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Chapter 1 
Introduction: Digitalisation and automotive production 
networks in Europe

Jan Drahokoupil

This edited volume analyses the challenges of digital transformation, typically discussed 
under the heading of Industry 4.0, from the perspective of production locations. Digital 
transformation represents a dual challenge from such a perspective. 

First, production locations face a fundamental challenge as far as their role in the 
production network is concerned. Increased automation may undermine competitive 
advantage in terms of lower labour costs and more flexible labour market arrangements. 
New technology may also replace the more knowledge-intensive tasks conducted by 
engineers in production locations, leading to the effective downgrading of the position 
of manufacturing units in the value chain. At the same time, digital technologies may 
support the decentralisation of advanced activities across the production network, 
allowing production sites to be upgraded through advanced manufacturing technologies.

Second, there is the jobs challenge. It has been particularly noticed that countries 
specialising in production are particularly vulnerable to the job displacement effects 
of new technologies as many of the tasks in which they specialise can be automated. 
However, new technology also changes the nature of work in production. This entails 
changes in the nature of the skills required from workers and the autonomy they have 
in carrying out tasks, and also in work intensity. 

The digital transformation of production is associated with so-called Industry 4.0 
technologies. These combine data analytics, the Internet of Things and production 
machinery into cyber-physical systems. The list of technologies associated with Industry 
4.0 includes industrial sensors, robots and collaborative robots (cobots), predictive 
analytics, machine learning, autonomous in-plant logistics, simulation, augmented 
and virtual reality, wearables and 3D printing. However, the distinctive feature is 
the networking between humans and both physical and digital industrial production 
processes throughout the value chain. The integration of physical and digital production, 
together with continuous and real-time analysis, should improve the optimisation of 
production, resulting in a more flexible and efficient production process (WEF 2014). 
Improved profitability can be achieved by value creation through an improved product 
offer (flexibility), asset utilisation (optimisation) and reduced labour costs (automation). 

This book addresses the twin challenges of digital transformation by analysing the 
impact of new technologies at company level. It focuses in particular on the automotive 
industry which has been at the forefront of introducing new technologies such as 
industrial robots. We analyse their impact on working conditions and employment as 
well as on the role of production sites in the value chain. The book also addresses the 
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extent to which digital transformation represents an opportunity, or a challenge, for 
the countries that specialise in manufacturing production as far as their development 
prospects and competitiveness are concerned. 

The automotive industry in Europe is characterised by a division of labour – organised 
by a few multinational corporations (MNCs) – between headquarters locations where 
production is collocated with business and technology development and other intangible 
activities; and peripheral sites that specialise in production activities. The tradition of 
industrial peripheries in the automotive sector encompasses Spain, where automotive 
production continues to play an important role. In Italy, while still characterised by the 
presence of headquarters functions, product specialisation has also moved towards that 
of a peripheral location. More recently, in the context of EU enlargement, a large part 
of automotive manufacturing has been relocated to central and eastern Europe (CEE), 
which now constitutes the European industrial heartland as far as production activities 
are concerned. 

These challenges in the automotive industry are addressed through case studies of old 
and new peripheries in the European automotive industry. The case studies presented 
in individual chapters were conducted within an ETUI research project on digitalization 
in production. The project primarily examined MNC affiliates, including both original 
equipment manufacturers (OEMs) and their suppliers. We focused, in particular, on 
leaders in the implementation of Industry 4.0 technologies. However, the attention on 
MNC affiliates is complemented by two studies covering domestic companies. These 
include both suppliers of simpler components and digital entrepreneurs providing high-
end services to automotive companies. An overview of the countries and companies 
covered in this book is provided in Table 1. 

The book starts with a chapter by Pamela Meil that analyses digital transformation in 
the automotive industry from the perspective of the headquarters of major German 
automotive MNCs. The volume then covers the impact of digital transformation in 
both the old and new peripheries of the automotive industry in Europe. Four chapters 

Table 1 Case studies 

Note: employment levels in 2018 in brackets (for Poland: 2017, Spain: 2019) 

