
 

 

 

 

 

Data-Driven Products and Processes in Transitioning  

Automotive Production Networks within China and Europe 

 

 

 

 

 

 

Kumulative Dissertation 

 

zur Erlangung des Doktorgrades der Naturwissenschaften (Dr. rer. nat.) 

 

im Fachbereich Geographie 

der Philipps-Universität Marburg 

(Hochschulkennziffer 1180) 

 

 

 

vorgelegt von 

Alexandra Cezarina Stefanov 

aus Bukarest, Rumänien 

 

 

 

 

Marburg, 2026 



II 
 

Originaldokument gespeichert auf dem  

Open-Access-Repositorium der Philipps-Universität Marburg 

https://open.uni-marburg.de/ 

 

 

 

 

 

 

 

 

 

Dieses Werk steht unter einer 

Creative Commons 

Namensnennung 

4.0 International 

Lizenz 

 

 

Die vollständige Lizenz finden Sie unter  

https://creativecommons.org/licenses/by/4.0/legalcode.de 

 

 

 

 

 

 

Erstgutachter: PD Dr. Julian Schwabe 

Zweitgutachter: Dr. Sebastian Losacker 

 

Die Zulassung zum Promotionsverfahren erfolgte am 25.11.2025  

durch den Promotionsausschuss des Fachbereichs Geographie, Philipps-Universität Marburg.  

Die Disputation erfolgte am 11.02.2026.  

https://open.uni-marburg.de/
https://creativecommons.org/licenses/by/4.0/legalcode.de


III 
 

Acknowledgments 

 

First and foremost, this thesis is dedicated to my family. Vă mulțumesc, mami, tati și Andrei, pentru 

susținerea, încrederea și încurajările constante pe parcursul acestui lung drum academic. Tot ceea 

ce am realizat vi se datorează, în mare parte, vouă. Vladimir, I am deeply grateful for your 

unwavering support, for filling my days with joy and optimism, for keeping me well-nourished, and 

for inspiring me to always strive for better. 

My sincere gratitude further extends to my supervisor and academic mentor, PD Dr. Julian 

Schwabe, for his invaluable guidance, constructive feedback, and continuous encouragement 

throughout my doctoral studies. His patience, insight, and trust have been instrumental in the 

completion of this work.  



IV 
 

Table of Contents 

 

List of Figures and Tables ....................................................................................................... VII 

List of Abbreviations ............................................................................................................. VIII 

1. Introduction ........................................................................................................................ 1 

2. Theoretical Framework ........................................................................................................ 7 

2.1. Global Value Chains (GVC), Global Production Networks (GPN), and the Digital Economy ....7 

2.2. Disruptive Innovation ............................................................................................................ 13 

2.3. Data Spaces and Data Ecosystems......................................................................................... 14 

2.4. Global Technological Ecosystems (GTE) ................................................................................ 16 

2.5. Research Questions for this Study ......................................................................................... 17 

3. Methodology and Research Design ..................................................................................... 18 

3.1. Qualitative Interviews ............................................................................................................ 18 

3.2. Structure of the Research Papers .......................................................................................... 21 

4. Global Value Chains for Digital Automotive Products: The Integration of Navigation Systems 
into Chinese Cars in Europe .................................................................................................... 23 

4.1. Abstract .................................................................................................................................. 23 

4.2. Introduction ........................................................................................................................... 23 

4.3. Research Aims and Exploratory Questions ............................................................................ 25 

4.4. Conceptual Frame: Organization and Spatial Distribution of Digital Value Creation Activities
 ...................................................................................................................................................... 26 

4.5. The New Perception of Cars and the Importance of Navigation Systems............................. 30 

4.5.1. Traditional Automotive Value Chains and the Chinese Car Industry ............................. 30 

4.5.2. Value-Added Inputs of Navigation Systems and the Role of Regulations...................... 31 

4.5.3. Navigation System Providers in Europe and China ........................................................ 34 

4.6. Navigation Software in the New-Generation Chinese EVs Exported to Europe ................... 35 

4.6.1. BYD ................................................................................................................................. 36 

4.6.2. NIO ................................................................................................................................. 36 

4.6.3. XPeng .............................................................................................................................. 38 

4.6.4. Aiways ............................................................................................................................ 38 

4.7. Discussion .............................................................................................................................. 41 

4.8. Conclusion and Outlook ......................................................................................................... 44 

4.9. References ............................................................................................................................. 45 



V 
 

5. Disruptive Technology Change, Geopolitics and Local-Level Constraints: The Emerging GPNs of 
Chinese Robotaxi Services ...................................................................................................... 54 

5.1. Introduction ........................................................................................................................... 54 

5.2. AV as Part of the Digital Economy and Place-Based Constraints of Application ................... 56 

5.3. Disruptive Technology Change as a GPN Dynamic ................................................................ 59 

5.4. State-Side Governance of AV: From Geopolitics to Local Policies......................................... 60 

5.5. A Framework for Analyzing the Organization and Territorialities of AV Services ................. 62 

5.6. Methodology ......................................................................................................................... 64 

5.7. Emergence of Platforms and AV Start-Ups as Lead Firms for Robotaxi Services in China .... 65 

5.8. Presence and Adaptation of International Firms .................................................................. 68 

5.9. Spatial Fragmentation and International Expansion of Chinese Robotaxi Services .............. 70 

5.10. Discussion and Conclusion ................................................................................................... 71 

5.11. References ........................................................................................................................... 74 

6. Collaborative Data Spaces as an Organizational Fix: The Role of Catena-X in Managing 
Regulatory Complexity in the Automotive Sector ................................................................... 80 

6.1. Abstract .................................................................................................................................. 80 

6.2. Introduction ........................................................................................................................... 80 

6.3. Conceptual Context: Examining the Role of Data Spaces, GTEs, and Organizational Fixes in 
Automotive GVCs .......................................................................................................................... 82 

6.3.1. Collaborative Data Spaces vs. Centralized Platforms ..................................................... 82 

6.3.2. GTEs and the Aspect of Territoriality ............................................................................. 85 

6.3.3. Inter-Firm Organization and Organizational Fix in GVCs ................................................ 86 

6.4. Methodology ......................................................................................................................... 87 

6.5. Empirical Case: Collaborative Data Sharing Across Regulatory and Organizational Boundaries 
as an Organizational Fix by Automotive Lead Firms ..................................................................... 88 

6.5.1. Evolution of Catena-X as an Organizational Fix.............................................................. 88 

6.5.1.1. Catena-X in Europe .................................................................................................. 88 

6.5.1.2. Catena-X in China .................................................................................................... 91 

6.5.2. Reproducing Power Asymmetries Through Catena-X .................................................... 94 

6.6. Discussion .............................................................................................................................. 96 

6.7. Conclusion ............................................................................................................................. 99 

6.8. References ........................................................................................................................... 100 

7. Discussion and Conclusion ................................................................................................. 107 

7.1. The Importance of Regulatory and Geopolitical Aspects in the Structuring of Digital 
Automotive GPNs ....................................................................................................................... 107 

7.2. The Disruption of Automotive GPNs through Data-Driven Digital Products and New Lead 
Firms ........................................................................................................................................... 110 



VI 
 

7.3. “Open Innovation” as an Organizational Form Bridging Regulatory and Geopolitical 
Boundaries .................................................................................................................................. 113 

7.4. Summary and Future Research ........................................................................................... 115 

8. Zusammenfassung ............................................................................................................ 117 

Literature ............................................................................................................................. 120 

Appendix I ............................................................................................................................ 129 

Interviewpartner ......................................................................................................................... 129 

Interviewguideline ...................................................................................................................... 129 

Appendix II ........................................................................................................................... 134 

Hilfsmittel ................................................................................................................................... 134 

Appendix III .......................................................................................................................... 135 

Eigenständigkeitserklärung ........................................................................................................ 135 

 

  



VII 
 

List of Figures and Tables 

 

Figure 1: Data spaces in a data ecosystem ...................................................................................... 15 

Figure 2: A GTE in the automotive industry ..................................................................................... 16 

Figure 3: The map creation process of the in-car navigation system .............................................. 33 

Figure 4: The navigation system production process of the Chinese OEMs analyzed ..................... 40 

Figure 5: Organization and spatial distribution of value creation activities for vehicle navigation 

systems ............................................................................................................................................. 44 

Figure 6: Spatio-organizational configuration of robotaxi GPNs ..................................................... 63 

Figure 7: Venture capital relations of AI start-ups listed in Table 5 ................................................. 67 

Figure 8: Designated L4 driving area and street scenes respectively in Beijing (left), Shanghai 

(center), and Guangzhou (right) ....................................................................................................... 70 

Figure 9: GPN of Chinese robotaxi services ..................................................................................... 72 

Figure 10: Catena-X as an organizational fix amidst regulatory pressure, connecting IIoTs at different 

geopolitical domains ........................................................................................................................ 96 

 

 

Table 1: Five types of global value chain governance by Gereffi et al. (2005) ................................... 8 

Table 2: Firm specific strategies for configuring GPNs by Coe and Yeung (2015) ........................... 10 

Table 3: The structure of the research papers with respect to the research questions, the theoretical 

frameworks employed, and the number of interviews conducted ................................................. 22 

Table 4: Main providers for navigation solutions in China and Europe ........................................... 35 

Table 5: Orchestration of products and services behind the main robotaxi operators in China and 

their international expansion ........................................................................................................... 65 

Table 6: Comparison of platforms and collaborative data spaces ................................................... 84 

Table 7: Main regulations for which Catena-X is offering solutions ................................................ 90 

  



VIII 
 

List of Abbreviations 

ACEA European Automobile Manufacturers’ Association  

ADAS Advanced driver assistance system  

AI Artificial intelligence 

AV Autonomous vehicle 

BMWK 
Bundesministerium für Wirtschaft und Klimaschutz (German Federal 
Ministry for Economic Affairs and Climate Action) 

CAAM China Association of Automotive Manufacturers 

CAGR Compound annual growth rate  

CAICT China Academy of Information and Communications Technology 

CRM  Critical Raw Materials Act  

DPP Digital Product Passport  

EDC  Eclipse Dataspace Connector 

EU European Union 

EUSPA  EU Agency for the Space Programme 

EV Electric vehicle  

FDI Foreign direct investment 

GDN Global digital networks  

GDPR  General Data Protection Regulation 

GIO  Global Industry Organizations 

GIZ 
Deutsche Gesellschaft für Internationale Zusammenarbeit (German Society 
for International Cooperation) 

GPN Global production network 

GPS  Global Positioning System 



IX 
 

GTE Global technological ecosystem 

GVC Global value chain 

IAA  Internationale Automobil-Ausstellung (International Motor Show Germany) 

ICE Internal combustion engine 

IDS International Data Spaces  

ISA Intelligent speed assistance  

ISO  International Organization for Standardization 

ISST 
Fraunhofer-Institut für Software- und Systemtechnik (Institute for Software 
and Systems Engineering) 

IT Information technology 

JV  Joint venture 

LIDAR Light detection and ranging 

M&A Mergers and acquisitions 

MERICS  Mercator Institute for China Studies 

MIIT Ministry of Industry and Information Technology  

MOU Memorandum of understanding  

NDA National Data Administration  

NDRC  National Development and Reform Commission 

NEV New energy vehicles  

OEM Original equipment manufacturer 

OGC  Open Geospatial Consortium 

OTA Over-the-air update 

POI Points of interest  



X 
 

R&D Research and development 

SME  Small and medium enterprises 

SOC System on a chip  

USD  United States dollar 



1 
 

1. Introduction 

With the shift from combustion engines to electrification and digitization, the global automotive 

industry has been undergoing a greatly disruptive phase in recent years. While in previous decades 

cars were valued for their hardware and driving performance, vehicles are now progressively 

converting into multifunctional smart terminals (Yang et al., 2023), which is resulting in the 

emergence of software, connectivity, and data-driven services as new elements determining the 

competitiveness of the product (Dyer et al., 2022). Throughout this transformative phase marked 

by increasing regulatory complexity and geopolitical changes, data has evolved into an essential 

production factor and a strategic asset that steers innovation, enables novel opportunities for value 

creation, and facilitates new revenue streams, with profit-generating sources spanning from on-

board digital functions and subscription services to robotaxi applications (Sturgeon, 2021; Yang et 

al., 2023; Zook and Grote, 2025). As technological, regulatory, and market changes are reshaping 

inter-firm relations and governance structures across the industry (Yeung, 2024), vehicle 

manufacturers are now attaching similar importance to producing, enhancing, and analyzing data 

as they are to building cars (Zook and Grote, 2025). Therefore, companies are not only pressured 

to implement technological upgrades (Butollo et al., 2022), but they are also in need of new 

strategies and cost-efficient solutions to help them navigate the challenges of data production, 

management, exchange, and implementation across organizational and territorial boundaries, with 

the control over data ownership and the safeguarding of data sovereignty gaining significance 

within the automotive industry and beyond (Gelhaar et al., 2021b; Lechowski and Krzywdzinski, 

2022). 

Furthermore, these technological changes are connected with geographical reconfigurations, as 

Chinese products have been shifting from “made in China” (which used to be the equivalent of low 

quality) to created and innovated in China (Keane, 2006; Wei et al., 2017; Zenglein and Holzmann, 

2019; Yang et al., 2023). Given these developments, Chinese automakers are emerging as important 

players in the development of software-defined electric vehicles and mobility services by building 

integrated value chains that showcase advanced software capabilities, thereby challenging, for the 

first time, the long-standing dominance of established Western automotive brands (Yang et al., 

2023). Data from the European Automobile Manufacturers’ Association (ACEA) show that Chinese 

brands accounted for almost 4 % of EU (European Union) electric car sales in 2022, a sharp rise from 

just 0.4 % three years earlier (ACEA, 2023). In addition, over half of global plugin vehicle 

registrations in June 2022 were made in China alone (Pontes, 2022). 
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Teece (2019) has identified four paradigm shifts in the automotive industry which are establishing 

fresh opportunities for Chinese firms to capture value: electric vehicles, shared vehicles, connected 

vehicles, and autonomous vehicles, with the electric cars representing the first “window of 

opportunity” for the export activity of Chinese original equipment manufacturers (OEMs) and the 

disruption of the industry (Sebastian, 2021). While Chinese carmakers were playing an insignificant 

role in the past, at a time when the automotive sector was dominated by internal combustion 

engine (ICE) vehicles, they are now leading the way towards electrification and digitization 

(Burgard, 2022; Yang et al., 2023). However, large well-established Chinese OEMs are not the only 

ones experiencing growth and competing with the Western automobile industry, as Chinese electric 

vehicle (EV) start-ups are also increasingly establishing themselves as significant competitors (Yang 

et al., 2023). With many new Chinese car brands founded and funded by Internet companies, they 

have a strong background and expertise in software and connectivity, they are agile and innovative 

and are not restricted by the legacy that Western companies have to overcome. Therefore, they 

have the chance to reinvent themselves and the industry at large.  

Historically, at the time when combustion engines became fully developed and widely used, global 

automotive production networks (GPNs) were characterized by overcapacity and fierce 

competition between OEMs, with cost cutting, incremental innovation, and market expansion 

representing the main sources of competitive advantage (Sturgeon and Van Biesebroeck, 2011). 

This fostered a hierarchical structure dominated by lead firms and tier 1 suppliers, while lower-tier 

suppliers remained dependent, with weak bargaining power and small profit margins (Pavlínek, 

2018; Schwabe, 2020; Yeung, 2024). Over the course of the 20th century, globally integrated, but 

regionally clustered systems emerged, which carmakers used to expand into international markets 

(Sturgeon et al., 2008; Dicken, 2015). Today, with the rise of electrification and digitization (Yeung, 

2024) as well as capabilities in software and AI established through autonomous driving, digital 

functions, and connected vehicles (Teece, 2018), the technology of combustion engines is in decline 

and the corresponding value chains are becoming increasingly obsolete (Schwabe, 2020). As a 

result, automotive GPNs are being thoroughly reconfigured. 

In comparison, China's automotive industry was dependent on partnerships with foreign carmakers 

up until the 2000s. Although productivity was increased by these collaborations, Chinese companies 

became reliant on foreign technology (Liu and Tylecote, 2009; van Tuijl et al., 2016) which led the 

government to prioritize EVs in the late 2000s and turn their development into a national strategy 

anchored in the country’s Five-Year-Plans (Yang et al., 2023). With the goal to develop high-quality 

new energy vehicles (NEV), as EVs are referred to in a Chinese context, the domestic industry was 

thus supported with tax breaks, infrastructure and purchase subsidies, local policies (e.g. license 
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plate and parking incentives, road access privileges), and research funding (He and Jin, 2021; Yang 

et al., 2023). Through this governmental backing, within the span of ten years, China was able to 

establish a competitive EV industry by building on international expertise while safeguarding 

domestic companies, self-developing new technologies, and driving innovation (Thun, 2006; van 

Tuijl et al., 2018). As a result, Chinese state-owned companies as well as private firms and start-ups 

are now world leaders in EV and battery technology and are increasingly expanding internationally, 

in recent years among others to Europe (Burgard, 2022; Friedel, 2022; Yang et al., 2023). Within 

China, the government has been slowly encouraging market competition by redirecting the focus 

from the initial support to a liberalization of the market (Yang et al., 2023). 

To illustrate the technological and geographical shifts that are currently occurring in the automotive 

industry and that are leading to the reconfiguration of GPNs, three illustrative developments were 

picked for the studies of this dissertation within the Sino-European context: digital functions such 

as advanced navigation systems, autonomous driving technologies exemplified by robotaxis, as well 

as collaborative data-sharing spaces which aim at efficiency gains in production.  

The first case study examines navigation systems as a relatively established digital automotive 

function that has become more complex over time and that finds itself at the intersection between 

hardware, software, data, and regulations. They serve as a gateway for collecting data and can act 

as the foundation for other in-car digital features and services, as well as for the enhancement of 

user experiences (Choi et al., 2016; Harris, 2023; Infopulse, 2022). When it comes to their 

transferability across territories and regulatory environments, however, even though the software 

part of the navigation system can be developed remotely and transferred without loss of time and 

costs, map data and real-time geospatial services are contingent on regulations, infrastructure 

constraints, and local standards (EUR-Lex, 2019; EUR-Lex, 2021; European Data Protection Board, 

2021; European Commission, 2023; Wolford, 2023), thus rendering the mapping component 

spatially anchored. As navigation systems combine globally transferable software with locally 

constrained mapping functions, they provide an interesting case to explore how digital and physical 

value chains interact and reconfigure in different regions, with a focus on Chinese OEMs expanding 

to Europe. With the Chinese automakers entering the European market, the navigation systems 

embody the interplay between European regulations, customer expectations, map standards, and 

data privacy rules and illustrate the shift from hardware-based value creation to data-driven and 

user-centered business models. Within this context, the new Chinese competitors must navigate 

dependencies, localisation, partnerships, and shifting power relations in digital GPNs. 

The second example of this dissertation, autonomous vehicles, represent an overlap of the 

automotive industry and the digital economy, as they require vast data flows, advanced hardware, 
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and localized infrastructure for their development (Yang et al., 2023; South China Morning Post, 

2025; World Economic Forum, 2025). The expansion of robotaxi services in China illustrates how 

autonomous driving is reconfiguring GPNs, not only through the technological disruption that alters 

firm hierarchies and industry boundaries, but also through geopolitical interventions that shape 

access to critical technologies and markets (Martínez-Díaz and Soriguera, 2018; Alvarez León and 

Aoyama, 2022). In this regard, the rise of new lead firms (particularly internet companies and 

autonomous vehicle start-ups) that combine external hardware (e.g. chipsets, sensors) with 

proprietary AI and user-interface technologies is blurring the boundaries of traditional automotive 

GPNs. While the established automakers increasingly act as suppliers of standardized hardware or 

as financial backers rather than system integrators, the new market entrants are assuming 

functions that move beyond those of traditional hardware suppliers. Therefore, the automotive 

industry is not only experiencing the entrance of new competitors from China, but also of new key 

players from non-automotive-related industries. 

At the same time, as the third study presented in this dissertation illustrates, data sharing 

ecosystems are also reshaping global value chains (GVCs) in the automotive sector. With the 

increasing importance of data as a production factor, collaborative data spaces used for data 

sharing across organizational and territorial boundaries were introduced as responses to persistent 

challenges such as data silos, interoperability, and concerns around data sovereignty (Catena-X, 

2025; International Data Spaces Association, 2019; Möller et al., 2024; Otto et al., 2023). Regulatory 

changes, especially in environmental and safety standards, combined with advances in data 

collection and data sharing shape new forms of collaboration, competition, and power dynamics 

between OEMs and their global partners, leading to a growing operational complexity that calls for 

novel strategies.  

Together, these developments demonstrate how the reconfiguration of automotive GPNs is shaped 

by technological innovation as well as institutional and regulatory frameworks that act as 

structuring forces. Furthermore, they reveal the necessity to rethink established frameworks such 

as GVCs and GPNs. While these approaches have long captured and explained the geographical 

fragmentation of production and the distribution of power within international industries, they 

need to be re-examined to integrate the growing relevance of digitization and data as an asset in 

the automotive sector. Building on these dynamics, this dissertation explores how the ongoing 

digital transformation of the automotive sector introduces new forms of value creation and capture 

and reshapes inter-firm relationships, territorialities, and organizational strategies in GPNs as 

traditional hierarchies, power relations, and dependencies are re-arranged. Therefore, the 

dissertation at hand aims to investigate to what extent the emergence of data, digital products, and 
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data-sharing spaces reorganize inter-firm relationships and power dynamics within automotive 

GVCs/GPNs in a Sino-European context. It has the objective to provide theoretical frameworks 

which help analyze the reconfiguration of global automotive production networks and illustrate to 

which extent GPNs are impacted by disruptive innovation, complex technologies, evolving 

regulatory and geopolitical interventions, as well as newly emerging lead firms from non-

automotive industries that are increasingly challenging incumbents. 

The studies presented in this dissertation have a strongly exploratory character and therefore 

mainly follow qualitative methods of data collection and analysis. This includes includes semi-

structured interviews conducted by the author with experts professionally engaged in the subject 

matter as main empirical components. The interview data is supplemented with insights from grey 

literature, such as consultancy reports, policy papers, media coverage, and company press releases, 

as well as observations from industry events and trade fairs. The empirical data collected through 

the interviews is examined within three research papers that form part of this dissertation, with 

each paper addressing a topic that contributes to the overarching objectives of the thesis. More 

specifically, the papers are organized as follows: 

1. “Global Value Chains for Digital Automotive Products: The Integration of Navigation Systems into 

Chinese Cars in Europe,” subject: the impact of company strategy, localization, inter-firm 

relationships, regulations, and power structures on digital automotive GPNs 

2. “Disruptive Technology Change, Geopolitics and Local-Level Constraints: The Emerging GPNs of 

Chinese Robotaxi Services,” subject: the transformation of established automotive GPNs through 

disruptive innovation and geopolitical pressures  

3. “Collaborative Data Spaces as an Organizational Fix: The Role of Catena-X in Managing Regulatory 

Complexity in the Automotive Sector,” subject: the redefinition of automotive GVCs through data 

spaces driven by regulatory complexity and co-opetitive industry dynamics 

In alignment with the thematic focus of each research paper, this dissertation draws particularly on 

the following theoretical approaches: 

The closely linked theories of GVC (Gereffi et al., 2005) and GPN (Henderson et al., 2002; Ponte and 

Sturgeon, 2014; Coe and Yeung, 2015) form the underlying foundation of all three papers and 

provide a suitable framework to examine the inter-firm relationships of lead firms and suppliers 

based on value chain governance types and the notion of extra-firm actors. 

To examine the development of robotaxis, the theory of disruptive innovation (Christensen, 1997; 

Schmidt and Druehl, 2008) is applied to the digital economy (Sturgeon, 2021). Disruptive innovation 

refers to new products and services that are more affordable and convenient than existing ones 

and are first introduced in simple, low-end markets. Over time, these innovations improve and 
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begin to meet the needs of mainstream customers, eventually displacing established market 

leaders and reshaping markets and GPN constellations. 

Finally, the concept of data spaces (Gieß et al., 2025; International Data Spaces Association, 2019; 

Möller et al., 2024; Otto et al., 2023; Verfürth and Helwing-Hentschel, 2024) and the framework of 

global technological ecosystems (GTE) (Lechowski and Krzywdzinski, 2022) are employed to analyze 

the dynamics of the transnational platform economy. Data spaces form collaborative industrial data 

ecosystems that develop on a digital infrastructure and revolve around the sovereign exchange of 

data. 

Based on these theoretical approaches, the dissertation at hand has the aim to contribute to 

current geography debates on the digitization of GVCs and GPNs by offering insights into how digital 

production networks are evolving in terms of value chain governance, firm strategies, and the role 

of data in value creation and capture. 

The following sections provide a detailed account of the theoretical framework and methodological 

approach adopted in this dissertation, followed by the research papers (which have either been 

published or are currently in the process of publication), as well as a concluding discussion and 

summary of the overall findings. 
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2. Theoretical Framework 

The goal of this dissertation is to examine the extent to which the emergence of data, digital 

products, and data spaces reorganize inter-firm relationships and power dynamics within 

automotive GVCs/GPNs in the Sino-European context. The study's analytical method consists of 

theoretical frameworks which are interconnected for the purpose of this dissertation and are 

introduced as well as contextualized in this chapter. First, the concepts of GVC and GPN are 

discussed in relation to the developing digital economy, while exploring how digitization alters 

governance frameworks, power dynamics, value creation, and inter-firm relationships. Second, the 

disruptive innovation theory offers a lens for an analysis of how new technologies (e.g. autonomous 

driving) are changing traditional markets and the dynamics of competition in global networks. Third, 

the concept of data ecosystems and data spaces are examined as frameworks for comprehending 

how data-driven governance and cooperation shape the strategies of lead firms and the 

relationships with their suppliers. Finally, the framework of GTEs highlights the interactions 

between firms, infrastructures, and institutions across globally linked technical domains, while 

placing inter-firm relationships and the technological interdependencies between organizations 

within a larger institutional, political, and regulatory context. By combining these theoretical 

approaches, the dissertation at hand provides a multifaceted perspective on the digitization of 

GPNs in the automotive industry. 

2.1. Global Value Chains (GVC), Global Production Networks (GPN), and the Digital 

Economy 

One of the conceptual frameworks employed for this dissertation consists of the closely related 

theories of Global Value Chains (GVC) (Gereffi et al., 2005) and Global Production Networks (GPN) 

(Coe and Yeung, 2015), as they are applied throughout multiple strands of the literature. Due to 

the fact that the concepts of GVC and GPN share common ground in terms of their objectives and 

the factors they consider, empirical studies frequently draw on literature from both of these 

frameworks, to the extent that they are occasionally even regarded as one single theory (Pickles et 

al., 2006; Agostino et al., 2015; Pavlínek and Ženka, 2016; Schwabe, 2020; Foster, 2023).  

The GVC theory seeks to comprehend the structure and dynamics of global industries and to explain 

prevalent governance patterns by highlighting the roles played by various actors in different stages 

of production. The term “governance” refers to the way how lead firms establish and uphold rules 

and control over other companies within the value chain. Gereffi et al. (2005) identify five types of 

global value chain governance (see Table 1) that are categorized based on the following features: 

the complexity of information and knowledge transfer required for a transaction in a global value 
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chain, the degree to which knowledge and information may be codified and effectively 

communicated between the parties involved in the transaction, and the capability of suppliers in 

respect to the transaction's requirements. The five types of value chain governance span a 

spectrum from high to low levels of explicit coordination and power asymmetry: 

Table 1: Five types of global value chain governance by Gereffi et al. (2005) 

Governance 
type 

Complexity of 
transactions 

Ability to 
codify 

transactions 

Capabilities 
in the supply-

base 

Degree of 
explicit 

coordination 

Degree of 
power 

asymmetry 

Market Low High High Low Low 

Modular High High High Low Low 

Relational High Low High Moderate Moderate 

Captive High High Low High High 

Hierarchy High Low Low High High 

Source: Own adaptation based on Gereffi et al. (2005). 

In modular value chains, which represent the governance type most relevant for this dissertation, 

suppliers typically produce commodities and services in accordance with a customer's more or less 

particular criteria (Gereffi et al., 2005). Modular value chains emerge when a product entails 

complex specifications which are easy to codify and transmit between stakeholders. Through 

codification, large and complex information flows regarding the customer’s specifications can be 

easily exchanged, which leads to a relatively low degree of explicit coordination and power 

asymmetry as well as to low costs when switching to new partners (Gereffi et al., 2005).  

Rather than focusing on understanding uni-directional, linear chains, the GPN 1.0 and 2.0 theories 

regard governance of value creation as shaped by network relationships of multiple actors, 

including lead firms and suppliers, extra-firm actors such as states, governmental, and non-

governmental organizations (Henderson et al., 2002; Ponte et al., 2014; Coe and Yeung, 2015). 

While power relations in GPNs are specific to single transactions, power levels fluctuate based on 

the actors engaged in the network, the resources available to them, and the way in which they 
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utilize those resources. Yet, inter-firm relations cannot be solely centered on power. An element of 

shared interest and dependency is consistently present, as companies within a production network 

rely on one another to some extent and cooperate for mutual gain, even if the power dynamics are 

rarely symmetrical (Coe and Yeung, 2015). 

