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Abstract: This paper investigates the strategic dimensions influencing the adoption of environmental
innovations (Els) in small and medium-sized manufacturing enterprises (SMEs) in Mexico City. The study aims
to understand the fundamental strategic dimensions defining eco-innovation and examine how SMEs manage
the complexities of incorporating these practices. Employing a mixed methods approach with documentary
analysis and expert interviews; the study identifies key factors influencing EI adoption through causal maps
and the Viable System Model. Findings highlight the significance of external and internal factors such as
competitive pressure, economic constraints, technological capabilities, political support, and social influence.
This integrative approach emphasizes the importance of adaptability and responsiveness, presenting eco-
innovation as a source of sustainable competitive advantage for SMEs.
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1. Introduction

The planet is facing an exponential increase in the challenges associated with climate change.
This situation generates deep concern about the environmental repercussions of production and
consumption activities, including the depletion of natural resources, the reduction of biodiversity
and the pollution of water, soil, and atmosphere. Among the most worrisome aspects are the
emissions of global pollutants that contribute to global warming [1,2]. The IPCC Special Report
“Global Warming of 1.5 °C” evidence that the impact of climate change increases in line with the
increase in average temperature [3]. It highlights that upon reaching 2 °C, drastic consequences could
be experienced globally. According to this report, to limit the temperature increase to 1.5 °C, it is
necessary to achieve net zero emissions of carbon dioxide (CO2) globally by 2050, and neutrality in
terms of other greenhouse gases later in this century. However, the report “Climate Change 2022:
Impacts, Adaptation and Vulnerability” points out that the effective implementation of climate
measures and the management of trade-offs between mitigation, adaptation, and sustainable
development demand urgent action to meet key deadlines, such as those set by the Sustainable
Development Goals and the Paris Agreement by 2030 [4].

In addition, environmental awareness has been progressively gaining ground in discussions on
ecological and green management. As ecological awareness has developed, environmental issues
have gained significant relevance. Customers of companies, as stakeholders, show increasing concern
about the ecological footprint and environmental impact of these companies [5]. But beyond
highlighting the importance of sustainable development and green management, the scarcity of
resources and higher levels of pollution are progressively leading to cleaner production [6]. This has
generated a growing interest on the part of environmental and innovation researchers in the idea of
sustainable innovation [7,8]. Academics and practitioners increasingly recognize EI as an important
source of competitive advantage for companies; companies that possess unique technological
competencies and resources are more likely to introduce new environmentally friendly products and
processes and substantially improve their productivity [9].
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SMEs, as key economic actors, play a fundamental role in the transition to a sustainable
economy. To achieve this goal, it is crucial that these companies restructure and combine their
resources and capabilities effectively, adapting to environmental requirements without
compromising their competitiveness [10]. However, the ability of SMEs to balance environmental
and economic objectives has been the subject of debate in the specialized literature. Given the
resource constraints they often face, it is argued that these firms often face significant challenges when
trying to develop sustainable capabilities. This is because implementing sustainable practices can
generate additional costs, complicating the task of maintaining their competitiveness in the market
[11].

Consequently, the adoption of eco-innovations by manufacturing SMEs is influenced by several
factors. The application of EI and traditional environmental management practices can lead to
performance improvements, with different effects on environmental and economic performance [12].
Hansen [13] proposed an analytical framework, the “dynamic triangle”, which emphasizes the role
of competencies, network relationships and strategic orientation in driving the adoption of
environmental innovations. However, it was found that a self-directed online sustainability and eco-
innovation toolkit was not sufficient to drive SMEs to address environmental issues [14]. To
overcome barriers to eco-innovation adoption, it is important to study demand uncertainty, financial
risks, and lack of funds, and to analyze the potential benefits and risks of applying innovative
products and technologies [15].

In Mexico, the implementation of EI practices has been shown to positively impact the business
performance of small and medium-sized enterprises, especially in the manufacturing sector [16]. This
assertion is further supported by research conducted in Oaxaca, Mexico, which identified a
significant connection between eco-innovation and environmental performance in the hotel industry
[17]. However, even though the topic has been examined from various levels, perspectives and
interests, the integration of eco-innovation into business operations remains rare. This underscores
the urgency of continuing research, not only to broaden the understanding of this process, but also
for the purpose of developing tools that facilitate the incorporation of innovation as an integral part
of the enterprise [18].

Derived from the above, research on SMEs, particularly those in Mexico City, has not been
specifically studied, demonstrating the need for the present study. However, research in Mexico
highlights significant advances and challenges in the adoption of eco-innovation, as shown in Table
1. It was found that product, process, and management eco-innovations are critical for SMEs in the
automotive industry, driving sustainability and competitive advantage [19]. It was shown that
technological capabilities significantly improve eco-innovation practices, indirectly driving business
performance through these eco-innovative efforts [20]. Additionally, it was highlighted that recycling
and waste prevention projects produce greater economic and environmental benefits compared to
other cleaner production initiatives [21]. This body of research indicates that eco-innovation is
becoming an integral part of the strategic operations of Mexican SMEs, contributing to both
environmental sustainability and economic performance.

Furthermore, studies have emphasized the role of market pressures and external factors in
driving eco-innovation. An analysis revealed that eco-innovative actions in artisanal companies lead
to improved sustainability in economic, social, and environmental dimensions, often driven by
market demands and customer expectations [22]. Similarly, eco-innovation in Mexican industries is
often motivated by the need to comply with environmental regulations and meet consumer demands,
which in turn fosters competitive advantages and opens new market opportunities [23]. These
findings highlight the fundamental role of external pressures in promoting eco-innovation,
suggesting that policy frameworks and market incentives are vital to support the sustainable
transformation of SMEs in Mexico.
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Table 1. Research Findings on Eco-Innovation Adoption by SMEs in Mexico.

Study focus Key Findings Author and year
Poduct, process, and management eco- Sandra Yesenia Pinzon-Castro,
Eco-innovation types adoptioninnovation are key types adopted by SMEs Gonzalo Maldonado-Guzman, R. J.
in the automotive industry. Toro, 2023 [19].

Technological capability significantly L. Valdez-Judrez, M. Castillo-

Vergara, 2020 [20].

Technological capabilities and

. influences eco-innovation and improves
Eco-Innovation

corporate performance.

Waste recycling and prevention projects
Cleaner production yield higher economic and environmental B. Hoof, Thomas P. Lyon, 2013 [21].
value than other projects.

Eco-innovation motivated by market Galvan-Vela, E., Ruiz-Corrales, M.,

Eco-innovation as industr . .
y pressures leads to competitive advantages Ahumada-Tello, E., & Ravina-Ripoll,

Externalit
rernaty and sustainable development. R, 2023 [19].
I il I .
. .. . ndl..lstl'la symbiosis strategle.es. m M. Puente, E. R. Arozamena, S.
Industrial symbiosis industrial areas reveal opportunities for

. . . Evans, 2015 [24].
systemic eco-innovation.

Environmental innovation in handicraft
Environmental innovation in businesses improves sustainability across P. Sanchez-Medina, J. Corbett,
handicraft businesses economic, social, and environmental Arcelia Toledo-Loépez, 2011 [22].
dimensions.

Taking all these aspects into consideration, the main objective is to understand the fundamental
strategic dimensions that define the implementation of eco-innovation in small and medium-sized
manufacturing enterprises (SMEs) within the context of Mexico City, conceived as an adaptive
system of a complex nature. To this end, it examines how these business entities can manage the
configurations and complexities inherent to the incorporation of eco-innovative practices in their
operational processes, leveraging viable systems models (VSM) to ensure sustainability and
competitiveness.

To achieve this objective, this research adopts a qualitative research paradigm, characterized by
its in-depth, flexible, and naturalistic approach, is particularly suitable for studying human
experience and meaning [25,26]. This method, frequently used in the social sciences, focuses on non-
quantifiable aspects, such as attitudes and values [27]. For data collection, documentary and field
tools are proposed. Documentary research is a key component of social sciences, involving the
analysis of existing data within a variety of documents [28]. On its side field research, through
interviews, is a crucial tool in business research, as it provides a rich insight and a deeper
understanding of the subject [29]. Interviews go beyond oral communication and allow researchers
to observe behavior, personality, and beliefs, as well as to verify the accuracy of information [30].
Data analysis will be explained in more depth in the methodology section.

