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Abstract

The electrical and electronic equipment industry is key to climate and energy transi-
tions, but its activities have a significant environmental footprint. Tangible improve-
ments in the sustainability of this sector are difficult because of the layers of com-
plexity that characterize this industry’s products, processes and supply chains. This
article analyzes the different facets of complexity relevant to sustainability in the
industrial electronics sector, by implementing an in-depth longitudinal case study of
a leading Italian business-to-business multinational company. We identify three core
dimensions of complexity management that are pivotal for corporate sustainability:
internal complexity, supply chain complexity and external complexity. We find that
handling sustainability in complex production systems with multitier and multiprod-
uct value chains presents organizational and managerial challenges but also offers
new competitive opportunities for resilience and innovation. Once the appropriate
metrics, know-how and information flows are established, our results highlight the
transferability of sustainable innovations in these complex environments.
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1 Introduction

Electronics is everywhere in modern Western societies, but so is its environ-
mental impact. Electronic devices and components enable and embed some of
the most innovative technologies that are reshaping our world, from robotics to
domotics, from electric mobility to artificial intelligence (Rasmussen et al. 2020).
The electrical and electronic equipment (EEE) sector is a key enabler of the tran-
sitions to renewable energy systems, new modes of circular production and cli-
mate-resilient economies (European Commission 2020). However, the growth in
the EEE industry comes with a heavy and increasing environmental footprint (De
Felice et al. 2014). The production and consumption of EEE face two core prob-
lems in terms of environmental sustainability: first, its reliance on scarce minerals
and rare metals (Bressanelli et al. 2021), whose extraction causes a wide range of
environmental spillovers, and second, the production of a stream of e-waste, as
also called WEEE (waste of EEE), containing hazardous substances and poten-
tially valuable materials (Forti et al. 2020; Man et al. 2012).

In this context, the ecological transition to carbon neutrality, circular econ-
omy models and systemic improvements in sustainability offer companies in
this industry new opportunities for competitiveness, but the process is not with-
out barriers (Rizos and Bryhn 2022). Some companies operating in EEE supply
chains are attempting to achieve tangible improvements in the sustainability of
their products and processes, but they are facing numerous challenges deriving
from the high complexity that reigns over this industry (Menon and Ravi 2021a).
One of the most well-studied dimensions of complexity in this sector is in terms
of its supply chain. The global scope of electronics supply chains, in fact, exposes
companies to the propagation of systemic risks and disruptive events (Jiittner and
Maklan 2011; Ponis and Koronis 2012; Tukamuhabwa et al. 2015), which repre-
sent both a challenge and an opportunity for complexity management and, ulti-
mately, for improving environmental, social and financial sustainability (Dona-
doni et al. 2018).

Given the increasing number of international shocks recently affecting the
global economy, with the COVID-19 pandemic and ensuing supply chain disrup-
tions as some of the most prominent examples, companies are directing increas-
ing efforts toward developing their resilience strategies, by prioritizing manage-
ment tools and innovations that support preparedness and long-term stability
(Orlando et al. 2022; Pellegrino and Gaudenzi 2023). Consequently, complex-
ity management has the potential to boost resilience and, in turn, competitive-
ness and sustainability (e.g., Donadoni et al. 2018; Lager et al. 2022; Luo et al.
2017). Moreover, recent studies have provided ample empirical evidence of the
growing importance of complexity management in organizations (Pavlov and
Micheli 2023; Reeves et al. 2020). For example, among a set of senior executives,
a majority perceive the level of complexity within their organizations as exces-
sive and do not have access to appropriate complexity management (Shey and
Roesgen 2012). Another study highlights how most managers interviewed believe
that, in future, complexity will become an increasingly crucial factor in corporate
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administration (Jager et al. 2014). However, more evidence is required on how
complexity management is linked to corporate sustainability management and
competitiveness, to better characterize how it can strengthen long-term resilience
(Bianchi et al. 2022; Espinosa and Porter 2011; Wiedmer et al. 2021 )1

Furthermore, the literature has not yet mapped the link between different types of
complexity and the implementation of sustainability in concrete business realities,
focusing instead on obstacles and enablers of new sustainable approaches (Menon
and Ravi 2021b; Zhu and Geng 2013). The specific role that different forms of com-
plexity play in managing corporate sustainability remains largely unexplored, espe-
cially in complex sectors with high potential for both positive and negative envi-
ronmental contributions, such as electronics value chains (Menon and Ravi 2021a).
Despite an increasing interest in the nexus between supply chain complexity, supply
chain resilience and sustainability (e.g., Birkie et al. 2017; Donadoni et al. 2018;
Hussain et al. 2023; Souza et al. 2017; Wiedmer et al. 2021), there is still a sub-
stantial gap concerning the impact of managing different dimensions of complex-
ity for corporate sustainability and resilience—not exclusively in the supply chain
dimension.

To fill the identified gaps currently existing in the literature, the main goal of this
article is to distill the most relevant dimensions of complexity theory for corporate
sustainability in a real-life context and use this analysis as a basis for theory build-
ing and to identify new opportunities for resilience. In the electronics industry, due
to its long history of high complexity of products, processes and supply chains, and
increasing geographic dispersion of production, complexity has already been incor-
porated to a large extent in most companies’ strategies. Therefore, in our analysis,
the construct of interest is complexity management, rather than complexity per se.
Moreover, to date, most applied sustainability research of EEE has explored case
studies from consumer electronics, thus focusing only on the end of these supply
chains (Fang and Rau 2017; Hankammer et al. 2020). Instead, we chose to inves-
tigate the impact of different complexity dimensions in the whole supply network,
which has been subject to fewer analyses (Akin Ates et al. 2022), starting from a
case study of a first-tier supplier of industrial electronic products and its supply
chains.

Overall, our contribution to the existing literature is twofold. First, since the rela-
tionship between complexity and corporate sustainability management is not uni-
vocal, we want to investigate precisely how complexity management is linked to
corporate sustainability in this specific setting and thus build a novel framework on
the relationship between different types of complexity and Corporate Sustainability
Management (CSR). Second, we explore how the identified dimensions of complex-
ity management can impact the adoption of sustainable innovations that increase
long-term resilience in the EEE industry. By implementing an in-depth longitudinal

! A search of Scopus, Elsevier’s largest repository of scientific peer-reviewed publications, for articles
containing the keywords “complexity” AND "corporate sustainability” in their title, abstract or keywords
yields less than 100 results as of January 2023. Adding the keyword “management” reduces the resulting
articles to less than 40.
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case study methodology, our research analyzes how complexity is perceived by
practitioners, what difficulties it poses, how it is managed and whether it can open
new business opportunities, thus enhancing the competitiveness and resilience of an
organization.

More precisely, the research questions we want to address are:

e RQI. How do different dimensions of complexity in the electronic and electro-
technical equipment sector affect corporate approaches to sustainability?

e RQ2. Can the management of complexity and sustainability create innovative
sources of resilience and competitive advantage?

