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Abstract

The transition from a linear to a circular economy has intensified interest in environmentally
friendly business models and policy instruments that support sustainable production and
consumption. While prior research has largely examined green labels at the micro level,
focusing on consumer perceptions and purchase intentions, limited evidence exists on
their macro-level role in circular economic performance. This study tests the hypothesis
that higher EU Ecolabel diffusion is positively associated with circular material use rates
(CMUR) across European Union Member States over the period 2010-2024. This study does
not directly measure business models but examines macro-level indicators associated with
their development. Using panel data from Eurostat and the European Commission’s EU
Ecolabel catalogue, ecolabel intensity is operationalized as the logarithm of total licenses per
country. Pooled OLS models with year fixed effects and country-clustered standard errors
are estimated, first in baseline specification and then with controls for GDP per capita,
environmental tax revenues, manufacturing value added, and R&D intensity. Results
reveal a positive and statistically significant relationship between ecolabel intensity and
circular material use rates, remaining robust after including macroeconomic controls. These
findings suggest that green labeling is associated with circular economy performance
and may reflect an institutional dimension aligned with circular economy governance.
The results are also consistent with patterns associated with environmentally friendly
business models at the macro level. This study contributes by providing a macro-level,
cross-country analysis of the relationship between EU Ecolabel diffusion and circular
economy performance, incorporating key structural controls.

Keywords: green labeling; EU ecolabel; circular economy; circular material use rate;
sustainable business models; environmental governance

1. Introduction

Industrialization, rapid population growth, urbanization, and changes in consump-
tion patterns have led to the rapid depletion of natural resources and the deepening of
environmental problems on a global scale. Climate change, the increase in carbon emis-
sions, the decline in biodiversity, and the significant rise in waste generation have made
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it necessary to reconsider the balance between economic growth and environmental sus-
tainability. Recent scholarly work emphasizes that this shift requires a radical departure
from the traditional “take-make-use-dispose” linear model toward a systemic integration
of sustainability and circular economy (CE) principles into business development [1]. In
this process, both policymakers and businesses have turned toward developing new ap-
proaches to make production and consumption systems more sustainable. Among these
approaches, environmentally friendly business models and the circular economy concept
have come to the forefront. The traditional linear economy model places intense pressure
on natural resources. In contrast, the circular economy model aims to use resources more
efficiently, extending product life cycles and reintegrating waste into the economy [2]. In
this transformation process, businesses are required not only to revise their production
techniques but also to restructure their value creation mechanisms, supply chain configura-
tions, and communication with consumers. For instance, the adoption of circular business
models often involves a shift in how value is proposed, created, and delivered, moving
beyond purely financial metrics to include environmental and social dimensions [3]. At this
point, environmentally friendly business models stand out as one of the key instruments
for establishing an economic structure aligned with sustainable development goals.

In recent years, with the growing awareness of sustainability, consumer preferences
have changed significantly. Consumers now pay attention not only to traditional criteria
such as price and quality but also to the environmental impacts of products, the trans-
parency of production processes, and the social responsibility orientation of firms. This
transformation has encouraged businesses to adopt instruments that make their envi-
ronmental performance more visible. One such instrument is the green label (eco-label),
which has become an important mechanism that certifies the environmentally friendly
characteristics of products and services and provides assurance to consumers. Green labels
enable firms to concretely demonstrate their commitments to environmental sustainability
while also assisting consumers in making informed purchasing decisions. In this respect,
green labeling is considered not merely a marketing tool but also a policy and managerial
instrument that contributes to the dissemination of a culture of sustainable production
and consumption. Furthermore, within the framework of circular economy governance,
labels serve as critical communication and transparency tools that facilitate the transition
to more resource-efficient market structures [3]. Particularly in European Union coun-
tries, the strengthening of sustainability policies has led to the wider adoption of green
label practices, which have increasingly attracted attention as a determining factor in the
development of environmentally friendly business models.

Beyond the identified gap in the literature, the research is also motivated by the grow-
ing need to better understand the macro-level dynamics of the circular economy transition.
While existing studies predominantly focus on consumer behavior and purchase inten-
tions, such micro-level analyses are insufficient to explain structural changes in production
systems, resource efficiency, and material cycles at the country level. The transition to
a circular economy requires coordinated policy frameworks, institutional capacity, and
market-wide mechanisms that cannot be fully captured through individual-level behavior
alone. Evaluating these macro-level developments is essential, as EU countries exhibit
diverse approaches to resource management and waste production based on their na-
tional strategies and technological advancements [2]. In this context, examining eco-label
diffusion at the macro level provides policy-relevant insights. Understanding whether
ecolabel prevalence is associated with circular material use performance can help inform
European Union policy instruments, particularly in areas such as sustainable production,
certification systems, and green public procurement. Previous assessments of CE develop-
ment in the EU suggest that leading countries often balance high economic activity with
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robust environmental practices, highlighting the importance of standardized indicators
for measuring progress [4]. Such evidence is important for assessing whether eco-labeling
schemes function as part of broader circular economy governance structures.

In addition, this study contributes by conceptualizing EU Ecolabel diffusion not merely
as a product-level certification mechanism, but as a proxy for broader institutional and
governance dynamics related to sustainability. Rather than treating eco-labels solely as
market-based signals to consumers, the study interprets their diffusion as reflecting the
presence of regulatory alignment, policy support, and institutional capacity for imple-
menting circular economy principles. In this sense, EU Ecolabel diffusion may capture an
institutional dimension of circular economic governance that has received limited attention
in existing literature.

