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Abstract

Technological capabilities vary substantially across European regions. Combining these diverse sets
of capabilities is crucial to develop the technologies necessary to master the green and digital tran-
sition. However, collaboration between regions is sparse today. To increase inter-regional
cooperation, linkages that spur the development of green and digital technologies must be identified.
In this study, we provide an overview of inter-regional collaborations already in place and map new
opportunities for these between regions. A special emphasis is placed on potential collaborations
between economically leading and lagging regions. Our results provide new impetus for policy de-
signs that strengthen regional i nnovation capabil
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1 Introduction

Europebs economic |l andscape is marked by consi der
body of knowledge has emerged with respect to drivers for regional growth and development. We

know | ess, however, about how the structural <chang
omy will affect regions®é i n Berelemamnidbtidtung 2022 Withthesee nt i r

changes provide opportunities for lagging regions to catch up and thus boost overall levels of re-
gional cohesion across Europe? Or will opportunities to master the digital and green transition fall
largely upon already highly developed regions, enabling them to pull even further away from their
less developed counterparts in the years ahead?

Itis well-established that research and innovation play a crucial role in driving economic development
i n E u megipne @ammarino et al. 2019; European Commission 2022c), bringing with it the addi-
tional advantage of boosti ng -&uscompeting actog suohtasthe
US or China. The unequal distribution of capabilities for innovation and technological progress
across European regions (European Commission 2021d), however, translates into correspondingly
unequal regional abilities to develop the technologies called for by the twin transition. Since ad-
vances in these technologies rely on a combination of different capabilities, we need to, first, identify
the precise capabilities that matter for the twin transition. Second, we need to pinpoint which regions

C OoOmp

can contribute to digitizing and greening Europebd

scape of innovation-induced economic prosperity that emerges from this analysis should be of
particular interest to EU policymakers focussed on the political goal of improving EU-wide regional
cohesion: Should they, for instance, expect less-developed regions to lose further ground in an in-
creasingly innovation-focussed economy, requiring compensatory measures to ensure the balanced
and cohesive economic growth called for in the EU Treaties?

This implies one must assess the potential of regions to develop further and foster the broad diffusion
and uptake of green and digital technologies. Many regions show high ambition to participate in the
twin transition (Amoroso et al. 2021; European Commission 2022c), but only a few may have a high
potential to contribute to and profit from the green and digital transition. There is indeed some evi-
dence that regions differ in their ability to contribute to the development of green technologies
(Tanner 2016; Montresor and Quatraro 2019; Van den Berge et al. 2020; Li et al. 2021; Santoalha
and Boschma 2021; Balland et al., 2022). Yet there is little understanding of which European regions
have the true potential to develop these technologies. Collaboration between regions also plays a
crucial role. However, inter-regional collaboration is often limited, especially between countries in
Europe (Balland 2022). Regions differ in their access to relevant capabilities in other regions which
in turn affects their ability to develop green and digital technologies. This also implies there might be
a lot of untapped potential in inter-regional linkages in Europe.

Against this background, our objective is to map the potential of European regions to develop green
and digital technologies. This mapping exercise serves two purposes. First, to identify the regions
with the highest potential to develop specific twin transition technologies (such as batteries or Artifi-
cial Intelligence). This mapping can be used to target the technologies that best fit a specific
regional ecosystem and accelerate EU regional innovation and the twin transition. Second, this map-
ping allows for strategically harnessing the untapped potential in lagging regions and promoting
greater cohesion throughout Europe. ldeally, both these goals can be achieved in a mutually sup-
portive manner.
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The questions addressed in this study are thus as follows:

1. What does the landscape of green and digital technologies in Europe look like today? Which
regions in Europe are spearheading the development of twin transition technologies?

2. What does the future geography of twin transition technologies in Europe look like? Which
regions in Europe have the potential to develop twin transition technologies in the near future?

3. To what extent are European regions collaborating in the development of twin transition tech-
nologies, and how much untapped potential for more and better collaboration is there that
could foster cohesion?