Thus, the research question arises: How do strategic dimensions influence the adoption of eco-
innovations in small and medium-sized manufacturing enterprises (SMEs) in Mexico City, and how
can these enterprises manage the configurations and complexities inherent in incorporating eco-
innovative practices into their operational processes?

In the initial review of 24 articles, they were classified by dimensions and categories, finding 8
categories related to eco-innovation in manufacturing SMEs: social capital and eco-innovation,
knowledge and experience for eco-innovation, internal environmental capabilities, external pressures
and regulations, sustainable business performance, sustainable competitive advantage, eco-
innovation, and non-technological innovation. The studies, conducted in diverse locations such as
Malaysia, Ghana, the Netherlands, Pakistan, Egypt, Italy and Taiwan, use both quantitative and
qualitative methodologies, and many lead to the construction of models. In addition, articles related
to SME resilience to COVID-19 in relation to eco-innovation were found. Causal analysis through
axial mapping identified key categories and their relationships, highlighting how knowledge
acquisition leads to knowledge management and strategic environmental orientation, while market
demand for green products drives eco-marketing innovation.
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The paper is organized as follows. Section 2 presents the theoretical background of EMC, eco-
innovation, complex adaptive systems, and the relationship of eco-innovation to strategic dimensions
in manufacturing SMEs. Section 3 describes each of the research hypotheses. Section 4 describes the
method adopted in this study. Section 5 presents the results of the desk study, the field study, and
the causal map. Section 6 discusses the theoretical implications of the results and the validation of the
hypotheses. Section 7 presents conclusions and perspectives for future research.

1.2. Underpinning Theory

1.2.1. Sustainable Competitive Advantage (SCA)

The SCA is based on the resource-based view (RBV) theory. This strategic management theory
holds that an organization’s competitive advantage is based on its unique and valuable resources and
capabilities [31,32]. Resources are an organization’s assets, capabilities, knowledge, information, and
skills. Capabilities are how the organization combines its resources to create value [33]. According to
this theory, a firm’s resources must possess; valuable, rare, inimitable, and non-substitutable
attributes to develop a new capability that leads to competitive advantage. The RBV recognizes two
types of resources: tangible resources, such as physical assets, and intangible resources, such as
organizational culture and reputation [34].

According to the Resource-Based View (RBV), the achievement of a Sustainable Competitive
Advantage (SCA) is made difficult for competitors due to the complexity of imitation, attributable to
factors such as the rarity, inimitability and non-substitutability of an organization’s resources and
capabilities. Consequently, Chain Value Added (CVA) has been the subject of extensive discussion
in strategic management and sustainability research, being considered crucial for long-term success
and business survival in an environment of intense global competition and rapid change [35]. For
this reason, it is argued that organizations must adopt sustainable business models that generate
long-term value and contribute to the three fundamental pillars of sustainability: economic, social,
and environmental [36].

Thus, the main objective of SCA is to outperform competitors in terms of decisions on the
allocation of resources and capabilities to achieve an organization’s objectives [37,38]. However,
achieving a competitive advantage in the marketplace is often more complex because business
models and competitive patterns in the marketplace have changed dramatically due to increasingly
stringent environmental regulations and stakeholders [39,40]. Some authors, such as Porter [41],
predicted this trend by suggesting that companies will only gain advantages when the green idea is
implemented throughout the product life cycle. For this reason, environmental sustainability has
generated increased interest as a research topic and focus among practitioners to understand whether
a commitment to sustainable practices creates comparative advantages from an environmental point
of view [42].

Thus, in a competitive environment, where resources are scarce, innovation is an effective way
to stand out from the competition [43,44]; that is, the most successful companies are those that
constantly innovate their products and services to meet changing customer needs [45]. SMEs can also
contribute to their competitiveness through eco-innovation through its positive effect on the market,
sales, market share, sales, and profitability, including their green image [46]. However, the literature
also shows that SMEs have difficulties in converting sustainable practices into competitive
advantages through innovation [47]. Specific studies are still needed to understand how eco-
innovation helps to promote environmentally friendly practices [48].

The relationship between environmental innovation and competitive advantage is another
essential point that remains to be discussed in the current literature. A study focused on this matter
and tried to explore if environmental innovations are a source of competitive advantage and vice
versa. The study concluded that ecological innovations can be the source of a competitive edge for
many firms, although the relationship is often bi-directional. Thus, businesses with a competitive
advantage tend to invest more and more in environmental innovations, creating a reinforcing cycle
[49]. Another study goes a step further to discuss the role of open innovation in managing ecological
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complexity. Green innovation through open innovation practices helps a business firm simplify the
complicated way of environmental regulations and market demand. This integration not only
increases the competitive advantage but also increases the general capability of the firm for
innovation [50].

In another study, firm strategy was investigated as a mediator in the relationship between green
entrepreneurship, green innovation, and competitive advantage. It emerged that the effects of green
innovation upon competitive advantage are amply enhanced in the presence of a well-defined
strategic orientation toward green practices. Medium- and large-sized firms whose strategies are in
harmony with the objectives of the environment tend to record remarkable gains in market position
and operational efficiency [51]. Another study supports these findings by pointing out that green
product innovation considerations affect performance and competitive capability. It has been pointed
out that managerial environmental concern moderates the process of the firm’s ecological concern
with green innovation considerations and attaining a competitive advantage. This underscores the
importance of leadership in driving sustainable practices and achieving a competitive edge [52].
Further research also reveals the significant influence of green supply chain integration and the
perception of competitive pressure on developing environmental innovations that impact both
incremental and radical innovations [53].

1.2.2. Eco-Innovation

The definition of eco-innovation has been shaped over time with the rise of sustainable
development in the late 1980s as a mechanism to reconcile economic growth with environmental
protection. One of the first authors to address this concept is Fussler and James, who defined eco-
innovation as actions aimed at preventing environmental damage through new or modified
processes, techniques, systems, and products in 1996, in his work “Driving Eco-Innovation: A
breakthrough discipline for innovation and sustainability” [54]. Since then, the term has taken on a
variety of definitions that focus on the “new” and, simply put, have an aim to reduce environmental
impact. In the broadest sense, eco-innovations are understood as a collaborative process of many
stakeholders that serves to generate new innovative solutions to environmental problems and, hence,
through this, advances the process of sustainability [55,56].

According to the Eco-Innovation Action Plan [57], this concept involves any process that leads
to new innovative solutions about environmental challenges. New solutions could be reducing the
impact on the environment or building resilience toward environmental pressure, improved
efficiency, and responsible use of natural resources [58,59]. More than that, adopting eco-innovation
in business models is also emphasized as a measure to gain sustainable competitive advantage.
Studies have proven that green innovation practices tend to result not only in environmental
sustainability but also in a significant contribution to improving the competitive capabilities of firms
[60,61].

Eco-innovations have been secured as proactive environmental strategies by two
complementary functions. There are functions that promote sustainability; innovation sources
fostered by eco-innovation in this aspect are regarded as a source of competitive advantage. Further
research indicates that companies implementing eco-innovative practices, such as a reduction in the
use of toxic substances or treatment of the supply chain as a green source, would demonstrate a better
market position and operation than companies not adopting these practices [62,63] . A culture of
organizational innovation is another vital key to long-term entrepreneurial development and
sustaining an organization’s competitive advantage in a globalized environment [64]. This synergy
between sustainability and innovation supports the environmental objectives, at the same time
driving economic development and competitiveness.

1.2.3. Eco-Innovation as a Complex Adaptive System

Systems thinking, as described by Jackson [65], is an approach to analyzing and understanding
complex systems. It is a way of thinking that seeks to understand the interactions between the parts
of a system and how these interactions affect the system. Rather than analyzing each component in
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isolation, systems thinking focuses on understanding the relationships, connections, and patterns
that emerge from the system. Thus, the systemic approach to eco-innovation is based on industrial
symbiosis that seeks to improve the economic and environmental performance of companies through
collaboration among them [66]. This strategy is based on the exchange of resources, such as materials,
energy, and water, between companies in the same region.

When examining eco-innovation from the theory of complex adaptive systems (CAS), it becomes
a system that adapts and evolves in an increasingly changing environment [67]. For this reason,
adaptation and co-evolution of all systems is necessary for innovations to be successful [68]. Eco-
innovation behaves as a complex system built on a set of IE components that involve different types
of activities, resources, tools, and strategies within the company, in a clear systemic relationship with
external social, environmental, socio-technical and transitional systems where the company
experiences generate strategies under the influence of changes in its environment [69].