Germany 

Czechia

Hungary

Poland

Spain

Italy

Hungary

Poland

Italy

2 OEMs (125,000/670,000 globally); 2 technology suppliers (8,000/20,000 globally)

3 OEMs (2,248-22,932); 7 Tier 1 suppliers (726-9,000); 2 Tier 2 suppliers (203-848)

3 OEMs (1,251-11,803); 7 Tier 1 suppliers (266-4,827)

3 OEMs (1,876-8,020); 3 Tier 1 suppliers (1,219-7,183)

1 OEM (4,800); 8 Tier 1 suppliers (50-280)

4 Tier 1 suppliers (394-10,300); 1 Tier 2 supplier (226) 

12 digital entrepreneurs (2-182)

3 Tier 1 suppliers (200-450); 3 Tier 2 suppliers (50-250); 6 digital entrepreneurs (50-250)

1 Tier 3 suppliers (413)

MNC headquarters (Chapter 2)

MNC affiliates (Chapters 3, 4, 7, 8)

Domestic companies (Chapters 5, 6 and 7)
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address the competitiveness challenge: does digital transformation undermine or 
enhance the upgrading prospects of companies participating on the peripheries of the 
automotive value chain? In this section, Andrea Szalavetz and Ricardo Aláez-Aller, with 
his colleagues, analyse the impact on MNC affiliates in CEE and Spain respectively. The 
chapter by Krzysztof Gwosdz and his colleagues contrasts the situation of MNC affiliates, 
typically assemblers or tier one suppliers, with that of domestic companies in Poland. 
The latter are typically tier two suppliers specialising in simpler products. Andrea 
Szalavetz supplements the analysis of domestic companies with a chapter that focuses 
on the role of domestic technology leaders engaged in providing software solutions to 
automotive companies, investigating the extent to which they could compensate for the 
lack of high-value activities in the automotive value chains in peripheral regions. 

Finally, there is a section on the jobs challenge. What is the impact of introducing new 
technology on working conditions? How does the demand for occupations and skills 
change? How have trade unions addressed the challenges? The chapters by Matteo 
Gaddi and Monika Martišková present findings on these developments in MNC affiliates 
in Italy and CEE, respectively.

The remainder of this chapter discusses some of the key findings. Before addressing 
each of the challenges, it provides an overview of the position of CEE and southern 
Europe in automotive production networks and the role of Industry 4.0 technologies.

1. Automotive production networks, European industrial 
peripheries and Industry 4.0

Production networks in the automotive industry are characterised by a hierarchical 
structure in which multinational corporations play a major role. A handful of OEMs, 
such as the Volkswagen Group or the PSA Group, develop final products, assemble 
vehicles and organise supplier relations in the production network. Moreover, these 
carmakers now rely on a relatively small number of large supplier firms that dominate 
tier one supply operations and with which they have thus forged close relationships 
based on interdependence. They share some research and development functions and 
are closely interlinked through the just-in-time, lean production model. As shown in 
detail in Chapter 7 by Matteo Gaddi, new technology facilitates horizontal integration 
along the value chain, allowing OEMs, or upper-tier operators, to monitor and directly 
control production processes in supplier firms to the level of the specific tasks conducted 
by individual workers.

There is a complex geography where business relationships often span the globe. At 
the same time, a distinct regional division of labour has emerged at the level of world 
regions such as Europe. Within these regions, there is a hierarchy between core locations 
where the headquarters of MNCs are located and peripheral locations that specialise in 
production functions. Importantly, carmakers as well as global suppliers tend to locate 
R&D activities related to vehicle development in their core locations; R&D in peripheral 
locations is typically geared towards production support. OEMs place assembly and 
production functions in the periphery to take advantage of lower labour costs. Given 
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the large sunk costs and dependence on regional supplier networks, assembly activities 
tend also to stay in place once labour costs rise. The same applies also to bulky, heavy 
and model-specific parts production that needs to be concentrated close to final 
assembly plants to assure timely delivery at reasonable cost (for example engines, 
transmission, seats and other interior parts). At the same time, lighter, more generic 
parts can be produced at a distance and are likely to be relocated to take advantage of 
scale economies and low labour costs (for example tyres, batteries and wire harnesses).

