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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 ex-
plores 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 struc-
tures 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.

1 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 con-
struction quality, and the driving experience, nowadays cars
have to fulfil requirements such as connectivity, convenience,
and user experience (Dyer et al., 2022; Euromonitor Interna-
tional, 2016). Thus, the availability of digital on-board func-
tions becomes a key differentiator for modern cars and paves
the way for new business models (Gerster, 2022), with au-
tomotive 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 con-
trolling 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 ri-
valry among new players vying for strategic positions within
the value chain (Boes and 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 ad-
ditional 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 es-
tablished digital product which have grown in sophistication
over the past decades (Choi et al., 2016; Harris, 2023; In-
fopulse, 2022) and have developed into a gateway for the
collection of data that can be utilized for refining digital func-
tions and products in the context of the navigation system or
elsewhere (Yang et al., 2023; Hagenmaier et al., 2023; Hat-
tula et al., 2023). The global market for automotive naviga-
tion systems in the years 2024–2025 was estimated to range
between USD 26.4 and 39.3 billion, with an expected com-
pound annual growth rate (CAGR) spanning between 4.4 %
and 7.7 % by 2030, depending on the source consulted (In-

Published by Copernicus Publications for the Geographisch-Ethnographische Gesellschaft Zürich & Association Suisse de Géographie.



290 A. Stefanov and J. Schwabe: Global value chains for digital automotive products

dustry Research, 2024; Mordor Intelligence, 2025; Research
and Markets, 2025). This indicates that there will be in-
creased importance of automotive navigation systems over
the next years.

Besides technological transformation, the automotive in-
dustry is undergoing fundamental changes with regard to the
geographical distribution of leading manufacturers. Head-
lines such as “Vehicles from Chinese companies, every-
where” (Hägler, 2023) and “The car of the future comes
largely from China” (dpa, 2023) surrounding Auto Shang-
hai 2023 (the Shanghai International Automobile Industry
Exhibition) illustrate how Chinese automakers challenge Eu-
ropean (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). Accord-
ing to the European Automobile Manufacturers’ Associa-
tion (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). Within this context, the study at hand focuses on the
organization of value chains for digital products, particularly
regarding navigation systems, drawing mainly from the con-
ceptual 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 ar-
gued by Butollo et al. (2022), with the emergence of digital
technologies, the GVC and GPN frameworks require a “tech-
nological upgrading” (Butollo et al., 2022), since the exist-
ing theories recognize the part played by technology in geo-
graphically 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 a significant focus on the digital plat-
form 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 princi-
ples governing the value creation for digital products like
the in-car navigation system. Moreover, as analysed by Zook
and Grote (2025), the interplay between state regulations and
firm strategies for leveraging digital technologies across var-
ious geographic regions remains underexplored.

In order to address these research gaps and examine how
Chinese car manufacturers organize value creation for navi-
gation systems when expanding into Europe, this paper em-
ploys an explorative approach comprised of semi-structured
expert interviews with representatives of Chinese and inter-

national automotive OEMs, consulting firms, industry asso-
ciations, 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 infor-
mation available in the grey literature, e.g. reports from con-
sultancies, policy documents, media reports, and company
press releases, as well as by input from industry events and
trade fairs.

2 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 mar-
ket since 2021. While the four new-generation car makers
benefit from governmental support in China through subsi-
dies, 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 contribu-
tions 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 spe-
cialized 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 im-
pact of digitization on established GPN structures and inter-
firm relationships. Considering the attributes of digital inputs
and the oftentimes modular nature of the digital economy
(Sturgeon, 2021), we further explore the strategic position-
ing 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. govern-
ment and industry organizations) and the instruments they
employ (e.g. standards and regulations), is impacting the spa-
tial fragmentation of value creation in digital GPNs. These
dynamics are reshaping interdependencies within the ecosys-
tem (Lechowski and Krzywdzinski, 2022) and leading to
both geographically fragmented and spatially anchored digi-
tal products.

In the context of the GPN/GVC discussion and our case
studies, our goal is to address the following three research
questions:
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1. How do the emergence of digital products and their spa-
tial (non-)transferability reconfigure inter-firm relation-
ships 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 depen-
dencies 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 occur-
ring 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 spatial-
ity of value creation for vehicle navigation systems from the
perspective of OEMs.

