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ABSTRACT 

This paper examines the collaborative dynamics within a European cruise 
shipbuilding company network, with a particular focus on sustainable 
development (SD) initiatives and compliance with the Corporate 
Sustainability Reporting Directive (CSRD). Shipbuilding is characterized 
by highly complex supplier networks, posing challenges for CSRD 
implementation, particularly in reporting indirect (Scope 3) greenhouse 
gas emissions (GHG) across the value chain. The mandatory inclusion of 
Scope 3 emissions requires companies to account for previously 
overlooked activities, posing significant resource demands due to the 
complexity of global supply chains. The findings highlight challenges in 
the preparedness of case companies for CSRD-compliant Scope 3 emissions 
reporting, particularly regarding necessary operational and collaborative 
changes. Network analysis reveals that the case company network is 
loosely connected, with limited interorganizational SD initiatives. While 
the lead company occupies a central position in advancing sustainability 
efforts, the overall network structure exhibits weak coordination. Despite 
a social framework that facilitates information exchange, the network 
demonstrates limited capacity to leverage collective resources for 
integrated reporting, development, and innovation. The findings suggest 
that a more open and balanced network structure, coupled with 
coordinated collaboration, is essential for effectively addressing CSRD 
requirements. Strengthening transparency, fostering commitment, and 
enhancing joint SD initiatives may provide strategic advantages and 
contribute to long-term business sustainability and renewal. 

KEYWORDS: CSRD; sustainability reporting; social network analysis; 
marine industry 

INTRODUCTION 

In light of the current climate and environmental crises, measures to 
reduce emissions and promote sustainability are urgently required. The 
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European Union wants to set an example and be the first climate-neutral 
continent in the world [1]. To tackle the crises, the European Green Deal 
was designed with the goal of reducing emissions by 55% by 2030. The 
Corporate Sustainability Reporting Directive (CSRD) [2] is part of the Green 
Deal. The CSRD replaces the previous Non-Financial Reporting Directive 
(NFRD) and requires a wider range of companies to report on 
sustainability while simultaneously tightening reporting requirements. 
The requirements will initially apply only to companies subject to the 
NFDR; subsequently, they will be phased in for large and small to medium-
sized enterprises [2]. Notably, for the first time, companies are required to 
report their indirect greenhouse gas (GHG) emissions, i.e., Scope 3 
emissions, while companies have reported their Scope 1 and 2 emissions 
already before [2]. 

Scope 1 emissions are direct emissions from sources owned or 
controlled by the company, such as those arising from combustion 
processes. Scope 2 emissions consist of indirect emissions resulting from 
the production of the purchased energy used by the company. Scope 3, on 
the other hand, encompasses all other indirect emissions occurring in the 
value chain of the reporting company, like emissions related to production 
of raw materials and treatment of waste treatment. Due to the complex 
and global nature of scope 3 GHG emissions and other sustainability-
related topics, collaboration between companies in terms of sharing data 
is greatly needed [3]. Recent research on supply chain networks has 
highlighted the interdependence between companies and other actors 
within the network. In today’s business environment, this 
interdependence is growing, impacting collaboration expectations across 
various domains, including sustainable development (SD) [4,5]. 

The growing flow of sustainability information throughout the network 
would enable improved business intelligence and more advanced 
decision-making based on sustainability information. In the context of 
CSRD reporting, being transparent and open to exchanging information 
can be beneficial. If everyone within a specified network would share data 
about their emissions, their partners could easily get information about 
their scope 3 emissions, which would make the reporting less time-
consuming and more effortless for all companies involved [3,6].  

Moreover, an increased amount of sustainability data is valuable for 
researchers to better understand and be able to help small and medium-
sized companies transition to more sustainable practices [7]. Therefore, 
the importance of partnerships and collaboration within company 
networks is crucial from a sustainability point of view. Nonetheless, [8] 
recently concluded that the main challenges for the sustainability 
information flow between companies are complex value chains, lack of 
quality data and motivation, cost of creating and operating environmental 
data, and lack of common systems for automated information flow. There 
is a growing number of researches, especially, in supply chain 
management literature see e.g., [9,10], which highlights to importance of 
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linking SD collaboration to business performance. We emphasize the role 
of social network structure as an enabler to improve interorganizational 
collaboration effectiveness e.g., such as fulfilling reporting standards and 
reinforcing readiness to face environmental challenges. To tackle these 
challenges, more research is needed regarding how networked 
collaboration can be further developed in order to improve its 
effectiveness, competitiveness, and readiness to face environmental 
challenges. 