Existing research on green labels has mainly focused on studying their effects at the
micro level (e.g., consumer behavior, intention to purchase, and brand image), with only
limited research having been done at a macro-level. This study aims to determine if the
diffusion of EU Ecolabels is associated with Circular Material Use Rates (CMUR) in EU
Member States. The diffusion of EU Ecolabels will be treated as a macro-level indicator of
Circular Economy performance, and not as a direct cause or effect relationship between
them. This research extends existing studies on eco-labels from a micro to a macro level,
focusing on the diffusion of these labels and their impact on the circular economy. The
study examines the relationship between eco-label diffusion and circular economy indica-
tors in European Union countries by using cross-country panel data. This cross-country
panel analysis includes multiple structural controls that demonstrate the robustness of
the relationship. This research does not provide direct evidence of a transformation in
business models but does provide evidence at the macro level that supports these business
model transformations.

2. Theoretical Framework and Literature Review
2.1. Overview of Green Labels and Environmentally Friendly Business Models

In recent years, increasing population growth, excessive consumption, environmental
pollution, environmental degradation, and the deterioration of ecological balance have
led to environmental pollution and climate change, making issues of sustainability and
environmental awareness increasingly important. For this reason, countries have taken
action to mitigate climate change, reduce carbon emissions, and combat the global climate
crisis [5] (p. 1279). Concerns such as environmental pollution and the destruction of natural
resources have directed both businesses and consumers toward sustainable practices and
have brought initiatives aimed at reducing the environmental impacts of products to the
forefront. The growing tendency of consumers toward sustainable consumption [6] has
shifted firms’ strategies toward adopting environmentally friendly measures [7] (p. 4272).
All these developments have gradually increased interest in green products. The underlying
reason for this growing interest is pollution and climate change, which have evolved into
global social concerns [8]. Compared to conventional products, green products contribute
to combat climate change by generating lower carbon emissions [9].

With the increasing demand for green products, the concept of the green label
(eco-label) has become an important issue. Essentially, a green label refers to a label
attached to products that are believed to cause less harm to the natural environment during
their production and use compared to others [10]. The green label system is implemented to
protect the environment and ensure safe consumption for consumers [11] (p. 3175). Firms
use green labels to indicate that their products possess characteristics that contribute to
environmental protection [12]. Emphasizing the use of green labels as a marketing and
communication tool in promoting green products has led to a significant increase in the
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acquisition of such labels [6,13,14]. Statistical records indicate a 54% growth in certified
eco-labels between 2006 and 2021 [15]. The Eco-Label Index represents the largest global
directory of eco-labels. According to data from March 2024, it currently tracks 456 eco-labels
across 199 countries and 25 industry sectors [16].

Green labels provide information about environmental benefits and certification [17]
and guarantee the credibility of such claims [18]. Chekima et al. [19] observed that
green-labeled products serve as a sign capable of clearly communicating eco-features and
effectively teaching consumers how to recognize environmentally friendly products [20].
Therefore, green labels provide visible support for environmental protection practices
and the production of environmentally friendly products [21] (p. 1497). Green labels
identify products, materials, or businesses that comply with standards defined by specific
organizations or governmental institutions [22] (p. 400). These labels influence consumer
choices by informing them about sustainability [23] (p. 430). The green label (eco-label) is a
labeling system indicating that products and services are environmentally responsible. The
historical development of these labels has paralleled the rise in environmental awareness,
particularly during the second half of the twentieth century. Initial initiatives regarding
green labeling began in the 1970s. Increasing environmental problems and climate change
prompted the United States and its affiliated public authorities to take action [24].

The first green label in history, the Blue Angel, was introduced in 1978 by the German
government. Environmental criteria were established by an independent body, and produc-
ers meeting these criteria were awarded the “Blue Angel” label. Producers were thus able
to place this label on their product packaging to demonstrate that they produced environ-
mentally friendly goods. Following Germany, Scandinavian countries introduced their own
green labels in 1989 [25]. As the international agenda concerning climate and energy issues
intensified, one of the most significant legal regulations regarding international green label-
ing within the scope of the European Union was enacted. The “Eco Label” system entered
into force through Council Regulation No. 880/92 of 23 March 1992 [24]. Accordingly, in
1992, the European Union and the United Nations introduced their own green labels [25].
The European Union’s green labeling scheme, known as the EU Ecolabel, was initiated
to enable consumers to identify greener products and services [26]. Over the following
decades, green labeling became an effective tool in reaching environmentally conscious
consumers in the global market and in efforts to reduce environmental degradation [27].

Green labels indicate that the strategies adopted by firms implementing environmen-
tally friendly business models are verified by third parties as transparent and credible.
Beyond transparency and credibility, there is a strong link between green labeling and
environmentally friendly business models. This is because green labeling functions as a tool
that encourages firms to embrace environmental sustainability while enabling consumers
to make environmentally responsible choices.