Given this context, the author is employing the firm specific strategies for configuring GPNs 

developed by Coe and Yeung (2015) as a foundation for analyzing the value creation strategies of 

Chinese OEMs entering the European market. Specifically, the strategy of intra-firm coordination is 

applied, which represents the consolidation and internalization of value activity within the lead 

firm, the strategic partner, and/or the specialized supplier (Coe and Yeung, 2015), see Table 2.  

While GPN governance is shaped primarily by lead firms (Coe and Yeung, 2015; Henderson et al., 

2002; Ponte and Sturgeon, 2014), there has been criticism of underdeveloped conceptualization of 

state actors that facilitate the efficient operation of GPNs (Dicken, 2015; Smith, 2015; Neilson et al., 

2018; Yeung, 2018). In this dissertation, one focus is placed particularly on the role of the state as 

a regulator (Horner, 2017) and standard-setter, illustrating its vital function in governing value 

creation within data-driven GPNs. Among others, key actors in this context are international 

organizations and governments that release legally mandatory standards with regulatory 

implications and that ensure compliance.  

Despite the criticism associated with GVCs, GPNs and their limitations (Grabs and Ponte, 2019; 

Yeung, 2021), the theories are still valuable for analyzing a snapshot of a single industry or a single 

product at a specific moment in time (Oro and Pritchard, 2011). Yet, as argued by Butollo et al. 

(2022), with the emergence of new digital technologies the GVC and the related GPN theories 

require a “technological upgrading,” as they recognize the crucial role of technology in 

geographically fragmented production, but with recent exceptions such as Verfürth and Helwig-

Hentschel (2024) do not delve into the impact of technological advancements on inter-firm 

relations (Butollo et al., 2022). Therefore, current research in this field is at an early stage and the 

particular forms of inter-firm relationships connected to technology, their implications, as well as 

the influence of digital information need to be further uncovered (Butollo et al., 2022; Foster and 

Graham, 2016). 
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Table 2: Firm specific strategies for configuring GPNs by Coe and Yeung (2015) 

Strategy as 

actor 

practice 

Competitive 

dynamics:  

Cost-

capability 

ratio 

Competitive 

dynamics:  

Market 

imperative 

Competitive 

dynamics:  

Financial 

discipline 

Risks 

Global production 

network as 

organizational 

outcome 

Intra-firm 

coordination 

Low High Low High Internalization and 

consolidation of 

value activity through 

domestic expansion, 

FDI, and M&As 

Inter-firm 

control 

High Low High Moderate Outsourcing and 

externalization of a 

significant part of the 

value activity, 

dependent 

integration of 

suppliers, high level 

of control over the 

production processes 

Inter-firm 

partnership 

High High High High Outsourcing, joint 

development with 

partners and 

platform leaders, 

mutual dependency 

Source: Own adaptation based on Coe and Yeung (2015). 
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Technological advancements are introducing new digital economy enterprises defined by the fact 

that they are allocating greater importance to non-physical assets over physical ones, thus 

disrupting the established structure of GPNs, redefining the processes of value creation and 

capture, altering the distribution of power and shaping value chain governance (Brun et al., 2019; 

Kenney and Zysman, 2016). According to Sturgeon (2021), the modular nature of the digital 

economy will lead to a larger fragmentation and relocation of value chains which will present novel 

entry opportunities especially for small companies and start-ups (Sturgeon, 2021). Subsequently, 

these have the potential, similar to platform companies, to amass power and eventually rise as lead 

firms in GPNs (Butollo et al., 2022). Multinational enterprises of the digital economy (e.g. Google) 

possess the capacity to challenge existing lead firms and their business models and to rapidly or 

gradually displace them, while blending the borders between traditional industry sectors, as can be 

observed within the automotive industry in the fields of autonomous driving and mobility services 

(Brun et al., 2019). Within the value chain such companies become both suppliers for lead firms in 

traditional industries, as well as lead firms in their own industry sector. As such, a power struggle 

emerges between traditional automotive OEMs and the digital economy companies (Brun et al., 

2019). 

Furthermore, the control of bottleneck key technologies and data, as discussed by Lechowski and 

Krzywdziski (2022), represents a crucial source of power over which GPN actors compete. The data 

gathered not only enable the development of new products but also facilitate entry into new 

markets and industries (Loonam and O’Regan, 2022; Van Alstyne and Parker, 2017; Pavlínek and 

Ženka, 2016). Digital products help manufacturers to be closer to their customers and generate 

new forms of value by gaining and analyzing valuable data-driven insights and subsequently 

expanding beyond the limitations of traditional industry sectors (Loonam and O’Regan, 2022). As a 

consequence, the digital component is altering prevailing concepts of governance and value, 

promoting new value creation and innovation opportunities as well as novel business models.  

Against this background, the dissertation at hand focuses on topics from the automotive sector that 

are embedded within the global digital economy (navigation systems, autonomous driving, and 

data spaces). According to Sturgeon (2021), the “digital economy” refers to the integration of data 

generating and data using processes, products, and services in the creation of economic value. Data 

thus shapes production, distribution, consumption, and regulations and becomes an essential 

source of competitive advantage that firms strategically exploit to restructure GPNs in their favor 

(Zook and Grote, 2025). As a result, platformization, modularization, and open innovation emerge 

as the predominant forms of organization of inter-firm relationships in the digital economy 

(Sturgeon, 2021; Verfürth and Helwing-Hentschel, 2024). 
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The majority of studies focused on value distribution in GPNs presume a power struggle among 

participants, with each entity striving to seize the maximum amount of value, often to the 

detriment of other participants (Kano et al., 2020). With the necessity for co-creation of value 

between actors of the GPNs of digital products, the roles of strategy, collaboration and competition 

are transformed, as data become a crucial source of competitive advantage (Porter and 

Heppelmann, 2014; Jacobides, 2019). In the automotive sector, connectivity, as well as digital 

services via software and over-the-air-updates, among other features, make technological 

differentiation a key aspect for lead firms (Hoeft, 2021). As such, OEMs start competing with service 

providers and new industry entrants such as digital non-automotive multinational companies (e.g. 

Google, Apple) or start-ups, as all parties try to ensure direct access to end users and their data in 

order to ultimately control the end-user interface and user experience (Hoeft, 2021). 

At the same time, the value-added inputs (and their transferability across locations and 

organizations) that a given product or service depends on are a significant inherent driver for the 

territorialities and organization of production (Henderson et al., 2002; Gereffi et al,. 2005). Thus, 

location decisions play a crucial role in defining the optimal geographic structure of the GPN (such 

as the most favorable placement of activities and their distribution), aimed at maximizing the value 

created and captured within the network (Kano et al., 2020). Yet, the location component is turning 

increasingly insignificant with the emergence of digital products which can be geographically 

dispersed rather than developed locally, paired with the fact that value is becoming knowledge-

based (Loonam and O’Regan, 2022). However, while digital products can be technically transferred 

across space relatively easily at low costs, thus becoming less spatially anchored, high regulatory 

barriers and other external factors impede the free flow of data and lead to spatially anchored and 

geographically fragmented value chains (Zook and Grote, 2025). 

Contemporary literature streams for the automotive industry demonstrate how the sector is 

experiencing a significant transformation of GPNs due to emerging data-driven business models, as 

well as new players and their intense rivalry aimed to secure control within the value chain's 

strategic positions (Helbig et al., 2017; Perkins et al., 2018; Boes et al., 2021; Butollo et al., 2022). 

Therefore, for this dissertation the concepts of modular value chains (Gereffi et al., 2005) and intra-

firm coordination (Coe and Yeung, 2015) are employed to examine how digital products and 

regulations alter power dynamics and inter-firm relationships in automotive GPNs and how they 

affect the geographical configuration of digital value chains. 
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2.2. Disruptive Innovation 

The concept of disruptive innovation is used in one study of this dissertation to characterize a 

dynamic to which automotive GPNs are currently exposed, helping to explain the emergence of 

platform companies as new lead firm types in the domain of autonomous vehicles. Disruptive 

innovation as a concept was first introduced by Christensen (1997) and was further developed in 

recent literature by Schmidt and Druehl (2008) who provide a more detailed and structured 

approach to the theory, by Christensen et al. (2018) who examine how the understanding of 

disruption has transformed as the theory has developed, as well as by Mirinakis et al. (2024) who 

link the framework to sociotechnical transitions. The concept of disruptive innovation explains how 

certain technology or business strategies have the ability to significantly change current markets, 

with the theory distinguishing between sustaining innovation and disruptive innovation. While 

sustaining innovation refers to the improvement of existing products and services that meet the 

needs of mainstream customers, disruptive innovation describes a gradual process through which 

new, initially complex and expensive products and services are launched and eventually transform 

into simpler, less expensive and more accessible versions. As a result, they become available to a 

larger population and start appealing to a broader market, targeting new customers, as well as 

challenging and displacing incumbent firms (Christensen, 1997; Schmidt and Druehl, 2008; Clayton 

Christensen Institute, 2025). Often, disruptive innovation starts as products that are not high quality 

enough to compete with existing technologies in established markets, thus they tend to target the 

low end of the market where customers are viewed as less profitable by leading companies. 

Alternatively they might focus on non-consumers who are not using an alternative product or 

service (Clayton Christensen Institute, 2025). Long-standing companies therefore face a choice 

between investing in sustaining innovations that satisfy their most profitable customers in order to 

maintain their competitive edge or investing in disruptive innovations that target smaller, less 

profitable markets in order to prepare themselves for potential future developments. Christensen 

argues that established companies tend to focus on sustaining innovation to meet current customer 

needs, which prevents them from adopting disruptive technologies. However, as established firms 

miss out on the opportunity, these technologies, while initially lower-performing and less 

advanced, eventually expand into existing markets and create new markets. This leads to the 

decline of established firms, as the disruptive innovation matures. Therefore, businesses are better 

equipped to handle technological change and maintain long-term competitiveness if they develop 

their own disruptive technologies or identify and cooperate with potential disruptors in the early 

stages (Bower and Christensen, 1995; Christensen, 1997; Clayton Christensen Institute, 2025). 
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As customers often initially reject disruptive innovation because they believe it does not meet their 

needs as well as a company’s current offerings, established firms tend to prioritize high-margin, 

high-performance products and services for their existing (mainstream) customer base as opposed 

to commercializing new technologies (Bower and Christensen, 1995). As such, incumbents create 

opportunities for new entrants and later struggle to catch up. As technology advances, new items 

start to appear on the market and displace more established companies in terms of market share. 

In order to achieve long-term growth, Christensen and Raynor (2013) argue that companies should 

target underreached and underserved markets by designing business models appropriate for 

disruptive technologies. 

For this dissertation, the concept of disruptive technology is specifically employed to analyze the 

role that autonomous vehicles (AVs) play in established automotive GPNs. At this early, highly 

dynamic stage of technological and market development, the robotaxi sector as an example for AV 

implementation exhibits low profits, a small number of actors, and a high degree of future 

uncertainty. The primary focus is placed on maturing the technologies to a point at which they can 

be commercialized on a large scale. This offers opportunities for new entrants (often companies 

from outside the traditional automotive GPNs) to establish themselves with high technological 

capabilities and to create new markets. With the ongoing integration of the automotive sector 

within the digital economy, disruptive, rather than incremental, technology becomes a key factor 

shaping automotive GPNs. 

2.3. Data Spaces and Data Ecosystems 

Building on the conceptualizations by Fraunhofer-Gesellschaft (International Data Spaces 

Association, 2019; Otto et al., 2023) and Möller et al. (2024), this dissertation employs the 

frameworks of collaborative and decentralized data ecosystems and data spaces to explore the 

impact of new forms of data sharing on automotive GPNs. According to these theoretical 

frameworks, a data space is a decentralized data infrastructure that views data as a strategic 

resource and enables secure, sovereign data sharing across organizational and territorial 

boundaries. It is designed to enable data-sharing across firms and geographies through technical 

architecture, governance frameworks, and connectors. From this perspective, a data ecosystem is 

understood as a broader network that emerges around one or more data spaces (Möller, 2024; 

Bacco et al., 2024). These networks are supported by digital infrastructure that facilitates co-

innovation and value co-creation and that ensures regulatory compliance by allowing participants 

to exchange and reuse data while preserving data sovereignty. As the data space participants 

maintain control over access and distribution of their data without having to rely on a centralized 
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storage, data spaces foster trust and collaboration and create a shift towards open, interoperable, 

and trust-based data governance. As can be observed in Figure 1, various data spaces may overlap, 

in which case, data sharing does not only occur between data spaces, but also outside of a specific 

data space. This can be the case with factors such as the weather for instance. 

Figure 1: Data spaces in a data ecosystem 

Source: Own adaptation based on International Data Spaces Association (2019), Otto et al. (2023), 
and Möller et al. (2024). 

As opposed to traditional centralized digital platforms which tend to monopolize and control data 

flows through proprietary Application Programming Interfaces (APIs) or lock-ins (Verfürth and 

Helwing-Hentschel, 2024; Langley and Leyshon, 2017; Srnicek, 2017; Steinberg, 2021), data spaces 

distribute governance among multiple members who agree on common open standards and 

interoperability. Data spaces hence facilitate bilateral or multilateral data exchanges, while 

preserving data ownership and sovereignty, in particular in cross-border contexts with distinct 

regulatory spheres. Thus, they address challenges of regulatory compliance in GPNs (International 

Data Spaces Association, 2019; Otto et al., 2023). In contrast to platforms that centrally control data 

and often create dependencies for participants, data spaces encourage organizations to co-develop 

data-driven products and services, share costs, and pursue mutual goals, thereby (at least 

theoretically) promoting more balanced power dynamics. 

In this dissertation, the concept of data spaces in cross-border data exchange is employed to 

analyze how strategic organizational fixes help firms navigate increasing regulatory complexity in 
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GPNs. The analysis is based on the case study of Catena-X, an automotive data space created by 

European OEMs and tier 1 suppliers that is currently expanding into China. 

2.4. Global Technological Ecosystems (GTE) 

Based on the GVC theory (Gereffi et al., 2005), Lechowski and Krzywdzinski (2022) introduced the 

notion of global technological ecosystems (GTE) with the aim to provide a framework for 

comprehending the evolving landscape of global-scale digital infrastructures (e.g. cloud services, 

IIoT platforms) as part of an interconnected system of firms, public authorities, and socio-political 

actors that are embedded in multi-layered technological stacks. The framework showcases the 

interplay between firms (ranging from multi-technology conglomerates, manufacturing-technology 

specialists, and car manufacturers to enterprise IT firms) and non-firm stakeholders (including 

regulators, policymakers, and standard-setting bodies) that are affected by technological, 

institutional, political, and regulatory pressures. While the success of GTEs relies strongly on 

standardization and interoperability, the ecosystem actors shape innovation, economic activity, 

cross-border collaboration, and competition through technological interdependencies, see Figure 

2. 

Figure 2: A GTE in the automotive industry 

Source: Own adaptation based on Lechowski and Krzywdzinski (2022). 

Taking these factors into account, power becomes central to GTE analysis, as firms with stronger 

technological capabilities or market dominance can shape governance in their favor and gain 

competitive advantages, for instance by retaining control over certain “bottleneck technologies” 
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that represent significant sources of value creation and capture. This dynamic fosters both 

competition and collaboration among firms whose goal is to gain access to and govern over key 

platform technologies and markets (Gelhaar et al., 2021b; Lechowski and Krzywdzinski, 2022).  

The analysis of GTEs is intricately linked to broader discussions connected to European “digital 

sovereignty” that revolve around the EU’s attempt to preserve and enhance the competitiveness 

of domestic actors against multinational tech companies which dominate essential digital 

infrastructures and platforms. In response to these challenges, projects like Gaia-X and 

International Data Spaces are emerging, striving to strengthen digital sovereignty and 

decentralization. While acting as an intermediary software layer beneath the application frontend 

of the IIoT stack, these data infrastructures seek to balance out the power of multinational 

platforms by controlling access to commercial cloud services (usually offered by non-European 

providers) through their proprietary interface and governance rules (International Data Spaces 

Association, 2019; Tardieu, 2022). 

In this dissertation, the theory of GTEs serves as a framework to explore the emergence of 

collaborative data spaces such as Catena-X based on principles of open standards, interoperability, 

and data sovereignty, as well as an approach to examine their impact on digital GPNs. 

2.5. Research Questions for this Study 

Drawing on the abovementioned theoretical approaches, the dissertation at hand focuses on 

analyzing the implications of data, digital products, disruptive technologies, and collaborative data-

sharing spaces on automotive GVCs/GPNs in the digital economy. 

Based on the context outlined above, the following main research question is formulated for this 

study: To what extent does the emergence of data, digital products, and data-sharing spaces 

reorganize inter-firm relationships and power dynamics within automotive GVCs/GPNs in a Sino-

European context? 

This research question is further divided into three sub-questions that guide the subsequent 

research papers: 

- Which factors shape the organization of multi-layered digital products in Sino-European 

automotive GPNs? 

- What is the spatio-territorial configuration of emerging GPNs surrounding Chinese robotaxi 

services? 

- How do collaborative data spaces alter existing GVCs in comparison to centralized platforms? 

In the following section the methodology and research design for the studies contained in this 

dissertation are explained.  
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3. Methodology and Research Design 

In order to address the research questions and understand how digitization is reshaping automotive 

GVCs/GPNs, this dissertation follows an explorative approach encompassing semi-structured 

qualitative expert interviews with representatives of international automotive OEMs, consulting 

firms, industry associations, and official organizations. The data collected in the interviews is 

enriched by relevant information available in scientific articles, media reports, and press releases, 

as well as by input from industry events and trade fairs. Details regarding the interview partners 

and interview questions are provided in Appendix I. 

3.1. Qualitative Interviews 

Overall, 61 distinct subject experts were interviewed for this dissertation in open, semi-guided 

interviews, allowing both for guided questions and open-ended responses, which gave the flexibility 

to explore unexpected insights. As the topics researched overlap in certain areas, some experts 

were interviewed for more than one study during the conversations. The interviews were 

conducted according to the qualitative research methodology of semi-guided or open interviews as 

conceptualized by Gläser and Laudel (2010). Their structured approach blends expert interviews 

with systematic qualitative content analysis and emphasizes the use of expert interviews to gather 

in-depth knowledge that is not publicly available. This theory-guided method balances rigor with 

versatility, as on the one hand the interview questions are derived from theory or prior research, 

while on the other hand it allows for openness to unexpected findings and new topics emerging 

from the interview data. 

Experts were selected based on their knowledge, experience, or position in a suitable field and the 

interview questions were tailored to each interviewee’s specific expertise. They were designed to 

be open, neutral, without expected, predefined answers and were refined after every interview 

according to the insights gained and the empirical evidence collected from each expert 

conversation. 

To ensure reliability, transparency, and replicability, Gläser and Laudel (2010) advocate for a careful 

documentation of the interviews conducted and a thorough subsequent analysis through which 

categories, themes, and patterns can be identified. Therefore, the majority of interviews for this 

dissertation were carried out online through video calls, with permission from the participants to 

audio-record the sessions. These recordings were then transcribed using transcription software, 

followed by manual proofreading to ensure accuracy. The resulting transcripts were closely 

examined manually using a thematic analysis approach, with patterns and themes identified via 

close reading and the recurrence of information. Through the analysis of the content, causal 
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mechanisms were detected and the empirical findings were related to the theoretical frameworks. 

Additionally, some interviews took place at industry events and trade fairs, during which 

information was captured in written notes rather than recorded. 

For the paper “Global Value Chains for Digital Automotive Products: The Integration of Navigation 

Systems into Chinese Cars in Europe” 43 interviews were conducted with representatives from 

Chinese, German, and other European OEMs and suppliers, navigation service and mapping 

providers, automotive and mobility experts, industry advisors, as well as international cooperation 

organizations. Of the 43 interviews, 24 were in-depth discussions ranging from 30 to 60 minutes, 

while the remaining 19 were shorter conversations of around 20 minutes focusing on particular 

questions. In addition, 8 online and offline events on the topic of the automotive industry were 

attended, namely eCar Production - Production Technology of Tomorrow 2022, eCar Production - 

IT/OT: Backbone of Smart Production 2022, the 6th German-Chinese Automobile Congress 2022, 

IAA Transportation 2022, Mobility Circle 2022, Electronica 2022, the 9th Guangzhou Annual 

Investment Conference 2023, and Automotive Masterminds 2023. 

During the literature research a scarcity of scientific publications could be observed in the field of 

navigation software within the Chinese automotive industry. Therefore, the paper relies mainly on 

press releases from the OEMs’ and navigation providers’ websites, newspaper and magazine 

articles from sources such as Automobilwoche and Automotive News, studies from the European 

Parliament and European Commission, strategy papers from Chinese institutions, and insights from 

consultancy firms like McKinsey, Deloitte, and Accenture. Additional sources were market research 

institutions such as Euromonitor International and Industry Research, blog articles written by 

automotive experts like Jan Burgard and Augustin Friedel, as well as online forums where 

automotive enthusiasts exchange their experiences and opinions.  

For the paper “Disruptive Technology Change, Geopolitics and Local-Level Constraints: The 

Emerging GPNs of Chinese Robotaxi Services” 10 in-depth expert interviews of 30 to 60 minutes 

were conducted with industry advisors, automotive and mobility experts, as well as representatives 

from companies involved in the topics of shared mobility, autonomous driving, and robotaxi 

services. To complement the data collected from the interviews the following events were visited: 

IAA in Munich 2023, Automotive Masterminds Berlin 2023, and Hannover Messe 2025. 

For the paper “Collaborative Data Spaces as an Organizational Fix: The Role of Catena-X in Managing 

Regulatory Complexity in the Automotive Sector” 18 experts from industry associations (e.g. 

Fraunhofer Institute for Software, Systems Engineering ISST, German Society for International 

Cooperation GIZ), Catena-X service providers (e.g. SupplyOn, Cofinity-X), automotive OEMs (e.g. 

Catena-X members BMW, Audi, Mercedes-Benz), suppliers (e.g. BASF), consulting firms (e.g. ahc), 
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and employees from the operational office of the automotive network Catena-X were interviewed. 

Out of the 18 interviews conducted, 9 were in-depth interviews of 30 to 60 minutes. Furthermore, 

online and offline events on the topics of data and the automotive industry such as the 9th 

Guangzhou Annual Investment Conference 2023, Catena-X Automotive Network Roundtable 

Shanghai 2023, Automotive Masterminds 2023, 15th GIO (Global Industry Organizations) 

Roundtable 2025, Data Spaces Symposium 2025, and the Hannover Messe 2025 supplemented the 

information collected. 

In alignment with the research questions of this dissertation, the primary set of interview questions 

was set up as follows: 

Paper 1: “Global Value Chains for Digital Automotive Products: The Integration of Navigation 

Systems into Chinese Cars in Europe” 

• Which value-added steps of the navigation system are located in-house within the OEM 

and which are external?  

• Which value-added steps of the navigation system are located in China and which ones in 

Europe? 

• Who are the partners in China and Europe and how do the contractual relationships 

between the OEMs and their cooperation partners look like? 

• What role do standards and regulations play in the expansion to Europe? 

• What compliance measures do OEMs and navigation suppliers take with regard to data 

collection, storage, and management in the area of navigation software? 

Paper 2: “Disruptive Technology Change, Geopolitics and Local-Level Constraints: The Emerging 

GPNs of Chinese Robotaxi Services” 

• What is the current state of autonomous driving and shared mobility/robotaxis in China 

compared to other countries? 

• Who are the key players in the autonomous driving and robotaxi market? 

• What are the main value-added inputs in the field of autonomous driving and where do 

they originate from? 

• How does industrial policy look like in China? What roles do the state and local 

governments play? 

• Which standards, laws, and regulations are in place? What role do they play? 

Paper 3: “Collaborative Data Spaces as an Organizational Fix: The Role of Catena-X in Managing 

Regulatory Complexity in the Automotive Sector” 

• What is the status quo of Catena-X in Europe and China and how is the data space being 

established?  
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• What role do standards and regulations play in the establishment and expansion of Catena-

X? 

• Are companies willing to participate in Catena-X? What concerns is Catena-X receiving from 

potential participants? 

• Is there a certain pressure to participate in the data space? Will companies face competitive 

disadvantages if they do not participate in Catena-X? 

• How does participation in Catena-X affect the companies’ business operations, business 

models, locations, etc., and which Catena-X functions are relevant to this? 

Due to privacy concerns resulting from the fact that the majority of interviewees are still involved 

in the companies and projects they were interviewed about, the interviews were conducted under 

the condition of anonymity. As a result, quotes from the interviews presented in the papers are not 

attributed to individual interview partners by name. 

3.2. Structure of the Research Papers 

The three research papers that make up the major body of this dissertation are structured around 

particular subjects and research questions, building upon the background, theoretical framework, 

and research methods previously discussed. While all three papers revolve around different topics 

(navigation systems, robotaxis, and data spaces) and are based on different theoretical frameworks, 

they are all linked through their focus on the digitization of automotive GPNs and shifting inter-firm 

relationships and power dynamics. The specific topics, research questions, and number of 

qualitative interviews are depicted in Table 3. 
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Table 3: The structure of the research papers with respect to the research questions, the 
theoretical frameworks employed, and the number of interviews conducted 

Title Research Question Theoretical Framework Number of 
interviews 

Global Value Chains 
for Digital 
Automotive 
Products: The 
Integration of 
Navigation Systems 
into Chinese Cars in 
Europe 

1. How do the emergence of 
digital products and their 
spatial (non-)transferability 
reconfigure inter-firm 
relationships and power 
dynamics within automotive 
GPNs? 

2. How do regulatory 
frameworks and policies in the 
EU shape the spatial 
organization of digital value 
chains for Chinese automotive 
OEMs expanding to Europe, 
and to what extent do these 
constraints reinforce 
dependencies on European and 
US service providers? 

3. How do digital input 
providers position themselves 
strategically to maximize value 
capture? 

- Global value chains (GVC) 
(Gereffi et al., 2005) 

- Global production networks 
(GPN) (Henderson et al., 2002; 
Ponte and Sturgeon, 2014; Coe 
and Yeung, 2015) 

- Digital economy (Sturgeon, 
2021) 

43 open, 
semi-
guided 
interviews 

Disruptive 
Technology Change, 
Geopolitics and 
Local-Level 
Constraints: The 
Emerging GPNs of 
Chinese Robotaxi 
Services 

What is the spatio-territorial 
configuration of emerging GPNs 
surrounding Chinese robotaxi 
services? 

- Global production networks 
(GPN) (Coe and Yeung, 2015; 
Gong et al., 2022; Kalvelage 
and Tups, 2024) 

- Disruptive innovation 
(Christensen, 1997; Schmidt 
and Druehl, 2008) 

- Digital economy (Sturgeon, 
2021) 

10 open, 
semi-
guided 
interviews 

Collaborative Data 
Spaces as an 
Organizational Fix: 
The Role of Catena-X 
in Managing 
Regulatory 
Complexity in the 
Automotive Sector 

How do collaborative data 
spaces alter existing GVCs in 
comparison to centralized 
platforms? 

- Data spaces (Gieß et al., 2025; 
International Data Spaces 
Association, 2019; Möller et al., 
2024; Otto et al., 2023; 
Verfürth and Helwing-
Hentschel, 2024) 

- Global technological 
ecosystems (GTEs) (Lechowski 
and Krzywdzinski, 2022). 

18 open, 
semi-
guided 
interviews 

 

The research papers for this study are presented in the following three sections.  
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4. Global Value Chains for Digital Automotive Products: The Integration of 

Navigation Systems into Chinese Cars in Europe 

Stefanov, A. and Schwabe, J. (2025): 4. Global Value Chains for Digital Automotive Products: The 

Integration of Navigation Systems into Chinese Cars in Europe. Geographica Helvetica, 80, 289–303, 

https://doi.org/10.5194/gh-80-289-2025. 

4.1. Abstract 

With the automotive industry shifting towards connectivity and data-driven business models, 

Chinese electric vehicle (EV) manufacturers are emerging as competitors to European brands, 

driving the development of new value chains across various automotive sub-sectors. Amid these 

transformations, the article at hand explores the organization and spatiality of value creation for 

vehicle navigation systems from the perspective of new-generation Chinese EV manufacturers 

(BYD, NIO, XPeng, and Aiways) expanding into European markets. Drawing on 43 interviews and 

grounded in global value chain (GVC) and global production network (GPN) theory, the study 

analyses company strategy, localization, inter-firm relationships, regulations, and power structures 

in digital GPNs. The findings reveal how value creation is organized in digital automotive GPNs and, 

more specifically, how regulatory frameworks and the growing significance of data render Chinese 

automakers reliant on European and US service providers when operating in Europe. 

