimates and SIE comparison with each

grade variable)

B-value of the indirect effect

SIE’s evaluation

Grade | Total indirect | o, SIE2 SIE3  |SIE1-SIE2 | SIE1-SIE3 | SIE2-SIE3
effect
1 0.387"* 0.019 0007 | 0268** | 0011 | -0.268* | -0.399"*
0.411%* 0.101 0061 | 0348 | 0019 | -0.109 | -0.119
0.589"* 0221 | 0066 | 0.112** | 0.198 0.211* | -0.033

Note: We used 5,000 bootstrapped sample, n = 241; SIE1 = BDA > CEP > SP, SIE2 = BDA > BR > SP and
SIE3 = BDA > CEP - BR > SP; *p < 0.05, **p < 0.01 and ***p < 0.001.

Source: own

Comparison at direct and indirect level among the grades for moderated

mediation
Bootstrapping with 95% confidence
Grade Estimate Bias-correct Percentile
Lower Upper p-value Lower Upper p-value

Total indirect effect comparison

G1-G2 -0.012 -0.234 0.289 0.441 -0.311 0.298 0.568

G1-G3 -0.011 -0.447 0.121 0.289 -0.398 0.169 0.299

G3-G2 0.176 -0.231 0.566 0.658 -0.199 0478 0.111
SIE 1 comparison

G1-G2 -0.071 -0.366 0.188 0.447 -0.389 0177 0.447

G1-G3 -0.030 -0.457 -0.054 0.011 -0.544 0.011 0.029

G3-G2 0.231 -0.061 0.587 0.164 -0.101 0.531 0.119
SIE 2 comparison

G1-G2 -0.071 -0.289 0.051 0.267 -0.321 0.049 0.269

G1-G3 -0.088 -0.265 0.049 0.178 -0.287 0.032 0.398

G3-G2 0.007 -0.191 0.289 0.547 -0.188 0.289 0.447
SIE 3 comparison

G1-G2 0.121 -0.101 0.487 0.289 -0.071 0.454 0.166

G1-G3 0.211* 0.011 0.554 0.047 0.003 0.398 0.049

G3-G2 -0.077 -0.431 0.129 0.478 -0.421 0.147 0.389
Direct effect comparison

G1-G2 -0.008 -0.289 0.457 0.687 -0.387 0.489 0.547

G1-G3 -0.006 -0.198 0.447 0.589 -0.299 0.472 0.589

G3-G2 0.003 -0.287 0.589 0.611 -0.347 0.399 0.597

Note: We used 5,000 bootstrapped sample, n = 241; SIE1 = BDA > CEP > SP, SIE2 = BDA > BR > SP and
SIE3 = BDA > CEP - BR > SP; *p < 0.05, **p < 0.01 and ***p < 0.001.

Source: own
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between sub-group for direct and indirect effect.
But in the case of sub-group SIE1 and SIE3,
a difference was observed (SIEdiff = 0.231
and 0.211; p-values < 0.05). Furthermore,
the effect size was assessed at a medium
level for SIE1 (Hedges’ g = 0.193), whereas
the effect size for SIE3 was found to be small
(Hedges’ g = 0.101), see Tab. 5.

Conclusions and discussion

Although the circular economy has garnered
much attention in recent decades, more re-
search is still necessary. A manufacturing com-
pany’s participation in a circular economy is
crucial due to the nature of its operations, which
include the use of energy and raw materials,
the production of goods and services, the cre-
ation of jobs, and the potential to create value
to break free from linear consumption. Adopting
the circular economy business model presents
both technical and non-technical, internal and
external problems for industrial businesses.
Motivators are essential to translate the po-
tential advantages of the circular economy into
corporate strategy and business plans. Malay-
sia is among the countries that have committed
to achieving the sustainable development goals
(SDGs), which include several goals about
the circular economy that must be achieved
by 2030 (Ting et al., 2024). The study’s findings
indicate that sustainability and environmental
concerns somewhat impact most industrial or-
ganizations’ long-term growth strategies. When
assessing the current state of big data analyt-
ics, circular economy practices, and sustain-
able performance issues among environment
management system firms, most respondents
are eager to work toward this as part of their
business plan. Manufacturing firms are ex-
tremely cautious about starting costly and
resource-intensive projects because they are
capital and resource-intensive despite the nu-
merous calls for them to engage in sustainable
activities (Ormazabal et al., 2018). Thus, it is
crucial to conduct studies that can direct their
shift toward sustainability (Katz-Gerro & Lopez
Sintas, 2019).

Under the lens of the theory of TRB, we in-
vestigate the effect of BDA on circular economy
practices. It revealed that manufacturing firms
with higher levels of involvement in BDA prac-
tices have advanced levels of involvement
in CEP. Hence, findings are aligned with pre-
vious studies like Nobre and Tavares (2017),

which have shown how to use IoT and big data
to create circular economies. Data analytics
is used in business choices to find, examine,
handle, and assess data (Dubey et al., 2019).
There is no consensus on how to assist BDAC.
CEC'’s application in supply chains encourages
sustainability. The BDAC is a tool that organiza-
tions can use to assess supply and demand op-
tions. Big data has a major impact on corporate
operations management techniques. BDA can
help supply chains and organizations. Further,
we examine the influence of BDA on brand
reputation, which was also found to be a signifi-
cant effect of BDA and CE on the brand reputa-
tion of the firms. Businesses can benefit from
the development of CE practices by integrating
consumer and environmental considerations
into their fundamental strategy and operations.
This is because these practices assist busi-
nesses in building a strong brand reputation,
which is a crucial component in assessing per-
formance. Accordingly, this research examines
how brand reputation, which influences perfor-
mance, and CE practices, especially the com-
pany’s internal waste treatment, reduction,
and recycling, relate to one another. The study
also seeks to ascertain whether and to what ex-
tent brand reputation mediates the connection
between performance and the 3Rs principles
(Mazzucchelli et al., 2022).

Our findings are aligned with previous
studies that state that CE (i.e., reduce, reuse,
and recycle) practices help manufacturing
firms improve their sustainable performance
(Geissdoerfer et al., 2017). But to achieve more
sustainable performance, companies must
adopt eco-friendly practices that will reduce
their negative climatic impacts and create jobs
that will boost the economy and benefit society.
While recycling and trash management will offer
low-skilled jobs in garbage handling, collecting,
and processing, reuse techniques will create
more jobs requiring higher skills than recycling
(Van Loon & Van Wassenhove, 2018). Hence,
CE will lead to sustainable performance in firms
because it fosters economic efficiency and so-
cial and environmental well-being (Chowdhury
et al., 2022). Furthermore, the study found that
CEP significantly positively influenced brand
reputation and sustainable performance. Large
firms aggressively reduce their carbon footprints
(Dey et al., 2019). The academic literature has
concentrated on understanding why firms
adopt CE. Additionally, they are responsible for
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as much as 70% of the world’s pollution (Bon-
ner, 2019). Business procedures and practices
can drastically cut greenhouse gas emissions
by implementing CE (Bhatia et al., 2020), im-
proving the brand reputation and the firm’s sus-
tainable performance. Lastly, it was revealed
that brand reputation mediates the relationship
between CEP and sustainable performance.

Therefore, environmentally responsible
enterprises may see positive knock-on effects
that increase product demand and improve
brand awareness. By giving customers immedi-
ate access to information about implementing
CE practices in real time, companies can en-
hance their brand reputation while leveraging
digital and social technologies as sustainability
enablers (Belabbes et al., 2020). CE practices
can benefit from brand reputation, which de-
scribes how customers perceive the brand’s as-
sociation with the cause. Positive perceptions
of CE procedures are transferred to the rel-
evant brand through brand reputation (Ferraris
et al.,, 2020). Moreover, this study applied
environmental dynamics to moderate each
mediating path, and the results were significant.
So, it revealed that businesses must be alert
to prospects to advance and implement deliber-
ate intends and choices to increase effective-
ness and grow sustainably (Permatasari et al.,
2022). Companies can moderate marketplace
commotion, competitive intensity, and technical
instability by organizing environmental dyna-
mism using CE approaches (Castro-Lopez
et al., 2023). According to this outlook, ecologi-
cal enthusiasm is a peripheral factor support-
ing the CE but is little understood (Bag et al.,
2021). Additionally, the strategy has to altered
accordingly anticipated to the involvedness
of transmuting planned and operational pro-
cesses to become circular. Businesses may
find it more challenging to adopt the circular
economy if they encounter internal resistance
(Santa-Maria et al., 2022).

Managerial and theoretical significance.
A significant contribution has been made
to managerial practice and theory in the areas
of big data analytics (BDA), circular economy
practices (CEP), brand reputation (BR), and
sustainable performance (SP). Developing sus-
tainable business performance relies heavily
on BDA. This study uses data-driven strategies
to show that BDA significantly influences SP
directly and through the mediating effect
of CEP and BR. Despite BDA's direct impact

on performance, its full potential is unlocked
when combined with environmentally sustain-
able practices and brand-building initiatives.
A business that integrates BDA and the circular
economy framework achieves operational
excellence. In practice, managers should pri-
oritize BDA infrastructure while simultaneously
refining CEP. As a result, they will maintain
a competitive edge in increasingly sustainabil-
ity-focused markets. As CEP has contributed
to mediating BDA's influence on SP, it illustrates
how advanced data analytics can help sustain-
able business models improve their reputation
and stakeholder trust. To achieve sustainable
growth, a comprehensive strategy must include
technological, operational, and reputational
elements. This study examines CEP and BR
as mediators of the BDA-SP relationship from
a theoretical perspective. Previous research
has examined how BDA improves operational
efficiency, but this study demonstrates how
BDA can contribute to sustainable perfor-
mance through the contextualization of circular
economy practices and brand reputation. Fur-
thermore, the study explores the moderating
role of environmental dynamics (ED) in shaping
BDA'’s indirect effect on SP. Based on the find-
ings, BDA has a dynamic effect on SP mediated
by CEP and BR, depending on the environmen-
tal context. In this theoretical advancement,
firms can tailor sustainability initiatives based
on BDA to different environmental conditions,
adding to the current discussion of contingency
theory. A robust theoretical framework linking
BDA, CEP, and BR to sustainable performance
is developed in this study. Additionally, it pro-
vides managers with strategic insights into
data analytics and sustainability. By integrating
these dimensions, firms can gain and maintain
competitive advantage using data-driven in-
novation and sustainability-focused strategies.

Limitations and future research. This
study contributes significantly to theory and
practice, but it has limitations. Being cross-sec-
tional, it limits causal inferences. While the study
demonstrates relationships between big data
analytics (BDA), circular economy practices
(CEP), brand reputation (BR), and sustainable
performance (SP), a longitudinal approach is
needed to understand how these constructs
evolve over time and reflect cause-and-effect
relationships. Future research should employ
longitudinal designs to capture these dynamics,
particularly in response to external changes.
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The moderating role of environmental dynamics
(ED) on BDA and sustainable performance was
not explored. Future studies should examine
dimensions of ED, such as technological tur-
bulence, competitive intensity, and regulatory
pressures, to better understand how external
factors influence data analytics strategies and
sustainability outcomes. This study focused
on CEP and BR as mediators in the BDA-SP
relationship. However, other mediating factors,
like organizational learning and innovation
capacity, should be explored. Additionally, firm-
specific factors (size, industry, market volatility)
may provide further insights into how contextual
factors shape BDA's impact on sustainability.
The findings, based on Malaysian manufactur-
ing firms, are limited in generalizability to other
sectors or regions. Future research could
explore BDA's role in sustainability across dif-
ferent industries and geographical contexts,
identifying patterns and the influence of cultural
or institutional factors. Finally, the practical impli-
cations could be made more actionable. Future
studies should explore the trade-offs between
implementing CEP and the associated benefits,
helping organizations develop targeted strate-
gies. Balancing sustainability goals with financial
performance metrics could provide a practical
framework for decision-making. More rigorous
designs, diverse datasets, and expanded theo-
retical frameworks will advance understanding
of BDA's impact on sustainability.

References

Alsawafi, A., Lemke, F., & Yang, Y. (2021).
The impacts of internal quality management
relations on the triple bottom line: A dynamic
capability perspective. International Journal of
Production Economics, 232, 107927. https://
doi.org/10.1016/j.ijpe.2020.107927

Arsawan, |. W. E., Koval, V., Suhartanto, D.,
Hariyanti, N. K. D., Polishchuk, N., & Bondar, V.
(2024). Circular economy practices in SMEs:
Aligning model of green economic incentives
and environmental commitment. Interna-
tional Journal of Productivity and Performance
Management, 73(3), 775-793. https://doi.
org/10.1108/IJPPM-03-2022-0144

Bag, S., & Pretorius, J. H. C. (2022). Re-
lationships between Industry 4.0, sustainable
manufacturing and circular economy: Proposal
of a research framework. International Journal
of Organizational Analysis, 30(4), 864—898.
https://doi.org/10.1108/IJOA-04-2020-2120

Bag, S., Pretorius, J. H. C., Gupta, S.,
& Dwivedi, Y. K. (2021). Role of institutional
pressures and resources in adopting big data
analytics powered artificial intelligence, sus-
tainable manufacturing practices, and circular
economy capabilities. Technological Forecast-
ing and Social Change, 163, 120420. https://
doi.org/10.1016/j.techfore.2020.120420

Belabbes, I., Oubrich, M., Fiano, F., Orlan-
do, B., & Vrontis, D. (2020). Conceptualization
of customer experience: The case of mobile
telecoms services in Morocco. International
Journal of Managerial and Financial Account-
ing, 12(1), 89-118. https://doi.org/10.1504/
ijmfa.2020.107003

Bhatia, M. S., Jakhar, S. K., Mangla, S. K,
& Gangwani, K. K. (2020). Critical factors to en-
vironment management in a closed loop supply
chain. Journal of Cleaner Production, 255,120239.
https://doi.org/10.1016/j.jclepro.2020.120239

Bonner, J. (2019). SMEs and environmen-
tal/social impacts’. ACCA Global.

