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Which emerging technologies will be relevantin Germany
in the coming decade? Where can (sustainable) growth
come from? In which newtechnologies is Germany well-
placed and where does a new course have to be set
today? KfW Research has commissioned astudy to iden-
tify technologies ofthe future from a German perspective.
Its focus was on technologies that may already achieve
high marketrelevance in the medium term. Particular
emphasis was placed on information technologies that
form the basis for digitalisation.

The study found that Germany has a differentiated techno-
logical profile with many starting points for future value
creation. Examples include the automotive industry and
production technology, as well as climate and environ-
mental technologies.

Information technologies, however, are notamong these
strengths. Based on patents or scientific publications,
Germany’s competencies in these technologies are mere-
ly below average. Information technologies thus presenta
challenge for Germany. After all, they are gaining increas-
ing importance as ‘general-purpose technologies’in many
othertechnological fields and economic sectors. Whatis
also ofimportancein thisregard is thatthe various infor-
mation technologies are often closely interrelated. Aniche
strategy — focusing on selected individual technologies —
isnotpromising.

Under these conditions itappears hardlyrealistic to
assume that Germany could catch up with other countries
in developing such technologies within afew years simply
by conducting moreresearch and development. Particular
emphasis should therefore be placed on making Germany
internationally competitive in the application ofthese tech-
nologies.

A widerange ofapproaches can make this possible.
Building the necessary competencies within enterprises
would be important, for example in production technology
companies. The further integration of information techno -
logies requires software developmentand implementation
companies that can develop corresponding solutions and
provide consulting services. Promoting relevant start-ups
can provideimportantimpetus in this direction.

A key element in strengthening information technologies is
to expand corresponding training. Skillsshortages and
lack of expertise are major barriers for enterprises. More
efforts therefore need to be undertaken in basic and
advanced training.

Using information technologies in day-to-day operations
can contribute to building expertise within enterprises
through ‘learning by doing and using’. The diffusion of
information technology applications is thus helpful in pre-
paring companies for more complex applications. This will
contribute to speeding up the expansion of digital technol-
ogies.

How is Germany positioned with respectto new, emerging
technologies? Do Germany’s strengths include technologies
that are relevantto digitalisation? Forahighly developed
country poorin natural resources like Germany itis vital to be
highly competitive by innovating and making progress in key
technological areas and to generate growth in this way. That
isthe only way it can create future-proofjobs and safeguard
and, in the best of cases, increase prosperity.

KfW Research therefore commissioned a study with the
Fraunhofer Institute for System and Innovation Research
(ISI), Karlsruhe to identify technologies ofthe future froma
German perspective.! The main criterion for their selection
was that they should gain high marketrelevancein the medi-
um term, in otherwords, in aperiod ofaround five to ten
years. This means technologies thatare commercially usable
within aforeseeable period and have significanteconomic
potential. Information technologies thatformthe basis for the
digitalisation ofthe economy and society played a particular
rolein the study.?Given the great importance of these tech-
nologies, the key findingsofthis study in relation to infor-
mation technologies are shown below. The overall findings
were already summarised in the Focus on Economics

No. 321 entitled ‘Technologies ofthe future for Germany’.3

Note: This paper contains the opinion of the authors and does not necessarily represent the position of KfW.
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Deficits in the application of information technologies in
Germany

Although the penetration ofinformation technologies into the
economy and society is notanewtrend,*Germany ranks
mid-range atbest in the application ofdigital technologies in
a EU comparison. Itranks 12th within the EU 28 on the
Digital Economy and Society Index ofthe European Union
(DESI).® The country also merely ranks 18th in integrating
digital technologies into business processes (Figure 1). Other
studies confirmed this finding: According to the Wirtschaft
DIGITAL economic monitoring report, Germany does not
possess any pronounced digitalisation-specific strengths.
The reportidentified adistinct exportweakness in information
technologies as a symptomatic consequence.® The study of
the Fraunhofer Institute compared this analysis fromthe
aspectof application with the developmentaspectofnew
technologies.