To assess European regions6 technological po
developed by Balland et al. (2019) and Balland and Boschma (2021b) that builds on three key con-
cepts: relatedness, complexity and inter-regional linkages.

Relatedness refers to the costs that a region has to incur when moving into a new technology (Bre-
schi et al. 2003; Boschma 2017; Hidalgo et al. 2018). These costs will be lower the greater the
overlap between the capabilities required to develop the new technology on the one hand, and the
supply of existing capabilities in the region on the other. The more related current and new technol-
ogies are, the less risky and less costly it is for a region to develop the new technologies. Research
shows that regions do indeed tend to diversify into new activities closely related to their existing
capabilities, no matter whether it concerns diversification in new industries (Neffke et al. 2011), jobs
(Muneepeerakul et al. 2013) or technologies (Rigby 2015). The relatedness concept is used as a
key principle in Smart Specialisation policy in the EU to select new domains of specialisation in
regions that complement and leverage their local capabilities (Foray et al. 2009, 2012; McCann and
Ortega-Argilés 2015; lacobucci and Guzzini 2016). In this study, we investigate whether the techno-
logical knowledge base of high- and low-income EU regions is related to green and digital
technologies. The intuition behind it is that regions with relevant (related) pre-existing capabilities
are better placed to profit from the twin transition.

Complexity refers to the potential economic benefits of regional technological diversification. The
benefits will be higher the greater the complexity of economic activities (Hidalgo and Hausmann
2009). As complex activities combine many capabilities, it is harder for other regions to copy and
develop them. This implies that complex activities may provide a more sustainable source of regional
competitiveness (Maskell and Malmberg 1999; Fleming and Sorenson 2001). By contrast, low-com-
plex activities can be undertaken by many regions, suggesting their lower economic value (Balland
and Rigby 2017; Rigby et al. 2022). So, when mapping diversification opportunities, it is crucial to
not only consider local technological capabilities but also the complexity of the activities concerned.
Studies show that regions differ widely in their ability to move into complex activities (Pinheiro et al.
2022). Some have a strong capacity to develop high-complex activities because their local capabili-
ties fit the bill. Others have high potential in low-complex activities alone, which has major economic
implications. When mapping the technological opportunities of high- and low-income regions to mas-
ter the twin transition, we will also assess whether the digital and green technologies in question are
low- or high-complex technologies.

tenti
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Focussing solely on local capabilities is, however, not the whole story. Other regions may also affect
the development of new technologies in a given region. Regions that lack relevant capabilities to
develop twin transition technologies may connect to others to exploit complementarities across coun-
tries and regions. Thus, inter-regional linkages are considered crucial for innovation because they
provide access to new knowledge and ideas, and they would help regions to overcome lock-ins
(Grabher 1993). This tendency of regions to get locked-in is often attributed to local agents searching
for new knowledge close by, within their own cognitive domains, their own networks, and in their own
places of work (Nooteboom 2000; Boschma 2005). However, inter-regional linkages are not a suffi-
cient condition: not all non-local knowledge is relevant for regions, and not all linkages to other
regions matter for the capacity of a region to innovate (Boschma and lammarino 2009; Boschma et
al. 2014; Miguelez and Moreno 2015, 2018; Barzotto et al. 2019). Balland and Boschma (2021b)
showed that linkages giving access to capabilities in other regions that complement existing capa-
bilities of a region are important for that region's ability to diversify in new technologies. So, it is not
simply about being exposed to the outside world. Instead, the presence of complementary inter-
regional linkages increases the probability that regions successfully diversify into new activities. This
implies that advancing the twin transition in Europe means exploiting and increasing inter-regional
cooperation T including across member states.