Castro-Lopez, A., Iglesias, V., & Santos-
Vijande, M. L. (2023). Organizational capabili-
ties and institutional pressures in the adoption
of circular economy. Journal of Business Re-
search, 161, 113823. https://doi.org/10.1016/
j.jpusres.2023.113823

Chowdhury, S., Dey, P. K., Rodriguez-
Espindola, O., Parkes, G., Tuyet, N. T. A,
Long, D. D., & Ha, T. P. (2022). Impact of organ-
isational factors on the circular economy prac-
tices and sustainable performance of small and
medium-sized enterprises in Vietham. Journal
of Business Research, 147, 362-378. https://
doi.org/10.1016/j.jbusres.2022.03.077

Dey, P. K., Malesios, C., De, D., Chowd-
hury, S., & Abdelaziz, F. B. (2019). Could lean
practices and process innovation enhance
supply chain sustainability of small and medi-
um-sized enterprises? Business Strategy and
the Environment, 28(4), 582-598. https://doi.
org/10.1002/bse.2266

Dubey, R., Gunasekaran, A., & Childe, S. J.
(2019). Big data aenalytics capability in supply
chain agility: The moderating effect of orga-
nizational flexibility. Management Decision,
57(8), 2092-2112. https://doi.org/10.1108/
MD-01-2018-0119

Ellis, P. (2010). The essential guide to effect
sizes: Statistical power, meta-analysis, and the
interpretation of research results. Cambridge
University Press. https://doi.org/10.1017/CBO
9780511761676

2025, volume 28, issue 3, pp. 229-243, DOI: 10.15240/tul/001/2025-3-014 E M 241



Ferraris, A., Giudice, M. D., Grandhi, B.,
& Cillo, V. (2020). Refining the relation between
cause-related marketing and consumers pur-
chase intentions: A cross-country analysis. In-
ternational Marketing Review, 37(4), 651-669.
https://doi.org/10.1108/IMR-11-2018-0322

Frisk, J. E., & Bannister, F. (2017). Improv-
ing the use of analytics and big data by changing
the decision-making culture: A design approach.
Management Decision, 55(10), 2074-2088.
https://doi.org/10.1108/MD-07-2016-0460

Geissdoerfer, M., Savaget, P., Bock-
en, N. M. P., & Hultink, E. J. (2017). The circular
economy — A new sustainability paradigm?
Journal of Cleaner Production, 143, 757-768.
https://doi.org/10.1016/j.jclepro.2016.12.048

Gupta, S., Chen, H., Hazen, B. T, Kaur, S.,
& Santibafiez Gonzalez, E. D. R. (2019). Cir-
cular economy and big data analytics: A stake-
holder perspective. Technological Forecasting
and Social Change, 144, 466—474. https://doi.
org/10.1016/j.techfore.2018.06.030

Hair, J. F., Black, W. C., Babin, B. J., & An-
derson, R. E. (2014). Multivariate data analysis
(7" ed.). Pearson Education.

Hair Jr., J. F., Black, W. C., Babin, B. J.,
& Anderson, R. E. (2019). Multivariate data
analysis (8" ed.). Cengage Learning.

Halog, A., Balanay, R., Anieke, S., & Yu, T. Y.
(2021). Circular economy across Australia:
Taking stock of progress and lessons. Circular
Economy and Sustainability, 1(1), 283-301.
https://doi.org/10.1007/s43615-021-00020-5

Hayes, A. F. (2009). Beyond Baron and Ken-
ny: Statistical mediation analysis in the New Mil-
lennium. Communication Monographs, 76(4),
408-420. https://doi.org/10.1080/0363775090
3310360

Katz-Gerro, T., & Lopez Sintas, J. (2019).
Mapping circular economy activities in the Euro-
pean Union: Patterns of implementation and their
correlates in small and medium-sized enterprises.
Business Strategy and the Environment, 28(4),
485-496. https://doi.org/10.1002/bse.2259

Khan, O., Daddi, T., & Iraldo, F. (2020).
Microfoundations of dynamic capabilities: In-
sights from circular economy business cases.
Business Strategy and the Environment, 29(3),
1479-1493. https://doi.org/10.1002/bse.2447

Koseleva, N., & Ropaite, G. (2017). Big data
in building energy efficiency: Understanding big
data and main challenges. Procedia Engineer-
ing, 172, 544-549. https://doi.org/10.1016/
j.proeng.2017.02.064

Kucharska, W. (2020). Employee com-
mitment matters for CSR practice, reputation,
and corporate brand performance — European
model. Sustainability, 12(3), 940-956. https://
doi.org/10.3390/su12030940

Kumar, S., & Bhatia, M. S. (2021). Envi-
ronmental dynamism, Industry 4.0 and perfor-
mance: Mediating role of organizational and
technological factors. Industrial Marketing Man-
agement, 95, 54-64. https://doi.org/10.1016/
j.indmarman.2021.03.010

Le, H., & Vu, K.-C. (2024). Big data analyt-
ics and environmental performance: The mod-
erating role of internationalization. Finance
Research Letters, 64, 105484. https://doi.
org/10.1016/j.fr.2024.105484

Mazzucchelli, A., Chierici, R., Del Giu-
dice, M., & Bua, I. (2022). Do circular economy
practices affect corporate performance? Evi-
dence from ltalian large-sized manufacturing
firms. Corporate Social Responsibility and En-
vironmental Management, 29(6), 2016-2029.
https://doi.org/10.1002/csr.2298

Mitra, S., & Datta, P. P. (2014). Adoption of
green supply chain management practices and
their impact on performance: An exploratory
study of Indian manufacturing firms. Interna-
tional Journal of Production Research, 52(7),
2085-2107. https://doi.org/10.1080/00207543.
2013.849014

Mueller, C. W., & Parcel, T. L. (1981). Mea-
sures of socioeconomic status: Alternatives and
recommendations. Child Development, 52(1),
13-30. https://doi.org/10.2307/1129211

Nobre, G. C., & Tavares, E. (2017). Sci-
entific literature analysis on big data and
internet of things applications on circular
economy: A bibliometric study. Scientomet-
rics, 111(1), 463—492. https://doi.org/10.1007/
$11192-017-2281-6

Ormazabal, M., Prieto-Sandoval, V., Puga-
Leal, R., & Jaca, C. (2018). Circular economy in
Spanish SMEs: Challenges and opportunities.
Journal of Cleaner Production, 185, 157-167.
https://doi.org/10.1016/j.jclepro.2018.03.031

Pérez-Cornejo, C., de Quevedo-Puente, E.,
& Delgado-Garcia, J. B. (2020). Reporting as
a booster of the corporate social performance
effect on corporate reputation. Corporate
Social Responsibility and Environmental Man-
agement, 27(3), 1252—-1263. https://doi.org/
10.1002/csr.1881

Permatasari, A., Dhewanto, W., & Del-
lyana, D. (2022). The role of traditional

242 E M 2025, volume 28, issue 3, pp. 229-243, DOI: 10.15240/tul/001/2025-3-014



knowledge-based dynamic capabilities to im-
prove the sustainable performance of weaving
craft in Indonesia. Journal of Enterprising Com-
munities: People and Places in the Global Eco-
nomy, 17(3), 664—683. https://doi.org/10.1108/
JEC-11-2021-0156

Prieto-Sandoval, V., Jaca, C., Santos, J.,
Baumgartner, R. J., & Ormazabal, M. (2019). Key
strategies, resources, and capabilities for imple-
menting circular economy in industrial small and
medium enterprises. Corporate Social Respon-
sibility and Environmental Management, 26(6),
1473—-1484. https://doi.org/10.1002/csr.1761

Sahoo, S., Upadhyay, A., & Kumar, A.
(2023). Circular economy practices and envi-
ronmental performance: Analysing the role of
big data analytics capability and responsible re-
search and innovation. Business Strategy and
the Environment, 32(8), 6029-6046. https://doi.
org/10.1002/bse.3471

Sangpetch, P., & Ueasangkomsate, P. (2023).
The influence of the big data analytics and circu-
lar economy on the sustainable performance of
SMEs. Thammasat Review, 26(1), 114—139.
https://doi.org/10.14456/tureview.2023.5

Santa-Maria, T., Vermeulen, W. J. V.,
& Baumgartner, R. J. (2022). The circular sprint:
Circular business model innovation through
design thinking. Journal of Cleaner Produc-
tion, 362, 132323. https://doi.org/10.1016/
j-jclepro.2022.132323

Scarpellini, S., Marin-Vinuesa, L. M., Aran-
da-Uson, A., & Portillo-Tarragona, P. (2020).
Dynamic capabilities and environmental ac-
counting for the circular economy in business-
es. Sustainability Accounting, Management and
Policy Journal, 11(7), 1129-1158. https://doi.
org/10.1108/SAMPJ-04-2019-0150

Shoaib, M., Nawal, A., Zamecnik, R,
Korsakiené, R., & Rehman, A. U. (2022). Go
green! Measuring the factors that influence sus-
tainable performance. Journal of Cleaner Pro-
duction, 366, 132959. https://doi.org/10.1016/
j-jclepro.2022.132959

Song, M., Du, Q., & Zhu, Q. (2017). A theo-
retical method of environmental performance
evaluation in the context of big data. Produc-
tion Planning & Control, 28(11-12), 976-984.
https://doi.org/10.1080/09537287.2017.13368
01

Ting, L. S., Zailani, S., Sidek, N. Z. M.,
& Shaharudin, M. R. (2024). Motivators and
barriers of circular economy business model
adoption and its impact on sustainable produc-
tion in Malaysia. Environment, Development
and Sustainability, 26(7), 17551-17578. https://
doi.org/10.1007/s10668-023-03350-6

Tura, N., Hanski, J., Ahola, T., Stahle, M.,
Piiparinen, S., & Valkokari, P. (2019). Un-
locking circular business: A framework of
barriers and drivers. Journal of Cleaner Pro-
duction, 212, 90-98. https://doi.org/10.1016/
j-jclepro.2018.11.202

Van Loon, P., & Van Wassenhove, L. N.
(2018). Assessing the economic and en-
vironmental impact of remanufacturing:
A decision support tool for OEM suppliers.
International Journal of Production Research,
56(4), 1662—1674. https://doi.org/10.1080/002
07543.2017.1367107

Yuan, S., & Pan, X. (2023). The effects of
digital technology application and supply chain
management on corporate circular economy:
A dynamic capability view. Journal of Environ-
mental Management, 341, 118082. https://doi.
org/10.1016/j.jenvman.2023.118082

2025, volume 28, issue 3, pp. 229-243, DOI: 10.15240/tul/001/2025-3-014 E M 243



Stakeholder pressure, circular economy,
and SME performance: The role of green
innovation in emerging markets

Thuan Minh Tu', Phuong Ngoc-Duy Nguyen?,
Quan Hong Nguyen®, Ho Hai Phan*, Phuong Kieu Lan Nguyen®

' International University, Vietnam National University Ho Chi Minh City; Ho Chi Minh City Cadre Academy, Vietnam,
ORCID: 0000-0003-3118-1492, thuantu02@gmail.com;

2 International University, Vietham National University Ho Chi Minh City, Vietnam, ORCID: 0000-0003-2407-6440,
nndphuong@hcmiu.edu.vn (corresponding author);

3 Vietnam National University Ho Chi Minh City, Institute for Circular Economy Development; Vietnam National
University Ho Chi Minh City, Center of Water management and Climate Change, Vietnam, ORCID: 0000-0001-
7685-8191, nh.quan@iced.org.vn;

4 Ho Chi Minh City Cadre Academy, Vietnam, ORCID: 0009-0002-1650-4994, p.hho@hcmca.edu.vn;

5 Nguyen Tat Thanh University, Vietnam, ORCID: 0000-0002-4487-0185, nkiphuong@ntt.edu.vn.

Abstract: Addressing the factors influencing small and medium-sized enterprises (SMEs)
to implement environmentally friendly manufacturing processes and how they affect their
performance is essential for both researchers and practitioners. While the literature has extensively
investigated the economic and environmental aspects of the circular approach, it lacks empirical
evidence regarding the societal considerations of the circular economy (CE). Using 381 valid
responses of SME managers in Vietnam, we employed a quantitative methodology to investigate how
stakeholder pressure (STP) and the moderating effect of green innovation (GE) affect CE practices
(CEP), which accordingly influence corporate social responsibility participation (CSRP) and
sustainable firm performance (SFP). The results revealed a positive correlation between STP, CEP,
CSRP and SFP. The findings further indicate that GE moderates the link between CEP, CSRP
and SFP. This study contributes significantly to CE literature by investigating the impact of CEP
on sustainable performance in developing countries. It also provides a theoretical framework
utilizing RBV theory, stakeholder theory, and network theory to promote CEP. Subsequently, this
study sheds light on the importance of stakeholder pressure and green innovation in promoting
CE practices and achieving greater sustainable performance within SMEs in emerging markets.
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Introduction

Given the worsening environmental degrada-
tion and resource shortages, governments,
customers and communities have increased
their demands for firms to find alternatives
to protect the environment (Dey et al., 2022).
Circular economy (CE) is of great importance for
sustainable business as it embraces restoration
and regeneration (Chowdhury et al., 2022; Dey
et al., 2022; Magnano et al., 2024). To achieve
sustainability outcomes, the adoption of circular
economy practices (CEP) offers an achievable
solution to minimize resource inputs and waste
generation (Baah et al., 2023). CEP includes
product/service life extension, sustainable
packaging and decreased energy usage could
promote a regenerative approach towards sus-
tainable and responsible production (Agyabeng-
Mensah et al., 2024; Jabbour et al., 2020).

The urgency to address the stakeholder de-
mands has made adopting CEP critical in vari-
ous industries (Jabbour et al., 2020). While
some companies in developed countries have
exerted efforts to attain sustainability objectives,
it is difficult for small and medium-sized enter-
prises (SMEs), often resource-constrained,
to prioritize sustainability within budgetary con-
straints (Chowdhury et al., 2022). Additionally,
global businesses are increasingly focusing
on their environmental performance by enhanc-
ing socially responsible behaviors, fostering
innovations, putting more pressure on CE tran-
sition in SMEs (Dey et al., 2022). However,
Ghisellini et al. (2016) stated that while CE of-
fers benefits, the increasing stakeholder pres-
sure (STP) on SMEs to adopt these practices
poses critical threats to their resources, compe-
tencies and their existence. Companies comply
with stakeholder demands for many reasons,
including fulfilling legal obligations and the pur-
suit of legitimacy. Regardless of the style, size,
or objectives of a corporation, stakeholders are
essential foundations of organizational suc-
cess, given the interconnected societies that
currently prevail. Despite calls to go beyond
sustainability (linear economy/eco-efficiency)
and incorporate circular economy principles
(eco-effectiveness), there has not been exten-
sive scrutiny of the role that stakeholders play.
Therefore, this study focuses on the stakehold-
ers’ aspect of CE, highlighting how stakeholder
influences impact the adoption of CE practices
and how such adoptions affect sustainable per-
formance in emerging markets.

However, the implementation of CEP alone
does not suffice for business sustainabil-
ity. Green innovation (De Jesus & Mendonga,
2018), corporate social responsibility (CSR)
(Mazzucchelli et al., 2022; Morea et al., 2021)
and CEP (Le et al., 2023) are introduced as key
elements to tackle sustainable concerns. Jab-
bour et al. (2020) argued that embracing CEP
drives organizations toward both exploitative
and exploratory innovations. Furthermore,
sustainability initiatives, including CEP, criti-
cally depend on innovation, and without inno-
vation, achieving sustainability targets remains
elusive. Morea et al. (2021) discovered that
combining CE with CSR provides a funda-
mental strategy to embrace sustainability ob-
jectives in multinational cosmetic companies.
Notwithstanding its significance, the existing
literature lacks empirical studies assessing
the interplay of CEP, CSR, and GE on sus-
tainable performance. The body of literature
currently examines these aspects individually,
and empirical research on the combined effect
of CEP on driving CSR and sustainable perfor-
mance is notably limited.

Theoretically, the integration of CEP, green
innovation (GE), and corporate social respon-
sibility participation (CSRP) plays a pivotal role
in advancing sustainable development (Mag-
nano et al., 2024). Le (2022) connoted that
CSR and GE have a positive and significant
impact on sustainable firm performance (SFP)
in the manufacturing sector. This study reveals
the positive relationship between green strat-
egy, CSR, and Gl, although it does not explore
CEP and SFP. Rodriguez-Espindola et al.
(2022) asserted that sustainability-oriented in-
novation has a strong relationship with firm per-
formance in Mexican companies. From a social
perspective, Mies and Gold (2021) contended
that CEP, facilitated by innovative mechanisms,
has the potential to yield improved social
outcomes. However, previous studies did
not collectively address the combined effects
of CEP, CSRP, and GE, nor did they consider
sustainable performance outcomes and STP.
Despite the growing research on CE, an em-
pirical examination of the linkage of CEP,
CSRP, and GE in promoting SFP is missing
in the current literature.