Figure 1: Application of digital technology in business
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Identifying technologies of the future based on
Germany’s technological position

The study examined in detail how well Germany is positioned
inthe developmentofnewtechnologies currently regarded
as ‘technologies ofthe future’. The preselection of potential
technologies ofthe future from a German perspective was
based on arangeof German and international studies on
technologies ofthe future and societal challenges. External
experts and experts of the Fraunhofer Institute for System
and Innovation Research were also interviewed. On that
basis, a listofa good 30technologies was compiled for fur-
ther analysis. These technologies cover abroad spectrum
and, in particular, include awiderange ofinformation tech-
nologies.”
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Figure 2: How the study was carried out
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Source: Schmoch et al. (2021)

For each ofthese technologies, the study determined a set of
indicatorsrelating to patents, scientific publications and
brand applicationsthatillustrate the dynamics ofthe develop-
ment of these technologies and Germany'’s technological
position. Theseindicators were combined into acomp osite
indicator so as to enable the technologies to be ranked (see
box on methodologyatthe end). The study also conducted
in-depth analyses on individual technologies and determined
theireconomic relevance on the basis oftheir current market
value from a German perspective. On that basis, the exam-
ined technologies were evaluated and conclusions drawn for
economic policy (Figure 2).

Information technologies predominantly rank at the bot-
tom ofthe list of Germany’s strengths ...

The ranking of each technology reflects how promising a
technology is fromaGerman perspective based on the
dynamics ofits developmentworldwide and Germany’s par-
ticipation init.

In this assessmentofthe positionofatechnology froma
medium-term perspective, additive manufacturing, biomateri-
als and robotics occupy thetop ranks (Figure 3). Additive
manufacturing or 3-D printing is the generic termfor all man-
ufacturing processes in which materials are deposited layer
upon layer to create three-dimensional objects. Biomaterials
are importantbecause they can mitigate the problem of
dwindling conventional raw materials as they are derived
from renewable resources. Robots, on the other hand
—especially industrial robots—have long been one of
Germany’s strengths. Given the rapid developments taking
placein this field (e.g. servicerobots), roboticsshould also
be seen as a technology ofthe future.®


https://en.wikipedia.org/wiki/List_of_manufacturing_processes
https://en.wikipedia.org/wiki/List_of_manufacturing_processes
https://en.wikipedia.org/wiki/Three-dimensional_space

Figure 3: Ranking of technologies of the future by tech-
nological indicators from a German perspective
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Information technologies that are fundamental to digitalisa-
tion haverisen to 14th rank with cybersecurity for the first
time. This refers to technology aimed at safeguarding intermnet
security. Most ofthe information technologies examined, on
the other hand, occupy positions from 18th rank. The Internet
of Things, for example, which is importantfor Industry 4.0
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applications fromaGerman perspective, occupies thisposi-
tion. It involves linking physical and virtual objects. Block-
chain technology, the subjectof intense public debate (which
involves coupling information in secure chains, for example
to documenttransactions in adecentralised administration),
even ranks only 30th. Between them, artificial intelligence®,
which has also come underintense public scrutiny (involving
advanced self-learning computer systems thatsolve prob-
lems such as classifications, statistical forecasts, clustering,
detection ofanomalies or rankings), ranks 20th. The devel-
opmentofthe future mobile telecommunication standards 5G
and 6G occupies rank 27.

Overall, information technologies are notamong Germany'’s
strengthsin technological development. Thus, Germany does
notoccupy avery prominentpositionin technologies that are
fundamental to digitalisation.

... butthey are of great importance as general-purpose
technologies

Information technologies therefore pose achallenge for
Germany. As general-purpose technologies, information
technologies are ofincreasing importance for other economic
sectors and technological fields as well, such as motor vehi-
cles, productiontechnologies and climate and environmental
technologies (Figure 4). Any dependence on foreign produc-
ers inthisareaisregarded as particularly problematic.