Finally, answering these research questions with our case study allows us not only
to build a conceptual framework that relates sustainability and complexity manage-
ment with organizational resilience, but also provides practical managerial impli-
cations highlighting how to exploit complexity to incorporate green innovations to
handle sustainability as a business opportunity rather than a cost. We find that one
key activity that enables the creation of comparative advantage in the joint manage-
ment of sustainability and complexity is the capacity to effectively transfer innova-
tions, new methodologies and know-how regarding greener solutions across prod-
ucts or clients within a complex system.

The remainder of the paper is organized as follows. Section 2 presents the theo-
retical background on managing complexity, corporate sustainability and resilience.
Section 3 illustrates the methodological approach of the article. Section 4 examines
the results of the supporting case study and the emerging conceptual framework.
Finally, Sect. 5 concludes with some further discussion, while Appendix shows
unstructured questionnaire used for the interviews.

2 Theoretical background

Our research contributes to the literature on complexity management, corporate sus-
tainability strategies and their link with resilience and long-term competitiveness.
We examine the most relevant findings for each of these areas of research in the fol-
lowing sections.

2.1 Complexity management and organizations

Complexity is an elusive construct that is often placed at the center of corporate
management and strategy, whose interpretation and conceptualization can vary
according to the specific research field (Jacobs and Swink 2011). In particular, since
the 1960s, complexity has been a dominant concept in the organization research
arena (Anderson 1999). A complex system responds to the classic definition of
being made of a large number of parts that have multiple interactions (Simon 1962).
The level of complexity of the organization tends to grow with increasing abun-
dance (the number of elements that influence each other), correlation (the strength
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of mutual relationships) and diversity (Osbert-Pociecha 2013). From this definition,
it is possible to classify two different types of complexity. The first one is structural
complexity, which refers to the number of different elements constituting the sys-
tem; the second one is dynamic complexity, which refers to the number of interac-
tions within the system (Bode and Wagner 2015).

In organization theory, complexity has been interpreted as a structural variable
characterizing both organizations and their environments and that can have multi-
ple dimensions and categorizations. For instance, vertical complexity captures the
number of levels of the organizational hierarchy, horizontal complexity the number
of departments across an organization and spatial complexity the number of geo-
graphical locations (Daft 1992). Moreover, complexity refers also to the number of
different external elements (clients, suppliers, stakeholders) that must be dealt with
simultaneously by the organization (Scott 1992). Therefore, an appropriate theo-
retical framework of complexity management should capture the complexity of an
organization’s internal structure and technology with the complexity of its external
environment (GroBler et al. 2006).

The management of the various types of corporate complexity described in the
previous paragraphs can be better understood considering the link between different
components of complexity and corporate performance, and the relationship between
complexity management and overall business management, which can determine the
aggregate resilience of an organization. From this perspective, three main dimen-
sions of complexity can be identified at the firm level relevant to our research
questions.

The first dimension is internal complexity, an extremely broad and nuanced con-
struct that has been differently characterized by previous research (De Toni et al.
2016; Duncan 1972; Glenn and Malott 2004; Vogel and Lasch 2016). According to
Glenn and Malott (2004), internal complexity is composed of two main sub-dimen-
sions: component complexity and hierarchical complexity. The first one refers to
the number of elements that constitute an organization and the number of processes
each system subsumes, while the second one refers to the number of system levels
in the organization, such as the different levels of management. Therefore, a compa-
ny’s internal complexity can rise, for example, when a greater number of employees
are hired. Moreover, the more layers of components an organization establishes, the
more hierarchical complexity increases. Consequently, hierarchical complexity is
typically influenced by component complexity (Glenn and Malott 2004). Vogel and
Lasch (2016) propose an extensive literature review aiming at identifying the drivers
that contribute to the increase of a company’s internal complexity. They differentiate
between internal correlated complexity, which is influenced by the external market’s
complexity, and the internal autonomous complexity, which, instead, is only deter-
mined by internal factors within the company. An exhaustive classification of the
main drivers contributing to the internal correlated and autonomous complexity is
provided in Table 1.

All these drivers participate in increasing an organization’s complexity levels,
and they can lead to systems turbulences (Vogel and Lasch 2016). Indeed, rising
levels of this complexity dimension have been shown to weaken operational effi-
ciency and decrease profit margins (Hoole 2006). For example, product complexity,
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Table 1 Drivers of internal complexity. Source: Authors’ elaboration, adapted from Vogel and Lasch
(2016)

Internal correlated complexity drivers Internal autonomous complexity drivers
Target complexity Organizational complexity

Customer complexity Process complexity

Product and product portfolio complexity Production complexity

Technological complexity Planning, control and information complexity
Product development complexity Resource complexity

Supply process complexity Logistics complexity

Service complexity Sales and distribution complexity

Remanufacturing complexity

which is one of the drivers, can have several negative implications on supply chain
management and processes, related to aspects such as product development, supply
of materials and delivery (Closs et al. 2008). Nevertheless, other studies have illus-
trated that there is a good complexity that is essential to create value by increasing
revenues, profits and customer loyalty, for example, through product customization
(Anderson et al. 2006). Consequently, eliminating complexity is not the solution,
while effectively managing internal product complexity can result in greater profits
(Meeker et al. 2009), although this management can prove to be a challenging task
(Closs et al. 2008).

The second dimension, directly correlated with the first one, is represented by
supply chain complexity. The literature has highlighted three key sources of supply
chain-related complexity: (i) the number of suppliers, (ii) the differentiation among
those suppliers and (iii) the relationships among the suppliers (Choi and Krause
2006). Therefore, this dimension is related, but not limited, to “interconnected flows
of materials, funds and information between firms” (Bode and Wagner 2015). Sup-
ply chain complexity has been identified as a main obstacle to performance effi-
ciency and one of the most demanding issues affecting supply chains (Bozarth et al.
2009). Moreover, this type of complexity has been recognized as one possible cause
of supply chain disruptions (Narasimhan and Talluri 2009), which can undermine
shareholder value, sales and corporate reputation and weaken relationships with
other actors in the chain (Hendricks et al. 2009).

The last dimension is associated with external complexity, otherwise known as
spatial complexity, which refers to the number of different geographical locations
a company must interface with, and their corresponding regulatory and finan-
cial implications. The organization must deal continuously with the external loca-
tions, directly or indirectly, either because they belong to the organization itself
(for instance a production plant located in a foreign country) or to its supply chain
(Daft 1992). The literature has emphasized how external complexity fuels supply
chain complexity by increasing the risk of supply chain disruption in different ways
(Blackhurst et al. 2007; Bode and Wagner 2015). For example, geographically dis-
persed locations can result in a physically longer flow of inputs, thus increasing
transportation times and their variability, requiring more complex logistics systems.
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Moreover, the longer the distance between different actors in a supply chain, the
greater the information-processing needs and monitoring costs (Bode and Wagner
2015; Stock et al. 2000). The latest evolutions in legal and voluntary requirements
regarding corporate social responsibility, especially regarding themes such as decar-
bonization, climate double materiality and carbon footprints, pose new challenges
for companies in terms of the degree of external complexity that firms must handle
(Schneider et al. 2017). Recently there has been a new trend in analyzing how com-
panies cope with various forms of external complexity thanks to collaborative strate-
gies (Schneider et al. 2017). Indeed, some companies respond to increasing external
complexity by enhancing their internal complexity within their own organization,
while others may cooperate with external stakeholders to have access to more infor-
mation outside of the organization itself.