In Europe, Germany represents the key core location in automotive production 
networks. It is home to major OEMs, most notably the Volkswagen Group, as well as to 
global supplier firms such as Bosch. As shown in Table 2, the automotive industry also 
plays an important role in the overall economic structure. In 2017, more than 845,000 
workers were employed in the narrowly-defined automotive sector in Germany (NACE2 
C29 in FTE, Eurostat, sbs_na_ind_r2), but a broader classification would cover about 
two million industrial workers. A much lower share of components indicates that 
Germany specialises in core functions. Many production activities remain located in 
Germany, as a further result of the political sensitivities involved in relocation, but these 
production functions are more tightly integrated with R&D functions (Krzywdzinski, 
2017). As a core location, Germany specialises in higher-end larger models; at the 
same time, the Volkswagen Group enjoys considerable flexibility in locating production 
models across its European sites. Importantly, carmakers tend to introduce production 
of new electric models in Germany and at other core locations (Drahokoupil et al. 2019, 
see also Chapter 2 in this volume).

Table 2 Automotive: value added and employment, 2017 

Notes: EU and candidate countries where automotive share of valued added in non-financial business economy > 2 per cent. Countries 
that are considered in this project are in bold. Automotive refers to NACE2 C29: Manufacture of motor vehicles, trailers and semi-
trailers, components; and to NACE2 C293: Manufacture of parts and accessories for motor vehicles. 
* Total business economy; repair of computers, personal and household goods; except financial and insurance activities. 
Source: calculated from Eurostat [sbs_na_ind_r2, sbs_na_sca_r2]

Slovakia

Czechia

Hungary

Romania

Germany

Sweden

Poland

North Macedonia

EU27

Slovenia

EU28

Serbia

Spain

France

Italy

Value added

8.2

8.2

7.2

6.4

6.0

3.6

3.3

3.2

3.2

3.1

2.9

2.6

2.3

2.0

2.0

Value added

4.8

4.8

3.6

4.6

2.9

2.4

2.2

NA

1.9

2.3

1.8

2.9

1.3

1.4

1.2

Employment

50.7

50.3

47.6

82.2

22.7

17.9

67.4

NA

32.9

52.5

31.7

69.7

41.3

36.5

46.8

Employment

69.4

75.5

75.3

89.1

31.7

26.4

77.9

NA

NA

63.4

50.3

85.4

48.5

42.2

53.1

Share in non-financial business economy,* % Share of components in automotive, %
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A large share of components characterises the peripheral producers (see Table 2). 
Southern Europe, and Spain in particular, represents the traditional peripheral location 
in the European automotive industry. Italy, the home of major carmakers, predominantly 
FCA/Fiat, has traditionally enjoyed the status of a core automotive location. However, 
with the plight of FCA/Fiat, vehicle production has declined substantially while the 
share of components has risen, and many Italian automotive companies now primarily 
supply carmakers in western Europe, especially Germany. The product specialisation 
of Italy has thus moved towards that of a peripheral producer. The integration of 
CEE countries into European production networks in the context of EU enlargement 
has changed the geography of production in Europe (Leitner and Stehrer, 2014 see 
also Chapter 2 in this volume). CEE countries have become firmly established as key 
production locations while automotive employment in all west European countries has 
shrunk (Pavlínek 2019). As shown in Table 2, many CEE countries now rely more heavily 
on the automotive industry than Germany. While Spain has been largely able to retain 
its position as a key assembly location, it has missed out on all greenfield investments 
in assembly plants in the last thirty years (Aláez-Aller et al. 2015). In Italy, FCA/Fiat 
joined German and French carmakers in opening production locations in eastern 
Europe (Poland and Serbia). Moreover, Italian component makers now compete with 
CEE companies when supplying German carmakers. Among the CEE countries, the 
share of components in automotive employment is highest in Poland. The latter, as 
discussed in Chapter 5, somewhat lags behind Slovakia, Hungary, and Czechia as far as 
the integration into automotive production networks and technology deployment are 
concerned.

Production networks in peripheral locations have a dual structure, with foreign 
ownership having the structuring role as far as the nature of value adding activities 
is concerned. Foreign-controlled OEMs and upper-tier supplier companies exhibit 
higher value added and complexity, and account for most of the R&D (e.g. Radosevic 
and Ciampi Stancova 2018; Knell 2017). Domestic companies tend to be integrated into 
global production networks as lower-tier suppliers specialising in simpler activities. 
At the same time, however, the higher value added functions in foreign subsidiaries 
tend to be weakly developed, with most R&D-related activities concentrated in the 
core locations (Pavlínek 2016; cf. Drahokoupil and Fabo 2020). Innovation therefore 
tends to be restricted to the upgrading of the production process rather than R&D 
(Szalavetz 2017a). In Spain, for instance, MNCs do not develop R&D activities related 
to product development; such activities can be found only in automotive suppliers with 
domestic capital (Aláez-Aller et al. 2015). Two parallel innovation systems can thus be 
identified (Radosevic et al. 2010). There is a large FDI-centred system, targeted towards 
downstream activities in production such as the development of production processes. 
In contrast, domestic innovation activities, however weak, are R&D based: they comprise 
a handful of new technology companies specialising in knowledge-intensive services. 