4.2. Introduction 

In recent years, the digitization of vehicles has significantly contributed to a paradigm shift from 

“car-centric” to “user-centric” automobiles (Corwin et al., 2016). While in the past, the value of the 

car was created by the hardware, the construction quality, and the driving experience, nowadays 

cars have to fulfil requirements such as connectivity, convenience, and user experience (Dyer et al., 

2022; Euromonitor International, 2016). Thus, the availability of digital on-board functions becomes 

a key differentiator for modern cars and paves the way for new business models (Gerster, 2022), 

with automotive companies becoming as engaged in generating and enhancing data as they are in 

manufacturing vehicles (Zook and Grote, 2025). Especially Chinese auto manufacturers are 

establishing durable relationships with customers by controlling and elevating the user experience 

(Burgard, 2022; Friedel, 2022; Yang et al., 2023) while continuously updating the in-car software 

and creating new revenue streams such as subscription models, on-demand services, in-car 

purchases, and over-the-air upgrades (Yang et al., 2023). 

Data generation and data mining hence lead to “data-driven decision making” (Sturgeon, 2021) and 

to intense rivalry among new players vying for strategic positions within the value chain (Boes and 
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Ziegler, 2021; Butollo et al., 2022; Helbig et al., 2017; Perkins and Murmann, 2018). According to 

global management consulting firm McKinsey, by 2030, data-driven services have the potential to 

generate an additional USD 1.5 trillion in revenue for automotive OEMs (original equipment 

manufacturers) (Gao et al., 2016). In this context, vehicle navigation systems are a relatively 

established digital product which have grown in sophistication over the past decades (Choi et al., 

2016; Harris, 2023; Infopulse, 2022) and have developed into a gateway for the collection of data 

that can be utilized for refining digital functions and products in the context of the navigation 

system or elsewhere (Yang et al., 2023; Hagenmaier et al., 2023; Hattula et al., 2023). The global 

market for automotive navigation systems in the years 2024–2025 was estimated to range between 

USD 26.4 and 39.3 billion, with an expected compound annual growth rate (CAGR) spanning 

between 4.4 % and 7.7 % by 2030, depending on the source consulted (Industry Research, 2024; 

Mordor Intelligence, 2025; Research and Markets, 2025). This indicates that there will be increased 

importance of automotive navigation systems over the next years. 

Besides technological transformation, the automotive industry is undergoing fundamental changes 

with regard to the geographical distribution of leading manufacturers. Headlines such as “Vehicles 

from Chinese companies, everywhere” (Hägler, 2023) and “The car of the future comes largely from 

China” (dpa, 2023) surrounding Auto Shanghai 2023 (the Shanghai International Automobile 

Industry Exhibition) illustrate how Chinese automakers challenge European (and especially 

German) car brands and set standards in this new era of electric and software-defined automobiles 

(Burgard, 2022; Friedel, 2022; Yang et al., 2023). According to the European Automobile 

Manufacturers' Association (ACEA), in 2022 Chinese brands made up nearly 4 % of the total electric 

car sales in the EU, a substantial increase from the 0.4 % share they held just 3 years before (ACEA, 

2023). Considering these developments, the study at hand focuses on the organization of value 

chains for digital products, particularly regarding navigation systems, drawing mainly from the 

conceptual literature in the strongly intertwined discussions of global value chains (GVCs; Gereffi 

et al., 2005) and global production networks (GPNs; Henderson et al., 2002; Ponte and Sturgeon, 

2014; Coe and Yeung, 2015), as well as from new literature streams centred on digital value chains. 

As argued by Butollo et al. (2022), with the emergence of digital technologies, the GVC and GPN 

frameworks require a “technological upgrading” (Butollo et al., 2022), since the existing theories 

recognize the part played by technology in geographically fragmented production but do not 

usually delve into the impact of technological advancements on inter-firm relations (Butollo et al., 

2022). 

To date, when examining the implications of digitization for the organization of value creation, the 

academic discourse has emphasized the decreasing restraint of physical spaces, while it has placed 
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a significant focus on the digital platform economy (e.g. Grabher and Van Tuijl, 2020; Kano et al., 

2020; Stallkamp and Schotter, 2018; Verfürth and Helwing-Hentschel, 2024), the sharing economy 

(e.g. Attoh et al., 2019; Braun et al., 2016; Ferreri and Sanyal, 2018), the realm of labour, and the 

future of work (e.g. Briken et al., 2017; Howson et al., 2022; Woodcock and Graham, 2019). Yet, 

there has been limited exploration of the core principles governing the value creation for digital 

products like the in-car navigation system. Moreover, as analyzed by Zook and Grote (2025), the 

interplay between state regulations and firm strategies for leveraging digital technologies across 

various geographic regions remains underexplored. 

In order to address these research gaps and examine how Chinese car manufacturers organize value 

creation for navigation systems when expanding into Europe, this paper employs an explorative 

approach comprised of semi-structured expert interviews with representatives of Chinese and 

international automotive OEMs, consulting firms, industry associations, and official organizations. 

In total, 43 interviews were conducted, out of which 24 were 30 to 60 min long in-depth inquiries, 

while another 19 were shorter conversations of about 20 min covering specific, individual 

questions. The data collected in the interviews are complemented by information available in the 

grey literature, e.g. reports from consultancies, policy documents, media reports, and company 

press releases, as well as by input from industry events and trade fairs. 

4.3. Research Aims and Exploratory Questions 

We base our current analysis on the case studies of the Chinese electric vehicle (EV) OEMs BYD, 

NIO, XPeng, and Aiways, which have been active in the European market since 2021. While the four 

new-generation car makers benefit from governmental support in China through subsidies, 

favourable policies, and initiatives in line with national strategic priorities, they all remain 

independently managed and are not classified as state-owned enterprises (Ezell, 2024; Tian et al., 

2024; Yang, 2023). 

Within this study we conceptually aim to make contributions in three areas. 

First, we take the governance patterns in GVCs proposed by Gereffi et al. (2005) and the firm-

specific strategies within GPNs developed by Coe and Yeung (2015) as a starting point to present 

the type of supplier-buyer relationships observed between lead firms (in our case the Chinese 

OEMs) and specialized suppliers (the navigation service providers), with a focus on the way in which 

technological advancements and the companies' strategies impact inter-firm relationships (Butollo 

et al., 2022). 

Second, we explore how Chinese electric vehicle OEMs set up their value creation strategies, while 

showing the impact of digitization on established GPN structures and inter-firm relationships. 
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Considering the attributes of digital inputs and the oftentimes modular nature of the digital 

economy (Sturgeon, 2021), we further explore the strategic positioning of firms to maximize value 

capture at different stages of the value chain. 

Third, we examine how the state as a regulator (Horner, 2017), along with institutional extra-firm 

actors (e.g. government and industry organizations) and the instruments they employ (e.g. 

standards and regulations), is impacting the spatial fragmentation of value creation in digital GPNs. 

These dynamics are reshaping interdependencies within the ecosystem (Lechowski and 

Krzywdzinski, 2022) and leading to both geographically fragmented and spatially anchored digital 

products. 

In the context of the GPN/GVC discussion and our case studies, our goal is to address the following 

three research questions: 

1. How do the emergence of digital products and their spatial (non-)transferability reconfigure 

inter-firm relationships and power dynamics within automotive GPNs? 

2. How do regulatory frameworks and policies in the EU shape the spatial organization of digital 

value chains for Chinese automotive OEMs expanding to Europe, and to what extent do these 

constraints reinforce dependencies on European and US service providers? 

3. How do digital input providers position themselves strategically to maximize value capture? 

Drawing on insights from interview-based case studies, in the following sections we will analyse the 

paradigm shifts occurring in automotive production networks and the increasing importance of in-

car navigation systems. This is followed by an overview and a discussion of the organization and 

spatiality of value creation for vehicle navigation systems from the perspective of OEMs. 

4.4. Conceptual Frame: Organization and Spatial Distribution of Digital Value Creation 

Activities 

The theoretical framework of this study is based on the closely intertwined concepts of GVC and 

GPN as they are employed in various strands of the literature (Agostino et al., 2015; Pavlínek and 

Ženka, 2016; Schwabe, 2020a; Foster, 2023). With both originating from the concept of global 

commodity chains (GCCs) and belonging to the same family of frameworks, they offer related 

approaches to characterize various types of inter-firm relationships (Barnes and Sheppard, 2024). 

Within this context of the GPN and GVC discussion, we examine the organization and spatiality of 

value creation for vehicle navigation systems from the perspective of OEM lead firms and their 

structuring factors such as regulatory frameworks, physical infrastructure, and strategic 

orientation. We start with a characterization of the inter-firm relationships of lead firms and 

suppliers using frameworks outlined by Gereffi et al. (2005) and further advanced by Coe and Yeung 
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(2015). Both Gereffi et al. (2005) and Coe and Yeung (2015) have defined inter-firm relationships 

using very similar characterizations. In this study, we base our conceptualization of inter-firm 

relationships on the value chain governance types outlined by Gereffi et al. (2005), as they refer 

more explicitly to the characteristics of the value creation input at hand, rather than independent, 

capitalist dynamics, as the main causal factors explaining different types of supplier-buyer 

relationships. We further use the concept of extra-firm actors outlined by Coe and Yeung (2015) 

and recent GPN literature on the characteristics of digital products to analyse the structuring 

factors, in particular state regulations, which shape value chain governance and spatial allocations 

for creating vehicle navigation systems. We employ the recent literature on digitization in the 

GPN/GVC discussion (such as Foster, 2023) to base our framing of “value” in this study. 

Regarding the organizational dimension of inter-firm relationships, Gereffi et al. (2005) categorize 

governance patterns based on the following features: the complexity of information transfer 

required for a transaction in a global value chain, the degree to which information may be codified 

and effectively communicated between the parties involved in the transaction, and the capability 

of suppliers in respect to the transaction's requirements. In their framework they identify five types 

of global value chain governance (market, modular, relational, captive, and hierarchy) with specific 

characteristics and with lead firms having varying degrees of direct control over manufacturing 

processes in each type of governance (Gereffi et al., 2005). Within this study we argue that the 

governance patterns in the example of the digital in-car navigation systems of Chinese OEMs 

expanding to Europe fulfil the criteria that Gereffi et al. (2005) characterize as “modular”: complex 

technical inputs which are easy to codify and transfer between lead firms and suppliers, a relatively 

low degree of explicit coordination and power asymmetry, and low costs when switching to new 

partners (Gereffi et al., 2005). 

To examine intra-firm relationships, we use Coe and Yeung's (2015) concept of intra-firm 

coordination (the consolidation and internalization of value activity within the lead firm, the 

strategic partner, and/or the specialized supplier) to show how most of the OEMs investigated are 

developing their navigation software in-house, in an attempt to maximize value capture. Firms in 

high-risk environments with low financial pressure, as well as high proprietary capabilities and low 

cost capability ratios, are most prone to deploying the strategy of intra-firm coordination, as they 

tend to internalize critical technological resources and only outsource parts of production to highly 

specialized external suppliers (Coe and Yeung, 2015). 

Besides the conceptual frameworks of Gereffi et al. (2005) and Coe and Yeung (2015), we base our 

analysis of the inter-firm relationships between Chinese OEMs and their navigation providers on 

the concept of the modularity of value chains presented by Sturgeon (2021). As the digital 
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economy's foundational technologies become increasingly complex, no single organization can fully 

grasp or control them. Consequently, the characteristics of “digital” products (e.g. intangible, 

spatially transferable without loss of time and costs) affect the spatiality of their production, e.g. in 

the form of offshoring and outsourcing, a trend enabled by value chain modularity and facilitated 

by supplier switching (Sturgeon, 2021). As data become a production factor, access to data, data 

collection, and data mining enable new profit-generating business models as well as “data-driven 

decision making” (Sturgeon, 2021). Within this context, data can be viewed as an asset, as value 

sought after by companies within a GPN (Zook and Grote, 2025). Particularly the control of key 

technologies and data, as explored by Lechowski and Krzywdzinski (2022), is a significant source of 

power for which GPN actors compete, since the data collected can pave the way for the creation of 

new products and entry into new markets and industries (Loonam and O'Regan, 2022; Van Alstyne 

and Parker, 2017; Pavlínek and Ženka, 2016; Schwabe, 2020a). In GPNs, firms leverage their 

available resources to maximize value capture, including profits, know-how, market access, or, in 

the case of the digital economy, data (Coe and Yeung, 2015; Pavlínek and Ženka, 2016; Schwabe, 

2020a), while competition for value capture is a major factor in the formation of relationships 

between actors (e.g. firms, government entities, non-governmental organizations). 

The concept of “value” in GPNs has evolved over time, leading to overlapping and sometimes 

conflicting definitions (Coe and Yeung, 2015; Foster, 2023), yet so far limited attention has been 

given to defining value in GPNs with digital value chains. While Gereffi et al. (2005) focus on value 

as “value added” appropriated through governance by lead firms, Coe and Yeung (2015) broaden 

the concept to include various forms of economic rent, emphasizing value creation, enhancement, 

and capture across firms, regions, and institutions within GPNs. However, conventional GVC and 

GPN frameworks struggle to account for digital value chains, with the definition of value being 

under-theorized, ambiguous, and often implicit. A specific discussion about what constitutes value 

is lacking. Hence, Foster (2023) suggests re-centring the concept of value by considering factors like 

techno-economic rents, the monopolization of technical assets (e.g. data), and the growing 

influence of technology companies. By adopting the definition of value creation as “a process 

through which a residual economic surplus is generated by the transformation of materials and 

inputs into a new product” (Coe and Yeung 2015), the maximization of value capture can be viewed 

as a major firm-level motivation that determines the companies' strategic positioning. In the 

context of the study at hand, this refers to the search for exclusive access to know-how and data, 

as will be elaborated in the following sections. 

While the value chains for digital products tend to be modular in nature, as described by Sturgeon 

(2021), the geographic location where the digital input is created is assumed to be mostly irrelevant. 



29 
 

Nevertheless, depending on the type of input needed, it can be contingent upon regulations and 

physical infrastructures, thus becoming spatially anchored. With respect to this, data can be seen 

as a strategic, geographically grounded source of competitive advantage that are integrated into 

production processes to generate profit, steer innovation, and create new mechanisms of value 

creation and capture (Zook and Grote, 2025). 

As such, GPN governance is shaped by lead firms; by extra-firm actors such as governmental and 

non-governmental organizations, institutions, policymakers, and consumers; and by external 

factors such as regulations and standards (Coe and Yeung, 2015; Henderson et al., 2002; Ponte and 

Sturgeon, 2014). There has been some criticism of state actors being underrepresented within the 

GPN framework (Yeung, 2018; Neilson et al., 2018), while it is clear that state actors on all levels 

strongly shape the spatial and organizational configuration of GPNs (Dicken, 2015; Smith, 2015). 

Against the background of the state as a regulator that employs policy tools to shape development 

outcomes, protect domestic interests, and respond to new challenges, thus limiting and restricting 

the activities of firms within GPNs (Horner, 2017), in this paper we consider external factors such 

as regulations and standards to be instruments of institutional extra-firm actors (e.g. EU regulatory 

bodies, road authorities, mapping agencies), as conceptualized by Coe and Yeung (2015). While 

international standards can be a major obstacle to firms joining new GPNs, they play an important 

role in promoting technological advances within the industry and impact corporate value creation 

strategies (Coe and Yeung, 2015). 

Building on this conceptual background, the article at hand analyses the Chinese OEMs' value 

creation strategies when providing navigation system services in European markets and explains 

the organization and spatiality of value creation. For this aim we are employing the conceptual 

frameworks of Gereffi et al. (2005) and Coe and Yeung (2015) to analyse how inter-firm 

relationships and power dynamics within automotive GPNs are being reshaped by digital products 

and how EU regulations influence the spatial organization of digital value chains. Furthermore, 

based on Lechowski and Krzywdzinski (2022) and Foster (2023), we assess how value can be defined 

in automotive GPNs in regard to digital products. In order to better understand these 

developments, in the following section we will explore the characteristics of traditional automotive 

value chains, the value-added inputs of navigation systems, the role of regulations, and the main 

navigation system providers in Europe and China. 
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4.5. The New Perception of Cars and the Importance of Navigation Systems 

4.5.1. Traditional Automotive Value Chains and the Chinese Car Industry 

In the past, throughout the decades when combustion engines had reached technological maturity, 

automotive GPNs were defined by severe OEM competition and overcapacities, and the actors 

involved were under significant pressure to improve the cost  capability ratio (Dicken, 2015). 

According to Sturgeon and Van Biesebroeck (2011), cost reductions, incremental innovations, and 

new market expansions were the main ways in which competitive advantages were obtained. These 

developments created a highly hierarchical system comprised of dominant lead firms and tier 1 

suppliers of sub-systems, along with component and parts suppliers that became exceedingly 

dependent, with weak bargaining power, low profit margins, and limited product diversity 

(Pavlínek, 2018; Schwabe, 2020a; Yeung, 2023). 

Over the course of the 20th and early 21st centuries, driven by major automotive manufacturers 

aspiring to provide a diverse range of vehicle models to increasingly globalized markets in a cost-

efficient way, the automotive industry grew into intricate, globally integrated, and geographically 

grouped industrial systems (Sturgeon et al., 2008; Dicken, 2015; Sturgeon and Van Biesenbroeck, 

2011), while today, the spatio-organizational characteristics of automotive GPNs are undergoing 

significant transformation and reconfiguration. Among the current shift away from combustion 

engine technology and towards the industrial trends of digitization and electrification (Yeung, 

2023), industrial value chains centred on combustion engine development and manufacturing run 

the risk of becoming obsolete as battery-based electric engines progressively become the primary 

propulsion technology (Schwabe, 2020a). In addition, new core competencies like software and AI 

development are becoming visible through the growing significance of on-board digital functions, 

autonomous driving, and connected vehicles (Teece, 2018). 

Regarding the Chinese automotive industry, up until the 2000s, the sector's growth was dominated 

by state-owned companies and relied heavily on joint ventures (JVs) with foreign car makers. As 

foreign partners controlled what technology was transferred and withheld advanced know-how, 

Chinese firms were able to improve the automotive production capacity but became dependent on 

the foreign partners and lacked opportunities to develop their own advanced technologies (Liu and 

Tylecote, 2009; Van Tuijl et al., 2016). 

In the late 2000s and 2010s, the Chinese government pivoted to make EVs a strategic priority (Yang 

et al., 2023). Strong state intervention, including industrial policy and substantial funding, played a 

central role in shaping the industry (He and Jin, 2021; Yang et al., 2023). By leveraging the capital, 

technology, and management expertise brought in by foreign automakers, combined with policies 
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favouring local firms, generous subsidies, tax exemptions, and research investments, within a 

decade China managed to create a highly competitive EV market (Thun, 2006; Van Tuijl et al., 2018; 

Yang et al., 2023). Now leading in batteries, EV tech, and global brands (not only state-owned, but 

also private ones), the industry is characterized by dynamic competition, rapid innovation, and a 

growing international footprint (Burgard, 2022; Friedel, 2022; He and Jin, 2021; Yang et al., 2023). 

Against this background, based on the examples of privately owned Chinese OEMs expanding to 

Europe and the case of navigation systems, in the following sections we will explore how the 

automotive sector is nowadays shifting towards less hierarchical value chains with more balanced 

inter-firm power relationships. 

4.5.2. Value-Added Inputs of Navigation Systems and the Role of Regulations 

In order to gain a deeper understanding of the value-creating steps involved in navigation systems, 

it is essential to take a closer look at the intricate structure of components comprising an 

automotive navigation system, with the main elements being receivers, sensors, gyroscopes, and 

processors, as well as the software and the map database with real-time traffic information (Choi 

et al., 2016; Harris, 2023; Infopulse, 2022). This paper focuses on the map database and the 

software of the navigation system, as they constitute digital services with a creation that is rooted 

in localization and tangible assets, such as satellites and mapping vehicles. Thus, despite its inherent 

geographical disconnect, the digital product becomes spatially anchored and embedded in a 

specific geographic location, prompting Chinese OEMs to collaborate with local navigation service 

providers. 

The map creation process for the in-car navigation encompasses a myriad of steps that have rapidly 

evolved in recent years due to technological advancements. In order to generate accurate maps 

which update in real time, navigation providers utilize data from multiple sources and process them 

with specialized software and algorithms (Dutka, 2023; Zavadko, 2023). Some of the most 

significant inputs and steps are depicted in Figure 3. As can be observed in the simplified illustration 

of the navigation software value chain, during the creation and maintenance process, the maps 

used for navigation systems are regulated by a combination of directives from national and EU 

authorities concerned with ensuring the accuracy and consistency of mapping and geospatial data 

across member states. For instance, the maps must adhere to international industry standards like 

ISO/TR 19121 (OBP, 2000) or ISO 19133 (OBP, 2005). As each satellite establishes its own standard 

based on the unique features of its sensors, the integration of data is difficult and requires 

overarching standardization, such as the imagery and gridded data regulated within ISO/TR 19121. 

ISO 19133 further regulates data and services required to support tracking and navigation 

applications for mobile clients. In addition, road infrastructure guidelines and safety regulations are 
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made available by the European Commission in order to provide EU member states with a set 

methodology for road safety assessments which are required under the Road Infrastructure Safety 

Management Directive (EUR-Lex, 2019). The assessments include features such as lane width, road 

curvature, design of junctions, and roadside layout and thus have a direct impact on street mapping 

and navigation systems (European Commission, 2023). A particularly important role is also played 

by data privacy laws such as the General Data Protection Regulation (GDPR) (EDPB, 2021; Wolford, 

2023), which regulates the usage of personal data. Furthermore, on a national level, European 

countries have their own mapping agencies (Esri, 2011), as well as national, and sometimes regional 

or local, road authorities which operate within a framework of EU regulations but retain significant 

responsibility and autonomy for road management and rule enforcement (EU-ICIP, 2022). This adds 

another layer of complexity to the strategies followed by Chinese OEMs as they expand into the 

European market. As will be shown in the case studies below, the ramifications of the regulations 

make compliance challenging and limit the number of capable map providers in Europe. As soon as 

the maps are generated by the navigation provider, they are distributed to OEMs or other service 

providers that implement them into navigation software, developed either by the OEM or by its 

external partners. 

Within the process presented in Figure 3, the navigation software represents the main touchpoint 

with the customers. As such, its creation, as well as the decision to develop it either in-house or 

externally, is impacted not only by the company's strategy, but also by customer requirements and 

feedback. Thus, the navigation software plays a pivotal role in the user experience and in the 

perception that users have of the in-car navigation system and the overall car quality. While the 

map maintenance is equally important to keep the navigation accurate and up-to-date, it consists 

of more complex mechanisms, shaped by various inputs from institutions and authorities, as well 

as directives, regulations, and standards. In the following section the organization of navigation 

services will be outlined based on case studies of Chinese OEMs expanding to Europe. 



33 
 

Figure 3: The map creation process of the in-car navigation system 

 

Source: Own illustration based on online sources and interviews. 
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4.5.3. Navigation System Providers in Europe and China 

Upon examining the navigation software ecosystems in Europe and China, it becomes evident that 

these two regions rely on different main providers for navigation solutions, as shown in Table 4. 

Alongside the main actors, various service suppliers such as Google Android Auto and Apple CarPlay 

have emerged in recent years as competition within the automotive navigation realm. Unlike 

traditional stakeholders, technology companies such as these possess substantial in-house 

expertise in handling and harnessing vast volumes of data (Michaelsen et al., 2020) and they are 

seeking to cover a broad range of essential functions inherent to software-driven vehicles which go 

beyond the realm of navigation. This holds particular significance considering the growing 

importance of data usage and data sharing within the automotive sector (Michaelsen et al., 2020). 

Current dynamics suggest a shift towards more vertically integrated but horizontally fragmented 

value chain organizations of navigation systems. Interviews conducted for this study with 

automotive experts indicate that new market entrants tend to offer all-in-one navigation solutions, 

including maps, smart routing, charging stations, and on-street parking options. This differs from 

traditional providers that focus on single layers and rely on larger collaborative networks for 

integration. However, to date, no existing supplier can provide accurate global navigation maps, 

presenting a challenge for globally operating vehicle OEMs that need to find region-specific 

solutions. As a result, as an interviewed representative of an automotive navigation supplier 

explained, “it is common for car manufacturers and suppliers to enter into global partnerships to 

further develop their infotainment [and subsequently navigation] systems. These partnerships can 

improve access to technology, know-how, and markets and enable shared value creation.” 

Technological advancements and value chain modularity (Sturgeon, 2021) thus spark a power 

struggle within the industry, as OEMs and suppliers compete for value creation and value capture. 

Through shorter contracts (usually spanning 3 to 5 years as opposed to 10 to 15 years in the past) 

and over-the-air updates, OEMs have more flexibility in switching partners within the lifetime of a 

vehicle, pressuring suppliers into staying innovative and competitive. At the same time, the 

automotive sector is facing increasing competition from companies that were previously unrelated 

to the industry. OEMs find themselves in power struggles with new industry entrants like digital 

start-ups or digital economy companies outside of the automotive sector (e.g. Apple and Google) 

regarding control over the end-user interface and user experience, as all participants strive to 

secure direct access to the end customers and their data (Hoeft, 2021; Alvarez Léon and Aoyama, 

2022). 
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Table 4: Main providers for navigation solutions in China and Europe 

  

Main Providers for 

Navigation Solutions in 

Europe 

Main New Competitors for 

Navigation Solutions 

Baidu Maps 

百度地图 Bǎidù dìtú 
HERE Google Android Auto 

Amap 

高德地图 Gāodé dìtú 
TomTom Apple CarPlay 

NavInfo 

四维图新 Sìwéi tú xīn 
Garmin  

Tencent Maps 

腾讯地图 Téngxùn dìtú 
HARMAN  

 Telenav  

 Mapbox  

Source: Own compilation based on 2265 Android Network (2023), Dirscherl (2023), and interviews. 

4.6. Navigation Software in the New-Generation Chinese EVs Exported to Europe 

Considering the previously mentioned developments, the question that arises is how the Chinese 

new-generation car makers (BYD, NIO, XPeng, and Aiways) that have been expanding to Europe 

since 2021 approach the topic of navigation systems and set up their value creation strategies as 

they venture into the European market. Because Chinese mapping partners like Baidu do not have 

the necessary data infrastructure and the corresponding mandatory licences for operating in 

Europe, the OEMs are required to rely on European and US suppliers that limit their own value 

creation. This section is mainly based on interview comments, complemented by publicly available 

information such as press releases and media reports. 

As outlined by one interviewed expert, the selection of external partners in the realm of navigation 

is generally characterized by a dynamic nature, with the potential suppliers being evaluated based 

on criteria such as technological competence, experience and reputation, scalability and 

adaptability, up-to-dateness and accuracy of the maps, and local market knowledge. Each Chinese 

OEM, motivated by multiple factors examined in this paper, has a customized strategy of partnering 

with external providers for navigation systems. The strategies of BYD, NIO, XPeng, and Aiways are 

briefly outlined in the following: 
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4.6.1. BYD 

BYD Auto, the largest one of the OEMs, was founded in 2003 and works together with Baidu Maps 

for their navigation system in China. However, an interviewee pointed out that BYD was unable to 

establish partnerships with Chinese map data providers during the European expansion phase due 

to concerns about compliance with European data protection regulations and unavailable licences 

for collecting and recording data within Europe: 

“In Germany, we thought a lot about it and we talked to various Chinese cooperation 

partners. [But] they are not able to film or record the data in Europe. Because they have this 

fear of the Data Protection Act or GDPR. […] We don't yet have any good partners from China 

for the European market. We plan to work with HERE [Technologies] in the next 5 years.” 

(interviewed representative of BYD) 

Based on input from experts, it is crucial for Chinese OEMs to have a European partner due to the 

constant emergence of new regulations. For instance, in 2021, the European Union introduced the 

Intelligent Speed Assistance (ISA) regulation 2021/1958, outlining technical requirements for 

approving cars with intelligent speed assistance systems (EUR-Lex, 2021). During mandatory road 

tests, BYD observed that their Advanced Driver Assistance System (ADAS) could only identify 

European street and speed limit signs with an accuracy of 90 %. However, after integrating HERE 

Technologies, which has the European sign information stored as data points in a large database 

within its system, sign recognition improved significantly. Furthermore, not only do national 

regulations play an important role in various European countries, but also one of our interview 

partners from BYD observed that different countries implement EU regulations with various 

degrees of strictness: “We … noticed that in Spain the data protection law is not as strictly 

implemented as in Germany.” This adds further complexity to the strategies of Chinese OEMs when 

expanding to different European countries. 

Currently, BYD utilizes in-house-built software developed in China and adapted to the European 

market for providing infotainment functions in their vehicles, integrated with mapping and 

navigation data from HERE Technologies. Additionally, BYD incorporates Android Auto and Apple 

CarPlay into their systems in response to customer preferences. 

4.6.2. NIO 

In contrast to BYD, NIO was only founded in 2014, with one of its main features being an explicit 

focus on customer experience, user centricity, and community building (Yang et al., 2023). In terms 

of navigation systems, various partnerships for navigation solutions can be observed in NIO's 

models within China: earlier models utilized the map providers NavInfo, Baidu Maps, or Amap, 
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whereas more recent models exclusively rely on Amap (Zhang, 2022). The NIO navigation software 

is developed in China as global software which is later localized for different world regions in terms 

of user and application programming interfaces. For Europe, the core map data are sourced from 

Telenav, which offers routing services based on maps supplied to them by HERE Technologies. NIO 

consequently adds supplementary layers to these components, such as EV smart routing, which 

includes details like charging station locations, their availability, and current charging costs in real 

time. As an interview partner explained, 

“This means we take the maps from HERE, the charging stations from our charging station 

provider, the initial route from Telenav and then we ourselves have an algorithm that 

basically calculates the charging stops on this initial route […]. So, it's very multidimensional.” 