There are many other classifications and alternative definitions of complexity
that describe the dynamic challenges faced by organizations (Barr and Hanaki 2008;
Cara et al. 2017; Léager et al. 2022; Liu et al. 2015). However, for our analysis, we
choose to focus on these three levels of internal, supply chain and external complex-
ity because they better characterize the areas that can be effectively managed within
industrial electronics. Moreover, they allow us to examine some of the core chal-
lenges in introducing sustainable practices in this sector, as identified by the litera-
ture on transitions to cleaner production (Rizos and Bryhn 2022).

2.2 Corporate sustainability management and complexity

Sustainability is one of the leading issues in the latest business literature since more
and more companies are trying to systematically integrate environmental and social
evaluations into their processes and decisions (Hahn and Scheermesser 2006). Cor-
porate sustainability is defined as “the ability to conduct business with a long-term
goal of maintaining the well-being of the economy, environment and society” (Has-
sini et al. 2012). Therefore, Corporate Sustainability Management (CSM) highlights
how the viability of the company is strongly related to the ability to create profit
without affecting the socio-ecological environment in which the company operates
(Ameer and Othman 2012). Thus, CSM can be interpreted as “the interdependence
between the company, the community and the environmental” (Rahardjo et al. 2013).
Consequently, economic sustainability, the primary objective of every business
throughout history, is not a sufficient condition for achieving long-term corporate
sustainability (Maia et al. 2022). Moreover, since sustainability needs to be consid-
ered and integrated far beyond corporate boundaries, it is necessary to engage stake-
holders within an organization and all along the supply chain, both upstream and
downstream. For this reason, Sustainable Supply Chain Management (SSCM) is a
crucial factor in each sustainability strategy (Rajindra et al. 2019).

There are different levels of integration of sustainability within an organization
and its supply chain. Formentini et al. (2016) have identified three main catego-
ries: (i) the sustainability leaders, namely those adopting a Triple Bottom Line
approach (TBL—mainly defined as the expansion of business success metrics to
include contributions to environmental health and social welfare, in addition to
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the already established economic and financial assessments) by integrating it with
Sustainable Supply Chain Management (SSCM); (ii) the sustainability practition-
ers, whose business sustainability approach has a limited focus on one or two
dimensions of the TBL, with a SSCM still poorly developed; and, lastly, (iii) the
traditionalists, whose business approaches are not directly oriented toward sus-
tainable management, but might present some sustainability-related initiatives.
Indeed, although the importance of CSM practices can be understood by the com-
pany’s players, they struggle to implement them, and consequently, they often
neglect them (Ameer and Othman 2012).

In this context, understanding how complexity can impact the implementation
of CSM is crucial, since it is one of the main challenges to address in terms of
organizational management and strategy (Jager et al. 2014). However, the liter-
ature has not yet identified a univocal relationship between managing simulta-
neously different dimensions of corporate complexity and the adoption of CSM
practices, currently allowing for conflicting visions.

On the one hand, the management of corporate sustainability imposes upon
companies new layers of complexity that need to be addressed. For example, Sch-
neider et al. (2017) show how the external complexity that a company must han-
dle increases when it needs to integrate corporate sustainability issues. To cope
with this increased external complexity, organizations modify “their structures,
processes, rules or routines,” thereby increasing internal complexity as well (Sch-
neider et al. 2017). Typically, these companies need to introduce several new
organizational components, like sustainability teams and departments, internal
policies and procedures (e.g., codes of conduct or conflict minerals policies),
sustainability reporting, measures aimed at promoting sustainability awareness
among employees through training, etc. (Baumann-Pauly et al. 2013; Schneider
et al. 2017).

On the other hand, several studies claimed that proper management of corpo-
rate complexity can support and facilitate the adoption of sustainability practices
(Espinosa and Porter 2011; Léger et al. 2022; Schneider et al. 2017). Espinosa
et al. (2011) emphasize how complexity requires companies to “actively cultivate
and enrich the conditions for knowledge assimilation” by implementing learning
mechanisms and acquiring new skills to adapt to new and unpredictable condi-
tions. These mechanisms are also activated during the adoption processes of CSM
practices: to internalize sustainability issues into a company’s daily operations,
since sustainability is a broad and evolving field, there is a need to approach com-
plex learning processes that enhance new knowledge and skills to embrace this
continuous evolution (Bianchi et al. 2022; Kabongo and Boiral 2017).

Overall, our paper complements previous research on barriers and enablers for
the implementation of corporate environmental sustainability in the EEE industry
(Rizos and Bryhn 2022), by providing evidence of the twofold role that complex-
ity plays within multitier and multiproduct value chains: on the one hand, it pre-
sents several challenges for managers approaching sustainability but, on the other
hand, if properly managed, it can also offer opportunities for innovation and new
areas of competitiveness deriving from sustainable corporate development.
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2.3 Resilience, sustainability and complexity management

The concept of resilience has been extensively investigated by different streams of
research (Gunderson 2000; Luthar et al. 2000; Rose 2007; Wiedmer et al. 2021;
Youn et al. 2011). However, its relevance in the context of corporate management
and supply chain management has intensified in the past decade (Chowdhury et al.
2019), especially in relation to corporate sustainability issues (e.g., Ortiz-de-Man-
dojana and Bansal 2016; Souza et al. 2017; Winnard et al. 2014). This literature has
shown how environmental sustainability practices help companies that adopt them
to accumulate intangible assets, such as organizational reputation, strategic partner-
ships and engaged workforce. These companies are also able to better perceive prob-
lems in the external environment and adapt accordingly. As a result, these environ-
mental sustainability practices contribute to their resilience and viability in the long
term (Ortiz-de-Mandojana and Bansal 2016).

Moreover, global supply chains, such as those in industrial electronics, are
increasingly facing a variety of disruptions, caused, for example, by natural dis-
asters, opportunistic behaviors of some actor in the chain or industrial accidents
(Macdonald and Corsi 2013), which can dramatically impact the performance of
the whole supply chain (Ali et al. 2017; Chowdhury et al. 2019; Jain et al. 2017).
In particular, natural disasters and extreme climatic events play a significant role in
the rush to strengthen organizational resilience, as the greater scope, occurrence and
magnitude of these events are a direct result of the climate crisis we are witnessing
(IPCC 2022). The spread of the COVID-19 pandemic is an evident example of the
damages that disruptions can provoke to supply chains and more broadly, to global
economics (Pellegrino and Gaudenzi 2023; Shen and Sun 2023).