Core locations are the first to introduce new technologies into their production 
processes. This is not surprising given that they also face higher labour costs and 
where the return on automation based on labour saving is thus higher. The level of 
automation in manufacturing, measured by the number of multipurpose industrial 
robots per 10,000 people employed (see Table 3) is indeed highest in Germany as far 
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as the EU is concerned. Peripheral producers exhibit much lower levels of automation. 
Italy ranks very high on this indicator, but this is driven largely by automation outside 
the automotive sector (see Table 4). In general, the automotive industry has been at the 
forefront of introducing digital technology and automation into production processes. 
As shown in Table 4, it accounts for the bulk of industrial robots in Europe. The level of 
robotisation in the industry is particularly high in Spain – relative both to comparable 
countries and to the rest of its industrial sector, reaching 88 per cent of the German 
level. 

Table 3 Number of multipurpose industrial robots per 10,000 people  
employed in manufacturing industry (ISIC rev.4: C) 

Note: EU and candidate countries where data available and selected comparator countries. 
Countries that are considered in this project are in bold. 
Source: International Federation of Robotics (World Robotics 2019 – Industrial Robots)

 

Germany

Sweden

Denmark

Italy

Belgium

Benelux

Netherlands

Austria

Slovenia

Spain

Slovakia

France

Switzerland

Finland

Czechia

United Kingdom

Hungary

Portugal

Norway

Poland

Greece

Romania

Estonia

Croatia

Singapore

South Korea

Japan

China

2018 

338

247

240

200

188

184

182

175

174

168

165

154

146

140

135

91

84

68

56

42

23

21

19

7

831

774

327

140

Growth 2013-2018 

20%

40%

36%

15%

18%

51%

80%

52%

91%

12%

94%

22%

62%

9%

99%

32%

62%

62%

37%

121%

77%

200%

217%

75%

271%

80%

3%

460%
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The level of robotisation in CEE countries is much lower. At the same time, it has grown 
rapidly in the last five years. This can be attributed to rapidly increasing labour costs. In 
fact, as discussed in this volume, labour shortages represent the major motivation for 
investment in automation in the region. Interestingly, as argued by Monika Martišková 
in Chapter 8, when labour costs are taken into account the rate of robotisation in some 
CEE countries, Czechia and Slovakia in particular, is higher than average; although, in 
contrast, it is lower than expected in Poland, indicating the lower level of technology 
deployment which is consistent with the findings in that particular chapter (Chapter 5). 
The rate of robotisation in Germany is actually lower than what could be expected 
given its labour costs; conversely, it is much higher in South Korea, due largely to this 
country’s position as an industrial technology leader.

The use of industrial robots, however, is an imperfect indicator of technologies discussed 
under the Industry 4.0 heading. In fact, the use of industrial robots is often better 
classified as Industry 3.0. Whereas the latter refers to the automation of manufacturing, 
Industry 4.0 entails the increasing digitalisation of the production process. In this 
context, as argued in Chapter 3, five stages of digital maturity can be distinguished. 
The first stage is Industry 3.0: automation with the use of older generations of fenced-
off robots. In the second stage, more advanced solutions are introduced, but they are 
isolated and co-exist with legacy machinery. In the third stage, value adding components 

Table 4 Number of multipurpose industrial robots per 10,000 people employed  
in automotive industry (ISIC rev.4: C29) and in all other manufacturing  
(ISIC rev.4: C excluding C29), 2018 

Note: EU and candidate countries where data available and selected comparator countries. 
Countries that are considered in this project are in bold. 
Source: International Federation of Robotics (World Robotics 2019 – Industrial Robots)