This study examines whether high- and low-income regions are connected to the right set of regions
in Europe: regions that provide them with access to complementary capabilities that are needed to
develop the twin transition technologies. In an ideal European innovation network, complementarities
based on regional capabilities are fully exploited i both within a country and across national borders.
We compare the ideal network for green and digital technologies with current patenting collabora-
tions in these technological fields. In doing so, the study generates new insights into untapped
potential for further inter-regional technological cooperation.

We find, that , first, Europebds | andsc ap ¢day ik magkececby highand d
levels of concentration of key twin transition technologies in more developed regions: more than 80%
of twin transition technologies are found here. An exceptionthatproves t he rul e i s som

transiti on ¢ less depeloped and transition eegions that hold valuable capabilities par-
ticularly in technologies key to the twin transition.

Second, further (complex) technological development across European regions is a distinct possi-
bility. The highest potential to develop new complex technologies, i.e., technologies with high
economic returns, lies once more in more developed regions. Some less developed and transition
regions could also develop twin transition technologies. Yet their potential here is in green rather
than digital technologies, and more often in low-complex rather than high-complex technologies.

Third, the study identifies two striking patterns in the current state of inter-regional collaboration on
twin transition technologies: On the one hand, collaboration takes place mainly within national bor-
ders. On the other hand, all types of regions in Europe T whether less developed, in transition or
more developed i collaborate mostly with more developed regions. Conversely, there remains sub-
stantial unrealised potential in the EU to combine complementary regional technological capabilities,
particularly by collaborating across national borders. Crucially for cohesion effects, this untapped
potential exists for all types of regions, including collaborations between less developed and transi-
tion regions.
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2 Key technologies for the digital and green transition in Europe

The first step is to select technologies that are associated with the twin transition. We screened for

key technologies mentioned in official documents of the European Union's green and digital agen-

das. Further, we identified the relevant economic sectors expected to help the EU reach its digital

and green goals. Based on further literature research, we derived the relevant technologies in these

sectors (Bertelsmann Stiftung 2020; European Commission 2020a, 2020b; 2021a, 2021b, 2021c,

2022e, 2022f, 2022g; European Environment Agency 2020; International Energy Agency 2020; Co-
dagnone et al. 2021; Electronics 2022). In addition, we explored studies that identified key digital

and green technologies using patent data (Hagl |l
and Muscio 2018; Fushimi et al. 2018; Montresor and Quatraro 2019; Van den Berge et al. 2020;

Balland and Boschma 2021a; Santoalha and Boschma 2021; Cicerone et al. 2022).

Based on this selection, we identified 18 digital and 24 green technologies shown in Table 1. This
list represents the technologies usually associated with the twin transition in the literature and public
debate. It is important to note that not every technology contributes in a similar way to the twin
transition. Equally, not every technology is undisputed concerning its contribution to the twin transi-
tion, as the controversy surrounding nuclear energy demonstrates (see, e.g., Abousahl et al. 2021,
Lynas 2021; Conea 2022). Furthermore, the mix of twin transition technologies may eventually
change with new technologies becoming relevant while others vanish in importance.

Technological capabilities in these 42 twin transition technologies can be measured by patent output
as a standardized measure, which allows for cross-country comparisons at regional level. Patent
data is collected by public administrations and reflects key elements of technological activity in Eu-
ropean regions.! We use patent applications filed at the World Intellectual Property Organization
from the OECD REGPAT 1 2022 edition, covering the time span 2017 i 2021. We identified patents
in the twin transition technologies outlined in Table 1. Using classifications from OECD and WIPO
as well as text mining, we were able to select from about 250,000 subclasses (as defined by the
Cooperative Patent Classification CPC) those relevant for the twin transition. The selection of twin
transition technologies corresponds to a sample of 211,790 patents registered in 288 European
NUTS-2 regions (234 located in EU-27 member states and 54 in Switzerland, Iceland, Liechtenstein,
Norway, and the United Kingdom). Of those, around 36% (75,673) correspond to at least one green
technology class, while the majority of 64% (136,117) to at least one digital technology class.