In order to minimize and cope with the potential hazards of these events, organi-
zations are trying to build the required capabilities to ensure the resilience of the
system, both at the firm and supply chain level. Accordingly, resilience generally
represents the “ability to resist disruptions and recover operational capability after
disruptions occur” (Wiedmer et al. 2021), while, in the case of supply chains, it can
be considered as “the adaptive capability of a supply chain to prepare for and/or
respond to disruptions, to make a timely and cost-effective recovery and therefore
progress to a post-disruption state of operations” (Tukamuhabwa et al. 2015). As
a consequence, management studies have interpreted resilience as the capability of
adaptability of the organization (Souza et al. 2017).

As highlighted by Donadoni et al. (2018), complexity is considered one of the
main drivers of disruptive events and it can also influence the degree to which busi-
nesses can enhance their resilience (Blackhurst et al. 2005; Christopher et al. 2011;
Kim et al. 2015). However, the existing literature on the relationship between sup-
ply chain complexity and resilience shows inconsistencies when it comes to deter-
mining the impact of complexity on managing supply chain disruptions, leading to
the emergence of two opposing streams of research. The first one provides evidence
that higher levels of complexity can increase the frequency and severity of supply
chain disruptions, thus weakening the resilience of the systems involved (Bode and
Wagner 2015; Wiedmer et al. 2021). For example, Donadoni et al. (2018) demon-
strated how product complexity in a supply network can increase the frequency of
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disruptive events, consequently worsening plant performances. On the contrary, the
second stream affirms that, by improving and increasing flexibility, a higher level
of complexity can strengthen resilience to disruptions (Closs et al. 2008; Craighead
et al. 2007; Pettit et al. 2013). Notably, Birkie et al. (2017; 2020) stated that to build
resilience and supply chain disruption orientation—the capability of a firm to accu-
mulate and incorporate learning gained from managing the disruptions to improve
its future response management system (Hussain et al. 2023)—a certain degree of
complexity could be beneficial. Wiedmer et al. (2021) advanced the discourse on
this paradox by claiming that supply network complexity can have a double-edged
impact on the resilience of supply chains against disruptions, both enhancing recov-
ery after a disruptive event and weakening the resistance to a disruptive event.

Despite the considerable contribution of researchers in analyzing the nexus
between supply chain complexity and resilience, there is not an equivalent clear
framework for addressing the issue from a more comprehensive perspective of com-
plexity. Indeed, current literature lacks a deeper understanding of the role played by
the management of different dimensions of complexity as resilience enablers (Souza
et al. 2017).

3 Method

To investigate how complexity in the electronic industry affects the achievement of
environmental sustainability, we rely on a qualitative research method, based on an
in-depth longitudinal explanatory single case study. This method is appropriate for
answering comprehensively “how” and “why” research questions, with “an empiri-
cal inquiry that investigates a contemporary phenomenon within its real-life con-
text” (Yin 1984). Through this case study, we are able to analyze the details of the
sustainability-complexity nexus by adopting a holistic view of the phenomena under
scrutiny and their context (Baxter and Jack 2008). With repeated interactions with
the pivot company, we have collected numerous sources of detailed data that inform
our research question in a real-life scenario (Sibbald et al. 2021). For a novel and
relatively unexplored topic, this is an appropriate methodological approach to gather
multiple types of information with a high degree of granularity. Moreover, since we
want to analyze different dimensions of complexity theory on the implementation of
corporate sustainability without a predefined a-priori structure, we adopt a deductive
approach, to explore the applicability and relevance of complexity theory in the sus-
tainability contexts (Bitektine 2007; Hyde 2000). Thus, we start from the three main
dimensions of complexity defined in the theoretical background and then we analyze
the phenomenon in a real-life organizational context by collecting empirical data to
understand their role in this specific business setting.

3.1 Description of the case study

This case study focuses on the electrical and electronic equipment (EEE) sector,
which encompasses a variety of products, such as semiconductors, sensors, electric

@ Springer



Sustainability, resilience and innovation in industrial...

vehicles chargers, switchers, information and communication technologies, as well
as sub-sectors, e.g., consumer electronics, white goods, automotive and utilities.
In the last decades, the EEE industry has undergone a rapid expansion, becoming
the largest and most rapidly growing manufacturing sector in the world (Wath et al.
2010). This is mainly due to the enabler role that these industries have in advancing
the digital transformation, mass electrification and circular transition that our society
is currently witnessing (European Commission 2020; Rasmussen et al. 2020). The
ubiquity of the electronics components makes this industry a compelling case since
it allows the analysis of different but interconnected supply chains, all of which face
the same sustainability challenges (Zehendner et al. 2021).

Inevitably, this relentless growth in production and consumption is also charac-
terized by a significant increase in environmental impacts and carbon footprint (De
Felice et al. 2014), which has aroused the interest of numerous scholars (e.g., Bruno
et al. 2021; Favot and Grassetti 2017; Gu et al. 2016; Isernia et al. 2019; Qu et al.
2013) and regulatory bodies. Indeed, the EEE sector plays a vital role in the new
policies issued by the European Union, such as the Circular Economy Action Plan,
the Sustainable Product Initiative (SPI) and the Circular Electronics Initiative (CEI).
On the one hand, the production of electronic devices requires a wide range of raw
materials, including metals, minerals and rare earth elements (e.g., gold, silver,
platinum, cobalt, palladium, indium and aluminum), thus increasing the pressure on
these limited assets (Forti et al. 2020). Moreover, the extraction of these resources is
associated with different environmental damages, such as habitat destruction, water
pollution and soil contamination (Nelen and Bakas 2021).

On the other hand, the proliferation of EEE components also comes with short-
ened lifecycles of final products (Qu et al. 2013; Umair et al. 2015), which results in
a substantial production of e-waste (WEEE), with rates increasing by 3 to 5% annu-
ally, thus ranking as one of the fastest growing waste streams globally (Afroz et al.
2013; Widmer et al. 2005). Consequently, the management of WEEE has emerged
as a global concern with far-reaching impacts. Indeed, 54 million metric tons of
WEEE were generated globally in 2019. Moreover, this category of waste, due to its
important content of critical, valuable and hazardous substances, requires special-
ized recycling procedures and protocols to prevent environmental and health issues,
such as the release of these compounds into the air, bottom ash, dust, soil, water
and sediments in surrounding areas, which can, in turn, lead to bioaccumulation and
biomagnification (Isernia et al. 2019; Man et al. 2012). However, of the total amount
of e-waste generated, only 17% was first appropriately collected and then recycled
(Bruno et al. 2021; Forti et al. 2020), thus highlighting the failure of recycling activ-
ities in keeping pace with the increasing waste production (Cucchiella et al. 2015;
Favot and Grassetti 2017; Isernia et al. 2019).

In addition to the heavy environmental impact, this sector is also characterized by
high levels of sustainability complexity, mostly determined by the global structure of
its supply chains (Zehendner et al. 2021). The actors operating in these networks are
located all around the world, complicating the alignment of sustainability standards
through different legislations and increasing the vulnerability to extreme events and
propagation of systemic risks. For instance, when severe flooding in 2011 damaged
the hard drive production in Thailand, affecting one-quarter of the world’s supply,
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it took a full year for production to resume to pre-flood levels, disrupting computer
manufacturers’ supply chains (Haraguchi and Lall 2015; Jiittner and Maklan 2011;
Ponis and Koronis 2012; Tukamuhabwa et al. 2015). In light of all these factors, the
EEE sector stands as an ideal framework for analyzing the nexus between complex-
ity management, CSM and resilience.