3 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; Fos-
ter, 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 Shep-
pard, 2024). Within this context of the GPN and GVC dis-
cussion, 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 regu-
latory frameworks, physical infrastructure, and strategic ori-
entation. 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 (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 con-
ceptualization 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 cre-
ation input at hand, rather than independent, capitalist dy-
namics, 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 prod-
ucts to analyse the structuring factors, in particular state reg-
ulations, which shape value chain governance and spatial al-
locations for creating vehicle navigation systems. We employ
the recent literature on digitization in the GPN/GVC discus-

sion (such as Foster, 2023) to base our framing of “value” in
this study.

Regarding the organizational dimension of inter-firm re-
lationships, Gereffi et al. (2005) categorize governance pat-
terns based on the following features: the complexity of in-
formation 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, modu-
lar, relational, captive, and hierarchy) with specific charac-
teristics and with lead firms having varying degrees of direct
control over manufacturing processes in each type of gover-
nance (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 cod-
ify 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 Ye-
ung’s (2015) concept of intra-firm coordination (the consol-
idation 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 fi-
nancial 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 navi-
gation providers on the concept of the modularity of value
chains presented by Sturgeon (2021). As the digital econ-
omy’s foundational technologies become increasingly com-
plex, 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 tech-
nologies and data, as explored by Lechowski and Krzywdzin-
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ski (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 maxi-
mize value capture, including profits, know-how, market ac-
cess, 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, govern-
ment 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 at-
tention has been given to defining value in GPNs with dig-
ital 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 in-
clude 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) sug-
gests 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 gen-
erated 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 ex-
clusive access to know-how and data, as will be elaborated in
the following sections.

While the value chains for digital products tend to be mod-
ular in nature, as described by Sturgeon (2021), the geo-
graphic location where the digital input is created is assumed
to be mostly irrelevant. 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, geo-
graphically grounded source of competitive advantage that
are integrated into production processes to generate profit,
steer innovation, and create new mechanisms of value cre-
ation 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 frame-
work (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, pro-
tect 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 insti-
tutional extra-firm actors (e.g. EU regulatory bodies, road au-
thorities, 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 indus-
try 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 au-
tomotive GPNs are being reshaped by digital products and
how EU regulations influence the spatial organization of digi-
tal value chains. Furthermore, based on Lechowski and Krzy-
wdzinski (2022) and Foster (2023), we assess how value can
be defined in automotive GPNs in regard to digital prod-
ucts. 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.

4 The new perception of cars and the importance of
navigation systems

4.1 Traditional automotive value chains and the Chinese
car industry

In the past, throughout the decades when combustion en-
gines had reached technological maturity, automotive GPNs
were defined by severe OEM competition and overcapaci-
ties, and the actors involved were under significant pressure
to improve the cost / capability ratio (Dicken, 2015). Accord-
ing to Sturgeon and Van Biesebroeck (2011), cost reduc-
tions, 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 suppli-
ers of sub-systems, along with component and parts suppli-
ers that became exceedingly dependent, with weak bargain-
ing power, low profit margins, and limited product diversity
(Pavlínek, 2018; Schwabe, 2020a; Yeung, 2023).
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Over the course of the 20th and early 21st centuries, driven
by major automotive manufacturers aspiring to provide a di-
verse range of vehicle models to increasingly globalized mar-
kets in a cost-efficient way, the automotive industry grew into
intricate, globally integrated, and geographically grouped in-
dustrial systems (Sturgeon et al., 2008; Dicken, 2015; Stur-
geon and Van Biesenbroeck, 2011), while today, the spatio-
organizational characteristics of automotive GPNs are under-
going significant transformation and reconfiguration. Among
the current shift away from combustion engine technology
and towards the industrial trends of digitization and elec-
trification (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, au-
tonomous 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 tech-
nology was transferred and withheld advanced know-how,
Chinese firms were able to improve the automotive produc-
tion capacity but became dependent on the foreign partners
and lacked opportunities to develop their own advanced tech-
nologies (Liu and Tylecote, 2009; Van Tuijl et al., 2016).

