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1

Introduction

Digital networking and wireless communication of machines and systems in production will
be one of the major challenges in the coming years. The so-called Industry 4.0 holds great
potential for innovation and competition for industrial companies. Also the Upper-Rhine region associates great opportunities with Industry 4.0, but also risks. For the region's industry
and politics, the question arises to what extent approaches of Industry 4.0 are already being
implemented, what strengths the industry has in this respect and where potentials can be
exploited. To address these questions, the European program INTERREG of the FEDER
(Fonds Européen de Développement Régional) together with the Swiss Confederation
funded a research project as component of the project Upper-Rhine 4.0 (action 1.1).
In the context of this Upper-Rhine 4.0 project, two partners, CCI Alsace Eurometropole and
BETA – University of Strasbourg, commissioned the Fraunhofer Institute for Systems and
Innovation Research ISI to assess the "readiness" of production companies in the UpperRhine region with regard to an emerging Industry 4.0. In this study, "readiness" is defined
as the current willingness and ability of companies to prepare for implementing Industry 4.0
and examines which I4.0 related or preparatory technologies are already being used in production.
The Upper-Rhine region extends into three European countries - Switzerland, Germany,
and France. Therefore, the analyses were based on three data sources: For the Swiss part
of the region, a regional extract of the European Manufacturing Survey (EMS) Switzerland
2018 provided by Lucerne University of Applied Sciences and Arts, has been used. The
German part of the region is covered by a regional extract from the European Manufacturing
Survey (EMS) Germany 2018, collected by Fraunhofer Institute for Systems and Innovation
Research ISI. Both EMS datasets are representative for both countries regarding the regional, sectoral and firm size distribution. For the French part of the region, in 2019 CCI
Alsace Eurometropole (CCIAE) and BETA (University of Strasbourg) conducted a regional
survey addressing manufacturing firms with at least 20 employees in the French UpperRhine region. All three data sources cover production characteristics as well as the use of
technologies and represent the Upper-Rhine sub-regions very well. This enables an analysis of the distribution of specific technologies as well as an assessment of the I4.0 readiness
based on current and reliable operational data.
The present report on I4.0 readiness is built on a broad empirical analysis. The strengths
and existing potentials of the companies regarding I4.0 are identified and a comparison of
the Upper-Rhine region with other industrial regions in Germany is made. The aim of the
present report is to gain knowledge about the current diffusion of various I4.0-enabling technologies in the manufacturing industry of the Upper-Rhine region. Thus, it is possible to
assess the extent to which I4.0 approaches exist in practice and to measure how high the
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ability of companies is to use I4.0 related technologies in practice. With these empirical
findings, a sound base for further conclusions on options for action on innovation policy for
politics and the industry is provided. The guiding questions of this study were:







How widespread are various I4.0 enabling technologies currently in the Upper-Rhine
industry?
Which companies and industries are taking a pioneering role on the way to digitally
networked production?
How high is the I4.0 readiness of industrial companies in the region, what are their
strengths and weaknesses?
Are there major observable differences regarding the I4.0 readiness of firms in the
three national parts covered by the Upper-Rhine regions (Alsace, Bade, and Basel
area)?
How is the industry of the Upper-Rhine region positioned on its way to digitally networked production in comparison to other regions?

In order to deal with these key questions successively, chapter 2 explains the content and
methodological background to this report, including a description of the Upper-Rhine region
based on the used data. This is followed by an analysis of the general distribution of I4.0enabling technologies in the Upper-Rhine manufacturing industry, broken down by various
production and operating characteristics; regional differences are analysed in this respect
as well (chapter 3). In chapter 4, an I4.0 readiness indicator is formed and applied to the
manufacturing industry in the Upper-Rhine region. Chapter 5 puts the results for the UpperRhine region into context, comparing the Upper-Rhine region with other major German industrial regions. Finally, a summary is provided in chapter 6.
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2

Background to the investigation of I4.0 readiness

2.1

The importance of Industry 4.0

The emerging Industry 4.0 holds great innovation potentials and competitive advantages
for manufacturing companies. The technical core and main drivers of innovation in the Industry 4.0 vision of the future are software-intensive embedded mechatronic production
systems based on modern information and communications technologies, which are therefore referred to as "cyber-physical systems" (CPS) (Bildstein/Seidelmann 2014).
The technical CPS solutions currently under development are intended to help plan, design
and steer production systems and complete value-added networks by implementing intelligent horizontal and vertical digital networking in the value-added processes. The expected
effects and benefits are equally diverse, sometimes even radical. In addition to fundamental
advances in productivity, leaps and bounds of flexibility and adaptability, including resource
savings, are also expected (Jaspernite 2012; Spath et al. 2013; Heng 2014; Kagermann
2014). Within the context of the project Upper-Rhine 4.0, the « Status Report Industry 4.0 »
provides a more detailed presentation of the development of Industry 4.0 in the region and
its socio-economic implications and technical aspects (Michel et al. 2020).
So far, however, only vague ideas exist as to which potential benefits can be tapped and in
which configuration the new CPS technologies will be used in industrial practice (Heng
2014; Geissbauer et al. 2014). However, it can be assumed that the use of the new CPS
technologies will depend primarily on the benefits companies can expect and realise in
terms of strategic competitive positions and their position in the value chain (Kinkel/Maloca
2009; Som 2012). In order to be able to realise the expected potential of Industry 4.0 for
securing the future international competitiveness of the industry sector in the Upper-Rhine
region, the dissemination of I4.0 enabling technologies is crucial, both at the top level and
across a broad range, especially among industrial medium-sized enterprises.
2.2

Three subnational parts of one region

The Upper-Rhine region extends across three countries covering regions within or close to
the Rhine valley in Switzerland, Germany and France as displayed in Figure 1. This region
covers several subnational areas (cf. Haarich et al. 2019):
o

In Switzerland, 5 cantons (Aargau, Basel-Stadt, Basel-Landschaft, Jura, and Solothurn) are collaborating within the Upper-Rhine region.

o

In France, the two departments Bas-Rhin and Haut-Rhin, which represented the
Alsace region until the territorial reform of 2015, are collaborating within the UpperRhine region.
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o

2.3

In Germany, the Western part of the State (Land) Baden-Wuerttemberg with 10 districts (Landkreise) and cities as well as the Southern part of the State (Land) Rhineland-Palatinate with 3 districts (Landkreise) and 1 city are collaborating within the
Upper-Rhine region.1
Three data sources joint into one data set

The industrial landscape of this tri-national region is not captured by one original data set.
Therefore, the analyses were based on one data set joining data from three data sources:
For the Swiss and German part, the European Manufacturing Survey (EMS) 2018 provides
a valuable data source. The European Manufacturing Survey (EMS) is organised by a Consortium of Research Institutions of 16 European research institutions coordinated by the
Fraunhofer Institute for Systems and Innovation Research ISI, and takes place every three
years since 2001 as a survey of the diffusion of advanced production technologies and
organisational concepts in the European manufacturing industry.
At firm level, EMS surveys the utilisation of techno-organisational innovations in manufacturing and the thereby achievable performance increases in the manufacturing sector. It
focuses on fields such as technical modernisation of value adding processes, introduction
of innovative organisational concepts, and new business models for complementing the
product portfolio with innovative services.
Data is mostly collected as a written survey either as paper questionnaires or via email as
an online survey based on representative samples. The persons contacted to complete the
questionnaires are production managers or CEOs of the manufacturing firms. The survey
is conducted at randomly selected manufacturing firms, addressing manufacturing sites
(NACE Rev. 2 codes from 10 to 33) having at least 20 employees. In preparation for multinational analysis, the national data undergoes a joint harmonisation procedure. Thus, each
national EMS partners possess valuable data on their manufacturing sector, which can additionally be used for cross-country analyses.

