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Abstract

Due to the changing climate, an increasing number of organizations are focusing on Resource-
Efficient Innovations (REI). This paper investigates a currently missing multilevel perspective on the
determinants of REI at the micro (firm), meso (intersectoral), and macro (policy) levels. Based on a
comprehensive review of the literature and existing gaps, the REI framework, comprising three levels
and six categories (financial, technical, organizational, market, collaboration, and legal) with fourteen
unique drivers and ten barriers, has been developed. Theoretically, the REI framework is grounded
in the Porter hypothesis. To test the framework, novel data collected on more than 13,000 European
SMEs are employed. The baseline results using logit regression empirically validate the framework,
and the moderation analysis demonstrates an interplay among the three levels. In addition to
financial resources and technical expertise, meso-level cooperation is one of the most relevant factors
for resource-efficient organizations. It arguably serves as an adhesive between micro and macro
levels. Furthermore, barriers — mainly located at the macro-level — may also accelerate the REI
supporting the dynamic implications of the Porter hypothesis. Therefore, this paper provides
valuable new strategic insights for organizations aiming to foster REL

Keywords: eco-innovation; resource efficiency; European Union

1. Introduction

The global temperature is undeniably rising due to the overuse of resources. The 12t Sustainable
Development Goal (SDG12) of the United Nations (UN) focuses on the need for responsible
consumption and production, which includes Circular Economy (CE) concepts and improved
Resource Efficiency (RE) [1,2]. In 2023, the UN revealed that “only 15 percent of the targets are on
track” [3], which shows a higher need for commitment and action.

To achieve sustainability through climate action, the European Union (EU) has approved the
European Green Deal to become a “modern, resource-efficient and competitive economy” [4]. Large
public corporations and Small and Medium-sized Enterprises (SMEs) in the EU take different actions
towards those goals. These objectives are central to evolved investments and action plans in
Environmental Innovations (EI), and CE [5,6]. These action plans specifically target SMEs, which
make up 99.8% of all registered companies in the EU and produce 53% of total economic value-added
[7]. Since cumulative SME production activities play a crucial role in an economy, their investments
in RE have a significant impact on the environment and firm growth [8]. European organizations seek
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the right investment strategies and design their business models in line with the drivers, barriers, and
contextual factors of RE [2,9]. Regarding this transformation, the main research question of this paper
is: what are the key determinants at the micro-, meso-, and macro-levels that affect organizations,
particularly SMEs, in becoming more resource-efficient? Broadly, in transition theory, the Multi-Level
Perspective (MLP) has been widely discussed [10-12], which also appears in earlier studies exploring
the determinants of RE-Innovations (REI) [13-16]. However, there remains a lack of a comprehensive
framework integrating such an MLP. Specifically, there is a lack of focus on the meso level, which
encompasses intersectoral dynamics, alongside the micro (organizational level) and macro (regional
policy level) determinants. In doing so, this paper addresses three research gaps. First, this paper
develops a comprehensive framework by identifying and categorizing the relevant drivers and
barriers for REI into three levels, based on a review of the existing literature and identified gaps.
Secondly, this paper adds to the understanding of Porter's hypothesis regarding REI in a partial-
dynamic analysis, which claims that environmental regulations may lead to a competitive advantage
over time, even though they are often considered a barrier for organizations, initially [17,18]. While
the role of regulations has been studied extensively in the literature, the other form of deterrence (e.g.,
a lack of material supply) that exerts a similar external pressure has not been examined as a channel
for this hypothesis. Our results support and enrich the Porter hypothesis and its dimension. Thirdly,
we conduct a quantitative analysis of organizations and their REI [19] using a recent, novel dataset
of almost 13,000 European SMEs, which is long overdue for a comprehensive update in light of a
constantly evolving (formal and informal) institutional context. Next to cooperation, other crucial
drivers are financial resources and technical know-how, whereas the labelling and certification, and
the high costs of environmental actions present substantial barriers to REI, leading to eventual
competitive advantage. More precisely, the research argues, based on interaction analysis, that an
interplay between levels reveals that collaboration at the meso-level might help overcome difficulties
between the micro- and macro-levels. The results are used to suggest organizational and policy
strategies to foster REI and tackle climate change.

Section 2 of the paper justifies the need for organizations to pursue REI and provides an
overview of relevant definitions and concepts. In this vein, the merger of the term EI with the concept
of CE, and the development of the topic specifically within the REI model in organizations, are carried
out. In section 3, a thorough analysis of the existing literature yields a REI framework comprising
three levels and six categories. Applying the concept of REI, we identified factors that positively affect
REI in organizations as drivers and those that negatively affect it as barriers. Following this, drivers
and barriers are assigned to one of the six categories, each of which belongs to one of three levels:
micro, meso, or macro. In Section 4, this REI framework is empirically applied and tested. In section
5, we present our results, followed by a discussion and implications in section 6 and a conclusion in
section 7.

2. Need for Organizations to Integrate REI

To fight climate change and become more sustainable, innovation is crucial [2,20]. Organizations
strive to integrate sustainability into their strategies and to pursue innovations that are resource-
efficient [21-23]. In the literature, eco-innovation (“environmental innovation”, “green innovation”,
“sustainable innovation”) is used interchangeably, enabling organizations to achieve sustainable
transformation, avoid environmental damage, and create competitive advantage [2,24]. EI is
understood as “the production, assimilation or exploitation of a product, production process, service
or management or business method that is novel to the organization [...] and which results [...] in a
reduction of environmental risk, pollution and other negative impacts of resource use”[25]. EI is
related to a specific activity, e.g., the Edding group — an international family business based in
Germany — installed return boxes for its unused pens to recycle them. On the broader industrial level,
El is embedded in the concept of CE, which refers to an entire economic system [26] in which the
waste of one organization is used as input from a cooperation partner. CE is an “economic system
that is based on business models which replace the ‘end-of-life” concept with reducing, alternatively
reusing, recycling, and recovering materials in production/distribution and consumption processes
[26,27]. It is widely defined by the R principles, which combine reuse and recycling as core activities
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[28,29], often with reduction as a third R [30,31] or further activities such as refuse, rethink, repair,
refurbish, remanufacture, repurpose, recover, restore/regenerate, and re-mine [31]. The CE concept
is an approach for organizations to reach their RE goals [32,33]. A prominent example is the
Kalundborg Symbiosis in Denmark, where industrial companies exchange waste and resources (e.g.,
steam, sludge, fly ash, or hot water). This research merges both constructs, CE and EI, into the
definition of RE. For RE, there is no general definition; [34] generally, expect RE to improve the
economy's environmental performance. One element of RE is saving resources, such as water, energy,
and materials, during consumption and production [35]. Moreover, using more sustainable
resources, such as renewable energy, cleaner production, and green technologies, is another action
towards RE [36]. The newly developed concept of REI originates from the RE stream and combines
several possible ways to minimize resource dependence (not just one, but several Els). Like EI, it takes
place at the organizational level, but unlike EI, it refers to RE's activities, which go beyond EI's.
Comparing REI to CE, REl incorporates CE's activities at the organizational level. One could therefore
summarize that REI combines the level at which innovation takes place from EI with the innovation
activities from CE. To mention some of these activities, it could be: 1. Saving resources through
reducing and reusing (saving water, energy, materials, and less waste), 2. Using more sustainable
resources through recycling and refurbishing (renewable energies, greener supplies, recycling), 3.
Innovating through rethinking and repurposing (selling waste, product design). We realize that
existing concepts fall short of identifying this distinction.