In the late 2000s and 2010s, the Chinese government piv-
oted to make EVs a strategic priority (Yang et al., 2023).
Strong state intervention, including industrial policy and sub-
stantial funding, played a central role in shaping the indus-
try (He and Jin, 2021; Yang et al., 2023). By leveraging the
capital, technology, and management expertise brought in by
foreign automakers, combined with policies favouring local
firms, generous subsidies, tax exemptions, and research in-
vestments, 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 pri-
vately 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.

4.2 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 compris-
ing 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 in-
formation (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 in-
herent geographical disconnect, the digital product becomes
spatially anchored and embedded in a specific geographic lo-
cation, prompting Chinese OEMs to collaborate with local
navigation service providers.

The map creation process for the in-car navigation encom-
passes a myriad of steps that have rapidly evolved in re-
cent years due to technological advancements. In order to
generate accurate maps which update in real time, naviga-
tion providers utilize data from multiple sources and pro-
cess them with specialized software and algorithms (Dutka,
2023; Zavadko, 2023). Some of the most significant inputs
and steps are depicted in Fig. 1. 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 di-
rectives from national and EU authorities concerned with en-
suring the accuracy and consistency of mapping and geospa-
tial 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 es-
tablishes 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 grid-
ded data regulated within ISO/TR 19121. ISO 19133 fur-
ther regulates data and services required to support track-
ing and navigation applications for mobile clients. In ad-
dition, road infrastructure guidelines and safety regulations
are 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 In-
frastructure 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 sys-
tems (European Commission, 2023). A particularly impor-
tant 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 op-
erate within a framework of EU regulations but retain signif-
icant 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
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Figure 1. The map creation process of the in-car navigation system. Own illustration based on online sources and interviews.

in the case studies below, the ramifications of the regulations
make compliance challenging and limit the number of capa-
ble map providers in Europe. As soon as the maps are gener-
ated by the navigation provider, they are distributed to OEMs
or other service providers that implement them into naviga-
tion software, developed either by the OEM or by its external
partners.

Within the process presented in Fig. 1, the navigation soft-
ware 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 mecha-
nisms, shaped by various inputs from institutions and author-
ities, 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 expand-
ing to Europe.

4.3 Navigation system providers in Europe and China

Upon examining the navigation software ecosystems in Eu-
rope and China, it becomes evident that these two regions
rely on different main providers for navigation solutions, as
shown in Table 1. Alongside the main actors, various service
suppliers such as Google Android Auto and Apple CarPlay
have emerged in recent years as competition within the au-
tomotive 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 auto-
motive sector (Michaelsen et al., 2020). Current dynamics
suggest a shift towards more vertically integrated but hori-
zontally 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 nav-
igation maps, presenting a challenge for globally operating
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Table 1. Main providers for navigation solutions in China and Eu-
rope. Own compilation based on 2265 Android Network (2023),
Dirscherl (2023), and interviews.

Main providers Main Main new
for navigation providers competitors for
solutions in for navigation solutions
China navigation

solutions
in Europe

Baidu Maps HERE Google Android Auto

Amap TomTom Apple CarPlay

NavInfo Garmin

Tencent Maps HARMAN

Telenav

Mapbox

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 man-
ufacturers and suppliers to enter into global partnerships to
further develop their infotainment [and subsequently navi-
gation] 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 in-
dustry, as OEMs and suppliers compete for value creation
and value capture. Through shorter contracts (usually span-
ning 3 to 5 years as opposed to 10 to 15 years in the past) and
over-the-air updates, OEMs have more flexibility in switch-
ing partners within the lifetime of a vehicle, pressuring sup-
pliers into staying innovative and competitive. At the same
time, the automotive sector is facing increasing competition
from companies that were previously unrelated to the in-
dustry. 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 ac-
cess to the end customers and their data (Hoeft, 2021; Al-
varez Léon and Aoyama, 2022).