Slovenia

Germany

France

Austria

Spain

Slovakia

Italy

Sweden

United Kingdom

Portugal

Czechia

Hungary

Poland

South Korea

Japan

China

Automotive

108%

100%

98%

88%

88%

64%

59%

57%

54%

51%

44%

29%

15%

204%

92%

58%

Automotive

1371

1268

1239

1118

1110

815

748

718

687

646

555

369

189

2589

1165

732

Other Industries

47%

100%

52%

63%

45%

21%

88%

95%

24%

19%

32%

24%

15%

301%

126%

36%

Other Industries

91

195

102

123

88

41

171

185

46

38

62

46

29

587

245

70

Automotive 
to other ratio

15.1

6.5

12.1

9.1

12.6

19.9

4.4

3.9

14.9

17.0

9.0

8.0

6.5

4.4

4.8

10.5

Absolute As per cent of German level
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are connected for the purposes of digital monitoring. In the fourth stage, production 
is controlled through cyber-physical systems. Finally, in the fifth stage, production is 
completely automated. Adidas’s Speedfactory represents an example of such a facility.

The key to Industry 4.0 is thus the increased connectivity of production processes 
and business functions (stages 3 and 4). The implementation of enterprise resource 
planning (ERP) systems is a key tool in achieving such connectivity and this can be 
taken as an indicator of Industry 4.0 maturity1. The share of enterprises that implement 
the ERP software package to share information between different functional areas in 
the countries analysed in chapters in this volume is presented in Table 5. The pattern 
largely corresponds to that of robotisation. The automotive sector exhibits a higher 
degree of Industry 4.0 maturity than the rest of manufacturing. There is variation 
between countries, but Germany does not stand out as it did in terms of robot intensity 
– the degree of implementation of ERP systems is similar to that in Spain, Czechia and 
Italy. In contrast, Poland and Hungary exhibit a lower degree of Industry 4.0 maturity. 

The aggregate differences outlined here were not reflected in our sample. Respondents 
in the headquarters of German MNCs did not see the process of Industry 4.0 
implementation in their companies as particularly advanced, indicating that 
automation will play a larger role in the future. They also pointed out that some of 
the most modern production technology is located in newly-opened plants in CEE. The 
case studies of MNC affiliates thus focused on companies that represented leaders in 
the implementation of Industry 4.0 technology. In our CEE sample, the most advanced 
Industry 4.0 technologies were found in Hungarian affiliates. Overall, MNC affiliates in 
CEE operated a mixture of highly-automated and semi-manual activities.

1. The implementation of the manufacturing execution system (MES), rather than that of the ERP, may be 
considered a more important indicator of Industry 4.0 maturity on the shop floor level in production locations. 
However, there is a lack of comparative data on the use of MES.

Table 5 Enterprises who have ERP software package to share information between 
different functional areas, %, 2019 

Notes: countries covered in this book 
10 or more people employed 
*2014 
Source: Eurostat [isoc_bde15dip]

 

Spain

Germany

Czechia

Italy

Poland

Hungary

EU27

EU28

Manufacturing 

51

50

48

45

32

20

47

46

Automotive 

 NA

 66

 68

 62*

 48

 44

 60

 59
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Figure 1 provides some examples of the technologies, classified according to Industry 
4.0 maturity levels. The most advanced Industry 4.0 solutions involved production 
control through cyber-physical systems. These belong to stage 4 in our classification, 
but the deployment was rather experimental and none of the companies classified as 
having achieved a fully-fledged stage 4 maturity. The technology solutions included, 
for instance, automation of data analytics, also achieved through artificial intelligence 
solutions, to identify the process parameters having the largest influence on product 
quality. The integration of production functions through ERP systems, as discussed 
in Chapter 7 on Italian plants, allows the achievement of the objectives of the just-
in-time lean production model in which production planning is pulled by customer 
orders, with customers gaining access to data about, and to control of, individual tasks 
assigned to workers. Technologies such as ERP systems and cobots have also been 
introduced in Spanish plants. At the same time, as argued in Chapter 4, we found that 
MNC affiliates exhibited a lack of purposeful strategies to take advantage of the full 
potential of stage 4 automation. Finally, as shown in Chapter 5 on domestic suppliers 
in Poland, many companies operating in the lower tiers of the supplier network 
effectively rely on manual labour and are thus yet to implement even an Industry 3.0 
level of automation. 