(interviewed representative of NIO)  

Based on the insights gathered from the interviews, it appears that NIO does not have immediate 

plans to develop its own mapping solutions in the future. The reason for this lies in the fact that 

map creation is a complex undertaking that would demand a significant investment: 

“Building a complete map is such an investment, it's so much technology. I have to constantly 

buy satellite images, I have to develop the algorithms, convert the satellite images, I have to 

measure, etc. The cameras and sensors are only used for updating [the maps].” (interviewed 

representative of NIO) 

While NIO has a myriad of collaborations for navigation systems, their long-term goal is to minimize 

their dependence on external providers for the map maintenance and collect as many data as 

possible themselves. Therefore, in addition to partnering with forward-thinking firms such as HERE 

Technologies (HERE, 2023), before entering any new market, NIO sends out mapping vehicles 

equipped with high-precision GPS antennae, lidar (light detection and ranging) sensors, and 

mmWave (millimetre-wave) radars to scan and map the streets. According to the company, the 

necessary algorithms, localization systems, and control strategies are all created in-house (McDee, 

2022). 

Currently, NIO does not offer any integration with Apple CarPlay or Android Auto. As mentioned by 

the interview partners contacted for this paper, NIO's aspiration is to exclusively maintain its own 

in-built navigation system in order to avoid disruptions in the car's inherent infotainment 

configuration and to keep control over the user experience. Therefore, NIO's objective for the 

future is to improve their navigation services to the extent to which the users no longer desire 

alternatives, as an interviewed representative of NIO explained: “Our goal is to make the software 

so good that the user doesn't miss anything. It's the more difficult goal, but in the end it's the better 

experience overall.” Nonetheless, at present, NIO customers exhibit a high demand for Android 
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Auto, Apple CarPlay, and Google Maps. As one user mentioned in the chat function of the German 

version of the NIO App: “I would prefer Android Auto or Apple Car Play. I never use the internal 

navigation systems because they are usually not as good. Smartphone integration via Android Auto 

is actually an argument for or against a vehicle for me” (NIO App, 16 April 2023). NIO seems to be 

listening to its users' feedback, as the company announced new strategic cooperation with Google, 

which is now providing location information with points of interest (POIs) for NIO cars in Germany 

(Lehle, 2023). 

4.6.3. XPeng 

With Xmart OS, the third OEM examined for this paper, XPeng, founded in 2014, also runs its own, 

in-house-developed operating, infotainment, and navigation system which does not support Apple 

CarPlay or Android Auto, an omission that has not impacted sales in China, as the company explains 

(Gibbs, 2023). However, online forums indicate that, similarly to NIO users, XPeng car owners and 

dealers in Europe are asking for the support and integration of Android Auto and Apple CarPlay. 

While in China, XPeng is working with Amap's third-generation in-car navigation system for the 

development of autonomous driving, in Europe the partner of choice for the EV navigation is 

Telenav (Telenav, 2021). Similarly to the other interviewed OEMs, XPeng employs their proprietary 

self-developed system, which encompasses global basic software created in China into which the 

navigation component is integrated, with country-specific features added on top (Henßler, 2023). 

4.6.4. Aiways 

Aiways, founded in 2017, works together with Baidu Maps to develop their navigation system for 

the Chinese market, while in Europe, Aiways relies solely on third-party software like Apple CarPlay, 

Android Auto, and the app PUMP (Aiways, 2022), which is integrated with Google Maps and has 

the capability to access vehicle data in order to suggest charging stations according to the current 

battery capacity. This represents an interesting exception from the abovementioned use cases of 

OEMs that are trying to internalize as many value creation steps as possible. An OEM representative 

who was interviewed by us explained that Aiways decided to minimize expenses by choosing not 

to internally develop the navigation system or even the navigation software: 

“We want to concentrate on building cars. That's already hard enough. And then to compete 

at the same time with Google and Apple […], that doesn't make much sense. And it costs 

money to keep everything up to date. […] There is nothing better than what is already on 

your phone.”  

Bearing this in mind, Aiways immediately integrated Apple CarPlay and Android Auto. Rather than 

investing in licences for Google Maps, Aiways decided that, in the European context, the car owners' 
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smartphones are the most up-to-date devices. This reasoning led to the conclusion that utilizing 

smartphone maps mirrored on a display in the car is sufficient for the navigation needs of their 

customers, as Aiways is first focusing on selling as many EVs as possible and establishing themselves 

as a player in the market. 

As can be observed in Figure 4, within the map production process, Chinese OEMs are prompted 

by a combination of regulations, compliance, and required supplier expertise to localize various 

value-added inputs. This applies in particular to map creation, map maintenance, and the extra 

navigation layers which are not transferable across regions, as they are constrained by compliance 

uncertainties and lacking access to infrastructure and map material. As a result, these are almost 

exclusively outsourced to European (HERE Technologies, Telenav, PUMP) or US (Apple CarPlay, 

Android Auto) service providers that have the licences, expertise, and compliance knowledge 

required for operating in Europe. Meanwhile, the navigation software is transferable across 

distance and regulatory regimes with little adaptation and can predominantly be created in China 

(with the exception of Aiways, which made the conscious decision to rely only on external partners 

for the software as well). In the following section the conclusions from these case studies are 

discussed within the context of the theoretical framework. 
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Figure 4: The navigation system production process of the Chinese OEMs analyzed 

 

Source: Own simplified illustration based on online sources and interviews. 
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4.7. Discussion 

Within the preceding sections of this paper, we addressed our initial research questions as follows. 

First, we examined the extent to which the emergence of digital products and their 

spatial (non-)transferability are reshaping inter-firm relationships and power dynamics within 

automotive GPNs. The results from our cases studies confirm the assumption that inter-firm 

relationships between Chinese OEMs expanding to Europe and their European and US navigation 

suppliers resemble a modular type of supplier-buyer relationship similar to the ones in traditional 

automotive value chains, as illustrated in Gereffi et al. (2005). This parallels the relationships 

between OEMs and tier 1 suppliers in traditional automotive value chains, as these relationships 

are also less hierarchical and more based on even power asymmetries. With tier 1 suppliers 

providing the OEMs with complex components and systems, the relationships are often 

characterized by collaborative partnerships as opposed to the relationships with smaller suppliers 

that offer generic, standardized products that tend to be more hierarchical and captive in nature 

(Brandes et al., 2013; Schwabe, 2020b; Sturgeon and Van Biesebroeck, 2011). The inter-firm 

relationships observed in our case studies take place on relatively equal terms, as the modularity 

of digital products like the navigation systems and the rising importance of specialized core 

competencies lead to more balanced negotiation and power relationships between the actors 

(Gereffi et al., 2005; Sturgeon, 2021). With only a few highly competent providers in the realm of 

navigation, the market for navigation systems is characterized not by price wars but by the quality 

and availability of services in a specific region of the world, thus forcing Chinese OEMs to localize 

the navigation services (at least partially) in Europe. As a result, OEMs become reliant on external 

sources of technology as well as on third parties (e.g. external specialized suppliers) offering 

complementary products and services, with an increased degree of co-creation and co-

development between lead firms and suppliers. 

Second, addressing the criticism that state players lack representation in the GPN framework 

(Yeung, 2018; Neilson et al., 2018), our examples demonstrate that standards and regulations 

serving as instruments of powerful institutional extra-firm actors (e.g. EU regulatory bodies) as 

defined by Coe and Yeung (2015) strongly impact the spatial and organizational configuration of 

GPNs (Dicken, 2015; Smith, 2015), as they determine market access, require the adaptation of 

products, and mould the relationships between lead firms and suppliers (Coe and Yeung, 2015). 

The previous sections have highlighted the forces that shape value creation for navigation systems 

in the European market as well as the roles that governmental institutions, road authorities, 

regulating agencies (e.g. EUSPA, 2023; OGC, 2023), directives, and laws (e.g. ISO, GDPR) play in the 

map creation process. The development of digital maps is highly dependent on local guidelines and 
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regulations, as well as on spatially anchored value creation steps with tangible assets (e.g. street 

mapping survey vehicles and data infrastructure compliant with European regulations). These 

factors result in map providers specializing in certain world regions rather than providing global 

mapping services available worldwide. As a result, Chinese OEMs expanding to Europe seek 

partnerships with local navigation map providers to ensure accurate, compliant, and up-to-date 

maps for the European market. Although the digital component enables the connection of 

geographically distributed production networks, as value chains are modular and there are no 

geographical restrictions for the production of software, even spatially unbound digital technology 

providers are tied to a specific geographic location due to local regulations and standards as well as 

due to infrastructure access (designed by regulations). Furthermore, Chinese OEMs are influenced 

not only by homogeneous European laws and regulations but also by a heterogeneous landscape 

of directives from national mapping agencies and road authorities in the different European 

countries. This determines the spatial distribution of the value chain and influences supplier-buyer 

relationships. 

As illustrated in Figure 5, the case studies presented here indicate that OEMs outsource the 

mapping to external suppliers due to various regulations and due to the complexity of services that 

cannot be created in-house. In contrast, software is developed mostly internally, thus reflecting 

intra-firm coordination as conceptualized by Coe and Yeung (2015). While the navigation software 

consists of less complex mechanisms and tends to rely less on local regulations, it is transferable to 

Europe with minor adjustments, thus allowing firms to internalize critical technological resources 

for its creation in an effort to capture more value. As a result, it becomes clear that the two different 

types of inputs (for the navigation software and for mapping) lead to two different types of 

relationships (intra-firm coordination and “modular”). 

To address our third research question, we examine the way in which value creation and the search 

for maximized value capture condition the strategic positioning of Chinese OEMs and their 

provision of navigation services in Europe. As shown in this paper, with the growing importance of 

data as a source of competitive advantage within the automotive sector, access to data can be seen 

as value sought after by OEMs and suppliers alike. Thus, the power struggle between OEMs and 

external partners manifests itself in the strategic control over user data and user experience, with 

the companies attempting to monopolize access to end customers (including their data and their 

purchasing power). For lead firms, establishing their own ecosystems with customer data and daily 

touchpoints (e.g. through software) is vital, as it opens up new business models, revenue streams, 

and data-driven development, as well as access to new markets and industries (Van Alstyne and 

Parker, 2017). Hence, the navigation software represents a point of competition with the mapping 
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providers (or new industry entrants like Google Maps, Android Auto, etc.) that seek to install their 

own software interface in the cars. The monopolization of customer access can therefore be 

categorized as a type of value that companies seek to capture in the digital sector. Taking this into 

account, our findings lead to the question of what value means for the lead firms. As we examined 

the structuring factors for organization and spatial distribution (e.g. the regulations and the physical 

infrastructure needed for value creation), our case studies showed which assets lead firms aim to 

acquire in their pursuit of value capture (e.g. data). As various companies consider distinct factors 

(e.g. technical know-how, profit maximization) to represent value, the concept of value is 

subjective: while some Chinese OEMs, like BYD, NIO, and XPeng are attempting to take over value 

creation steps in-house (e.g. through the navigation software), others, like Aiways, are rather 

concerned with cutting costs and maximizing sales and thus do not aim to internalize data-based 

services. Therefore, whether a relationship with a supplier is even established depends on the 

strategic priorities of the OEMs. 

Resulting from the case studies presented in this paper, it can be determined that different types 

of digital products are spatially transferable to different degrees (software transferable across 

distance and regulatory regimes vs. digital products like maps that are not transferable due to 

compliance and infrastructure constraints), thus requiring companies to react accordingly to 

different types of digital products. Hence, the characteristics of digital products and their 

implications (mostly influenced by standards and regulations) impact the companies' value creation 

strategies regarding outsourcing and the types of inter-firm relationships between lead firms and 

their specialized suppliers. 

In conclusion, all of the factors discussed above affect the way in which individual firms seek to 

capture value: the characteristics of digital products (Sturgeon, 2021), the aim to control key 

technologies and data, and the significance of data as an asset (Lechowski and Krzywdzinski, 2022; 

Zook and Grote, 2025), as well as geographical restrictions and regulations as instruments 

employed by institutional extra-firm actors (Coe and Yeung 2015). In the pursuit of value capture, 

the dynamics of inter-firm competition and collaboration are reshaped in digital GPNs, which in 

turn influence the modular inter-firm relationships between OEMs and their suppliers (Gereffi et 

al., 2005). 
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Figure 5: Organization and spatial distribution of value creation activities for vehicle navigation 
systems 

Source: Own adaptation. 

4.8. Conclusion and Outlook 

This article delved into the elements shaping the value creation process for automotive navigation 

systems, particularly focusing on the inter-firm relationships between Chinese OEMs (automotive 

lead firms) expanding to Europe and their specialized suppliers. The findings have shown how 

factors like regulatory frameworks and the increasing importance of data influence the value 

creation strategies of Chinese OEMs and make them reliant on European and US service providers 

when expanding to the European market, as well as how the companies react to different types of 

spatially anchored and spatially unanchored digital products in their pursuit of maximizing value 

capture. 

Adding to the current geography debates surrounding the digitization of GVCs and GPNs, this case 

study has given a glimpse into the transformation of digital production networks in regard to value 

chain governance and firm-specific strategies within automotive GPNs, particularly regarding a shift 

towards less hierarchical and more balanced power relations due to the growing complexity of 

digital products and the strategic positioning of firms seeking enhanced value capture. Based on 

the interviews and case studies presented, we have shown that the theoretical concepts of GVCs 

and GPNs should be re-evaluated in light of the digitization processes occurring. In particular, the 

role of standards and regulations (as instruments through which regulatory bodies exercise 

institutional power) that shape digital production networks should be given more attention, while 
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the concepts of value and spatiality in GPNs with digital value chains should be examined more 

closely and re-defined. 

As our study mainly focuses on value creation, further research should also consider the steps 

involved in value capture as well as market capture. Furthermore, the study conducted for this 

paper was limited to four Chinese OEMs with a relatively low number of interviews, so it cannot 

claim to be representative of the industry as a whole. Further empirical validation of the findings of 

this study may be obtained through analysis of localization strategies from other Chinese and non-

Chinese OEMs regarding navigation systems and digital products in general. In addition, while it 

was shown in this paper how digital transformations are fundamentally reshaping GPNs, 

geopolitical uncertainties, trade disruptions, and the weaponization of dependencies (Kalvelage 

and Tups, 2024; Gong et al., 2022) are current topics impacting the automotive industry that also 

merit further empirical investigation. 
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5. Disruptive Technology Change, Geopolitics and Local-Level Constraints: The 

Emerging GPNs of Chinese Robotaxi Services 

Schwabe, J. and Stefanov, A.: Disruptive Technology Change, Geopolitics and Local-Level 

Constraints: The Emerging GPNs of Chinese Robotaxi Services. In review at ZFW – Advances in 

Economic Geography (submitted on September 30th, 2025) 

5.1. Introduction 

Along with climate-neutral propulsion, the integration of cars into digital ecosystems is part of 

automotive “twin transitions” (Topura and Gräf, 2023), which disrupt the sector at different levels. 

Software-based operation of on-board electronic appliances as well as consumer functions for 

entertainment, navigation and maintenance (Yang et al., 2023). These enhance user experience and 

move the product away from being defined purely by its physical features towards a combination 

of hard- and software-based appliances which matter to the customer and differentiate a vehicle 

model from its competition (Stefanov and Schwabe, 2025). One major technology trend within the 

digitization of vehicle functions is the development of autonomous vehicles (AV), which, under 

optimal conditions, offers very significant potential of reducing road congestion in cities (Overtoom 

et al., 2020), of reducing energy consumption in road transport (Zhong et al., 2023), and of 

improving mobility options in rural environments (Schlenther et al., 2025). Autonomous road 

transport has the potential to significantly alter mobility markets, challenging the position of 

incumbent lead firms, who sell vehicles mainly for the private individual end user, and giving rise to 

mobility platforms. According to a McKinsey estimate, about 66 % of total passenger-kilometres 

driven in road transport in 2040 will be by autonomous vehicles, and 55 % will be autonomous as 

part of a mobility service (McKinsey, 2019) and an estimate of the World Economic Forum projects 

robotaxis to be applied at scale in 40 to 80 cities by 2035 (WEF, 2025). 

Technological competences which have not been traditionally embedded in automotive 

manufacturers (original equipment manufacturers; OEMs) such as for software, artificial 

intelligence and battery cell development and production are essential for the successful 

commercialization of digitized, electric vehicles, leading to new sequences of value creation and 

new suppliers to be integrated within automotive GPNs (Yeung, 2023). The co-evolution of inter-

firm relationships, infrastructures and regulations for autonomous vehicle functions shape newly 

forming GPNs, the organization and territorialities of which are examined in this article. Inter-firm 

relationships within the digital economy are predominantly organized through platformization or 

modularization (Sturgeon, 2021), however, driverless vehicles consist of a combination of digital 

and physical value-added inputs and are a particularly illustrative case of a physical device (the 
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vehicle) being augmented by and integrated into digital environments, simultaneously changing the 

product definition and limiting the possibility of platform effects which occur in other domains of 

the internet economy. While autonomous vehicles have been recognized as a major transformative 

trend (Teece, 2018), the organization and territorialities of this emerging sector has thus far rarely 

been investigated from a lead firm based perspective within the GPN-discussion. Alvarez León and 

Aoyama (2022) outlined the geographies of firms involved in developing and operating AV functions 

in a quantitative study, Zook and Grote (2025) highlighted the territorialities of digital functions 

using the case of Tesla within their framework of global digital networks (GDN) and Zhou and Xu 

(2023) investigated robotaxi services from an evolutionary perspective in the framework of the 

multi-level perspective. What is missing, in our view, is an examination taking stock at the causal 

forces shaping the territorialities of production and application of robotaxis, and the way those 

newly emerging production networks interrelate with established automotive GPNs. Value creation 

and application coincide within the digital economy and recognizing autonomous vehicles as part 

of the digital economy therefore necessitates to examine the geographies of application. This 

domain has often been neglected in GPN research (Coe and Yeung, 2019), which has characterized 

the involvement of regions through their participation in production of goods and services, 

theorized as strategic coupling (Coe and Yeung, 2015). 

This article examines the geographies of autonomous vehicle production and application using the 

empirical example of Chinese robotaxis, which (beside US-based service Waymo) constitute the 

first AV application at larger scale (WEF, 2025). Situated in the discussion of global production 

networks (Coe and Yeung, 2015; Gong et al., 2022; Kalvelage and Tups, 2024) and further informed 

by literature on disruptive innovation (Christensen, 1997; Schmidt and Druehl, 2008) and the digital 

economy (Sturgeon, 2021), we empirically show the emergence of domestically independent 

production networks for robotaxis in China that show low involvement of international actors and 

low entanglement with comparable structures in the USA and which operate under lead firms other 

than automotive manufacturers. We explain these configurations by defining the GPN dynamic of 

disruptive technology change that unfolds its spatio-territorial effects on established automotive 

production networks in combination with geopolitical interventions that constrain the global 

transfer of sensitive technology inputs and state-side governance at different levels, which hinder 

large-scale application at this stage. We reconstruct the spatio-organizational composition of 

networks for AV technology development and operation in a qualitative study which is based on 

ten expert interviews which have been complemented by conversations at trade-fair visits and web-

based research of publicly available information such as market reports, company websites, and 

statistics. 
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This article is structured as follows: The following section provides a sectoral overview of 

autonomous driving and its defining technological components. Afterwards a conceptual 

framework and the empirical study is outlined. The article concludes with a summary of its main 

argument, contribution, and potential areas of further investigation. 

5.2. AV as Part of the Digital Economy and Place-Based Constraints of Application 

A major intrinsic determinant for the territorialities and organization of production are the value-

added inputs (and their transferability across places and organizations) on which a particular 

product or service relies (Henderson et al., 2002; Gereffi et al., 2005). To this end, the development 

and application of autonomous driving technologies encompasses elements of the digital economy 

with inputs of the automotive industry. These include combinations of hardware and software 

components, such as 1) sensing systems, typically consisting of a combination of LiDAR (Light 

Detection and Ranging) sensors and optical cameras for the real-time detection of the vehicle’s 

environment and, as “bottleneck” technology, 2) systems for data-processing and decision making, 

consisting of computing hardware and artificial intelligence tasked with accurately evaluating the 

situation and making a correct decision for the vehicle of how to proceed. This includes units 

integrated inside the vehicle (as system on a chip “SOC”) and external facilities for data processing. 

In particular, the latter task is extremely challenging from a technical point of view. Because of the 

risk of harmful traffic accidents, the tolerance for errors is very low, leading to the need of extensive 

testing and training before an AI-controlled vehicle can be commercialized (Martínez-Díaz and 

Soriguera, 2018). 

Typically, on-board AI systems generate the decisions for vehicle behavior, while generated data is 

also transferred remotely to further train the AI for more accurate decision-making and providing 

vehicles with regular updates. Data generation and AV application based on artificial intelligence 

are both located on-board the vehicle and operate in real-time. In this sense, AV is a rather 

“hardware-heavy” application, which relies on on-board sensing, computing technology that is 

customized to the vehicle model, but also requires infrastructure for real-time communication of 

the vehicle with its environment (V2X), for geolocation, mapping, obstacle detection, movement 

tracking, and cloud computing. Vehicles and surrounding infrastructures are typically designed with 

redundant systems should one layer fail to operate correctly (Martínez-Díaz and Soriguera, 2018).  

This centering of AV related technologies around digital functions makes it an illustrative example 

of an application that is nested within the global digital economy. As a term, the digital economy 

describes the integration of digitized (data generating and utilizing) processes, products and 

services in economic value creation (Sturgeon, 2021). It has been shaping the organization and 
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geographies of value creation and patterns of consumption in recursive feedback loops between 

firms, consumers, and labor (Foster, 2023; Zook and Grote, 2025). The central element and 

production factor of digital value creation is the generation and enhancement of data, which was 

defined by Zook and Grote (2025) as “a fundamentally strategic and spatialised source of 

competitive advantage used by economic actors to reshape global production networks to their 

advantage.” As such, the role of data goes beyond merely being a resource to be valorized for new 

products and efficiency improvements. Rather, it is an asset around which patterns of production, 

distribution, consumption and regulative environments co-evolve. The capability of accessing and 

processing data has become a major factor in shaping inter-firm power relationships and GPN 

territorialities (Verfürth and Helwing-Hentschel, 2024). In the case of autonomous vehicles, massive 

amounts of data are needed to train and develop decision-making AI, but data on user behavior 

and preferences can also be valorized for other services in a context of driverless mobility. 

Scalability of digital inputs largely removed spatio-temporal confinements of information exchange, 

enabling global market outreach and coordination of production (Henderson et al., 2002; Dicken, 

2015). Organizationally, the rise of the digital economy led to the emergence of large B2C and B2B 

platform providers which monopolize access to data and customers when transactions are low in 

complexity. Given that the value of platforms increases with their number of users, platformization 

of B2B or B2C relationships inherently gravitates towards monopolistic or oligopolistic structures of 

very few powerful platform operators offering their service (such as matchmaking, analytics, 

entertainment) in a particular sector, harnessing rents through sheer scale along the way and 

seeking to retain their monopoly against others (Sturgeon, 2021; Verfürth and Helwing-Hentschel, 

2024; Repenning and Hardaker, 2024). Sturgeon (2021) described the digital economy as an 

arrangement of layered platforms (Sturgeon, 2025), ranging from core technologies (like operating 

systems or chipsets), over combinations of technologies, the application of which it is scaled up, 

and higher-level as well as end-user platforms, which represent the user interface (e.g. through 

applications like Facebook or Google) and upon which multiple further platforms can be layered 

based on customized end-use. Another predominant organizational form reinforced by digitized 

value creation are modular inter-firm relationships, in which interchangeable inputs, commonly, 

functional sub-systems of a product, are integrated through standardized technical interfaces 

(Gereffi et al., 2005; Sturgeon, 2021; Stefanov and Schwabe, 2025). Platforms and modularized 

production as organizational types significantly shape the competitive dynamics of the sectors they 

are embedded in as they accumulate power through asset monopolization or enhance the leverage 

of lead firms through making certain inputs interchangeable and thereby intensifying competition 

among input providers.  
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Even though the global exchange of data indicates a de-territorialized nature of the digital 

economy, its functions are strongly spatially anchored, geographically fragmented and governed by 

regulations and algorithms at multiple levels (Zook and Grote, 2025). Few locations host the global 

headquarters of large platform companies, such as the Silicon Valley, Shenzhen, Beijing and 

Hangzhou, which provide core technologies upon which layered, locally adapted higher level 

platforms are built (Sturgeon, 2021) and which control large parts of globally dispersed computing 

infrastructure for cloud services, AI, and big data analytics. Platform providers at different levels 

connect with users through oftentimes globally available interfaces. Data generation by “people, 

things and places” (Zook and Grote, 2025) as well as application of platform products are highly 

place-specific and subject to multi-level regulations and availability of infrastructures. 

When discussing spatio-organizational outcomes of robotaxi commercialization from the 

perspective of techno-infrastructural attributes outlined above, the occurrence of platform effects 

appears plausible within the domains of artificial intelligence (that is: few firms developing a 

capability of deploying their proprietary AI models globally) and the user interface (e.g. users 

accessing a mobility service through a globally scaled app). Alvarez León and Aoyama (2022) have, 

in this instance, elaborated on market capture as a major dynamic defining the AV sector in its 

current nascent stage, which involves the monopolization of customer-facing segments, such as 

through a user app, as well as the motivation of lead firms to define markets through product and 

service innovations and multi-actor alliances (Alvares Leon and Aoyama, 2022). The question of 

whether mobility demand in the future will be met through services or privately owned cars 

remains crucial in this regard, as it is a major determinant along which line customer-facing 

platformization will take hold. Simply put: Will users buy a car for its (self-) driving experience, or 

will they buy it for its entertainment value when a portfolio of layered platform applications are 

available on-board? On the other hand, infrastructural limits of scaling AV applications 

geographically apply, for the time being, as they rely on availability of 5G infrastructures and 

oftentimes smart city functions, putting large cities at the forefront of AV application. Given the 

reliance on infrastructures, localized data collection, and AI-training for local conditions, the 

implementation of autonomous road transport of level 3 (L3) and above (which denotes the level 

at which the vehicle can at least in certain conditions drive without human intervention; SAE, 2021) 

is highly place specific. If a mobility provider has achieved L4 autonomous-driving capability at one 

place, it cannot be multiplied at will. 



59 
 

5.3. Disruptive Technology Change as a GPN Dynamic 

From the perspective of incumbent automotive manufacturers as lead firms, the emergence of AV 

technology constitutes a highly relevant industrial trend. The dynamic of technology change has 

been highlighted by Yeung (2023) as an industrial megatrend disrupting the sector, which blurs GPN 

boundaries and creates entry-opportunities for newcomers within a GPN where lead firms and tier 

1 suppliers have typically been incentivized to elevate high-entry barriers (Yeung, 2023). 

Technological change, which can materialize in the form of new products or more efficient 

production processes (Humphrey and Schmitz, 2002) has received rather low explicit attention 

within the original framework of GPN 2.0 by Coe and Yeung (2015), as technological capabilities 

have been framed within the dynamics of improving cost-capability ratio and sustaining market 

development (as new technologies are being commercialized; Coe and Yeung, 2015). What is 

missing in GPN conceptualization is the implication of technologies which unfold disruptive, rather 

than incremental effects on GPNs: Disruptive innovation was coined by Christensen (1997) who 

inspired a string of literature further discussing its nature and nuances (Mirinakis et al., 2024). 

Business literature recognized the targeting of customers in new ways and the introduction of 

performance trajectories different from original products as key characteristics of “disruptive” 

innovations (Schmidt and Druehl, 2008). The subject of disruption is the position of incumbent firms 

which is questioned, as competitors introduce new, disruptive innovations to markets – 

jeopardizing incumbent’s market shares and revenue in a certain product segment. It is important 

to note that “disruption” does not indicate a sudden takeover of new products nor a forced business 

discontinuation of lacking-behind incumbents. Rather, it can be understood as a gradual process of 

introducing new, cheaper and/or higher performing products that encroach existing markets, 

eventually displacing them (Schmidt and Druehl, 2008).  