1

In detail these are the cities of Baden-Baden, Karlsruhe, and Freiburg im Breisgau as well as
the districts of Karlsruhe, Rastatt, Breisgau-Hochschwarzwald, Emmendingen, Ortenaukreis,
Lörrach, and Waldshut in the state of Baden-Wurttemberg. In Rhineland-Palatinate, the city of
Landau in der Pfalz, the districts Germersheim and Südliche Weinstraße as well as two administrative parts of the district Südwestpfalz (Verbandsgemeinden Dahner Felsenland und Hauenstein) are currently eligible for funding of cross-border cooperation within the programm of
INTERREG V OBERRHEIN (https://www.interreg-oberrhein.eu) (see Haarich et al. 2019).
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Figure 1:

Regional composition of the Upper-Rhine region

Source: Retrieved from http://www.transfrontier.eu/wp-content/uploads/2012/02/upper-rhine.gif, on
3rd of January 2020.
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In Switzerland, the data was collected by the Lucerne University of Applied Sciences and
Arts, in Germany by Fraunhofer Institute for Systems and Innovation Research ISI, Karlsruhe. Both data collections started with random samples and resulted in a data set representative for the regional, sectoral and firm size distribution for the Swiss and German manufacturing sector, respectively.
For this study, according to the regional limits of the Upper-Rhine region the following regional criteria was applied: The Swiss share of the data consists of manufacturing firms
from the cantons Aargau, Basel-Stadt, Basel-Landschaft, Jura, and Solothurn (n = 144). In
the context of this study this area is referred to as the Basle area of the Upper-Rhine region.
The German share of the data consists of manufacturing firms from 4 municipalities, and
10 rural districts (n = 42) of the Upper-Rhine region. Additionally four districts of the Black
forest directly bordering the region (n = 25) were added to enhance the number of cases.23
Thus, the South/Middle Bade area is well covered while simultaneously including a reasonable number of firms.
For the French part of the region, in 2018/2019 CCI Alsace Eurometropole (CCIAE) and
BETA (Université of Strasbourg) conducted a regional survey addressing manufacturing
firms with at least 20 employees in the French Upper-Rhine region. This Digitization Survey
2018/2019 aimed on measuring the adaptation of Industry 4.0 in the manufacturing sector
in the Alsatian region. The survey addressed a sample provided by the regional Chamber
of Commerce and Industry CCIAE. Based on the operationalisations used in the EMS questionnaire, the Alsatian Digitization Survey consisted of questions on technology use, production characteristics and basic information on the manufacturing site itself. In total, 124
companies of the target group participated in this survey.
Based on these three regional data sources, a joint data set was compiled containing 335
cases that cover the Upper-Rhine region
As can be seen in Figure 2 (left side), the ratio between the numbers of firms from the three
parts most likely does not represent the actual regional distribution. Compared to the population living in these areas, the share of firms in South/Middle Baden is probably underrated and the share of firms in the Basle area overrated, compared to the Alsatian cases.
Unfortunately, the correct ratio is not documented. Thus, we cannot compensate this bias
adequately. even if the three regional parts themselves are representative for their region

2

The extract has been identified by using TERCET NUTS-postal codes matching tables 2016,
retrieved in October 2019 from https://ec.europa.eu/eurostat/tercet/flatfilesChangeNutsVersion.do.

3

In the first analyses, firms from the districts Schwarzwald-Baar-Kreis and Rottweil have been
included as well as these districts between Blackforest and Swabian Alps also abut directly to
the Upper-Rhine region. However, even geographically close the industrial history and structural
connections link these areas more to their Eastern neighbouring districts. Therefore, firms from
these regions were not included into the final analyses.
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Thus, even if the three regional parts themselves are representative for their region, the
joint data does not represent the industrial structure of the Upper-Rhine region.
However, to avoid any domination of the data by one part of the region, an adjustment
weighting will be applied which equalizes the number of cases for each part. As displayed
in the right part of Figure 2, the weighted joint data set contains 201 cases with 67 cases
for each regional part. Reflecting the number of cases of the national surveys or extracts,
the weighting factor for South/Middle Baden firms is 1, for firms from Alsace 0.54, and data
from firms in the Basle area are weighted by 0.47. We will report the parameters of the
weighted distribution. The comparison of mean values for the weighted as well as
un-weighted data set is reported in the appendix (Table 3).
Figure 2:

Regional composition of the joint dataset on manufacturing in the Upper-Rhine region (unweighted and weighted)

Unweighted joint data set, n = 335
South/Middle Baden (DE)
n = 67

Weighted joint data set, n = 201
Alsace (F)
n = 124

Basle area (CH)
n = 144

South/Middle Baden (DE)
n = 67

Alsace (F)
n = 67

Basle area (CH)
n = 67

Note: number of manufacturing firms

Source: European Manufacturing Survey 2018 – extracts of Switzerland, Germany. Digitization
Survey 2018/2019 - Upper Rhine area of France.

2.4

Upper-Rhine region in numbers

In terms of the firm size structure, the three regional parts of the Upper-Rhine region are
very similar (see Figure 3). With around 70 percent, the majority of firms in this region employs less than 100 persons. Moreover, 92 percent of the firms in the Basle area, are SMEs
with fewer than 250 employees, 89 percent in Alsace, and 84 percent in South/Middle Baden. Slight differences occur regarding the share of firms with at least 500 employees: with
16 percent in South/Middle Baden this share is somehow higher than in Alsace (11 %) and
the Basle area (8 %). However, no statistically significant differences are found regarding
the firm size structure of the manufacturing sector in these three areas.
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Figure 3:

Firm size structure of the manufacturing sector of the Upper-Rhine region.
Alsace (F)

Basle area (CH)

South/Middle Baden (DE)

54%
up to 49 employees

44%
60%
15%

50 to 99 employees

28%
12%
20%
20%

100 to 249 employees
12%
7%
6%
7%

250 to 499 employees
2%
1%

500 to 999 employees

6%

2%
1%
3%

1000 and more employees
0%

share of firms

60%

European Manufacturing Survey 2018 – extracts of Switzerland, Germany.
Digitization Survey 2018/2019 - Upper Rhine area of France.