Environmentally friendly business models encompass business strategies that adopt
sustainable development goals, protect natural resources, reduce carbon footprints, and
improve waste management practices. Firms that adopt such strategies are character-
ized as “green entrepreneurs” or “ecopreneurs.” When establishing their ventures, green
entrepreneurs draw upon various environmentally sensitive theoretical and practical appli-
cations, focusing on the development of by-products and services that do not pollute air,
contaminate water, or reduce soil fertility [28] (p. 1841). In other words, ecopreneurship or
green entrepreneurship concerns environmentally friendly ways of conducting business.
Within the business environment, emphasis is placed on environmental sustainability as
a pathway to progress. Such entrepreneurs create opportunities to develop green tech-
nologies, use technology to promote environmental sustainability, and transform existing
businesses into environmentally friendly structures [29] (p. 159).
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In today’s digital era, firms adopted various business models to gain competitive ad-
vantage, enhance resource efficiency, and reduce carbon footprints and energy consumption.
These models aim not only for long-term success but also for generating environmental
and social benefits. When developing sustainable or environmentally friendly business
models, it is first necessary to identify the environmental and social benefits of the prod-
ucts or services offered by the firm. In conducting their activities, firms should aim to
use resources more efficiently and minimize the consumption of water, energy, and raw
materials. Minimizing harmful environmental impacts is of critical importance. In firms
adopting environmentally friendly business models, ensuring environmental and social
sustainability throughout all stages of the supply network is encouraged, along with the
development of innovative and green-labeled products and services [30]. Undoubtedly,
the circular economy business model stands at the forefront of environmentally friendly
business models. In a report published in 2019 by the European Commission’s Expert
Group on Circular Economy Financing to accelerate the transition to a circular economy,
the circular economy business model was categorized into four sections and fourteen
sub-dimensions. Accordingly, the circular economy business model was defined under
four main categories: circular design and production models, circular use models, circular
value recovery models, and circular support models (see Figure 1).
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Figure 1. Circular and sustainable business models. Source: [31].

The common feature of these models is that they incorporate the 9R strategies and
principles identified within the circular economy framework: Refuse, Rethink, Reduce,
Re-use, Repair, Refurbish, Remanufacture, Repurpose, and Recycle. Kogan et al. [32]
(p. 539), in their study, presented the fundamental principles of the circular economy as
defined by the Ellen MacArthur Foundation. These principles are listed as the power of
inner circles, the impact of lengthening cycles, the power of cascading use, the power of
pure inputs, and the necessity of systemic change. The circular economy aims to increase
the economic value of materials or products, minimize the loss of social value worldwide,
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improve working conditions in the raw material supply process, and create environmental
value by reducing the use of natural resources [33] (p. 2036).

Examples of firms adopting the circular economy business model include CEVKO,
Exitcom Recycling, and Ecording in Tiirkiye, as well as Ecoalf in Spain, Orange Fiber in Italy,
and Too Good to Go operating in Spain and Portugal. These firms produce new sustainable
products by recycling plastic, paper, metal, and organic waste. In addition to the circular
economy business model, environmentally friendly business models also include green
energy and carbon-neutral business models; sustainable agriculture and food models; green
logistics and transportation models; green finance and sustainability-oriented investment
models; green technology-focused business models; and business models centered on the
production of environmentally friendly products and services (green-labeled products
and services).

2.2. Economic and Strategic Role of Green Labeling for Businesses

Today, consumers no longer expect businesses merely to engage in production; they
also expect them to be sensitive to the environment in which they operate [34] (pp. 125-144).
Fundamentally, consumers’ purchasing behaviors are changing, and they increasingly
prefer to establish relationships with and purchase from businesses that demonstrate
social responsibility and environmental sensitivity [35] (p. 231). This situation has been
recognized by businesses, leading to an awareness that environmentally friendly practices
can attract conscious consumers, provide competitive advantages, and thereby enhance
economic performance. In this context, changing conditions in recent years have pushed
firms toward developments in green marketing and green labeling practices.

Green labeling is a voluntary environmental performance certification and labeling
method applied worldwide. A green label identifies products or services that have been
proven to be environmentally preferable within a specific category [36]. As consumers’
concerns about the environmental impacts of the goods and services they purchase have
increased, green labels have emerged as a performance tool that supports sustainable
purchasing decisions (International Organization for Standardization).

In general, consumers encounter certain challenges, such as cost considerations when
purchasing green products and are often unable to verify whether these products are
produced in accordance with appropriate sustainability standards [37,38]. Green labels
are green marketing tools designed to identify green products and distinguish them from
conventional products [39] (p. 1191). For this reason, businesses have become increasingly
dependent on green labels to demonstrate and certify that their products are produced
in an environmentally friendly manner in accordance with required standards [18]. Envi-
ronmentally friendly labels provide consumers with reliable symbols that assure them of
the environmental friendliness of the products they purchase [15]. Therefore, the purpose
of eco-labels is to reduce consumers’ uncertainty and skepticism when evaluating and
purchasing green products [14]. Accordingly, through the presence of eco-labels, businesses
can strengthen consumer trust [40] and positively influence consumers’ perceptions of
these products [41]. According to Panopoulos et al. [42], green labels function as a strategic
method used by organizations to positively influence consumers who wish to purchase
products that reduce environmental impact.

The popularity of eco-labels responds to marketers’ beliefs that eco-labels legitimize
business practices and help firms gain competitive advantage [20]. Along with the devel-
opment of green technologies, the preference for green products has increased, providing
new employment opportunities in business fields and supporting economic growth [43]
(p. 1130). Pathak et al. [7] (4272) argue that the use of eco-labels as signals for green
information transfer is necessary for contemporary business strategies. These labels can
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eliminate product-related uncertainties, generate positive advertising appeal, and assist
consumers in making environmentally positive purchasing decisions [14-19]. With the
adoption of green labeling, businesses begin to recognize, understand, and manage social
and environmental risks, thereby increasing their likelihood of attracting the attention of
both national and international investors. This situation provides competitive advantage to
both sectors and countries [24]. Eco-labels therefore constitute visible support for environ-
mental protection practices and the production of environmentally friendly products and
serve as an important instrument in overcoming market failures arising from information
asymmetries in environmental products [21].