The cruise shipbuilding industry is an impactful actor both 
economically and environmentally for coastal nations and globally. 
Shipyards are complex ecosystems in which the product, a cruise ship, is 
produced in partnership with a wide range of suppliers operating in the 
same yard. Cruise ships require a variety of work, including cabins and 
other interior installations, piping, heating, ventilation, air conditioning, 
state-of-the-art machinery, and services. These features make the 
maritime industry a good object for analyzing the corporate network and 
collaboration between the companies at a shipyard. The case network 
examined in this paper is a shipbuilding network that includes 11 
companies located in Europe and is anchored directly or indirectly by a 
cruise shipbuilder that employs over 9500 employees. 

Transparency through shared sustainability information also has an 
interest among cruise passengers who are increasingly aware of 
environmental aspects [11,12]. Improving sustainability in cruise 
shipbuilding requires a long-term perspective, as vessels have been built 
to be used for decades. There is a great desire for sustainability 
innovations that have a positive impact on efficient products and 
processes by reducing the use of raw materials, energy, and resources, as 
well as emissions during the operational phase. Modern SD emphasizes 
the importance of collaboration between companies, broad perspectives, 
and diverse ideas for improvement [13,14]. 

The aim of this study is (1) to demonstrate a case corporate network 
structure in multicompany collaborations seeking to collaborate and 
innovate on SD. In this paper, SD is examined particularly from the 
perspective of GHG emissions, but in terms of network analysis, the results 
can be expanded to cover other aspects of sustainability. The study also 
aims (2) to illuminate how scope 3 GHG reporting sets demands on 
collaboration and (3) to discuss possible hindrances or bottlenecks in the 
collaborative enhancement of SD.  

LITERATURE REVIEW 

CSRD and Scope 3 GHG Emissions 

Scope 3 GHG emissions can form a major part of companies’ total GHG 
emissions, which is problematic since, so far, they have mostly been 
neglected from GHG emission calculations [3]. The main reason for this 
exclusion is the complex nature of supply chains, which means that 
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companies do not have control of or access to the needed data [3,15]. Along 
with the CSRD, there is, for the first time, a clear need for companies to 
report their scope 3 emissions, which ultimately will require closer and 
more organized collaboration between companies [3].  

The CSRD includes a variety of laws and actions to help tackle climate 
and environmental crises [1]. It became effective in January 2023, and the 
first companies are obliged to publish their sustainability reports for the 
financial year 2024 in 2025. The scope of the companies required to report 
will gradually expand. The NFRD was the first step toward obligatory 
sustainability, but it allowed choosing any reporting standard without the 
obligation of external assurance, which made reporting was very flexible, 
and companies could exclude any aspects they did not want to mention by 
justifying it [16,17]. The mandatory nature and stricter requirements of 
the CSRD are expected to accelerate the change toward more sustainable 
business-as-usual activities if companies manage to see the reporting 
requirements as an opportunity rather than a liability [18]. 

The aim of the CSRD is to facilitate and unify sustainability reporting 
while improving the comparability, quality, and reliability of the 
information. Furthermore, at the core of the CSRD are limited assurance 
of the sustainability data by an independent third party, availability of the 
information in a digital format, as well as the double materiality 
assessment. Double materiality means that the impacts of the company on 
the environment, economy, and society need to be reported, but how these 
create financial risks or opportunities for the company must also be 
assessed [2]. 

The CSRD is tightly linked with the European Sustainability Reporting 
Standards (ESRS) [19]. In short, the CSRD obliges companies to report 
according to certain requirements, whereas the ESRS sets out the 
framework and methodology for reporting. The ESRS defines a set of 
sustainability and societal standards that each company needs to go 
through and assess which ones are relevant to be included and reported 
under the CSRD [19]. Moreover, the goal of the ESRS is to tie sustainability 
closer to financial matters, for example, by connecting the use of natural 
resources or changes in supply chain to financial effects but also by 
requiring companies to use the same reporting year for sustainability 
reporting as for financial reporting [19]. Overall, the combination of the 
CSRD and the ESRS aims to achieve more transparent and sustainable 
growth for financial and economic activities. 

Reporting scope 3 GHG emissions has been voluntary before, and 
reporting them has rarely been included in GHG emission calculations, as 
it is difficult to quantify scope 3 emissions due to a lack of information [18]. 
The CSRD, however, now requires all relevant scope 3 GHG emissions to 
be reported. Furthermore, the disclosure requirements for Climate 
Change (E1) by the ESRS determine more detailed requirements for 
quantifying scope 3 GHG emissions; for example, scope 3 inventory needs 
to be updated every three years or if major changes take place. These 
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emissions need to be reported according to the guidelines of the GHG 
Protocol—A Corporate Accounting and Reporting Standard for all 
significant scope 3 categories [19]. 