Framed as a GPN-dynamic of (disruptive) technology change, the introduction of driverless road 

transport represents a gradual process of market making, in which the conditions of demand and 

supplier capabilities are currently being co-created (Coe and Yeung, 2015) and which encompasses 

the existing (yet uncertain) potential of encroaching traditional automotive markets in favor of 

driverless mobility services. Such a process would entail not only the entry of new suppliers into re-

constituted automotive GPNs as outlined by Yeung (2023), but, much more fundamentally, the 

replacement of automotive manufacturers by platform companies as lead firms. Such a perspective 

entails the risk for vehicle manufacturers to be reduced to mere suppliers of an (albeit complex) 

piece of hardware to be delivered to corporate clients operating self-driving mobility fleets, leaving 

them with significantly reduced bargaining power and leverage to shape markets in their own 

capacity.  
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Current dynamics within the realm of autonomous driving are shaped by the motivation of lead 

firms (be it automotive OEMs or platform companies) to lead the effort of developing, 

commercializing and scaling AV functions (WEF, 2025). Hence, timing plays a role if we are to 

understand the inter-firm linkages and territorialities of AV production and application in a context 

of disruptive technology change: In its current early stage of technological and market 

development, the sector generates no profits, features a relatively small number of actors, high 

future uncertainty (apart from the expectation of high growth potential) and the main activities are 

directed towards bringing technologies to sufficient maturity so that they can be commercialized 

at scale. The landscape is highly dynamic, with high frequency of new inter-firm linkages and 

technology improvements. Entry barriers of newcomer firms are not defined by entrenched 

relationships of lead firms and first-tier suppliers, but by technological capabilities, leading to a high 

presence of start-up-companies and circulation of venture capital (Alvarez León and Aoyama, 

2022). The context of disruptive technology change therefore indicates that within the ever-present 

competitive pressures of optimizing cost-capability ratio and sustaining market development (Coe 

and Yeung, 2015), the emphasis lies respectively on the development of capabilities (rather than 

reducing costs) as well as the creation (rather than reproduction) of markets, questioning the 

position of incumbent lead firms and suppliers in the process. 

5.4. State-Side Governance of AV: From Geopolitics to Local Policies 

The spatio-organizational configuration of AV development and application is strongly influenced 

by state-side governance. Neglected acknowledgement of the state in shaping global production 

networks has been a common criticism in earlier GPN-theory (Neilson et al., 2018; Yeung, 2018). In 

our case, neither the attribution of the state as a framework-setting extra-firm actor, or respectively 

regulator, investor, producer and buyer (Horner, 2017) is not quite sufficient to frame the state’s 

influence within a domain which is undergoing disruptive technology change and wherein state 

actors at different levels take an (at times conflicting) interest in participating in and shaping this 

transition in their favor. Hence, it is necessary here to explicitly acknowledge the multi-level nature 

of state influences as they are expressed on international, national and regional/local levels 

(Aoyama and Alvarez León, 2021). 

With respect to the international level, scholars paid renewed attention to the role of geopolitics 

in shaping GPNs and pointing out state-level motivations respectively of weaponizing and reducing 

existing dependencies on strategically important assets (Gong et al., 2022; Kalvelage and Tups, 

2024). Geopolitical motivations prompt states to create framework conditions which incentivize 

and constrain companies in their decisions on cross-boarder trade and investment flows (Glassman, 



61 
 

2011). These materialize in processes of on- or friendshoring (Kalvelage and Tups, 2024) or even 

the comprehensive breakup of economic relations altogether in consequence of international 

sanctions (Pavlínek, 2024). In the context of AV, industrial governance, policies and regulations in 

China and the USA in particular have been shaped by the aim of achieving technological sovereignty, 

resulting in restricted business activities in and trade of technologies deemed sensitive. This 

includes data collection and transfer, artificial intelligence applications and semi-conductor 

technology (Lee and Hess, 2020; Wong et al., 2024). China is particularly illustrative in this regard, 

as industry governance has commonly been guided by targets formulated in central-level planning 

documents and industry-specific strategies. These are broken down in lower administrative levels 

and municipalities as well as companies allocate resources to accommodate the strategic priorities 

of upper levels (Tian et al., 2024). As in the autonomous vehicle sector, the Chinese State Council 

has stated the goal that L4 self-driving cars should be operational in limited environment and 

scenarios by 2025 and adopted at scale by 2035 (State Council, 2020). The “Smart Car Innovation 

and Development Strategy” introduced by the National Development and Reform Commission and 

other ministries offers a more comprehensive sector-specific development outline, calling for 

technological leadership and sovereignty in key areas like microchips, sensors and V2X-

communication, nationwide deployment of V2X-communication infrastructure, the development 

of accommodating industrial ecosystems as well as legal frameworks (NDRC et al., 2020). Laws and 

regulations defining data security, levels of automation and liability, testing and verification as well 

as technical standards apply nationally. Also, resources like financing for technological 

development and expanding tertiary education in related fields are mobilized by central 

government bodies (Nie and Shen, 2024; Zhou and Xu, 2023).  

AV encompasses the collection and processing of very large amounts of data on traffic flows and 

user behaviour, which leads to significant privacy and security concerns regarding the risk of hostile 

takeovers or data breaches (Caltrider et al., 2023; Khan et al., 2023; Xu et al., 2025). Legislation and 

regulations on national, or, in the case of the EU, supra-national level set general rules about data 

security and privacy protection, defining which data may be collected by whom, under what 

preconditions; how and where said data must be stored, as well as if and how data may be shared 

(Lee and Hess, 2020; Khan et al., 2023). For instance, regulations for data security and management 

in the automotive industry in China, which are part of China’s legislation on data protection (in 

particular the Data Security Law; NPC, 2021) define principles for in-vehicle data collection (e.g. 

mandating anonymization and forbidding collection of unnecessary data), outline types of data 

deemed critical (such as personal data, license plates, environments in military restricted areas) 

and postulate that collected data may not be transferred outside of China unless explicitly 
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permitted (CAAM, 2021). Within the EU, similar principles apply under the governance of the 

General Data Protection Regulation (GDPR; EDPB, 2021) and in the USA, Chinese (and Russian) 

hardware and software technology in imported and domestically produced cars is banned as of 

2027 (Bureau of industry and Commerce, 2025). Furthermore, exports of high-end semiconductors 

and artificial intelligence frameworks from the USA to China are strongly restricted and limited to 

certain quotas, while even US-citizens are disallowed to work for Chinese-owned semi-conductor 

companies (Wong et al., 2024).  

Apart from data security, the on-road safety and permissibility of AVs (such as requirements for 

testing and deployment of vehicles on public roads, infrastructure requirements, liability questions) 

is mainly governed by general national (or EU-level) frameworks with specifications set on lower 

administrative levels, such as states in the USA or EU member countries (Lee and Hess, 2020). 

Within Germany and China, type approvals are granted at national level, while the designation of 

permissive areas are decided at municipal level, leading to a currently fragmented deployment of 

L3 and L4 autonomous vehicles confined to designated areas. Hence, cities are a particularly 

relevant context in which the governance of autonomous vehicle application is defined, as they act 

as regulators, facilitators of stakeholder alliances, but also as catalysts for generating environmental 

data (Aoyama and Alvares Leon, 2021). 

5.5. A Framework for Analyzing the Organization and Territorialities of AV Services 

From the discussion of the theoretical aspects above, we develop the framework outlined in Figure 

6 to analyse the causal forces shaping the newly emerging GPNs for autonomous vehicles. The 

framework explicitly acknowledges the current early stage of AV market development, as 

technology, regulations and infrastructures enabling the scale-up of level 4 autonomous vehicles 

are not fully developed yet and continue to co-evolve, limiting the geographic scalability of the 

application. Hence, dependency on comprehensive physical infrastructures (V2X communication, 

data centers), and regulatory bottlenecks, but also the hardware-heaviness of the service 

(expressed in the co-location of data generation and processing within the vehicle) limits the 

platform effects in the domain of AV technologies that have otherwise been characteristic in the 

context of the digital economy like in online advertising (Google or Facebook), B2B matchmaking 

or retail (Verfürth and Helwing-Hentschel, 2024; Zook and Grote, 2025). 

While the application and scale-up of self-driving vehicles is constrained on the local level, the 

orchestration of inter-firm linkages, their characteristics and their territorialities are strongly 

influenced by disruptive technology change and geopolitical forces as global dynamics. Lead firm 

investments and organization of inter-firm linkages follow the strategic priority of internalizing and 



63 
 

maturing technology capabilities for AV, accepting high costs of development and operation. Such 

processes stand in contrast to activities for cost reduction and outsourcing/offshoring, which have 

been emphasized in the dynamics of market imperative and cost-capability ratios in the (implicit) 

context of more mature markets in earlier GPN discussion (Coe and Yeung, 2015). Given the 

difference in capabilities between producing a conventional car and augmenting it with 

autonomous driving capability, new firms enter the production networks, forming new GPNs with 

linkages to established automotive GPNs, which, however, show the emergence of different lead 

firm types (in our case: AI start-ups and established platform companies) and spatialities of 

technical core capabilities. The current early stage of market and technology development in the 

context of disruptive technology change also provides an effective entry point for geopolitical 

intervention as states, in particular China and the USA, aim to localize the technological core 

capabilities (such as development of AI, semi-conductors, but also low cost-solutions for inputs like 

LiDAR) within their boundaries to position domestic companies for capturing AV markets and 

reducing external technological dependences.  

As a result of these dynamics and constraints, the AV landscape appears to be fragmented in its 

application, with inter-firm networks evolving mainly within the boundaries of geopolitical entities, 

with limited cross-border lead firm activity and transfer of core technologies between China and 

the USA. These patterns will be illustrated in the following empirical section, using the example of 

robotaxi services from China.  

Figure 6: Spatio-organizational configuration of robotaxi GPNs 

 

Source: Own adaptation based on Coe and Yeung (2015) and Aoyama and Alvarez León (2021). 
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5.6. Methodology 

Given that, to the knowledge of the authors, the organization and geographies for the orchestration 

of robotaxi services relying on L4 autonomous driving technology has thus far not been mapped 

out within the GPN framework, and given the low overall number of service providers acting as lead 

firms, we follow an explorative approach of reconstructing and aggregating individual case studies 

with as much detail as possible. The method of choice therefore is the triangulation of scheduled 

expert interviews and conversations during industry events, which are complemented by publicly 

available information, like facts and figures from media reports and press releases.  

The purpose of the web research was to examine the “what”, while conversations during interviews 

and trade fairs were primarily aimed at finding out “why”. To this end, through the web research, 

we examined which companies were involved with what resources in which robotaxi services and 

from where. The web-based research was conducted with the aid of artificial intelligence for 

compiling information, while the source-links provided were verified individually by the authors for 

correctness of the information. 

Furthermore, we attended various sector related events, including the IAA in Munich 2023, 

Automotive Masterminds Berlin 2023 and Hannover Messe 2025 and conducted interviews with 

ten industry experts, following the approach of the semi-structured interview based on Gläser and 

Laudel (2010). Using this methodology, we approached interviewed experts with a pre-designed 

interview guideline, which, however, could be flexibly adapted during the conversation to capture 

further relevant aspects which may not have been part of the original guideline. The priority of the 

interview conversations (as well as of conversations during events) was not to make the interviews 

comparable, but to understand certain sector-specific subject matters from the perspective of the 

interview partners. Given the sensitive nature of the subject matter, approaching interview 

partners was conducted primarily through facilitation of existing contacts and through event visits, 

which proved more effective than “cold calls” to desired interview partners without prior direct or 

indirect connection. The caveat of this method is a potential bias in the viewpoints communicated 

by the relatively small number of interviewees, which we attempted to minimize through 

contextualization via web research and verification and clarification of certain viewpoints across 

interview partners and via follow-ups. To obtain an understanding of the sectoral dynamics and 

inter-firm linkages, the main aspects discussed during interview and trade fair conversations 

included: 

- The motivations of the main players involved in developing level 4 autonomous driving 

- The nature of their inter-firm relationships and mutual dependences 

- The role of geopolitics in shaping their decision-making 
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With one exception, the conversations of scheduled interviews were audio-recorded and 

transcribed. The transcripts, along with web-researched information and non-recorded 

conversations during trade fairs (which were captured by taking notes of the main points discussed) 

then provide the basis for the qualitative study outlined in the following empirical section. 

5.7. Emergence of Platforms and AV Start-Ups as Lead Firms for Robotaxi Services in 

China 

In China, robotaxis are the first use case of L4 driving capability that has been made accessible to 

the general public. Besides the USA, it is the only country where robotaxis are commercially 

available at wider scale (WEB, 2025). The presence of currently operational robotaxi projects in 

China is outlined in Table 5. In this sectoral context, the lead firm is understood as the company 

which simultaneously operates a robotaxi fleet and a customer-facing app for booking and billing 

(One exception is AutoX, which does not operate its own app. Instead, its vehicles are bookable 

through Alibaba’s Amap aggregator.). The main actors orchestrating robotaxi services in China as 

lead firms are established platforms like Didi, Baidu and Alibaba, start-ups specialized in developing 

AV technology, in particular AutoX, WeRide, Pony.ai, Momenta and Deeproute.ai, as well as 

automotive manufacturers, which also act as lead firms in some projects, even through their 

presence is regionally limited respectively within the Yangtze River Delta and the Pearl River Delta 

(Table 5). 

Table 5: Orchestration of products and services behind the main robotaxi operators in China and 
their international expansion 

 

Source: Own compilation based on web research. 
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Improving cost-capability ratio as a competitive dynamic of existing robotaxi projects unfolds 

around technology development and scaling. The service itself, while available on the market, is 

not yet competitive due to its limited geographical scope of operation and very high costs of 

developing, producing and operating a technical architecture capable of L4 self-driving. Currently, 

robotaxi projects are highly unprofitable: Pony.ai, for instance, reported an annual operating loss 

of 275 mil. USD in 2024 (Nasdaq, 2025a) and the loss of WeRide.ai was as high as 345 mil. USD in 

2024 (Nasdaq, 2025b). Hence, robotaxi operators are under high pressure of reducing costs and 

increasing revenue streams, prompting them to scale up their services, develop monetizable 

business cases (e.g. entertainment or online-shopping) for in-vehicle use and reduce hardware 

costs. These dynamics pitch lead firms against each other for shares in a market in which scaling is 

limited by technical, infrastructural, and political barriers and favor to cost-driven competition 

among suppliers of vehicles and sensor technology. 

The robotaxi services use dedicated apps as customer interfaces through which the services are 

made bookable. The operational robotaxi services form a dense network of actors, value added 

inputs and capital flows in which platform companies and vehicle OEMs act across projects 

respectively as lead firms, suppliers and, along with venture capital firms, as investors in start-up-

firms. Technology change unfolds disruptive effect on the position of incumbent firms insofar, as 

key assets for realizing robotaxi projects are situated with company types outside of traditional 

automotive GPNs: This applies to customer-facing platforms for booking and billing (dominated by 

Alibaba, Baidu and Didi) and the development of functioning AI-algorithms that enable L4 

autonomous driving, which is the main task of the start-up firms. With the exception of Didi and 

Baidu, which organize robotaxi services mainly using their proprietary platforms, AI technology and 

data center infrastructure, start-ups are present in all identified robotaxi services currently 

operating in China. This points towards a delicate power balance between platform companies and 

OEMs on the one hand and start-ups on the other: Projects in which lead firms engage with AI-start-

ups to develop decision-making algorithms cooperate in form of so-called “black box”-

arrangements in which the start-up shares their code with the lead firm to further integrate it within 

the AV product, but with no further updates. Lead firms, as well as “traditional” tier 1 suppliers seek 

the expertise of promising AI start-ups to accelerate their own technology development and are 

systematically screening the Chinese start-up landscape for investment targets. The process was 

described by an international supplier:  

“(…) we see, based on the start-ups here, there is also a lot of disruption, as many digital 

technologies are now coming into vehicles. And that is the reason why we form partnerships, 

because we could not do everything ourselves, neither capacity-wise nor in terms of 
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expertise. (...). The second point is the start-up culture here, there are very, very many start-

ups. Many are trying things out, and through scouting and screening the market, one can see 

what already exists, what is already working, what ideas are out there. The variety. The 

disadvantage is then, since there are so many ideas, how do I get the right ones out or how 

do I manage to consider them all. (…) and the market therefore moves forward faster because 

the 100 companies look at what the 1000 start-ups are doing.” 

The dependency is mutual, as start-ups compete intensely for venture capital and are oftentimes 

backed by various platform companies and OEMs simultaneously (Figure 7). The technology access 

provided by start-ups in exchange of capital pushes them into technology competition against their 

very investors if they are to remain independent. Hence, prominent tech-start-ups such as the ones 

listed in Table 5 attempt to act as integrators for competitive AV technology portfolios in their own 

right, in some cases within strategic partnerships with platform companies which provide cloud-

computing infrastructure and for which robotaxi operation potentially opens up the L4 self-driving 

vehicle as a further end-device in which platform companies like Tencent, Alibaba or Baidu can 

place their internet offerings for commercialization. Data centers for latency-sensitive services like 

high-frequency map and fleet-level over the air (OTA)-updates are typically operated in close 

proximity to a local vehicle fleet, by the company operating it, while larger domestic cloud 

infrastructures are provided by platform companies for AI training and simulation.  

Figure 7: Venture capital relations of AI start-ups listed in Table 5 

 

Source: Own compilation based on web research. 
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The relationship of platform and start-up-led robotaxi services and vehicle OEMs resembles non-

exclusive partnerships for the supply of vehicles which are customized for AV functions and 

equipped with redundant control systems, frameworks for cloud connectivity and modifications for 

structural robustness. Lead firms like Baidu, Pony.ai and WeRide in particular, source vehicles from 

various manufacturers for their fleets, in some cases engaging in joint ventures or contract 

manufacturing for customized vehicles under the brand of the lead firm (examples include: WeRide 

and Jiangling Motors, Apollo Go and Geely, as well as Didi with GAC). In these arrangements, the 

sensor-suite is designed and compiled by the software companies who customize it to their 

proprietary algorithms. 

Sensor technologies and SOCs for data processing are delivered by a limited number of specialized 

technology suppliers which, including some “traditional” tier 1 automotive suppliers. These invest 

in start-up firms and enter joint ventures to develop proprietary solutions to supply lead firms with. 

LiDAR modules are mainly provided by domestic firms like Hesai and RoboSense, while traditional 

tier 1 suppliers typically supply AV-relevant hardware with camera and radar technology. China still 

strongly relies on imported semi-conductors for computing and control, where self-reliance has 

been at less than one per-cent, according to a representative of the Ministry of Industry and 

Information Technology (SCMP, 2025), even though automotive manufacturers are expected to 

increase the share of domestically sourced semi-conductors to 25 % by end of 2025 (SCMP, 2025) 

and the import of customized chipsets by Nvidia has been banned altogether as of September 2025 

(Financial Times, 2025).  

5.8. Presence and Adaptation of International Firms 

Robotaxi projects in China form an ecosystem of domestic companies and show limited 

involvement of international firms. OEMs like Toyota and Mercedes-Benz, along with tier 1 

suppliers like Bosch and Continental act as investors in start-ups, in search of accessing and 

internalizing technological competence for AV-products, but the involvement of international 

OEMs is mainly directed towards developing AVs for the private consumer rather than engaging in 

mobility services. From the perspective of established vehicle OEMs, engagement in robotaxi 

projects is of low priority. Apart from advantages in technology development and demonstration, 

it potentially jeopardizes their business model and brand, which is why no OEM is leading efforts of 

scaling up robotaxi projects beyond their initial (already limited) area of operation. Nevertheless, a 

large number of Chinese and international automotive manufacturers are in the process of 

developing AV capabilities. These include, for example, BMW, Mercedes-Benz, Nio, XPeng, 

Leapmotor, GAC or BYD. All of these OEMs attempt to develop AV capabilities in-house, typically 
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using wholly-owned subsidiaries which develop customized AI models. These are complemented 

by strategic partnerships with and investments in different types of technology providers to 

develop competitive proprietary AV architectures. 

Mercedes-Benz is currently the most visible international OEM as it recently obtained the license 

for L4 testing in Beijing. Globally, Mercedes-Benz works with Nvidia. The partnership laid the 

technological foundation for the Drive Pilot-System, in the context of which Mercedes-Benz started 

commercializing L3 autonomous driving in designated areas in Germany and the USA. They rely 

heavily on AI and semi-conductor technology from Nvidia, which is integrated into vehicles globally, 

and, at the same time, allows Nvidia to optimize and scale its AV-related portfolio for other lead 

firm clients. In China, the company collaborates with WeRide, which contributes its autonomous 

driving stack, including AI and sensors for road-testing of Mercedes vehicles. BMW has entered a 

similar relationship with Momenta to develop AI customized for China. Besides regulatory 

requirements of AI and data processing to be controlled by domestic companies, the benefit of such 

partnerships from the perspective of international firms is faster market access, as Momenta and 

WeRide possess L4 testing licenses for various Chinese cities and can leverage established 

relationships to public authorities. Volkswagen is working on the topic of autonomous driving in 

China through a strategic investment in a JV with Horizon Robotics, wherein VW contributes its 

proprietary AI, using the sensor suite and SOCs provided by Horizon Robotics, even though a public 

rollout of self-driving vehicles by VW has not yet been announced. 

Other inter-firm partnerships are more generic and incorporate the “off the shelf”-purchase of 

technology inputs by vehicle manufacturers or specialized suppliers of certain technologies. This 

can apply for specific AV-related software functions as well as semi-conductors, which feature 

varying degrees of customization as they are integrated into an AV system by the OEM. An example 

of relatively high system integration is BYD, which employs its proprietary software for the “God’s 

eye” autonomous vehicle, that is supported by elements of the DeepSeek language model, but 

employs a large number of specialized technology providers for Radar, LiDAR and Ultrasonic sensors 

as well as semi-conductors supplied by Horizon Robotics and Nvidia, which are customized for their 

models. In addition, restrictions in data collection and mapping require international OEMs to find 

licensed providers of high-definition maps, which is a limited pool of about 30 companies, including 

the larger internet companies Baidu, Tencent and Alibaba as well as start-ups like Momenta or EMG 

(a Geely-subsidiary). 
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5.9. Spatial Fragmentation and International Expansion of Chinese Robotaxi Services 

The pressure of robotaxi service operators to scale up their offering is significant, but given the high 

requirements in regulatory compliance and for supporting infrastructure, scaling up to a new 

location is tedious. Besides 5G communications infrastructure, data centers for OTA updates in 

close proximity, the operator needs licenses for level 4 testing and driving as well as offering ride-

hailing services in a given city. Conflicting objectives arise for municipalities when AV-based 

transport services jeopardize the employment of large numbers of taxi drivers. 

The application of operational L4 robotaxi services regarding the number of cities as well as their 

operating area within the city has been expanding gradually. As of 2025, China has deployed 

approximately 2000 robotaxis across more than a dozen major cities. The designated driving areas 

are typically located in the outskirts of these cities or within smaller suburbs nearby, such as 

Yinchuan in Beijing or the Jiading district in Shanghai, as illustrated in Figure 8.  

Figure 8: Designated L4 driving area and street scenes respectively in Beijing (left), Shanghai 
(center), and Guangzhou (right) 

 

Source: Own compilation based on site visits. 

These areas tend to have relatively low congestion and overall complexity of traffic situations. This 

is a result of balancing considerations of being at the forefront of implementing new technologies 

against security considerations, which are particularly sensitive in Beijing, which an interviewed 

representative of a German tier 1 supplier described as follows:  

“But especially Beijing, it's more restrictive there because other factors come into play. In 

Beijing, the political environment is such that they don’t want to take any risks. If a robotaxi 

were to crash in Beijing, it would have much wider repercussions than if it happened 

somewhere like Hangzhou or Nanjing.” (Interviewed representative of tier 1 supplier) 
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Assigning public streets as L4 autonomous driving areas is facilitated by relationships of locally 

embedded firms with municipal authorities and tends to be a matter of negotiation, wherein 

domestic firms leverage their comprehensive local presence to lobby for opening certain public 

streets for L4 projects. This is exemplified with the strong involvement of platforms and OEMs who 

usually started their rollout of robotaxis in designated areas of the city where their respective HQs 

are located.  

As a result, the geographical application of L4 robotaxis is fragmented. Several services concentrate 

in cities which have been frontrunners in gradually embedding this technology in parts of their 

public street networks, with the highest varieties of different robotaxi services being located in 

Beijing, Shanghai, Guangzhou and Shenzhen. While Baidu’s Apollo Go service currently operates 

the most vehicles in the largest number of cities, the emergence of platform effects in terms of one 

dominant player monopolizing user access cannot be observed. Alibaba could potentially play such 

a role in the future, as Amap serves as an aggregator for robotaxi services of WeRide, Pony.ai and 

AutoX.  

The picture of geographically fragmented application and place-based patterns of inter-firm 

relationships shaped by local regulatory environment and geopolitics partly replicates when 

viewing the currently ongoing international expansion of Chinese robotaxi operators. Several of 

them, listed as lead firms in Table 5, are in the process of expanding their services internationally. 

These efforts are concentrated in the Arabian Peninsula (United Arab Emirates, Qatar and Saudi 

Arabia), with some projects ongoing in Europe, while no activities within the USA are identified. 

Most of these are currently in the testing phase and have no publicly commercialized services yet, 

but patterns of inter-firm relationships and scaling of technology modules are observable: Typically, 

the Chinese firms contribute vehicles with their proprietary roof-mounted AV stack (AI and sensors) 

developed domestically, while external partners contribute apps for booking and billing, data 

processing infrastructure, and support with compliance and regulatory approvals. While the US 

market is more or less closed to Chinese AV providers, they do partner with more internationally 

established US-American platforms Uber and Lyft in third markets like Munich, Abu Dhabi and 

Dubai. 

5.10. Discussion and Conclusion 

The effects of disruptive technology change, and geopolitical intervention aimed at technological 

sovereignty are sketched out in Figure 9, which shows the spatio-organizational configuration for 

GPNs of Chinese robotaxis in an abstract schema. It illustrates the relatively dominant role of new 

lead firms (in this case: internet companies and AV-start-ups) in the operation of robotaxi fleets and 
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the development of core capabilities to the service by combining externally delivered chipsets and 

sensor suites with their proprietary AI and user-interface. It is an illustration of transitioning 

automotive GPNs (Yeung, 2023) insofar, as firms offering AV related technologies enter the network 

as new suppliers and lead firms. At the same time, the phenomenon of autonomous driving blurs 

automotive GPN boundaries not only regarding the formation of new inter-firm linkages, but also 

regarding the function of a vehicle within a GPN and the latent potential of vehicle manufacturers 

being reduced to suppliers: As illustrated in Figure 9, the incumbent actors of “traditional” 

automotive GPNs typically act as suppliers of interchangeable, relatively standardized (albeit 

complex) hardware, but also as venture-capital providers, within the realm of robotaxi GPNs. 

Technological capabilities which are critical to developing AV (mainly SOCs, LiDAR and AI) and which 

are highly relevant also for automotive companies to access and internalize, accumulate largely 

outside of their domain. 

Figure 9: GPN of Chinese robotaxi services 

 

Source: Own adaptation. 
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Along different steps of the value chain, and in particular within the domains of critical 

technologies, the AV landscape in China is dominated by domestic firms, wherein Chinese lead firms 

are currently active in exporting their domestically developed automotive stack internationally. 

Geopolitical weaponization of trade and technological dependencies effectuates gradual 

separation of Chinese and US-American inter-firm networks in important areas like semi-

conductors, AI and market access (activities of Chinese companies to the USA are relatively limited, 

but still include the export of LiDAR and vehicles).  

Autonomous vehicles are at the nexus of the automotive industry and the digital economy as their 

generation relies on large amounts of data as well as extensive hardware and infrastructures 

surrounding them. Layered technology platforms, as conceptualized by Sturgeon (2021) are one 

possible way of describing the diversity of technology inputs constituting an AV, but platform 

effects, in the form of monopolizing end-user or B2B market access are, with the exception of 

Nvidia’s remaining dominance providing SOCs, limited. The difficulties of scaling robotaxi services 

lie in their strong embeddedness in spatially proximate infrastructure, the need of adapting and 

testing developed algorithms in new environments, as well as evolving regulatory barriers. The 

application of robotaxis (or autonomous driving in general) is therefore highly fragmented and 

concentrated in large metropolitan areas, making cities a critical juncture in enabling AV functions 

at the local level. 

The main dynamics shaping the spatio-organizational configuration of a GPN can vary and need to 

be studied from a sector-specific perspective. GPN debate has put a renewed focus on the relevance 

of state-intervention and technology transitions (Gong et al., 2022; Kalvelage and Tups, 2024) and 

this article aims to contribute to the GPN-debate in two areas: First, the study argues that the 

spatio-organizational configuration of robotaxi services is shaped mainly by 1) disruptive 

technology change facing the automotive industry as it continues to merge with the digital 

economy (re-shaping the position of incumbent firms along the way) and 2) geopolitical 

interventions (aimed at reducing technological dependences) as global, external variables. 

Complementing GPN-literature with international business literature on disruptive innovation 

(Christensen, 1997; Schmidt and Druehl, 2008) helps framing the previously neglected effect of 

“disruption” that gradually unfolds as a new product or technical features emerge that re-define 

markets and GPN constellations. Second, in contrast to the GPN concept of strategic coupling (Coe 

and Yeung, 2015), which outlined categories mainly based on variations of capital-labour relations, 

we view the territorial expansion of robotaxi services from the nexus of sector and state-side 

governance of application, explicitly recognizing its multi-level nature and the critical role of local 
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agency in enabling robotaxi services, which also hinders the quick geographical scale-up and 

corresponding platform effects that could be seen in other domains of the internet economy. 