Green labels have been widely embraced by conscious consumers and producers
seeking to gain reputation. Businesses worldwide use eco-labels as a marketing strategy to
persuade consumers to choose products with lower environmental impact [39] (p. 1191).
While environmentally conscious consumers are satisfied with responsible production
processes, producers gain competitive advantage in the market by fulfilling their social
responsibility activities through green label certification. On another point, green labeling
increases firms’ economic performance. Ma et al. [44] found that green label certification in
China resulted in improvements in long-term profitability. Similarly, Rennings [45] and
Hart and Ahuja [46] found that green innovation factors positively affect firms” economic
performance. Kim et al. [47] simulated how market share changes when a green label is
added to first- and second-class energy-efficient air purification devices and demonstrated
that green labeling has a positive effect on consumer preference and, consequently, increases
the firm’s market share.

In conclusion, green labeling helps firms present an environmentally friendly image to
all stakeholders (consumers, competitors, government, national and international investors).
This situation reduces consumer information asymmetry and strengthens trust in the
firm. Moreover, environmentally friendly approaches create competitive advantage over
rivals, enhance brand value, and thereby strengthen corporate reputation. Numerous
studies support that green label certification increases firm profitability. It can therefore be
stated that the use of green labels provides both environmental and economic advantages
to businesses.

2.3. Review of Empirical Studies and Research Gap

As a result of a comprehensive literature search conducted in the Web of Science (WOS)
database using the keyword “green label” and covering all available years, a total of 512
studies were identified. However, following the adoption of the European Green Deal by
the European Commission in December 2019, the certification of green-labeled products
has been increasingly preferred by companies, leading to a significant rise in its prevalence.
Accordingly, the literature search was limited to studies published in 2020 and thereafter,
and the search was repeated. This refined search yielded 178 studies.

The identified studies were examined, and those most relevant to the subject of this
research, particularly the most recent and highly cited works, are summarized below.

Ollitervo et al. [48] investigated the effects of eco-labels and packaging materials on
consumers’ purchase intentions within the context of gift-giving. Using a newly developed
theoretical framework, the authors conducted three experiments to test their hypothe-
ses. The findings revealed that eco-labels and packaging materials did not exert a direct
interactive effect on purchase intention. However, the combination of eco-label and en-
vironmentally friendly packaging indirectly influenced purchase intention by enhancing
consumers’ perceptions of environmental friendliness. Fretes et al. [49] examined four
factors influencing the purchasing behaviors of 329 adolescents aged 10-14. The results in-
dicated that price was the most influential determinant of purchasing behavior, followed by
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product type and environmental sustainability as measured through eco-labels. The study
demonstrates that at least some young consumers are responsive to labeling interventions.

Zhan et al. [50] explored the relationship between carbon labels under sustainable
eco-labeling schemes in China and consumers’ willingness to pay a price premium. The
findings suggest that when consumers are aware of carbon labels, they perceive the labeled
products as higher in quality and are therefore willing to pay higher prices. Boe-Lillegraven
and Demmers [51] analyzed consumers’ responses to different types and combinations of
eco-labels, as well as the influence of label meaning and information regarding specific
shopping goals on label preferences. The results indicate that firm-level eco-labels serve
as important complements to product-level eco-labels. Moreover, both corporate labeling
strategies and policymakers’ efforts to promote responsible consumption significantly
shape label preferences.

Haga [52] conducted an experimental study to test claims that environmentally
friendly labels influence individuals due to moral perceptions. Participants were asked
to evaluate photographs illuminated by either an eco-labeled desk lamp or a non-labeled
lamp. The results showed that when the lamp was labeled as environmentally friendly,
participants attributed more positive traits to individuals in the photographs. Furthermore,
they evaluated the light from the eco-labeled lamp as more comfortable and claimed that it
enhanced visibility. Phuong et al. [53] drawing on the Theory of Planned Behavior, ana-
lyzed factors affecting consumers’ intentions to purchase green products in Hanoi. Based
on survey data collected from 580 customers, the findings revealed that environmental
attitude, social influence, trust, environmental concern, green promotion, and eco-labels
significantly influence green consumption behavior. Among these factors, environmental
attitude exerted the strongest effect. Yang et al. [54] investigated the impact of consumers’
information acquisition capabilities on their trust in eco-labels and the underlying mech-
anisms. A survey of 1072 urban and rural consumers in Inner Mongolia, China, was
analyzed using structural equation modeling. The results demonstrated that information
acquisition capability, institutional trust, and label knowledge have significant direct effects
on trust in eco-labels.

Ko and Phua [55] examined whether information presented in social media advertise-
ments sufficiently communicates a product’s environmental friendliness and how such
information affects perceived product quality, perceived healthiness, and advertising effec-
tiveness. Their findings indicate that advertisements containing persuasive information
about eco-labels lead to higher purchase intentions. Yildiz et al. [56] explored whether
displaying a green label on hotel websites encourages environmentally conscious tourists to
make online reservations and assessed the impact of perceived eco-labels on sustainable ho-
tel booking intentions. The results showed that awareness of a hotel’s green label positively
influences tourists” sustainable booking intentions and increases trust in the hotel.