1 Note that innovation activity does not fully translate into patent output. Innovation activity measured by R&D expenditures
is highly correlated with patent output. However, there exist substantial differences in the size of this correlation, depending
on, e.g., sectors of R&D (business, higher education, public) and countries (Pegkas et al. 2019).
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Table 1: Relevant technologies for the twin transition

Artificial intelligence

Wind energy

Virtual reality and augmented reality

Solar (thermal) energy

High performance computing/quantum com-
puters

Geothermal energy

Cloud and edge computing

Marine energy

Internet of things

Hydropower

Cybersecurity (privacy-enhancing technolo-
gies)

Nuclear energy

Cryptography, distributed ledger technology

Biofuels

Robotics

Fuels from waste

Smart grids

Hydrogen fuels

Autonomous mobility

Battery technology

Additive manufacturing (3D printing)

Recycling

Broadband

Water treatment

5G

Carbon (GHG) capturing technology

Semiconductors

Electric vehicles

Advanced materials/nanomaterials

HVAC systems

Big data

Heating pumps

Photonics

Sustainable packaging

Drones

Biocides

Bio fertilizers

Smart farming

Waste management

Energy conservation technologies

Green construction/buildings

Advanced sustainable materials (composite)

Source: Aut horsdé own

el aboration.
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3 Twin transition technologies and inter-regional cooperation in
Europe today

3.1 Distribution of technologies across European regions

Measured in terms of patent output, what does the geography of twin transition technologies in Eu-
rope look like today? To answer this question, we use the precise geolocation of the invention (home
address of inventors) that is reported in each of the patent documents to assign the place of
knowledge production to one or more European NUTS-2 regions. This allows us to map the current
regional distribution of knowledge production in twin transition technologies.

Figure 1: Patenting activity and specialisation of European regions in digital technologies

Patent count Relative comparative advantage

low low

Notes: The left panel shows the absolute number of patents in digital technologies in European NUTS-2 regions. The right
panel shows the RCA (share of patents in digital technologies in a region in relation to the average share among all
regions). The higher the RCA value, the higher the specialisation of a region in digital technologies. Source: OECD
REGPAT, own calculation.

Figures 1 and 2 highlightt o d dandscape of twin transition technologies in Europe. The left panels
plot the geographical distribution of the absolute number of patents in digital and green technologies,
while the right panels show the specialisation in digital and green technologies that a region has
compared to all other Europe an r egi ons. This is measured by a r
vantage (RCA).2 An RCA higher than unity denotes that a region has a higher share of digital or
green patents among all its patents than the European regional average, indicating that it is special-
ised in digital or green technologies. However, specialisation in a technology (high RCA) does not
necessarily imply a high level of patents. For example, the region with the highest RCA among twin

2 The relative comparative advantage measures the share of patents in a specific technology (or in a group of technologies such as digital
or green technologies) among all patents in a region relative to the European average share of patents in this specific technology (or

group of technologies): Y6 ¢ pQQ—" p.
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transition technologies (18.8) in electric vehicles ( EVs) i s the 1ltalian
produced just 29 patents in this technology. This is very different from the German region Ober-
bayern that has the highest number of patents in EVs (1,161) but exhibits an RCA of only 1.8. Hence,
to assess technological capabilities of regions in digital and green technologies, one should look at
both patent numbers and RCA.

Figure 2: Patenting activity and specialisation of European regions in green technologies

Patent count q A Relative comparative advantage ﬁgﬁﬁ ' 4
) Zaas

low

Notes: The left panel shows the absolute number of patents in green technologies in European NUTS-2 regions. The right
panel shows the RCA (share of green patents in a region in relation to the average share among all regions). The higher
the RCA value, the higher the specialisation of a region in green technologies. Source: OECD REGPAT, own calculation.