Already, high shares of German patents in these fields relate
to applications of information technologies. In technologies
that are relevantto the automotive industry, for example, this
applies to autonomous driving and hybrid electric vehicles,
where 43 and 30% of patents refer to information technolo -
gies. In productiontechnologies, information technologies at
the human-machine interface even accountfor nearly 92%,
and still a good 68% among patents relating to augmented
and virtual reality. In climate and environmental technologies,
smart grid technologies involve avery high share ofinfor-
mation technologies —82%.

Figure 4: Share of patents with information technology in other technological fields

In per cent

Automobile technologies

Human-machine interface

Autonomous driving ‘- 43.1

Augmented and virtual
reality
Hybrid-
electric cars

-

Soft robotics

Fuel cells for cars ‘I 46 » .
Additive manufacturing

0 20 40 60 80

Source: Schmoch et al. (2021)

Production technologies

Climate / environmental technologies

Energy storage ‘I 6.7

B s
Recyclin ‘I 3.9
| & yeing
0 20 40 60 80 100 0 20 40 60 80

Page 3

100



KfW Research

Convergence phenomenon makes niche strategies in
information technologies less than promising

A further characteristic ofinformationtechnologies is the
phenomenon known as ‘convergence ofinformation technol-
ogies’. Thisrefers to the coming together of multiple technol-
ogies across industries. Developments in one technology
stimulate and accelerate further developmentstages in other
digital technologies. Progress in computing power and data
availability, for example, facilitate the further development of
artificial intelligence.1°

Figure 5 illustrates these correlations on the basis of patent
applications. Itvisualises the overlaps of patentapplications
across multipletechnological fields. The connecting lines in
the network diagram show what differenttechnologies are
addressed in apatent. Technologies with many parallel ref-
erences to othertechnologies areshown atthe centre of the
network.

Figure 5: Network of information technologies

Note: Kl=artificial intelligence, BLC=blockchain, CYS=cybersecurity,
loT=Internet of Things, 5G=5G, MM=human-machineinterface,
VIRT=augmented and virtual reality, AUTF=autonomous driving,
SMGR=smartgrid

Source: Schmoch et al. (2021)

Artificial intelligence, cybersecurity, blockchain, the Internet
of Thingsand 5G occupy akey positionamong information
technologies. They are very often interconnected as well as
connected to otherinformationtechnologies. By contrast, the
smart grid or the human-machineinterface —which can also
be regarded as applicationsofinformation technologies —
tend to be on the fringes ofthe network but they still have a
widerange of links to the other information technologies.

Thus, there are closelinks between information technologies,
and they have intensified inrecentyears. Theselinks are
expected to continue to grow stronger in the future. It there-
fore does notappear reasonable to focus on specific infor-
mation technologies alone. After all, having strengths in a
specific informationtechnology aloneis notvery helpful as
they have to be supplemented by competenciesin other
information technologies. Particularly in information tech -
nologies, aniche strategy is therefore less than promising.
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In the medium term, Germany will hardly be able to catch
up in information technology development ...

It must be emphasised that Germany’s specialisationin all
areas of information technology (IT) is well below average in
patents and publications. Itappears hardly realistic to attempt
to catch up here with other countries in justafew years by
investing morein research and development. In order to illus-
trate this by way of example, Figure 6 compares the patent
applications ofimportantIT locations for artificial intelligence
with those from Germany. Germany clearly lags behind coun-
tries such as the US, China, Japan and South Korea. In 2018
US patentapplicationsin thefield of artificial intelligence
exceeded those of Germany nearly sevenfold. China, too,
submits nearly four times as many patentapplications as
Germany.

Figure 6: Patent applications in the technological field of
artificial intelligence in 2018
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... S0 it needs to become competitive, particularly in the
application of information technologies

To be sure, the developmentofinformation technologies
should be supported. Thefirstcritical step, however, is to
improve competencies in the application ofinformation tech-
nologies in manufacturingin order to become internationally
competitive in the application ofthese technologies. Afast
follower strategy has already proven successful for Germany
in individual technological areas in the past. !

This can involve developing relevant expertise in manufac-
turing technology companies, for example. Businesses that
specialisein software developmentand implementation and
possess manufacturing technology skills, for example, are
importantto achievethis, as they can advise companies on
the introduction of digital technologies such as Industry 4.0,
for example. Promoting start-ups can provide importantimpe-
tus in this direction.