There is some coordination of Industry 4.0 projects at MNC level while corporate 
headquarters, as discussed in Chapter 2, may have a slight preference for launching 
innovative pilot projects at headquarters sites. However, competition between 
MNC affiliates is key to understanding the motivation for investing in Industry 4.0 
technologies. As discussed in Chapters 3 and 4, MNC affiliates face continuous pressure 
from their parent companies to cut costs. They need continually to improve efficiency 

Source: adapted from Andrea Szalavetz (Chapter 3)

Figure 1 Stages of digital maturity: examples of investments in digital technologies  
in surveyed companies

Completely automated factory
– Not in our sample

¡ Production control through cyber-physical systems
– Manufacturing execution systems;
– Digital production planning, predictive maintenance;
– Inventory management through radio frequency identification technology.

¡ Connection of value adding components; digital monitoring
– Visualisation of production status based on real-time data analytics, robotic process automation;
– Advanced internal connectedness.

¡ Advanced solutions, but isolated and co-existing with legacy technology
– Collaborative robots, automated material handling, automated guided vehicle; 
– Data collection through cyber-physical systems, harmonisation of legacy IT systems. 

No Industry 4.0: factory automation using older generations of fenced robots 

5

4

3

2

1
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and flexibility. The initiative to implement Industry 4.0 technologies thus comes from 
local managements seeking to improve the competitive position of the affiliates. New 
technology may also allow them to achieve some strategic differentiation from other 
affiliates that they are competing with for the allocation of production and other 
projects. Moreover, in CEE, labour shortages were a key motivation for investing in 
automation. These were relevant for MNC affiliates in the upper tier of the supply chain 
and for lower-tier domestic companies alike.

A position in the periphery represents a constraint on the adoption of new technologies. 
More specifically, our case studies underlined the limited autonomy of MNC affiliates 
in capital expenditure discussions, with affiliates needing to seek the approval of their 
head office for such investments. It is typically required that any investment in new 
technology brings a rate of return that allows the costs to be recuperated within two 
years. Moreover, affiliates are normally expected to finance such investment from their 
own resources. Lower-tier suppliers, foreign or domestic, may therefore not be able to 
finance such investment since lower value added activities do not bring sufficient profit 
to plough back in the name of investment. Furthermore, as discussed in Chapter 5 on 
Poland, domestic suppliers also face broader barriers in terms of conservative attitudes 
towards technology, shortages in terms of competences and skilled staff and a lack of a 
culture of cooperation. 

2. The competitiveness challenge

The digital transformation may provide an opportunity for peripheral locations to 
upgrade, moving to activities which offer higher value added and, hence, revenue. In an 
optimistic scenario, as discussed in more detail in Chapter 3, new technology increases 
the knowledge intensity of the production activities in which companies in peripheral 
locations specialise. Industry 4.0 technologies may facilitate the further decentralisation 
of advanced activities including engineering, design and software development across 
production networks. Digital transformation thus allows ‘factory economies’ (Baldwin 
2013) to accumulate technological and R&D activities that have been traditionally 
located in core, headquarters locations.

However, such a scenario can be contrasted with a pessimistic one involving downgrading 
and the loss of existing competitive advantages. Accordingly, Industry 4.0 technologies 
may automate some of the knowledge-intensive activities performed by engineers in 
production locations (Flecker and Schönauer 2016; Szalavetz 2017a). For instance, 
process development can be automated through self-optimising solutions embedded in 
cyber-physical systems (see Chapter 3). Crucially, as emphasised in Chapter 4, Industry 
4.0 undermines the key comparative advantage of peripheral producers: lower labour 
costs and labour flexibility. Automation questions the very rationale for relocating 
labour-intensive business processes to low-cost countries: automated production can 
be profitably employed near ultimate markets or in headquarters locations (Dachs 
et al. 2017). Moreover, peripheral locations have also competed via the flexibility of 
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labour market regulation (Köllő 2019). However, Industry 4.0 solutions also facilitate 
production in locations with less flexible labour regulations.2 

In fact, our case studies do not indicate that the deployment of Industry 4.0 would 
lead to major structural change in the position of peripheral producers. We observed 
process upgrading via the use of new technology, but that is rather a continuation of a 
long-term process: any supplier needs continuously to upgrade production processes 
to stay competitive, while the rates in supplier contracts typically assume continuous 
improvements in productivity. However, we did find examples of product, or functional, 
upgrading, including the allocation of more complex activities extending also, in some 
cases, to R&D activities. Upgrading via the deployment of new technologies improves 
the position of affiliates in competing for new product lines, possibly increasing the 
commitment of the parent company to developing those units. Importantly, however, 
affiliates enjoyed little autonomy in making decisions about the allocation of such 
projects. The terms under which they were undertaken were also set by the headquarters. 
As a result, argues Andrea Szalavetz in Chapter 3, the value chain position of production 
subsidiaries in peripheral locations does not change even where they experience 
functional upgrading.

