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Figure 1. A model of technological development

Source: Dreher et al. (2005); Meyer-Krahmer und Dreher (2004); Friet-



The data we use for the study comes from various sour-
ces. Trademark data for EUIPO filings are taken from the 
ISI-Trademark Data Collection (ISI-TM) that has been de-
veloped within the RISIS2 project. The dataset is based 
on original data that has been provided by the EUIPO. It 
contains trademark information back to the year 1996. 
Trademarks can be seen as a complementary and relati
vely "close to the market" indicator for new products and 
innovation activities, especially in the service sector, and 
enables us to indicate innovation diffusion within diffe-
rent technology fields.
The patent data for the study are extracted from the 
"EPO Worldwide Patent Statistical Database" (PATSTAT). 
PATSTAT covers information about published patents 
from 83 patent authorities worldwide, dating back to the 
late 19th century. 
FFor the analyses of scientific publications, Elseviers' 
Scopus database is applied, which provides information 
on articles published in about 23,000 journals worldwi-
de.6 Based on this database, a detailed analysis of 
scientific publications and citations is possible for any 
country in the world. Scopus mainly covers journal arti-
cles.
In order to classify the KETs within the three databases, 
we apply different methods. For patents, we resort to 
the latest definition published by the KETs Observatory, 
which has been continued within the Advanced Technolo-
gies for Industries (ATI) definition of KETs patents (Euro

pean Commission 2021). For publications, we generated 
a KETs definition based on ASJC classes, i.e. the journal 
classification from Scopus, and keywords. For trademar-
ks, we resorted to an in-depth classification of trade-
marks described in Neuhäusler et al. (2021), since the 
NICE classes are too broad for such an assignment.



growing trends on all indicators until 2012, but a decline 
afterwards. This suggests a boom of first technological 
solutions that then entered the phase of "disillusionment". 
The models would - in an idealtypical case - expect a 
second boom to emerge in the coming years. The trend 
of publication data might imply that the next technologi-
cal paradigm in AMT is about to take off.

Europe's competitiveness in KETs
InIn terms of the innovation chain, we presented three indi-
cators representing different stages of this chain. Publi-
cations stand for the abilities to generate basic and ap-
plied scientific knowledge that then feeds into the tech-
nology generation (patents) and the trademarks indicate 
the diffusion of products on markets. In essence, based 
on the three indicators we can analyse the competiti
ness of the EU countries in all three stages of this innova-
tion chain. We use the specialisation index - a measure 
to assess, if a field has a higher or lower weight in the 
profile of a country/region than in the world - to exami-
ne the standing of the EU-27 member countries in each 
part of this innovation chain.

Figure 3 shows the indices for the six KETs in the period 
2018-2020. Since the beginning of the new century 
(data not shown), the standing of the EU in all of the KETs 
has considerably improved. However, excpet for AMT, 
the scientific (publications) and technological (patents) 
outputs in KETs are below the world average. In other 
words, other countries put an even stronger emphasis on 
thesthes fields in terms of science and technology than 
Europe does. The trademark data, on the other hand, in-
dicate a strong focus on KETs in all six areas. As the basis 
for this analysis are EUIPO trademarks that address the 
European market, EU-27 countries might have a home 
advanatge. However, as the index is independent of size 
effects, both of countries and fields, the home advantage 
as such should be compensated.

** Patent data covers the period 2017-2019, due to the publication 
period of patent data.
Source: Fraunhofer ISI analysis, based on EPO – PATSTAT, EUIPO, Else-
vier – Scopus.

Figure 3. Specialisation profile of EU-27 countries in publi-
cations, patents and trademarks, 2018-2020*

Source: Fraunhofer ISI analysis, based on EPO – PATSTAT, EUIPO, Else-
vier – Scopus.

Figure 2. Growth rates – adjusted to world growth - within 
KETs, worldwide



These findings suggest that the European policies for 
KETs obviously took effect in terms of the scientific and 
technological profile. It also had a positive effect on the 
scientific and technological competitiveness of Europe in 
all six KETs fields. Even more interesting is, however, to 
note that the position of European companies on the Eu-
ropean market for KETs is outstanding. There seems to be 
aa strong focus on the commercialisation of the technolo-
gical competences within Europe.