As the world population is expected
to reach over 9 billion by 2050, a comprehen-
sive worldwide strategy for CE adoption is
essential to achieve sustainability objectives
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(Murray et al., 2017). Despite the adoption
of the CE Action Plan by Europe and other de-
veloped nations, little is known about CE efforts
in emerging countries (Friant et al., 2021). Addi-
tionally, Corvellec et al. (2022) and Goyal et al.
(2021) emphasized that most of CE literature
has focused on economic and environmental
concerns in industrialized nations and called for
more research on the social implications of CE
from developing economies. Furthermore, it is
evident that major corporations like Philips and
Adidas have demonstrated a forward-thinking
commitment to CEP implementation (Yadav
et al., 2020). However, there remains a notable
scarcity of empirical evidence from emerging
economies, especially from the views of SMEs.

As a result, the current study seeks
to understand how CEP coerced by STP
promotes CSRP and SFP. Furthermore,
the study explores the role of GE in regulat-
ing the impact of CEP on CSRP and CEP
on SFP within the framework of SMEs in de-
veloping nations. The resource-based view
(RBV) theory, stakeholder theory, and network
theory serve as the foundation for the pro-
posed conceptual model. The research utilized
a dataset of 381 responses from Vietnamese
SME managers and owners in Ho Chi Minh City
to evaluate hypotheses. The current study aims
to address the following research questions
(RQ) to achieve the above objectives.

RQ1: How does CEP coerced by STP
promote SFP and CSRP in SMEs in emerging
economies?

RQ2: How does GE moderate the relation-
ship between CEP, CSRP, and SFP in emerging
economies?

Our research provides theoretical and prac-
tical insights by investigating the impact of CEP
coerced by STP towards CSRP and SFP.
The theoretical contribution of this research is
significant, as it enhances sustainable manage-
ment literature by investigating the moderating
role of GE in the relationship between CEP and
CSRP as well as SFP. The findings emphasize
the relevance of RBV theory, stakeholder theo-
ry, and network theory as predictive frameworks
for understanding the CEP-SFP relationship.
Additionally, the findings elucidate that this
relationship is more intricate than previously
understood. Furthermore, it stresses the essen-
tial role of STP in promoting CEP. Empirically,
this study also enriches CE research by utilizing

network theory to propose that SMEs should
comply with STP regarding the adoption of CEP
to access external resources for GE support-
ing business operations. In addition, through
an examination of the moderating effects
of GE, we have gained insight into SMES’ strat-
egies to achieve higher CSRP and SFP within
an emerging economy context. The findings
yield practical implications for scholars and
policymakers in developing nations, empha-
sizing the necessity of integrating CEP into
strategic frameworks. This research offers valu-
able insights for subsequent studies on the role
of CEP in fostering sustainable performance.
The paper is organized in the following manner.
Section 1 outlines the theoretical framework,
whereas section 2 describes the methodology.
The findings are outlined in section 3, followed
by the discussion in section 4. Finally, the last
section concludes the study with limitations and
future outlook of research.

1 Theoretical background
1.1 Underlying theories
This research referenced three underpinning the-
ories, including the RBV theory, stakeholder the-
ory, and network theory. Levy and Powell (2005)
described the RBV theory as a progressive ap-
proach to strategic thinking in terms of attaining
a competitive advantage. According to Barney
(1991), an organization’s resources are es-
sential for sustaining its competitive advantage.
Within the context of this research, we regard
GE as a crucial asset for a firm, essential for pre-
serving its competitive advantage by facilitating
the implementation of CEP and CSRP to meet
the requirements of different stakeholders and
achieve SFP. Additionally, the stakeholder theory
highlights the significance of a business to cre-
ate value for different stakeholders, both internal
and external (Freeman et al., 2020). Individuals
or groups known as stakeholders have the po-
tential to impact the organization’s performance
or influence operational effectiveness in various
ways (Freeman et al., 2020). The current lit-
erature on corporate sustainability has indicated
the significant role of stakeholders in a CE tran-
sition. Therefore, STP drives firms to adopt and
implement environmentally sustainable produc-
tion practices. In this study, CEP, GE, and CSRP
are considered firm attempts to address stake-
holders’ environmental and social concerns.
Companies are integrated into networks
of interactions that facilitate the acquisition
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of knowledge and the sharing of resources
to foster development (Baah et al., 2023). From
traditional network theory, a network is a set
of linked connections wherein a modification
in one relationship influences the others (Gil-
bert & Behnam, 2013). A network is defined
by its flexibility, decentralization and social link-
ages (Baker, 1992). SMEs can use their net-
work connections to obtain resources, acquire
knowledge, and access expert capabilities,
thereby, it could satisfy business and societal
demands (Coyte et al., 2012). By leveraging
network connections, SMEs can cultivate in-
novation to proactively respond to stakeholder
demands (Baah et al., 2023). Thus, we propose
that SMEs are driven by STP to utilize external
resources to sustain their operation by adopt-
ing CEP. Nevertheless, securing these external
supports also relies on fulfilling the social and
environmental expectations of the diverse
stakeholders, ultimately leading to CSRP
and SFP (Harris et al., 2021).

1.2 STPand CEP

The stakeholder theory clarifies the func-
tions of stakeholder groups in advocating for
the adoption and maintenance of sustainable
practices within an industry. Policymakers,
suppliers, consumers, NGOs, media and com-
munities are putting more pressure on SMEs for
the increased adoption of CEP (Jabbour et al.,
2020). Although SMEs recognize the signifi-
cance of CE, the obstacles associated with CEP
discourage their voluntary participation (Rodri-
guez-Espindola et al., 2022). However, lack
of STP may hinder the implementation of CEP.
Furthermore, Agyabeng-Mensah et al. (2024)
have linked stakeholder participation to knowl-
edge exchange and increased consumer
satisfaction. Thus, stakeholders have an even
greater obligation to exert pressure regarding
CE implementation due to substantial organi-
zational slacks in SMEs (Rodriguez-Espindola
et al., 2022). Recent studies suggest that exter-
nal pressures such as government directly and
robustly lead to CEP adoption in SMEs, espe-
cially in an industrial setting (Agyabeng-Mensah
et al., 2022; Govindan & Hasanagic, 2018). Ag-
yabeng-Mensah et al. (2022) emphasized that
SMEs which disregard STP could be unable
to develop innovation capabilities and estab-
lish collaborations due to damaging publicity,
loss of reputation, and potential legal action.
Hence, the benefits of addressing institutional

pressures have prompted widespread incorpo-
ration of green practices, including CEP (Bag
et al., 2022). Accordingly, we hypothesize that:

H1: Stakeholder pressure has a beneficial
impact on circular economy practices.

1.3 CEP, CSRP and SFP

Scholars including Hong et al. (2023) and
Morea et al. (2021) argued that while most
CE literature suggests that CEP is primar-
ily focused on environmental issues, it utilizes
the fundamental principles of CSR to accom-
plish sustainable development goals (SDGs),
as well as societal and environmental progress.
According to Aguinis (2011), CSR involves
implementing organizational actions and poli-
cies tailored to specific situations, considering
stakeholder expectations and the triple bottom
line of economic, social, and environmental
performance. The attempt of SMEs to engage
in CEP through stakeholder networks elicits
a further reaction to stakeholders’ environmen-
tal and social concerns or demands. SMEs that
neglect the social and environmental concerns
of stakeholders are unable to secure CSR,
hence hindering SFP. This study, based on net-
work theory, posits that SMEs pursuing SFP
and CSRP must adapt to and fulfill stakehold-
ers’ social and environmental requirements
to maintain CEP implementation. Baah et al.
(2023) claimed that through the mediating ef-
fect of innovation and collaboration capabili-
ties, CEP positively impacts CSR participation
in SMEs. Walker et al. (2022) also revealed
that CE is a potential approach to achieving
a more sustainable society using survey data
of 155 firms operating in ltaly and the Nether-
lands. Using data from EU enterprises, Dey et al.
(2022) found a correlation between CE and
social performance. Therefore, the adoption
of CEP will result in increased engagement in
CSRP.

SFP stands for the evaluation of envi-
ronmental, social, and financial performance
metrics within an organization (Le et al,
2022). Le et al. (2022) suggested that SFP is
characterized by a collection of performance
metrics that encompass a variety of financial
and non-financial factors. Contemporary
academic literature widely addresses the rel-
evance of CSR in creating value for both a firm
and its stakeholders. According to Hou (2019),
socially responsible enterprises could gain bet-
ter financial outcomes in Taiwan. Furthermore,
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by implementing effective CSR strategies, firms
would exhibit better social and environmental
outcomes. Nureen et al. (2023) claimed that
through the mediation mechanism of GE and
green transformational leadership, firms adopt-
ing CSR would improve their performance.
The firm SFP is therefore driven by CSRP.

The implementation of CE principles exerts
a beneficial influence on a company’s economic,
environmental, and social outcomes (Jabbour
et al., 2020). Companies implementing robust
sustainable initiatives can enhance the environ-
mental sustainability of their products, thereby
differentiating themselves from rival products
in the market (Agyabeng-Mensah et al., 2022).
Additionally, by actively incorporating sustain-
able practices into their operations and supply
chains, these organizations demonstrate a gen-
uine commitment to the well-being of the planet
and its resources. According to Sharma et al.
(2022), the implementation of environmentally
conscious practices in electronic supply chain
networks significantly impacts the sustainable
performance of manufacturing firms over time.
In Vietnam, Chowdhury et al. (2022) revealed
that organizational leadership plays a critical
role in fostering the development of culture

and innovative capacity necessary to embrace
CEP aimed at improving long-term sustainable
performance in SMEs. Drawing from these justi-
fications, we propose the following hypotheses:

H2: Circular economy practices have a ben-
eficial impact on CSR patrticipation.

H3: CSR participation has a beneficial im-
pact on sustainable firm performance.

H4: Circular economy practices have a ben-
eficial impact on sustainable firm performance.

1.4 The moderating effect of green
innovation

GE involves improving software or hardware
for eco-friendly purposes, such as energy con-
servation, pollution prevention, waste recycling,
sustainable product design, and environmental
management (Novitasari & Agustia, 2023).
By incorporating environmental concerns and
stakeholders’ interests into the organization’s
fundamental operations, GE contributes to sus-
tainability (Le & Govindan, 2024). Current stud-
ies elaborate that GE is seen as a catalyst for
environmental performance, thereby increasing
the company’s green competitive edge (Aftab
et al., 2022). As concerns about environmen-
tal protection grow among stakeholders like

Theoretical model

Source: own
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governments, environmental organizations,
consumers, communities, and the media, GE is
gaining attention from policymakers and aca-
demics. This is due to its potential to simulta-
neously reduce pollution and increase profits,
allowing companies to enhance resource pro-
ductivity and offset environmental costs (Baah
et al., 2024).

Despite extensive examination, a universal
consensus on the nature of this relationship
between CSR and innovation remains elusive
(Marin et al., 2017). While some researchers
argue that CSR has a positive impact on inno-
vation (Bahta et al., 2021), others suggest that
the relationship may be negative, contingent
upon the type of innovation involved (Yuan
& Cao, 2022). Tang et al. (2018) identified that
technological innovation enhanced CSR perfor-
mance and subsequently advocated for further
investigation into this relationship. Yu et al.
(2022) contended that command-and-control
and market-based environmental rules mod-
erate CSR fulfillment for GE and manufactur-
ing SMEs. From the RBV theory point of view,
GE is regarded as a strategic asset that is es-
sential for maintaining a competitive advantage
by advancing CSR efforts and implementing
GE to meet the needs of diverse stakeholders
and address their specific concerns. Conse-
quently, GE will assist the business in main-
taining a competitive advantage, thereby
resulting in SFP.

According to the network theory, SMEs need
to adopt new approaches to apply CEP
(Agyabeng-Mensah et al., 2022). To enhance
their ability to innovate, SMEs should actively

Description of sample — Part 1

participate and promote partnerships that facili-
tate the sharing of resources and insights with
stakeholders (Agyabeng-Mensah et al., 2022).
Despite the few studies mentioned above,
a thorough empirical investigation into the mod-
erating role of GE in the relationship between
CEP and SFP and CEP and CSRP has not
been conducted in the context of emerging
markets. To bridge the gap, as graphically pre-
sented in Fig. 1, we hypothesize that:

Hb5a: Green innovation moderates the re-
lationship between circular economy practices
and sustainable firm performance.

Hb5b: Green innovation moderates the re-
lationship between circular economy practices
and CSR patrticipation.

2 Research methodology
21 Sampling procedure and

data collection
The population of this research was SMEs
in Ho Chi Minh City, Vietnam. According to Viet-
namese regulations, SMEs are businesses with
fewer than 200 employees, a turnover of less
than VND 100 billion (for the current and previ-
ous year), and registration with the state social
insurance scheme (VNB, 2018). The economic
significance of Ho Chi Minh City, which is home
to nearly half of Viethamese enterprises, led
to its selection.

SMEs and their contacts were obtained
with the support and acceptance of local unions
of business associations and local authorities.
Criteria for sample selection included com-
pany size and accurate contact information
available. At the end of the sampling process,

Characteristics Respondents (n = 381) %

Gender

Male 207 54.34
Female 174 45.66
Current position

Owners 32 8.39
Top level-managers 23 6.03
Middle-level managers 49 12.86
Departmental heads 131 34.38
Supervisors 146 38.32
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Description of sample — Part 2

Characteristics

Respondents (n = 381)

| %

Sector

Construction 12 3.14
Manufacturing 92 24.14
Food and beverages 105 27.55
Retail 51 13.38
Electronics 26 6.82
Transportation 29 7.61
IT services 13 3.41
Others 53 13.91
Working seniority

6-10 years 133 34.90
11-15 years 145 38.05
16-20 years 72 18.89
More than 20 years 31 8.13

652 samples were collected. Next, we emailed
the online survey link or sent the questionnaires
in person to potential respondents for their vol-
untary participation in addition to a cover letter
detailing the purpose of the study, which was
obtained from local union of business associa-
tions. It is crucial to emphasize that the survey
assured anonymity to respondents and col-
lected data solely serves the objectives of this
research. For the scope of this study, the target
respondents are business owners, business
executives and managers in SMEs.

This study employs quantitative analysis.
We gathered the data between August 2023 and
February 2024. Out of 652 questionnaires, a to-
tal of 418 responses were returned, indicating
a 64.1% response rate. We scrutinized the data
and excluded 37 answer sheets due to missing
inputs, the presence of outliers, or uniform rat-
ings across all items within a single construct.
Thus, we collected 381 valid responses (ac-
counting for a 59.2% response rate) to process
further analysis. The collected data have been
statistically categorized in Tab. 1.