Thus, we define based on [34-36]:

REI specifically focuses on innovation activities based on CE principles, such as saving resources, using
renewable resources, and developing green technologies, to strive for RE at the organizational level.

Given the current state of the literature, this research attempts to address three research gaps.
First, it focuses on developing a framework identifying the relevant drivers and barriers for REIL
While studies in the fields of CE, EI, and RE have increased in recent years, the main works have
focused only on literature analysis (e.g., [37-39]). Whereas most of the literature analyzed drivers of
EL only a few articles considered barriers. However, this is important, since SMEs face higher hurdles
than other (larger) organizations [40]. Another shortcoming of existing research is the level of
analysis. Some studies do not provide a comprehensive assessment of relevant factors across different
levels and instead adopt a broad approach. Additionally, collaboration at the meso-level is a fruitful
avenue for future exploration of resource-efficient organizations [2,41]. Collaboration is an inter-
organizational relationship focused on achieving common goals or firm-specific goals [42].
Organizations collaborate by working towards these goals, building trust, social learning, developing
joint processes, and sharing costs or information [43,44]. By including collaboration as a unique meso-
level aspect, we propose a first-of-its-kind RE framework and extend the previous research to
highlight the role of crucial technological and organizational knowledge transfer [20,45].

Second, we attempt to understand Porter’s hypothesis regarding REI in a partial-dynamic
analysis, which claims that environmental regulations, which can be a barrier for organizations
[17,18], may lead to a competitive advantage [24]. This is important since the transition from
traditional organizations towards CE is associated with tensions, e.g., from suppliers, customers,
stakeholders, and society as a whole [2,46]. The role of regulation is the only barrier studied in the
previous research. In this paper, we show that other barriers may behave similarly, as we find that
barriers are ultimately overcome and become drivers. Additionally, this paper theoretically grounds
its REI framework in the Porter hypothesis and applies its principles across three levels: micro-
organizational, meso-interfirm, and macro policy. At the micro level, the Porter hypothesis suggests
that well-designed, stringent environmental regulation can stimulate firm-level innovation that
offsets or even surpasses compliance costs, thereby improving competitiveness and efficiency. At the
meso and macro levels, this mechanism scales up through diffusion of green innovations across
industries, clusters, and the wider economy, potentially enhancing sectoral dynamics and national
competitive advantage, albeit with outcomes strongly mediated by institutional and policy design
[25].

Third, our paper contributes to prior research methodologically. Current research consists of
literature reviews [32,39] or qualitative analyses (e.g., case studies [30,47]). There is a strong need to
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employ appropriate updated data and conduct a quantitative analysis of organizations and their RE
[19]. This will help validate the consistency and current relevance of the previously available
pioneering empirical evidence on drivers and barriers. Under the institutional theory, this is essential
because the (formal and informal) institutional context within which organizations are embedded
constantly evolves. For example, changing coercive external factors (laws and regulations, e.g.,
European Green Deal), normative pressures (industry standardization and expectations, e.g., label
and certification), and mimetic pressures (demand for similar environmentally friendly products) are
relevant to measuring REI and require recent evidence [48]. By using a novel dataset of almost 13,000
European SMEs and by conducting logit regression, we significantly contribute to addressing this
gap and include novel variables. In addition, we provide novel evidence of an interactive interplay
among the three levels. For example, smaller, financially and technically constrained organizations
are benefiting more by using meso-level opportunities (e.g., external support) to adopt REI. This
addresses the claims of recent research claiming that “although the debate on the adoption of
environmental innovations is well underway, the discussion on eco-innovation in the context of
small- and medium-sized enterprises (SMEs) is at a less developed stage and deserves more attention,
especially given the relevance of these companies in the economic system of several countries” [49]
(p- 1432). Especially knowing that SMEs face resource constraints to deal with constantly demanding
legal costs and a lack of bargaining power towards their suppliers [50].

3. Three-Level Driver and barrier Framework for REI in Organizations
3.1. State of Research

When organizations strive for greater sustainability, they evolve their business models toward
RE and introduce REI [2,22,23,35,46,51]. Within this process, drivers and barriers regarding
organizational, technical, and environmental changes arise [17,52]. Recently, there has been a
growing focus on the connection between organizations and their transition to resource efficiency
[22,23,46,51]. To offer an overview of the literature, we have summarized relevant literature sources
in a supplementary file attached to this paper (5.1).

Regarding their methodological approach, there is a mix in this field of research that underlies
its steady progress. Most of the literature deals with a literature review or attempts to assimilate
different arguments to advance the conceptualization [49,53]. Literature-based studies [32,39,54]
employ systematic approaches to detect the field of research. [39] conduct two bibliometric analyses
and identify four antecedents or enablers of how organizations become more resource-efficient, e.g.
the institutional environment and resources, which are particularly important. Some articles follow
a qualitative research design using case studies or interviews [21,55]. A few further articles apply
quantitative methods, such as meta-analyses [56] or structural equation modeling [57]. There is also
a huge range of sample sizes, ranging from 4 cases that have been analyzed [30] up to more than
6000 innovative Spanish manufacturing and service firms [58].