The GHG Protocol [20] is a framework developed by the World 
Resources Institute and the World Business Council for Sustainable 
Development to ensure consistent emission calculations across all 
companies. The GHG Protocol itself is not a binding or regulative standard 
but defines how companies should calculate and report the carbon 
footprint resulting directly or indirectly from their activities. It categorizes 
carbon emissions into three different scopes, of which Scope 3 is the 
broadest, covering all indirect emissions resulting from a company’s 
activities, except for purchased energy. For example, emissions from the 
acquisition of raw materials or manufacturing processes used by the 
company’s suppliers are categorized as scope 3 emissions [20]. There is 
also a separate guidance, [21], for quantifying scope 3 GHG emissions. It 
divides scope 3 GHG emissions into 15 subcategories, such as purchased 
goods and services, employee commuting, and investments; it defines the 
minimum boundaries for reporting the emissions for each category. 

Networked Sustainable Development 

Networks in an industrial business context have been studied for 
decades, and the topic has remained interesting both theoretically and 
practically, as networks evolve constantly and new perspectives, such as 
sustainability reporting, have emerged [22]. The network perspective on 
SD has gained prominence due to the increasing interdependencies among 
companies and the central role of information flow in overall reporting. 
Within business environments such as shipbuilding, collaboration is 
essential for addressing sustainability challenges, as companies often 
collaborate and are intertwined to solve sustainability challenges [23]. 
Company networks serve as a mechanism for collaborative agency, 
enabling the capture and transmission of information relevant to 
sustainability outcomes, including reporting [24]. Concrete collaborative 
actions in SD encompass supplier relationships, innovation partnerships, 
and knowledge transfer. These action categories are commonly discussed 
in the collaborative network literature, reflecting the complex reality of 
interaction, interdependence, embeddedness, connectedness, and 
business relationships within a networked business context [25,26]. 

Traditionally, the academic literature on SD in company networks has 
primarily focused on organizational collaborations within the supply 
chain, particularly upstream activities, which refer to the production and 
transportation of goods and services that a company purchases or uses. 
However, recent developments emphasize the need for a broader 
approach that integrates customers and other stakeholder groups into 
sustainability efforts [27]. Viewing SD as a comprehensive, systems-level 
phenomenon has prompted efforts to enhance the understanding of 
sustainability and its impacts within networks and their operational 
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dynamics [13]. However, business partner relationships in SD and 
interdependent reporting are emerging areas where new understanding 
can contribute to both operational tasks and strategic partnership 
relations. 

Research on social relationships within sustainability partner 
networks highlights the pivotal role of lead partners in the chain [28,29]. 
These lead partners wield influence on selecting suppliers whose 
sustainability performance aligns with their policies and meets the 
criteria set by standard frameworks. Notably, the CRSD expands the 
responsibilities within company networks, as traditionally, lead partners 
have played a decisive role in defining sustainability and choosing 
evaluation methods [30]. Contemporary research on collaborative SD 
highlights equal dialog among stakeholders and stresses the central role 
of suppliers’ independent, self-directed development [31]. The role of 
partner companies in corporate networks underlies systematic change, 
such as changed sustainability reporting requirements, and partner 
networks are seen as a relevant structure for SD, as they are the sources 
and means of enhancing knowledge flow and communication [32]. 

Research Questions and Methodology 

Interorganizational collaboration, in the form of horizontal networks, 
plays a significant role in SD in networked business environments and 
consequently processes the optimization of information flow [14]. 
Innovative development activities are distributed widely within networks 
involving multiple network dimensions, such as structure and 
connections between nodes, the direction of ties, and the content/topic that 
is shared [33]. We have focused on the transmission of knowledge and 
information connected to organizational or technological collaboration, 
which facilitates innovative and novel perspectives on SD. In practice, 
these types of actions involve deliberate networking and the formation of 
professional ties that extend beyond organizations’ borders, as well as 
interact across disciplines [34]. 

Our claim is that improvements in calculations and reporting of scope 
3 GHG emissions cannot and will not contribute to any significant degree 
to improving and enhancing SD progress as long as the performance 
measures remain disconnected from collaboration actions. Therefore, we 
have analyzed collaboration ties and cooperative tasks, such as supplier 
roles and innovation partnerships on SD across organizational 
boundaries. Connections and interdependence among actors are the focus 
of this study to see how connections are established and how possible 
hindrances are described in practice. 

Research Questions 

1. What are the biggest challenges in fulfilling the reporting requirements 
regarding scope 3 GHG emissions? 
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2. Does the CSRD encourage collaboration between companies to fulfill 
the reporting requirements, and if so, in what form? 