1.2.4. Relationship of eco-innovation to strategic dimensions in manufacturing SMEs

The strategic dimensions of manufacturing SMEs to adopt IE are related to both external and
internal factors. External factors impact competitiveness including innovation and financial
management [70]. On the other hand, internal factors play an important role in supplier collaboration,
on-time delivery, and short- and medium-term strategies [71]. Thus, the combination of external and
internal factors becomes a catalyst for EI integration in manufacturing SMEs.

Several studies have examined the role of external factors in stimulating eco-innovation in small
and medium-sized enterprises (SMEs). According to Cecere [72], public funding and tax incentives
can significantly improve a firm’s ability to implement eco-innovations, especially when combined
with substantial internal or external resources. Klewitz [73] highlighted the importance of
intermediaries such as local authorities and consultancies to facilitate eco-innovation in SMEs,
especially those with limited absorptive capacity. Triguero [74] pointed out the relevance of
collaboration with research institutes, agencies, and universities, as well as the increase in market
demand for green products, as key drivers of various types of eco-innovation.

Internal strategic dimensions play a fundamental role in the development and adoption of eco-
innovations [75]. These dimensions, which encompass environmental awareness, knowledge,
resources, and capabilities, are shaped by corporate philosophy and culture [76]. In addition, specific
capabilities that enhance eco-innovation performance in manufacturing firms focus on organizational
culture, structure, and performance evaluation [77]. Also, previous experiences in eco-innovation
emerge as the most influential factor, underlining the importance of learning and knowledge transfer
within the firm [78].

1.3. Research Hypotheses

1.3.1. The Competitive Environment

The competitive environment plays a fundamental role in the development of eco-innovations
because an eco-innovative design or process generates improved product design, increased
productivity, reduced inputs, process design, and reduced product costs [79]. Consequently, an
SME’s understanding of the competitive environment leads to a better understanding of the
competitive capabilities that can contribute to achieving sustainable business performance and
competitive advantage [80]. Companies should seek out and integrate resources with a competitive
advantage, such as assets, skills, processes, information, and experience, to develop business
capabilities that provide a competitive advantage [81]. Moreover, technological capabilities and the
adoption of digital tools significantly improve eco-innovation practices and corporate performance
[82]. Additionally, collaboration with research institutes, agencies, and universities is essential for
fostering eco-innovation [83]. Overall, the role of external and internal factors in driving competitive
eco-innovation cannot be overstated [84].

H1: The competitive environment influences the adoption of eco-innovations by manufacturing
SMEs in Mexico City.
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1.3.2. The economic environment

The economic environment influences how SMEs acquire skills to attract financing and
investment for the realization of sustainable projects. Eco-innovation can be conceptualized as a
relevant instrument to make economic growth compatible with environmental protection [85].
However, to be viable investments, eco-innovative investments will need adequate financial
resources not only in terms of quantity but also quality, typology, and availability [86]. Financial
incentives in the form of tax credits and public funding hugely improve a firm’s capability to
implement eco-innovations [87]. Besides, internal capabilities in terms of strategic planning and
resource management are crucial for successfully adopting eco-innovative investments [88].
Organizational readiness and environmental awareness are significant facilitators of eco-innovation
[89].

H2: The economic environment influences the adoption of eco-innovations by manufacturing SMEs
in Mexico City.

1.3.3. The Technological Environment

The technological environment is crucial for promoting the adoption and diffusion of new
technologies. Companies must respond to constant technological changes and the shortening of
product life cycles by increasing their investments in environmental innovations to improve their
competitiveness. Justifying financial investments for developing and implementing innovative
environmental solutions requires the prospect of expanding the company’s market share [90]. Studies
have shown that technological capabilities and the adoption of digital tools significantly improve eco-
innovation practices and corporate performance [91]. Additionally, the incorporation of eco-
technologies within business operations enhances environmental and economic outcomes [92].
Intermediary organizations play a crucial role in facilitating eco-innovation by providing essential
support and resources [93]. The strategic orientation of SMEs towards eco-innovation further
strengthens their competitive edge [94].

H3: Technological environment influences the adoption of eco-innovations by SMEs in Mexico City.

1.3.4. Political Environment

The political environment also strongly affects the adoption of eco-innovations through
environmental policy and incentives provided by public entities. Good policy instruments in the form
of economic incentives, R&D subsidies, and tax reliefs play an essential role in the fostering of eco-
innovation [95]. More importantly, the role of intermediary organizations and public funding in
building eco-innovation capabilities among SMEs is fully recognized [96]. Policies of governments
supporting eco-innovation are a critical step in developing environmental strategies for SMEs [97].
The more defined regulations and incentives are, the more SMEs adopt eco-innovation. Collaboration
with public entities also fosters the procedure of eco-innovation [98].

H4: The political environment influences the adoption of eco-innovations by manufacturing SMEs in
Mexico City.

1.3.5. Social environment

The social environment emanates from the customers and social needs. Inventions make
processes efficient and ecologically performing. People become social eco-innovation catalysts when
there is public awareness of the ecological need, which may cause a shift to a more circular economy
[99]. The business model inspired by societal needs allows companies to attain resource efficiency
and produce eco-products [100]. There is social awareness and customer pressure to drive eco-
innovation efforts. They are highly relevant factors, as per Cuerva [101], making the already-public
concern about the environment and demand for sustainable products work towards pressuring eco-
innovation practices further. According to Doe [102], it is evident then that social and market
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dynamics also play a vital role in forming eco-innovation strategies among SMEs [103]. Additionally,
improving the uptake of eco-innovations needs to involve various stakeholders, including customers
[104].

H5: The social environment influences the adoption of eco-innovations by manufacturing SMEs in
Mexico City.

1.3.6. Strategic Orientation and Focus

Strategic orientation involves how an organization uses strategy to adjust or modify elements of
its environment for better alignment, influencing profitability and business decisions through its
effects on overall profitability [105] It determines choices, strategic positioning, performance,
involves multiple functions, and requires significant resource commitments [106]. Strategic
guidelines drive company departments toward management objectives, elevating business
competence and contributing to corporate performance growth through the implementation of
environmental management best practices [107,108]. Strategic green orientation involves long-term
commitment to environmentally friendly products and services, fostering internal integration and
external coordination with key stakeholders to improve economic success [109].

Heé: Strategic orientation influences the adoption of eco-innovations by SMEs in Mexico City.

1.3.7. Internal and Organizational Capabilities

The consideration of internal factors in companies for eco-innovation decisions has led to the
concept of innovation capabilities, which include organizational routines and processes aimed at
achieving innovation [110] From the dynamic capability perspective, innovation experience and
capabilities are crucial for determining a firm’s innovation trajectory, with past eco-innovation
experience significantly influencing future directions [111]. Entrepreneurial capabilities, when
repeatedly applied, generate routines and processes that, when adapted to environmental changes,
become dynamic capabilities. This is significant as employees engaged in environmental protection
are prioritized as key resources, and investment in environmental certifications is viewed as
organizational capability [112]. Dynamic capabilities play a crucial role in creating or transforming
knowledge-based capabilities to address sustainability challenges, thereby improving environmental
performance [113].

H7: Internal and organizational capabilities influence the adoption of eco-innovations by SMEs in
Mexico City.

1.3.8. Adsorption Capabilities

A firm needs an absorptive capacity to source, internalize, and use knowledge from external or
internal sources to integrate innovative activities in manufacturing or service operations. The output
level of green innovations, including sustainable products or services and working practices, is solely
dependent on the level of absorptive capacity a firm has [114,115]. Therefore, organizations seek to
obtain knowledge from outside regarding the negative linkage of their operations on the
environment, such as pollution, waste, and other environmental outcomes. By integrating the new
information with the existing one, organizations ease the innovation of green practices in their
processes and operations [104,114]. This integration is necessary because green innovation
performance is significantly affected by absorptive capacity and enhances the performance of both
green product and process innovation performance [116,117]. Besides, a broad volume of research
indicates that the effective implementation of these practices driven by absorptive capacity may bring
sustainable competitive advantages to the firms [114,115].