2.2 Survey instrument
A survey was conducted using a self-admin-
istered questionnaire based on Elangovan

Source: own

and Sundaravel (2021). The questionnaire is
translated into Vietnamese and sent to three
researchers and two SME managers to ensure
initial meanings. A pilot test with 25 SMEs’ man-
agers and researchers was conducted to evalu-
ate the questionnaire’s construct validity and
wordings. We contacted local unions of business
associations to seek their permission to access
employees for research purposes. This pilot
study evaluated the questionnaire’s validity from
the respondents’ standpoint, focusing primarily
on clarity, duplication, and the feasibility of re-
spondents’ answers. The outcomes of the pilot
test indicated that it was appropriate to proceed
with formal research. Subsequently, we sent out
652 questionnaires to participants by paper and
e-mail. The questionnaire is divided into two sec-
tions: section 1 collects primary data and sec-
tion 2 gathers respondent information.

Drawing insights from relevant literature,
we adopted a five-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree),
wherein participants are instructed to indicate
their responses by selecting the point that
aligns most closely with their beliefs regarding
the respective items. The final questionnaire for
the current study included 30 items. We adapt-
ed CEP from Chowdhury et al. (2022) and
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Le et al. (2022). This study measured CSRP et al., 2022; Dey et al., 2022; Le, 2022; Padilla-
using 5 items adapted from Nazir et al. (2021)  Lozano & Collazzo, 2021). STP was measured
and Baah et al. (2023). SFP and GE were with 5 items adapted from Baah et al. (2023),
also measured using 7 and 6 items (Chowdhury  as presented in Tab. 2.

Reliability and validity of measurement model — Part 1

Constructs and items Factor loading | Source
Circular economy practices (Cronbach’s alpha: 0.880; CR: 0.908; AVE: 0.624)
CEP1: My firm promotes saving energy consumption 0.834
CEP2: My firm uses recycled materials as inputs in our 0.742
process '
CEP3: My firm ensures reuse, recycling, and remanufacturing 0.789 Chowdhury et al.
initiatives ] (2022)
CEP4: My firm prolongs duration of goods and their usage 0.812 and Le et al.
2022

CEP5: My firm is proactive in creating valuable inputs for ( )

; ; 3 0.808
business partners in the supply chain
CEP6: My firm is proactive in sharing certain resources 0.750

to improve collective efficiency
Corporate social responsibility participation (Cronbach’s alpha: 0.874; CR: 0.909; AVE: 0.665)

CSRP1: My firm develops CSR programs 0.801
CSRP2: My firm participates in CSR activities 0.815
CSRP3: My firm responds to community social concerns 0.811 Nazir et al. (2021)
CSRP4: My firm operates within the norms consistent with and Baah et al.
L . 0.824 (2023)
society’s values and expectations
CSRP5: My firm operates and competes within socially and
. : ; 0.828
ethically accepted standards in society
Green innovation (Cronbach’s alpha: 0.891; CR: 0.912; AVE: 0.635)
GE1: Production process uses energy saving technology 0.880
GEZ2: In production activities, we apply recycling technology
; . ; 0.803
according to international standards
GE3: Any packaging used is environmentally friendly 0.802 Le (2022) and
GE4: In production activities, we apply waste treatment 0.740 Padilla-Lozano
technology according to international standards ' and 2%02”13220
GES5: Product research and development process is ( )
. : 0.799
continuously improved towards green standards
GE®6: In production activities, we give priority to consuming 0.748

renewable energy
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Reliability and validity of measurement model — Part 2

Constructs and items Factor loading | Source
Sustainable firm performance (Cronbach’s alpha: 0.938; CR: 0.950; AVE: 0.729)
SFP1: We have created jobs to support the community and
. L . 0.846
thus contributed to nation’s entrepreneurial growth
SFP2: We have improved work safety in recent years 0.872
SFP3: We have improved compliance with environmental 0.861
standards Chowdhury et al.
SFP4: We improve resource efficiency over time 0.844 (2022)
SFP5: We have commitment from employees and managers 0.852
towards incorporating environmental management '
SFP6: We achieved profitable growth over time 0.857
SFP7: We improve environmental performance over time 0.845
Stakeholder pressure (Cronbach’s alpha: 0.885; CR: 0.912; AVE: 0.634)
STP1: My firm is under pressure from company’s owners/
; . 0.770
shareholders to adopt circular economy practices
STP2: My firm is under pressure from customers to adopt 0.806
circular economy practices '
STP3: My firm is under pressure from community to adopt 0.803
circular economy practices ' Baah et al.
STP4: My firm is under pressure from suppliers to adopt 0.791 (2023)
circular economy practices '
STP5: My firm is under pressure from governments to adopt 0.807
circular economy practices '
STP6: My firm is under pressure from media to adopt circular 0.801
economy practices ’
Source: own

2.3 Data analysis

The analysis incorporates the final data using
the partial least square structural equation model
(PLS-SEM) technique, which is recommended
as the best fit for a complex model type such
as the current one (Hair et al., 2021). The initial
phase of the analysis involved the evaluation
of the scales, constructs, and model. This evalu-
ative process employed statistical techniques
such as Cronbach’s alpha, factor loading indi-
ces, average variance extracted (AVE), compos-
ite reliability (CR), the square root of AVE, and
the Fornell-Larcker criterion (Fornell & Larcker,
1981). After that, the bootstrapping method
was adopted to conduct an in-depth analysis
of the structural constructs and the proposed the-
oretical hypotheses. The study’s framework was
extensively examined and validated using this
sequential strategy.

3 Results

3.1 Common method bias

Regression analysis was conducted to investi-
gate multicollinearity and common method bias
(CMB) by evaluating the variance inflation fac-
tor (VIF). Following the guidelines of Hair et al.
(2021), the model demonstrated no presence
of multicollinearity and CMB problems as VIF
was below 3.0 (ranging from 1.589 to 2.325).
Therefore, the data were free from method-
ological bias or multicollinearity issues.

3.2 Evaluation of measurement model

We tested the measuring model by assessing
reliability, convergent and discriminant val-
ues in Tab. 2. The reliability of the scales was
confirmed, with both Cronbach’s alpha indices
and composite reliability (CR) exceeding 0.7
(Hair et al., 2021). In addition, we employed
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factor loading, average variance extract (AVE),
and squared AVE to assess convergent valid-
ity (Hair et al., 2021). The factor loading and
AVE values were all reported to exceed 0.7
and 0.5, respectively. The results revealed that
convergent validity was satisfied.

Furthermore, we used the square root of AVE
and correlations between latent variables to test
for discriminant validity. According to Fornell and
Larcker (1981), discriminant validity is satisfied
when the square root of AVE surpasses the cor-
relation coefficients below it. As shown in Tab. 3,
the square root of each construct's AVE met
Fornell and Larcker’s requirements. Therefore,
discriminant validity is satisfactory. In addition,
the heterotrait-monotrait ratio of correlations

Fornell-Larcker criterion

(HTMT) values were all below 0.9 in Tab. 4,
a recommended threshold value, thus corrobo-
rating the discriminant validity evidence.

We also examined the relevance of our
proposed model by SRMR, NFI and R?. The re-
sults were acceptable (SRMR = 0.044 < 0.08;
NFl = 0.916 > 0.9). R? values were 0.429,
0.453, and 0.642 for CEP, CSRP, and SFP,
respectively, surpassing the acceptable thresh-
old (>0.1) recommended by Falk and Miller
(1992). Furthermore, Cohen’s f-square ()
is a standard metric for assessing effect size,
quantifying the relative significance or impact
of an independent variable on a dependent
variable. The results showed that CEP has
a large effect size on CSRP with 2 = 0.665 and

CEP CSRP GE SFP STP
CEP 0.790
CSRP 0.654 0.816
GE -0.075 0.030 0.797
SFP 0.704 0.714 -0.074 0.854
STP 0.655 0.404 0.002 0.463 0.796
Source: own
Heterotrait-monotrait (HTMT)
CEP CSRP GE SFP STP
CEP
CSRP 0.725
GE 0.080 0.068
SFP 0.761 0.786 0.085
STP 0.736 0.459 0.070 0.508
Source: own

a medium effect size on SFP with # = 0.236,
while CSRP also has a medium effect size
on SFP with 2=0.253. Finally, STP on CEP has
a large effect size with # = 0.753.

3.3 Result of hypothesis testing

The correlations were determined by analyzing
the path coefficients and p-values. After confirm-
ing the reliability and validity of the measure-
ment model and verifying the overall model fit,

the hypothesized routes and coefficients were
assessed using bootstrapping with a resam-
pling size of 5,000. The structural equation
modeling (SEM) and bootstrapping outcomes
are provided in Fig. 2 and Tab. 5.

The results show a strong positive impact
of STP on CEP (H7: path coefficient = 0.655,
p < 0.001). Similar positive relationships were
found for H2, H3, and H4 between CEP and
CSRP, CSRP and SFP, and CEP and SFP,
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SEM testing diagram

Source: own
Path analysis and hypothesis testing
Hypothesis Relationship co:f::::ilent 3;?,?;?:; t-value | p-value Remarks
H1 STP — CEP 0.655 0.028 23.774 0.000 Supported
H2 CEP — CSRP 0.624 0.039 16.206 0.000 Supported
H3 CSRP — SFP 0.406 0.048 8.420 0.000 Supported
H4 CEP — SFP 0.388 0.048 8.007 0.000 Supported
Hb5a CEP * GE — SFP 0.199 0.056 3.553 0.000 Supported
H5b CEP * GE — CSRP 0.152 0.053 2.879 0.004 Supported
Source: own

respectively (path coefficients: 0.624, 0.406,
0.388; all p < 0.001). These findings align with
Baah et al. (2023). Additionally, the analytical
results pinpoint that GE generally moderate
relationships between GE and CEP on SFP
(H5a: path coefficient = 0.199, p < 0.001) and
CSRP (H5b: path coefficient = 0.152, p < 0.001).

4 Discussion
Using the RBV theory, stakeholder theory, and
network theory, this study examined how SMEs

can accumulate resources to enhance CSRP
and achieve SFP by adopting CEP. Jabbour
et al. (2020) noted that the variability in findings
concerning STP and CEP highlights the impor-
tance of contextual factors, including institutional
voids, in understanding the relationship be-
tween these two concepts. Our findings support
the previous results that STP has a positive and
significant impact on CEP (Agyabeng-Mensah
et al., 2024; Jabbour et al., 2020). Consistent
with the findings of Agyabeng-Mensah et al.
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(2024), we further elucidate that STP from gov-
ernments, suppliers, customers, and society
significantly influences SMEs’ adoption of CEP.
The results also reinforce the findings of Dey
et al. (2022) that SMEs’ motivation to imple-
ment CE is affected by both internal and exter-
nal stakeholders in the EU context. However,
these findings challenge the claim of Govindan
and Hasanagic (2018) that governments are
the primary influencing factors of CEP because
of their authority.

The results of this study suggest that the im-
plementation of CEP significantly enhances
SMEs’ CSRP and contributes to improved SFP.
The study results for the current dataset are
entirely consistent with the recommendations
from prior theoretical and empirical studies,
supporting the assertion that CE practices will
improve the sustainable performance of cor-
porate organizations (Chowdhury et al., 2022).
These findings are consistent with the research
of Hong et al. (2023) and Baah et al. (2023),
who also demonstrated that the implementation
of CEP results in an increase in CSRP. Fur-
thermore, the positive impact of CEP on SFP
corroborates recent studies, such as those
by Chen and Dagestani (2023) and Le et al.
(2022), which indicate that greater emphasis
on CEP correlates with higher levels of sustain-
able performance. However, this study chal-
lenges the perspective of Padilla-Rivera et al.
(2020), who argued that CEP primarily focuses
on environmental concerns while neglecting
social issues.

Furthermore, the moderation results show
that GE, a resource efficiency promoter, plays
a crucial role in fostering the relationship be-
tween CEP and SFP, as well as CSRP in SMEs,
underscoring the novelty of this study. Farza
et al. (2021) highlighted that existing research on
the link between biodegradable innovation and
corporate performance shows mixed results.
This study extends the findings of Bag et al.
(2022) and Le and Govindan (2024), demonstrat-
ing that GE not only positively and significantly
influences SFP, but also generally moderates
the correlation between CEP and SFP in SMEs
in emerging economies. Furthermore, the out-
comes support findings of Yu et al. (2022) on
the interrelation between GE and CSR, stating
that GE moderates the association between
CEP and CSRP. This study demonstrates that
green innovation benefits both the environment
and business by enhancing corporate social

responsibility and sustainable performance.
The potential explanation could be that SMEs,
often resource-constrained, need to utilize
GE in processes, products, energy-saving tech-
nology, and waste management to foster CEP
to meet stakeholders’ demands (CSR participa-
tion) and enhance SFP.

41 Theoretical implication

The present work makes the following contribu-
tions to the theory. First, the study enhances
expanding the existing literature on CEP and
its association with SFP by depicting a further
understanding of how GE could strengthen
SMEs’ sustainable performance. Therefore,
the study addresses the concerns raised by Cil-
lo et al. (2019), who emphasize the importance
of innovation for development; nevertheless,
innovation aimed at sustainability remains
fragmented in existing literature. Additionally,
this study also extends the current literature on
GE and corporate performance by introducing
additional dimensions, offering a more multi-
faceted perspective compared to Tang et al.
(2018). Thus, this study extends RBV theory
and stakeholder theory by validating their ap-
plicability in a setting where CEP, CSRP, and
GE are integrated as strategic resources for
attaining sustainable performance.

Second, drawing insights from the network
theory, SMEs need to cope with stakeholder
pressures to mitigate resource constraints.
This facilitates networking with stakehold-
ers, enhancing GE and access to external
resources. In contrast to the assumption that
SMEs overlook environmental and social is-
sues because of limited resources, our findings,
aligning with Baah et al. (2023), demonstrate
that SMEs could mitigate resource con-
straints and enhance CSRP and SFP through
the deployment of CEP.

As a third contribution, despite criticisms
that CE fails to address social concerns (Cor-
vellec et al., 2022), empirical research address-
ing this gap is limited. This study heightens our
understanding of the linkages between CEP,
CSRP and SFP by depicting the moderating ef-
fects of GE on these relationships in emerging
economies. This indicates that CE enhances
responses to social issues through increased
CSREP, facilitated by GE mechanisms that sup-
port CEP. By embracing CEP, SMEs can cre-
ate eco-friendly products that satisfy customer
demands and address social concerns.
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4.2 Practical implication

This study provides some practical implications
for government policy makers, SMEs’ manag-
ers, and senior leadership to develop an or-
ganizational wide strategy for managing and
adopting CE philosophy. First, SME managers
can leverage STP to obtain essential resources
in emerging markets. By addressing stakeholder
demands, they can strive for improved sustain-
able performance, stakeholder satisfaction, and
increased profitability. Through this approach,
SMEs could appeal to various stakeholders
and establish a positive reputation, ultimately
enhancing their sustainable performance.
Second, the results indicate that the adoption
of CEP is essential in addressing social con-
cerns. Therefore, we recommend that manag-
ers of SMEs should adopt CEP to improve their
CSR in addition to financial and environmental
gains. Third, this study also provides managers
and professionals with insights by elucidating
green innovation in firms’ strategies. This indi-
cates that Viethamese SMEs require enhanced
awareness of green innovation for an effective
long-term strategy. Green innovation needs
to be regarded as a cost-reducing element
that enhances efficiency and competitiveness,
rather than an expensive factor (Le & Govin-
dan, 2024). Fourth, government policymakers
should establish a framework and onboarding
plan to enhance managers’ and decision-mak-
ers’ comprehension of CE concepts, practices,
and strategies, thereby fostering the skills and
competencies necessary for effective CE adop-
tion. Policymakers can facilitate the adoption
of CEP and access to sustainable technologies
for SMEs through the implementation of subsi-
dies and technology-driven sustainability sup-
porting programs. Such policies will enhance
innovation, collaboration, and environmentally
and socially sustainable practices that foster
clean production and CSR performance.