When looking at the maps based on absolute numbers of patents (left panels of Figure 1 and 2), we
find a high number of patents in twin transition technologies in Sweden (especially in Stockholm and
South Sweden) and Finland (in particular, Helsinki), in the Netherlands (especially Noord-Brabant),
in some core regions of Germany (in particular Oberbayern and Stuttgart), France (lle-de-France
and Rhoéne-Alpes are outstanding), Northern Italy (Lombardia) and Spain (the capital region of Ma-
drid).

The regional differences in specialisations based on RCA are less pronounced (right panels of Figure
1 and 2). Part of the explanation is that while some less developed regions in Poland, Romania and
Bulgaria are highly specialised in digital or green technologies (with a high RCA), their patenting
activity in number terms is relatively low. Still, a large variation across regions can be observed,
especially for digital technologies. Regions in Sweden, Finland and Romania stand out, but Sicily,
say, also demonstrates high RCA scores. For green technologies, some regions show high special-
isations, as in Denmark, Bulgaria, the Netherlands, Italy and Romania.

Figure 3 displays the twin transition profiles of European regions in terms of their relative focus on
patenting in digital versus green technologies. Regions in blue are those with a digital profile. This
means their share of digital patents of total patenting in digital and green technologies is above 64%,
the average proportion in digital technologies across all European regions. Regions with a green
profile have a share of green patents of the total sum of twin transition technologies larger than 36%,

regic
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the average of green technologies across all European regions. The darker the blue (green) colour,
the larger the share of digital (green) patents in a region. Light colourings denote a rather balanced
share between digital and green patents. In general, we see that most European regions have a
clear focus either on green or digital technologies. Most regions in Romania, Hungary, Finland, Ire-
land and the UK, as well as a majority in Sweden and Poland, have a considerably higher proportion
of patents in digital technologies. By contrast, there is substantial variation in technological profile in
regions within the same country in Portugal, Italy, France, Germany and Norway. Technological ca-
pabilities within capital regions tend to be more focused on the digital transition (with Hovedstaden
in Denmark being one of the few exceptions), even if the surrounding regions are not (such as in
Madrid or Vienna). A relatively strong green profile can be found in almost all regions in Slovenia,
Denmark, Slovakia and Bulgaria. The regions with the strongest green profiles are located in South-
ern Romania, Western Croatia and Northern Scandinavia. Regions in Spain, France and Denmark,
as well as in Northern Germany, also predominantly exhibit green profiles.

So far, we have discovered considerable differences in patenting activity in digital and green tech-
nologies across European regions. But how is the distribution of digital and green technologies
related to economic prosperity? To shed light on this, we analyse the distribution of twin transition
technologies among the three groups of regions usually distinguished in the framework of EU cohe-
sion policy: less developed regions (73 NUTS-2 regions in the EU-27), transition regions (68
regions), and more developed regions (93 regions).?

With a total of 146,401 patents, the group of more developed regions accounts for the vast majority
of patents in twin transition technologies. This means that each more developed region created 1,574
patents on average during the period under investigation.* Transition regions account for 23,675
patents in total, or on average 348 per region. For less developed regions, 4,957 twin transition
patents, or on average 68 per region, are recorded. The distribution of digital and green profiles does
not vary substantially across the three groups (the share of digital patents ranges from 60 to 64% of
all twin transition patents).

The variation at the level of single technologies is substantially larger (see Appendix A.2). For ex-
ample, more developed regions focus more on 5G, semiconductors, additive manufacturing and
photonics among digital technologies and on electric vehicles and battery technology among green
technologies. In contrast, less developed regions have higher shares in their digital patent output in
cybersecurity, cloud and edge computing as well as Al and for green patent output in recycling tech-
nologies, biocides and biofuels. Hence, despite more developed regions generate most patents,
some less developed regions contribute significantly to the development of twin transition technolo-
gies.

3 See Appendix A.1 for details on the classification of NUTS-2 regions and the NUTS version used.

4 Within the group of more developed regions, patent output is also highly concentrated. Most green and digital patents were recorded in
Oberbayern (12,911), Tle-de-France (10,585) and Stockholm (9,510), which in sum accounted for more than one fifth of total twin transition
patents in the more developed regions.