In addition, the sectoral structure is quite similar in the three regional parts even if some
country-specific focuses become visible (see Figure 4). The metal industry and machinery
equipment are important sectors in all three regions (35 % of firms in Alsace, 38 % in the
Basle area, 52 % in South/Middle Baden). Of these, the metal industry is most prominent in
the German (31 %) and Swiss (23 %) part of the region, while the machinery (19 %) and
metal industry (16 %) are equally important in Alsace. Moreover, the food and beverage
industry, electronic and electrical industry, and wood, paper, printing industry are of importance for the region followed by the rubber and plastics industry and the chemical and
pharmaceutical industry. Thereby, firms of the food and beverage industry (17 %) are found
more common than in the other two parts. In the Basle area firms of the wood, paper, printing industry account to 15 percent of the population compared to 10 percent in Alsace and
6 percent in South/Middle Baden. Chemical and pharmaceutical firms are scarcely found in
the German part.
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Figure 4:

Sectoral structure of the manufacturing sector of the Upper-Rhine region
Alsace (F)

Basle area (CH)

South/Middle Baden (DE)
16%

Metal industry

23%

31%
19%

Machinery and transport equipment

15%

21%
17%

Food, beverage and tobacco industry

13%
12%
11%
13%
12%

Electronic and electrical industry

10%
Wood, paper, printing industry

15%
6%
11%
10%
9%

Rubber and plastics, non-metal products

6%
6%

Chemical industry (incl. Pharma)
1%

9%
7%
7%

Other industrial sectors
0%

share of firms

35%

European Manufacturing Survey 2018 – extracts of Switzerland, Germany.
Digitization Survey 2018/2019 - Upper Rhine area of France.

In conclusion, all three national parts of the region can be described as industrially diverse.
Despite country specific focuses, statistically no major differences have been found in the
sectoral structure.
However, when looking at the production characteristics some regional differences in production stand out: Regarding the complexity of the product offered, the results can be summarized as follows (see Figure 5, the upper chart): The majority of firms (around 50 %) are
on the market with medium complex products. Moreover, an average of one third of the
firms in the Upper-Rhine region produce complex products, while in Alsace the figure is as
high as 42 percent. Only a minority sells simple products, especially in Alsace only 10 percent, in the Basle area and South/Middle Baden this share reaches 20 percent. Thus, the
Upper-Rhine region is characterized by a fairly high share of producers of complex products, and in the Alsatian part this share is even significantly higher.
The Alsatian part also stands out regarding the batch size in which the products are manufactured (see Figure 5, the middle chart). Whereas 9 percent resp. 14 percent of the Swiss
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resp. German firms of the region produce in large batches, 34 percent of the Alsatian firms
do so. This difference is then reflected in the proportion of producers of small and medium
sized batches with 42 percent of Alsatian firms in contrast to 62 percent and 67 percent of
firms from the Basle area and South/Middle Baden, respectively. Finally, it applies equally
to all three parts, that nearly a quarter of the firms are producing single unit products. Thus,
producers of smaller batches or single unit products dominate the Upper-Rhine region.
However, in Alsace a significant higher number of firms produces in large batches.
The mode of production in the Upper-Rhine region is dominated by a production after a
customer’s order (cf. Figure 5, the lower chart). Around three quarters of firms have organized their production in this way. A slight regional difference can only be seen with regard
to make-to-stock production. Around one quarter of the Alsatian firms produce to stock,
whereas only around 15 percent of their Swiss and German counterparts have organized
their production in this way.
Figure 5:

Production related characteristics of the manufacturing sector of the
Upper-Rhine region
Simple products
Alsace (F)

Medium complex products
10%

Basle area (CH)

19%

South/Middle Baden (DE)

20%

ungew

48%

42%
58%

16%

23%

45%

34%

52%

32%

share of firms **

0%
Single unit production
Alsace (F)

24%

Basle area (CH)

24%

South/Middle Baden (DE)

23%

ungew

24%

Small/medium batch

Made-to-order

100%
Large batch

42%

34%
62%

14%

67%

9%

55%

20%

share of firms **

0%

Alsace (F)

Complex products

Assembly-to-order

69%

100%
To stock

6%

25%

Basle area (CH)

73%

12%

15%

South/Middle Baden (DE)

74%

10%

16%

0%
Note: ** statistically significant
differences at p< 0.05.

share of firms

100%

European Manufacturing Survey 2018 – extracts of Switzerland, Germany.
Digitization Survey 2018/2019 - Upper Rhine area of France.
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These differences in the production characteristics are also reflected in the positioning along
the value chain as displayed in Figure 6. Differences between the three regional parts
clearly stand out. Alsatian firms produce a greater share of finished goods for private customers whereas firms from the Basle area are mainly producers of goods for other industrial
businesses rather than suppliers or vendors of finished products. In contrast, the German
firms of the region are active to equal shares in each position of the value chain.
Figure 6:

Position within the market of manufacturing firms of the Upper-Rhine
region
Alsace (F)

Basle area (CH)

South/Middle Baden (DE)
27%

Supplier*

49%
46%
56%

Prod. of finished goods
for customers*

27%

42%
27%

Prod of finished goods
for ind. business*

Note: * multiple answers possible.
** statistically significant
differences at p< 0.05.

49%
46%
0%

share of firms**

60%

European Manufacturing Survey 2018 – extracts of Switzerland, Germany.
Digitization Survey 2018/2019 - Upper Rhine area of France.

In conclusion, the national parts of the Upper-Rhine region are very similar with regard to
the structural characteristics like firm size and sector affiliation. With a view to these historically grown and also geographically determined industrial structures, it is indeed appropriate to describe the Upper-Rhine region as a whole.
Nevertheless, some national specifics can be found. The Alsatian part especially stands out
from both the other parts by a higher share of producers of complex products and a higher
share of large batch production.
2.5

Indicators of I4.0 enabling technologies

In order to measure the ability and readiness of companies to implement the first steps of
Industry 4.0, various fields of technology were identified first. Along five central fields of
action - production processes, products, production facilities, plant-related IT and higherlevel IT - important core technologies were recorded which serve as prerequisites for the
application of Industry 4.0 and which can already be applied in plants today.
In order to gain insights into the state of development of the digital factory and networked
production within the companies, a total of seven I4.0 enabling technologies were selected
to analyse the readiness of firms towards Industry 4.0 (cf. Table 1).
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Table 1:

I4.0 enabling technologies for describing the readiness for digitally networked production according to technology fields

I4.0 enabling technologies (i.e. preparatory technologies for Industry 4.0)
1

IT supported production planning: use of software systems for production planning
and steering (e.g. ERP system)

2

Near real-time production control system: use of near real-time production control
systems (e.g. systems with central machine/process data acquisition, MES)

3

IT system for supply chain management: digital data exchange with suppliers or
customers (supply chain management systems)

4

IT system for product lifecycle management: product lifecycle management (PLM)
systems or product process data management, if applicable.