When it comes to the level of analysis, most of the studies do not even consider a certain level
in their analyses [37] [27] [49] [59]. Those studies that include a level mainly use the differentiation
between internal and external factors [19,21,52]. Other studies focus on the institutional frame,
including it at a specific level in their article [23,45,51,55].

Regarding drivers and barriers, not all articles differentiate between the two of them.
Predominantly, the studies [53,57] just refer to analyzing factors or determinants of REI in general
without specifically declaring it as a driver or barrier to REI The study of [60] concentrates on the
drivers only, whereas [18,40] or [2] only consider the barriers in their analyses. Typically, categories
like product, resources/technology, customer, market, and regulations are listed as affecting REI in
organizations [19,45,61].

3.2. REI Framework with Levels and Categories

A few studies put emphasis on the institutional background, since regulations and legislation,
the lack of governmental subsidies, or politics can heavily affect the transition to a more sustainable
organization [23,38,41,45,60]. Literature underlies the importance of the organization’s surroundings
for successful REI, such as the regulatory situation/pressure [23,62]. The authors state that there is a
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range of drivers for REIL as diverse as increases in organizational reputation to low costs and
compliance. This is why our framework integrates prior research and identifies macro-level factors
(see Figure 1).

On the other hand, unlike the macro-level, prior research focuses on the internal level of an
organization. [19] differentiate between internal and external drivers and barriers and argue that this
is “one of the most widespread approaches in the extant studies” (p.4). Internal drivers and barriers
refer to determinants that belong to the organization itself. These factors mainly refer to the resources
or characteristics of the organization [18,22,49,59,61]. Therefore, this article considers the internal
perspective as the micro-level.

Between the two levels, micro and macro, our framework includes a kind of intermediate inter-
sectoral meso-level. It is also extremely important to consider this level since the organization and
the contextual environment would not be sufficient for REI to be successful. Innovation as such needs
collaboration with others to be successful in the market, e.g., suppliers or customers [23,41]. When
analyzing the transition from traditional to sustainable business models in general, [46] detects that
collaboration is a key instrument in this process. Similarly, [23] emphasizes the importance of
connecting the different levels. They highlight the “co-evolution” of micro- and macro-level since
they are “highly variable and contextual through complex interplay with both internal, corporate
factors (micro-level), and external, societal factors (macro-level)” (p.542). This is particularly true for
REI, as it is even more challenging for organizations due to the multiple requirements of different
stakeholder groups [53]. Despite the importance of external partners in such innovation processes, to
our best knowledge, prior research has not explicitly identified this level as a unique one in the REI
framework. Hence, the meso-level comprises market and collaboration categories and serves as an
adhesive between the other two levels — completing an MLP of REI determinants.

Theoretically, the three levels of the developed REI framework are rooted in the Porter
hypothesis. According to the Porter hypothesis, the introduction of more stringent regulation can
incentivize valuable EI and minimize uncertainty for organizations. Regulations incentivize
organizations through environmental or transport taxes, creating demand pressure, and rewarding
them if they exceed current standards, and may even create new standards [2,20,24,63]. However,
there might be an issue of double externality, and EI might be underproduced [64]. Transferring this
logic to the REI framework levels, at the micro level, the Porter hypothesis posits that sufficiently
stringent but well-designed environmental regulation can trigger firm-level REI whose efficiency
gains more than offset compliance costs, thereby enhancing productivity and competitiveness rather
than merely imposing a regulatory burden. Likewise, at the meso level, this mechanism is projected
onto industries, clusters, and value chains, where regulatory pressure induces REI within individual
organizations, which then diffuses through supplier-producer-customer relationships and reshapes
cost structures, market shares, and patterns of entry and exit across entire sectors. At the macro level,
the Porter hypothesis is interpreted in terms of national or regional competitiveness, suggesting that
ambitious environmental policy can generate economy-wide REI waves, upgrade factor and demand
conditions, and create comparative advantages in clean technologies, even though these aggregate
effects are empirically harder to identify due to heterogeneity of institutions and cross-sectoral
interactions [24].

Additionally, our research particularly considers the time dimension of Porter’s hypothesis,
these temporal shifts, which naturally occur when previous hurdles have been overcome in the past
and then turn into drivers to accelerate REI [9,24]. In Figure 1, the left-hand arrow extends over
present (t=0), past (t—n) and future (t+n) to represent the partial-dynamic properties of the
framework. These are motivated by Porter’s hypothesis and are empirically reflected in the survey
data (see supplementary file 5.2). While the barrier variables refer to past constraints, the driver
variables capture future-oriented incentives, and the REI approach reflects firms’ current strategic
orientation.

Based on the findings of prior research presented above, our REI framework combines two main
streams of research, namely levels and categories of drivers and barriers. Based on these levels, we
include organization-related categories, such as the financial, technical, and organizational
categories, on the micro-level. Furthermore, at the meso-level, crucial interactions with vertical and
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horizontal partners, such as suppliers, customers, and other companies, occur to satisfy demand. The
macro-level refers to institutional categories, especially legal regulation, or policy-related subsidies,
which could affect managerial practices. Thus, our REI framework applies the micro, meso, and
macro levels, along with six categories within them. Our framework includes drivers and barriers
across six categories (see Figure 1) and their specific drivers and barriers (see Table 1), derived from

prior research.

Overall, organizations need to understand the drivers and barriers to designing resource-
efficient, future-proof business models by fostering REI through MLP. With the introduction of the
meso-level next to micro and macro, the “collaboration” category becomes a unique driver. Despite
the potential risks of losing control over the organization's knowledge [32,59] it is crucial for firms to
work together to reach an overarching RE-target and be El-oriented [41,51,54].