HS8: Absorption capabilities influence the adoption of eco-innovation by Mexican manufacturing
SMEs.
To demonstrate the hypothesis in a more integrated way, the following Figure 1 is presented:
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Figure 1. Theoretical framework.

2. Materials and Methods

2.1. The Research Design

To achieve the objective of the study, this paper focuses on the strategic dimensions of IE
adoption in small and medium-sized manufacturing enterprises (SMEs) in Mexico City as a context.
The research was conducted using a documentary and field methodology, i.e., literature review and
interviews with experts in the field. Through this mixed approach, an in-depth understanding was
obtained in integrating IE-related practices in manufacturing SMEs in Mexico City. The choice of a
qualitative methodology for the study is justified by the need to explore and understand experiences,
perceptions, and practices to encourage manufacturing SMEs to adopt eco-innovations. Accordingly,
several studies highlight the importance of qualitative methodology to explore and understand
experiences as well as perceptions and practices [118-121].

In this sense, several studies highlight the importance of qualitative methodology to explore and
understand experiences, as well as perceptions and practices [122,123]. This approach is relevant to
capture the complexity and richness of data in expert interviews and documentary analysis [124].
Data collected through this approach are holistic, rich, and nuanced, allowing themes and findings
to emerge through careful analysis [125]. For its part, the importance of correlational research lies in
its role in determining and prevalence of prevalence and relationship between variables thanks to the
complex and multifaceted nature that characterizes it which allows for a nuanced understanding of
the factors that influence it [126]. And field research, in organizational sciences, allows identifying
correlations and variables that affect each other to contrast theoretical data with field data to
determine relaxations and correct irregularities [127,128].

In field studies, interviews are social interactions in which researchers ask people questions to
collect data for social research [129]. Interviews are crucial components of social research because
they provide rich qualitative data and information about participants’ perspectives [130-132]. In this
sense, the role of the interviewer is important, and more attention needs to be paid to their
experiences and the support they need (Morris 2012). For this research study, 4 experts in Corporate
Social Responsibility, business sustainability consulting, circular economy and clean industry who
understand the dynamics of adopting environmental practices and innovations in business were
interviewed. The research process is detailed below.

2.2. Data Collection

To achieve the proposed objective, documentary research was carried out with a systemic and
field approach through semi-structured interviews with experts in Corporate Social Responsibility
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and experience in the adoption of environmental technology for SMEs. A traditional literature search
was conducted in the Web of Science (WOS) and SCOPUS, following the steps described in Table 2.
The 24 selected papers were simultaneously reviewed and coded with the support of the ATLA.ti
version 24 program. Each causal relationship identified in the literature on strategic dimensions and
EI was coded based on the criteria of functionality of the subsystems of the ESM described in the data
analysis section. The systematic review is a methodological approach that seeks to identify, select,
evaluate, and synthesize previous studies in an organized manner, to present the evidence in a way
that allows informed conclusions to be drawn about existing knowledge, highlighting what is known
and what remains to be explored [133]. For the literature review, the steps proposed by Denyer and
Tranfield [134]:

e Step 1: formulation of the research question.
e Step 2: location of studies.

e Step 3: selection and evaluation of studies.

e Step 4: analysis and synthesis.

e Step 5: reporting and use of research results.

To answer the research question: what are the strategic dimensions and relationships that
influence the adoption of eco-innovations by manufacturing SMEs in Mexico City as a complex
adaptive system? In this, it prioritizes the literature that presents causal evidence between the
relationships of eco-innovation, manufacturing, and SMEs, thereby reducing to 24 papers.

Table 2. Steps to search for traditional literature..

Conceptual limits for document search in WOS and SCOPUS:
1.  Search equation: (eco-innovation OR ecological innovation OR environmental
Step. 1 innovation) AND (manufacturing OR manufacture) AND (smes OR small Business).

2. Search period: the last five years from the date of the most recent publication (2019-
2024), the search date was May 23, 2024. A total of 37 documents were obtained.
Definition of criteria for document search in WOS and SCOPUS:

3. Selected fields: Article title, Abstract, Keywords.

4. Documents: articles

Step 2

Definition of exclusion criteria for the documents found:
5. Review articles.
6.  Exclusion for duplicity.
7. For not being research in EI
8. For not presenting causal relationships.
9. A total of 24 documents were reviewed.

Step 3

In the case of interviews, four experts were interviewed in Mexico City as shown in Table 3.
These experts were selected on the basis of convenience, considering their experience and knowledge
specifically in Mexico City of at least 4 years in manufacturing companies. The interviews were semi-
structured, conducted in Spanish through virtual media, and comprised of 16 questions covering
topics such as strategies, challenges, opportunities, strengths, business strategy, and regulations.
These interviews were later translated into English. Although the number of experts interviewed is
small, the depth and quality of the information obtained through semi-structured interviews provide
rich and detailed data that can be highly representative of the strategic dimensions being investigated
[135].

This relates to the concept of “informational power,” suggesting that the quality and relevance
of the information obtained are more important than the number of participants. A small number of
interviews may be sufficient if the data obtained is in-depth and relevant to the study [136]. This is
evidenced by the careful selection of to ensures that the perspectives captured are meaningful and
applicable. Semi-structured interviews are a valuable tool in various research fields, as they offer a
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conversational approach that can reveal unexpected insights [137]. They are particularly useful for
exploring complex issues and allowing flexibility in data collection [138].

Table 3. Summary of semi-structured interviews.

Expert Experience and knowledge Date

Corporate Social Responsibility, corporate environmental

1 e
management and sustainability.

January 24, 2024.

Sustainable development with experience in organizational
2 implementation of ESG (environmental, social and February 7, 2024.
governance) issues in Mexico and Latin America.

Clean industry, industrial engineering, craft processes,

o May 4, 2024.
general organizational consultancy.

4 Biology, circular economy and ecotechnologies. May 4, 2024.

Textual transcripts were loaded into the data analysis program ATLA.ti version 24. All
transcripts were analyzed and coded word by word using an open coding system. Then, open codes
were classified, interrelated, and grouped using axial coding [139]. Thematic analysis was then
applied based on the themes addressed in the semi-structured interviews. Non-participant
observation was used to conduct the interviews, this refers to a research method in which the
observer does not directly participate in the interaction but observes it from an outside perspective.
Non-participant observation, a method of data collection, has been used in several fields, including
online behavior analysis [140], nursing research [141], and classroom teaching [142]. It has been found
to provide unique information about individual behaviors and mechanisms [143]. In this interview,
the questions were previously asked, and the participant answered the question without intervention
from the interviewer.

2.2. Data Analysis

The causal map and the model of viable systems were considered for the data analysis. A causal
map consists of a network of nodes (statements) and directed arrows whose direction implies
causality, i.e., “may lead to” [144]. The construction of the map must be done starting from a general
question or statement. First, the objectives or gaps are written from the question, with complete
statements. Second, all relationships between them are sought, resulting in a causal map. In this way,
a graphical representation shows the complexity of a problem, showing, for example, how the
objectives or problems are interconnected, as well as detecting emerging patterns. When interpreting
a map this helps to understand the reading of information [145].

From the methodological point of view, the raw causal maps [146] are organized in three steps:
The first is to identify conceptually salient coding categories. The second step consists of developing
construct operationalizations that capture the coding categories. Finally, the concepts and constructs
are tested for validity using the limb checking procedure recommended by Lincoln and Guba (1985).
The standard causal map reflects the relationships between certain vertices of mentioned information
blocks (Figure 2). The arcs between vertices should reflect the causal relationships. Concept A can be
cause or effect of Concept B, Concept C, Concept D, Concept E, Concept F; Concept B can be cause or
effect of Concept A, Concept C, Concept D, Concept E, Concept F and so on (presented in any form).
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Figure 2. A theoretical model of the causal map, adapted from Daniyil Shmakov [148].

A causal map displays the causal relationships indicating that from any concept in any of the
blocks, there is the ability to connect to at least two additional concepts from other blocks, or at least
two more concepts from the same block, or at least one other concept within the same block (Figure
3).

Figure 3. Cause and effect relationship of causal maps, adapted from Daniyil Shmakov [148].