5

IT-supported steering of internal logistics: use of technologies for automating and
steering of internal logistics (e.g. warehouse management systems, RFID)

6

Mobile/wireless programming of machines: use of mobile/wireless devices for programming and operating plants and machines (e.g. tablets)

7

Mobile/wireless access to work instructions: use of digital solutions for the provision and use of drawings, work plans or work instructions directly at the worker's
workplace (e.g. tablets, smartphones)

These seven technologies were included in the 2018 European Manufacturing Survey as
well as in the Alsatian Digitization Survey. Specifically, the participating companies were
asked whether they were already using or planning to use the relevant technologies. These
items are at the core of the following analyses and were examined regarding production
and plant characteristics as well as the regional distribution of companies.
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3

Dissemination of I4.0 enabling technologies in the manufacturing sector

3.1

Basic distribution status

A glance at the individual I4.0 enabling technologies shows that the companies of the Upper-Rhine region have adopted I4.0 enabling technologies at varying degrees in manufacturing. The proportion of companies using these technologies in their production varies from
only 18 percent for "safe human-machine cooperation" to 74 percent for "software systems
for production planning and steering". Overall, it becomes clear that, with the exception of
software systems, which two out of three companies already use, the other I4.0 enabling
technologies are rather scarce in the manufacturing sector (cf. Figure 7).
Figure 7:

Use and planned use of I4.0 enabling technologies in the Upper-Rhine
region
Technology used
Software for production
planning and scheduling

Use planned until 2021

74%

Digital data exchange with
customers and/or suppliers

7%

48%

Digital visualization

10%

37%

Near real-time production
control system

34%

Automation and management
of internal logistics

32%

Wireless devices for programming
and/or operating machines

27%

Product-Lifecycle-Management
Systems

18%
0%

18%
14%

15%
14%

6%
share of firms

100%

European Manufacturing Survey 2018 – extracts of Switzerland, Germany.
Digitization Survey 2018/2019 - Upper Rhine area of France. Weighted joint dataset.

"Digital data exchange with customers/suppliers" is used on average by almost half of the
companies. “Digital visualisation", "near real-time production control system" and "automating of logistics" are used by around one third of the companies. The use of "wireless "devices for programming and operating systems and machines" is used by 27 percent of companies, "product lifecycle management systems" still by 18 percent.
The share of companies planning to introduce one of the seven technologies by 2021 is
relatively evenly distributed across the I4.0 enabling technologies between 6 and 18 percent
each. Accordingly, an exceptionally disproportional dynamic increase in the dissemination
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of these technologies is not expected in the next three years. However, the share of firms
planning to introduce one of these technologies is quite impressive with around 14 to 18
percent, disregarding both digital management tools.
When interpreting these initial findings, it should be taken into account that, due to specific
production characteristics, not every technology represents a necessary or sensible technical solution for the production of every company. Companies with manual production and
small series production will hardly use automated logistics or a near real-time production
control system due to their production conditions. Companies with a high degree of automation and mass production on the other hand, are more likely to make use of these technologies.
Overall, it becomes clear from the presented results that the basic diffusion rate of I4.0
enabling technologies is already at a considerable level. This diagnosis is supported by the
fact that only 9 percent of the companies do not use any of these I4.0 enabling technologies.
Nearly half of the companies (48 %) use at least three of the technologies. However, around
42 percent of the firms still only use one or two of these digital technologies, i.e. the diffusion
level of these technology is still quite low. Moreover, the expected dynamics are not outstanding either. The proportion of companies planning to introduce one of these technologies is around 14 percent for most of these technologies.
Therefore, for the manufacturing industry in the Upper-Rhine region can be concluded: So
far, the vast majority of companies have been engaged in digitization, but the vast majority
is still a long way from digitally networked production in the sense of Industry 4.0.
3.2

Dissemination of I4.0 enabling technologies in the Upper-Rhine region
by industry, plant and production characteristics

Further analyses show clear differences for the Upper-Rhine region in the prevalence of
individual I4.0 enabling technologies in the various industries. The situation in the sectors
of manufacturers of electronic and electrical products, food and beverage, of wood, paper,
and printing products as well as in the metal industry is presented as examples:
Among electronic and electrical products (NACE rev. 2, division 26 and 27), “"technologies
for automating and steering internal logistics", "product lifecycle management systems",
“digital supply chain management” and "digital visualisation" are more common than average. Looking at the remaining enabling technologies, this sector is on a par with the others.
Only in the case of "near real-time production control systems" the proportion of users is
below average.
In the food and beverage sector (NAVE rev. 2, division 10 to 13), the “digital exchange of
product/process data with suppliers/customers” is rather common. 58 percent of the firms
use this technology, so the diffusion rate of this digital solution is significantly higher than in
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other sectors. In addition, mobile devices for programming and controlling facilities and machinery are widespread already. With 32 percent of the firms of this sector using this technology, this share is also above average. However, the diffusion rate of applications for
"digital visualisation" as well as of “software for production planning and scheduling” is below average when comparing the industrial sectors.
In contrast, among firms of the metal industry (NACE rev. 2, division 24 and 25) the observed technologies are rather less common than in other industrial sectors of the region.
Applications for “digital supply chain management”, “product lifecycle management systems” or “automated logistics processes” are used less frequently than in the rest of the
manufacturing sector. The share of users of the other technologies is close to average. The
food and beverage sector as well as the metal industry are both characterised by a smaller
share of larger firms which implies a lower diffusion rate for certain technologies. However,
the different pictures for both sectors certainly also refer to the different production requirements and market connections in the sectors.
In the sector of wood, paper, and printing products (NAVE rev. 2, division 16 to 18), the
“digital exchange of product/process data with suppliers/customers” is also rather common.
With 59 percent of firms using this technology, the diffusion rate is the highest among all
sectors. Unlike in the food and beverage sector, solutions for “automated logistics processes” as well as for “digital visualisation on the shop floor” are also relatively widespread
and among the highest in comparison - even though this sector contains the lowest share
of large firms and, at over 70 percent, by far the highest share of firms with less than 50
employees. This result illustrates the different production realities of a rather process oriented industry with closed production processes and a rather highly automated production
of specialised but rather medium complex products.
Relevant differences in the use of I4.0 enabling technologies can also be observed according to the company size. In large enterprises with 250 or more employees, these technologies are used much more frequently than in medium-sized enterprises with 50 to 249 employees. In small enterprises with up to 50 employees, the I4.0 enabling technologies are
even less frequently used. However, the smaller firms already use these technologies to a
considerable share. Although still significant, the firm size gap today is remarkably low regarding “supply chain management” (41 % to 63 %), “digital visualisation” (32 percent to
52 percent, and “mobile devices for programming and steering machines and systems”. In
contrast, the diffusion of “product lifecycle management systems” differs considerably
among all three firm size groups. It is twice as high for medium-sized firms (23 %) as for
small firms (11 %) and three times as high for large firms (34 %).
For two technologies, the gap between small and medium-sized enterprises is particularly
striking. The proportion of users of a “software system for production planning and control”
and a “near real-time production control system” is about 20 percentage points lower among
small companies than medium-sized ones. Hence, this share differs much less between
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medium-sized and large companies. Both technologies seem to be productively useable
and affordable already for firms with 50 or more employees. In contrast, the user rate for
“automation and digital management of internal logistics” stands out among large companies (62 %) as the gap to medium-sized companies (36 %) is 27 percentage points. So far,
this technology appears to be especially profitable for larger companies with more than 250
employees.
Previous studies on I4.0 readiness have already shown that smaller industrial companies
in particular have not yet been able to participate optimally in the current structural change
induced by CPS technologies (Lerch et. al 2016). As far as the current situation in the Upper
Rhine region is concerned, it should be noted that although relevant differences in size
continue to exist, smaller companies are also using the observed I4.0 enabling technologies
already. Nevertheless, it is clear that some technologies can only be used productively with
a certain production volume and standardisation. Here, SMEs clearly have a disadvantage.
It will be crucial for SMEs as well as medium-sized firms in the Upper Rhine region to increase their connectivity to CPS technologies by means of appropriate measures at the
level of production processes, software development, organisation as well as the qualification of the employees. At the same time, active consideration must be given to suitable
business models that make it possible to reduce potential volume disadvantages and thus
maintain competitiveness vis-à-vis larger companies.
3.3