We believe our findings to be a relevant contribution to understanding the territorial and 

organizational logics of emerging production networks surrounding self-driving vehicles. However, 

going forward, this study comes with a few caveats and cannot claim to be representative neither 

of the automotive sector, nor for the mobility services sector as a whole. Further empirical 

verification, especially on the possibility for scale and platform effects would be a worthwhile 

endeavor in a stage when the sector has reached higher technological and commercial maturity. 

Combinations and recursive effects of geopolitically motivated intervention and disruptive 

technology change in other sectors would be worthy of empirical investigation, further exploring 

disruptive change as one (of various possible?) causal effects for lead firm repositioning and 

territorial shift in critical technological capabilities. GPN literature continues to offer viable entry 

points of investigation, especially when complemented by concepts from related streams like global 

value chains, disruptive innovation or digital geographies. 
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6.1. Abstract 

As the automotive industry shifts towards electrification, digitization, and user-centric business 

models, data arise as a critical production factor, while data ecosystems, in which data is shared 

across multiple actors, emerge as indispensable enablers of value creation, transparency, and 

sustainability. The paper at hand explores how collaborative, decentralized data spaces reshape 

automotive global value chains (GVCs) by employing Catena-X, a European automotive data space 

expanding into China, as a case study to analyze how data spaces, driven by regulatory complexity 

and co-opetitive industry dynamics, redefine GVCs. Drawing on semi-structured interviews with 

industry stakeholders and a theoretical framework integrating data spaces, global technological 

ecosystems (GTEs), and territoriality, this study argues that collaborative data spaces facilitate data 

sharing across regulatory and geopolitical boundaries, serving as an organizational fix through 

which automotive lead firms manage rising regulatory complexity, ensure cost-efficient 

compliance, and secure their dominant position within globalized automotive value chains. 

6.2. Introduction 

Global value chains within the automotive industry are among the most interconnected worldwide 

and are currently undergoing disruptive transformation amidst digitization and the emergence of 

electric vehicles. Conceptualized as processes of technological, regulatory, and market change 

(Yeung 2023), emerging dynamics are reshaping the organization, territorialities, and power 

relationships of automotive GVCs. As the industry is experiencing a fundamental shift from 

combustion engine to battery-powered electric engine and from “car-centric” to “user-centric” 

models (Corwin et al., 2016), data is becoming a key production factor, with data collection, sharing, 

and access creating new sources of revenue, and increasingly data-driven value chains (Sturgeon, 

2021; Yang et al., 2023; Zook and Grote, 2025). Beyond the evolution of technologies and business 

models, this article argues that regulatory change and increasing complexity (e.g. stricter 

environmental and safety regulations) are significant drivers of digitization which pressure OEMs 

to find cost-efficient global solutions across regulatory boundaries as organizational fixes (Coe and 

Yeung, 2015; Pavlínek, 2020), in our case, in the form of collaborative data spaces. 
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The organization of data exchange across firms and geopolitical borders is challenging, as national 

security regimes inhibit sharing of data that may be deemed sensitive, leading to territorial 

fragmentation of data production, enhancement, and application (Zook and Grote 2025). 

Meanwhile, inter-firm data exchange is oftentimes impeded by the occurrence of data silos. These 

are isolated data repositories that are difficult to access across teams, departments, or 

organizations, and that remain untapped due to a lack of sharing (Shahrokni and Soderberg, 2015). 

The causes for data silos are manyfold, including incompatible technologies, security and privacy 

concerns when sharing data across organizations, as well as organizational and cultural barriers that 

may impede open collaboration both within and between organizations. As a result, data use, data 

exchange, and data sovereignty, as well as collaborative data spaces are increasingly important 

within the automotive sector, where companies are simultaneously working cooperatively and 

competitively (“co-opetition”) (Gelhaar et al., 2021b; Lechowski and Krzywdzinski, 2022).  

Existing scientific publications have focused mainly on how centralized platforms produce, collect, 

store, and analyze data, and how they ultimately monetize it. While Grabher and van Tuijl (2020) 

highlight how digital platforms (e.g. Uber) and platform capitalism restructure value creation, 

governance, and labor within GVCs by moving value creation from asset ownership to the 

orchestration of access, Kenney and Zysman (2020) demonstrate that platform firms (e.g. Amazon, 

Facebook, Google) act as intermediaries, data aggregators, and leading users of artificial 

intelligence, which enables them to reshape labor markets, extract value from ecosystems (through 

control over vast data sets), and reinforce their dominance through superior data capabilities. 

Verfürth and Helwing-Hentschel (2024) analyze how digital B2B platforms leverage data to 

reconfigure GVCs in the logistics sector by acting as new intermediaries whose influence depends 

on their roles, power relations, and engagement with data assets. Their study highlights the growing 

importance of data and points out the underexplored interplay between digital and physical 

dimensions in GVC research. 

There are, however, currently very few publications addressing the role played by collaborative 

ecosystems and data sharing spaces, and their impact on GVC organization. To address this research 

gap, we employ the case of the data space Catena-X to follow one empirical and one conceptual 

research aim: First, we take an open, exploratory approach to examine the functional role of a 

collaborative, decentralized data space in automotive GVCs, the motivations driving its emergence 

and adoption, and the influence of regulations and competing interests on its development. 

Conceptually, we next examine cross-border data exchange between Europe and China and its 

implications for Sino-European industrial ties in automotive production, with a focus on 

collaborative data spaces as organizational fixes. The main research question we aim to address in 
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this paper is: How do collaborative data spaces alter existing GVCs in comparison to centralized 

platforms? 

Against this background, our research employs the example of Catena-X, a decentralized, 

collaborative data space founded in Europe and currently expanding to China, to investigate the 

integration of collaborative ecosystems for data sharing. While contrasting centralized platforms 

and the newly emerging collaborative data spaces (Gieß et al., 2025; International Data Spaces 

Association, 2019; Möller et al., 2024; Otto et al., 2023; Verfürth and Helwing-Hentschel, 2024), our 

analysis is framed around the concept of the GTE framework as a new perspective on the 

transnational inter-firm dynamics in the platform economy (Lechowski and Krzywdzinski, 2022).  

As a starting point, we outline the theoretical framework, introducing key concepts of the digital 

economy, such as collaborative data spaces, GTEs in the automotive industry, as well as the 

organizational fix in GVCs. We then explain the methodology employed and examine the 

automotive data space Catena-X as a case study relevant to both Europe and China, followed by an 

analysis linking the case findings and interview insights to the theoretical concepts. The article 

concludes by summarizing the key observations.  

6.3. Conceptual Context: Examining the Role of Data Spaces, GTEs, and Organizational 

Fixes in Automotive GVCs 

6.3.1. Collaborative Data Spaces vs. Centralized Platforms 

The digital economy favors three primary forms of inter-firm organization in value creation 

processes, shaped not only by inter-firm power dynamics, but also by the nature of specific value-

added inputs, particularly those that rely heavily on data as a production factor. Sturgeon (2021) 

identifies three strategic elements of business models in the digital economy (modularity, open 

innovation, and platforms) that influence how firms manage complexity, compete, and upgrade 

their capabilities, with data generation, transfer, storage, and processing forming the technological 

backbone of value creation in two main market domains: consumer and industrial applications. The 

digital economy promotes certain organizational forms such as modularity, with data-based value 

creation enhancing the codifiability of transactions, and enabling increasingly fine-grained 

specialization within GVCs. In contexts with simple, standardized, „market“ type of transactions, 

platforms emerge as dominant organizational forms that monopolize and commercialize user data 

in exchange for a fee or a service, reinforcing asymmetrical power dynamics. By contrast, 

collaborative, decentralized data spaces that foster open innovation hold the potential to 

redistribute value and capabilities across firms, but remain comparatively underexplored in 

literature focused on the automotive sector. 
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In this article, we employ the terms “data ecosystem” and “data space” as conceptualized by the 

Fraunhofer-Gesellschaft (International Data Spaces Association, 2019; Otto et al., 2023) and Möller 

et al. (2024). According to Möller et al. (2024) industrial data ecosystems are collaborative, inter-

organizational structures that emerge from a digital infrastructure and form around data sharing. 

They offer data providers and users a framework to exchange and (re)utilize data with the aim of 

achieving common objectives such as innovation or compliance. Within a data ecosystem, data 

spaces provide a shared digital environment where participants can exchange data in a sovereign 

manner in order to prevent data misuse or loss of control over shared data. Data spaces are centred 

around individual use cases and enable the participants to share their data in a decentralized, 

bilateral or multilateral manner, without relying on a central storage entity. Within a data space, 

users have full control over access to their shared data, thus maintaining sovereignty while 

leveraging collaborative data exchange, as the data is not stored within the data space. Data spaces 

are progressively being recognized in industry and politics at both national and international levels 

(International Data Spaces Association, 2019; Otto et al., 2023; Möller et al., 2024; Gieß et al., 2025).  

The approach of data spaces contrasts with the centralized nature of platforms. In this article we 

understand the platform economy as a wide range of economic activities facilitated by centrally 

operated digital infrastructures and services that are leveraging data, algorithms, and cloud 

computing (Kenney and Zysman, 2016; Lechowski and Krzywdzinski, 2022). Digital business-to-

business (B2B) platforms act as intermediaries by controlling data flows, monopolizing and 

monetizing data, and affecting value creation, governance, as well as the relationships between 

different actors in global supply chains, thus creating new forms of dependency and collaboration 

and shaping the organizational and spatial composition of GVCs (Verfürth and Helwing-Hentschel, 

2024). Platforms tend to enable their owners to secure monopolistic control over customers, data, 

and markets, thereby allowing them to establish dominant positions within value chains (Langley 

and Leyshon, 2017; Srnicek, 2017; Steinberg, 2021; Verfürth and Helwing-Hentschel, 2024). 

Furthermore, they are constrained by regulatory boundaries, e.g. within GVCs which span over the 

USA, Europe, and China, wherein China strongly restricts foreign platform companies to operate 

within its jurisdiction (Voss, 2023; Xie et al. 2023; Zheng, 2021). In the context of the digital 

economy and the automotive industry, Lechowski and Krzywdzinski (2022) define a framework 

centered on the concept of the Industrial Internet of Things (IIoT) in which they highlight the 

opposing flows of data sharing and decision-making, conceptualizing these as constitutive elements 

of a platform. This process of platformization (Verfürth and Helwing-Hentschel, 2024) raises 

concerns due to its inherently monopolistic structure and the resulting disproportionate 

concentration of power. Consequently, various actors may resist platformization for strategic 
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reasons, including the need to maintain independence, retain control over data ownership, and 

safeguard data sovereignty.  

Table 6: Comparison of platforms and collaborative data spaces 

 Platform Collaborative Data Space 

Governance Centralized in the platform 
owner (usually a single entity) 

Decentralized, distributed 
among various participants 
(consortium/association-led) 

Data Sovereignty Centralized, the platform owner 
controls terms and data access 

Participants retain control and 
sovereignty over their data 

Interoperability Limited by proprietary 
Application Programming 
Interfaces (APIs) or lock-ins 

Open standards, plug-and-play 
interoperability 

Regulation and Trust The platform owner sets the 
rules and proprietary standards, 
trust depends on the central 
provider 

Collaborative aspect, driven by 
shared standards 

 

Innovation and Value Creation Mainly led by the platform 
owner, via network effects and 
scalability  

Co-innovation and co-creation 
across participants, via network 
effects of shared data, services, 
and costs (synergistic purpose 
beyond mere transactions) 

Monetization Monopolization, 
commercialization, and 
monetization of data by the 
platform 

No monopolization, 
commercialization, and 
monetization of data by the 
data space 

Examples Amazon, Google, Microsoft, SAP 
Business Network, Alibaba 

 

iGreenPort, SM4RTENANCE, 
Mobility Data Space, Energy 
Data Space (EnDaSpace), 
Catena-X 

Source: Own compilation based on Duisberg (2022), Gieß et al. (2025), International Data Spaces 
Association (2019), International Data Spaces Association (2024), Möller et al. (2024), Nagel and 
Lycklama (2022), Otto et al. (2023), Tardieu (2022), and Verfürth and Helwing-Hentschel (2024). 

As illustrated in Table 6, instead of relying on a centralized platform to coordinate data exchange 

as a service and risk the emergence of a monopoly, collaborative data spaces are decentralized, 

distributing governance among multiple participants (typically organized in a consortium). They are 

built on commonly accepted technology and data standards, jointly agreed by European, Chinese, 

and other actors, thereby enabling voluntary data exchange. Grounded in trust, open standards, 

and interoperability, and driven by collaboration (rather than by the proprietary rules and 
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standards imposed by platform owners), data spaces facilitate co-innovation and co-creation 

through shared data, services, and costs. Unlike platforms that prioritize the monopolization and 

monetization of data, data spaces pursue more balanced, mutually beneficial goals. 

6.3.2. GTEs and the Aspect of Territoriality 

Recognizing that industrial platform ecosystems had received little attention in the context of 

digitization, value creation, and the automotive industry, Lechowski and Krzywdzinski (2022) 

introduced the concept of GTE to better illustrate the dynamics of the transnational platform 

economy. Building conceptually on GVCs (Gereffi et al., 2005), this framework emphasizes the role 

played by global-scale digital infrastructures, along with the active involvement of non-firm actors 

in shaping platform governance. Unlike linear supply-chain perspectives that consider technology 

a product of isolated companies, the GTE approach views large-scale digital infrastructures and 

platforms (e.g. IIoT) as complex, interconnected networks that are not confined to national borders. 

This concept highlights the complex interplay between various actors, both firms (e.g. multi-

technology conglomerates, manufacturing-technology specialists, car manufacturers, and 

enterprise IT firms) and non-firm stakeholders (e.g. public authorities and socio-political actors like 

policymakers, regulatory bodies, and standard-setting organizations) that shape innovation, 

economic activity, transnational collaborations, and competitive dynamics on a global scale.  

With standardization and interoperability as key prerequisites for successful GTEs, ecosystem 

governance is embedded in regulatory and institutional frameworks defined by both government 

and industry actors. In addition, the positioning of firms in the GTE impacts their ability to leverage 

technological capabilities and secure leadership roles. Consequently, power becomes a central 

element in GTE analysis, as firms with greater technological resources or market shares may shape 

ecosystem governance to their advantage. This gives rise to dynamics of “co-opetition,” with firms 

simultaneously collaborating and competing, while seeking to maintain or enhance their 

competitive positions and strengthen their control over key platform technologies (Gelhaar et al., 

2021b; Lechowski and Krzywdzinski, 2022). 

In the IIoT context, these dynamics are especially evident as global cloud platform providers (e.g. 

Amazon, Microsoft) tend to dominate the infrastructural layers which serve as the backbone for 

IIoT platforms (cloud infrastructures, backend services, and data management), whereas traditional 

industrial firms (multi-tech conglomerates, manufacturing-tech firms, enterprise IT firms, and car 

manufacturers) build frontend applications on top of this infrastructure. The reliance on foreign 

cloud architecture thus leads to technological dependency and national security concerns. Yet 

many European companies continue partnerships with these providers due to significant economic 

gains. As a strategic response to the dominance of foreign cloud-industry firms that operate 
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through centralized platforms, government-backed initiatives such as International Data Spaces 

(IDS) seek to rebalance control, safeguard data sovereignty, and provide alternatives to the 

proprietary infrastructures offered by large technology providers (International Data Spaces 

Association, 2019). Accordingly, Gaia-X (a project initiated in 2019 by the German and French 

Ministers of Economy aimed at creating a secure, interoperable data infrastructure for Europe) 

functions as an intermediary software layer beneath the application frontend of the IIoT stack, with 

the goal to regulate access to commercial cloud services through its own interface, governance 

rules, and data marketplace (Tardieu, 2022; Lechowski and Krzywdzinski, 2022).  

Building on Lechowski and Krzywdzinski’s (2022) concept of open standards, interoperability, and 

data sovereignty, we argue that collaborative data spaces such as Catena-X (which is based on the 

architecture of Gaia-X) are better suited as an organizational fix for lead firms than centralized 

platform services. In this context, while the digital economy is geographically fragmented across 

geopolitical boundaries, digital technologies and infrastructures such as data spaces remain 

territorially grounded, anchored in specific geographic locations and shaped, among others, by 

regional and national political and regulatory contexts (Zook and Grote, 2025). By applying the GTE 

framework and the aspect of territoriality to collaborative data spaces we aim to advance the 

theoretical understanding of data spaces in automotive GVCs and show that Catena-X as a 

collaborative data space is an organizational fix for OEMs to cope with complex regulations and 

shifting GVCs. 

6.3.3. Inter-Firm Organization and Organizational Fix in GVCs 

In this article, we argue that inter-firm and cross-boundary data exchange through collaborative 

ecosystems and the data spaces within them, represents an organizational fix of automotive lead 

firms to address increasing regulatory complexity and identify new business models, while retaining 

(or expanding) their relative position of power. Organizational fix refers to the restructuring of 

organizational forms and practices that address challenges in data-based production. The concept 

is closely related to, but distinct from, the spatial fix (Harvey, 2001) which focuses on the relocation 

of capital to new geographies (e.g. production in low-wage countries driven by cost pressure) as a 

response to crises. The organizational fix, relating to a re-organization of value creation and global 

production, may involve altering the way organizations operate across different geographical scales 

(local, national, global), creating new organizational structures, integrating or outsourcing certain 

activities or adopting new modes of coordination to better align with changing economic, social, or 

spatial conditions. It involves implementing flexible, efficiency-driven strategies, focusing less on 

geography and more on business models and organizational designs that could enhance 

competitiveness (Coe and Yeung, 2015; Pavlínek, 2020).  
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Furthermore, as outlined above, technological and regulatory developments necessitate the 

seamless exchange of data across organizational boundaries and throughout globally distributed 

value chains. However, for such data exchange to be viable, it must be structured in a way that 

ensures trust and does not pose security risks to participating organizations or countries. This 

requirement rules out centralized platforms as an effective organizational mode. Instead, we 

employ the concept of “open innovation” (the open availability of operating systems, code, and 

other software that can be built upon in a collaborative manner, with organizations thus leveraging 

communal or third-party inputs to innovate and adapt dynamically) (Chesbrough, 2003; Bogers et 

al., 2017; Bertello et al., 2024; Sturgeon, 2021) as a mode of organization that may seem atypical in 

an industry which tends to be characterized by strongly hierarchical organization and power 

asymmetries (Pavlínek, 2018; Schwabe, 2020; Yeung, 2024). Open innovation can be observed 

within our case study as one form of organizational fix decentralizing innovation across spatially 

distributed actors, employed to adapt to increased complexity of technology, the need for constant 

innovation, and increasing regulatory requirements, as OEMs are searching for ways to adapt to 

territorial regulations. 

Drawing on the frameworks presented here, in the following sections we will describe the 

methodology employed and illustrate the empirical case of Catena-X, its emergence in Europe and 

China, as well as its role within GTEs, focusing on the aspect of territoriality. 

6.4. Methodology  

In order to explore how newly emerging collaborative ecosystems for data sharing are integrated 

into GVCs in contrast with centralized platforms, the main research method of this explorative study 

consists of semi-structured qualitative expert interviews with representatives of companies and 

organizations involved in or engaging with Catena-X. In total, 18 interviews were conducted, out of 

which 9 were in-depth interviews of 30 to 60 minutes. They included interview partners from 

industry associations (e.g. Fraunhofer Institute for Software, Systems Engineering ISST, German 

Society for International Cooperation GIZ), Catena-X service providers (e.g. SupplyOn, Cofinity-X), 

automotive OEMs (e.g. Catena-X members BMW, Audi, Mercedes-Benz), suppliers (e.g. BASF), 

consulting firms (e.g. ahc), and employees from the operational office of the automotive network 

Catena-X. Interviewees were selected based on their knowledge of and involvement in Catena-X. 

Through online research potential interview partners were identified on websites related to 

collaborative data spaces (and Catena-X in particular), as well as on career and networking 

platforms (e.g. LinkedIn). 
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Most interviews were conducted online via video calls which were recorded with the consent of 

the interview partners and subsequently transcribed using transcription software and a manual 

proofreading. The transcripts were analyzed manually by employing a thematic approach. Through 

the close reading of transcripts, patterns and themes were identified based on recurring 

information. Some interviews were conducted at industry events and trade fairs with the 

information collected recorded in form of written notes. 

The data collected in the interviews was complemented by information available in grey literature, 

e.g. reports from consultancies, policy documents, media reports, and company press releases, as 

well as by industry events and trade fair visits. Online and offline events on the topics of data and 

the automotive industry included the 9th Guangzhou Annual Investment Conference, Catena-X 

Automotive Network Roundtable Shanghai, 15th GIO (Global Industry Organizations) Roundtable, 

Data Spaces Symposium 2025, Automotive Masterminds, and the Hannover Messe. 

6.5. Empirical Case: Collaborative Data Sharing Across Regulatory and Organizational 

Boundaries as an Organizational Fix by Automotive Lead Firms 

6.5.1. Evolution of Catena-X as an Organizational Fix 

6.5.1.1. Catena-X in Europe 

The initiative Catena-X can be conceptualized as a collaborative, decentralized global industry data 

space along the automotive value chain based on a commonly shared paradigm of data 

management that ensures interoperability while allowing users to retain control over their own 

data. The practical implementation takes place within the Catena-X data space in which a variety of 

actors participates. Via dedicated connectors, the members of the data space share data related to 

a specific use case ranging from quality control of a particular component to tracking of CO2 

emissions along the value chain (Catena-X, 2025e; Catena-X, 2025f).  

Catena-X was established in 2020 with the goal to enable companies (e.g. manufacturers, small and 

medium-sized suppliers, recycling businesses) to benefit from the advantages of data-based 

management and contribute to overcoming the lost opportunities associated with omnipresent 

data silos (Catena-X, 2025a). As of July 2025 Catena-X had 193 members, among others founding 

members such as BMW, Mercedes-Benz, Volkswagen, BASF, T-Systems, Bosch, Siemens, ZF 

Friedrichshafen, and SAP, whereas Huawei and CATL stand out as the largest Chinese companies 

(Catena-X, 2025c). The current Catena-X membership list includes predominantly German 

companies, with most being IT and consulting service providers. These service firms are unlikely to 

participate directly in the Catena-X data space but they are rather aiming to develop and offer 
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Catena-X-compatible solutions to suppliers. The data space was initially funded by the German 

Federal Ministry for Economic Affairs and Climate Action (BMWK) and stands under European law 

regarding data protection and data sovereignty (Catena-X, 2025a; Fraunhofer ISST, 2024).  

Catena-X is unique in being a joint initiative directly founded by multiple automotive OEMs with the 

goal of creating a shared data space specifically for supply chain optimization and sustainability 

within the automotive industry. Unlike platforms that monopolize and commercialize user data, 

Catena-X does not operate its own storage or cloud infrastructure for transferring and processing 

user data. Instead, it relies on common standards for data formatting, collection methods, and 

technical interfaces to ensure interoperability between organizations. Following the initial 

investment from the German Federal Ministry for Economic Affairs and Climate Action (BMWK), at 

the moment, the data space is financed through member and EDC (Eclipse Dataspace Connector) 

fees (the fees that are paid for the data space connector), as explained by an employee of Catena-

X. At the same time, Cofinity-X as the operator and onboarding service provider of the Catena-X 

data space, charges a registration fee, as well as fees for individual use cases they are providing to 

the members, while application providers such as SAP or BASF charge for the software solutions 

they are offering within the data space (Cofinity-X, 2024).  

Compliance with increasingly complex EU regulations on supply chain transparency, as depicted in 

Table 7, can be seen as the key factors behind the establishment of Catena-X, as the data space is 

driven by the need to efficiently meet intricate regulatory requirements that call for vertical 

information sharing across the value chain, spanning multiple locations and organizations.  
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Table 7: Main regulations for which Catena-X is offering solutions 

Regulation Purpose Effective as of 

Circular Economy Action Plan Regulations regarding the EU’s transition from a 
linear economy to a circular sustainable model. 

11 March 2020 

German Supply Chain Act Companies in Germany need to ensure respect for 
human rights and environmental standards 
throughout their global supply chains. 

1 January 2023 

Critical Raw Materials Act 
(CRM Act) 

Act aiming to make the EU’s supply of critical raw 
materials more sustainable. 

23 May 2024 

Corporate Sustainability Due 
Diligence Directive (CS3D) 

Requires companies to identify, prevent, and 
address adverse human rights and environmental 
impacts throughout their value chains. 

25 July 2024 

European Battery Passport Requires manufacturers of EV batteries to declare 
the carbon footprint of each battery model 
throughout the product’s entire life cycle.  

1 February 2027 

Digital Product Passport (DPP) Next to batteries (European Battery Passport) 
further product categories will be added 
progressively in the upcoming years. 

2026 to 2030 

Source: Own compilation based on acatech (2025), EUR-Lex (2020a), EUR-Lex (2020b), EUR-Lex 
(2023), EUR-Lex (2024a), EUR-Lex (2024b), EUR-Lex (2024c), and Federal Ministry of Labour and 
Social Affairs (2023). 

As stated by one of our interview partners, a consultant for an OEM that is a member of Catena-X, 

regulatory compliance is currently the main application area for Catena-X:  

“We now have many laws coming out in the EU that will affect us in the future. This was one 

of the initial reasons why Catena-X was started. Because it was said that as a company, we 

would never be able to collect all of our PCF [Product Carbon Footprint] values alone without 

some kind of standardized data exchange that applies to every part and every vehicle. […] All 

companies that do not have this will have to cease business operations, in the worst-case 

scenario, if they cannot disclose [the information].”  

An employee from an OEM member of Catena-X added: 

“Our main use case in the first years of Catena-X was the topic of CO2 footprint in the supply 

chain. That means which suppliers have which CO2 footprint. And that is practically the entire 

supply chain down to Tier 5 or the raw material supplier. […] That is why the origins and the 

founding members are all very Germany and Europe-focused. […] The whole thing has a 

certain regulatory and bureaucratic background. Let me put it this way: The authorities' 
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desire to collect data has increased massively in recent years and companies have to report 

more and more at ever shorter intervals. The idea is to organize this as efficiently as possible 

and that is exactly what Catena-X is trying to do.”  

Within this context, the most prominent Catena-X use case cited by many interviewees is the 

Battery Passport. The Battery Passport requires companies to document the origin of all materials, 

resource consumption, CO2 footprint, and other relevant attributes for each battery cell, 

amounting to around 100 data points that must be shared throughout the value chain from the 

mining up to the recycling process (with around 50 percent of data points reflecting primary data 

including sensitive and verified information) (Watson et al., 2023; Finberg, 2024). This Product 

Passport is designed to track and monitor product attributes throughout business processes in a 

sustainable economy, with the product specifications not only encompassing manufacturer details 

and technical information, but also information on carbon and energy footprints, chemical and 

mineral usage, and compliance with labor standards. It serves as the foundation for both approving 

a product’s entry into the manufacturing process and managing the product itself by outlining its 

capabilities (Watson et al., 2023). The Digital Product Passport regulation is set to come fully into 

effect in 2027, making it highly relevant for all companies that aim to be present in the European 

market. 

Driven by EU regulations aiming at all segments of the value chains as well as unexpected 

bottlenecks of critical supply (e.g. the semiconductor supply during Covid-19) (Federal Ministry of 

Labour and Social Affairs, 2023; acatech, 2025), a goal of Catena-X is to unlock data silos across 

organizations, integrate data that has previously existed in isolation within companies, as well as 

activate innovation and efficiency potentials (Köllner, 2024). Initially established specifically for the 

automotive industry, but now extending into multiple other sectors, Catena-X seeks to create a 

trusted space for data sharing that can be applied across organizations, vertical layers of the value 

chain and regulatory environments across borders, including diverse entities in regions such as the 

EU and China without causing concerns over data security or sovereignty. Therefore, Catena-X is 

also relevant for companies outside of Europe that are currently operating in or planning to enter 

the European market. 

6.5.1.2. Catena-X in China 

As a European solution created for international collaboration, one of the challenges for Catena-X 

is to adapt a concept originally developed in Germany and to ensure its applicability in other 

countries. This can observed in the case of China, where participation in Catena-X is still at an early 

stage. China maintains strict control on the collection and transfer of data by foreign entities as by 

the national data security law (NPC 2021), thus effectively excluding non-Chinese data space 
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providers. The stringent regulation presents a challenge for Catena-X, as Chinese-registered firms 

are also generally prohibited from transferring data abroad (Voss, 2023; Xie et al. 2023; Zheng, 

2021). Thus, an additional layer of negotiation is required with Chinese companies participating in 

a data-sharing ecosystem developed by non-Chinese entities, typically needing at least implicit 

approval from government authorities (Bian, 2023; Cong, 2025). Nonetheless, because Catena-X 

focuses on establishing common standards rather than centralizing or monopolizing data, it offers 

a more flexible foundation for cooperation than centralized platforms.  