Conclusions

This paper aimed to explore how CEP re-
sponds to social concerns by examining
the connection between STP, CEP, CSRP,
SFP and GE of SMEs in Vietnam, utilizing
RBV theory, stakeholder theory and network
theory. The main finding of this study suggests
that, contrary to the current CE literature, imple-
menting CEP in conjunction with STP would
significantly enhance CSRP and SFP in SMEs.
Although resource scarcity is a significant

issue for SMEs, this study demonstrates that
they can address these concerns and access
external resources by responding to STP. Fur-
thermore, GE is another strategy that could en-
hance SMEs’ sustainability. Integrating GE into
production would assist companies in the ad-
aptation of CEP, thus supporting CSRP and
sustainability. Overall, this study offers insights
into management and theory, highlighting its
importance for business professionals, top
and middle management, and legislators. Fur-
thermore, this study contributes to addressing
present social and environmental challenges
in Vietnam.

Despite the relevance of the research,
certain limitations must be addressed. The re-
search primarily concentrates on developing
nations, potentially limiting the generalizabil-
ity of its conclusions. Additionally, the reliance
on self-reported data may introduce response
bias and social desirability bias, thereby poten-
tially compromising the accuracy of the findings.
Firstly, the specific focus on the Vietnamese en-
vironment limits the generalizability of the study
findings. Future research endeavors should
strive to include more diverse and represen-
tative samples, gathered from various geo-
graphic locations and differing circumstances,
to effectively address the constraints identi-
fied. Secondly, as this research model used
GE as a moderator, future research could
consider incorporating green organizational
factors and Al application into the proposed
model to understand the relationship between
CEP and SFP. This indicates a promising direc-
tion for future research to develop and validate
new variables that effectively capture the dis-
tinctive aspects of the CEP landscape. Thirdly,
a longitudinal approach to data collection could
be considered to better understand the relation-
ships between variables. This strategy would
enable the monitoring of CEP variations over
time and facilitate the analysis of the long-term
implications of SFP, thereby contributing to
a more comprehensive understanding of this
complex field. Furthermore, future research
might delve deeper into the influence of govern-
ment involvement (such as government support
and environmental regulations) on CEP in de-
veloping countries. Although stakeholders’ pres-
sure is often regarded as a significant factor,
it is crucial to recognize how external elements,
particularly governmental actions, can facilitate
the implementation of sustainability initiatives.
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Abstract: This research investigates the implementation of the circular economy in the Galician
canned fish and seafood sector. This sector is crucial, producing 225,000 t annually and representing
75% of Spain'’s total production, significantly contributing to the regional economy and employment.
Moreover, this industry significantly contributes to the regional economy employing around
12,000 people. Using the PESTLE methodology, the study systematically and holistically examines
the most relevant systems and actors in the sector. The analysis is complemented by a SWOT analysis,
enriched through brainstorming sessions with 24 industry experts who evaluated and scored each
factor’s importance from 0 to 1. From the analysis of the external environment of the circular strategy
that the industry is exposed to and does not control, economic uncertainty is identified as the main threat
(0.8) and technological innovation as the main opportunity (0.9). The internal environment analysis,
influenced by the industry’s current situation, identified the main weakness of the circular strategy
as high implementation costs, and the main strength is institutional and regulatory support (0.9).
The results highlight significant institutional and regulatory support, availability of public subsidies,
and strong technological and research capabilities as major strengths. However, the sector faces
challenges such as dependence on public funding, high implementation costs, and a lack of qualified
workforce. Opportunities include growing demand for sustainable products and technological
innovation, while threats encompass economic uncertainty and global competition. The conclusions
emphasize the need for strategic management of these factors to ensure the successful adoption
of circular economy practices. Specifically, enhancing collaboration between the public and private
sectors, increasing investment in innovation and workforce training, and leveraging favorable
legislation are crucial for improving the sector’s sustainability and competitiveness. By strategically
managing these elements, the Galician canned fish and seafood sector can not only enhance its
environmental sustainability but also achieve greater economic resilience and market competitiveness.
This comprehensive approach ensures that the sector can effectively transition to a circular economy,
benefiting both the environment and the industry’s long-term viability.
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Introduction

The implementation of the circular economy
in the Spanish canning industry is of utmost
importance. The circular economy model can
generate new sources of income and improve
resource efficiency in this sector (Fernandez-
Gonzélez et al., 2024a). In the fast-growing
consumer goods industry, including canned
food, around 80% of the material value
of EUR 3.2 million is lost annually due to the
predominant linear economic approach (Teigi-
serova et al., 2020). Adopting circular economy
principles can enable the Spanish canning
industry to recover and reuse valuable re-
sources, reducing waste and environmental
impact (Fig. 1).

Several studies have highlighted the signifi-
cant benefits of applying the circular economy
in the food processing industry. According
to a study by Cortés et al. (2021), the canned
fish industry in Spain is adopting the prin-
ciples of the circular economy by implementing
strategies such as waste reduction, material
reuse and eco-design to promote sustainable
production processes. Furthermore, research
by Laso et al. (2018) highlights the impor-
tance of collaboration between stakeholders
in the canned fish industry to effectively imple-
ment circular economy practices. By fostering

partnerships with suppliers, manufacturers
and consumers, the industry can streamline its
operations, optimize resource utilization and
promote a closed-loop system that minimizes
waste generation. In addition, other research
has shown that circular economy business
models can improve the resilience and compet-
itiveness of food producers in the face of supply
chain disruptions and resource scarcity (Con-
treras et al., 2022; Cooney et al., 2023).

This analysis focuses on the study
of the implementation of the circular economy
in the fish processing industry in Galicia. Galicia
is a Spanish region, located in the northwest
of the Iberian Peninsula, leader in the pro-
cessing and preservation of seafood products
in Spain. This region has the highest figures for
number of companies (55%), production (75%),
turnover (69%), exports (74%) and jobs (56%)
in Spain (EUMOFA, 2024). The fish and sea-
food canning industry in Galicia is fundamental
to the region’s economy, representing about 3%
of the Galician GDP (Fernandez-Gonzalez
et al., 2024a).

Historically, the Galician processing fish
industry is a sector with a long tradition dating
back to the 19" century (Madariaga & Garcia
del Hoyo, 2019). Politically, it is a strategic
sector that receives institutional support for
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its development and modernization from the
central government, but, above all, from the re-
gional government and the association of can-
ning producers in Spain. The implementation
of the circular economy in this industry is cru-
cial, as it promotes sustainability and efficiency
in the use of resources, reducing waste and
improving competitiveness. Compared to other
regions in Spain and Europe, Galicia stands out
for its leadership in the adoption of circular prac-
tices, although it faces similar challenges, such
as the need for innovation and efficient resource
management (Fernandez-Gonzalez et al,
2024b). But what has really boosted the circu-
lar economy in this industry has been the col-
laboration between institutions and companies
in Galicia, promoting significant advances.

The academy has carried out several
studies on the fish processing industry sec-
tor focusing on its history (Carmona, 2022;
Fernandez-Gonzélez et al., 2024a; Villasante
et al., 2021), the socio-economic analysis
of the implementation of the circular economy
(Cortés et al, 2021; Fernandez-Gonzalez
et al., 2024b), or the technical analysis of circu-
lar economy practices implemented in the can-
ning sector applied to species such as anchovy,
tuna or mussels (Entrena-Barbero et al., 2023;
Fraga-Corral et al., 2022; Garcia-del-Hoyo
et al., 2021; Laso et al., 2016, 2018; Vazquez
et al.,, 2024). However, there has not yet
been a multidisciplinary article that holistically
analyses the factors involved in the success
or failure of the production model of a linear
economy to a circular economy in the Galician
fish processing industry. In fact, this is the ob-
jective of the article, which will use PESTLE
and SWOT analyses. The latter technique will
be evaluated and scored by experts to attribute
different degrees of importance to the factors
that make up the SWOT analysis tool.

1 Theoretical background

The fish and seafood canning industry in Gali-
cia has a rich history characterized by resil-
ience and adaptability. It began in the late
19% century, driven by the scarcity of sardines
in France, which led to the importation of can-
ning techniques and the utilization of Galicia’s
excellent raw materials. During World War |,
industry flourished, with Galicia becoming
a significant center for canned fish and sea-
food production. However, economic crises
and export difficulties between 1930 and 1980

led to diversification into new products such
as tropical tuna and the relocation of factories
to other parts of Galicia (Carmona, 2022).

From an economic and strategic perspec-
tive, the industry is governed by the Regional
Government of Galicia and the National As-
sociation of Fish and Seafood Cannery Manu-
facturers. Strategic plans have played a crucial
role in maintaining and improving the sector’s
performance, even during economic crises
(Garcia-del-Hoyo et al., 2021). Studies show
that larger companies in the sector have stron-
ger financial structures and better compliance
with strategic objectives compared to smaller
companies. The sector’s resilience during
economic crises has been largely attributed
to these strategic plans and the consolidation
of large companies, which have seen increases
in turnover, investment in fixed assets, and
employment. For instance, between 2011 and
2018, large companies doubled their turnover,
significantly increased investment in fixed as-
sets, and boosted employment.

In terms of social and cultural impact,
women have played a fundamental role
in the industry, from shellfish gatherers to fac-
tory workers. The introduction of female can
seamers in the early 20" century significantly
changed the industry’s dynamics. Additionally,
the canning industry is deeply rooted in Gali-
cian culture, with a strong emphasis on pre-
serving both tangible and intangible heritage.
The industry has also exhibited diverse in-
novation patterns. A study identified four main
innovation patterns in the Galician industry:
conservative, dominated by large retailers,
territory-oriented, and ecology-oriented. These
patterns reflect the different strategies com-
panies have adopted to remain competitive
and adapt to market changes (Fernandez-
Gonzalez et al., 2024a).

The evolutionary theory of the firm suggests
that companies are not homogeneous units but
differ in terms of their internal organizations,
knowledge bases, and capabilities, which in-
fluence their innovation strategies. In Galicia,
fewer than 70 companies produce around
85% of Spain’s canned fish, and in the case
of canned tuna, 50% of the total European pro-
duction. Despite these figures, the sector has
undergone a profound restructuring process
over the past decades, with a strong concentra-
tion of production and an internal composition
marked by heterogeneity (CYTMA, 2022).
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2 Research methodology

The methodological approach used in this article
is categorized into several study phases (Fig. 2).
The different areas of study — social, technologi-
cal, political, or legal — involved in the treatment
of the recompiled information require the use
of quantitative and qualitative methods. In this
way, a holistic and integrated view of the factors
involved in the implementation of the circular
economy in the fish-canned sector is achieved.
In the first phase of the study, a literature review
was carried out and the following criteria were
considered: blind peer-reviewed empirical ar-
ticles published in scientific journals in the last
decade (January 2014-October 2024), both
in English and Spanish. The databases used for
the search included Emerald, Google Scholar,
and Web of Science, which cover significant
research on the circular economy in the fish
processing industry.

Other  publications and magazines
were useful, such as the annual reports of
ANFACO-CECOPESCA, an organization that
brings together more than 250 companies
in the marine industry complex including the pro-
duction of canned seafood and fish. The reports
used by organization were the annual report
and the CYTMA annual report. In addition,
the quarterly publication Revista conservera
has also been consulted. Another report used is
the Economic report on the EU fish processing
industry (STECF 21 14) (European Commis-
sion. Joint Research Centre, 2022).

As far as legal information related to the sec-
tor under study is concerned, the primary sourc-
es used are the Official Journal of the European
Union, the Official State Gazette (Spain), and
the Official Journal of Galicia. Plans, reports
and strategies on the websites of public admin-
istrations have also been consulted.

In the second phase of the methodology,
to holistically analyze the transition from the lin-
ear to the circular economic model, the critical
influencing factors were identified. After con-
ducting a comprehensive review of secondary
literature, identifying both the critical factors
and successful initiatives. In addition, we ap-
plied the PESTLE analysis models (political,
economic, social, technological, environmental
and legislative). Importantly, we also consid-
ered relevant case studies to enrich our analysis
and relevant to the analysis were considered
to provide a more comprehensive perspec-
tive. Through PESTLE analysis, we identified
the most relevant positive and negative factors.

Finally, in the third phase, the mostimportant
factors in the sector for the transition to a cir-
cular production model are identified. These
factors are classified into strengths, weak-
nesses, opportunities, and threats. In this way,
a SWOT matrix is elaborated. The relevance
of the different factors considered in the clas-
sification is weighted according to the ratings
given by experts in the fish processing industry.
The ratings ranged from 0 to 1, with 0 being
the lowest value for the importance of the factor
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literature

Good PESTLE analysis model

F-| SWOT analysis model |

practices
identification

I
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Source: own
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in adopting circular strategies and 1 being
the highest value.

3 Results

First, a PESTLE analysis will be carried out
to identify the most important factors and, fi-
nally, to assign them a degree of importance ac-
cording to the assessments of the aquaculture
experts consulted through the SWOT analysis.

3.1 PESTLE analysis

In this section, the elements of the PESTLE
analysis will be analyzed in line with the in-
troduction of the circular economy in the fish
processing industry. PESTLE analysis, which
encompasses the political, legal, economic,
social, technological and ecological dimen-
sions, will assess how these factors influence
the transition towards a circular economy
model. This will identify the ecosystemic and
social characteristics and the actors and their
interactions in which circular economy initia-
tives are implemented.

Political and legal challenges

The regulatory framework applied to circular
economy adoption in the fish processing sec-
tor in Galicia is multilevel. Since January 1986,
Spain has been a member state of the Eu-
ropean Union, which means that regulations
and decisions approved by the Council and
the European Parliament are binding for Spain

(Giacomarra & Bono, 2015). In addition, Spain
is obliged to ensure that European directives
are transposed into national legislation. More-
over, Spain has devolved part of its functions
and services to its regions, including most
competencies in coastal management (Rosete
Verges & Sanz Larruga, 2024). Therefore,
an institutional analysis from top to bottom
of three public administrations, European, na-
tional and regional, is necessary (Tab. 1).

We will, therefore, begin by analyzing the Eu-
ropean legal framework applicable to our case
study. The first relevant European regulatory step
was the approval of the European Bioeconomy
Strategy (Tab. A1; Appendix) in 2015. Its subse-
quent update, in 2018, is committed to the sus-
tainable and circular bioeconomy of land and
sea, the latter being the inputs of the Galician
canning industry. The Circular Economy Action
Plan was also approved in 2015, establishing
an initial regulatory framework that was replaced
in 2020, when the European Commission (EC)
presented a new Circular Economy Action Plan
(Tab. A1; Appendix). This latest plan, which is
still in force, includes more than 30 measures
focused on the development of sustainable
products, circularity of production processes
and waste reduction.