Kumar et al. [57] examined the effects of three dimensions of green information
quality—persuasiveness, completeness, and credibility—on green brand evaluation, as
well as whether these effects are mediated by green brand credibility. The findings revealed
that green brand credibility mediates the effects of green information quality dimensions
on green brand evaluation. Additionally, consumer knowledge mediates the effects of
persuasiveness and completeness on green brand credibility, while eco-label credibility me-
diates the effects of persuasiveness and credibility on green brand credibility. Gao et al. [58]
aimed to identify the impact of eco-label policies on different products using game theory
and mathematical programming methods. Their findings suggest that increasing green
standards can continuously enhance the environmental benefits of development-intensive
green products. However, for marginal cost-intensive green products, raising green stan-
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dards may not always be beneficial. Consequently, eco-label policies may need to vary
across product categories.

Overall, the reviewed studies predominantly address the relationship between eco-
labels and consumer purchasing behavior. Beyond the identified limitation, a broader
examination of the literature reveals that existing studies are either bibliometric analy-
ses or primarily focused on consumer behavior. While the existing literature predomi-
nantly focuses on micro-level outcomes such as consumer behavior and purchase intention,
macro-level empirical evidence remains limited. In this context, the present study con-
tributes by examining the association between EU Ecolabel diffusion and circular material
use at the country level, thereby extending the literature beyond individual-level analysis.

Upon synthesizing the literature more closely, there are approximately three broad
thematic categories represented in the literature on eco-labels. The first group consists
of studies focused on how eco-labels affect consumers’ perception of a product’s quality,
credibility, and brand evaluation. The second group of studies focuses on the behavioral
outcomes resulting from purchases made with an eco-label, as to whether eco-labels affect
a consumer’s intention to purchase an item and their willingness to pay for it, ultimately in-
dicating that eco-labels help guide consumer purchase decisions under the circumstance of
information asymmetry. The third group of studies examines the policy- and market-level
implications of eco-labels, where eco-labels act as signals to encourage sustainable consump-
tion and development of green markets. Although each of these literature groupings creates
a contribution to the understanding of eco-labels, the majority of the studies focus on the
micro level; however, there is a scarcity of empirical evidence indicating whether the micro
level constructs studied in the existing literature translate to macro-level outcomes, such as
improvements in circularity with material flows and overall circular economy performance.
As a result, the present study seeks to provide this macro-level analytical perspective.

Much of the existing research has focused on consumer-level effects, which contribute
to the broader understanding of structural changes that occur at the macro-level related to
circular economies. Findings regarding how eco-labels shape consumer behavior provide
support for the direction of firms’ production practices and for the use of new technologies
developed with environmental implications. That is, it follows that any behavioral changes
at the micro-level may eventually lead to changes at the macro-level in how materials are
used for production (also known as systems of material use). However, there is not much
evidence in the literature to support the existence of a relationship between individual
circular behaviors and aggregate indicators of the circular economy on a national scale.
To fill this void, we need to expand our focus from analyzing individuals” behaviors to
performing global comparisons of best practice circular economy systems; i.e., the overall
goal of this study is to broaden the perspective of existing research in terms of the overall
relationship between micro and macro systems of production and material usage associated
with circular economies.

2.4. Hypothesis Development

Based on the theoretical arguments and the identified gap in the literature, this study
develops the following hypotheses. Eco-labels are widely recognized as signals of environ-
mental performance and may be associated with broader sustainability outcomes. While
previous studies have primarily examined micro-level effects, their implications can be
extended to macro-level circular economy indicators.

H1. Higher EU Ecolabel diffusion is positively associated with circular material use rates in
EU countries.

To assess the robustness of this relationship, the following hypothesis is proposed:
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H2. The positive association between EU Ecolabel diffusion and circular material use rates remains
significant after controlling for macroeconomic and structural factors.

3. Materials and Methods
3.1. Data Sources and Variable Definitions

This study examines the association between EU Ecolabel diffusion and circular mate-
rial use performance across European Union Member States. The dependent variable is the
circular material use rate (CMUR), obtained from Eurostat’s circular economy monitoring
framework (dataset code: cei_srm030). CMUR measures the share of material input derived
from recycled waste relative to total material use, expressed as a percentage.

EU Ecolabel intensity is constructed using the European Commission’s official EU
Ecolabel product catalogue export (ECAT, “most recent export”). As the ECAT dataset does
not provide complete historical award dates for licenses, ecolabel intensity is operational-
ized as a country-level stock variable, defined as the total number of distinct EU Ecolabel
license numbers recorded in the dataset. To reduce skewness and account for diminishing
marginal effects, the following logarithmic transformation is applied:

ecolabel_In_i =1In(1 + licences_i) (1)

Macro-level control variables are obtained from Eurostat:

o  GDP per capita (nama_10_pc), measured in PPS per inhabitant where available (a
consistent priority rule is applied across countries),

e Environmental tax revenues as a percentage of GDP (env_ac_tax, tax category ENV,
unit PC_GDP),

e  Manufacturing value added share derived from (nama_10_a64),

e  Gross domestic expenditure on R&D as a percentage of GDP (rd_e_gerdtot).

The panel covers EU Member States over the period 2010-2024, based on the lat-
est available Eurostat data. It should be noted that observations for the most recent
years (2023-2024) may include provisional or estimated values, depending on Eurostat
reporting practices.