5 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 ex-
panding to Europe since 2021 approach the topic of naviga-
tion 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 infrastruc-
ture 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 sec-
tion 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 ex-
ternal partners in the realm of navigation is generally char-
acterized by a dynamic nature, with the potential suppliers
being evaluated based on criteria such as technological com-
petence, experience and reputation, scalability and adaptabil-
ity, up-to-dateness and accuracy of the maps, and local mar-
ket 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:

5.1 BYD

BYD Auto, the largest one of the OEMs, was founded in
2003 and works together with Baidu Maps for their naviga-
tion 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 protec-
tion 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 part-
ners 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 emer-
gence of new regulations. For instance, in 2021, the European
Union introduced the Intelligent Speed Assistance (ISA) reg-
ulation 2021/1958, outlining technical requirements for ap-
proving cars with intelligent speed assistance systems (EUR-
Lex, 2021). During mandatory road tests, BYD observed
that their Advanced Driver Assistance System (ADAS) could
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only identify European street and speed limit signs with an
accuracy of 90 %. However, after integrating HERE Tech-
nologies, which has the European sign information stored as
data points in a large database within its system, sign recog-
nition improved significantly. Furthermore, not only do na-
tional regulations play an important role in various Euro-
pean countries, but also one of our interview partners from
BYD observed that different countries implement EU reg-
ulations with various degrees of strictness: “We . . . noticed
that in Spain the data protection law is not as strictly imple-
mented as in Germany.” This adds further complexity to the
strategies of Chinese OEMs when expanding to different Eu-
ropean 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 map-
ping and navigation data from HERE Technologies. Addi-
tionally, BYD incorporates Android Auto and Apple CarPlay
into their systems in response to customer preferences.

5.2 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 partner-
ships for navigation solutions can be observed in NIO’s mod-
els within China: earlier models utilized the map providers
NavInfo, Baidu Maps, or Amap, whereas more recent mod-
els exclusively rely on Amap (Zhang, 2022). The NIO nav-
igation 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 in-
cludes details like charging station locations, their availabil-
ity, 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 calcu-
lates the charging stops on this initial route . . . So,
it’s very multidimensional. (Interviewed represen-
tative of NIO)

Based on the insights gathered from the interviews, it ap-
pears 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 satel-

lite images, I have to develop the algorithms, con-
vert 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 depen-
dence 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 al-
gorithms, 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 ex-
clusively maintain its own in-built navigation system in or-
der 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.” Nonethe-
less, at present, NIO customers exhibit a high demand for
Android 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 An-
droid Auto is actually an argument for or against a vehicle
for me” (NIO App, 16 April 2023). NIO seems to be listen-
ing 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).

5.3 XPeng

With Xmart OS, the third OEM examined for this pa-
per, 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 com-
pany explains (Gibbs, 2023). However, online forums indi-
cate that, similarly to NIO users, XPeng car owners and deal-
ers 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
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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 soft-
ware created in China into which the navigation component
is integrated, with country-specific features added on top
(Henßler, 2023).

5.4 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 soft-
ware 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 abovemen-
tioned use cases of OEMs that are trying to internalize as
many value creation steps as possible. An OEM representa-
tive who was interviewed by us explained that Aiways de-
cided to minimize expenses by choosing not to internally de-
velop 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 ev-
erything up to date . . . There is nothing better than
what is already on your phone. (Interviewed repre-
sentative of Aiways)

Bearing this in mind, Aiways immediately integrated Ap-
ple CarPlay and Android Auto. Rather than investing in li-
cences for Google Maps, Aiways decided that, in the Euro-
pean context, the car owners’ smartphones are the most up-
to-date devices. This reasoning led to the conclusion that uti-
lizing smartphone maps mirrored on a display in the car is
sufficient for the navigation needs of their customers, as Ai-
ways is first focusing on selling as many EVs as possible and
establishing themselves as a player in the market.

As can be observed in Fig. 2, 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 partic-
ular to map creation, map maintenance, and the extra nav-
igation layers which are not transferable across regions, as
they are constrained by compliance uncertainties and lack-
ing access to infrastructure and map material. As a result,
these are almost exclusively outsourced to European (HERE
Technologies, Telenav, PUMP) or US (Apple CarPlay, An-
droid Auto) service providers that have the licences, exper-
tise, 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 excep-

tion of Aiways, which made the conscious decision to rely
only on external partners for the software as well). In the fol-
lowing section the conclusions from these case studies are
discussed within the context of the theoretical framework.