In addition to this backbone plan in Euro-
pean circular policy, there are other regulations
such as the ones presented below. One of these
guidelines concerns harmful chemicals, which

Legal structure designed to stimulate the circular economy in the fish

processing sector — Part 1

Name* Publisher Level Approv.a I or Status
proposition
European Bioeconomy Strategy CElrJr:%Fi):saign European 2012 In force
A new Circular Economy Action European
Plan for a cleaner and more Commri)ssion European 2020 In force
competitive Europe
Amending
Annexes IV and V to Regulation European
(EU) 2019/1021 on persistent Parliament European 2022 In force
organic pollutants
Regulation of the European European
Parliament and of the Council Parlia?nent European 2023 In force
on packaging and packaging waste
REPowerEU chapters in recovery European
and resilience plans and amending Comm?ssion European 2024 In force
regulations (EU)
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https://op.europa.eu/en/publication-detail/-/publication/edace3e3-e189-11e8-b690-01aa75ed71a1/language-en
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/eli/reg/2022/2400/oj
https://eur-lex.europa.eu/eli/reg/2022/2400/oj
https://eur-lex.europa.eu/eli/reg/2022/2400/oj
https://eur-lex.europa.eu/eli/reg/2022/2400/oj
https://eur-lex.europa.eu/legal-content/ES/TXT/?uri=CELEX%3A32023R0435
https://eur-lex.europa.eu/legal-content/ES/TXT/?uri=CELEX%3A32023R0435
https://eur-lex.europa.eu/legal-content/ES/TXT/?uri=CELEX%3A32023R0435
https://www.europarl.europa.eu/RegData/seance_pleniere/textes_adoptes/definitif/2024/04-24/0318/P9_TA(2024)0318_EN.pdf
https://www.europarl.europa.eu/RegData/seance_pleniere/textes_adoptes/definitif/2024/04-24/0318/P9_TA(2024)0318_EN.pdf
https://www.europarl.europa.eu/RegData/seance_pleniere/textes_adoptes/definitif/2024/04-24/0318/P9_TA(2024)0318_EN.pdf

Legal structure designed to stimulate the circular economy in the fish

processing sector — Part 2

Name* Publisher Level Approv.a! or Status
proposition
Empowering consumers for
the green trans_ltlon thrt_)ugh bgtter Eurppean European 2024 Pending
protection against unfair practices Parliament approval
and better information
Ministry
. . of Agriculture, .
Spanish Bioeconomy Strategy Fisheries and Spanish 2015 In force
Food
Ministry for
the Ecological
Spanish Circular Economy Strategy | Transition and Spanish 2020 In force
the Demographic
Challenge
Ministry for
Long-term strategy for a modern, the Ecological
competitive and climate-neutral Transition and Spanish 2020 In force
Spanish economy by 2050 the Demographic
Challenge
Ministry for
National Climate Change the Ecological
Adaptation Plan (2021-2030) Transition and_ Spanish 2021 In force
the Demographic
Challenge
Spanish Ministry
Law 7/2022 of April 8, 2002 for Ecological
on waste and contaminated soils Transition and Spanish 2022 In force
for a circular economy Demographic
Challenge
. Ministry
BAFL R&D.&I I?rogram Sllent=d of Science and Spanish 2023 In force
to society’s challenges -
Innovation
Spanish Ministry
Food Loss and Waste Prevention of_ Agrl_culture, Spanish 2024 Pending
Law Fisheries and approval
Food
Galician Circular Economy Strategy Governm_ent Galician 2020 In force
of Galicia
Sectorial plan for industrial waste Government -
management in Galicia (2023-2030) of Galicia Galician 2024 In force
Law 2/2024, of November 7, on
the prqmotlon _of the sos:lal and Governmgnt Galician 2024 In force
economic benefits of projects that of Galicia
use the natural resources of Galicia
Source: own
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https://www.europarl.europa.eu/meetdocs/2014_2019/plmrep/COMMITTEES/IMCO/AG/2023/11-28/1289669EN.pdf
https://www.europarl.europa.eu/meetdocs/2014_2019/plmrep/COMMITTEES/IMCO/AG/2023/11-28/1289669EN.pdf
https://www.europarl.europa.eu/meetdocs/2014_2019/plmrep/COMMITTEES/IMCO/AG/2023/11-28/1289669EN.pdf
https://www.europarl.europa.eu/meetdocs/2014_2019/plmrep/COMMITTEES/IMCO/AG/2023/11-28/1289669EN.pdf
https://www.mapa.gob.es/es/desarrollo-rural/temas/innovacion-medio-rural/estrategiaenbioeconomia23_12_15_tcm30-560119.pdf
https://www.miteco.gob.es/content/dam/miteco/es/calidad-y-evaluacion-ambiental/temas/economia-circular/espanacircular2030_def1_tcm30-509532_mod_tcm30-509532.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/planes-y-estrategias/ELP_2050.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/planes-y-estrategias/ELP_2050.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/planes-y-estrategias/ELP_2050.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/temas/impactos-vulnerabilidad-y-adaptacion/pnacc-2021-2030_tcm30-512163.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/temas/impactos-vulnerabilidad-y-adaptacion/pnacc-2021-2030_tcm30-512163.pdf
https://www.boe.es/buscar/act.php?id=BOE-A-2022-5809
https://www.boe.es/buscar/act.php?id=BOE-A-2022-5809
https://www.boe.es/buscar/act.php?id=BOE-A-2022-5809
https://www.aei.gob.es/programa/programa-estatal-idi-orientado-retos-sociedad
https://www.aei.gob.es/programa/programa-estatal-idi-orientado-retos-sociedad
https://www.congreso.es/public_oficiales/L15/CONG/BOCG/A/BOCG-15-A-4-1.PDF
https://www.congreso.es/public_oficiales/L15/CONG/BOCG/A/BOCG-15-A-4-1.PDF
https://sirga.xunta.gal/c/document_library/get_file?folderId=190428&name=DLFE-55795.pdf
https://www.xunta.gal/dog/Publicados/2024/20240605/AnuncioG0760-280524-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20240605/AnuncioG0760-280524-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20241111/AnuncioC3B0-071124-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20241111/AnuncioC3B0-071124-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20241111/AnuncioC3B0-071124-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20241111/AnuncioC3B0-071124-0001_es.html

can concentrate in recycled materials. There-
fore, in October 2022, the European Parliament
adopted revised rules on persistent organic pol-
lutants (Tab. A1; Appendix). These new rules
include: i) a reduction in the maximum levels
of persistent organic pollutants; ii) the obliga-
tion to incinerate or destroy materials exceeding
certain levels of contaminants; iii) the inclusion
of new chemicals in the list of harmful sub-
stances, including perfluoro hexane sulphonic
acid (PFHxS), used in the production of food
packaging (Heuser, 2022).

Another regulation that directly affects
the canning industry is the 2020 regula-
tion on packaging reduction. The new rules
focus on reducing packaging and making
all packaging recyclable, banning persis-
tent pollutants used for flame retardants
or packaging sealing, and setting a mini-
mum target for packaging recycling (Halkos
& Aslanidis, 2024). Regarding energy savings,
the RePowerEU regulation approved the pro-
vision of funds to member countries to save
energy, produce clean energy and diversify
supplies (Tab A1; Appendix). These grants are
especially designed for micro and small and
medium-sized enterprises, which represent
60% of the fish processing industry.

In addition to the above regulations already
approved, there is also a proposal to combat
greenwashing on environmental claims, neutral
impact or sustainability of a product without go-
ing through strict control. These assessments,
when the regulation is approved, will also affect
all those companies with organic products.

At the national level, the Spanish legal
framework for the circular economy is mainly
based on the Spanish Circular Economy Strat-
egy (SCES) (Tab. A1; Appendix). This strategy
is implemented through three-year action plans
that coordinate the measures of the General
State Administration to integrate the circular
economy into various sectoral policies. Among
the priority sectors recognized by this plan
is the fishing sector, which is closely linked
to the sea-industry chain. In the canned fish
and seafood sector in Galicia, this regulation is
crucial for improving the efficiency of water use,
reducing emissions of industrial pollutant gases,
and reducing and recovering food waste.

In addition to the SCES, other initiatives
promote the circular economy in the canned
fish and seafood sector. The National Plan
for Adaptation to Climate Change 2021-2030

(Tab. A1; Appendix) encourages the adoption
of technologies that reduce waste non-efficient
consumption, like water recycling systems and
the use of by-products. The Long-term Strategy
for a modern, competitive and climate-neutral
Spanish economy by 2050, among other
initiatives, promotes the development of bio-
degradable packaging and the improvement
of production processes to reduce the carbon
footprint. Finally, the State R&D&l Program
(Tab. A1; Appendix), oriented towards so-
ciety’s challenges, supports research and
development projects that seek sustainable
solutions. All these initiatives are relevant
to the fish processing industry.

Spain also has laws that promote the cir-
cular economy. The most important of these is
Law 7/2022, on waste and contaminated soil
for a circular economy, which updates waste
management regulations and encourages more
sustainable practices (Tab. A1; Appendix). This
law introduces measures such as extended
producer responsibility, which obliges manufac-
turers to deal with the waste generated by their
products. In 2024, the Food Waste and Loss
Prevention Act (Tab. A1; Appendix) is currently
being discussed for approval, which obliges
companies to reduce food waste at all stages
of the production and distribution chain. For
the canning sector, this would mean optimiz-
ing processes to make the best use of raw
materials, reusing by-products and improving
waste management.

At regional level, Galicia has not passed
comprehensive circular economy law, as Cata-
lonia, Castilla La-Mancha, Valencia, Andalu-
sia or Madrid have. However, Galicia does
have the Galicia Circular Economy Strategy
2020-2030 (Tab. A1; Appendix). In addition,
other regulations related to the circular economy
that affect the fish processing industry have
been approved in Galicia. The first of these
is the Galician Sectoral Plan for Industrial
Waste Management 2023—-2030. It establishes
measures for prevention, recycling and landfill
restrictions until 2035. The second regulation
is the Law on the promotion of the social and
economic benefits of projects that use Galicia’s
natural resources (Tab. A1; Appendix). This law
includes all industries that require the conces-
sion of water or energy storage. This law con-
cerns the canning industry, especially vertically
integrated companies that own fish farms, and
those that use renewable energy.
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Main public subsidies for circular economy projects — Part 1

Name Publisher Level Year Total funding
Ministry for
Subsidies to promote the circular the Ecological
economy in companies for Transition and Spanish 2022 EUR 192 mill.
the year 2022 the Demographic
Challenge
Ministry for
Subsidies to promote the circular the Ecological
economy in companies for Transition and Spanish 2024 EUR 26 mill.
the year 2024 the Demographic
Challenge
- " . Ministry
el of Agriculture, Spanish 2024 | EUR 20 mill.
industry and aquaculture sector . .
Fisheries and Food
Subsidies for the implementation
of advanced solutions for
the development of the circular Government . .
economy in Galicia, co-financed of Galicia Galician 2022 EUR 1.5 mill
under the Feder Galicia
2014-2020 operational program
Subsidies for the implementation
of advanced solutions for
the development of the circular Government . .
economy in Galicia, co-financed of Galicia Galician 2023 EUR 1.5 mill
under the Feder Galicia
2014-2020 operational program
Subsidies for the implementation
of advanced solutions for
the development of the circular Government . .
economy in Galicia, co-financed of Galicia Galician 2024 EUR 1.5 mill.
under the Feder Galicia
2014-2020 operational program
Subsidies in the fishing and Government
aquaculture product processing of Galicia Galician 2016 EUR 6.8 mill.
investments for SMEs
Subsidies in the fishing and Government
aquaculture product processing of Galicia Galician 2017 | EUR 18.1 mill.
investments for SMEs
Subsidies in the fishing and Government
aquaculture product processing - Galician 2018 | EUR 12.7 mill.
- of Galicia
investments for SMEs
Subsidies in the fishing and Government
aquaculture product processing - Galician 2019 | EUR 14.7 mill.
- of Galicia
investments for SMEs
Subsidies in the fishing and Government
aquaculture product processing - Galician 2020 EUR 17 mill.
- of Galicia
investments for SMEs
Subsidies in the fishing and Government
aquaculture product processing of Galicia Galician 2021 EUR 16 mill.

investments for SMEs
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https://www.boe.es/diario_boe/txt.php?id=BOE-A-2022-20700
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2022-20700
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2022-20700
https://fundacion-biodiversidad.es/convocatorias_del_pr/convocatoria-para-la-concesion-de-ayudas-al-impulso-de-la-economia-circular-para-el-ano-2024/
https://fundacion-biodiversidad.es/convocatorias_del_pr/convocatoria-para-la-concesion-de-ayudas-al-impulso-de-la-economia-circular-para-el-ano-2024/
https://fundacion-biodiversidad.es/convocatorias_del_pr/convocatoria-para-la-concesion-de-ayudas-al-impulso-de-la-economia-circular-para-el-ano-2024/
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2024-14078
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2024-14078
https://www.xunta.gal/dog/Publicados/2022/20220728/AnuncioO92-180722-0003_es.html
https://www.xunta.gal/dog/Publicados/2022/20220728/AnuncioO92-180722-0003_es.html
https://www.xunta.gal/dog/Publicados/2022/20220728/AnuncioO92-180722-0003_es.html
https://www.xunta.gal/dog/Publicados/2022/20220728/AnuncioO92-180722-0003_es.html
https://www.xunta.gal/dog/Publicados/2022/20220728/AnuncioO92-180722-0003_es.html
https://www.xunta.gal/dog/Publicados/2022/20220728/AnuncioO92-180722-0003_es.html
https://www.xunta.gal/dog/Publicados/2023/20230131/AnuncioO92-090123-0001_es.html
https://www.xunta.gal/dog/Publicados/2023/20230131/AnuncioO92-090123-0001_es.html
https://www.xunta.gal/dog/Publicados/2023/20230131/AnuncioO92-090123-0001_es.html
https://www.xunta.gal/dog/Publicados/2023/20230131/AnuncioO92-090123-0001_es.html
https://www.xunta.gal/dog/Publicados/2023/20230131/AnuncioO92-090123-0001_es.html
https://www.xunta.gal/dog/Publicados/2023/20230131/AnuncioO92-090123-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20240508/AnuncioO92-260424-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20240508/AnuncioO92-260424-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20240508/AnuncioO92-260424-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20240508/AnuncioO92-260424-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20240508/AnuncioO92-260424-0001_es.html
https://www.xunta.gal/dog/Publicados/2024/20240508/AnuncioO92-260424-0001_es.html
https://www.xunta.gal/dog/Publicados/2016/20160930/AnuncioG0427-190916-0010_es.html
https://www.xunta.gal/dog/Publicados/2016/20160930/AnuncioG0427-190916-0010_es.html
https://www.xunta.gal/dog/Publicados/2016/20160930/AnuncioG0427-190916-0010_es.html
https://www.xunta.gal/dog/Publicados/2017/20170224/AnuncioG0427-140217-0002_es.html
https://www.xunta.gal/dog/Publicados/2017/20170224/AnuncioG0427-140217-0002_es.html
https://www.xunta.gal/dog/Publicados/2017/20170224/AnuncioG0427-140217-0002_es.html
https://www.xunta.gal/dog/Publicados/2018/20180207/AnuncioG0427-160118-0003_es.html
https://www.xunta.gal/dog/Publicados/2018/20180207/AnuncioG0427-160118-0003_es.html
https://www.xunta.gal/dog/Publicados/2018/20180207/AnuncioG0427-160118-0003_es.html
https://www.xunta.gal/dog/Publicados/2019/20191220/AnuncioG0427-101219-0002_es.html
https://www.xunta.gal/dog/Publicados/2019/20191220/AnuncioG0427-101219-0002_es.html
https://www.xunta.gal/dog/Publicados/2019/20191220/AnuncioG0427-101219-0002_es.html
https://www.xunta.gal/dog/Publicados/2020/20201231/AnuncioG0427-211220-0001_es.html
https://www.xunta.gal/dog/Publicados/2020/20201231/AnuncioG0427-211220-0001_es.html
https://www.xunta.gal/dog/Publicados/2020/20201231/AnuncioG0427-211220-0001_es.html
https://www.xunta.gal/dog/Publicados/2021/20211228/AnuncioG0427-161221-0002_es.html
https://www.xunta.gal/dog/Publicados/2021/20211228/AnuncioG0427-161221-0002_es.html
https://www.xunta.gal/dog/Publicados/2021/20211228/AnuncioG0427-161221-0002_es.html