tho
Micro Meso Macro
 Tochnical Morket | Collsboration ;| = Legal
t=0 RE-Innovation
il
e nesamss mEEEEEE RS (R ] |
iE) Ol (UEMGES Ouesisl [ENEE Lodml)
&1
|
[
t-n
Figure 1. REI framework with driver and barrier categories in micro, meso and macro levels.
Table 1. Specific drivers and barriers of REI framework.
Level Category Drivers Barriers
Financial direct financial support, incentives, and costs of environmental
investments in RE, encouragement due to  investments, especially if
subsidies or financial advice [19,61] managers are not well-
informed [52]
Technical technical expertise within lack of environmental
organizations[49,56,57] expertise [18,52]
Organizational consultancy services can help difficulty of deciding on
reduce/overcome knowledge barriers[65]  strategic RE actions, such
firm size and firm age are relevant because as the internal skill
o larger and older organizations usually have  development strategy or
-
§ a greater innovation capability due to more  circularity strategy[9,55]

resources [38,49,56,58]

successful innovations need to be accepted

by the market and its Business-to-

Consumer (B2C), Business-to-Business
(B2B), and Business-to-Government (B2G);
[47,66]

different stakeholder pressures as a

motivator for organizational improvement,
which can become a competitive
advantage[30,41]
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Market lifecycle assessment tools [89] and lack of demand[27,49,56]
demonstrations like demonstration sites to lack and complexity of
test in real-life settings [90] may help biodegradable supply
organizations understand their level of RE. material [9]
Collaboration multidisciplinary and cross-sectoral
° collaboration as a driver for innovation in
éj general [55,67], and specifically regarding
EI [49,53]
external support as an overarching form of
support that focuses on inter-organizational
relationships'[44]
the database acts as a common ground of
shared knowledge and information [46].
Legal claims such as the “Supply Chain Act” high administrative
which demonstrate the role of the EU in complexity or when the
striving more towards RE since they technical requirements of
8 implement new rules [93] e.g., the rules of ~ legislation are not up to
g material usage and recycling should be date [21,56]
clear for all stakeholders[27,49]. independent labeling

and certification

4. Materials and Methods

In line with the highlighted research gaps, the novel dataset Flash Eurobarometer 498: “SMEs,
Resource Efficiency and Green Markets, Wave 5” was published by the European Commission [68]
that is used to run a Logit regression model. The survey offers valuable information on RE, drivers,
and barriers, along with firm and sector-specific control variables. Data is collected through
computer-assisted telephone interviews (CATI) from regional SMEs across 27 European Union
countries and 8 other non-EU countries. Thus, this dataset has an intended methodological
robustness for an empirical comparative analysis. For our analysis, from the total sample of 17,662
SMEs, we focused on 27 countries of the European Union, with a sample of 13,073 SMEs in our full
model, for barriers and drivers. Several questions in the questionnaire allow respondents to answer
a single question with multiple-choice options (or the top three), thereby raising the need for
multivariate modeling. However, based on correlation and multicollinearity tests, no such issues are
diagnosed. As argued previously, the formulation of the survey questions can be interpreted to have
a time dimension. Therefore, our dataset offers insights that can be interpreted as partial dynamics,
making it feasible to apply Porter’s hypothesis. This implies that the data itself is static, but the
questions tap into organizational past experiences and future expectations. A complete list of
variables used, their definitions, and measurement approaches is provided in the supplementary file
(5.2). To the best of our knowledge, some of the drivers and barriers listed in this wave are unique
and contribute to the literature. In the drivers’ section, especially “assessment tool” and
“demonstration” are new variables. The barrier “complexity with labeling” is new compared to
previous waves and shows the ongoing discussions about this topic [69]. In Figure 2, the levels and
categories are populated with the selected variables based on the comprehensive argumentation
provided in the previous sections.

I whereas cooperation focuses on the implementation of agreed goals
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Figure 2. Operationalization of Resource Efficient Innovation framework.

Given the binary nature of our variables, we considered using qualitative binary response
models, such as the Logit and Probit models. After comparing both models for best fit using different
criteria (e.g., AIC, BIC, McFadden’s R-square)?, the logit model that assumes a logistic probability
function [70] is utilized. In practice, the preference of one model over another does not make a
significant difference. For the convenience of interpreting regression coefficients, we have post-
estimated Average Marginal Effects (AMEs). AME for an independent variable (let’s say: d) simply
calculates differences between the presence of its effect (d=1) versus the absence of its effect (d=0),
where Xq) is the means of all other variables.

Marginal effect = Prob [Y = 1| X(g),d = 1] — Prob [Y =1 X(g),d = 0]

AME interprets that one unit (in our case, discrete: 0 to 1) change in the independent variable
results in a change in the probability of the dependent variable by a % marginal effect. A positive
marginal effect implies that from the base level 0 to the change level of 1 in the independent variable,
a positive contribution to the probability of the dependent variable is made, i.e., an increase in RE
actions. For example, in Table 3, which presents our results for the drivers’ model, one of the driver
cooperatives has a marginal effect of 0.107 (in column 3). This can be interpreted as meaning that a
one-unit change in cooperation (discrete change: going from 0=organizations that do not cooperate
to 1=organizations that do cooperate) will increase the probability of the dependent variable by 10.7%.
This means that, due to cooperation, there will be 10.7% more organizations with (1=Many or some
RE actions; O=few to none RE actions). This interpretation applies to all the variables defined in the
supplementary file (5.2).

Model specification is assessed using standardized tests for the logit model: the link test, the log-
likelihood ratio (LR) test, and the Hosmer-Lemeshow goodness-of-fit test. The link test evaluates
potential omitted variables and the functional relationship between the independent and the
dependent variables. The LR test compares restricted and full specification models under the
assumption of nested models, and the Hosmer-Lemeshow test assesses overall model fit. With the
inclusion of necessary interaction terms and the stepwise exclusion of selected variables (financial
resources), driver and barrier, both models pass the diagnostic tests. However, given the known
limitations of these tests in applied econometrics (e.g., Linktest, see [71]), particularly sensitivity in
large samples, we rely on theoretical centrality as well as empirical compliance with diagnostics.
Relying solely on empirical indications from such tests, at the expense of theoretically grounded
baseline specifications, may itself lead to model misspecification. Accordingly, we present both
treated and untreated models along with their AME as post-estimates. For comparative transparency,
firmage is the only variable that becomes significant in the treated specification, having been
insignificant in the baseline model. Perhaps, in the absence of access to its own financial resources,

2 We used the fitstat command in STATA.
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firm size considers this effect, implying that the larger the firm, the more likely it is to have financial
resources. In the discussion section, we conduct interaction or moderation analysis to build on these
models. Due to the nonlinearity of the model, the moderation analysis is extended to post-estimates
of the marginal difference and their statistical significance.