Technological development and diffusion of selected 
technologies
Europe's increasing position in science, technology, but 
also the outstanding market engagement were shown 
above. The evolution of several technologies, however, is 
not visible at the level of technological areas (like that of 
individual KETs), but become only apparent at the level 
of individual technologies. For example, fuel cells are not 
a technology in a strict sense as a number of different 
tetechnological solutions qualify as fuel cell technologies, 
like PEM (polymer electrolyte membrane), SOFC (solid 
oxide fuel cells), MOFC (molten oxide fuel cells), and 
numbers of others. While some of these (potential) tech-
nological solutions might proof as being worth to be con-
tinued and lead to satisfying results in certain contexts or 
application scenarios, others might not. In consequence, 
some technological pathways will be kept and others will 
be abandoned.
In the following, we examine a few selected technologies 
within KETs to address two major questions. The first is: 
Do technological solutions within KETs follow the ideal-
typical double-boom trend and become mature? 
Second, when does the diffusion in technology markets 
occur in relation to the scientific and technological evolu-
tion? 
We selected five distinct technologies within the KETs, 
which we were able to - more or less - demarcate for the 
analysis of all three indicators, namely publications, pa-
tents, and trademarks. The trends for two of these - laser 
technologies and lighting - are depicted in Figure 4.
While the idealtypical trends are not obvious in all five 
cases, a first increase, a subsequent retardation which is 
called "disillusionment" in several of the above presen-
ted models, and finally a second increase period can be 
found in most cases. The second boom period is highly 
associated with a steep increase also in market penetra-
tion, reflected in trademark filings.
As technologies and their propensity to patent as well as 
their scientific versus application orientation vary, a per-
fect or general relation of publication, patent, and tra-
demark application numbers cannot be expected. We 
therefore correlate the three time series for each of the 
five technologies and thereby estimate the delay of ef-
fects (time-lag). It is interesting to note that for almost all 
of the KETs we find a time-lag of zero or of just one year 
(except for biotechnology with a time lag of about six 
years). This might at least partly be explainable by clini-
cal test phases and regulatory impacts in this area.

The scientific and technological competitiveness in Key 
Enabling Technologies is in the focus of European policy 
making, both at the EU as well as the national level in many 
member states for more than a decade. KETs are supposed to 
be essential inputs to technologies and technological develop-
ments in other innovation-driven areas. The outcomes of these 
policy efforts can be seen in the number of journal publica-
tions as well as in the number of patent filings. However, inter-
national competitors in the USA, Japan, and more recently 
especially in China are not only pushing in the European 
market, but compete with Europe worldwide. The diffusion of 
the technical solutions in the area of KETs accelerated in the 
first and second decade of the 2000s. Europe was able to 
achieve a strengthening of its capabilities, both in upstream 
(science and technology) as well as donwstream (market acti-
vities) more or less in parallel. Europe takes a strong position, 
at least in the European market, for which we were able to 
provide empirical evidence.
Further implications for future policy making are:
• Application orientation in KETs and other crucial technologi-
cal fields is a mandatory prerequiste for bridging the gap 
between science/technology and the market. The funding 
programs should take that into account.
• Diffusion as a policy aim should be prioritised from the be-
ginning and become a standard part/request in any of the 
funding programs for applied technological research - 
among them KETs.
• Demand-side policies (e.g public procurement, innovation 
friendly regulation, education and qualification in the area of 
new technological applications, ...) are able to support diffu-
sion and thereby competitiveness as well as security of supply.
• KETs need to be regularly checked for continuing to be key 
enablers. Given that the key enabling character persits, the 
technological sovereignity and the supply chains are to be se-
cured.

Source: Fraunhofer ISI analysis, based on EPO – PATSTAT, EUIPO, Else-
vier – Scopus.

Figure 4. Publications, patents and trademarks in laser techno-
logies and (modern) lighting technologies (energy saving li-
ght-bulbs and LED light-bulbs)