We observed the decentralisation of advanced functions, as anticipated in the optimistic 
scenario, but their effect on improving the value captured in peripheral sites, and hence 
securing improvements in incomes, was limited. This can be related to two processes 
(see also Szalavetz 2017b). First, new technology reduces the strategic importance 
of delegated functions. Once advanced tasks, such as testing, process development, 
incremental product development, design and simulation, have been supported 
by digital technologies, they can be controlled and coordinated from a distance and 
delegated to subsidiaries as operative functions. Second, as the terms under which 
the more advanced tasks are undertaken is decided by the headquarters, functional 
upgrading may not bring higher margins. As affiliates take on additional higher value 
tasks, parent companies will cover the costs of their execution, such as the salaries of 
the engineers that need to be hired. The parent companies retain full control of internal 
prices, so functional upgrading may not increase profitability. The higher value captured 
thus comes primarily in the form of higher wages for higher skilled staff. 

The overall impact of employing new technologies on the position of the analysed 
companies in the value chain seems to be positive, even if the developmental effects are 
limited by their peripheral position, namely their dependence on the decisions made 
in MNC headquarters. In contrast, as argued in Chapter 5, it is the lack of investment 
in technology that represents a serious threat to lower-tier suppliers. At the same time, 
however, we observed that Industry 4.0 technologies undermine the key locational 
advantages of upper-tier producers (the importance of labour costs and flexibility). The 
position of peripheral producers, as discussed in Chapter 3, is thus arguably becoming 
more precarious and likely to be tested in the next wave of restructuring. 

2. Empirical studies assessing the extent to which there has been a consequent reshoring of activities to higher-
wage locations are discussed in Chapter 4.
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3. The jobs challenge

The job displacement effects of new technologies have attracted considerable attention. 
There is now a cottage industry of research that estimates the distribution of the risk 
of automation across jobs and countries (Frey and Osborne 2017; Arntz et al. 2016; 
Nedelkoska and Quintini 2018; PwC 2018). Estimates of the actual share of jobs that 
are at risk of automation in individual countries differ, but, as discussed in more detail 
in Chapters 3 and 8, there is a consensus that industrial employment is particularly 
susceptible to automation. The operator in production doing routine work thus 
represents the emblematic occupation at risk of automation. In Europe, CEE countries 
and Spain rank among those with the highest risk of job losses. This is related to these 
countries having a higher share of routine jobs (Keister and Lewandowski 2017). 
Moreover, as discussed above, the rate of automation in these countries is lower than in 
countries such as Germany that have already made some of the adjustments.
 
At the same time, the higher productivity achieved through automation is likely to 
generate demand for labour in non-automated tasks. This may partially (Acemoglu and 
Restrepo 2019) or even fully (Arntz et al. 2016; Dauth et al. 2018) offset the negative 
employment effects of the new technology. However, these positive employment effects 
take place away from manufacturing, being especially found in the area of business 
services. While the employment effects of new technologies drive job polarisation at 
the aggregate level (Autor and Dorn 2009; Goos et al. 2014), they also change demand 
within manufacturing, with IT and electronics knowledge replacing traditional skills 
profiles (Pfeiffer et al. 2016). In this context, it is important to realise that the same 
technologies can have different effects on labour (or skill) demand, depending on the 
role of the workplace in the production network (Krzywdzinski 2017). More specifically, 
when the same process technologies are used, higher skills will be required in factories 
that are involved in the roll-out and ramping-up of new products and new process 
technologies – that is, as discussed above, typically in the core locations. 

There were no redundancies directly related to the introduction of Industry 4.0 
technologies in the companies that we analysed. This may be attributable to our 
research programme taking place at a time of an upswing in demand in the automotive 
sector. Indeed, CEE countries actually experienced severe labour shortages. Any labour 
savings effects were thus seen positively by employee representatives too, as they helped 
to address labour shortages. Spanish affiliate companies, in turn, were able to relocate 
displaced workers. 