For this reason, this case study relies on a single unit of analysis, represented by
the pivot organization, to which we refer as Company Alpha, and, in particular, its
electronic division. The company was selected as a case “particularly suitable for
illuminating and extending relationships and logic among constructs” (Eisenhardt
and Graebner 2007), since the selected organization faces all the complexity dimen-
sions previously identified by the theory. Company Alpha is an Italian manufactur-
ing leader in industrial electronics, with a global presence with sixteen production
facilities located in Italy, Poland, Spain, Turkey, China and Mexico, as well as sales
offices located in France, Spain, Brazil, Germany, the USA, China, Turkey, Russia
and Mexico, and four technical research centers, two of which are located in Italy,
one in Germany and the last one in Romania. The complexity of Alpha’s operations
is embedded in its multinational corporate structure, spanning many legislations,
policy regions and cultural boundaries.

Moreover, the company operates as the first tier in different multitier supply
chains, and it provides solutions across multiple EEE sectors: energy, automotive,
appliances, electronics and HVAC (Heating, Ventilation and Air Conditioning).
Within each of these sectors, the company produces multiple products; for example,
for its energy clients, it produces smart meters as well as electric car charging sta-
tions, two kinds of products embedding different materials, with different produc-
tion and assembly structures, and, due to their different size, very different carbon
footprints. The last aspect that makes this organization a perfect representative case
for our analysis is its high level of commitment to pursuing sustainability, mainly
represented by efforts and significant investments in training, monitoring and meas-
uring sustainability, and numerous internal and collaborative external projects with
other stakeholders to reduce the environmental footprint of the organization.

3.2 Data collection

The data for our in-depth case study relies on the triangulation of multiple sources
of evidence (Denzin and Lincoln 1998), adopting a variety of viewpoints from dif-
ferent data sources (Yin 1994). First and foremost, we collect primary data from
semi-structured interviews spanning more than a year,” with different actors of the
company (Table 2). We conducted semi-structured and unstructured interviews with
different managers of the company that did not specifically mention complexity (see
Appendix for the questionnaire), to obtain detailed and in-depth answers driven by
the respondent’s personal experience (Lopes et al. 2022). All the interviews were
conducted in the presence of at least two researchers: One conducted the interview,

2 The first systematic contact with the company started in February 2021, but only in September 2021
the collaboration for this research on sustainability strategies was designed.
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Table 2 Data collection: an overview of the interviewed Alpha managers and directors

Semi-structured and unstructured interviews

Interviewee In Alpha since  Duration  Period
Sustainability manager of the electronic division 2018 1h January 2023
Marketing and sales director—energy 2012 1h June 2022
Sales and business development manager charging system 2005 1h June 2022
Sales director, electronic division North America 2013 1h June 2022
Total: 4 interviewees 4h

Table 3 Data collection from

Description of the data source and year No. of
secondary sources

pages of
evidence

Publicly available information

Sustainability reports from 2017 to 2021 420
Sustainability policy 3
Sustainable values 6
Code of ethics updated in 2021 14
Website -
Internal documents

CDP Rating Reports of 2020 and 2021 70
Sustainability questionnaire for Alpha suppliers 3

Carbon Environmental Footprint Certification of the 17
Electronic Division

Clients’ requests (confidential documents) 27

Total number of pages as sources of evidence 560

while the other(s) took field notes (Yin 2017). All the interviews, which lasted an
average of one hour, were recorded and transcribed on the same day to avoid miss-
ing details (Kantabutra and Ketprapakorn 2020).

Next, we combine this primary data with all relevant public material published
by the firm—Sustainability reports, Codes of Conduct, ESG ratings, Sustainability
Policies—and some internal documents, such as presentations for clients, or Carbon
Disclosure Project (CDP) ratings (Table 3).

Finally, we gathered further unstructured material from observational notes both
from internal meetings, with a “passive presence,” namely a non-participant obser-
vation approach, in which researchers do not interact with the observed subjects
(McKinnon 1988), and from one-to-one and group meetings with different actors of
the organization (Table 4). Moreover, we facilitated an internal focus group (Barrett
and Twycross 2018) with all the department heads and managers from the electronic
division to brainstorm innovative solutions to the challenges posed by sustainability
management within their complex setting (Table 5).
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Table 4 Data collection from one-to-one meetings with field notes

Participants In Alpha since  Total duration Period

Group chemical regulation manager 2009 45h June 2022

Quality manager of the electronic division 2004 1.5h February 2022

Sustainability manager of the electronic division 2018 3honceaweek From February
2022 to June
2022

Total: 3 participants - 63.5h -

Table 5 Data collection from group meetings and focus group

Participants Total duration Period
Weekly meeting with: Sustainability manager 35h February 2022
Quality manager of the electronic division January 2023
Process digitalization leader of the electronic division

Electronic division management focus group (18 managers) 2,5h May 2022
Chemicals management group (8 employees) 2h May 2022
Total: 29 participants 39,5h -

All data gathered have been organized in a structured written form with the aim
of facilitating the analysis and tracking of all passages and not losing important
information.

3.3 Data analysis

We perform a content analysis of all the collected data from different sources by
following three steps (Comini et al. 2022): First, we undertake a pre-analysis, which
mainly refers to the assessment of the collection process and organization of data;
second, we carry out an analytic description to define the main codes related to the
theoretical categories; and, lastly, we conduct an interferential interpretation to iden-
tify contents related to our theoretical definitions of complexity based on the pur-
pose of the research.

To code the semantic materials, we adopt a deductive approach to identify the
core elements within the three main complexity categories according to the theoreti-
cal model defined in Sect. 2 (Yin 2003); then, we used both line-by-line and para-
graph-by-paragraph coding to identify “in vivo codes” (Glaser and Strauss 1967),
inherent to second-order themes.

To test the theoretical model and explore our research questions, this study relies
on a pattern-matching technique, through which researchers can associate their col-
lected data with the propositions of the theory they wish to test (Campbell 2016),
by comparing the “expected pattern,” i.e., the theoretical categories or the hypoth-
eses, with the “observed pattern,” i.e., the obtained results (Hak and Dul 2009). The
starting point of the pattern-matching technique was the formulation of the expected
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theoretical pattern (Sinkovics 2018) with the pre-existing theory: We want to ver-
ify how the electronic industry, in approaching sustainability, is subject to the three
dimensions of complexity, namely internal, supply chain and external, and which
one seems predominant. Subsequently, we analyze our data to verify if the identified
“in vivo” codes confirm that the EEE industry, in approaching sustainability, strug-
gles with these dimensionalities of complexity and whether some new opportunities
emerge.