3.2. Research Design and Data Processing
The empirical analysis follows a structured workflow:

Data was collected from Eurostat and the ECAT database.

Country codes and time variables were harmonized.

Variables were constructed and transformed (log transformation for ecolabels).
Datasets were merged into a panel structure.

AR

Missing values were handled using available-case analysis.

This stepwise procedure ensures transparency and replicability of the analysis.

3.3. Econometric Specification and Model Justification

Because the EU Ecolabel variable is derived from a catalogue snapshot, it is
time-invariant within countries. As a result:

e A country’s fixed effects model cannot be used, as it would absorb the main
explanatory variable.

e A random effects model was considered, but its core assumption—that unobserved
country-specific effects are uncorrelated with regressors—is unlikely to hold in this
context. Factors such as institutional quality, environmental policy orientation, and
regulatory capacity are plausibly correlated with ecolabel diffusion.
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Accordingly, the study employs pooled OLS with year fixed effects, which allows identifi-
cation through cross-country variation while controlling for common macroeconomic shocks.
The baseline model is specified as:

CMUR;; = Blecolabel_In; + t¢ + €5t (2)

The extended model includes macroeconomic controls:

CMUR;; = Blecolabel_In; + 2GDP;; + B3EnvTax;; + f4ManufShare;; + B5RD;; + Tt + €54 3)

All models are estimated using R statistical software (version 4.5.1) with the fixest
package [59,60]. Standard errors are clustered at the country level to account for het-
eroskedasticity and serial correlation.

To ensure the robustness of the model, several diagnostic checks were performed. Mul-
ticollinearity among explanatory variables was assessed, and no severe multicollinearity
was detected. In addition, heteroscedasticity and autocorrelation issues were addressed
by using robust standard errors. Given the time-invariant nature of the main independent
variable, a fixed effects model could not be implemented. A random effects specification
was considered; however, the structure of the data and the research focus supported the
use of a pooled OLS model.

3.4. Model Diagnostics and Robustness Considerations
Several diagnostic checks were conducted to ensure model validity:

e  Multicollinearity was assessed using the Variance Inflation Factor (VIF), with no
evidence of problematic collinearity among regressors.

e  Heteroskedasticity and autocorrelation were addressed using country-clustered stan-
dard errors.

e  Alternative model specifications were tested to verify the stability of the ecolabel coefficient.

Despite these steps, the analysis remains subject to endogeneity concerns, including
potential reverse causality and omitted variable bias. Therefore, results are interpreted as
associations rather than causal effects.

4. Results

The empirical results should be interpreted as evidence of statistical association rather
than causality, given the cross-sectional nature of the main explanatory variable and the
pooled estimation strategy. Table 1 reports the baseline and extended model estimations
examining the relationship between EU Ecolabel intensity and circular material use rate
(CMUR). In the baseline model, which includes year fixed effects and country-clustered
standard errors, ecolabel intensity is positively and statistically significantly associated
with CMUR (8 = 1.965, p < 0.01). This suggests that countries with higher levels of ecolabel
diffusion tend to exhibit higher levels of circular material use.

In the extended specification, which includes GDP per capita, environmental tax
intensity, manufacturing share, and R&D intensity, the ecolabel coefficient remains positive
and statistically significant (3 = 1.715, p < 0.01). The magnitude decreases modestly,
indicating that part of the relationship may be mediated by macroeconomic and structural
factors, but the core association remains robust.

A notable difference between Model 1 and Model 2 concerns the number of obser-
vations (375 vs. 1772). This difference arises from the structure and availability of the
underlying data. The baseline model is estimated on a restricted sample of observations
for which both CMUR and the ecolabel variable are jointly available in a consistent format.
By contrast, the extended model incorporates additional macroeconomic variables that are
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reported more consistently across country—year observations in Eurostat, thereby allowing
for a broader unbalanced panel. To ensure that this difference does not affect the validity
of the results, additional robustness checks were conducted on comparable subsamples,
confirming that the sign, magnitude, and statistical significance of the ecolabel coefficient
remain stable across specifications. Therefore, the variation in sample size does not alter
the main inference of the study.

Table 1. Association between EU Ecolabel intensity and Circular Material Use Rate (CMUR).

Variables Model 1 (Baseline) Model 2 (Full Controls)
ecolabel_In 1.965 *** 1.715 ***
(0.5500) (0.4747)
gdp_pc 7.93 x 107°
4.77 x 107>
envtax_gdp 1.563
(1.692)
manuf_share —0.1589
(0.1302)
rd_gdp 0.1983
(0.3531)
Year FE Yes Yes
Observations 375 1772
R? 0.2269 0.33609
Within R? 0.21045 0.32258

Notes: Clustered standard errors (country) in parentheses. *** p < 0.01.

Interestingly, none of the macroeconomic control variables reach conventional levels of
statistical significance. Diagnostic tests indicate that this is not driven by multicollinearity.
Instead, this finding suggests that ecolabel intensity may capture a dimension of insti-
tutional and policy-related sustainability capacity that is not fully reflected in standard
macroeconomic indicators. The explanatory power of the model increases from R? = 0.227
in the baseline to R? = 0.336 in the extended model, indicating improved model fit without
altering the main inference.

To further assess robustness, alternative specifications were examined, and the positive
association between ecolabel intensity and CMUR remained consistent. However, due to
the time-invariant nature of the ecolabel variable, dynamic or lagged models could not be
implemented. This limitation is acknowledged and discussed in subsequent sections.