Main public subsidies for circular economy projects — Part 2

Name Publisher Level Year | Total funding
Subsidies in the fishing and Government
aquaculture product processing of Galicia Galician 2022 EUR 19 mill.
investments for SMEs
Subsidies in the fishing and Government
aquaculture product processing of Galicia Galician 2023 EUR 9.7 mill.
investments for SMEs
Subsidies in the fishing and Government
aquaculture product processing of Galicia Galician 2024 EUR 19 mill.
investments for SMEs
Source: own

Economic challenges
Green finance is necessary for the development
of the circular economy. However, uncertain
outcomes and incomplete institutional frame-
works can paralyze or diminish the invest-
ment, if the company can make it. There are
also companies that, given their low profitability
margins, cannot afford to invest. This scenario
may create a two-speed growth situation where
companies that are successful in adopting
the circular economy and others that continue
to adopt a linear production model will coexist
in the same sector (Kumar et al., 2024).
Therefore, if the Galician canning sector
were to depend solely on private investment,
this could generate a competitive advantage
for companies with greater financial resources,
which are mostly large and medium-sized com-
panies, which would lead to the strengthening
of their position in the market. Therefore, there is
also a flow of public funds (Dewick et al., 2020).
In 2024, the Government of Spain included
the processing industry of the fishing and aqua-
culture sector in the agri-food PERTE for the first
time. This PERTE is part of the Recovery, Trans-
formation, and Resilience Plan. The inclusion
of the fish processing industry means that it can
access grants of EUR 20 million. Each company
must present a project with a budget exceeding
EUR 1.5 million, and the grants can cover up
to 50% of the investment cost. Among the proj-
ects that can be subsidized are those that
enhance the circular economy by reusing mate-
rials, reducing waste, and utilizing by-products
(European Commission: Joint Research Centre,
Scientific, Technical and Economic Committee for
Fisheries, 2024).

The Recovery, Transformation, and Resil-
ience Plan is also the source of funding for anoth-
er state aid that the fish processing industry can
apply for to subsidize circular initiatives (Tab. 2).
These are the calls for subsidies to promote
the circular economy in companies made in 2022
and 2024, which subsidize 50% of projects rang-
ing from EUR 100,000 to EUR 10 million. These
projects must be related to: i) reducing raw ma-
terial consumption; ii) eco-design; iii) improving
waste management; and iv) implementing digital
transformation to promote any circular economy
initiative (Perramon et al., 2024).

The public administration of Galicia has
also published its own grants. There are grants
for the implementation of advanced solutions for
the development of the circular economy, which
subsidize 60% of the value of projects ranging from
EUR 75,000 to EUR 200,000. Since 2016, the re-
gional government of Galicia has been calling for
grants for investments in SMEs for the processing
of fishery and aquaculture products (European Com-
mission: Joint Research Centre, Scientific, Techni-
cal and Economic Committee for Fisheries, 2023).
Although these grants have a more general objec-
tive, they also subsidize circular economy projects.

In addition to financing, the lack of quali-
fied labor is increasingly one of the biggest
problems for companies with circular initiatives
(European Commission. Joint Research Cen-
tre, 2024). However, there is no noticeable in-
crease in investment in personnel qualification
for these tasks (Moreno-Mondéjar et al., 2021).

Technological challenges
The implementation of the circular economy
presents market barriers, including high
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https://www.xunta.gal/dog/Publicados/2025/20250108/AnuncioG0427-161224-0001_es.html

investment in technology. According to Araujo
Galvéao et al. (2018), this barrier can be over-
come with support from both governmental
and non-governmental entities. In the case
of the Galician fish processing industry, there
is a transfer of public funds from governmental
entities to companies in the sector to under-
take circular economy initiatives. Regarding
non-governmental entities, the business as-
sociation of the Spanish sea-industry complex
ANFACO-CECOPESCA (A-C) is a key player
in advancing and implementing circular eco-
nomy processes in the canning sector. A-C is
associated with 250 companies dedicated
to canning, freezing, semi-preserving, and oth-
er forms of seafood processing. More than 75%
of the companies in the Galician canning sector
are part of this association (Carmona, 2022).
The research and technological advances
in the circular economy driven by A-C have
focused on redesigning production processes
and circular business models, life cycle
analysis, energy efficiency, and water resource
management. Efforts have also been made
in the eco-design of processes, products, and
packaging to minimize environmental impact.
There are two distinct stages in the tech-
nological development of the Galician can-
ning sector driven by A-C. During the first

stage, between 2007 and 2015, involvement
was regional, both in research projects and
in many interactions between stakeholders.
During this period, the value of by-products
began, such as the development of alterna-
tive proteins and new bio-ingredients. In 2016,
the CYTMA was inaugurated, expanding
research and development capabilities, which
was a milestone as it boosted A-C’s research.
Additionally, from 2016 to 2022, new equipment
was incorporated, and the number of members
increased, allowing greater collaboration with
sector agents and reinforcing the implementa-
tion of the circular economy. Consequently,
between 2016 and 2022, most projects were in-
ternational and national, resulting in increased
funding (Fig. 3).

The CYTMA Center is available to A-C part-
ners. This allows a significant portion of the
sector's companies to access technological
advancements. These advancements in-
clude blue biotechnology, the implementation
of emerging technologies, such as high pres-
sure and ultrasound for food preservation, and
robotics to optimize production processes.

Social challenges
The COVID-19 pandemic resulted in a year-on-
year increase in retail sales of 5% in volume and

105,717€ nl_a_ 2,450,000 € 6,00(1,0006 95,1343€ soo,iaae 7231391 €
2015 2017 2017 2017 2018 2018 2018
18,500,000 € 6,700,1000 € 2,000,000 € 993,236 € 2,3001.000 € 120,100 € 105.;51 €
2021 2020 2020 2019 2019 2019 2019
881,054 € 223,000 € 395,1000€ 6,000,000 € 6,725,261 €
2022 2022 2022 2023 2023

Most important circular economy projects with ANFACO-CECOPESCA as leader

or partner (2015-2023)

Source: own (based on Fernandez-Gonzalez et al. (2024b))
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6.8% in value for the canning sector (Fernandez-
Gonzdalez et al,, 2022). The reasons for this
increase are home confinement and the closure
of the HORECA channel. However, in 2021,
the consumption index of canned goods de-
creased to pre-pandemic levels. This scenario
marked the beginning of a downward trend that still
persists in 2024, due to various factors. The first is
the supply shortage and global logistical collapse,
the second is the increase in industrial costs, and
the third is the rise in inflation in Spain.

This trend has led to a decline in both Span-
ish (300,000 t) and Galician (225,000 t) canned
production to levels seen 20 years ago. Addi-
tionally, due to the widespread crisis in Europe
and the decline in exports within the community
area, canning companies have diversified their
foreign trade with transactions with countries
in America and Asia (Fernandez-Gonzalez
etal., 2022). This situation has reduced the prof-
itability of canning companies, which have seen
their profit margins decrease to minimal levels.
Consequently, there is a high turnover of as-
sets and a growing concern about cutting costs,
including R&D&I expenses (European Commis-
sion. Joint Research Centre, 2022).

To be precise, R&D&l spending is a key
component on the practical side of the circular
economy techniques in the canned industry.
Thus, progress in the comprehensive utilization
of fish, the creation of by-products, the reuse of
packaging, water recycling, the deployment
of green energy, the optimization of energy pro-
cesses, and the digitization of the supply chain
is slowing down.

On the other hand, the consumption of final
products derived from circular practices, which
are often labeled as organic or ecological, has
stagnated. This trend coincides with the in-
crease in sales of distributor-branded canned
goods to the detriment of producer-branded
ones, as well as the increase in canned goods
of cheaper species such as mussels, sardines,
or mackerel (Ministerio de Agricultura. Pesca
y Alimentacién, 2024). The loss of purchas-
ing power of Spanish households, along with
the greater effort consumers must make re-
garding circular economy initiatives (Paparella
et al., 2023), has resulted in the limited penetra-
tion of such canned products.

Environmental challenges
The activities of fish and seafood canning com-
panies entail the potential for environmental

contamination. To prevent this industrial pol-
lution, legislative burdens have progressively
increased. The Galician canning industry is sub-
ject to community laws (Directive 2010/75/EU
on industrial emissions), national laws (Law
22/2011 on waste and contaminated soails;
Law 29 on marine environment protection),
and regional laws (Industrial Emissions Regu-
lation — Royal Decree 815/2013); Law 7/2008
on landscape protection of Galicia; Decree
7/2019 on environmental inspection of Galicia;
Galicia Industrial Waste Management Plan
2023-2030; Law 6/2021 on waste and contami-
nated soils of Galicia) (Tab. A1; Appendix).

This regulatory framework aims to reduce
excessive water and energy consumption, de-
crease the pollutant load of liquid discharges,
reduce the overuse of fish or seafood, excessive
consumption of packaging, limit the generation
of hazardous waste, and reduce the emission
of polluting gases (Ortiz-Martinez et al., 2023).
The Galician canning industry is implementing
environmentally friendly and circular economy
practices, and some have obtained certifications
to this effect. These initiatives are of vital impor-
tance as most canning companies are in areas
of special environmental protection, with even
stricter environmental regulations (Fig. 4).

Several Galician canning companies,
including Conservas Calvo, Frinsa, Jealsa,
Conservas Rianxeira, Conservas Albo, Con-
servas Pescamar, Conservas Orbe, Conservas
Antonio Pérez Lafuente, Conservas Daporta,
Conservas La Brujula, Conservas Cerqueira,
Conservas Selectas de Galicia, Conservas
Lou, Conservas Portomar, Conservas Chan-
quete, Conservas Antonio Alonso, Conservas
Peperetes, Conservas Cortizo, Conservas
Boya, and Conservas Cuca, have obtained
ISO 14001 certification. 1ISO 14001 ensures
that these companies manage their processes
sustainably, minimizing pollution and promoting
environmentally responsible practices.

Another widely adopted environmental
certification in the canning sector is ISO 50001,
which guarantees efficient energy manage-
ment. Companies such as Frinsa, Jealsa,
Conservas Calvo, Conservas Antonio Alonso,
Conservas Selectas de Galicia, Conservas Lou,
Connorsa, Conservas Albo, Conservas Pes-
camar, Conservas Orbe, Conservas Antonio
Pérez Lafuente, Conservas Daporta, Conservas
La Brujula, Conservas Cerqueira, Conservas
Portomar, Conservas Chanquete, Conservas
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Location of fish and seafood canning companies in Galicia and protected

natural areas (2023)

Source: own (based on European Commission: Joint Research Centre, Scientific,

Peperetes, Conservas Cortizo, Conservas Boya,
and Conservas Cuca have obtained these certifi-
cations. Additionally, Conservas Albo also holds
the EMAS Certification (Eco-Management and
Audit Scheme), and Conservas Calvo, Frinsa,
Jealsa, Conservas Albo, Connorsa, and Con-
servas Antonio Alonso have obtained Integrated
Environmental Authorization (AAl).

3.2 SWOT analysis
The SWOT approach was carried out consid-
ering the main characteristics of the following

Technical and Economic Committee for Fisheries (2024))

previous section of the research article, identify-
ing the key factors that constitute the strengths,
weaknesses, opportunities, and threats
of the canning sector. This analysis was com-
plemented by a brainstorming session with
industry experts, who evaluated the importance
of each factor, scoring them from 0 to 1 (Tab. 3).
The weighted scores from the 24 participating
experts are presented below, providing a de-
tailed and quantified view of the critical ele-
ments affecting the sector, thereby facilitating
informed strategic decision making.

SWOT analysis of the circular economy in the canned fish and seafood sector

in Galicia

Weaknesses

Strengths

Dependence on public funding: 0.7
Lack of qualified workforce: 0.6
High implementation costs: 0.8
Reduction in R&D spending: 0.7

Institutional and regulatory support: 0.9
Public subsidies and grants: 0.8
Technological and research capabilities: 0.8
Environmental certifications: 0.7

Threats

Opportunities

Economic uncertainty: 0.8
Global competition: 0.7
Supply chain disruptions: 0.7
Greenwashing: 0.6

Growing demand for sustainable products: 0.8
Technological innovation: 0.9
New markets: 0.7
Favorable legislation: 0.8

Source: own
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3.3 Discussion

The results of this study on the implementa-
tion of the circular economy in the canned fish
and seafood sector in Galicia align with sev-
eral findings from previous research. For in-
stance, Hossain et al. (2024) also found that
the adoption of circular economy strategies,
such as waste reduction, material reuse, and
eco-design, promotes sustainable produc-
tion processes in the canned fish industry
in Spain. This study, like ours, underscores
the importance of stakeholder collaboration
to optimize resource utilization and minimize
waste generation.

Furthermore, Barbhuiya et al. (2024) high-
lighted the relevance of collaboration among
suppliers, manufacturers, and consumers to ef-
fectively implement circular economy practices.
This collaborative approach is essential for
creating a closed-loop system that minimizes
waste generation, which is consistent with our
findings on the need for strategic alliances
in the Galician sector.

Another relevant study by Massari and Gi-
annoccaro (2024) demonstrated that business
models based on the circular economy can
enhance the resilience and competitiveness
of food producers in the face of supply chain
disruptions and resource scarcity. Our results
also indicate that technological innovation
and the growing demand for sustainable
products represent significant opportunities for
the canned fish and seafood sector in Galicia.

Despite these similarities, there are also dis-
crepancies between our results and those
of other studies. For example, while Castro-
Lopez et al. (2023) emphasize that regulatory
support and technological capabilities are suffi-
cient to drive the circular economy, our findings
suggest that these factors, although important,
are not sufficient on their own. Our study reveals
that dependence on public funding and a lack
of a qualified workforce are significant barriers
that must be addressed to ensure long-term
sustainability.

Additionally, Dewick et al. (2020) argue that
private financing is a key driver for the circular
economy. However, our results indicate that
in the Galician canned fish sector, public financ-
ing remains crucial due to high implementation
costs and the low profitability of many compa-
nies. This discrepancy highlights the need for
a more balanced approach that combines both
public and private financing.