4 Results

In this section, we present the results from our analysis of all the data collected on
our case study, as defined in the previous paragraphs. First, we map the network
structure for our company of interest, capturing the three types of complexity defined
by the theory. Second, we organize the information resulting from the in vivo cod-
ing, and from it, we derive a detailed conceptual framework that is grounded in the
theoretical categories but further unpacks the elements within each type of complex-
ity relevant to this context. Lastly, we conceptualize the structure of opportunities
for further innovations that a firm operating in the EEE sector could experience in
pursuing corporate sustainability and complexity management.

4.1 Mapping the sustainability and complexity network

First, we characterize how the dimensions of complexity apply in the context of our
case study. Figure 1 shows graphically how the three dimensions of internal, supply
chains and external complexity are interlinked in the real context of the pivot firm of
this case study.

A multinational company like the one in our analysis faces complexity on these
three different fronts. Starting from the left of Fig. 1, Alpha’s suppliers contribute
to supply chain complexity, but also to broader external complexity, being located
in different countries and jurisdictions. The flow of parts, components and services
to the company Alpha from its n suppliers® encapsulates some sustainability attrib-
utes, such as the greenhouse gases that are part of the Scope 3 emissions of the
focal company.* Moreover, in parallel to the material products’ characteristics and
carbon footprint, the flows of goods and services may be accompanied by appropri-
ate information tracing the sustainability attributes of those products. These infor-
mation flows may include official documentation, such as compliance with environ-
mental standards like the REACH regulation on chemicals or the RoHS directive on
hazardous substances, but also unofficial data disclosures, for example, a life-cycle
assessment of a given product. However, not all suppliers are willing or capable of

3 Only the electronic division of the company has 1240 different suppliers.

4 According to the Greenhouse Gas Protocol (GHG Protocol), Scope 3 emissions are all indirect emis-
sions (not included in Scope 2) that occur in the value chain of the reporting company, including both
upstream and downstream emissions.
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Fig. 1 Network structure of company Alphas’ value chains and products, spanning different sectors
catered by industrial electronics. The dark continuous arrows capture direct flows of goods and informa-
tion passing through the pivot company, while the dotted lines capture other exchanges occurring outside
of the pivot company. Internal complexity and supply chain complexity are represented by arrows with
different lengths according to the areas they span: Internal complexity only refers to the pivot firm, while
supply chain complexity refers to all the actors of the chain. External complexity is instead represented
by the white space surrounding the pivot firm, the supply chains and all their interrelations. Source:
Authors’ elaboration, adapted from Bode and Wagner (2015)

providing such information (especially across different countries) or collaborating
with their clients to improve the environmental performance of their products. Thus,
from the point of view of Alpha, complexity management for sustainability requires
a continuous effort in the relationship with its suppliers, both relative to the actual
goods and services purchased by the procurement, and relative to data transparency,
management and integration along the value chains.’

The management of supply chain and external complexity does not only relate
to the suppliers, but also to clients operating in different sectors, located in differ-
ent countries, and each with a different degree of sensibility to environmental pri-
orities (right side of Fig. 1). In the past few years, the company has observed an
ever-increasing number of requests related to sustainability from its clients, but the
demands are heterogeneous, uncoordinated and often inconsistent. For example, one
client requested a minimum reduction in the carbon footprint of a product, but to
calculate the reduction initially it allowed for the use of carbon offset certificates,
and afterward, a few months it no longer accepted them.

Due to the large number of voluntary standards, global or regional certifica-
tions and environmental product declarations and possible metrics available in the

> In the long run, the ambition of the focal company is to not only involve direct suppliers, namely 1*
suppliers, but also lower tier suppliers, namely producers of raw materials, but to achieve this degree of
control over the value chains will require significant support from the direct suppliers.
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corporate world to track ESG indicators, B2B companies face a wide range of sus-
tainability requests from their clients. For company Alpha, the demands from cli-
ents represent one of the main sources of pressure to identify new and structured
systems to handle this growing complexity. One example that emerged frequently
from the case study was the management of questionnaires and surveys received
from clients regarding sustainability: These uncoordinated data collection activities
force the Sustainability Manager to duplicate efforts to convey the same information
but always through different platforms or in different formats, without any actual
improvements in data management or in the underlying sustainability indicators.

The external and supply chain complexity observed around suppliers and clients
directly feeds into the internal complexity of sustainability management within a
company (central part of Fig. 1). As company Alpha produces a range of thousands
of products,® tracking sustainability features for each of them—even just for a few
indicators, such as energy consumption or carbon emissions—is a gargantuan task.

The company is investing in training and external experts’ support to develop
tools to integrate life-cycle assessment (LCA) methodologies in their operations and
even to support the design of new products, but the process is difficult because of the
lack of ready-to-use interfaces that could be quickly adapted to the company’s other
data platforms. Information management on sustainability indicators is only the first
challenge in handling internal complexity, which then requires building competen-
cies and innovations to improve the sustainability profile of the products and of the
different production plants.

4.2 Encoding the elements of complexity affecting sustainability management

The previous section broadly described the different complexity and sustainability
challenges faced by company Alpha within its business ecosystem. Next, we apply a
textual analysis to all the data collected from the firm over more than one year of in-
depth contact and interaction and we structure the results for a more nuanced view
of complexity in the context of corporate sustainability. We translate the theoreti-
cal categories in an analytical framework grounded in the identified “in vivo codes”
(Fig. 2).

The language used by interviewees and official documents does not always
directly use the term “complexity,” but sometimes refers to an increasing number
of requirements, the unpredictability and difficulty in keeping track of many moving
elements (sustainability regulations, certifications, clients’ priorities, markets’ readi-
ness), as well as a wide range of imprecise metrics and measurements, leading to
confusing and often deceptive sustainability rankings for different inputs, products
or processes.

From this process of categorization of all information provided by company
Alpha, we observe an overall alignment between the classic theoretical predictions
that complexity increases the strategic difficulty in handling a corporate issue, such

6 From their product catalogue there are around 2’500 product codes, but the actual product families are
fewer, since several products are just small variations of product features.
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Fig.2 Analytical framework and data from the case study illustrating each dimension of complexity in
sustainability strategies

as sustainability, and the need for innovative approaches to tackle these complexi-
ties. Moreover, given the number of occurrences of textual references that can be
categorized within the three kinds of complexity, our results demonstrate that the
dimensions of internal, supply chain and geographic complexity capture core areas
in which complexity affects corporate approaches to sustainability in the EEE sec-
tor, here exemplified by the pivot company Alpha. Beyond this general finding, we
identify the most frequent topics that emerge from the analysis both within each cat-
egory of complexity and transversally present in all of them. We use these as a basis
to derive a conceptual framework to characterize complexity in the context of sus-
tainability management.