Not least, expanding relevant education in mainstreamand
vocational schools, colleges and universities is akey element
for strengthening informationtechnologies. Continuing edu-
cation and training measures should also be taken into con-
sideration. Thiswould allow the skills shortage already exist-
ing in this areato be addressed in the medium term. The



need for further training in digital skills in particular has grown
strongly of late. Justunder half of SMEs (46%) had a medi-
um or high need for training in this field atthe beginning of
the year 2021 — more than for core occupational skills (44%)
orany othertopic.'?

Using information technologies can also contribute to building
expertise within enterprises through ‘learning by doing and
using’. Thediffusion of basic information technology applica-
tions can help to prepare businesses for the use of more
complex digital applications.'® Broader diffusion of infor-
mation technologies can thus accelerate the growth momen-
tum ofdigital technologies itself.

Conclusion

Germany has a differentiated technological profile with many
starting points for future value creation. These strengths
should notbe frivolously jeopardised but continuously devel-
oped further. Examples include the automotive industry and
production technology, as well as climate and environmental
technologies. Building on national strengths in technological
competitiveness and keeping the acquired profile strongin
the long termhas generally provento be a successful strate-

gy.

Methodology

Calculating the overall indicator for assessing a technology
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With respectto information technologies, however, itis
imperativeto expand therange of competences in this direc-
tion. Otherwise Germany will notsucceed in developing
importantvalue creation potential for the country. Moreover,
it also appears to be appropriateto develop owninformation
technology competencies and achieve sufficientrelevant
autonomy in the context ofthe debate on technological sov-
ereignty.

But it appears hardly realistic to assume that Germany could
catch up with other countries in justafew years merely by
stepping up research and development efforts. Particular
emphasis should therefore be placed on buildingcompe-
tenciesin the application ofthese technologies and becom-
ing internationally competitive in their application.

Considerable efforts will be necessary to achievethis in the
future as well. After all, neither the developmentnorthe
application ofinformation technologies is currently one of
Germany'’s strengths. Thedigital transformationis facing
multiple barriers. Another recentchallengeis thatthe coro-
navirus crisis has madeiteven more difficultfor enterprises
to decide between strengthening their crisis resilience and
investing intheir future.

In order to assess thetechnologies, we examined the technological developmentand Germany'’s contribution. We availed
ourselves of patents, research publicationsand trademark registrations. Patents reflect the shortto medium-term develop-
ment of a technology, while research publications tend to showthe more long -term development. Trademark registrations
are an indication of how easily atechnology is already available in the market.

With regard to patents, we used transnational patentapplications.’* They provide the advantage thattheir multinational
character gives them high value. They also make international comparisons easy as there are no ‘home advantages’as

there would be in the assessment of patent applications with national patent offices. To obtain specific indicators of applica-
tion activity, for each technology we identified the global trend inthe development of patent applications, Germany'’s special-
isation in therelevanttechnology, the absolute number of German patents and the size ofthe patent families (e.g.the num-
ber of countries in which apatentis applied for). In an alternative calculation we also took into accountthe share of SMEs in
patents.

With a view to research publications, parameters that can be taken into accountare the developmentofthe global trend
over time, the specialisation of German publications in the relevanttechnology, the absolute frequency of German publica-
tions and their rate of citations.'® With respectto trademark registrations, we also took into accountthe global trend, Germa-
ny’s specialisation and the number of German trademark registrations.®

The relevantglobal trend stands for the developmenttrend of atechnology overall. For patent applications this value is
based on the 2010-2017 period, for publications 2010-2019 and for trademarks 2010—2018. Germany’s specialisation was
measured on the basis ofrelative specialisation inatechnology.'’ The degree of specialisation and the number of German
patents, publications and trademarks represent Germany’s positionin atechnology. The dataon specialisation and the
absolute number in Germany refer to the 2015-2017 period for patents, 2017-2019 for publications and 2016—2018 for
trademarks. The size of the patent family and the rate of citations in publications are measures ofthe quality ofa patentor
publication. They refer to the 2014—-2016 period and the year 2017. The underlyingtime periodsare based on data availabil-
ity and the requirements ofthe calculation.