Within this context, Catena-X has established a presence in China and has entered into dialogue 

with the China Association of Automotive Manufacturers (CAAM) through a memorandum of 

understanding (MOU) as well as with the National Data Administration (NDA), the China Academy 

of Information and Communications Technology (CAICT), the Ministry of Industry and Information 

Technology (MIIT), and Tongji University through Letters of Intent (LoI) with the aim to develop 

common industry standards and interoperability of data spaces between Europe and China 

(Catena-X, 2025d).  

Similar to the “European strategy for data” (EUR-Lex, 2020a) and the development of data spaces 

in Europe, in China, the National Data Administration (NDA), an organization inaugurated in 

October 2023, released its “Action Plan for the Development of Trusted Data Space (2024-2028)” 

in November 2024, aiming to establish more than “100 trusted data spaces” by 2028. China already 

recognized data as a production factor in 2020, when policymakers identified data as a “plentiful 

yet underutilized resource” and started promoting the open sharing of data and the standardization 

of data collection (Xinhua News Agency, 2020; Liu, 2025). A “trusted” data space is understood as 

a secure infrastructure based on rules and standards which enables efficient data circulation and 

utilization, linking participants such as data owners, providers, users, and developers (National Data 

Administration 国家数据局, 2024). The designation chosen in China for trusted data spaces reflects 

the importance of trust as a key prerequisite for inter-organizational data sharing, as organizations 

are hesitant to share data, fearing a loss of knowledge, control, and competitive advantage (Gelhaar 

et al., 2021a). The China Academy of Information and Communications Technology (CAICT) plays a 

central role in the initiative by implementing the “Trusted Data Circulation” evaluation and testing 

system that certifies products and services according to national standards for secure and efficient 

data sharing. Through multiple specialized evaluations and tests (e.g. product information and 

inspection reviews, expert questioning, panel deliberation), the system provides guidance for 

product development, thereby fostering industry-wide adoption of trusted data spaces (Asialnfo, 

2025). In July 2025, Catena-X signed a tripartite Letter of Intent (LoI) with Sungent Digital 

Technology and the Industrial Internet and IoT Research Institute of CAICT (China Academy of 
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Information and Communications Technology) with the goal to enable compliant and efficient 

cross-border data sharing aligned with both EU and Chinese digital strategies and to establish cross-

border data spaces based on the Catena-X architecture, with shared standards and regulatory 

compatibility (Catena-X, 2025b). 

Following the Chinese “100 Trusted Data Spaces” strategy, the goal of Catena-X in China is to co-

create an international trusted data space to drive digitization, sustainability, and resilience across 

the global automotive value chain, as well as pave the way for standardized, secure, and 

interoperable data exchange between Europe and China (Catena-X, 2025d).  

However, some experts interviewed for this paper believe that, for the moment, Chinese OEMs are 

rather reluctant to join the Catena-X data space due to the currently ongoing consolidation. As one 

China-based interview partner from a digital supply chain management system explained:  

“There is severe competition between the Chinese EV OEMs. Every OEM is struggling to be 

the best and survive the competition. The market will probably consolidate within the next 3 

to 5 years which will cause many OEMs to disappear. Because of this competition and the 

focus on surviving, many Chinese OEMs are not concerned with efficiency and transparency 

at the moment. They do not know if they will still be on the market in a few years.” 

In addition, political endorsement plays a crucial role in China. As one interview partner explained, 

“a big challenge for us [Catena-X] is that in China the free economy is very closely linked to politics. 

And when you talk to private companies, such as NIO, BYD, which are not state-owned companies, 

they always say ‘we have to see what the government says, what the government's plans are’. And 

the government in turn says ‘we have to see what our companies want’.” 

These are some of the reasons why, for now, the use cases that are mostly being promoted in China 

are based on European regulations. Catena-X is currently trying to establish itself in China against 

the background of the data exchange between China and Europe which is influenced by regulations, 

data control, and data security. European regulations (e.g. Digital Battery Passport, German Supply 

Chain Act) have strong implications for Chinese OEMs attempting to export to Europe, as they must 

comply with legal requirements just like European OEMs. As a research organization representative 

involved in Catena-X explained: 

“We made the strategic decision that two use cases which we would like to particularly 

promote in China, are based on European regulations. Firstly, there are regulations that 

require the carbon footprint to be reported, i.e. how much CO2 is generated during the 

production of a car. The second use case relates to the Battery Passport regulations. These 

regulations, that you have to report a digital product passport for the battery to the European 

Commission […], as well as how much CO2 is produced, are currently only valid in Europe.” 
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Therefore, if regulations such as the Battery Passport are implemented as planned, Catena-X is 

likely to become increasingly relevant for Chinese companies aiming to sell products in the 

European market, as they will need to comply with local regulations, standards, and product 

requirements. As such, most Chinese OEMs do not seem to see the need for participating in Catena-

X until they are starting to expand into the European market.  

At the same time, European OEMs and tier 1 suppliers are reliant on data from their Chinese 

suppliers in order to be able to report across the supply chain. As a result, Chinese suppliers are 

contractually compelled by European OEMs to participate in Catena-X. As one of our interviewees 

from an OEM that is a member of Catena-X explained, (Chinese) suppliers are currently participating 

in Catena-X primarily due to pressure from OEMs: “In addition to the organizational structure […], 

we also do this by contractually motivating the companies, i.e. our suppliers, to participate. You 

see, they practically have it spelled out in the supplier contract that they should please participate 

[in the data space].”  

6.5.2. Reproducing Power Asymmetries Through Catena-X  

The GTE framework emphasizes the interdependence of actors within a data ecosystem where 

technological innovation and data flows are central to value creation. Catena-X exemplifies this by 

serving as a layer for secure, standardized data exchange, while maintaining a decentralized 

governance structure that, in principle, allows for distributed control and co-evolution of 

technology, as well as for data sovereignty among participants. Thus, with standardization and 

interoperability at its core, the data space aims to establish new forms of inter-firm relationships.  

However, with power playing a key role within Lechowski and Krzywdzinski’s (2022) GTE 

framework, companies with greater technological capabilities or larger market share often have 

more influence over the data ecosystem’s evolution and governance. In the case of Catena-X, lead 

firms (e.g., BMW, Mercedes-Benz, Volkswagen) as the founding members are shaping the data 

space’s governance, standards, and technological development and have the highest level of 

control over technology and data flows which enable them to dictate terms and set the direction 

of the data space due to their dominant position in the automotive industry and within Catena-X. 

Interdependencies in power dynamics among actors are reflected in the way lead firms distribute 

the costs associated with complying with new EU regulations, as Catena-X illustrates the necessity 

for competing OEMs to work together in a common digital data space in order to standardize data 

exchange and lower long-term expenses. An expert from an OEM that is a member of Catena-X 

explained: 

“We once conducted analyses that showed that by 2030, OEMs and the major tier 1 

manufacturers will have to track over a billion data points, due to regulatory requirements. 
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And you have to understand that the Battery Passport collects approximately 100 data points 

or data attributes over the lifecycle of a battery. When we're talking about a billion, that's 

obviously a multiple, and it has to be managed. The data has to be collected, the data has to 

be processed, and accordingly, it has to be released and it also has to be accessible.”  

As an advisor for value creation in data spaces added “the costs of complying with the regulations 

are enormous, [so] no one can cover them on their own.” Therefore, in the short term, participation 

in Catena-X involves significant investments (e.g. fees, onboarding, required technologies, data 

standardization). As a research organization representative pointed out, “this is of course easier to 

implement in larger companies because they simply have the IT structure or a larger workforce.” 

Suppliers on the other hand, are more dependent on the lead firms and the ecosystem's 

infrastructure.  

While in the future, smaller firms within the data space should be able to leverage the data 

exchange and technological resources to enhance their position and innovate, in this initial phase, 

OEMs are attempting to consolidate their power position in the value chain through Catena-X, as 

an external consultant for the data space emphasized: 

“One of the reasons why Catena-X was started, in addition to the legal requirements that we 

will be faced with, was to avoid, or at least reduce, lock-in effects. A lock-in effect always 

exists when I am dependent on a supplier who supplies me with a part and then says they 

cannot deliver it. And I believe that with Catena-X and the transparency of the individual 

supply chains, we can make a big contribution to improving this. We […] have alternative 

suppliers, […] we can perhaps also say that we have a better negotiating position because we 

no longer have to rely so much on only getting supplies from suppliers A, B and C, but there 

may also be D, E and F.” 

Smaller firms are therefore contractually pressured by OEMs and tier 1 suppliers into participating 

in Catena-X. As an interview partner explained: “If you rely solely on voluntary participation, no one 

will do it. So, as an OEM, you have to demand it. And I mean, we have to do it because we have to 

calculate the total CO2 footprint. This determines what penalties we might have to pay, and for 

that, we need transparency. And so we started to formalize it contractually.” However, even 

without contractual obligations requiring suppliers to join Catena-X, suppliers might feel compelled 

to participate because OEMs already prioritize working only with Catena-X compliant suppliers, as 

noted by an interviewee from a Catena-X service provider. In the long term, innovation occurring 

in the technologically co-evolving ecosystem where firms not only compete, but also collaborate 

and innovate together (open innovation) might even foster further dependency on Catena-X 

participation, if for instance, a specific carbon footprint tracking approach becomes dominant and 
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can only be implemented within the Catena-X framework. As a result, while they do have the 

potential to co-create and take over new steps within the supply chain, small suppliers are still 

reliant on lead firms. For many small businesses it remains unclear how data models could create 

added value and what the innovation processes stemming from Catena-X might entail (Ketterer, 

2024). 

6.6. Discussion 

The Catena-X automotive data space can be viewed as part of a GTE, as conceptualized by 

Lechowski and Krzywdzinski (2022), since it entails a networked, meta-organizational structure that 

integrates multiple, globally dispersed firms contributing to a shared technical system. The GTE is 

governed by shared standards, rules and non-firm actors (e.g. regulatory bodies) and facilitates the 

exchange of data, knowledge, and technological capabilities among multiple participants (e.g. 

automotive OEMs, suppliers, technology providers). With Gaia-X delivering the underlying broad, 

cross-sectoral infrastructure and standards that enable interoperability and data sovereignty, the 

Catena-X automotive data space serves as a sector-specific application layer for data sharing that 

is positioned on top of Gaia-X and practically implements its principles, see Figure 10. Driven by 

regulatory pressure from the EU, automotive lead firms are in need of an organizational fix in order 

to manage the rising regulatory complexity and ensure cost-efficient compliance, specifically across 

geopolitical boundaries. Catena-X as a newly emerging data space with open standards and 

interoperability is not limited to industry boundaries, but extends over national borders and can 

thus facilitate secure data exchange and compliance while connecting IIoTs on different continents. 

Figure 10: Catena-X as an organizational fix amidst regulatory pressure, connecting IIoTs at 
different geopolitical domains 

 

Source: Own illustration based on Lechowski and Krzywdzinski (2022) and interviews. 
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The empirical case of Catena-X demonstrates that the organization of digital economies is shaped 

by sector-specific dynamics and their spatio-organizational legacy configurations. In the case of the 

automotive industry, these are traditionally hierarchical and globally interconnected inter-firm 

relationships (Pavlínek, 2018; Schwabe, 2020; Yeung, 2024) which meet increasingly strict and 

complex regulatory pressures (Yeung, 2022) that necessitate an organizational fix. While the data 

space promotes collaboration, lead firms play a central role in shaping the governance standards 

and technological trajectory of Catena-X by mobilizing resources such as capital, expertise, 

manpower, and infrastructure, and setting technical standards as well as data sharing 

requirements. For example, lead firms define specifications for data interoperability, thus 

influencing supplier compliance to access the data space, while tier 1 suppliers leverage their 

technical expertise (e.g. niche software solutions) to strengthen their negotiating position.  

Therefore, we draw the conclusion that prompted by EU requirements, in this early stage of Catena-

X the data space is repurposed as an organizational fix (a strategic reorganization) for OEMs to 

reduce compliance costs resulting from regulatory change and maintain their dominant position 

within the automotive value chain. By exercising indirect power that stems from their leading role 

in GVCs, OEMs reproduce traditional, existing inter-firm power relations within the context of 

Catena-X. The key challenges faced by OEMs in automotive GVCs (e.g. increasing complexity and 

geographical dispersion of supply chains, digitization and data silos, sustainability and regulatory 

compliance) require a new organizational structure which is implemented through Catena-X as a 

shared digital infrastructure to solve coordination, data sharing, and transparency obstacles, while 

enabling OEMs to reassert control and agility in increasingly volatile and complex environments. 

In theory, Catena-X’s emphasis on decentralized governance mitigates extreme asymmetry, 

fostering more balanced relationships compared to traditionally hierarchical GVCs (Pavlínek, 2018; 

Schwabe, 2020; Yeung, 2024). However, it can still be observed that traditional power relations 

prevail through a “trickling down” of power: While the decentralized, collaborative data space 

Catena-X itself is not legally obliging firms to join, the participation is only voluntary for specific 

firms to a certain extent, as in reality the usual power structures in the automotive industry are still 

present. At least in this initial stage, it can be observed that the data space demonstrates the 

exercise of power and not yet collaboration in the true sense.  

Conceptualizing Catena-X as part of a GTE in the sense of Lechowski and Krzywdzinski (2022) 

enables us to illustrate how lead firms link various actors (e.g. OEMs, suppliers, service providers) 

in a collaboratively built infrastructure (with data standards, interoperability protocols, and 

governance mechanisms) in order to secure their leadership role and comply with regulatory 

pressure. Characterized by component modularization, transnational competitive and collaborative 
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dynamics, technological interdependencies between actors, as well as the battle for control over 

‘bottleneck’ technologies, the GTE (and therefore the data space Catena-X) is shaped by the 

external regulatory influence of public authorities and socio-political actors (e.g. German Supply 

Chain Act, Critical Raw Materials Act, European Battery Passport). Consequently, a decentralized, 

collaborative data space which is based on standardization, interoperability, and open standards 

such as Catena-X is better suited for an organizational fix than a solution using a centralized 

platform that controls terms and data access, is limited by proprietary APIs, and monopolizes, 

commercializes, and monetizes data, as was depicted in Table 7.  

The reasons why the organizational fix takes the form of a collaborative data space (e.g. Catena-X) 

as opposed to a platform are manyfold:  

Firstly, as we have elaborated in this paper, B2B platforms are typically governed by a single entity 

that exerts disproportionate control, thus threatening the influence of automotive OEMs. As OEMs 

are attempting to retain as much control as possible over they data, they prefer using a 

decentralized governance structure such as Catena-X in order to mitigate risks and ensure that 

power remains balanced, as no single participant can monopolize and control the data exchange 

processes (Kari et al., 2025; Catena-X, 2025f).  

Secondly, decentralized, collaborative data spaces advocate for sovereign data exchange which 

plays a crucial role for cross-border collaborations where varied regulatory frameworks and 

environments necessitate a model that respects national data sovereignty and regulations.  

Thirdly, open standards and interoperable solutions ensure seamless data exchange across 

different geographies, systems, and regulatory contexts without the constraints of a proprietary 

platform ecosystem. For this purpose, Catena-X creates distinct, but linked, interoperable data 

spaces that respect territorial regulatory boundaries, thus enabling cross-border data exchange. 

This approach contrasts with centralized global platforms that struggle to navigate complex 

regulatory landscapes across jurisdictions and implement the same exchange globally (particularly 

between the EU and China).  

As a result, with data exchange across several continents only possible under the condition of data 

sovereignty, the form of a data space with open standards is the most adequate solution for 

organizing data exchange across political borders for a sector as global as the automotive industry. 

Thus, the adoption of a collaborative data space is a strategic decision aimed at balancing power 

dynamics among OEMs and other GVC participants, as well as navigating the complex regulatory 

environments present in cross-border data exchange. 



99 
 

6.7. Conclusion  

As the role of collaborative ecosystems and data spaces in reshaping the organizational and spatial 

structure of global automotive value chains remains underexplored both conceptually and 

empirically, our paper aimed to analyze the emergence of Catena-X as a novel decentralized, 

collaborative data space and part of a GTE based on standardization, interoperability, and open 

innovation within the automotive sector. While it is still difficult to assume that Catena-X is changing 

the way production is organized in GVCs, due to the initial phase of the data space that still needs 

to reach critical mass, the findings of this article nevertheless reveal that some of the underlying 

motivations and power dynamics within the Catena-X data space are shaping the digital automotive 

industry.  

Our aim with this article was to expand the existing GTE framework of Lechowski and Krzywdzinski 

(2022), combine it with the concept of territoriality and thus develop a new framework for analyzing 

emerging decentralized, collaborative data spaces that extend over geographical regions and that 

enable a more efficient data sharing across borders as opposed to centralized, monopolistic 

platforms. The current paper addresses the topic of cross-border data exchange, in particular 

between Europe and China, and the implications for Sino-European industrial ties in automotive 

production. Although concrete shifts in production patterns in China cannot yet be validated 

through the study conducted at this early stage of the data space, the planned integration of 

Catena-X into the Chinese “100 Trusted Data Spaces” initiative highlights the potential of a 

collaborative data space focused on establishing shared standards to foster cross-border 

collaboration between European and Chinese entities without centralizing or monopolizing data.  

Driven by the interplay of technological change and regulatory complexity we argue that Catena-X 

is emerging as an organizational fix for OEMs that need to develop a cost-efficient way of complying 

with regulatory pressures, thus replicating existing asymmetrical inter-firm power relations typical 

for traditional automotive value chains (particularly between large OEMs and small- and medium-

sized suppliers). Our contribution to existing literature consists of the comparison of platforms and 

collaborative data spaces and their eligibility as solutions for cross-border data exchange, 

regulatory compliance, and organizational fixes. 

Despite the challenges presented in this paper, Catena-X has the potential to transform inter-firm 

relations in the automotive sector. By breaking down silos and fostering real-time data sharing, the 

data space enables more responsive, transparent, and collaborative supply chains. However, the 

nascent status of Catena-X makes it challenging to study without resorting to speculation about 

future developments. While Catena-X may serve as a blueprint for sector-wide digital 
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transformation, its trajectory underscores the complexity of balancing innovation, power, and 

compliance in contemporary GVCs. 

As our study and the relatively low number of interviews conducted are not exhaustive, future 

research should address several important areas such as the long-term evolution of Catena-X and 

similar data spaces to understand how power dynamics shift over time and whether genuine 

decentralization and collaboration emerge as data spaces mature. Cross-sectoral comparisons 

between Catena-X and data spaces in other industries could yield insights into how sectoral 

characteristics influence the success or failure of decentralized governance models. Further 

empirical research is also needed to examine the specific challenges SMEs face when joining data 

spaces and the strategies they use to capture value, preserve autonomy, and mitigate new 

dependencies. By addressing these areas, scholars can contribute to a deeper, more nuanced 

understanding of the ongoing digital transformation of GVCs and help policymakers, firms, and 

platform designers navigate the complex intersection of technology, governance, and global 

production. 
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7. Discussion and Conclusion 

Through an explorative approach encompassing semi-structured qualitative expert interviews 

complemented with information sourced from academic literature, media and press materials, as 

well as contributions and observations from industry events and trade fairs, this dissertation 

examines the emergence of data as a production factor, the development of digital products, as 

well as the introduction of data-sharing spaces in order to comprehend how these new factors 

reorganize inter-firm relationships and power dynamics within automotive GVCs/GPNs in a Sino-

European context. A summary of the main findings contained in the three papers of this dissertation 

is presented below. 

Based on the case studies of navigations systems of Chinese OEMs exporting their vehicles to 

Europe, the development of Chinese robotaxis, and European data spaces expanding into China, 

this dissertation reveals three major dynamics shaping contemporary automotive GPNs, 

particularly from a China-Europe perspective, as digitization introduces greater modularity and 

complexity into automotive networks and regulatory frameworks are becoming more intricate.  

7.1. The Importance of Regulatory and Geopolitical Aspects in the Structuring of Digital 

Automotive GPNs 

The first conclusion of the case studies analyzed in this dissertation is a confirmation of the theory 

that regulatory and geopolitical aspects play a significant role in the restructuring of digital 

automotive GPNs. State regulations, standards, and geopolitical interventions represent structuring 

forces which determine localization strategies, data sovereignty, partnership choices, as well as 

access to markets and critical technologies, resulting in a territorial fragmentation and separation 

of GPNs, as was discussed in various strands of literature (Coe and Yeung, 2015; Dicken, 2015; 

Smith, 2015; Martínez-Díaz and Soriguera, 2018; Alvarez León and Aoyama, 2022). Across all case 

studies examined, regulations (e.g. EU data rules, mapping standards, local AV laws) are shown to 

anchor certain digital production in specific geographic locations, thus challenging assumptions 

about the spatial transferability of intangible, digital products (Sturgeon, 2021). While some digital 

products (e.g. software, certain data-driven services) are more easily transferable across 

geographies, others (e.g. maps) require local adaptation, rely on physical infrastructure, and are 

constrained by regulatory compliance challenges. Therefore, not all digital products have the same 

characteristics, thus requiring companies to act differently in accordance with the type of digital 

product in question (as well as the standards and regulations imposed on it), which affects the firms’ 

value creation strategies and the partnerships they form with other GPN actors. Similarly, based on 

the call for a re-centering of the concept of value in the digital economy (Foster, 2023), the case 
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study of Chinese automotive OEMs expanding into Europe and the analysis of navigation systems, 

showed that the understanding of what constitutes value differs across companies, as value can 

span from profit maximization to technical know-how and beyond. 

Particularly upon examining the process of creating digital maps for the on-board navigation system 

it becomes evident that map production depends strongly on local rules, technical standards, and 

region-specific infrastructures (e.g. satellites, street mapping vehicles). As these spatially anchor 

value creation, they prompt map providers to specialize in particular world regions rather than 

offering universal, global services. For Chinese automotive manufacturers expanding into Europe 

this means that collaboration with local navigation map providers becomes essential to ensure 

accuracy and regulatory compliance. The study of navigation systems reveals two distinct types of 

inter-firm relationships determined by the nature of digital inputs linked with regulatory 

frameworks and standards: mapping services rely on external partnerships under a modular 

governance mode (Gereffi et al., 2005) between OEMs, map providers, and other navigation service 

suppliers, as the maps transferability over distance is constrained by compliance uncertainties, as 

well as lacking access to infrastructure and maps material, while the in-car navigation software 

development is typically handled within a firm across regulatory (and geopolitical) boundaries, in 

an arrangement similar to what Coe and Yeung (2015) described as intra-firm coordination (Coe 

and Yeung, 2015).  

As a result of the modularity of digital products and the increased significance of specialized core 

capabilities (in the case studies at hand particularly represented by navigation systems and AV 

technology) (Sturgeon, 2021), it becomes evident that the market is primarily driven by the quality 

and regional adaptability of products and services, as only a low number of suppliers are adequately 

specialized and have the necessary licenses, as well as regulatory approvals to offer services (e.g. 

mapping, navigation) in a specific region. For Chinese OEMs entering European markets, this means 

that navigation solutions must often be localized to meet regional regulatory requirements, leading 

to arrangements with European and US technology providers and specialized external suppliers.  

Within the case study of robotaxis in China, the examples analyzed show how international OEMs 

(e.g. BMW, Volkswagen) engage in partnerships with domestic Chinese companies (e.g. Momenta, 

WeRide) and invest in joint ventures with local firms (e.g. Horizon Robotics) in order to co-develop 

localized technologies, ensure compliance with regulatory requirements, and gain faster market 

access, as the local partners have the necessary licences and established links with public 

authorities. Due to restrictions in areas such as data collection and mapping (similar to the ones 

imposed by the EU in the European market), the international OEMs are pressured to work together 

with some of the few licensed and specialized providers of high-definition maps that are crucial for 
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the development of AVs (similar to the case study of Chinese OEMs expanding to Europe that are 

compelled to partner with European and US mapping and navigation service providers). 

Ultimately, responding to criticism that the GPN framework tends to overlook or understate the 

influence of state actors (Dicken, 2015; Smith, 2015; Neilson et al., 2018; Yeung, 2018), the insights 

from the case studies presented here demonstrate that governmental institutions and regulatory 

bodies play a significant role in shaping both the spatial and organizational configuration of GPNs, 

as these state actors affect how and where value is created by determining market access, setting 

standards, and imposing regulations, thus impacting supplier and lead firm relationships.  

Linked with standards and regulations, geopolitical motivations, such as the goal to obtain 

technological sovereignty and reduce dependencies on other countries for strategic resources and 

assets, are further factors shaping automotive GPNs which have been discussed in-depth in recent 

literature, especially in connection with technology transitions (Gong et al., 2022; Kalvelage and 

Tups, 2024; Selwyn et al, 2025). As such, it is not only market competition but also inter-state 

competition and power rivalries between countries which lead to fragmented GPNs. Such 

geopolitical interventions consist for instance in localizing technological capabilities (e.g. chips, AI) 

and supporting domestic firms, while cross-border inter-firm activities and technology transfer are 

usually limited within a specific political sphere (e.g. EU, US, China). This geopolitical fragmentation 

reinforces the development of parallel, regionally distinct technological ecosystems. 

In this context, the use case of the collaborative data space Catena-X illustrates that data and 

technology exchange across geopolitical borders is challenging and is impacted by the territorial 

fragmentation of data production, enhancement, and application (Zook and Grote, 2025). As 

conceptualized by Lechowski and Krzywdzinski (2022), Catena-X forms part of a GTE that is 

impacted by regulatory and institutional structures defined by government as well as industry 

actors. In the case of this automotive data space, its establishment is rooted in the need of OEMs 

and their suppliers to cope with complex territorial regulations and increasing requirements for 

data exchange across organizational and geographic boundaries, with regulatory compliance being 

the main use case of Catena-X in this initial phase of the data space. Driven by EU regulations (e.g. 

Digital Battery Passport, Critical Raw Materials Act) and technological bottlenecks (e.g. the 

semiconductor supply during Covid-19), Catena-X has the aim to unlock data silos and ensure 

sustainability and conformity with regulations, while respecting national geopolitical interests and 

data sovereignty. 

As the empirical examples in this dissertation demonstrate, although digital technologies and 

modular products (e.g. software) can be transferred across geographies and allow global scalability, 

even providers of these seemingly borderless digital offerings remain geographically bound due to 
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the constraints imposed by local regulatory environments and infrastructure access. In the case of 

navigation systems and AVs, although a de-territorialization of the digital economy would be 

expected due to the nature of data and the possibility of global exchange across geographic 

boundaries, data is still spatially anchored, geographically fragmented, and impacted by rules, 

algorithms, local infrastructures (e.g. data centers, mapping vehicles), and hardware (e.g. sensors, 

chips) (Zook and Grote, 2025). Especially areas such as data management and security, technical 

standards, automation levels, liability implications, and testing processes are subject to local and 

national (in the case of China and the US) or transnational (in the case of the EU) laws and 

regulations.  

Together, these findings highlight how regulatory environments and institutional frameworks exert 

a powerful spatial and organizational influence on the structure of automotive GPNs, even in the 

context of highly digitized technologies. The state as a regulator, along with institutional extra-firm 

actors (with standards, regulations, and geographical restrictions as their instruments) thus shape 

economic development, shield domestic interests, and respond to evolving challenges by limiting 

the activities of firms within GPNs (e.g. market access) and impacting the formation of inter-firm 

relationships (Coe and Yeung, 2015; Horner, 2017). 

7.2. The Disruption of Automotive GPNs through Data-Driven Digital Products and New 

Lead Firms 

The second central theme that is discussed in this dissertation is the way in which GPNs are being 

disrupted through digital products and new lead firms. While the automotive industry and the 

digital economy are increasingly blending together, they are reconfiguring the spatio-organizational 

arrangements of GPNs, with disruptive technology and innovation (Christensen, 1997; Schmidt and 

Druehl, 2008; Clayton Christensen Institute, 2025) strongly impacting the sector. At the same time, 

data-driven (data generating and data utilizing) processes, products, and services with technical 

features are emerging and altering value creation and capture (Sturgeon, 2021). Thus, data 

becomes an asset and data generation and enhancement turn into strategic sources of competitive 

advantage for firms that aim to control both data and key technologies in order to maximize their 

value capture (Lechowski and Krzywdzinski, 2022; Foster, 2023; Zook and Grote, 2025). In all three 

studies of this dissertation, control over data emerges as a decisive factor shaping strategic 

positioning and partnerships with other firms, whether in the form of customer data (e.g. 

navigation systems), AI-driven autonomous driving capabilities (e.g. robotaxis) or cross-border data 

infrastructures (e.g. Catena-X). As a result, data-driven value creation and the maximization of value 
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capture determines the firms’ strategic positioning as well as the establishment of inter-firm 

relationships. 

Given this context, both navigation systems and AVs become a central point of rivalry, with 

carmakers not only competing with traditional specialized suppliers but also with new market 

entrants (many from non-automotive sectors, e.g. Google Maps, Android Auto, start-ups) that 

challenge incumbent firms. As OEMs seek to integrate their own systems into vehicles, mapping 

providers and major tech companies aim to install their proprietary software and capture user 

interactions, as control over these digital interfaces allows firms to monopolize customer access as 

a powerful form of value in the digital economy (Porter and Heppelmann, 2014; Jacobides, 2019; 

Lechowski and Krzywdzinski, 2022; Verfürth and Helwing-Hentschel, 2024; Zook and Grote, 2025). 