3. What kinds of collaboration ties do the case companies have on 
sustainability development and innovation? 
(a) What is the overall structure and size of the case network on SD? 
(b) Which case companies have central positions in the case network 

on SD? 
(c) Do the case companies collaborate on sustainability topics? 
(d) If any, what are the obstacles/hindrances companies face regarding 

collaboration with their SD partnerships? 

Mixed Methods Approach 

The study applied a mixed-method design [35] using complementary 
quantitative and qualitative data collection and analysis techniques. The 
study adopted a mixed methods approach in which the CSRD and the GHG 
Protocol formed a setting to analyze collaboration ties in the case network. 
The CRSD and GHG Protocol analysis on scope 3 emissions focused on 
identifying relevant aspects to the context of the study. Key aspects of 
carbon footprint calculations and emissions across the value chain were 
analyzed against the relevant factors related to scope 3 emissions in both 
the CSRD and GHG Protocol. Existing literature on CSRD was reviewed to 
identify and explain current scope of research and the challenges of the 
CSRD. A network approach using social network analysis (SNA) was 
selected to describe the case company’s network structure and to identify 
the central actors in SD and innovation. SNA was enriched with other 
contextual data to make network data more applicable and accessible.  

The SNA was the main quantitative method integrated with the 
literature review as the qualitative method. In addition to traditional 
statistical analyzes SNA is appropriate for analysing relational data and 
quantifying structural patterns and relationships, it is a statistical method 
to analyze actors, and relationships/interactions. Network metrics such as 
density, closeness and centrality are quantitative metrics. The small size 
of the nodes in SNA is appropriate when describing the complete network 
[36]. The study employed SNA specially to identify key actors of the 
partner company network revealing network structure and those who 
have most influence in SD. Using SNA in this study add means to discuss 
dynamics of network structures, and knowledge flow, see e.g., [37] for SNA 
use in mixed-method research. A network survey was conducted as part 
of a multipartner consortium business academia project running from 
2023 to 2025. The project involved 11 partner companies. The survey, 
conducted in 2023, provided the majority of the data needed. The 
respondents included 12 individuals (one company had two respondents 
jointly) who were project actors engaged in sustainability issues within 
their respective organizations. Notably, the response rate for the network 
survey was 100%. 
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The survey explored various network dimensions related to SD. These 
dimensions included connection types (e.g., supplier, innovation partner, 
or both), connection direction (one-sided or reciprocal), and collaboration 
types for innovation (such as ongoing cooperation, periodic experiments, 
seeking collaboration opportunities, general-level discussions, or no 
collaboration on innovation). Additionally, the respondents were asked 
about potential obstacles to SD innovation, such as time constraints, 
personnel limitations, lack of know-how, technology, or tools. 

SNA metrics were conducted using KUMU software [38]. We used a 
whole-network approach to describe the network structure. The overall 
structure of the network was described by determining the density of 
connections and relationships between organizations, in addition to actor 
centrality.  

RESULTS 

CSRD and Reporting Scope 3 GHG Emissions 

According to the reviewed literature (see literature review) reporting 
scope 1 and scope 2 GHG emissions is relatively well established and 
straightforward since all the information can be extracted from a 
company’s own operations. However, scope 3 emissions can form a major 
part of a company’s GHG emissions [19], especially in the case of large 
companies, which makes including them in emission calculations very 
important for the sake of transparency and understanding of the context.  

According to the ESRS E1 Climate Change [19], companies need to 
identify all the relevant scope 3 categories, defined in the GHG Protocol, 
where emissions occur in their activities. Both upstream and downstream 
emissions must be included. GHG emissions are to be reported as carbon 
dioxide equivalents for each scope 3 emission category separately. 
Additionally, a plan on how to reduce emissions in each scope should take 
place with the addition of calculating a reference target value that is 
aligned with the goal of 1.5 ℃ separately for each scope. Furthermore, it 
should be noted that the ESRS does not allow any emission removals, 
carbon credits, or GHG allowances to be included in scope 3 GHG 
emissions. To ensure transparency, it is also required to report the share 
of primary data from suppliers and other actors in the value chain used 
for the scope 3 emission calculations. 