Regional Differences in the dissemination of I4.0 enabling technologies
within the Upper-Rhine region

Before discussing the I4.0 readiness of manufacturers in more detail, a comparison of the
three national sub-parts of the Upper-Rhine region is necessary to underpin this empirical
approach at a regional level. The data makes it possible to evaluate the use of the I4.0
enabling technologies separately for each regional part by comparing the results for the
Basle area, Alsace, South/Middle Baden separately.
As Figure 8 displays, the main diffusion pattern is similar for all three regional parts. As
summarized in the overall description, the software for production planning and scheduling
is commonly used in all three parts of the region. In contrast, product lifecycle management
systems are rarely used.
A slight specificity is noted for the Alsatian part of the region, as both digital tools for communication are less common than in the other two regions. The share of firms that have
already implemented digital visualization of information at the shop floor level (27 %) or
have already integrated wireless, mobile devices to program or operate machines or systems in production (21 %) is lower than in the Basle area or in the Baden part of the UpperRhine region. One reason for this might be that Alsatian companies on average began to
introduce digital visualization much later. In contrast, the share of Alsatian firms using a
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near-real time production control system is significantly higher. It should be noted that this
finding could be due to the fact that this technology was introduced on average five years
earlier by industrial firms in Alsace than by firms from the other two regional parts. Besides
these results, it can be stated that the view into the future is quite similar for all three parts.
The plans to introduce these technologies until 2021 do not differ considerably.
Figure 8:

Use and planned use of I4.0 enabling technologies in manufacturing
industry in different parts of the Upper-Rhine region
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Finally, a special characteristic of the Alsatian part of the Upper-Rhine region has to be
mentioned. As Figure 9 shows, a much smaller proportion of Alsatian enterprises which use
the I4.0 enabling technologies reinvested in already implemented technology after its introduction during the past three years. While the reinvestment rate for producers in the Basel
Area and the Baden part is between 70 and 90 percent across all technologies, only shares
of 45 to 50 percent can be observed for Alsatian companies. When it comes to the use of
digital visualization, the share of firms reinvesting in this technology accounts to even less
than 25 percent for Alsatian firms, while the other two parts of the Upper-Rhine region this
proportion is around 70 and 95 percent, respectively.
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Figure 9:

Reinvestment rate among firms using I4.0 enabling technologies in
manufacturing industry in different parts of the Upper-Rhine
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In conclusion, the results described clearly show a quite similar diffusion pattern among all
three national parts of the Upper-Rhine region and its industrial firms, apart from selected
differences. Some of these variances are based on slight differences of the industrial and
production structure cited before in chapter 2.4. Some differences might also be based on
dissimilar support schemes fostering the digitalization of production or reinvestments in already implemented technologies.
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4

I4.0 Readiness: overview and status quo

4.1

Description of the I4.0 Readiness Index

In order to present an overall assessment of the I4.0 readiness of companies in the UpperRhine region, the Fraunhofer I4.0 Readiness Index (Lerch et. al 2016) will be used in the
following. The I4.0 Readiness Index is based on the use of I4.0 enabling technologies, the
diffusion of which has been described in detail above. These technologies cover three central technology fields, as illustrated below. Since the use of these different technologies is
strongly process- and plant-dependent and addresses different fields of technology, a mere
counting of the technologies used did not seem suitable for an I4.0 Readiness Index.
The I4.0 Readiness Index addresses three central technology fields that are
represented by two or three I4.0 enabling technologies, listed in Table 2.
Table 2:

Technology fields considered by the I4.0 Readiness Index

Technology field
A) Digital management systems

Technologies



software systems for production These applications are clasplanning and steering
sified as basic technologies
product lifecycle management of IT and digitalisation and
systems


B) Wireless humanmachine communi
cation

C) Cyber physical
system (CPS) related processes





Level of application

are thus assigned to ITrelated processes.

digital visualisation at shop-floor- This field is also assigned to
level
the I4.0 basic technologies
wireless mobile devices for pro- and thus to IT-related programming machines and sys- cesses.
tems
near real-time production control
system
automating of interal logistics
digital data exchange with sup-

These technologies already
feature production elements
of cyber-physical systems
and are therefore consid-

pliers and customers

ered advanced I4.0 technologies.

While the two technology fields (A) Digital management systems and (B) Wireless humanmachine communication cover IT-related processes (I4.0 basic technologies) both are still
far from Industry 4.0. Technology field (C) Cyber physical system (CPS) related processes
already contains the first elements of networked production (advanced I4.0 enabling technologies) and can therefore be classified as closer to I4.0 than the other two technology
fields.
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Using this grouping, those companies can be classified closer to I4.0 which on the one hand
use and combine several technology fields in production and on the other hand use several
CPS-related processes in their production. As shown in Figure 10, this concept results in
an I4.0 Readiness Index with the following main groups and levels:
Figure 10:

Evaluation along the I4.0 Readiness Index, with main groups and individual levels

Non-users who do not (yet) display any readiness for I4.0:
 Level 0: companies that do not use any of the I4.0 enabling technologies examined and
still tend to rely on traditional production processes.
Basic levels, as a foundation for the path to I4.0, with a low degree of readiness:
 Level 1 (beginners): companies that use IT-related processes in one of the three technology fields (A | B | C).
 Level 2 (advanced beginners): companies that use IT-related processes in two of the
three technology fields (A & B | B & C | C & A).
 Level 3 (advanced users): companies that are active in all three technology fields and
use IT-related processes in addition to one CPS-related process (A & B & C).
Top group, as pioneers on the road to I4.0, with slightly higher readiness:
 Level 4: companies that are active in all three fields of technology and use at least two
CPS-related technologies (A & B & 2C).
 Level 5: Companies that are active in all three fields of technology and use at least three
CPS-related technologies (A & B & 3C).
With each level, the I4.0 readiness status increases or the distance to networked production
decreases. Whereas level 0 is not at all ready for I4.0 (yet) as these companies do not use
any of the seven digital technologies, companies at the levels 1 to 5 are ready in principle.
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However, companies that only started digitalizing one or two technology fields by introducing one digital technology and are mainly focusing on IT-related processes (levels 1 and 2)
until now have a higher “distance to I4.0” than companies at levels 3 to 5 that already started
digitalizing all three technologies fields and implemented the first elements of networked
production.
However, even at levels 4 and 5 it cannot be assumed that the threshold to I4.0 has actually
already been crossed. Rather, only the distance to networked production has been reduced.
With the help of this I4.0 Readiness Index, the change from traditional production to production close to I4.0 can be mapped. Companies with a higher level have already completed
the transition to a higher degree than companies at lower levels.
4.2