5. Results
5.1. Drivers

The descriptive statistics are presented in Table 2. Descriptive statistics show that REI actions are
above average, with almost 71% diffusion. On the micro-level, firms primarily rely on their financial
resources (financial category) by almost 67%. This is followed by reliance on grants and subsidies by
almost 44%. Similarly, 55% of firms build their own technical expertise (technical category). At the
meso-level, an active demonstration (market category) to learn about new technologies or processes,
and better possibilities for cooperation (collaboration category) for REI are mentioned by more than
a quarter of firms. The sampled firms mainly sell directly to other businesses (75%) and customers
(60%), while almost 29% also sell to the public administrations. Lastly, at the macro level, 19% of
firms in the legal category also state that clearer rules on the use of secondary raw materials would
drive the adoption of REIL The estimation of the driver model's correlation matrix showed no
multicollinearity issues, as confirmed by formal VIF tests. The correlation matrix is available in the
attached supplementary file (5.3).

Table 2. Descriptive statistics.

Variable Full model
(n=13,073)
RE 0.712
(0.453)
Drivers

Micro Level Financial Category

FINANCIAL RESOURCES 0.678
(0.467)

GRANTS SUBSIDIES 0.447
(0.497)

FINANCIAL ADVICE 0.255
(0.436)

Micro Level Technical Category

TECHNICAL EXPERTISE 0.545
(0.498)
Micro Level Organizational Category

CONSULTANCY 0.268
(0.443)

FIRMSIZE 0.240
(0.427)

FIRMAGE 0.826
(0.380)

Meso Level Market Category

ASSESMENT TOOL 0.169
(0.375)
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DEMONSTRATION 0.261
(0.439)

BC 001
i
B2G 0

Meso Level Collaboration Category

EXTERNAL SUPPORT 0.273
(0.445)

DATABASE 0.178
(0.383)

COOPERATION 0.285
(0.451)

Macro Level Legal Category

REUSE RULES 0.191
(0.393)

Barriers
Micro Level Financial Category

ENV COST 0.284
(0.451)
Micro Level Technical Category

LACKING ENVEXP 0.221
(0.415)
Micro Level Organizational Category

DIFFICULTY ACTIONCHOICE 0.212
(0.409)
Meso Level Market Category

LACKING SUPPLYMATER 0.258
(0.437)

LACKING DEMAND 0.194
(0.396)

Macro Level Legal Category

ADMIN COMPLEX 0.337
(0.473)

ADPT REGULATIONS 0211
(0.408)

OLDTECH REGULATIONS 0.195
(0.396)

COMPLEX LABEL CERT 0.201
(0.401)
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MANU 0.208
(0.406)
RETAIL 0.274
(0.445)
SERV 0.296
(0.457)
0.222
IND (0.415)
Standard deviations in parentheses. All the variables have max value =1 and min value = 0.
Table 3. Logit Results — Drivers.
M 2) ©) (4)
Estimate Robust Marginal Robust
VARIABLES s Estimates Effects Marginal Effects
Micro Level Financial Category
FINANCIAL RESOURCES 1.241%** 0.180***
(0.0501) (0.00655)
GRANTS SUBSIDIES 0.498**  0.563*** 0.0724*** 0.0868***
(0.0481)  (0.0469) (0.00692) (0.00711)
FINANCIAL ADVICE 0.535%*  0.597*** 0.0778*** 0.09217***
(0.0547)  (0.0539) (0.00786) (0.00816)
Micro Level Technical Category
TECHNICAL EXPERTISE 1.037*** 0.883*** 0.151%** 0.136***
(0.0499)  (0.0462) (0.00675) (0.00679)
Micro Level Organizational
Category
CONSULTANCY 0.456*** 0.534***  0.0663*** 0.0824***
(0.0534) (0.0526)  (0.00770) (0.00799)
FIRMSIZE 0.278*** 0.349***  0.0405*** 0.0538***
(0.0598) (0.0584)  (0.00868) (0.00896)
FIRMAGE 0.0964 0.147** 0.0140 0.0226**
(0.0599) (0.0589)  (0.00871) (0.00908)
Meso Level Market Category
ASSESMENT_TOOL 0.661%** 0.705%** 0.0961*** 0.109%**
(0.0673) (0.0658) (0.00968) (0.0100)
DEMONSTRATION 0.603*** 0.674*** 0.0878*** 0.104***
(0.0545) (0.0533) (0.00781) (0.00804)
B2C 0.115* 0.137*** 0.0167** 0.02171***
(0.0536) (0.0520) (0.00780) (0.00802)
B2B 0.0349 0.0642 0.00508 0.00991
(0.0593) (0.0584) (0.00862) (0.00900)
B2G 0.189*** 0.189*** 0.0275%** 0.0292%**
(0.0551) (0.0534) (0.00801) (0.00824)
Meso Level Collaboration
Category
EXTERNAL SUPPORT 1.039*** 0.691*** 0.151%* 0.107%**
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(0.0669) (0.0574) (0.00929) (0.00870)
DATABASE 0.628*** 0.689*** 0.0913*** 0.106***
(0.0652) (0.0644)  (0.00937) (0.00977)
COOPERATION 0.734*** 0.813*** 0.107*** 0.125%**
(0.0546) (0.0536) (0.00777) (0.00801)
Macro Level Legal Category
REUSE RULES 0.687*** 0.767*** 0.0999*** 0.118***
(0.0631) (0.0626) (0.00906) (0.00946)
MANU 0.389*** 0.462*** 0.0566*** 0.0712%**
(0.0739) (0.0727) (0.0107) (0.0111)
RETAIL 0.0202 0.0707 0.00294 0.0109
(0.0651) (0.0637)  (0.00948)  (0.00982)
SERV -0.116* -0.0852 -0.0169* -0.0131
(0.0635) (0.0618) (0.00924) (0.00953)
0.IND - - - -
Constant -2.267%%% -1.6317%** - -
(0.130) (0.125)
Observations 13,073 13,073 13,073 13,073
Country FE YES YES YES YES
Pseudo-R-squared 0.254 0.214
Log-likelihood -5855 -6170

Robust standard errors in parentheses
% p<0.01, ** p<0.05, * p<0.1

Following the framework, Table 3 presents the logit model coefficient estimates and marginal
effects. All the drivers are statistically significant, but they vary in their effect sizes.

Regarding the micro-level, all three categories (financial, technical, and organizational)
generally affect REI. Own financial resources have the largest marginal effect to increase REI actions,
providing support for previous empirical evidence [72]. Results show that firm-based technical
know-how (technical category) — after financial resources — has the largest marginal effects on REL
To financially support basic and applied collaboration, government grants and subsidies, and
financial advice to identify such funding opportunities and investment opportunities are also
statistically significant drivers in the financial category. Regarding the organizational category,
building on the REI's risk and uncertainty perceptions, large and established firms are expected to
take on such risks. The variables firm size and firm age, as indicated by their statistical significance,
show these implications.