The research question 1. What are the biggest challenges in fulfilling 
the reporting requirements regarding scope 3 GHG emissions, we state 
that overall, including scope 3 GHG emissions in sustainability reporting 
increases the workload for companies significantly. Since the CSRD is new 
and companies are currently preparing to fulfill all of its requirements, it 
cannot be said yet how well companies will be able to report their scope 3 
GHG emissions. Nevertheless, it is clear that working on scope 3 emissions 
alone is not very feasible since scope 3 emissions cover the whole value 
chain, meaning activities that are not directly linked to companies’ own 
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operations. Therefore, the main issue for the CSRD reporting regarding 
scope 3 GHG emissions is data collection and quality of data. It is always 
desirable to get primary data, as they enable more accurate results, 
although it is known that for some parts, using secondary data with 
proxies or industry averages can be necessary. The problem with relying 
too much on secondary data is that it does not reflect the reality of the 
desired processes. For instance, if a supplier has invested heavily to make 
its practices less energy-intensive, the emission calculation with 
secondary data cannot show this improvement in the emission 
calculations. On the contrary, using process- or facility-specific data allows 
for the incorporation of such information, potentially leading to lower 
GHG emissions in calculations. 

The research question 2: Does the CSRD encourage collaboration 
between companies to fulfil the reporting requirements, and if so, in what 
form, we state that, using primary data should be desirable and the key to 
being able to use primary data from suppliers is collaboration. The CSRD 
itself does not urge or encourage companies to cooperate and share 
sustainability information, although it is a central issue for companies to 
be able to report their scope 3 GHG emissions accurately. Most likely the 
CSRD will silently push companies to work together to get the needed 
information from their suppliers. Nevertheless, there will probably be 
differences for the degree of collaboration based on how ambitious 
companies are to collect primary data, since companies with higher 
ambition level need more detailed information, which in turn might 
“force” them to work more tightly together with their suppliers. 
Companies have different strategies to have their suppliers provide the 
data they need to fulfil the CSRD needs. For example, they can make 
responsibility as a prerequisite for all procurements. Under these 
circumstances, the supplier network must be ready to provide data to 
continue the collaboration. Collaboration can benefit companies in ways 
other than just sustainability reporting. By engaging at a sectorial or cross-
sectorial level, companies can change the common approaches and 
practices shared by all members within the industry and along supply 
chains. The first step for meaningful collaboration would be to gain a 
better understanding of the actors within the ecosystem and to gain a 
better understanding of their interdependencies. To maximize the 
benefits and outreach of their sustainability strategies, the collaboration 
network could create transparency, share best practices, define common 
rules, and set standards. This, in return, could help optimize their 
operations so that both environmental and economic benefits are created 
for the participants. More frequent cooperation between companies also 
forms a trust-based relationship in which information can be shared more 
freely. Furthermore, continuous digitalization enables the creation of 
tools for improved data collection and analysis, information sharing, and 
knowledge distribution within the shipbuilding network. Accelerating the 
deployment of digital concepts linked with sustainability frameworks 
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leads to a more sustainable and competitive industrial ecosystem that 
cannot be achieved individually by companies.  

Although the CSRD does not literally mandate collaboration, it 
indirectly guides towards it by requiring reporting. A company needs data 
for reporting its Scope 3 emissions, which can be based either on 
information received from network members or on proxies. The most 
accurate data can be acquired directly from network members, as it 
corresponds precisely to the goods and services used by the company. Due 
to that, every company should strive to increase the proportion of 
information obtained directly from the network. As a result, the amount 
of sustainability information flowing through the network can be assumed 
to increase, which enables improved business intelligence and more 
advanced decision-making. Additionally, disclosing and sharing 
information on GHG emissions can increase stakeholders’ trust in the 
company. However, realizing this might require companies to change 
their operations, supply chain management and product life cycle 
assessments in a way that enables more accurately measuring emissions 
and properly reducing them. Understanding one’s scope 3 emissions on a 
more comprehensive level can help identify and manage risks related to 
climate change. Incorporating sustainability aspects—whether 
environmental, social, or otherwise ethically loaded in nature—into the 
planning and design processes is necessary when discussing complex 
systems, such as cruise ships. This method of “building sustainability in” 
means that sustainability and its added information requirements are 
incorporated as a fundamental key component of the shipyard network 
ecosystem by improving information flows, clarifying plans and designs, 
internalizing future expectations, and enhancing the availability of all 
essential information during the entire life cycle of the ship. 

Case Network Structure and Features 

The network represented the case companies’ collaborations with 
other entities, including 120 companies and organizations. Of these, 11 
were case companies, while the rest included other companies, research 
institutions, and non-governmental organizations. The results from SNA 
produced intuitive visualizations to reveal the overall structures of the 
network and to show possible partnerships within the case network.  