I4.0 Readiness in the manufacturing sector in the Upper-Rhine region

Using the I4.0 Readiness Index to describe the manufacturing sector in the Upper-Rhine
region results in a distribution as shown in Figure 11. Only 10 percent of firms do not use
any of the analysed I4.0 enabling technologies in production to date (level 0). Still a large
share of 59 percent of all companies in the Upper-Rhine region only use technologies of
one or two fields. This includes the group of absolute beginners who only use technologies
from one field (24 percent; level 1) and the advanced beginners who operate in two technology fields (35 percent; level 2). Additionally, 13 percent of the firms are already active in
all three technology fields and have implemented one CPS related application (level 3).
Both beginner levels together with the advanced user level form the group of Basic users.
Finally, 20 percent of firms use technologies from all three fields and have implemented two
(level 4) or three (level 5) CPS-related applications.
A look at the Upper-Rhine region's manufacturing industry shows that there is a broad mass
of basic users. Accordingly, a large proportion of manufacturing companies in the UpperRhine region started digitalizing their production and production planning processes with a
single digital solution for one or more technology fields. Only every tenth firm still relies on
traditional production processes and was previously rather reluctant to use even IT-related
processes.
At the basic levels, however, it is necessary to differentiate more precisely, since the group
of beginners as well as advanced users are contained herein, and there are great differences between these two groups. While the group of absolute beginners is much closer to
the non-users regarding their type of production processes, the advanced companies form
a kind of foundation for the top group and could be able to enter it next.
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Figure 11:

I4.0 Readiness profile of the German manufacturing industry: distribution of companies according to I4.0 readiness levels in the UpperRhine region

Status of
readiness
Non-users
(level 0)

9%

Basic levels
(level 1 to 3)

No use (yet)

24%

35%

12%
20 percent with
I4.0 readiness

Top group
(level 4 and 5)
0%

25%

Share50%
of firms

71 percent of
IT near
processes
10%

75%

10%

100%

European Manufacturing Survey 2018 – extracts of Switzerland, Germany.
Digitization Survey 2018/2019 - Upper Rhine area of France. Weighted joint dataset.

The top group is not only active in each of the three technology fields, but also uses several
CPS-related processes simultaneously. These 20 percent of companies combine near realtime control systems with automated logistics processes and use digital data exchanges
with suppliers and customers. In this group, a certain readiness towards full digitalisation
seems to have already been established. In particular, the top 10 percent seem to be preparing for production close to I4.0 or are already trying to implement it to some extent.
4.3

I4.0 readiness by industry, plant and production characteristics

A look at the firm size structure reveals large differences in the I4.0 readiness status between companies of different sizes (cf. Figure 12), which are reflected in the individual technologies analysed. As a general rule, large companies have a much higher I4.0 readiness
than medium-sized or small enterprises and vice versa. This finding is particularly clear in
the case of non-users (level 0) and the top group (levels 4 and 5).
Currently, 12 percent of small companies do not use any I4.0 enabling technologies (level
0), while this is the case for only 7 percent of the medium-sized enterprises and none of the
larger companies. The same pattern is found in the group of absolute beginners (level 1).
31 percent of small firms, as opposed to 17 percent of medium-sized firms and 13 percent
of large companies, have so far only addressed one technology field. The exact opposite
situation can be observed for the top group. Almost 40 percent of all large companies have
several CPS-related processes, marking them among the companies with the largest I4.0
orientation. About one in four medium-sized enterprises manages to join the top group,
while this is only the case for one in 11 small enterprises. In all three firm size classes,
nearly half of the firms (48 and 47 % respectively) include both higher basic levels (level 2
and 3), while the share of advanced users is somewhat lower among small firms the than
among medium-sized and large enterprises.
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Figure 12:

I4.0 readiness according to company size
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Overall, it is clear that a sizable section of large companies already have a certain I4.0
readiness in their production. Large companies are therefore currently taking on a technological pioneering role on the path to an I4.0-close production in the Upper-Rhine region. It
is also evident that medium-sized companies that combine IT-related processes with each
other and even rely on CPS-related processes have a strong basis and already a remarkable share in the top group. The mid-sized sector can therefore be characterised by having
a strong basic readiness for I4.0, although a considerable share of companies can also be
found at the top. On the other hand, it becomes visible that small companies in particular
are still rather reluctant to use the currently available I4.0 enabling technologies. The majority of small enterprises is particularly strongly represented in the lower readiness levels
or even in the group of non-users. However, already 9 percent of small enterprises rank in
the top group.
Possible explanations for the large differences in the I4.0 readiness can be traced to the
fact that small companies have scarcer resources than large enterprises and accordingly
(are able to) invest less in the use of new production technologies. Access to digital knowhow is also much more difficult for small businesses than for large ones. At the same time,
it should also be noted that current technological solutions are not always designed for use
in smaller companies and that smaller companies may therefore generate fewer advantages through their use.
There are also significant differences between industries. Figure 13 shows the proportions
of companies that are assigned to the three basic levels (levels 1 to 3) or the top group
(levels 4 and 5) for selected industry groups. The missing part, which is not shown in the
graph, describes level 0 of an industry accordingly.
As shown in the figure, the top group is particularly strong among producers of electronic,
optical products and electrical equipment with 33 percent as well as among producers of
chemical and pharmaceutical products or wood, paper or printing products with 27 percent.
This indicates that these sectors already have a relatively high I4.0 readiness and that they
play a pioneering role in this respect. Moreover, all firms of the chemical and pharmaceutical
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sector applied at least one of the observed digital technology. Also, nearly all producers of
electronic, optical products and electrical equipment have already achieved at least level 1
of the I4.0 readiness index. On the medium average, there are firms from various sectors
such as the metal industry (22 %) and the food and beverage industry (20 %). The mechanical engineering sector and the sector of rubber, plastics, and non-metal products follow at
a clear distance with 14 and 12 percent respectively.
Figure 13:
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At the basic levels, the situation is completely different for some industries. The sector for
rubber, plastics, and non-metal products as well as the mechanical engineering sector have
a particularly strong centre here. In these two classical sectors of discrete part production,
the shares are 80 and 77 percent respectively. In the Upper-Rhine region, sectors such as
the producers of electronic, optical products and electrical equipment as well as the food
and beverage industry, the chemical and pharmaceutical industry and the metal industry
are at or just below average at 71 to 65 percent. Only in the sector of wood, paper or printing
products the share of basic levels is below 60 percent.
The distinction between the basic levels on the one hand and the top group on the other
clearly shows that on the path to Industry 4.0 a distinction must be made between the basic
and the top group. Only this differentiation allows a detailed insight into the current I4.0
development status and expresses the heterogeneity of the different industries much
stronger.
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Manufacturers of electrical, electronic and optical products have both a strong base and a
strong peak, which can be attributed to the fact that these companies are fundamentally
involved in electronics and automation in their core business and therefore have an advantage over other industries. Likewise, producers of chemical and pharmaceutical products are strongly involved in a broad application of I4.0 enabling technologies. In contrast,
sectors such as the metal industry, producers of wood, paper or printing products, and the
food and beverage industry have a relatively smaller share at the basic levels although the
share of the top group is still quite remarkable.
Mechanical engineering as well as the rubber, plastics, and non-metal products sector have
a rather weak peak, but a strong base and a very low share of less than 10 percent of
companies without any I4.0 enabling technologies. Since both sectors are rather characterised by medium-sized structures and companies often produce small series, there is a fundamental structural disadvantage for these sectors, causing only a few companies to make
the leap to the top group.
Figure 14:

Basic levels and top group by product complexity
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In addition to industry and size considerations, there are also production-structural contexts
that are relevant for I4.0 readiness. This is particularly evident in product complexity as
illustrated in Figure 14: the more complex the products manufactured, the higher the share
of companies in the top group and the lower in the group of non-users. Similarly, the majority
of companies with medium product complexity can be found in the three basic levels, and
the vast majority of companies with simple products are at the lower to basic levels. Moreover, 24 percent of the companies with simple products are found in the group without any
use of I4.0 related technology (level 0). Accordingly, only 12 percent of the companies with
simple products make the leap into the top group (levels4 and 5). 71 percent of the companies with a medium complex product place in the basic levels and 21 percent in the top
group. Still 8 percent did not implement any digital technology in their production (level 0).
For companies with complex products, this is only 2 percent (level 0), 76 percent (basic
levels) and 21 percent (top group).
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In addition, a different I4.0 readiness status can be determined depending on the batch size.
Only a small share of companies with a single-piece production can be found in the top
group (15 %); they are significantly more frequently assigned to the basic levels (75 %) or
level 0 (10 %). Companies with a production of small and medium series have a share of
20 percent in the top group. However, 10 percent do not use any of the observed digital
applications either. In contrast, companies with a large series production have a share of
24 percent in the top group and a significantly lower share of non-users (5 %). Thus, the
I4.0 readiness status tends to increase with the increasing batch size of companies. This
suggests that large-volume companies have better possibilities for an extensive automation
and digital networking than companies with one-off production or manual production.
There is a slight trend in the difference between suppliers and non-suppliers, although no
statistical significant differences were found. 11 percent of non-suppliers still have no I4.0
readiness whatsoever (level 0), while this is the case for only 7 percent of the suppliers.
This is reflected in the share of basic levels of 75 percent among suppliers in contrast to
69 percent of non-suppliers. However, the share of the top group is nearly equal for both
groups at 18 percent for the first group and 20 percent for the latter. Accordingly, it can be
deduced that suppliers are somewhat more active in engaging digitalization to their production. However, they are not more ready to engage in Industry 4.0 than other companies.
For assessing the sensitivity of the results to the weighting procedure described in
chapter 2.3, the results described above are presented in appendix Table 4 in
comparison for weighted as well as unweighted data. This table reveals that the results
show nearly no differences which indicates that a potential geographically disproportion
between the three parts of the region does not affect significantly these conclusions.
The results described above clearly show that the respective I4.0 readiness status of a
company is strongly influenced by structural production and company characteristics. There
are different structural advantages and disadvantages for individual companies in the transition to I4.0. For example, large companies are leading the way in preparing for Industry
4.0, while small companies tend to focus on single specific technologies. The proportion of
companies with a high I4.0 readiness status also increases with rising product complexity
and/or series size. Companies with complex products or large series thus have a comparatively higher degree of readiness for Industry 4.0 than other companies. These structural
relationships must also be taken into account when comparing industrial regions and formulating corresponding interpretations with regard to the I4.0 development status and a
view to the respective industrial structure.

27 | Readiness for Industry 4.0 – Insights into the Upper-Rhine region

5

I4.0 Readiness of the Upper-Rhine region in comparison

5.1

Regional differences of the I4.0 Readiness within the Upper-Rhine region

After the description of the I4.0 Readiness of the manufacturing sector in the Upper-Rhine
region, we will conclude with a comparison between the national sub-parts of the region
and provide a comparison to other German industrial regions. On the one hand, we will
show the extent to which the specificity of the Upper-Rhine region applies to all three subregions. On the other hand, a comparison with other regions helps to assess and evaluate
the Upper-Rhine region as an entity.
Figure 15:
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Figure 15 displays the I4.0 readiness of the manufacturers in the three sub-regions. The
gaps at the right side indicate the share of non-users. Together with the share of firms which
have implemented only one of the seven technologies (level 1), the overall share of manufacturer who hardly use any digital application varies only slightly between 27 percent in the
Alsatian part and 38 percent in the Basle area. The share of firms at the basic levels (level
1 to 3) is highest in South/Middle Baden. In contrast, the share of the top group (level 4 and
5) is lowest in this part of the Upper-Rhine region while it is quite similar in both the other
parts (21 resp. 25 %). However, if one also takes into account the companies using at least
one digital technology in all three technology areas (level 3), this favourable position disappears. Companies from South/Central Baden and Alsace have a similar proportion of digitally more advanced companies, while companies from the Basle area have already become active in all three technology fields to a much greater extent while using at least one
CPS application in their production.
Overall, no statistically significant differences were found. Regional differences are related
to differences in production structures rather than localisation. Thus, both industry politics
and economic policy analyses can address the region as a whole.
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5.2

I4.0 Readiness of manufacturers of the Upper-Rhine region compared to
the status of firms of other regions

A portfolio analysis, as shown in Figure 16, allows a clear comparison with other industrial
regions in Germany. The x-axis represents the base (basic levels), the y-axis shows the top
group of companies on their way to I4.0 (top group). The two blue dot-dash-point lines in
the middle of the diagram show the weighted mean values for the Upper-Rhine region. The
light blue circles represent the three sub-areas of the region. The dark blue circles represent
selected federal states of Germany for the aim of comparison.
I4.0-readiness profile of the Upper-Rhine regions – compared to other
German regions

Figure 16:

Mean for Upper-Rhine region
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65%

68%
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74%

77%
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Share of basic users (level 1 to 3)
European Manufacturing Survey 2018 – regional extracts of Switzerland and Germany.
Digitization Survey 2018/2019 - Upper Rhine area of France. (Weighted joint dataset).