Furthermore, REI is influenced by the market and collaboration categories at the meso-level. At
the meso-level, inter-sectoral possibilities for cooperation amongst firms are one of the most
important drivers in the model (collaboration category). Despite being a large and established market
player, perhaps due to incomplete information and inherent appropriation, uncertainty about the REI
external support and consultancy (organizational category) is also a statistically significant driver (as
later confirmed by interaction analysis). The collaboration category further shows that there is a
positive impact of creating a database that may entail records of REI projects that inspire the benefits
of such innovations. At the nexus of science-industry-policy [73], it is highly likely that sharing basic
research will drive REI across organizations. Similarly, drivers such as assessment tools and
demonstrations can help clarify the REI market competition landscape, underscoring the importance
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of the market category. These results are justified from the lens of evolutionary economics, which
dictates the consistent need for innovation to maintain natural selection in the industrial dynamics
and competition [74]. Finally, results also show that operating in B2C and B2G settings drives REI.
What is interesting, though, is that B2B segmentation has no statistically significant contribution in
driving REL

Finally, at the macro level, in line with the vast literature on regulation, we see that clarity in
rules and regulations on the use of secondary raw materials will drive the REI (legal category). A
further elaboration on the implications of these results is presented in the discussion section.

5.2. Barriers

As per descriptive statistics on barriers, Table 2 shows that there are no clear ‘outliers” similar to
financial resources in the driver model. At the macro level, the expected regulatory administrative
complexity in the legal category is a top barrier. At the meso-level, the lack of supply of materials,
parts, products, or services is almost 26% (market category). At the micro-level, the firm-specific
private environmental costs constitute another top barrier (financial category). In third place is the
22% lack of environmental expertise (technical category). A correlation matrix of barriers (see
supplementary file S.4) showed no strong correlations, indicating that multicollinearity is not an
issue.

Table 4 presents the logit estimates and marginal effects for barriers. Based on the somewhat
expected implications of partial-dynamic framing of the barrier question, all barriers are positive
contributors to increased REI actions. Especially considering our definition of REIL In the joint effect
of barriers, some interaction terms have negative signs and are statistically significant, indicating a
negative combined impact on organizations.

Table 4. Logit Results — Barriers.

(1) 2) B) @)

Marginal Robust
Effects Marginal

VARIABLES Full Model Robust Effects

Micro Level Financial Category

ENV COST 0.727*** 0.928*** 0.117%** 0.147***

(0.0619) (0.0935) (0.00977) (0.0146)

Micro Level Technical Category
LACKING ENVEXP 0.493*** 0.672*%*  (0.0794*** 0.107***
(0.0691) (0.108) (0.0110) (0.0171)
Micro Level Organizational Category
DIFF ACTIONCHOICE 0.468*** 0.647**  0.0754*** 0.103***
(0.0697) (0.105) (0.0112) (0.0167)
Meso Level Market Category

LACKING SUPPLYMATER 0.578*** 0.739***  0.0931*** 0.117%*
(0.0607) (0.0844) (0.00963) (0.0132)

LACKING DEMAND 0.437*** 0.687**  0.0704*** 0.109***
(0.0722) (0.112) (0.0115) (0.0176)

Macro Level Legal Category

ADMIN COMPLEX 0.481*** 0.616™*  0.0775*** 0.0979***
(0.0578) (0.0808) (0.00921) (0.0127)

ADPT REGULATIONS 0.150** 0.243** 0.0242** 0.0385**
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(0.0699) (0.110) (0.0113) (0.0174)
OLDTECH REGULATIONS 0.291*** 0.329***  0.0469*** 0.0523***
(0.0725) (0.0734) (0.0117) (0.0116)
COMPLEX LABEL CERT 0.550*** 1.034**  0.0886*** 0.164***
(0.0762) (0.134) (0.0122) (0.0212)
FIRMSIZE 0.489*** 0.477***  0.0788*** 0.0758***
(0.0566) (0.0574) (0.00901) (0.00903)
FIRMAGE 0.108* 0.101* 0.0174* 0.0160*
(0.0575) (0.0583) (0.00927) (0.00925)
MANU 0.528*** 0.523***  (0.0851*** 0.0830***
(0.0712) (0.0721) (0.0114) (0.0113)
RETAIL 0.0638 0.0663 0.0103 0.0105
(0.0622) (0.0629) (0.0100) (0.00998)
SERV -0.0578 -0.0525 -0.00932 -0.00834
(0.0600) (0.0609) (0.00967) (0.00968)
oIND - - - -
B2C 0.185*** 0.187**  0.0298*** 0.0297***
(0.0505) (0.0511) (0.00812) (0.00810)
B2B 0.180*** 0.180***  0.0289*** 0.0286***
(0.0560) (0.0567) (0.00901) (0.00899)
B2G 0.234*** 0.239***  (0.0377*** 0.0379***
(0.0519) (0.0524) (0.00835) (0.00832)
(0.189)
Constant -0.588*** -0.696***
(0.115) (0.117)

Observations 13,073 13,073 13,073 13,073
Country FE YES YES YES YES
Interactions YES YES