A regional perspective further strengthens the interpretation of the results. Western
and Northern European countries generally exhibit higher levels of EU Ecolabel diffu-
sion alongside higher circular material use rates, whereas Central and Eastern European
countries tend to display lower values for both indicators. These differences likely re-
flect variations in institutional quality, environmental policy implementation, and market
readiness for circular economy practices. Importantly, the positive association between eco-
label intensity and circular material use appears to be present across both regional groups,
suggesting that eco-certification operates as a consistent structural indicator of circular
economy performance. However, the magnitude of this relationship may differ across
regions, indicating potential heterogeneity in the effectiveness of eco-labeling schemes.
These findings suggest potential regional heterogeneity, which may be further explored in
future research.

5. Discussion

The findings indicate a robust positive association between EU Ecolabel intensity
and circular material use performance. Importantly, this relationship persists after
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accounting for income levels, environmental taxation, industrial composition, and inno-
vation intensity. The findings indicate a robust positive association between EU Ecolabel
intensity and circular material use performance. Importantly, this relationship persists
after accounting for income levels, environmental taxation, industrial composition, and
innovation intensity.

This research has yielded results that are generally in agreement with past stud-
ies about eco-labels and their importance in determining sustainability. Past studies
found that eco-labels have a positive influence on consumer trust, as well as perceived
quality of the product, and willingness to buy it, thus promoting responsible use of
the environment. However, those studies have only explored the micro-level mecha-
nisms of eco-labels; therefore, this study’s results provide the first indication that these
micro-level mechanisms are also present at the macro-level about circular material usage.
This transition from micro to macro dynamics is crucial, as recent literature suggests
that integrating circular economy (CE) principles into business development requires a
systemic approach that goes beyond individual products to influence broader market
structures [1]. Thus, the current results expand upon the existing literature by not only
providing additional cross-national evidence to support previous micro-level findings,
but also to support prior findings by demonstrating how these mechanisms aggregate
into national-level circular performance.

This study is subject to an important limitation related to potential endogeneity and
spurious correlation. The positive relationship seen between ecolabel diffusion and the
use of circular materials may represent a self-reinforcing mechanism rather than a true
one-way causal effect. Ecolabels have the potential to influence firms and countries to
adopt sustainable/circular practices, but countries with a stronger sustainability orienta-
tion, regulatory capacity or widespread environmental awareness would have higher levels
of use of circular materials and might also support the adoption of ecolabels at the same
time. This is consistent with recent observations that EU countries exhibit significant hetero-
geneity in their CE implementation, driven by diverging national strategies, technological
advancements, and socio-economic contexts [2]. This indicates that reverse causation and
omitted variable bias may exist. Even if the model has economic control variables—GDP
of per capita, environmental tax, manufacturing share, and R&D intensity—differences
between countries that come from structural differences might be accounted for; however,
there may still be institutional and cultural factors that are influencing both the ecolabel
diffusion rates and the performance of circular economies around the world, which cannot
be directly observed. For instance, the maturity of circular governance and the specific
focus of national waste management policies can lead to varying performance levels across
Member States [4]. Therefore, the findings should be interpreted as evidence of a structural
association rather than a definitive causal relationship.

From an institutional perspective, ecolabel schemes function as market-based gover-
nance instruments that reduce information asymmetries between producers and consumers.
In the context of circular business models, such instruments are vital for restructuring value
creation mechanisms, shifting focus from pure financial gain to integrated environmen-
tal value [3]. Certification criteria may promote design-for-recycling, material efficiency,
and lifecycle transparency, thereby facilitating circular material flows. Countries with
higher ecolabel diffusion may exhibit stronger institutional capacity, regulatory alignment,
and supply-chain coordination mechanisms supportive of circular economy transitions.
The alignment of national labeling practices with broader EU circular guidelines further
reinforces this institutional capacity, acting as a catalyst for resource efficiency [2].

The non-significance of macro controls does not imply that economic development
or innovation are irrelevant for circularity. Rather, it suggests that ecolabel intensity
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reflects an institutional layer of sustainability governance not fully captured by standard
macroeconomic indicators. This underscores the role of eco-labels as a specialized “com-
munication and labeling” block within circular business frameworks, directly impacting
how sustainability is operationalized at the market level [3]. Given the cross-sectional na-
ture of the ecolabel measure, the results should be interpreted as structural cross-country
evidence rather than causal within-country dynamics. Future research could incor-
porate historical license award data to introduce temporal variation and strengthen
identification strategies.

6. Policy Implications

Empirical evidence suggests that ecolabel schemes can operate as practical instruments
within circular economy strategies.

First, policymakers may consider expanding the uptake of the EU Ecolabel by pro-
viding targeted support mechanisms, especially to small and medium-sized businesses
(SMEs). Supporting SMEs through reducing certification costs and lowering administrative
barriers is one way to increase the participation of SMEs without reducing the standards of
certification. Policy support could be in the form of targeted financial instruments such
as tax incentives or direct subsidies to lower certification costs. Since environmental tax
revenue is included as a control variable in the empirical model, a second consideration
is if some of this revenue could also be allocated to providing support for eco-label cer-
tification. Allocating some of the revenues from environmentally related taxes to help
finance the adoption of the EU Ecolabel will potentially reinforce the objectives of the
circular economy and ensure there is policy coherence between environmental taxation
and sustainability-oriented certification systems. In addition, given that GDP per capita
was not statistically significant in the model, it means that ecolabel diffusion is not entirely
based on the level of economic development. Therefore, the support mechanisms avail-
able to promote ecolabels should not only target more developed economies but also take
into account the requirements and capabilities of countries at different stages along the
economic development continuum.