To understand the interactions of one of the variables involved in greater depth, the Viable
System Model (VSM), a tool for designing and managing complex systems used in various
applications, will be used [149]. In the business field, it is used to diagnose organizational weaknesses
and design management systems [150]. In creating the Viable System Model (VSM), Stafford Beer
sought to establish a “science of organization” based on cybernetic and systemic principles. His goal
was to understand how organizations generate viability, i.e., the ability to survive and thrive in often
unpredictable and turbulent environments [151,152]. This model is based on three key principles:
viability, recursiveness and autonomy. Viability implies that a company must adapt effectively to
internal and external changes to ensure its continuity. Recursiveness implies organizing the
organization’s systems in such a way that they reflect themselves at different levels [153]. Thus, a
viable system is composed of interlocking systems that are also viable. Within this context, autonomy
means that a system can operate independently if it conforms to the rules set by its higher systems
[154].

The Viable System Model is described as a visual diagram representing a series of fundamental
elements (five subsystems and an environment) interconnected in a specific way, all of them essential
for viability (Figure 4).
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Figure 4. Viable systems model.

System 1 is the set of activities performed by the organization that provide value to its external
environment, the primary operations and comprises elementary operating units that may be
divisions of a company, sub-organizations, among others. The main function of System 2 is to ensure
the coordinated operation of the organizational units that make up System 1 (represented by the
triangles on the right side of the diagram). System 3 is responsible for optimizing the overall
functioning of System 1, i.e.,, management activities related to resource allocation and present and
immediate operations. System 4’s main task is to monitor the organization’s environment, keeping
an eye on its environment and future changes to keep it always prepared. Finally, System 5 makes
policy decisions and defines the vision and identity of the organization. The environment is
represented as external to the system in question and is commonly visualized as an undifferentiated
mass.

Ithink version 8.0 was used to prepare the causal maps. Ithink is a business modeling and
simulation application developed by isee systems. This tool is used to build business process models
and scenarios for the purpose of evaluating various policies and gaining a better understanding of
the operation of complex systems. Several ethical considerations were considered for the interviews.
These included the need to ensure a safe environment and equal attention for all participants [155].
Principles of business ethics, such as preparedness, openness, honesty, and power relations as a guide
to interviewer and interviewee behavior [156] Privacy, informed consent, and the potential for
emotional harm [157].

3. Results

3.1. Literature Review

In an initial review of the 24 articles, they were classified by dimensions and categories. As
shown in a Table 2, 8 categories were found that are related to the eco-innovation option in
manufacturing SMEs: social capital and eco-innovation, knowledge and expertise for eco-innovation,
internal environmental capabilities, external pressures and regulations, sustainable business
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performance, sustainable competitive advantage, eco-innovation, and non-technological innovation.
These articles arise from different methodologies, both quantitative and qualitative, where most
documents lead to the construction of a model. Additionally, due to the chosen period, you can find
articles related to the resilience of SMEs against covid19 in relation to eco-innovation. The location
where the studies were conducted is in Malaysia, Ghana, Netherlands, Pakistan, Egypt, Italy, and
Taiwan.

Table 2. General dimensions/categories of the articles studied.

Overall

. . . Stud
dimensions/categories y
Social capital and eco- Assessing the influence of social capital and innovations on
Innovation environmental performance of manufacturing SMEs [158].

Ecolabnet service packages as a response to the needs of
manufacturing enterprises in the SME sector of the Baltic Sea Region
[159].
Eco-innovation of food processing and manufacturing SMEs [160].
Knowledge and expertise for Innovation in manufacturing SMEs during the COVID-19 pandemic:
eco-Innovation How does environmental dynamism reinforce employee proactive
behavior [161].
Manufacturing SMEs doing it for themselves: developing, testing and
piloting an online sustainability and eco-innovation toolkit for SMEs
[162].
Linking internal environmental capabilities to sustainable
competitive advantage in manufacturing SMEs [163].
The role of CSR oriented organisational culture in eco-innovation

ti 164].
Internal environmental practices [164]

. On the growth impact of different eco-innovation business strategies
capabilities

[165].

Institutional pressure and eco-innovation: The mediating role of
green absorptive capacity and strategically environmental orientation
among manufacturing SMEs in Egypt [166].
Environmental pressures and eco-innovation in manufacturing SMEs
[167].

Effects of the Fit between Size and Environmental Uncertainty on
Manufacturing SMEs” Innovation Activity [168].

Adoption of green innovations by SMEs: an investigation about the
influence of stakeholders [169].

Determinants of eco-innovation initiatives toward sustainability in
manufacturing SMEs: Evidence from Bangladesh [170]

External pressures and
regulations

Institutional pressure and eco-innovation [171]
Eco-Innovation Capabilities and Sustainable Business Performance
during the COVID-19 Pandemic [172]

Corporate sustainability and firm performance in small and medium

enterprises in Ghana: Mediating role of green innovation [173].
Sustainable business P & & 173]

performance Green manufacturing practices and SMEs’ sustainable performance: a

moderated mediation mechanisms of green innovation and
managerial discretion [174].

Determinants of eco-innovation capabilities adapted by Malaysian
SMEs during the COVID-19 pandemic [175].
Innovative Green Initiatives in the Manufacturing SME Sector in
Poland [176].
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Sustainable competitive Drivers of multiple eco-innovation and the impact on sustainable
advantage competitive advantage [177].

An Analysis of Eco-Innovation Capabilities among Small and
Medium Enterprises in Malaysia [178].
Environmental and technological factor diffusion with innovation
and firm performance: Empirical evidence from manufacturing SMEs

Eco-marketing and digital [179].

inovation Unraveling the transformation: the three-wave time-lagged study on
big data analytics, green innovation and their impact on economic
and environmental performance in manufacturing SMEs [180].
Digital technology and circular economy practices [181].
Non-technological Environmental objectives and non-technological innovation in
Innovation Spanish manufacturing SMEs [182].

3.2. Causal Map

To generate the causal map resulting from the literature review, an axial coding is performed
considering the examples of Hoare (2012) and Brown (2002) emphasizing the interaction between
coding and categorization. In addition, the techniques and methods of axial coding were considered
[185,186]. In the initial phase an open coding was done considering the articles reviewed for the
determination of the hypotheses. With a total of 164 codes, then, axial coding the codes were
analyzed, resulting in 6 main categories, from which subcategories resulted as shown in Figure 5.

The figure illustrates the process of axial coding, categorization, and causal analysis in a
literature review on strategic dimensions in manufacturing SMEs. In axial coding, key dimensions
such as “Employee Engagement,” “Technology and Innovation,” “Organizational Capabilities,”
“Market and Customer,” “Knowledge and Information,” and “Management and Strategy” were
identified. Each dimension is broken down into more specific categories, for instance, under
“Technology and Innovation” are “Digital Innovation” and “Technological Capabilities.”
Categorization groups these codes into broader themes, showing their interrelations. For example,
“Employee Engagement” includes categories like “Employee Proactivity” and “Employee
Environmental/Sustainability Awareness,” crucial for “Developing New Technologies.” Causal
analysis highlights the causal relationships between categories. For instance, “Knowledge
Acquisition” leads to “Knowledge Management,” which in turn influences “Strategic Environmental
Orientation.” Additionally, “Market Demand for Green Products” drives “Eco-Marketing
Innovation,” demonstrating how market pressures influence organizational strategy. In summary,
this image represents a detailed axial coding and categorization of themes identified in the literature,
along with their causal relationships, providing a comprehensive view of the strategic factors
affecting manufacturing SMEs.
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Figure 5. Causal map of the literature review, elaborated with ATLAS.ti version 24.

With a total of 90 codes after translating and coding the interviews, 7 categories are generated.
According to Figure 6, based on grounded theory coding, expert interviews have revealed a complex
structure of strategic dimensions of eco-innovation in manufacturing SMEs in Mexico City.
Information and knowledge management, regulatory compliance, organizational and managerial
practices, operational efficiency and optimization, market and business strategies, sustainability and
environmental practices, challenges and barriers, and stakeholder and social factors are identified as
interrelated. The main causal relationships show that effective information management drives
operational efficiency, regulatory compliance leads to sustainable practices, and external pressures
from stakeholders and society encourage the adoption of environmental practices.
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In addition, it has been highlighted that organizational and management practices influence the
development of effective market strategies and that financial and operational barriers can limit access
to the information needed for eco-innovation. The adoption of sustainable practices has been driven
by customer demands and social pressures, underlining the need for internal management to respond
to these external expectations. The quasi-map provides a comprehensive overview of how SMEs can
optimize their operations and improve their sustainability through regulatory compliance, effective
information management and responsiveness to stakeholder demands. Each of these considerations
will be discussed further in the viable system model.
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Figure 6. Causal map of interviews, elaborated with ATLAS.ti version 24.