Technological capabilities and the twin transition in Europe | Page 11

Figure 3: Focus on digital or green technologies: Different technological profiles in Euro-

pean regions

Twin transition technology profiles
- ! -

more digital more green

Notes: This map shows the twin transition technology profiles of European NUTS-2 regions. Regions are coloured in blue
if the share of digital patents among their patent record in twin transition technologies is higher than 64% (i.e., the average
of all European regions). They are coloured in green if their share of green patents among twin transition patents is higher
than 36% (i.e., the average of all European regions). Source: OECD REGPAT, own calculation.
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European regions with strong profiles in digital or green technologies

Table 2 lists the 10 European regions with the highest share of green and digital patents among
all twin transition patents. Four regions in Sweden, three in Romania and two in the UK dominate
the Top 10 with the strongest digital profiles in Europe. East Wales is the region with the strongest
digital profile (93% of patenting in digital technologies out of all twin transition technologies), fol-
lowed by Sud-Est in Romania, Ovre Norrland in Sweden, Stockholm (all with around 92%) and
Inner London (91%).

The 10 regions in Europe with the strongest green profiles are more spread out. The Swedish
region of Mellersta Norrland leads with 90% of all patents corresponding to green transition tech-
nologies out of the sum of all twin transition technologies, followed by Jadranska Hrvatska in
Croatia (85%), Friesland in the Netherlands (83%),Val | e do&6 Aost a ( 80 PRahds-
byggd in Iceland (78%).

Table 2: Top 10 European regions with the strongest profiles in digital and green technol-
ogies

Digital technologies Green technologies
. hare of : hare of
# Region SUEHE Patents Region SUEICH Patents
patents patents
1 |UKL2 East Wales 92.8% 1072 | SE32 Mellersta Norrland  90.1% 91
2 HRO3 Jadranska Hrvat-
RO22 Sud-Est 92.3% 26 cka 84.6% 13
3 [SE33 Ovre Norrland 92.2% 897 NL12 Friesland 82.5% 126
4 |SE11 Stockholm 91.9% 9510 |ITC2 Valle d'Aosta 80.5% 41
5 |UKI1 Inner London 90.6% 4257 |1S02 Landsbyggd 77.8% 27
6 [RO32 Bu dlov 88.8% 152 DKO04 Midtjylland 75.4% 1644
7 | SE22 Sydsverige 88.0% 4082 |ITF6 Calabria 75.0% 48
8 |RO21 Nord-Est 87.2% 39 FR22 Picardie 72.1% 420
9 |SE12 Ostra Mellans- N
o ostraMellans- g7 00 3343 |SI04 Vzhodna Slovenija  71.9% 64
verige
10 | FI1D Pohijois- ja Ita-
o 1015~ 86.5% 1566 |AT11 Burgenland 71.6% 74

Notes: The column Share of patents denotes the share of digital or green patents of the total sum of twin transition
patents in a NUTS-2 region. The column Patents reports the total number of green or digital patents in the respective
NUTS-2 region. A minimum of more than ten patents was imposed for the selection of regions. Source: REGPAT, own
calculation.
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Hidden twin transition technology champions in less developed EU regions

Although patent output in twin transition technologies is concentrated in more developed regions,
we find several Ahidden champi onso i n3, tédlistsegen
less developed regions chosen because of their above-average patenting activity in specific tech-
nologies. Of these, Andalucia (Spain) stands out with a specialisation of patent output relative to
the EU average in two digital and six green technologies. Also, the regions of Sicily (Italy), Ma § o |
skie (Poland) and Norte (Portugal) have relatively strong patent outputs in two digital technologies
each.

Table 3: Examples of hidden champions in twin transition technologies among less devel-
oped EU regions

. EU avg.