The findings therefore underscore that “value” in digital GPNs extends beyond the traditional 

meaning of profit, thus also including control over strategic assets like data, digital infrastructure, 

and customer relationships. As data has become a key source of strategic advantage in the 

automotive industry, firms now strive to secure direct access to end users, not only to strengthen 

customer loyalty but also to gain ownership over the valuable data generated through vehicle use 

and connected products and services (e.g. navigation systems, OTAs, AVs as smart multifunctional 

terminals). This data and the insights gained from it help firms better understand the end users and 

their needs and improve the product and service offerings accordingly. Especially for lead firms it 

has become a necessity to build proprietary digital ecosystems around their customers in order to 

create new opportunities for revenue generation, data-driven innovation, and entry into novel 

markets and industries (Van Alstyne and Parker, 2017; Pavlínek and Ženka, 2016; Loonam and 

O’Regan, 2022; Yang et al., 2023).  

Disruptive innovation however, as conceptualized by Christensen (1997), allows for new entrants 

(often from non-automotive industries) to join existing markets or create new ones as a result of 

their high technological competencies, as the industry is characterized less by price wars and 

reducing costs and more by the quality and availability of digital products and services in a specific 

geographical region. While the technological capabilities and key assets needed for a specific digital 

product are often to be found in firms outside of the traditional automotive sector, the disruptive 

change affects the position of established lead firms and long-standing tier 1 suppliers. In their 

pursuit to access and internalize technical capabilities and advance their own technology 

development (e.g. AI, algorithms), they are forced to increasingly turn into mainly suppliers of 

hardware as well as investors in start-ups and other companies. With vehicles integrating more 

digital technologies which require specialized knowledge and capabilities, OEMs are thus pressured 

to form new partnerships if they do not possess the capacity or the expertise to develop certain 
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new technologies in-house (Teece, 2018; Yeung, 2023; Gelhaar et al., 2021; Lechowski and 

Krzywdzinski, 2022). 

Therefore, technological advancements are introducing new digital economy enterprises defined 

by the fact that they are according greater importance to non-physical assets over physical ones. 

This results in the disruption of established GPN structures, the redefinition of value creation and 

capture processes, and the transformation of power and value chain governance (Brun et al., 2019; 

Kenney and Zysman, 2016). With the modular characteristics of the digital economy leading to 

greater fragmentation and relocation of value chains, new entry opportunities become available in 

particular to small companies and start-ups (Sturgeon (2021). As a result, the new entrants have 

the chance to eventually evolve into lead firms in GPNs (Butollo et al., 2022). Furthermore, digital 

economy multinational enterprises (e.g. Google) in particular have the necessary capabilities to 

challenge existing lead firms (as well as their business models) and to potentially displace them, 

while dissolving the lines between traditional industry sectors. This is for instance the case within 

the automotive industry in the fields of autonomous driving and mobility services (Brun et al., 

2019). As a result, new industry entrants may become both suppliers for lead firms in established 

industries, as well as new lead firms in their own sector, with a power struggle emerging between 

the digital economy companies and traditional automotive OEMs (Brun et al., 2019). 

Particularly the spatial and organizational configuration of AV networks showcases the growing 

dominance of new lead firms (especially internet companies and AV start-ups) that operate 

robotaxi fleets by integrating externally sourced hardware components (e.g. chipsets, sensors) with 

their proprietary AI and user-interface technologies. This development reflects an ongoing 

transition within automotive GPNs, with AV technology prompting new partnerships and blurring 

traditional industry boundaries. While established car manufacturers increasingly act as suppliers 

of standardized hardware or even as investors, critical technological capabilities (especially those 

related to system-on-chips, LiDAR, and AI) are taken over by new market entrants and thus lead to 

the development of new market and industry domains. This is due to the fact that technological 

capabilities rather than established, long-standing relationships between lead firms and their 

suppliers are now facilitating the integration of firms into re-constituted automotive GPNs and 

enabling the emergence of newcomers (Alvarez León and Aoyama, 2022). 

At the same time, new industry entrants are also struggling to secure access to data, to markets, 

and to technology, as they enter into competition with their own investors in the AV sector. 

Especially in the robotaxi realm it becomes clear from the case studies investigated that many 

established OEMs place a low priority on the development of robotaxis. If they choose to not invest 

in this disrupting innovation however, they might find themselves missing out on the opportunity 
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and being left behind, as novel competitors serve the new market, better handle technological 

change, and become competitive in the long-term, thus establishing themselves early on in a 

domain that has yet to mature and become profitable (Christensen and Raynor, 2013; Clayton 

Christensen Institute, 2025). 

In general, the research of this dissertation underscores the manner in which competition no longer 

centers solely on physical production in the evolving digital automotive landscape, but increasingly 

on who controls digital interfaces, data flows, and customer engagement. The strategic positioning 

of Chinese OEMs in Europe and international OEMs in China thus reflects varying efforts to balance 

value creation, cost management, and control over digital assets that provide the foundation for 

future competitiveness.  

7.3. “Open Innovation” as an Organizational Form Bridging Regulatory and Geopolitical 

Boundaries 

Sturgeon (2021) highlights three main business strategies prevalent in the digital economy that 

impact how companies navigate complexity, upgrade their competencies, and compete with each 

other: modularity, open innovation, and platforms. Accordingly, in this dissertation the example of 

the data space Catena-X is employed to explore the topic of “open innovation” in digital automotive 

GPNs. 

Driven by digitization, increasing complexity, and geographical fragmentation of supply chains as 

well as sustainability and regulatory pressures, automotive OEMs are facing new challenges which 

they need to master (Yeung, 2024). In order to bridge regulatory and geopolitical boundaries, open 

innovation (the open access to operating systems, code, and other software that facilitates 

collaboration and joint development; Chesbrough, 2003; Bogers et al., 2017; Bertello et al., 2024; 

Sturgeon, 2021) appears to be employed as an organizational form in some of the cases studied in 

this dissertation. 

Based on the analysis of automotive data spaces, it can be observed that Catena-X emerged largely 

in response to EU regulatory pressures (e.g. German Supply Chain Act, the Critical Raw Materials 

Act, the European Battery Passport) which have created a need for an “organizational fix” (Harvey, 

2001; Coe and Yeung, 2015; Pavlínek, 2020) to help automotive firms manage increasing 

compliance demands efficiently across borders and adapt to the challenges of digitization and 

sustainability. In this early phase of the data space, Catena-X serves as a strategic tool for lead firms 

to reduce compliance costs, retain influence within the value chain, and defend their established 

dominant position, as they find themselves in a constant struggle with other lead firms, but also 

with suppliers, for control over critical technologies. 
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Catena-X demonstrates the potential of a decentralized data sharing space to support cross-border 

collaboration without monopolizing data, thus contrasting with traditional platform-based 

approaches (Duisberg, 2022; Gieß et al., 2025; Nagel and Lycklama, 2022; Otto et al., 2023; Tardieu, 

2022). While B2B platforms tend to be controlled by a single dominant player and have the 

potential to undermine the participants’ autonomy, a decentralized data space like Catena-X 

ensures no single actor monopolizes data access. Furthermore, the open standards and the 

interoperability facilitate data sovereignty, which is a crucial aspect for cross-border collaboration 

under various regulatory spheres, especially between regions such as the EU and China 

(International Data Spaces Association, 2024; Möller et al., 2024; Verfürth and Helwing-Hentschel, 

2024). While still in its early stages, Catena-X hence addresses key challenges such as regulatory 

compliance, supply chain complexity, and data silos by offering an open platform that encourages 

collaboration and transparency. 

In this regard, the GTE concept (Lechowski and Krzywdzinski, 2022) proves to be a helpful theory to 

use for the analysis of the effects of digitization on GPNs and the emerging challenges of data 

sharing, knowledge exchange, and technological transfer between globally dispersed firms and 

across geographic and regulatory boundaries. By examining the GPN through the lens of GTE it 

becomes possible to clearly map out the interdependence of the actors (e.g. OEMs, suppliers, 

service providers) involved in a data ecosystem governed by open data standards and 

interoperability protocols in which value creation is highly impacted by technological innovation 

and data flows, as is increasingly the case in the automotive industry. 

Although data spaces and data ecosystems still find themselves at an early stage of development, 

the analysis in this study shows that they represent a potential solution for the challenges faced by 

automotive actors in increasingly complex GPNs. Despite the fact that they now still seem to 

reproduce hierarchies and power imbalances typical for traditional automotive value chains 

(Pavlínek, 2018; Schwabe, 2020; Yeung, 2024), the goal of data spaces like Catena-X is to ultimately 

create more balanced relationships between the GPN participants and to foster collaboration that 

eventually leads to the co-innovation and co-development of technologies, with firms 

simultaneously working cooperatively and competitively in so-called “co-opetitions” (Gelhaar et al., 

2021b; Lechowski and Krzywdzinski, 2022). 

To some extent, open innovation can also be observed in the case studies of navigation systems 

and AVs, as companies are compelled to collaborate with each other to co-create value through 

knowledge and technology exchange across organizational and geographical boundaries. With the 

increasing importance of technological capabilities which are so complex that they often cannot be 

fully controlled by a single organization (Sturgeon, 2021), firms are no longer capable of only 
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creating value through internal research and development (R&D), but rather by accessing, 

exchanging, and co-producing knowledge and technological advancements across spatial 

boundaries. As lead firms and tier 1 suppliers might not have the necessary capacity or the 

competence to internally develop specific new technologies, they often enter partnerships with 

start-ups and new industry entrants that are better specialized in certain domains in order to co-

innovate and co-develop data-driven digital products. Thus, open innovation becomes a necessity 

for firms that seek to stay competitive in digital GPNs. 

Therefore, open innovation is a central theme worthy of further analysis in shifting GPN structures 

which are impacted by evolving technologies and complex inter-firm relationships. Especially the 

emergence of data spaces such as Catena-X demonstrates the need to further explore the topic of 

open data ecosystems versus centralized platforms. With respect to this, the dissertation at hand 

shows how platforms that monopolize and monetize data are not suitable for cross-border data 

exchange which is subject to various regulatory frameworks (e.g. between the EU, the US, and 

China) that have trust and the safeguarding of national data sovereignty as a prerequisite.  

7.4. Summary and Future Research  

Overall, the three papers of this dissertation demonstrate that regulations, geopolitical 

interventions, data-driven digital products, and technological disruption reconfigure the spatio-

organizational structure of digital GPNs, reshape inter-firm relationships, shift the understanding of 

the concept of value, and create new organizational forms that help firms manage new complexities 

and challenges linked to digitization and regulatory environments. This combination of factors leads 

to a transformation of power dynamics, as traditional hierarchies are not yet completely eliminated 

but are gradually shifting towards partnerships based on technology transfer, joint development, 

and co-innovation. It can be observed that the emergence of data-driven products and services is 

not only a technological phenomenon, but a strategic one that prompts firms to balance value 

creation and capture, compliance, as well as innovation when devising future plans and finding 

solutions for long-term competitiveness and economic success. 

Therefore, this dissertation contributes to academic debates by recommending a re-evaluation and 

extension of existing GVC/GPN theory to account for data-driven digital products, disruptive 

innovation, regulatory and geopolitical aspects, the emergence of new lead firms, collaborative 

infrastructures, and the characteristics of data generation, enhancement, and application as critical 

elements shaping global production and inter-firm relations.  

Furthermore, it points towards a need for future research to examine whether digitization and 

data-related developments actually manage to shift hierarchical power relations towards more 
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balanced ones or whether they simply reproduce traditional dynamics under new digital 

infrastructures. Future research should continue to examine and analyze how these dynamics 

evolve as digital products change, AV technology evolves, data spaces mature and the balance 

between collaboration and control shifts within automotive GPNs. 

In view of the fact that the dissertation at hand focused mainly on value creation, future research 

should additionally examine the mechanisms of value capture and market capture. In the cases of 

the AV sector and the data spaces employed for data sharing, the studies in this dissertation 

concentrate on domains which are not yet technologically mature and fully commercialized. 

Therefore, as these topics advance, they can be further analyzed, especially in terms of scale and 

platform effects as well as territorial realignment in critical technological capabilities. Moreover, 

the studies conducted for this dissertation were quite limited in number of interviews, hence they 

cannot be considered representative of the entire industry. Additional empirical validation is 

necessary to analyze cross-sectoral comparisons, geopolitically motivated intervention, and 

disruptive innovation as they are exponentially gaining in complexity. While geopolitical uncertainty 

and trade disruptions are currently strongly impacting the automotive industry, further empirical 

research is indispensable in order to help policymakers and firms navigate the complex intersection 

of technology, governance, and global production. 

 

 

 

  



117 
 

8. Zusammenfassung 

Im Zuge der voranschreitenden Umstellung von Verbrennungsmotoren auf Elektrifizierung und 

Digitalisierung befindet sich die globale Automobilindustrie in einer intensiven Umbruchphase. 

Während Autos in früheren Jahrzehnten vor allem aufgrund ihrer Hardware und Fahrleistung 

gekauft wurden, zählen heute insbesondere Software, Konnektivität und datengesteuerte Dienste 

zu den Wettbewerbsvorteilen von Fahrzeugen. In dieser Phase der Neuausrichtung, die von 

wachsender regulatorischer Komplexität und geopolitischen Veränderungen geprägt ist, 

entwickeln sich Daten zu einem wesentlichen Produktionsfaktor, der neue Möglichkeiten der 

Wertschöpfung und alternative Einnahmequellen begünstigt, von integrierten digitalen 

Bordfunktionen über abonnementbasierte Dienste bis hin zu Robotaxi-Anwendungen. 

Automobilhersteller konzentrieren sich somit nicht mehr nur auf die Konstruktion von Fahrzeugen, 

sondern zunehmend auf die Erfassung, Verarbeitung und Nutzung von Daten, wobei die Kontrolle 

über Daten und die Datensouveränität an Bedeutung gewinnen. Infolgedessen entsteht für 

Unternehmen der Druck sowohl technologische Upgrades umzusetzen, als auch neue Strategien 

und kosteneffiziente Lösungen zu entwickeln, um die neuen Herausforderungen zu meistern, die 

mit der Produktion, der Verwaltung und dem Austausch von Daten über organisatorische und 

geographische Grenzen einhergehen.  

Zusätzlich hängen die obengenannten technologischen Veränderungen mit einer geographischen 

Neuordnung zusammen. Während sich China von einer Produktionsstätte für günstige Produkte 

von geringer Qualität zu einem Innovationszentrum mit hohen technologischen Ansprüchen 

entwickelt, werden chinesische Automobilhersteller und Zulieferer zu wichtigen Akteuren in 

globalen Produktionsketten von softwaredefinierten Elektrofahrzeugen und fordern nach und nach 

die langjährige Dominanz etablierter westlicher Automobilmarken heraus. In den vergangenen 

Jahren, als Fahrzeuge mit Verbrennungsmotoren eine führende Rolle in der Automobilindustrie 

spielten, wiesen chinesische Firmen nur eine geringe Relevanz auf. Doch nun entwickeln sie sich zu 

Vorreitern in der Elektrifizierung und Digitalisierung des Automobilsektors. 

Um die technologischen und geographischen Veränderungen zu veranschaulichen, die derzeit zu 

einer Neukonfiguration der globalen Produktionsnetzwerke in der Automobilindustrie führen, 

wurden für diese Dissertation drei repräsentative Entwicklungen (digitale Bordfunktionen, 

autonome Fahrtechnologien und kollaborative Datenräume) im chinesisch-europäischen Kontext 

ausgewählt, die im Rahmen von drei Fallstudien analysiert werden:  

1. Die Integration von Navigationssystemen (als Schnittstelle zwischen Hardware, Software, Daten 

und Regulierung) in chinesische Fahrzeuge, die nach Europa exportiert werden, um die 

Auswirkungen von Unternehmensstrategie, Lokalisierung, Unternehmensbeziehungen, 
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Regulierungen und Machtstrukturen auf digitale globale Wertschöpfungsketten im 

Automobilsektor zu untersuchen. 

2. Das autonome Fahren am Beispiel chinesischer Robotaxis, um die Transformation etablierter 

globaler Produktionsnetzwerke durch disruptive Innovationen und geopolitischen Druck zu 

analysieren.  

3. Kollaborative Datenräume wie Catena-X, die den Datenaustausch in der Industrie (unter anderem 

zwischen Europa und China) neu organisieren, um die Rolle von Datenräumen als Reaktion auf 

steigende regulatorische Komplexität zu beleuchten. 

Die empirische Untersuchung beruht auf halbstrukturierten Experteninterviews, ergänzt durch 

graue Literatur, Presseberichte, politische Dokumente und Beobachtungen von Fachmessen. Für 

den theoretischen Rahmen dieser Dissertation wurden die Ansätze der Global Value Chains (GVC) 

(Gereffi et al., 2005) und Global Production Networks (GPN) (Henderson et al., 2002; Coe und 

Yeung, 2015) ausgewählt, die erweitert werden, um digitale Produkte und staatliche Akteure 

einzubeziehen. Zudem werden die Theorien der disruptiven Innovation (Christensen, 1997; 

Sturgeon, 2021), der Datenräume (Gieß et al., 2025; International Data Spaces Association, 2019; 

Möller et al., 2024; Otto et al., 2023; Verfürth and Helwing-Hentschel, 2024) sowie der Global 

Technological Ecosystems (GTE) (Lechowski und Krzywdzinski, 2022) herangezogen.  

Die drei Beiträge dieser Dissertation zeigen insgesamt, dass Regulierungen, geopolitische 

Interventionen, datengetriebene digitale Produkte und technologische Umbrüche die räumlich-

organisatorische Struktur digitaler globaler Produktionsnetzwerke umgestalten. Dies geschieht 

insbesondere, indem diese Elemente die Beziehungen zwischen Unternehmen verändern, das 

Wertverständnis verschieben und neue Organisationsformen schaffen, die Unternehmen dabei 

unterstützen, auftretende Herausforderungen der Digitalisierung und der zunehmenden 

Regulierung zu bewältigen. Diese Faktoren führen zu einer Transformation der Machtdynamiken, 

da traditionelle Hierarchien zwar noch nicht vollständig verschwinden, sich diese aber schrittweise 

hin zu Partnerschaften verschieben, die auf Technologietransfer, gemeinsamer Entwicklung und 

kollaborativer Innovation beruhen.  

Die vorliegende Dissertation leistet somit einen Beitrag zu den aktuellen akademischen Debatten, 

indem sie eine Neubewertung und Erweiterung der bestehenden GVC/GPN-Theorie empfiehlt, um 

datengesteuerte digitale Produkte, disruptive Innovationen, regulatorische und geopolitische 

Aspekte, das Aufkommen neuer führender Unternehmen, kollaborative Infrastrukturen sowie die 

Merkmale der Datengenerierung und -verarbeitung als wesentliche Elemente zu berücksichtigen, 

die die globale Produktion und die Beziehungen zwischen Unternehmen prägen. 
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Darüber hinaus deuten die Ergebnisse darauf hin, dass zukünftige Forschung untersuchen sollte, ob 

die Digitalisierung und datengetriebene Entwicklungen tatsächlich zu einem ausgewogeneren 

Gleichgewicht hierarchischer Machtverhältnisse führen oder ob sie lediglich traditionelle 

Dynamiken innerhalb von neuen digitalen Infrastrukturen reproduzieren. Nachfolgende Studien 

sollten daher weiter analysieren, wie die Transformation digitaler Produkte, die Weiterentwicklung 

von autonomen Fahrtechnologien und der Ausbau von Datenräumen voranschreiten und wie sie 

automobile globale Produktionsnetzwerke beeinflussen. 
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Appendix I 

Interviewpartner 

Da die Interviews für diese Dissertation anonym geführt wurden, werden an dieser Stelle die 

Organisationsarten genannt, welche die Interviewpartner vertraten. Es wurden insgesamt 61 

offene Interviews mit Fachexperten geführt, die sich beruflich mit dem Thema Automobilindustrie 

in Europa und China auseinandergesetzt haben. Folgende Organisationsarten waren dabei 

vertreten: 

• Unternehmen (28 Interviews)   

• Beratungsfirmen (16 Interviews) 

• Forschungsinstitute (6 Interviews)  

• Regierungsorganisationen (4 Interviews)  

• Branchenübergreifende Netzwerke (4 Interviews) 

• Wirtschaftsförderungen (3 Interviews) 

Interviewguideline 

Anmerkung: Die Gespräche wurden als offene Interviews geführt. Die tatsächlichen 

Gesprächsverläufe konnten je nach individueller Expertise des Gesprächspartners und inhaltlichem 

Schwerpunkt des Interviews leicht von dieser Guideline abweichen. 

Paper 1: “Global Value Chains for Digital Automotive Products: The Integration of Navigation 
Systems into Chinese Cars in Europe” 

For OEMs: 

Value creation steps navigation software 

• Which external input do you receive for the navigation system? 

• Which input do you provide to external stakeholders? 

• Which value-added steps are located in-house and which are external?  

o Which parts of the navigation system are sourced from your company and which 
ones from external partners? 

o Why is this divided the way it is divided? 

• Who are your partners? Who do you work with? 

• How exclusive/binding/long-term/interchangeable are the contractual relationships 
between you and your cooperation partners? 

• Is there an integrated or standalone navigation system in your company’s cars? 

o How is it in China? 

o How is it in Germany/Europe? 
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• Which value-added steps in the area of navigation software are located in China? 

o Why? 

• Which value-added steps are located in Germany/Europe? 

o Why? 

Regulations and problems in Germany/Europe 

• What role do standards and regulations play in your expansion to Europe? 

o What are the effects of regulations in Germany/Europe?  

• Which data is collected as part of the navigation system in Germany/Europe? 

• What compliance measures do you take with regard to data collection, storage, and 
management in the area of navigation software? 

• Are there regulatory problems in the area of navigation when expanding to 
Germany/Europe? 

o How are the problems dealt with? 

• What role does the current geopolitical discussion about decoupling, reducing 
dependencies, etc. play? Is decoupling relevant as a trend? 

o How does your company deal with this?  

Expansion of the Chinese OEMs to Germany/Europe 

• What navigation software is integrated in your cars in China?  

• What is your step-by-step process when exporting cars to Germany/Europe? 

• Do your cars in Germany/Europe also use Chinese navigation software? Or what navigation 
software do you use in Europe? 

• What about a Google Maps/Apple CarPlay/Android Auto integration? Is there one? 

o How does the adaptation to e.g. Google Maps work? Are there Google-compatible 
interfaces? 

• How does your company use the navigation software products from China for 
Germany/Europe? 

• Are the customer requirements for car navigation systems in Germany/Europe different 
from those in China? 

• What cooperations does your company have in Germany/Europe and how are they set up? 

• Are there different types of navigation systems and cooperations related to specific car 
models? 

For navigation service suppliers: 

Value creation steps navigation software  

• Which products/services does your company offer in the area of automotive navigation? 

• Who are your customers? 

• Who are your partners? Who do you work with? 

• How exclusive/binding/long-term/interchangeable are the contractual relationships 
between you and your cooperation partners? 
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• How does the value chain of automotive navigation software look like?  

• How do you create the mapping material?  

o Do you receive mapping information from governmental institutions and road 
authorities?  

o Do you use satellite information, survey vehicles, community input from map users, 
sensors and cameras in the cars etc.? 

• How does your company create the navigation systems for the OEMs step by step and 
which inputs are required?  

Partnerships with the OEMs 

• What role do the OEMs play in the partnership?  

• Do you create the software according to their individual needs and offer individual modules 
for each OEM? Or do you have a standard product and a comprehensive package? 

• Do you receive any input from the OEMs? 

• What characteristics make your company stand out from the competition? What is your 
company’s USP (Unique Selling Point)?  

• Does your company make itself exclusive to the OEMs?  

Partnerships with other navigation map providers 

• Do you collaborate with other navigation map providers? 

• Do you sell licenses for mapping content to other navigation map providers? 

Expansion of the Chinese OEMs to Europe 

• Do Chinese OEMs need a local navigation service provider in Europe?  

• What role do standards and regulations play? 

• Are there differences in the way your company collaborates with various Chinese OEMs? 

Paper 2: “Disruptive Technology Change, Geopolitics and Local-Level Constraints: The Emerging 
GPNs of Chinese Robotaxi Services” 

Status quo of autonomous driving and robotaxis in China 

• What is the current state of autonomous driving in China compared to other countries? 

• What is the current state of the shared mobility/robotaxi market in China compared to 
other countries? 

• Who are the key players in the autonomous driving and robotaxi market? 

• What are the power balances between the players? 

• How is the robotaxi ecosystem developing? 

• How does industrial policy look like in China? What roles do the state and local 
governments play? 

Value creation steps of autonomous driving in China 

• What are the main value-added inputs in the field of autonomous driving (e.g. sensors, 
data, AI vehicles, etc.)? 

• Where does the input originate from? 
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o What input do companies receive from external sources? 

o What input is internal? 

o Why is it divided the way it is? 

• What determines the geographic location of specific value creation activities across China? 

• Which factors determine the choice of a robotaxi implementation location? 

• How do Chinese and international key players position themselves in the new value chains 
for digital products, batteries, and autonomous vehicles? 

• What is the relevance of new Chinese companies in areas which were traditionally 
dominated by foreign firms?  

o What roles are Chinese companies assuming? 

Regulations and issues 

• What standards, laws, and regulations are in place? What role do they play? 

• Are rising geopolitical tensions (with regards to e.g. chips, Taiwan) impacting the robotaxi 
market and development?  

o How are these issues being addressed? 

The future of autonomous driving in China 

• How are autonomous driving technologies developing in China? 

• How are autonomous driving regulations developing in China? 

• Are current challenges within the realm of autonomous driving and robotaxis primarily 
technological or regulatory in nature? 

Paper 3: “Collaborative Data Spaces as an Organizational Fix: The Role of Catena-X in Managing 
Regulatory Complexity in the Automotive Sector” 

Status quo of Catena-X 

• How is the Catena-X data space being established in Europe and the US?  

• Are companies willing to participate? 

• What concerns is Catena-X receiving from potential participants? 

• What roles do standards and regulations play in the establishment and expansion of 
Catena-X? 

Catena-X in China 

• How is Catena-X being established in China? Does Catena-X need intermediaries? If so, 
which ones? 

• Are companies willing to participate? 

• What concerns is Catena-X receiving from potential participants?  

o Are these different from those in Europe and the US? 

• What external input does Catena-X receive? 

• What input does Catena-X provide? 

• How does Catena-X fit into China’s goal to create 100 trusted data spaces by 2028? 



133 
 

Questions about the company 

• How does participation in Catena-X affect your company’s business model, locations, etc., 
and which Catena-X functions are relevant to this? 

• How does participation in this data space change business operations? Does it create new 
business areas? 

• Is there a certain pressure to participate in the data space? Will your company face 
competitive disadvantages if it does not participate in Catena-X? 

• What benefits does your company gain from participating in the data space? 

• How does integration in the data space shape/change automotive value chains? 

• What other data spaces that are relevant to the automotive industry are already in usage? 
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Appendix II 

Hilfsmittel 

Die von mir genutzten KI-Tools sind hier tabellarisch aufgeführt: 

 

KI-basiertes 

Hilfsmittel 

Einsatzform Anmerkungen 

ChatGPT Version 5 
mini (OpenAI) 

Web Recherche Es wurden weiterführende 
Informationen und passende 
wissenschaftliche Publikationen zu 
den Themen der Dissertation 
recherchiert. 

ChatGPT Version 5 
mini (OpenAI) 

Textoptimierung und 
sprachliche Feinarbeit 

Einzelne Sätze wurden sprachlich 
verbessert. 

Perplexity Pro 
(Perplexity AI) 

Web Recherche Es wurden weiterführende 
Informationen und passende 
wissenschaftliche Publikationen zu 
den Themen der Dissertation 
recherchiert. 

Perplexity Pro 
(Perplexity AI) 

Textoptimierung und 
sprachliche Feinarbeit 

Einzelne Sätze wurden sprachlich 
verbessert. 

DeepL Übersetzer
   

Übersetzung von einzelnen 
Textpassagen 

Einzelne Sätze und Textabschnitte 
wurden auf Deutsch übersetzt. 
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Appendix III 

Eigenständigkeitserklärung 

Hiermit versichere ich, dass ich die vorliegende Dissertation selbstständig, ohne unerlaubte Hilfe 

Dritter angefertigt und andere als die in der Dissertation angegebenen Hilfsmittel nicht benutzt 

habe. Alle Stellen, die wörtlich oder sinngemäß aus veröffentlichten oder unveröffentlichten 

Schriften entnommen sind, habe ich als solche kenntlich gemacht. Dritte waren an der inhaltlich-

materiellen Erstellung der Dissertation nicht beteiligt; insbesondere habe ich hierfür nicht die Hilfe 

eines Promotionsberaters in Anspruch genommen. Kein Teil dieser Arbeit ist in einem anderen 

Promotions- oder Habilitationsverfahren der Antragstellerin oder des Antragsstellers verwendet 

worden. Mit dem Einsatz von Software zur Erkennung von Plagiaten bin ich einverstanden. 
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