The entire network studied consisted of 120 companies, with 127 
connections among them. The size of the case company network was 
analyzed by the in- and out-degrees of connecting ties. In- and out-degrees 
indicate the number of incoming and outgoing ties, which are presented 
in Table 1. Companies that have multiple ties have an influence because 
they share and receive knowledge and information from other actors. The 
lead company had, by far, the largest number of incoming and outgoing 
ties. In addition, four other case companies had more than 10 ties, while 
the other companies clearly had fewer collaboration ties. Two large 
companies had multiple collaboration ties, but some of the first-tier 
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supplier companies also had relatively many collaboration ties. These 
large companies have several suppliers on which they depend.  

Table 1. Size of the case company network by in- and out-degrees. 

#Company In-degree Out-degree 
#1 37 22 
#2 13 11 
#3 18 13 
#4 10 10 
#5 6 7 
#6 8 7 
#7 6 7 
#8 2 6 
#9 14 11 

#10 3 8 
#11 2 3 

To analyze the network structure, both density and centrality were 
examined. Density measures revealed the extent of connections within the 
network: a density value of 1 indicated that every company was 
interconnected, while a value of 0 meant no connections existed between 
companies. Centrality measures, ranging from 1 to 0, indicated the 
direction of the connections. A centrality value of 1 suggested that all ties 
were directed toward a single central company, whereas 0 indicated equal 
connections among all companies, resulting in a decentralized network. 

The density measures showed all possible connections: density value 1 
meant that every company was connected to each other, and density value 
0 meant that none of the companies were connected to any other 
company. Centrality measures show the direction of connections; 
different centrality values vary between 1–0. Centrality value 1 indicated 
a situation in which all connections were targeted to one company that 
was the most central, and 0 described conditions in which every company 
shared the same number of connections describing a network that was the 
most decentralized. Additionally, the case company network exhibited 
directed ties, reflecting one-sided relationships or reciprocity. Reciprocity 
measures gauged the likelihood of companies having an equal number of 
connections in both directions. 

A slight majority of ties (with a reciprocity value of 0.62) were reported 
as reciprocal, indicating that SD initiatives involved collaborative actions 
among companies. The overall structure of the case network (see Figure 
1) resembles a circle. The circular structure suggests recurring 
interactions and mutual relationships, reflecting feedback loops and 
network stability. Notably, four partner companies formed a complete 
cycle, including the lead partner and three first-tier suppliers. 
Nevertheless, the network visualization revealed an incomplete circle, 
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with three partner companies not connected to this cycle of ties with other 
company partners. 

The network density was remarkably low (density measure of 0.01). 
Overall, the case companies’ SD networks exhibited significant dispersion, 
implying that the case network itself did not play a central role in SD 
development. Instead, development actions primarily occurred outside 
the case network.  

 

Figure 1. The overall structure of the case network. 

To conclude, for Research Question 3a, concerning the overall network 
structure for the SD, it was found that the case network structure was 
loose, with low density among the case companies. This structure suggests 
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that SD initiatives are directed toward companies beyond the immediate 
case partners. At the whole network level, there are not many shared 
development actions at the point of data-gathering time. 

Central companies within the case network 

Several centrality metrics were used to obtain a versatile and accurate 
picture of the companies’ ties (see Table 2). Specifically, the centrality of 
each company within the network was the focus, examining degree 
centrality, betweenness, closeness, and eigenvector metrics. These metrics 
shed light on the ties between actors—in this case, case companies [39]. 
Actor centrality was analyzed by the degree and heterogeneity of the ties. 
Additionally, outsider types based on centrality and external connections 
were identified. The analysis extended beyond case-specific actions to 
include any collaborations related to SD. 

Degree centrality, which quantifies the number of direct connections a 
company has, enabled the assessment of a company’s role and position 
(i.e., the direct relational activity of the company in the network). The lead 
company exhibited the highest degree of centrality, indicating its 
extensive relationships with other firms. Notably, first-tier supplier 
companies with numerous incoming and outgoing ties also held central 
positions. The degree centrality values ranged from 4 to 37. 

Betweenness centrality, which considers indirect connections, reveals 
information brokers—companies that lie on the shortest paths between 
others and play the most important role in controlling the flow of 
information in the network. The lead company had the highest degree of 
betweenness, while one large company had a relatively low degree of 
betweenness. Interestingly, a highly central first-tier supplier had one of 
the lowest betweenness values. Overall, the lead company acted as an 
information broker, while others had lower betweenness values, and one 
company remained isolated within the case network. 

Next, closeness centrality, which indicates the minimal length of an 
indirect path, was explored to show the independence of a company from 
the controlling actions of others within the network. This measure is 
meaningful, especially in this case, as many of the case companies had a 
supplier role in relation to the lead company. Closeness values were very 
evenly distributed, with the lead company having a slightly higher 
closeness, while the three first-tier suppliers had clearly lower values.  