This figure shows that the Upper-Rhine region has a comparable level of development towards I4.0 and digitalization of production to the industrially strong federal states of Germany. The top group in the Upper-Rhine region is similarly high as in the manufacturing
sector of Baden-Wurttemberg or North Rhine-Westphalia (NRW) and even higher than in
Bavaria. After all, 19 percent of Upper-Rhine companies make the leap to the top, in NRW
and Baden-Wuerttemberg, 20 and 19 percent reach it respectively. By contrast, the Bavarian manufacturing sector has only reached 11 percent.
Furthermore, this portfolio analysis shows that the companies in the Upper Rhine region
also keep up well with the basic levels. The figure of 71 percent is in line with the average
for Baden-Wuerttemberg, slightly above the value for NRW with 5 percentage points and
below the average for Bavaria with 6 percentage points. Moreover, it can be detected that
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a very large proportion of companies in the Upper Rhine region have already succeeded in
overcoming the initial obstacles on their way to Industry 4.0 (see level 0). While only 9
percent of the industrial companies in the Upper-Rhine region and in Baden-Wuerttemberg
together have not (yet) implemented any of the digital technologies, this figure is 13 percent
in NRW and as high as 15 percent in Bavaria.
It can be concluded from this that manufacturers from the Upper-Rhine region, with a high
proportion both in the top group and in the group of basic levels, do not need to fear comparison with traditionally strong industrial regions such as Baden-Wuerttemberg, North
Rhine-Westphalia, or Bavaria.
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6

Summary

All in all, the present study provides interesting insights into the readiness of production
companies in the Upper-Rhine region with regard to an emerging Industry 4.0.
This study provides ample proof that empirical analyses on the manufacturing sector of a
cross-national region is feasible and productive, especially if these analyses can be based
on already existing cross country research collaboration. A valuable result of this study is
that it reveals the similarity of the industrial structure in all three parts of this tri-national
region. The analyses of the populations based on the joint data including extracts of the
European Manufacturing Survey (EMS) as well as the originally conducted Digitization Survey in Alsace suggest that it is appropriate to address the region as a whole.
Regarding I4.0 readiness, it is shown that the vast majority of companies have already begun to tackle the transition to digitally supported production. Only 9 percent of the manufacturers in the region do not use any digital technologies. However, the majority of manufacturers in the region are still a long way from digitally networked production in the sense of
an Industry 4.0. 71 percent of the companies have started to implement first IT-related processes and begun using one CPS related process. 20 percent of the companies seem to
be preparing for digitally networked production within the meaning of Industry 4.0. It can be
concluded that the results do not show significant sub-regional differences in the I.40 readiness of the manufacturers in the Upper-Rhine region. Companies in the basic levels with
digital applications in only one or two technology fields form the main group.
A further central finding of this study is that the I4.0 development status of a company is
strongly determined by structural production and company characteristics. Large enterprises have clear advantages over small enterprises due to their easier access to financial
resources and digital know-how, and consequently use I4.0-enabling technologies much
more frequently. Furthermore, companies with large-series production have a significantly
higher automation potential and a correspondingly higher exploitation potential for I4.0 related technologies than companies with manual small-series production. In addition, the
more complex the manufactured products are, the higher the proportion of companies in
the top group and the lower in the group of non-users is.
A closer look at the top group and the group of non-users in particular leads to the basic
conclusions that I4.0 related technologies currently focus on exploiting unused automation
potential. Accordingly, technical solutions are offered in particular for large companies that
manufacture end products in large series. Other potential application of I4.0, especially for
SMEs and companies with small series production, are hardly used at present. In these
production areas, mainly isolated IT-related or individual CPS applications are used; but
this is still far from a digitally networked production. The simultaneous use of multiple CPSrelated technologies is mainly used by large firms.
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With regard to important industrial areas in Germany, the Upper Rhine region has a comparatively good I4.0 development status. There is a very small group of non-users in the
Upper Rhine region, i.e. companies without I4.0 preparation activities. But the tri-national
region does not need not shy away from the comparison in terms of the proportion of companies in the top group either. This share is as high as or higher than in the industrially
strong federal states of Germany.
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7.2

Appendix

Table 3:

Weighted and unweighted mean values of population characteristics for
the Upper-Rhine regions by different characteristics

construct/
measurement

categories

unweighted
share

weighted
share

Firm size

(# of employees)

up to 49 employees

51%

52%

50 to 99 employees

20%

18%

100 to 249 employees

19%

17%

250 to 499 employees

7%

7%

500 to 999 employees

2%

3%

1000 and more employees

2%

2%

100%

100%

22%

23%

Machinery and transport equipment17%

18%

Food, beverage and tobacco industry
14%

14%

Electronic and electrical industry

12%

12%

Wood, paper, printing industry

12%

11%

Sector affiliation
Metal industry

(Nace rev. 2)

Rubber and plastics, non-metal products
10%

10%

Chemical industry (incl. Pharma)

5%

4%

Other industrial sectors

8%

8%

100%

100%

Produser of finished goodsfor customers

22,0%

22,5%

Producer of finished goods for industry

40,7%

41,5%

Supplying to other industries

40,1%

40,5%

71,5%

71,8%

9,2%

9,1%

19,3%

19,0%

100,0%

100,0%

Single unit production

24,1%

24,0%

Small/medium batch

55,5%

56,9%

Large batch

20,4%

19,1%

100,0%

100,0%

Simple products

15,9%

16,4%

Medium complex products

51,7%

50,4%

Complex products

32,4%

33,2%

100,0%

100,0%

Value chain position

Production characteristics
Made-to-order
Type of production

Assembly-to-order
To stock

Batch size

Product complexity

34 | Readiness for Industry 4.0 – Insights into the Upper-Rhine region

Table 4:

Weighted and unweighted mean values of I4.0-readiness profile of the
Upper-Rhine regions by different characteristics
unweighted
share

Firm size
(# of employees)

Sector

basic
levels

top
group

basic
levels

top
group

Up to 49 employees

78%

10%

78%

10%

50 to 249 employees

63%

28%

65%

27%

250 and more employees

57%

43%

60%

40%

Metal industry

65%

35%

67%

33%

Machinery and transport equipment

70%

28%

71%

27%

Food, beverage and tobacco industry

65%

20%

68%

20%

Electronic and electrical industry

76%

16%

77%

14%

Wood, paper, printing industry

64%

23%

65%

22%

Rubber, plastics, non-metal products

58%

29%

58%

27%

Chemical industry (incl. Pharma)

79%

15%

80%

12%

Other industrial sectors

88%

8%

90%

6%

Simple products

63%

13%

63%

12%

70%

22%

71%

21%

Complex products

75%

23%

76%

21%

Single unit production

76%

15%

75%

15%

Small/medium batch

68%

21%

70%

20%

Large batch

70%

25%

71%

24%

Alsace (F)

69%

25%

69%

25%

Basle area (CH)

67%

21%

67%

21%

South/Middle Baden (DE)

78%

13%

78%

13%

Product complexity Medium complex products

Batch
size

Sub
regions

weighted
share

Source: European Manufacturing Survey 2018 – extracts of Switzerland, Germany.
Digitization Survey 2018/2019 - Upper Rhine area of France. Own calculations.
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