3.3. Viable System Model

For the realization of the viable system model, a conceptual model was considered, which is
built from the axioms, principles, and laws of the viable organization, considering the dynamic
structure that determines the adaptive connectivity of the parts of the organization or organism,
which is what allows it to adapt and survive in a changing environment. For the construction of the
system, represented in Figure 7, both the codes from the literature review and those from the
interview were considered, with emphasis on the relationship between the variables.
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Figure 7. Viable eco-innovation model system for manufacturing SMEs in Mexico City.

System 5 or policy system in the context of eco-innovation was called management and
strategies. In the context of SMEs, it is necessary to consider the willingness of management and
knowledge capabilities to generate environmental awareness on the part of the organization’s
managers and thus generate a corporate governance with ideals towards eco-innovation and the
emergence of an organizational culture linked to corporate social responsibility. According to
interviewee 1, the lack of an organizational culture linked to environmental issues is one of the main
problems for SMEs to adopt eco-innovations: “The rigid structure is a disadvantage for SMEs that want
to adopt environmental practices. SMEs can allocate a couple of resources, even hire someone specialized, but
it takes time to change the structure with which they are doing things, if you ask an organization to implement
an environmental management system, they have been operating for 20 years without formalizing
environmental management, because it is part of the organizational culture”.

For interviewee number 2, he comments something similar: “It cannot be established whether it
is just a fashion or an imposition, it has to be something voluntary, there has to be total awareness
that this is the way to work and focus efforts to achieve that goal, as long as that does not happen, it
will not work”.

Additionally, interviewee 3 emphasized that environmental awareness is not merely a strategy
but a necessity dictated by regulations, especially in sectors like food, where certifications mandate
specific environmental practices: “Generating environmental awareness in the organization depends a lot
on the type of organizational culture they have and especially here in the companies, what has happened to us
is that the position of, the requlations already oblige you, so in this part of how it is perceived is not a strategy,
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I see it as a director and it is not a strategy, it is already a today by today the company has to work and with an
environmental awareness especially because I tell you the impacts that it already has on the issue of
regularization”. Interviewee 4 highlighted the importance of consistent environmental awareness and
strategic alignment with environmental institutions to gain a competitive edge and access new
markets: “Managers in the SME perceive the importance of generating environmental awareness within the
organization not only as a speech, but as an action that drives through all customers and suppliers. This
generates an added value compared to our competitors. In addition, we are allied to institutions that promote
environmental awareness, which obliges us to comply with international and national requirements”.

The literature, for its part, agrees with the authors that eco-innovation is closely related to
governance orientation and a strategic vision: “In its continuous evolution, today sustainable development
has adopted a governance orientation that includes the ethical and environmental implications of business
choices within a strategic vision, according to a global approach that goes beyond the mandatory behaviors
imposed by legislation to assume a unique and distinctive feature” ([169], p. 46) even going so far as to
speak of an eco-organizational innovation: “First of all, eco-organizational innovation involves the
development of a corporate culture and new organizational methods that contribute to updating management
processes and managing the environmental impact of the organization, such as eco-training programs, eco-
auditing and eco-learning techniques” ([177], p. 41)

The intelligence system or system 4 is given by innovation and sustainable learning. This system
engages with the environment: on the one hand, with the pressures exerted by stakeholders and
society in the generation of eco-friendly products and services and the financing opportunities
offered by the environment. For the interviewee one, the business model responds to this demand
from the environment: “There are studies on the subject that have been widely accepted worldwide because
it has been seen as a business strategy that has an impact, as I mentioned, on the image of the company in the
fact that we as consumers, the population in general, as consumers become more aware of the implications of a
company that cares for the environment, of a company that cares for its workers and the society with which it
interacts, and of a company that has responsible economic management and also, for the benefit of society.” It
is also the environment that provides financing, due to the fact that SMEs have limited use of
resources, according to interviewee 2: “I believe that the greatest financial incentives are this part of the
guidelines for private institutions, that is, banks have an approach that if you do an environmental activity or
a practice that helps solve an environmental problem, you will have a special credit, many speak of credits. with
a lower rate are not clear but there is talk that they can be credits that are loans that are capital investments
with a much lower rate because they seek not only a financial performance but also an environmental impact”.

Interviewee 3 noted the significant influence of environmental pressures from national and
international commitments, the reality of environmental impacts, and organizational hierarchy:
“Everything related to requlations and permits, such as traceability, is implicit in the standards. For example,
in the food area, requlations do not directly mandate that all traceability be organized in a certain way, unless
the product being sold is associated with certain organic characteristics. The management of these ecological
aspects is crucial, but not necessarily explicit in current regulations. However, most of the certificates or
experiences you need are often based on these implicit requlations”. Interviewee 4 emphasized the long-
term strategic alliances with universities and institutions to leverage financing opportunities for
environmental projects: “In our case, innovation is key. For more than three decades, we have been adopting
new technologies and approaches, even before the environmental issue became a global concern. While many
companies have yet to fully embrace this mindset, we have been working on it for years. This has enabled us to
stand out in the marketplace and to be recognized as pioneers in the adoption of eco-friendly practices. In
addition, we have sought strategic alliances with universities both nationally and internationally. These
collaborations have allowed us to access funding for environmental and technological projects”.

For the literature, it is relevant to consider a business plan that considers eco-innovation: “SMEs
can incorporate eco-innovation into their business plans, so that companies are able to transform
environmental constraints into opportunities to improve their financial situation and their reputation
in the existing or emerging market” ([175], p. 182).

System 3 or control system was called environmental monitoring, which is linked to system 4,
which seeks to comply with environmental regulations and is based on compliance with
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environmental standards and certifications. For interviewee 1, in Mexico, there are certifications that
require companies to be clean industry: “The main trend that I have been able to observe is the maintenance
of certifications. In Mexico there is a certification from the Ministry of the Environment and Natural Resources,
which is that of a clean industry company and at the end of the day it is a seal that companies have and carry,
and there is also the part in terms of corporate social responsibility of a distinctive that is called socially
responsible company”. For interviewee 2 in Mexico City there are also specific certifications: “Many are
working with an emissions trading system that is also going to be important and in Mexico are also beginning
to develop laws or regulations with help because in Mexico there is a certificate of sustainable building of Mexico
City where if you have a building if it is considered live Edge or not”.

Interviewee 3 added that environmental certifications like ISO 22000 and ISO 14001 are essential
but costly, impacting the financial and intellectual capacity of SMEs to implement and maintain these
standards: “The main challenge lies in understanding how to interpret a standard and determine its relevance
to your business. When you decide to obtain a certification, it all translates into numbers. For example, if you
opt for ISO 14001, the initial cost can be around 45,000 Mexican pesos, with additional surveillance fees each
year. In addition to these costs, you must consider the expense of consulting and training, which can be
considerable. For a small business, the economic impact is significant, especially if you are not sure how
certification will benefit your business”. Interviewee 4 discussed certifications like the Sustainable
Development Goals (SDG) certification and their role in enhancing stakeholder perception and
providing market advantages: “In the SME business context, some relevant environmental certifications
may vary according to the specific needs and objectives of each company. Here are a few that we have identified
as important: -Environmental and Social Impact Certification: This certification is aligned with environmental
and social impact missions and can be granted by organizations specialized in impact investing. -Sustainable
Development Goals (SDG) certification: This certification involves aligning ourselves with the Sustainable
Development Goals set by the United Nations”.

The literature agrees with the experts regarding certifications, “To reduce environmental
impacts, business owners should engage in information gathering, provide training and education
programs to guide their company’s management in implementing green practices and obtain
environmental certification” ([178], p. 7). Other papers in the literature consider specific certifications
that improve the management and research capabilities of SMEs and boost eco-organizational
innovations, such as adherence to ISO 14001 or the adoption of life cycle assessment methods [177].