The values of all individual indicators were stratified into afive-pointscale. Sub-indicators were then calculated for patents,
publications and trademarks by adding the values for the individual key figures. For the patent figures the number of Ger-
man patents and the size ofthe patent family were multiplied by the factor 1.5. The three sub-indicators thus obtained were
then aggregated into atotal index. The sub-indicator for patents was weighted 1.0, publications 0.5 and trademarks 0.3.
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1 Cf. Schmoch, U. et. al (2021): Identifizierung und Bewertung von Zukunftstechnologien fiir Deutschland (Identifying and assessing future technologies for Germany — our title translation, in
German only). Final report to KfW.

2 The study also took into account Germany’s existing technological profile, societal challenges such as climate change, the situation of small and medium -sized enterprises (SMES) with
regard to these technologies and the current debate on technological sovereignty.

3 Cf. Zimmermann, V. (2021): Technologies of the future for Germany: The country is well placed in many areas, but some need readjustment, Focus on Economics No. 321, KfW Research.

4 Examples of earlier digitalisation waves were the New Economy Boom of the second half of the 1990s, the rise of the PC since the 1980s, and industrial robots since the 1970s.
° Cf. DESI (2020); https://ec.europa.eu/digital-single-market/en/desi; last retrieved on 6 April 2021. The United Kingdom is still included in the indicator.

5 Cf. latest version: Federal Ministry of Economics and Technology (2018): Monitoring-Report Wirtschaft DIGITAL 2018 (in German). Der IKT-Standort Deutschland und seine Position im
internationalen Vergleich (Germany as an ICT location and its position in international comparison — our title translation, in German only).

7 Although robotics is comprehensively defined as one technology, the study additionally examined the new sub-segment of soft robotics, which enables increased flexibility and adaptation to
tasks, as a separate technology.

8 Thus, the Commission of Experts for Research and Innovation, for example, also regards robotics as a technology of the future. Cf. Commission of Experts for Research and Innovation
(2016): Report on Research, Innovation and Technological Performance in Germany. 2016 Report.

® Cf. Zimmermann, V. (2021): Artificial intelligence: high growth potential but low penetration in SMESs, Focus on Economics No. 318, KfW Research.

10 Cf. Zimmermann, V. (2021): Artificial intelligence: high growth potential but low penetration in SMES, Focus on Economics No. 318, KIW Research.

11 Cf. Legler, H. et al (2000): Germany’s Technological Performance: A Study on Behalf of the German Federal Ministry of Education and Research, ZEW Economic Studies 8.

12 Cf. Leifels, A. (2021): Weiterbildung bricht in der Krise ein — Bedarf an Digitalkompetenzen wéchst (Continuing education drops during the crisis — digital skills needs are growing —in
German only), Focus on Economics, No. 329, KfW Research.

13 Cf. Saam et al. (2016): Digitalisierung im Mittelstand: Status Quo, aktuelle Entwicklungen und Herausforderungen (Digitalisation in SMES: status quo, current trends and challenges — our
title translation, in German only), research project commissioned by KfW Group.

4 Transnational patent applications are applications in patent families, with at least one application filed with the World Intellectual Property Organization (WIPO) via the PCT process or an
application with the European Patent Office. Cf. Neuhausler, P. and Rothengatter, O. (2020): Patent Applications — Structures, Trends and Recent Developments 2019, Studien zum
deutschen Innovationssystem 4-2020.

15 The research on publications was conducted in the multidisciplinary Web of Science (WoS) database in the Scisearch version of the provider STN.
16 The research was based on European trademarks with the European Union Intellectual Property Office (EUIPO, Alicante).

7 This is the RPA value that is customary in patent analyses. Cf. Soete, L. and Wyatt, S. (1983): The use of foreign patenting as an internationally comparable science and technology indica-
tor. In: Scientometrics 5(1), p. 31-54.
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