However, we observed that new technologies did have an impact on the skills profile 
of workers. The increased level of automation and digitalisation implied a demand 
for new engineering profiles (IT specialisations), a need for programming skills in 
existing categories of employees (e.g. maintenance workers) and a minimum level of 
occupational training for new recruits extending to operator positions. The changing 
skills demand for individual occupations is analysed by Monika Martišková in Chapter 
8 on CEE. This shows that education and skill requirements are changing with respect 
to most positions, requiring a retraining of the existing workforce. At the same time, 
training policies were developed only in OEMs. Even there, however, a systematic 
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approach aimed at developing skills for all workers whose skill profile was becoming 
obsolete was missing, while retraining policies were not on the agenda of CEE trade 
unions. In contrast, as discussed in Chapter 2, trade unions in Germany were able to 
push for a general policy on re-training, particularly for younger workers with a long-
term perspective at the plants. However, even in the OEMs and leading technology 
providers analysed in the German chapter, re-training mainly involved job rotation, 
with little re-training provided specifically for Industry 4.0 applications.

At the same time, for some job categories, particularly operators, new technology 
entailed deskilling. Here, operators became ‘machine feeders’ monitoring automated 
processes. What is sometimes described as increased task complexity in fact refers 
to multi-tasking: workers are put in charge of several machines at once, feeding and 
monitoring them simultaneously. Work thus becomes less strenuous but rather routine, 
requiring a lower level of skill. Chapter 8 provides examples of workers whose jobs had 
been automated who were transferred to routine jobs where they do not need to use 
the skills that they had previously employed. In this specific case, their wage stayed the 
same. However, in the longer term, such a transformation is likely to contribute to job 
polarisation by creating routine, low-paid jobs.

Finally, increased efficiency through the deployment of Industry 4.0 goes hand-in-hand 
with enhanced monitoring and control over the labour process. Many workers thus lose 
autonomy, having to follow pre-optimised procedures designed in an automated way 
and possibly in client companies. Increased work intensification was observed broadly, 
both in CEE and in southern Europe. Chapter 7, however, analyses the link between 
work intensification and the deployment of key Industry 4.0 technologies such as ERP. 
In this chapter, Matteo Gaddi also argues that automatic coordination across the value 
chain, the core of Industry 4.0, can effectively remove working conditions from the 
arena of collective negotiation. Gaddi outlines the way in which CGIL/FIOM, an Italian 
metalworking trade union, has sought to address this via the collective bargaining 
agenda.

4. Concluding remarks: The Covid-19 challenge

Automation is only one of the major challenges faced by the automotive sector in 
Europe. The transition towards electromobility, the increasing importance of digital 
rather than mechanical technology in the final product and prospective changes in the 
consumer use of automobiles have all put the future of European carmakers in question 
(Drahokoupil et al. 2019; Galgóczi 2019). The economic crisis triggered by the Covid-19 
pandemic has added an extreme demand shock that is likely to accelerate restructuring 
processes, possibly in dramatic ways. 

First, the recession will imply a reduction in production capacity in Europe. We have 
thus now entered the consolidation phase that is discussed in Chapter 3 in the context of 
peripheral locations only as a looming threat. Tight labour markets were an important 
contextual factor that both mediated the impact of job-saving technologies and provided 
an incentive for automation, particularly in CEE. However, finding workers is not likely 
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to be a problem in the next few years anywhere in Europe. At the same time, the crisis 
may delay investment in digital transformation across value chains. Second, the crisis 
may accelerate the switch to electric mobility, also because demand stimuli in higher-
income countries are likely to be geared towards supporting more sustainable mobility. 
This, as discussed in Chapters 2 and 4, may reinforce a concentration of production in 
core locations as well as the opening of new, state-of-the-art production facilities. Finally, 
we found that Industry 4.0 technologies were deployed in support of the lean, just-in-
time model. However, the crisis has highlighted the fragility of such interdependent and 
geographically-spread systems. A shift towards more resilient production systems may 
involve reshoring from more remote locations (Van den Bossche et al. 2020). However, 
as argued in Chapter 2, this is not likely to threaten the position of European peripheral 
locations. In fact, they may witness an opening of new production facilities that fully 
take advantage of digital transformation.
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