System 2 or coordination system integrates the activities of System 1, ensuring the coherence
and efficiency of the work and establishes communication and collaboration mechanisms between
the different parts of the system. This is composed of corporate social responsibility, the transmission
of knowledge that translates into absorption capabilities to ensure continuous innovation. In relation
to absorptive capacities, the literature makes an extensive list of this capacity and considers it as an
advantage of SMEs compared to large companies, contrary to the interviews that do not explicitly
indicate it. In this sense, the adoption of eco-innovations in SMEs is closely linked to their level of
understanding and processing of environmental concepts. The continuous development of
knowledge through various learning processes can enhance and streamline a company’s green
capabilities. Thus, the apparent superiority of large companies in implementing environmental
management practices is not necessarily due to exclusive tools, but to the vast accumulation of
knowledge they possess [177].

In addition, absorptive capacity serves as an internal mechanism in the connection between
institutional pressures and the implementation of environmental practices. Absorptive capacity helps
mediate institutional pressures through knowledge acquisition, an organizational capability that
enables firms to provide and exploit knowledge in the external environment [167]. Similarly, the
literature comments: “green absorptive capacity has been shown to facilitate the diffusion of environmentally
friendly knowledge within firms and to help identify and prioritize key environmental initiatives” ([163], p. 3).
Although the interviews do not explicitly mention absorptive capacities, they do mention the training
that occurs when an SME is a supplier of a larger company that involves environmental issues,
interviewer 2 comments “The SMEs probably have an external consultant who works with the multinational,
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they will train the SMEs on how to implement environmental activities or initiatives and at the same time the
suppliers have to start generating information that the large companies have to report in their annual reports”.

Interviewer 1 highlights the importance of the knowledge given by private entities and
government: “Well look, I agree, the fact that there is participation in various forums, organized by
the same private initiative, by the academy, by the government, definitely helps to begin to filter
these concepts, to begin to generate awareness...” However, he considers that this knowledge
acquired by the members of the organization becomes useless if it is not adopted by the SME
management.

Interviewee 3 emphasized the importance of training and partnerships with larger companies
to enhance environmental knowledge absorption: “Training is fundamental to the growth of the company,
both for owners and staff. We conduct an annual assessment of staff training needs. We identify what skills
they need to improve and then send them for external or internal training as needed. Often, 1, as a management
systems expert, lead internal training sessions and supervise to ensure that the learning is effective”.
Interviewee 4 highlighted the role of continuous training and partnerships in acquiring advanced
technologies and best practices: “Training is key for SMEs to improve their capacity to absorb knowledge
on environmental issues. This involves providing training opportunities for both staff and managers through
courses, workshops or continuing education programs. In addition, it is essential to keep abreast of
environmental issues and best practices in the field, which can be achieved by participating in conferences,
specialized seminars, or even going back to school to study environment-related subjects”.

System 1 or implementation system where the basic activities of the system are performed,
transforming inputs into outputs and produces the goods or services that the system offers to its
environment. For the case of manufacturing SMEs in Mexico City is called sustainable production,
this system relates to the environmental requirements demanded by the environment and requires
the acquisition of technologies such as infrastructure for efficient energy use and process
optimization, also linked to research and development and support of technology 4.0. for continuous
innovation. 0. for continuous innovation of this system is important system 2 in relation to absorption
capacities.

From the experts, they consider that technology acquisition is relevant, however, for SMEs it can
be complex due to their financial constraints, that is why interviewer 2 considers that SMEs should
perform a risk and opportunity analysis: “One way to look at it is always from a perspective of risks and
opportunities, there are risks for not doing something environmental, for example legislation, change in market
behavior, costs and the other way to look at it as opportunities, diversify a product or service for another market,
see the incentives, changes in technology that can make it much easier to appropriate environmental practices,
make this double vision of risks and opportunities for each environmental issue, then let’s talk about energy,
let’s talk about water, let’s talk about emissions, let’s talk about waste and materials. Each topic will have its
own risks and opportunities and then we will know where to start, what to adopt first and what will be more
worthwhile”.

For interviewer 1, he considers that although for SMEs the process of moving to eco-innovation
can be costly and a slow process, this can be achieved with circular economy activities: “It is not such
a fast process either, you have to invest as a company, you have to invest in the dissemination part that allows
the positioning of the image. Now, in fact, if you and the companies follow practices such as circular economy
or other types of benefits, that is where you can measure the impact more quickly because instead of and this is
more of nothing, you see it in the environment”.

The implementation of environmentally sustainable production practices in SMEs is
significantly impacted by financial constraints, as highlighted by Experts 3 and 4. Expert 3 notes that
the high costs associated with acquiring new machinery, materials, and necessary permits pose
substantial challenges for SMEs, often forcing them to rely on manual methods that increase
production risks and reduce efficiency. They suggest that SMEs must be resourceful, sometimes
adjusting existing processes or resorting to more artisanal methods to comply with environmental
standards despite financial limitations. Expert 4 reinforces this perspective, emphasizing that
financial constraints hinder SMEs from investing in advanced technologies necessary for efficient,
high-quality production. They stress that lack of financial resources can result in increased
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production errors and reduced efficiency, which can hinder the company’s ability to compete in the
marketplace.

To optimize resource use and reduce environmental impact, both experts highlight the
importance of strategic partnerships and focusing on energy efficiency. Expert 3 points out that
establishing strong partnerships with suppliers, subcontractors, and certifiers who share similar
environmental standards is crucial for maintaining consistency in environmental goals and meeting
standards effectively. Expert 4 adds that investing in energy-efficient equipment and seeking
financing for the implementation of these technologies are key strategies. They also highlight the role
of Industry 4.0 technologies in facilitating continuous innovation and eco-innovation. These
technologies enable SMEs to improve product visibility, understand market trends, and assess the
feasibility of new initiatives through pilot projects and real-time data collection, thereby enhancing
their overall environmental performance and competitiveness.

From the literature, eco-innovation for manufacturing SMEs becomes a valuable component
given that “at the macro level, it has been found that green innovations, on average, are associated
with a higher degree of technological novelty as they are more likely to arise from combinations of
new and/or existing technologies that belong to “distant’ fields of knowledge” ([165], p. 660). In turn,
the recent literature shows that Industry 4.0 also helps to transit towards eco-innovation: “In addition
to emission deduction, digital innovation enables an optimal allocation of resources and is expected
to unlock the full environmental performance potential of the firm. Based on the current
sustainability trend, it is hypothesized that digital innovation can improve the environmental
performance of SMEs”([158], p. 5).

4. Discussion

The presented study demonstrates that all hypotheses regarding the adoption of eco-innovations
(EI) in manufacturing SMEs in Mexico City are valid. Expert interviews confirm that the competitive,
economic, technological, political, social environment, strategic orientation and internal
organizational capabilities significantly influence the adoption of EI. This is in line with the literature,
which points out that these factors are critical in driving sustainability and competitiveness in firms
[187].

Furthermore, when considering soft systems and complex systems models, it becomes clear that
IE adoption depends not only on isolated variables, but also on the dynamic interaction between
multiple factors within an adaptive organizational system. Soft systems models highlight the
importance of understanding stakeholder perceptions and values, which is crucial for effective
implementation of sustainable practices. On the other hand, complex systems highlight how SMEs
must continuously adapt to external and internal changes to maintain their viability and
competitiveness in a constantly changing environment. This holistic and adaptive perspective allows
for a deeper understanding of how SMEs can effectively integrate eco-innovations into their daily
operations and long-term strategies.

The competitive environment in Mexico City forces SMEs to comply with strict environmental
standards to maintain their market share, according to experts and literature. Experts indicate that
this pressure is crucial for the adoption of eco-innovations, as failure to comply with these
requirements can result in the loss of important contracts. The literature supports this view,
highlighting the need for adaptation to maintain competitiveness [188]. Furthermore, eco-innovation
improves business performance when combined with an environmental orientation and a
commitment to resources [189], offering significant opportunities despite constraints [189]. H1 is
accepted.

Experts agree that Mexico City has not provided a favorable economic environment for
manufacturing SMEs to adopt eco-innovative practices, due to the lack of financial incentives, the
high upfront costs of implementing sustainable technologies and the scarcity of governmental
financial support. In contrast, the literature shows that in other contexts, the economic environment
can significantly influence eco-innovation in SMEs, highlighting the importance of economic
incentives and financial support policies to encourage the adoption of ‘eco-technologies” [190].
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Despite challenges such as lack of awareness and limited resources, the literature suggests that policy
makers and leading manufacturing SMEs are building financial support platforms to overcome initial
barriers and maintain competitiveness [100]. Moreover, recent studies indicate that a strong financial
support infrastructure can help preserve business performance and facilitate the adoption of eco-
innovative practices [191]. H2 is accepted.