Pseudo-R-squared 0.194 0.200
Log-likelihood -6325 -6274

Robust standard errors in parentheses
% p<0.01, ** p<0.05, * p<0.1

Identified further channels of Porter’s competitive advantage due to barriers, the robust model
shows that the macro-level legal category has the largest positive barrier, which has driven the REI
over time. This barrier is the complexity of environmental labelling and certification. This result
should not appear surprising, as desirable commercial use of such labels and certifications follows
strict, third-party-verified, and consistently evolving criteria in the EU [75]. Other regulatory barriers,
such as administrative complexity proxying for bureaucratic red tape, are also positive and
statistically significant. At the meso-level, market forces (supply and demand) act as positive,
statistically significant barriers. Due to the unavailability of required materials, parts, products, or
services, firms innovated around it. The friction would have been overcome by sourcing alternative
supply materials, leading to REL Similarly, the lack of demand for certain REI actions over time is
expected to increase as climate change-related awareness has recently penetrated consumerism.
Climate consciousness is becoming a universal consumer value, and organizations are learning to
abide by it. Also, there have been several apocalyptic natural disasters (e.g., flash floods, wildfires)
across the globe, thereby increasing the sense of urgency and decreasing the “psychological distance”
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[76]. At the micro-level, the high costs of environmental actions push organizations to adopt more of
them. The cost variable is highly statistically significant and has the second-largest marginal effect.
This can be explained through the relative assessment of higher costs incurred in the absence of such
environmental actions. For example, loss of market share, and most importantly, inefficient resource
optimization (such as energy). This was also a direct argumentation of Porter’s hypothesis. In the
technical category, the lack of warranted environmental expertise is also a significant barrier, with
high statistical significance. A firm, in the absence of such skills, may have relied on external support
and cooperation over time to overcome such barriers. The results also show that firms are unable to
make suitable decisions to become more RE-innovative. This highlights a firm's behavior in the face
of dual market failures. However, policy intervention and market competition could be potential
reasons for overcoming this micro-level organizational inertia over time.

6. Discussion & Implications

This paper has made a profound attempt to close the outlined research gaps. We summarize the
most relevant aspects of our study in Figure 3 and discuss their implications in this section.

Micro Meso Macro
Financial Technical Organizational Market Collaboration Legal
© * Own financial * Own technical * Assessment tool * External support * Clearer rules of
=3 resources expertise (0.109%**) (0.107***) material usage
‘2 (0.180%+%) (0.136%#%) «D i * Cooperati (0.118%+%)
: g 1 (0.104%+#) (0.125%*%)
: 3 * Databasc
(0.106***)
(!
[ | * Costof * Lack of * Difficulty in * Lack of supply * Administrative
[ 5] i 1 i choosing the right material complexity
| B actions (0.147***) experience resource efficiency (0.117%*%) (0.0979***)
[ g | (0.107***) actions for the * Lack of demand * Complex label
company (0.109***) certifications
: : (0.103++%) (0.164%+%)

Figure 3. Summary of results.

The proposed theoretical framework updates the literature and adds incremental strategic
value to organizations seeking to achieve their REI objectives through an MLP. The framework
enriches and deepens the fundamental understanding by identifying and consequently integrating
crucial unique transmission variables. Firstly, based on theoretical and empirical arguments, the
framework shows that, on the one hand, there are several drivers at the meso- and micro-level. On
the other hand, half of the barriers are allocated at the macro-level. This implies top-to-bottom RE
transition trickle-down. Overall, these variables may act as catalysts for REI and the systematic
reinforcing change between the micro-meso-macro levels.

The framework has emerged as a tool that also shows that between the two poles — macro and
micro — the unique meso-level acts as a horizontal and vertical connecting adhesive [54]. The meso-
level adhesive is an intersectoral collaboration that allows the joint pursuit of RE-actions aligned with
market forces and the available stakeholders within the cumulative competitive landscape [41]. To
empirically elaborate on our claims, show the interplay, and identify potential policy actions, we have
conducted further moderation or interaction analyses between meso-level drivers and macro- and
micro-levels. We present these results in Table 5.

Based on statistically significant interaction terms, the interplay revealed highly crucial
collaborative organizational strategies that are conditional on organizational characteristics (micro)
and are reinforced by institutional settings (macro). While the main effects of the identified drivers
are positive and statistically significant for REI, these effects in our moderation analysis might be
dampened or strengthened. For example, large organizations that rely on their own financial
resources and technical expertise benefit less from meso-level assessment tool development,
demonstrative exhibitions, and, most importantly, external support. Therefore, these meso-level
variables are strengthening smaller, financially and technically expertise-constrained organizations.
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Similarly, database development at the meso level that allows the study of case studies of
organizational REI is in demand among firms that are technically constrained. These are a few of
the most important results from our analysis to provide policy actions. Our results have also
previously identified that a lack of environmental expertise is a crucial barrier. At the sector level, we
can also address the previously identified lack of REI adoption among B2B organizations. Interaction
analysis shows that, in the presence of technical expertise, the B2B sector adopts REI, suggesting a
lack of technical expertise available to it. Altogether, this directly follows and strengthens the well-
established literature on SME-related constraints that motivate collaboration due to differences in
size, absorptive capacity, managerial skills, access to resources, and the ability to interact with
external partners, thereby reducing the cost of innovation and achieving organizational RE [77,78].
To contextualize this, an EU-wide survey has estimated that almost 70% of municipalities lack experts
with environmental and climate assessment skills [79]. This emphasizes a staggering gap between
willingness and ability to achieve the green transition. Nevertheless, with meso-level collaboration,
this gap can be somewhat bridged. Based on this, the first policy action is to develop a relevant
knowledge base and foster collaborative opportunities. How these collaborative opportunities might
be strengthened is outlined by our remaining results. We further find that meso-level organizational
strategies, such as participating in or attending an exhibition or demonstration of new technologies,
and access to grants and subsidies, reinforce an organization's ability to conduct REI. Moreover,
intersectoral organizational collaboration for research and development opportunities is motivated
by consulting with other organizations on how to conduct REIL. The phenomenon of cross-innovation
fits well, highlighting a mechanism that reveals that innovations emerge most when partners have
heterogeneity in their knowledge bases [67]. However, this cooperation results in higher
organizational REI when rules are clearly defined, specifying which raw materials can be used as
secondary raw materials. Therefore, highlighting important policy tools from our analysis, for
instance, the allocation of grants and subsidies, state-run demonstration exhibitions as innovation
spaces, and, most importantly, a well-defined and efficient secondary raw material market. To
provide context on this finding, according to [80], the total circular material use rate in the EU has
stagnated between 2010 (10.7%) and 2024 (12.2%). This is partially responsible due to a lack of
regulated markets for secondary raw materials. For instance, virgin plastics are cheaper than recycled
plastics, leading to the bankruptcy of organizations that have heavily invested in chemical recycling
plants [81,82]. This reiterates that organizational collaborative REI is policy-defined and compliance-
based, and regulatory competitive advantages play an important role in fostering the top-to-bottom
trickle found in the proposed framework.