6 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 re-
shaping inter-firm relationships and power dynamics within
automotive GPNs. The results from our cases studies confirm
the assumption that inter-firm relationships between Chi-
nese 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 automo-
tive value chains, as illustrated in Gereffi et al. (2005). This
parallels the relationships between OEMs and tier 1 suppli-
ers in traditional automotive value chains, as these relation-
ships 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, stan-
dardized products that tend to be more hierarchical and cap-
tive in nature (Brandes et al., 2013; Schwabe, 2020b; Stur-
geon and Van Biesebroeck, 2011). The inter-firm relation-
ships 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 sys-
tems 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 ser-
vices (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 comple-
mentary products and services, with an increased degree of
co-creation and co-development between lead firms and sup-
pliers.

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 or-
ganizational configuration of GPNs (Dicken, 2015; Smith,
2015), as they determine market access, require the adapta-
tion of products, and mould the relationships between lead
firms and suppliers (Coe and Yeung, 2015). The previous
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Figure 2. The navigation system production process of the Chinese OEMs analysed. Own simplified illustration based on online sources and
interviews.

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, regu-
lating 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 regulations, as well as on spatially anchored
value creation steps with tangible assets (e.g. street mapping
survey vehicles and data infrastructure compliant with Eu-
ropean 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, compli-
ant, and up-to-date maps for the European market. Although
the digital component enables the connection of geograph-
ically distributed production networks, as value chains are
modular and there are no geographical restrictions for the
production of software, even spatially unbound digital tech-
nology providers are tied to a specific geographic location
due to local regulations and standards as well as due to infras-
tructure access (designed by regulations). Furthermore, Chi-
nese OEMs are influenced not only by homogeneous Euro-
pean laws and regulations but also by a heterogeneous land-
scape of directives from national mapping agencies and road
authorities in the different European countries. This deter-

mines the spatial distribution of the value chain and influ-
ences supplier–buyer relationships.

As illustrated in Fig. 3, the case studies presented here in-
dicate that OEMs outsource the mapping to external suppli-
ers 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 coor-
dination 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 in-
ternalize 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 com-
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Figure 3. Organization and spatial distribution of value creation activities for vehicle navigation systems. Own adaptation.

panies 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 in-
dustries (Van Alstyne and Parker, 2017). Hence, the naviga-
tion software represents a point of competition with the map-
ping providers (or new industry entrants like Google Maps,
Android Auto, etc.) that seek to install their own software in-
terface in the cars. The monopolization of customer access
can therefore be categorized as a type of value that compa-
nies seek to capture in the digital sector. Taking this into ac-
count, 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 ac-
quire in their pursuit of value capture (e.g. data). As vari-
ous 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), oth-
ers, 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 sup-
plier 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 transfer-
able across distance and regulatory regimes vs. digital prod-
ucts like maps that are not transferable due to compliance and
infrastructure constraints), thus requiring companies to re-
act 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 char-
acteristics 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 collabo-
ration are reshaped in digital GPNs, which in turn influence
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the modular inter-firm relationships between OEMs and their
suppliers (Gereffi et al., 2005).

7 Conclusion and outlook

This article delved into the elements shaping the value cre-
ation process for automotive navigation systems, particu-
larly focusing on the inter-firm relationships between Chi-
nese OEMs (automotive lead firms) expanding to Europe and
their specialized suppliers. The findings have shown how fac-
tors like regulatory frameworks and the increasing impor-
tance of data influence the value creation strategies of Chi-
nese OEMs and make them reliant on European and US ser-
vice providers when expanding to the European market, as
well as how the companies react to different types of spa-
tially 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 net-
works in regard to value chain governance and firm-specific
strategies within automotive GPNs, particularly regarding a
shift towards less hierarchical and more balanced power re-
lations 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 pro-
cesses occurring. In particular, the role of standards and reg-
ulations (as instruments through which regulatory bodies ex-
ercise institutional power) that shape digital production net-
works should be given more attention, while 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 re-
search should also consider the steps involved in value cap-
ture as well as market capture. Furthermore, the study con-
ducted 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 empir-
ical 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 re-
shaping GPNs, geopolitical uncertainties, trade disruptions,
and the weaponization of dependencies (Kalvelage and Tups,
2024; Gong et al., 2022) are current topics impacting the au-
tomotive industry that also merit further empirical investiga-
tion.
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