Finally, eigenvector centrality assessed how well-connected companies 
were to other influential elements. Companies with high eigenvector 
centrality are the leaders of the network, and these companies have the 
strongest local influence on SD. Surprisingly, all the case companies 
exhibited low eigenvector values, suggesting a lack of highly influential 
groups. Instead, the network appeared decentralized, with each company 
working relatively independently on SD. Even the lead company did not 
form an exclusive insider circle within the case network. 
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Table 2. Centrality degrees in the company network. 

#Company Centrality degree Betweenness degree Closeness degree Eigenvector value 
#1 37 0.286 0.350 0.115 
#2 13 0.125 0.296 0.046 
#3 19 0.125 0.274 0.014 
#4 10 0.120 0.278 0.026 
#5 7 0.072 0.272 0.033 
#6 8 0.071 0.259 0.038 
#7 8 0.043 0.256 0.027 
#8 7 0.030 0.239 0.027 
#9 14 0.013 0.092 0.000 

#10 10 0.004 0.113 0.000 
#11 4 0.000 0.000 0.000 

In addressing Research Question 3b—which case companies occupy 
central positions within the case network?—it was found that the lead 
company plays a pivotal role across various centrality metrics. Notably, 
one case company remains entirely isolated, lacking connections with 
other case participants. This isolated company forms a small, self-
contained network. Overall, the case network exhibits low centrality, 
indicating that the case companies collaborate and pursue sustainability 
initiatives beyond the confines of the case-specific network (see Figure 2). 
The structure of the case partner company network resembles a chain 
characterized by connections primarily between the two other case 
companies, forming a linear sequence. Limited interaction was observed 
within the case network, where information flow was constrained 
between companies and their specific SD development partners. One of 
the respondents described the status of collaboration in the case company 
network in the following way: “Every company has its own projects, we 
are not aware how we could work together [with the case companies]. 
Projects are scattered and not easily combined”. 

 

Figure 2. The collaboration network of the case companies. 
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Collaboration Modes 

The predominant mode of collaboration involved conducting targeted 
experiments. These experiments focused on specific issues, such as 
identifying more sustainable materials and methods. Notably, the lead 
case company engaged with numerous other companies (a total of 23) in 
these experiments, actively seeking new collaboration opportunities with 
several (11) of them. However, when it came to general discussions on SD, 
the lead company reported interactions with only a few (4) partners. Upon 
analyzing the case partner companies beyond the lead organization, a 
different pattern was observed, as general discussions turned out to be the 
most common form of collaboration. These case partners actively 
explored new opportunities with a couple of other companies. Table 3 
presents the different collaboration modes of the case network, including 
collaboration partners other than the case company partners. 

Table 3. Number of collaboration partners in different modes of collaboration. 

#Company Concrete experiments General discussions Seeking opportunities 
#1 23 4 11 
#2 2 - - 
#3 - 14 1 
#4 - - - 
#5 - - - 
#6 2 6 3 
#7 3 - 1 
#8 3 1 3 
#9 4 9 - 

#10 9 - 2 
#11 - - - 

Total 46 34 21 

To answer whether the case companies engage in collaborative efforts 
related to SD (Research Question 3c), it was found out that the 
collaboration ties within the case network are notably scarce. Overall, the 
case companies maintain only a limited number of collaboration 
partnerships, primarily centered around general discussions concerning 
SD. Notably, the lead case company stands out with the highest number of 
collaboration partners and a greater emphasis on operational actions 
related to SD compared to the other case companies. 

Obstacles and Hindrances 

In the context of SD, collaboration obstacles and hindrances within 
each partnership maintained by the case company were investigated (see 
Table 4). It is important to note that the numbers in Table 4 encompass all 
collaboration partners, not exclusively those associated with the case 
companies. The most prevalent hindrance encountered across SD 
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partnerships was a lack of time. Nearly all the case companies (except two) 
cited time constraints as a significant challenge. Interestingly, two case 
companies reported no specific obstacles or hindrances related to SD. 
Technology emerged as a significant obstacle, particularly for the lead case 
company. Slow technological development hindered progress in two 
specific partnerships. Additionally, the scarcity of personnel was 
mentioned by two case companies, while know-how was a common 
hindrance across various partnerships. Notably, the lead case company 
faced the highest number of obstacles and hindrances in its SD 
collaborations. 

Table 4. Number of partnerships where obstacles/hindrances were reported. 