4.3 Conceptual framework emerging from the case study

From the textual analysis described above, we can build a simple conceptual frame-
work that highlights the main elements identified for company Alpha as impor-
tant issues related to complexity. For each of the three dimensions, following the
in vivo coding, we distinguish (i) Some key factors within each dimension, (ii) the
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Table 6 Subdivision and specification of the number of elements and interactions constituting each
complexity dimension

Complexity Key factors Formal and informal linkages Transversal themes
dimension between factors
Internal Range of competences Coordination and communica-
Multiple products and divi- tions
sions Organization of responsibilities
Supply chain ~ Multitier Data sharing Data measurement,
Multisector Contractual obligations transparency, trace-
Multiple stakeholders ability

Innovation in products
and processes

External Competitors Market maturity
Countries and states Regulatory compliance and
mandatory disclosures

formal and informal linkages operating between these factors and (iii) the transver-
sal themes that span all three categories (Table 6). In all cases, the key factors within
each area of complexity and the transversal elements emerge from the data as well
as consolidated concepts that the company already identifies, while the linking ele-
ments are under development, and in many cases refer more to future actions and
areas of experimentation.

At the internal level, most issues mentioned (second column of Table 6) refer
to the need for more internal expertise, for example on LCA methodologies or the
evolution of relevant environmental regulations, and the difficulty in handling the
sustainability of different products with different constraints in terms of technolo-
gies, quality and safety requirements, size, types of constituent materials and con-
tractual features defined with clients. Their capacity to create sustainability improve-
ments across all the different product categories is limited by the size of their RandD
department, which does not specialize in sustainability. The core linkages (third col-
umn of Table 6) that the company understands to be necessary to manage both com-
plexity and sustainability in this area are in terms of coordination and communica-
tion efforts within the company, and more formally through organizational structures
that define and create responsibilities regarding measurements, knowledge-building
and innovative decisions.

At the supply chain level, the complexities of greatest concern are the numerous
tiers of the value chain, such that the environmental issues of each supplier are also
liked to those of their upstream suppliers; the multisectoral nature of the business,
with clients from industries with highly differentiated needs in terms of sustainabil-
ity and different degrees of supply chain integration (for example, the automotive
industry already uses advanced data sharing systems to monitor its supply chain,
thus making material data declarations the norm, while in utilities, electronics and
appliances there are no such systems); and the multiplicity of stakeholders with dif-
ferent requests and priorities. In this case, the links that the company intended to
establish over time are first in terms of data sharing arrangements with suppliers
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and clients that could be both agile and user-friendly, but also traceable and appro-
priately confidential. Second, they consider future contractual obligations, so that
sustainability requirements could be embedded in formal negotiations and if needed
have a reasonable economic valuation.

At the level of external complexity, the sources of pressure derive both from com-
petitors and from legislations and regulations. In this area, the linking elements from
company Alpha to these external factors are by definition less under the control of
the company but are still to some degree managed as part of an informed sustain-
ability strategy. These include an understanding of market maturity, a highly contex-
tual element that depends on the actions of competitors and other local conditions
(such as the sensibility of local final consumers), and a regular monitoring of regula-
tory trends and in particular requirements for mandatory disclosures on ESG topics
around the countries of greatest interest for the group.’

Some recurrent themes did not refer to one specific category of complexity but
appeared within all of them. The topic of measurement, identifying the right sustain-
ability metrics, data sharing and transparency is perceived in Alpha both as an inter-
nal issue—for example, in the context of eco-design approaches to RandD that truly
ensure impact reductions—as well as a supply chain issue—especially for the dif-
ficulty in accessing sustainability data from suppliers and providing several different
forms of ESG disclosures to clients—and lastly also as an external issue, whereby
the development of legislations on mandatory disclosures for the future (for example
product passports or other forms of compulsory material data declarations) would
make this theme particularly urgent. Similarly, the theme of innovations is relevant
for all three levels, not only from a technological standpoint but also in terms of
innovative solutions. The company is considering radical changes in product design,
for instance, eliminating the monitor from metering devices or insulating biomateri-
als such as wood, but these changes require not only internal coordination to develop
the new project, but also cooperation with the supply chain, for example, to con-
vince clients to accept the new products, and finally an understanding of regulatory
and market constraints that could hinder or support these innovative products.

4.4 Opportunities for competitive innovations and resilience-building

One central challenge that emerges from the previous analysis is the concern for the
lack of a level playing field for fair competition over sustainability attributes. Given

7 For instance, the Registration, Evaluation, Authorization and Restriction of Chemicals (REACH) regu-
lation and the Restriction of Hazardous Substances Directive (RoHS), two of the most relevant EU regu-
lations for the electronics industry, take different forms in Chinese legislation, and in the US do not have
an equivalent national counterpart, but only federal laws with different applications. Moreover, the Euro-
pean Union with the adoption of the EU Corporate Sustainability Reporting Directive (CSRD), is gradu-
ally requiring European companies to provide increasingly detailed sustainability-related disclosure,
clearly advancing beyond other existing global sustainability regulations, which still lack stringency and
proactivity. These regulatory inconsistencies, together with all non-written cultural norms and practices
across the world, increase the overall external complexity.
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the variety of mandatory and voluntary sustainability frameworks, the heterogeneity
of desiderata from large clients, and the difficulties in transparently measuring and
confronting ESG performance indicators, the challenges of handling multiple levels
of complexity in the context of sustainability may seem insurmountable. However,
in this current state of confusion and uncertainty regarding corporate sustainability
advancement, our results point toward some interesting opportunities for proactive
companies willing to become leaders in their sector.

The key managerial opportunity is to transfer sustainability practices, innovations
and knowledge across the complex environment in which the company is embed-
ded and use them to build competitive edges and long-term resilience. Despite all
of the challenges of this complex system that emerged from the analysis, in our case
study several data points indicate a general optimism in the company regarding their
ability to respond to complexity in their sustainability strategy: for instance, in their
Sustainability Report 2020, they write “The Group wants to play a leading role
and generate value by finding innovative solutions that enable it to understand and
respond to the complexity of the context in which it operates.”

Concretely, the General Manager of the electronic division noted the opportunity
to propose to one of their new clients some highly innovative products with a better
eco-design, exploiting the previous know-how developed with another product for
another client more sensitive to environmental requirements. Similarly, the Quality
Manager envisioned an application of digital tools for environmental analyses that
were first piloted on one of their smaller products (for the life-cycle assessment of
one of their smart meters) and then could provide a basis for the analysis of other
larger products (such as EV chargers) that had not yet been measured in terms of
their environmental impacts.

To summarize the opportunities for transferability of knowledge and innovations
resulting from complexity management as they emerge from the case study, consid-
ering the relationship between levels of complexity and sustainability, the follow-
ing diagrammatic model exemplifies the critical areas. We compare a company that
faces a higher degree of internal, supply chain and external complexity, but manages
it to its advantage, like company Alpha in our case study, compared to a competitor
with a reduced degree of external, supply chain and internal complexity, but also
fewer opportunities to identify and exploit new competitive opportunities (Fig. 3).

As seen in our case study, a company operating in a highly complex environment
must manage more suppliers, more products and more clients than a competitor com-
pany, while straddling numerous markets of operation, both for its own production and
in terms of the location of its value chain. However, the diversity of suppliers potentially
provides more options to source green inputs and alternative sources of information
flows regarding materials (represented by the left arrow in the graph from one supplier
to Product 1). A broader suppliers’ portfolio can enable the creation of more environ-
mentally friendly products if the company is able to source more sustainable parts and
components and produce a more detailed product-level analysis of sustainability.