The barriers model explained Porter’s policy hypothesis in more detail with other channels.
Especially when the joint effects of administrative complexity and regulatory adaptation have a
positive, statistically significant impact on REI actions. The results of the barrier model showed that
there is a top-to-bottom trickling due to policy levers. Therefore, magnifying the role of the policy
levers. While our positive barriers are best explained by Porter’s hypothesis, we acknowledge a few
caveats. In the survey questionnaire, it is not possible to infer how long this average dynamic
conversion time of barriers into drivers might be. Given the potential to tap into past events, memory
bias (see, e.g., [83]) may also amplify responses and results in this manner. Behavioral science also
warns against expecting biased answers when asking about past events (e.g., the Peak-End heuristic).
In addition, a natural empirical concern is potential selection bias, whereby firms that report REI may
also be more likely to report implementation difficulties, leading to positive estimated coefficients.
This, in turn, implies that the barrier variable is symptomatic of engagement rather than actual
difficulties. To assess this, we conducted cross-tabulations between barriers and REI. The results
revealed that this concern is incorrect: across barrier variables, 7% to 17% of reported barriers are
observed among organizations that did not successfully conduct REL Therefore, organizations report
actual barriers, strengthening our previous partial-dynamic claims.

Table 5. Interaction Analysis — Only Statistically Significant Results.

Full driver model Full driver model
& per variable Interactions = & all interactions ©
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3 4
Logit E(Zi’zimates Mar in(jl) Effects Lf)éit Maig)inal
VARIABLES & & Estimates  Effects
ASSEi?;g;EEOOL X -0.358** -0.0531** -0.348**  -0.0502**
(0.174) (0.0257) 0.175)  (0.0252)
Di?ﬁiﬁgif&g? X -0.288** -0.0426** -0.230**  -0.0333**
) (0.112) (0.0166) (0.116) (0.0167)
DE%EE;?EAS{}BON X 0.291** 0.0430** 0.295** 0.0426**
-2 (0.115) (0.0170) 0.117)  (0.0169)
B2BgX€)EE%I¥II\S%CAL 0.246% 0.0365** 0.235*  0.0339*
(0.109) (0.0162) (0.128)  (0.0184)
i?IEEAI?\INC?kE EIIEJSX -0.929*** -0.135%** -0.921*%*  -0.133***
) (0.125) (0.0179) (0.126) (0.0181)
X .
?EE}IE-II}\II\iéELSIéI;PX -0.903*** -0.131*** -0.902***  -0.130***
) (0.125) (0.0181) (0.127) (0.0182)
DATABASEE;IZECHNICAL -0.276** -0.0409** -0.265**  -0.0382*
’ (0.137) (0.0203) (0.141) (0.0203)
PERATI
((:Z(())(I)\ISULT Al(\)lg\;( 0.361** 0.0535%* 0.373** 0.0538**
(0.144) (0.0213) (0.147) (0.0211)
CI?E(:)[I;SE]? }E{JISENS X 0.334** 0.0495** 0.331** 0.0478**
- (0.155) (0.0229) (0.158)  (0.0228)
Constant -2.509***
(0.231)
Observations 13,073 13,073 13,073 13,073
Country FE YES YES YES YES
Pseudo-R-squared 0.266
Log-likelihood -5473

Robust standard errors in parentheses

% p<0.01, ** p<0.05, * p<0.1

(a) Based on the driver model, for brevity, the results report only statistically significant
interaction effects between meso variables and both macro- and micro variables in both b) and c).
(b) Derived from a specification that includes the driver model and the interaction of a single
variable (e.g., Assessment Tool) with macro and micro variables. (c) The full model extends the
previous specification by including interactions among all variables simultaneously, thereby
demonstrating robustness.

From this paper, several implications are deduced. Regarding policy, despite the claim's
obviously ambitious nature, it is possible to suggest that meso-level factors act as an adhesive for
several polarized macro- and micro-level factors. We may check across levels and across categories
to make an economic policy. While micro-level factors are important, they are aggregated and
embedded into institutions. While this is true, the transmission catalyst ought to be at the meso-level
in a well-functioning, connected market, fostering collaboration across and within sectors through
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demonstration sites and financial support mechanisms. By doing so, organizations can benefit from
knowledge exchange with other sectors, which is important for enhancing REI.

Whereas quantitative studies like this one are highly demanded to generalize findings [19], this
paper is not without limitations. There are some restrictions on the data, as it is secondary, specific to
the EU, and static. Nevertheless, future data collection can build on our framework and the results.
This paper provides some fruitful perspectives for future research. Having presented a
comprehensive framework at several levels, future research could investigate in more detail how the
specific factors evolve throughout the innovation process and how they interact with one another.
Another interesting area for future research is analyzing their impact in specific institutional settings,
such as the increasing literature on emerging markets [83].

Finally, this whole paper provides an effective blueprint for organizations that strive for REL
Specifically, financial resources and technical know-how are important drivers. While gaining eco-
labels and other compliance costs are identified as barriers, they are crucial for overcoming
organizational inertia and gaining a competitive advantage in the long run. Therefore, investments
in those categories do pay off in the end, as organizations become legally compliant, market-relevant,
and ready to compete and collaborate.

7. Conclusions

This paper catches up on crucial theme and investigates the adoption pathways of REI in
organizations. Building on the recent literature and justified gap in it, the authors developed a first-
of-its-kind comprehensive theoretical framework that includes three levels of micro, meso, and
macro, and six categories within these levels. Empirical results confirm the framework's drivers and
barriers. Most key determinants show comparable marginal effects, indicating that different factors
are essential to organizations and that a strategic mix of them is necessary. European SMEs face a
variety of options, and every organization has a different path to REL. However, a ranking and
concentration of factors at a given level or category is visible. More precisely, this study confirms the
importance of financial resources, technical knowledge, cooperation, and its mechanics. Technical
expertise allows firms to build on their knowledge and, combined with opportunities in consultancy
supported by clear market tools, to gain an even broader view of technical approaches to becoming
resource-efficient. In terms of barriers, the macro-level regulations are relevant. In line with the Porter
hypothesis, this paper shows that barriers, primarily at the macro level, were addressed and
overcome in the next step, becoming innovative driving forces. Policymakers should consider
triggering these aspects with a balanced approach. In line with that, this research highlights that the
government, as a policy maker, influences REI directly through subsidies, reuse rules, and B2G
companies within the financial, legal, and market categories, and indirectly by shaping spaces for
collaboration on external support, databases, and cooperation. This multilevel perspective on drivers
and barriers reveals how stakeholders can foster REI by actively collaborating and changing barriers
into drivers.
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