#Company Lack of technology Lack of personnel Lack of time Lack of know-how 
#1 10 8 12 1 
#2 2 - - - 
#3 - - 15 3 
#4 - - - - 
#5 - - 6 - 
#6 1 - 1 5 
#7 - - - - 
#8 2 1 14 3 
#9 3 - 7 4 

#10 - - 13 - 
#11 - - 2 - 

Total 18 9 70 16 

To respond Research Question 3d—if any, what are the 
obstacles/hindrances companies face regarding collaboration with their 
SD partnerships?—we conclude that most of the case companies identified 
obstacles or hindrances with their partners on SD. The most commonly 
mentioned obstacle/hindrance was the lack of time to collaborate on SD, 
which was identified by most of the case companies. 

CONCLUSIONS AND DISCUSSION 

The findings raise questions on the level of preparedness for CSRD 
reporting on scope 3 emissions and, especially, on what profound changes 
are to be expected in the case companies’ operations and collaboration 
regarding sustainability. The shift to mandatory scope 3 GHG emissions 
reporting forces companies to widen their emission reporting to activities 
that are relevant to their operations but could be ignored before. 
Reporting and quantifying scope 3 emissions can be very resource-
intensive, as global supply chains are long and complex. Accordingly, it is 
important to start the work on that well in advance and, depending on the 
possibilities, try to establish customs to ease reporting in the following 
years. Although the CSRD does not specifically encourage companies to 
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cooperate on data collection for the emission calculations, it is at the core 
of the scope 3 emissions calculations. In the beginning, additional effort 
might be needed to make operational changes, e.g., in supply chain 
management, to measure emissions accurately. Once comprehensive 
information on scope 3 emissions can be gathered, it can also be used to 
manage climate-related risks. Disclosing and sharing GHG data can build 
stakeholders’ trust and the closer the collaboration is established 
throughout the company’s value chain, the easier it is to agree on common 
practices and to share and automatize information flows within the 
collaboration network. In the future, in extreme cases where collaboration 
is not possible with partners, companies could even need to set up 
reporting their GHG emissions as a condition for partnerships in order to 
ensure they can comply with the reporting requirements. 

The key findings indicate that the SD network is relatively small, with 
some case companies having only a few partners for collaboration. The 
overall network structure is loose, with a low density between the case 
companies. Notably, the lead company plays a central role in SD 
collaboration. The case network resembles a chain structure, suggesting 
limited interaction and information flow between the case companies. The 
most common modes of sustainability collaboration are general 
discussions and operational experiments, which are driven by the lead 
case company. What comes to obstacles and hindrances, interestingly, 
despite commonly reported time constraints, a lack of personnel was also 
mentioned by three case companies. This apparent contradiction suggests 
that increasing human resources could potentially mitigate the time-
related obstacles hindering sustainability collaboration. 

The overall picture of the current situation shows a sparse network in 
which SD topics are scattered to one-to-one company discussions or 
separate experiments. Network capital could be more effectively used for 
coordinated development programs, wider knowledge sharing, and 
maybe even sharing human resources between companies. This kind of 
collaborative development would decrease dependence on the lead 
company’s role in sustainability issues and allow for more open 
innovation within the supply chain. The business-academia project in this 
case seemed to offer a limited number of development programs, but 
anyhow, the meaning of the joint project as an idea-sharing platform for 
future-focused development should not be underestimated.  

The interorganizational SD reflects the complexity and interwovenness 
of the topic. Mechanisms to meet growing sustainability standards are a 
relatively new area of research, as the experiences and data drawn from 
them are currently only emerging.  

Although there are a growing number of studies with large numeric 
datasets, the complexity of the phenomenon makes it very difficult to 
understand how companies handle sustainable transformation—in this 
case, the assessment and reporting of processes and structures—and what 
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implications this will have for companies’ economic and environmental 
performances. 

The case network studied here is a small part of the industrial 
ecosystem formed around the lead case company. Our results show the 
circumstances within the case network, but the results of this study may 
not apply to the entire supplier network. Our assumption is that the case 
companies are dynamic and could allocate resources to SD collaboration.  

Future avenues for further research include, for example, how to 
organize effective operational development and innovation in networked 
SD. Supplier companies’ individual SD networks should be further studied 
to reflect how SD collaboration is composed downstream and whether it 
is as centralized as the case network studied here. More understanding is 
needed on the operational efficiency of SD; for example, how automation 
can be effectively harvested, utilized, and extended over company limits 
to achieve evidence-based information sharing. To ensure fluent 
information flow between companies, future research should focus on 
data security and tackle other legal aspects. The imminent further 
research needs to point to the evaluation of preparation level and capacity 
levels in companies to understand interlinked SD and the meaning of 
information sharing as a business value. 
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