Moreover, having some innovative green products, eco-designed with clearly
measured impacts, allows for a transfer of technologies, metrics, methodologies
and design solutions to other products (horizontal thick light blue arrow between
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Fig.3 Sources of competitive advantages from complexity: the pivot company (on the left) has more
suppliers, but also more potential sources of information regarding materials’ data. Having more prod-
ucts and more clients increases complexity, but also the opportunities to transfer sustainability-related
know-how and innovations across products (short thick arrow) and clients (dark thick arrow). The exploi-
tation of internal complexity (multiple products) and external complexity (multiple clients) creates a new
competitive advantage through “green sales”

Product 1 and Product 2). Finally, the variety of clients on the one hand increases
the complexity of the requests regarding environmental requirements, but also pro-
vides an important opportunity to propose to less environmentally sensitive clients
some new products, anticipating their future sustainability ambitions. This way, if
the client has increasing environmental aspirations for its future, the pivot company
can gain preferential access to that client compared to competitors with less experi-
ence in these complex ecosystems and therefore less information and fewer innova-
tions. Therefore, the management of complexity can create new sources of competi-
tive advantage if handled strategically across clients, products and supply chains.
Last but not least, the joint management of complexity and sustainability offers
innovative solutions for the long-term resilience of the company, as well. This find-
ing is well aligned with the existing literature on complexity management and resil-
ience. For instance, considering supply chain disruptions in the EEE industry, the
literature has shown that, following the COVID-19 pandemic, an integrated manage-
ment approach to information disclosure and cooperation with suppliers and clients
has enhanced sustainability, complexity management and resilience (Pellegrino and
Gaudenzi 2023; Shen and Sun 2023). According to this literature and as confirmed
by our case study, resilience in the context of sustainability and complexity manage-
ment can also derive from the development of better supply chain relationships, with
relational practices that build trust, cooperation, information sharing and mutually
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created knowledge that enhance visibility, velocity and flexibility, thus positively
impacting performance and competitiveness (Chowdhury and Quaddus 2016;
Scholten and Schilder 2015; Wieland and Wallenburg 2013).

These innovative management practices, by enhancing organizational and supply
chain resilience, can support companies in the current context of regulatory uncer-
tainty surrounding future legislation on sustainability requirements. Moreover, they
allow companies to approach sustainability and complexity management as a risk-
management effort to anticipate increasing policy stringency and other future driv-
ers of greater sustainability disclosures and improvements, and thus, to rapidly adapt
to continuously changing conditions.

5 Conclusion and future research

In this paper, we investigate how different layers of complexity hinder or favor the
implementation of corporate sustainability in the industrial electronics sector. From
the theoretical literature, we identify three main dimensions of complexity poten-
tially relevant for sustainability transitions in this industry: internal complexity,
supply chain complexity and external complexity. Through an in-depth longitudi-
nal case study of a multinational B2B company serving different markets (utilities,
appliances, automotive and electronic), we find that within these categories some
key factors are perceived as central challenges to be addressed. Internally, “green”
competencies and greener products are the fundamental organizational challenges.
For the supply chain, handling multiple tiers, sectors and stakeholders is challeng-
ing both for informal information flows and for the design of appropriate contractual
obligations relative to sustainability. At the external level, the main issue is keeping
track of geographical complexity in rules and laws around the globe, as well as mar-
ket maturity in different countries driven by competitors’ choices.

Two themes emerge from our data analysis that are transversal to all kinds of
complexity: data on sustainability indicators and innovations for sustainability
improvements. While it remains a core challenge for an EEE company to develop a
framework for transparent and efficient data management regarding ESG indicators,
both internal and external, and to introduce radical innovations that substantially
reduce the carbon footprint and environmental impacts of products and processes,
engaging with these challenges can result in new sources of competitive advantage
and resilience for the business.

A central source of opportunities for companies in this industry is the transfer-
ability of solutions across the complexity-sustainability space. We find evidence that
innovative technologies or practices for measurement and improvement of environ-
mental impacts can be transferred between products, and from one client to another.
Moreover, the knowledge developed from handling sustainability in legislation and
with stakeholders with more advanced sustainability requirements can trickle into
other contexts in which the company operates. Managing complexity and sustain-
ability jointly can also support the long-term resilience of a company, mitigating
supply chain risks and increasing preparedness for future legislative changes on
sustainability.
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This study represents a first step in establishing the challenges and opportunities
posed by complexity management for corporate sustainability strategies. However,
this research is not free of limitations, which may create new opportunities for future
research directions. First, the study relies on a single case study which limits the
generalizability of our results. Therefore, to test the external validity of the find-
ings, one key extension would be to expand the data analysis to multiple case studies
of companies along the entire industrial electronics supply chain, to see how their
interlinked strategies affect any improvement in the sustainability of the other com-
panies involved. Company Alpha represents an interesting case study for its position
at the intersection of different countries and pressed between large and demanding
clients and large input providers located all around the globe. However, the compa-
nies serving Alpha or buying its products are equally complex organizations, and
thus, an examination of the entire supply chain network could further illuminate this
issue.

Second, the analysis focuses on three categories of complexity, namely internal,
supply chain and external complexity, which were selected as they characterize the
areas that can be more effectively managed within industrial electronics and allow
us to examine some of the core challenges in introducing sustainable practices in
this sector. However, it could be interesting to investigate if different complexity
dimensions capture different challenges. For instance, supply complexity could be
more closely related to challenges and opportunities in building a circular economy
loop (such as industrial symbiosis solutions), and other companies may represent
better examples to study this specific complexity-sustainability nexus. Finally, the
resulting conceptual framework has been tailored to the EEE sector, so we recog-
nize that it may not be applicable universally across all sectors and encourage future
research to investigate this subject in alternative contexts.

Overall, from this case study, we can conclude that complexity is not exclusively
a hindrance to corporate sustainability, but there is evidence that its careful manage-
ment could also provide opportunities for more sustainable innovations that build
competitive advantage and resilience.

Appendix

The unstructured questionnaire used for the interviews was based on the following
questions.

1. What responsibilities and projects do you have on sustainability-related issues?

What are the priorities? How are they defined and measured?

With whom does your company interact internally and externally to define

sustainability targets and requirements?

4.  What do you expect from the supply chain (both from clients and suppliers)?

5.  What are the formal and informal levers with which you interact with clients
and suppliers on sustainability issues? Do you ever engage tier 2 suppliers (sup-
pliers of suppliers)?

w
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6. Do you have a uniform sustainability strategy to deal with all suppliers and
clients, or are there differences depending on the relationship with individual
ones?

7.  What difficulties do you find in the relationship with suppliers and clients on
sustainability?

8. Do you observe any significant trade-offs in pursuing your sustainability strat-
egy compared to other strategic areas for your company?

9. What are the most significant challenges for your sector in achieving sustain-
ability goals and what innovations will be needed, at the supply chain level and
beyond?

10. Have you already noticed any competitive advantages from the implementation
of your sustainability strategy?

11.  What plans do you have for the future on this issue? What do you imagine will
be the main drivers of further changes?
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