Experts agree that Mexico City has done little to ensure a technological environment that enables
manufacturing SMEs to adapt their production processes towards eco-innovative practices, citing the
lack of government support and specific financial incentives, as well as the scarcity of resources and
access to information needed to upgrade their equipment and processes. In contrast, the literature
shows that in other contexts, policy makers and leading manufacturing SMEs have been successful
in building innovation platforms that provide the necessary support for the adoption of eco-
innovations. These platforms include access to finance, training and technological resources, enabling
SMEs to overcome barriers and maintain their competitiveness [192-194]. This disparity underlines
the urgent need for public policy and institutional support in Mexico City to foster an appropriate
technological environment that facilitates eco-innovation in manufacturing SMEs. H3 is accepted.

The adoption of eco-innovations in manufacturing SMEs in Mexico City is significantly
influenced by the policy environment. Experts and literature agree that environmental policies and
public incentives are crucial for the sustainable development of these enterprises. However, the lack
of government support and specific financial incentives in Mexico City hinders the implementation
of eco-innovative practices, increasing upfront costs and limiting access to necessary resources. In
other contexts, strong political and economic support has significantly facilitated the adoption of
ESTs, demonstrating the importance of an enabling policy environment. Recent studies indicate that
a robust financial support infrastructure can preserve business performance and facilitate the
adoption of eco-innovations, underlining the need for well-defined public policies and institutional
support to promote eco-innovation in SMEs [72,195-198]. H4 is accepted.

El The social environment is crucial for the adoption of eco-innovations in manufacturing SMEs
in Mexico City. Social pressure and public awareness of ecological necessity act as catalysts for eco-
innovation, promoting a shift towards a more circular economy. Experts and literature agree that
consumer demand and social pressure are determining factors in the adoption of eco-innovative
practices. Literature supports that a business model inspired by social needs allows companies to
achieve resource efficiency and produce eco-products, improving both environmental and economic
performance [199,200]. H5 is accepted.

According to the literature, strategic orientation encourages SMEs to engage in waste
management, recycling or reuse of resources, research, and development, producing sustainable
products that take advantage of customer requests, and using machines. of environmental
management [191]. Furthermore, market orientation and value co-creation positively affect green
product innovation in the context of small and medium-sized enterprises. Regarding the interviews,
the experts consider that the basis for implementing eco-innovations is that managers have a strong
awareness of environmental care and thus guide the company towards sustainable practices [201].
Therefore hypothesis 6 is accepted. H6 is accepted.

Internal capabilities such as organizational learning and dynamic capabilities help overcome
resource constraints and improve eco-innovation performance. Additionally, the role of
competencies, network relationships, and strategic orientation in driving the adoption of
environmental innovations and improving corporate performance [202]. These internal capabilities
are influenced by regulatory, supply and demand factors, as well as shared vision, stakeholder
management and strategic proactivity, in the promotion of different types of eco-innovation and
environmental protection [203]. In the case of SMEs in Mexico City, experts agree that they must
strategically consider the implications of adopting eco-innovation in their organizations to take
advantage of the economic and efficiency benefits that it implies. For this reason, H7 is accepted.

Research has consistently demonstrated the important role that knowledge plays in driving eco-
innovation. On the one hand, the dissemination and use of knowledge to improve process innovation,
and the latter also emphasizes the role of knowledge diffusion between companies [204] or on the
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other, the superiority of knowledge-intensive companies in eco-innovation [205]. Therefore, SMEs
must consider specific strategies to acquire and use external knowledge, the first highlighting the role
of R&D cooperation and the second the importance of knowledge management [206]. Thus, HS is
accepted.

Based on the strategic dimensions that will be validated, the following incentives now should
be promoted by the government to achieve eco-innovation in manufacturing SMEs: financial
incentives for subsidy and tax credits as well as clear regulatory frameworks and environmental
certifications. There is a need to develop capacity building with training programs on eco-innovation
and to develop information platforms with networks of innovation that could connect SMEs to
experts and advanced technologies. Likewise significant would be public-private collaboration in
gaining access to the necessary funds explicitly earmarked for activities that include sustainability
research and development. These are measures that will not just create an improvement in the
environmental and economic performances of companies but enhance their competitiveness and
level of public regulations in the movement towards a more sustainable economy.

Consequently, the adoption of eco-innovations in manufacturing SMEs in Mexico City can
generate significant social, economic, environmental and health benefits. Socially, it fosters
environmental awareness and social responsibility, improving corporate image and creating green
jobs. Economically, it improves competitiveness by reducing costs and increasing resource efficiency,
as well as opening new market opportunities and access to targeted financing. Environmentally, it
reduces the ecological footprint through cleaner production practices and resource sustainability,
contributing to climate change mitigation. In terms of health, it improves public health by reducing
pollutants and creates safer working conditions. However, experts agree that Mexico City needs to
improve government support and financial incentives to facilitate the adoption of these sustainable
practices.

Finally, the research conducted in Mexico City on the adoption of eco-innovations in
manufacturing SMEs provides valuable insights that can be generalized to other Latin American
cities, integrating viable systems models and a systemic approach. The combination of external
factors, such as market pressures and regulatory requirements, and internal factors, such as
technological and organizational capabilities, is key to driving eco-innovation. Viable systems models
underline the importance of adaptability and responsiveness of organizations to changes in the
environment, stressing that SMEs need to develop flexible and resilient structures to integrate
sustainable practices effectively.

5. Conclusions

This research has achieved its purpose of understanding and discerning the fundamental
strategic dimensions that define the implementation of eco-innovation within small and medium-
sized manufacturing enterprises (SMEs) in Mexico City, conceived as an adaptive system of a
complex nature. The results highlight the influence of the competitive, economic, technological,
political and social environment on the implementation of eco-innovative practices. Market pressures
and consumer demand emerge as key drivers, while lack of financial incentives and high initial cost
are significant barriers. In addition, lack of government support and specific incentives limit the
ability of SMEs to adopt advanced technologies needed for eco-innovation.

Although all the research hypotheses in Mexico City are validated, some carry more weight.
Comparing these findings with previous studies, there is a concordance with the results found in
which the importance of financial incentives and tax credits as facilitators of eco-innovation is
highlighted [85,86,96]. Furthermore, they underline that the adoption of digital technologies and
advanced technological capabilities significantly improves eco-innovation practices and corporate
performance, reinforcing the need for a favorable economic and political environment that promotes
the adoption of sustainable technologies in SMEs [94,96-98]. In this sense, from the external
perspective, manufacturing SMEs in Mexico City need financial and fiscal supports such as digital
technologies and advanced technological capabilities coming from a favorable economic,
technological and political environment.
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From the internal perspective of SMEs, the paper also highlights the importance of absorptive
capabilities and internal organizational capabilities as supported by the literature [78,110,112].
Absorptive capabilities are crucial for integrating innovative activities into manufacturing
operations, while internal capabilities, such as organizational learning and dynamic capabilities, help
to overcome resource constraints and improve eco-innovation performance [113]. This finding is in
line with other studies [114,116,117,207]. that point out that absorptive capacity facilitates the
diffusion of environmental knowledge within firms.

A distinctive feature of this study is its integrative view using the Viable Systems Model (VSM)
to look at eco-innovation as a system. This approach highlights the importance of adaptability and
responsiveness to changes in the environment. The VSM enables a holistic understanding of how
SMEs can effectively integrate eco-innovation practices into their daily operations and long-term
strategies [50]. Significant barriers, such as economic and technological barriers, and facilitators, such
as social and political pressures, are identified in the adoption of eco-innovations. Furthermore, eco-
innovation is presented as a significant source of sustainable competitive advantage, improving the
economic and environmental performance of SMEs, both experts and literature agree [38,52,63]. To
arrive at these considerations this study considers both interviews and literature to find the variables,
causalities of each system, thus ensuring the quality of the research.

Finally, this research has some limitations due to the lack of quantitative data and the reliance
on qualitative interviews. Areas for future research include the development of technological
capabilities, the implementation of financial incentives and public policies, and the effective
integration of sustainable practices into the daily operations of SMEs. In addition, future research
should consider a broader and more diverse sample of participants and use quantitative methods to
strengthen the findings and their applicability to different contexts.
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