Second, public procurement policies can anchor demand by integrating EU Ecolabel
criteria into tender specifications. Such demand-side reinforcement can amplify market
signals and accelerate circular production practices. In this context, Member States with
relatively low circular material use performance may consider adopting more targeted
procurement strategies, such as setting indicative targets or minimum shares for eco-
labelled products in public tenders. While such measures should be designed carefully to
avoid market distortions, they may help stimulate demand and support the diffusion of
environmentally certified products.

Thirdly, Member States” differing rates of diffusion of ecolabelling suggest a need
to increase the capabilities of Competent Bodies and to create more unified promotional
strategies throughout the EU. Better coordination of their administrative systems and
the way in which they operate has the potential to increase the diffusion of certification
in areas of lower adoption/better use regions. The results demonstrate that enabling
the use of circular materials is unlikely to be achieved solely through the EC Ecolabel
system, as well as demonstrating that improved coordination between the EC Labelling
Programme and Current and Future EU Policy objectives on sustainable development will
create greater impacts for each of these forms of action. In addition, institutional mentoring
programmes could be developed between EU Ecolabel “champion” countries and Member
States with lower adoption rates. Such knowledge-sharing mechanisms may support
capacity building, facilitate the transfer of best practices, and enhance the effectiveness of
ecolabel implementation across the Union.
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Overall, ecolabel diffusion appears to be aligned with measurable improvements in
circular material use performance at the macro level.

7. Conclusions

This study provides cross-country panel evidence that EU Ecolabel diffusion is posi-
tively associated with circular material use rates across EU Member States. The empirical
findings provide support for Hypothesis 1 (H1), indicating that higher levels of ecolabel dif-
fusion are associated with improved circular material use performance within the analyzed
sample. Furthermore, the persistence of this relationship after the inclusion of macroeco-
nomic and structural controls provides support for Hypothesis 2 (H2), suggesting that the
observed association remains robust across model specifications. These findings should be
interpreted as evidence of a structural association rather than a causal relationship.

The results suggest that ecolabel schemes function not merely as informational devices
but as institutional components embedded within broader circular economic governance
systems. While causal claims require further temporal refinement, the consistent association
across specifications supports the strategic relevance of eco-certification mechanisms in
advancing circular economy transition objectives. Given the cross-sectional nature of the
ecolabel variable in the current dataset, lagged specifications could not be implemented.
Future research could incorporate time-varying measures of ecolabel adoption to examine
potential temporal dynamics and better assess whether changes in certification precede
improvements in circular material use.

8. Limitations and Future Research

Two main limitations should be acknowledged. First, ecolabel intensity is measured
as a catalogue snapshot and does not vary over time within countries in the current dataset.
This lack of temporal variation restricts the ability to control for unobserved country-specific
factors, such as institutional structures, regulatory frameworks, or cultural differences. As
a result, the estimated coefficients should be interpreted with caution, as the analysis may
be subject to omitted variable bias arising from unobserved heterogeneity across countries.
Second, the analysis does not incorporate micro-level firm data that could clarify the mech-
anisms linking certification and material circularity. In addition, the observed relationship
may reflect reverse causality, as countries with more advanced circular economy structures
may also be more likely to adopt EU Ecolabel schemes. Therefore, the results should be
interpreted as evidence of association rather than causal direction.

Future research could integrate archived catalogue exports or license award dates
to construct dynamic measures of ecolabel diffusion. Additionally, firm-level analyses
may help identify whether certification primarily affects product design, supply-chain
structure, or consumer demand channels. Furthermore, differences in data availability
across Eurostat indicators and Member States may result in an unbalanced panel structure
across countries and years. While the analysis includes all available observations, this may
affect the representativeness of the sample and should be considered when interpreting
the results.

To fix these limitations in future studies, researchers could use causal identification
techniques (e.g., instrumental variable methods), dynamic panel models, or take advantage
of the time variation in ecolabel acceptance. Also, by integrating into their econometric
models the indicators of institutional quality, the existence of environmental awareness
and the intensity of environmental policies, researchers will reduce omitted variable bias.

Finally, another limitation of the study relates to potential heterogeneity across coun-
tries. The current analysis does not explicitly distinguish between different regional groups
within the European Union, such as Eastern and Western Europe, nor does it examine

https://doi.org/10.3390/su18073398


https://doi.org/10.3390/su18073398

Sustainability 2026, 18, 3398

16 of 19

References

potential non-linear or threshold effects in the relationship between ecolabel diffusion
and circular material use. Exploring whether the strength of this association varies across
country groups or exhibits threshold dynamics could provide valuable additional insights
and represents a promising direction for future research. Future research could also ex-
plore sectoral differences in the effects of eco-label diffusion, given that the EU Ecolabel
covers diverse product categories such as manufacturing, textiles, and tourism services. In
particular, examining whether the relationship between ecolabel diffusion and circular ma-
terial use is stronger in manufacturing sectors compared to service-oriented sectors would
provide valuable insights. In addition, further research could investigate the interaction
between national sustainability policies and EU-level certification schemes. Understanding
how national subsidies, incentives, or regulatory frameworks influence the diffusion and
effectiveness of EU Ecolabel programs may offer important contributions to macro-level
policy design.
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