Another notable difference is found
in the study by Moreno-Mondéjar et al. (2021),
which suggests that investment in personnel
qualification is a growing priority in companies
with circular initiatives. In contrast, our findings
show that despite the recognized importance
of personnel qualifications, there has not been
a significant increase in investment in this area
in the Galician canned fish sector.

To solve the problem of the lack of qualified
labor, the solution involves developing training
and qualification programs, collaborating with
technical schools, universities and professional
training centers to create specific courses
aimed at the needs of the canning and fish
processing industry, Implementing awareness
campaigns to attract young people to the in-
dustry, highlighting career opportunities and
the importance of the sector for the economy
and sustainability, Investing in automation
and advanced technologies can reduce de-
pendence on skilled labor, while increasing
efficiency and productivity.

Providing better working conditions, includ-
ing competitive wages, benefits and a safe
and healthy work environment, can help retain
and attract qualified workers. In some cases,
it may be necessary to use foreign labor to fill
skills gaps. This requires favorable immigration
policies and effective integration programs.
The identified similarities and discrepancies
in this discussion have important implications
for the implementation of the circular economy
in the canned fish and seafood sector in Gali-
cia. The alignment with previous studies under-
scores the validity of our findings and reinforces
the need for collaboration and regulatory sup-
port. However, the discrepancies highlight criti-
cal areas that require additional attention, such
as dependence on public funding and the lack
of a qualified workforce.

To address these barriers, we recommend
a comprehensive approach that includes spe-
cific financing mechanisms for the circular
economy, training and skill development pro-
grams, and policies that encourage private
investment. Additionally, it is essential to pro-
mote technological innovation and stakeholder
collaboration to maximize the benefits of the
circular economy.

There are several technological challenges
necessary to develop the circular strategy
of the processed fish industry, namely, auto-
mation and robotics to increase efficiency and
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reduce operational costs, however the integra-
tion of these systems requires high investments
and specialized training; advanced processing
technologies, and quick-freezing techniques
to improve fish quality and safety; artificial intel-
ligence (Al) to optimize production processes
and manage the supply chain; Non-thermal
technologies for fish conservation can reduce
thermal degradation and increase conservation
efficiency (CYTMA, 2023).

There are several barriers to the adoption
of technologies, namely the very significant cost,
especially for SMEs, resistance to change, lack
of qualified labor that prevents the implementa-
tion or maintenance of advanced technology,
the level of adequate technological infrastruc-
tures in companies that delay its updating and
evolution may also be subject to strict food
safety regulations and standards that take time
to implement due to the need for testing, mean-
ing approval takes longer (CYTMA, 2023).

Conclusions

Launching the circular economy in the
fish-processing industry in Spain has led
to several promising initiatives. One such initia-
tive involves the recovery and reuse of valu-
able resources, such as recycling metal cans
and reusing by-products from the canning
process. For instance, some companies have
developed methods to convert fish waste into
fertilizers or biofuels, helping to limit the quan-
tity of waste sent to landfills. In addition, some
Spanish canning companies have explored
the use of renewable sources of energy. These
circular economy strategies have enabled in-
dustry to minimize waste, increase resource
efficiency, and enhance overall sustainability.
Furthermore, the industry is exploring the use
of innovative technologies, such as advanced
sorting and processing methods, to recover and
reuse a broader range of materials, maximizing
the value derived from their resources. The ap-
plication of the circular economy has also fos-
tered collaboration among canning companies,
as they work together to share best practices
and develop new circular solutions.

However, it is important to note that private
investment is influenced by structural, op-
erational, financial, technological, and institu-
tional barriers. To implement circular strategies,
companies must rethink all their production
processes. This includes designing products
with their end-of-life in mind, using renewable

materials, and creating systems for collect-
ing and recycling items after use. Adopting
business models that prioritize service over
ownership can also help reduce consumption
and promote a more sustainable approach.
Nevertheless, getting to circularity is not with-
out challenges. Companies must overcome
obstacles such as the high costs of new tech-
nologies, the need for extensive collaboration
across supply chains, and resistance to change
from stakeholders accustomed to traditional
practices. As organizations work to adopt
circular strategies, they must overcome these
obstacles to fully reap the benefits of sustain-
ability and business transformation.

The adoption of circular economy prin-
ciples in the Spanish canning industry can
enable the recovery and reuse of valuable re-
sources, significantly reducing waste and en-
vironmental impact. This aligns with the EU’s
Circular Economy Action Plan, which aims
to make sustainable products the norm and
boost the reuse of materials in the economy.
By adopting circular practices, the Spanish
canning sector can contribute to the EU’s
climate goals and support the changeover
to a more sustainable future.

The implementation of the circular economy
in the Galician canned fish and seafood sector
presents a complex and multifaceted land-
scape, characterized by a series of strengths,
weaknesses, opportunities, and threats that
must be carefully managed to ensure success.
The sector benefits from strong institutional and
regulatory support at the European, national,
and regional levels, providing a favorable
framework for the adoption of circular practices.
The availability of public subsidies and grants
is another key factor facilitating the transition
to a circular economy. Additionally, technologi-
cal and research capabilities, driven by centers
like CYTMA and associations like ANFACO-
CECOPESCA, are fundamental for developing
and implementing sustainable innovations.
The attainment of environmental certifications
by many companies in the sector also high-
lights their commitment to sustainability.

However, dependence on public funding
can limit the long-term sustainability of these
initiatives if funds decrease. The lack of quali-
fied labor and high implementation costs are
significant barriers that can slow progress.
Additionally, the reduction in R&D spending
due to the economic crisis and the need to cut
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costs is a concern that could negatively impact
innovation in the sector. However, technological
advances and market diversification towards
America and Asia open new possibilities for
the adoption of the circular economy.

There are several possible future lines of re-
search that result from the analysis of the circu-
lar strategy of the processed fish industry, which
could lead to the development of advanced
waste recycling and reuse technologies that al-
low the identification of methods to convert fish
waste into fertilizers or biofuels, for example,
or even the transformation of by-products into
new value-added resources. Study the inte-
gration of circular economy practices across
the supply chain, identify strategies, collabora-
tion measures and blocking measures between
industries as they work together to share best
practices and develop new circular solutions
that prioritize service over property.

At the macro level, future research could
focus on the Spanish canning sector, positions,
and contributions by countries to the EU’s
climate objectives in supporting transition and
sustainability. Or even investigate the relation-
ship between technological advances and
the diversification of markets towards America
and Asia in the new possibilities for adopting
the circular economy.
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Overview of legal documents — Part 1

. Date
Name Publisher Level of Publication
. European
European Bioeconomy Strategy Commission European 2012
A new Circular Economy Action Plan European
For a cleaner and more competitive pea European 2020
Commission
Europe
Amending Annexes IV and V
to Regulation (EU) 2019/1021 European Parliament European 2022
on persistent organic pollutants
Regulation of the European Parliament
and of the Council on packaging and | European Parliament European 2023
packaging waste
REPowerEU chapters in recovery
and resilience plans and amending European Parliament European 2024
Regulations (EU)
Empowering consumers for the green
tran_smon thr_ough bgtter L European Parliament European 2024
against unfair practices and better
information
Spanish Ministry
Spanish Bioeconomy Strategy of Economy and National 2015
Competitiveness
Spanish Ministry for
. . Ecological Transition .
Spanish Circular Economy Strategy and Demographic National 2020
Challenge
Long-term strategy for a modern, Spanls_h M|n|stry_ for
- . Ecological Transition .
competitive and climate-neutral ) National 2020
. and Demographic
Spanish economy by 2050 Challenge
Spanish Ministry for
National Climate Change Adaptation Ecological Transition .
Plan (2021-2030) and Demographic National 2021
Challenge
Law 7/2022 of April 8, 2002 on waste | SPanish Ministry for
o o - Ecological Transition .
and contaminated soils for a circular . National 2022
econom and Demographic
y Challenge
. Spanish Ministry
S (AR [P 2 Ol i 2 of Science, Innovation National 2023

to society’s challenges

and Universities
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https://op.europa.eu/en/publication-detail/-/publication/edace3e3-e189-11e8-b690-01aa75ed71a1/language-en
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/eli/reg/2022/2400/oj
https://eur-lex.europa.eu/eli/reg/2022/2400/oj
https://eur-lex.europa.eu/eli/reg/2022/2400/oj
https://eur-lex.europa.eu/legal-content/ES/TXT/?uri=CELEX%3A32023R0435
https://eur-lex.europa.eu/legal-content/ES/TXT/?uri=CELEX%3A32023R0435
https://eur-lex.europa.eu/legal-content/ES/TXT/?uri=CELEX%3A32023R0435
https://www.europarl.europa.eu/legislative-train/package-repowereu-plan/file-repowereu-chapters-in-recovery-and-resilience-plans
https://www.europarl.europa.eu/legislative-train/package-repowereu-plan/file-repowereu-chapters-in-recovery-and-resilience-plans
https://www.europarl.europa.eu/legislative-train/package-repowereu-plan/file-repowereu-chapters-in-recovery-and-resilience-plans
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52022PC0143
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52022PC0143
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52022PC0143
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52022PC0143
https://www.mapa.gob.es/es/desarrollo-rural/temas/innovacion-medio-rural/estrategiaenbioeconomia23_12_15_tcm30-560119.pdf
https://www.miteco.gob.es/content/dam/miteco/es/calidad-y-evaluacion-ambiental/temas/economia-circular/200714eeec_resumenejecutivo_en_tcm30-510578.pdf
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2050-long-term-strategy_en
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2050-long-term-strategy_en
https://climate.ec.europa.eu/eu-action/climate-strategies-targets/2050-long-term-strategy_en
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/planes-y-estrategias/ELP_2050.pdf
https://www.miteco.gob.es/content/dam/miteco/es/cambio-climatico/planes-y-estrategias/ELP_2050.pdf
https://www.boe.es/buscar/act.php?id=BOE-A-2022-5809
https://www.boe.es/buscar/act.php?id=BOE-A-2022-5809
https://www.boe.es/buscar/act.php?id=BOE-A-2022-5809
https://www.aei.gob.es/programa/programa-estatal-idi-orientado-retos-sociedad
https://www.aei.gob.es/programa/programa-estatal-idi-orientado-retos-sociedad

Overview of legal documents — Part 2

. Date
Name Publisher Level of Publication
Spanish Ministry
Food Loss and Waste Prevention Law of Agriculture, National 2024
Fisheries and Food
Galician Circular Economy Strategy | Government of Galicia Regional 2020
Sectorial plan for industrial waste . .
management in Galicia (2023-2030) Government of Galicia Regional 2024
Law 2/2024, of November 7, on
Ui rfromotlo_n atie s_oclal and Government of Galicia Regional 2024
economic benefits of projects that use
the natural resources of Galicia
Directive 2010/'_/5/I_EU on Industrial European Union European 2010
Emissions
Ministry
Law 22/2011 on waste and of the Environment, .
. R . National 2011
contaminated soils Rural and Marine
Environment, Spain
Law 41/2010, of December 29, 2010, Ministry
. . of the Environment, .
for the protection of the marine . National 2010
. Rural and Marine
environment ) :
Environment, Spain
. L . Ministry of Agriculture,
Industrial Emissions Regulation Food and National 2013
(Royal Decree 815/2013) . .
Environment, Spain
L IS @I Iand_sc_ape ploBs Government of Galicia Regional 2008
of Galicia
Decreg 71201? on enV|r9r_1mentaI Government of Galicia Regional 2019
inspection of Galicia
Galicia Industrial Waste Management . .
Plan (2023-2030) Government of Galicia Regional 2023
Laile bl _waste an_d _contamlnated Government of Galicia Regional 2021
soils of Galicia
. . Government
(CEEUEE IE E EEea i of Generalitat de Regional 2021
Strategy
Catalunya
Castilla-La Mancha Circular Economy Government Regional 2021
Strategy of Castilla-La Mancha 9
Government
Valencia Circular Economy Strategy of Generalitat Regional 2020
Valenciana
Andalusia Circular Bioeconomy Government .
Strategy of Andalucia Regional 2018
Madrid Circular Economy Strategy Government of Madrid Regional 2022
Source: own
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https://www.mapa.gob.es/es/prensa/220607cmleydesperdicioalimentariook_tcm30-620821.pdf
https://ficheiros-web.xunta.gal/transparencia/informacion-publica/EGEC_cas.pdf
https://www.xunta.gal/es/plans-e-actuacions?content=actuacion_0173.xml
https://www.xunta.gal/es/plans-e-actuacions?content=actuacion_0173.xml
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2025-237
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2025-237
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2025-237
https://www.boe.es/diario_boe/txt.php?id=BOE-A-2025-237
https://eur-lex.europa.eu/legal-content/en/NIM/?uri=oj:JOL_2010_334_R_0017_01
https://eur-lex.europa.eu/legal-content/en/NIM/?uri=oj:JOL_2010_334_R_0017_01
https://www.boe.es/buscar/act.php?id=BOE-A-2011-13046
https://www.boe.es/buscar/act.php?id=BOE-A-2011-13046
https://www.boe.es/buscar/act.php?id=BOE-A-2010-20050
https://www.boe.es/buscar/act.php?id=BOE-A-2010-20050
https://www.boe.es/buscar/act.php?id=BOE-A-2010-20050
https://www.boe.es/buscar/doc.php?id=BOE-A-2013-10949
https://www.boe.es/buscar/doc.php?id=BOE-A-2013-10949
https://www.boe.es/buscar/pdf/2008/BOE-A-2008-14097-consolidado.pdf
https://www.boe.es/buscar/pdf/2008/BOE-A-2008-14097-consolidado.pdf
https://www.xunta.gal/dog/Publicados/2020/20200128/AnuncioG0532-200120-0002_es.html
https://www.xunta.gal/dog/Publicados/2020/20200128/AnuncioG0532-200120-0002_es.html
https://ficheiros-web.xunta.gal/plans/plan-priga-gal.pdf
https://ficheiros-web.xunta.gal/plans/plan-priga-gal.pdf
https://www.boe.es/buscar/doc.php?id=BOE-A-2021-5137
https://www.boe.es/buscar/doc.php?id=BOE-A-2021-5137
https://govern.cat/govern/docs/2021/09/14/13/55/aaec0897-7a0a-42cf-ae89-454b16ca1d70.pdf
https://govern.cat/govern/docs/2021/09/14/13/55/aaec0897-7a0a-42cf-ae89-454b16ca1d70.pdf
https://www.castillalamancha.es/sites/default/files/documentos/pdf/20210301/estrategia_economia_circular_clm_2030.pdf
https://www.castillalamancha.es/sites/default/files/documentos/pdf/20210301/estrategia_economia_circular_clm_2030.pdf
https://hisenda.gva.es/es/web/modelo-economico/economia-circular
https://www.juntadeandalucia.es/export/drupaljda/Estrategia_Andaluza_Bioeconomia_Circular_EABC_18.09.2018.pdf
https://www.juntadeandalucia.es/export/drupaljda/Estrategia_Andaluza_Bioeconomia_Circular_EABC_18.09.2018.pdf
https://www.comunidad.madrid/transparencia/sites/default/files/proyecto_ley_economia_circular_1.pdf
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