NUTS-2 region Technology Patents patents RCA
20 11.0 2.80

22 21.9 1.42

25 14.3 2.68

. 23 10.8 3.52

ES61 Andalucia 12 39 503
17 12.3 2.32

30 20.5 2.38

17 10.9 2.61

HU33 Dél-Alfold 18 7.2 16.04
ITF3 Campania 39 31.4 2.46
ITF4 Puglia 15 11.0 4.63
ITG1 Sicilia 46 153 8.24
53 314 5.11

PL21 Mag 15 11.0 3.10
skie 26 16.5 3.60
12 11.0 2.29

PT11 Norte 36 235 3.44

Notes: The column Patents reports the number of patents in the NUTS-2 region for a given technology. The column EU
avg. patents refers to the average patent count in all EU NUTS-2 regions for this technology. The column RCA lists the
relative comparative advantage a NUTS-2 region exhibits in this technology. NUTS-2 Regions are selected based on
three criteria: i) number of patents in a technology greater than 10, ii) number of patents higher than the average patent
count in this technology across all EU regions, and iii) a specialisation in this technology (RCA > 1). Source: OECD
REGPAT, own elaboration.
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3.2 Inter-regional cooperation in technologies in Europe

So far, we have looked at patenting activity in twin transition technologies within European regions.
However, innovation and technological development also occurs across regional borders. The role
of inter-regional cooperation for innovation has gained increasing attention (Balland and Boschma
2021b). An objective of EU cohesion policy is to close the research and innovation divide between
European regions. One way to achieve that is to strengthen inter-regional knowledge flows and pro-
mote cooperation between leading and lagging regions in innovation, such as the implementation of
regional innovation partnerships in the 2021-2027 programming period (Pontikakis et al. 2022).

To analyse existing inter-regional linkages in the field of green and digital technologies, we use the
information on home addresses of inventors in each patent document. We count how often inventors
living in one NUTS-2 region cooperated in the development of digital and green technologies with
inventors residing in other regions. Figure 4 shows the strongest inter-regional linkages in digital
technologies patenting activities between EU regions, while Figure 5 maps the strongest inter-re-
gional collaboration in green technologies. Both figures show strikingly that EU regions strongly
prefer to collaborate with regions within their national borders. This national bias can be observed
not only in larger member states such as Italy, Germany or France, but also for smaller ones, as the
cases of Belgium, the Netherlands and Denmark demonstrate.

Table 4 shows the number of inter-regional collaborations in twin transition patents between more
developed regions, transition regions and less developed regions. We counted a total of 111,992
inter-regional linkages in patent documents concerning the twin transition technologies under inves-
tigation. The number of inter-regional linkages for more developed regions amounts to 91,349, or
more than 80% of all linkages. 16,621 linkages are recorded for transition regions, and 4,022 link-
ages for less developed regions. Table 4 indicates that each group of regions predominantly
cooperates with more developed regions. Only 3% of the inter-regional linkages of the more devel-
oped regions and transition regions concern less developed regions. This reflects the overall
importance of more developed regions as the main hubs of patenting activity.

Table 4: Inter-regional technology linkages between groups of EU regions

. Share of inter-regional linkages with
Inter-regional
. more developed " . less developed
linkages . transition regions :
regions regions
More developed regions 91,349 84.2% 13.2% 2.6%
Transition regions 16,621 72.4% 24.6% 3.0%
Less developed regions 4,022 58.4% 12.3% 29.3%

Notes: The column Inter-regional linkages indicates the total number of linkages between EU NUTS-2 regions. For the
classification of regions into the groups of more developed/transition/less developed regions see Appendix A.1. Source:
OECD REGPAT, own elaboration.
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Figure 4: Strong national bias in inter-regional collaboration in digital technologies across
the EU

— wi thin country
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Notes: This map shows the three strongest inter-regional linkages in digital technologies for each EU NUTS-2 region.
Strength is measured by the number of cross-border collaborations in digital technology patenting. Linkages within the
same EU country are shown in red, cross-border linkages are shown in yellow. Source: OECD REGPAT, own elaboration.



Page 16 | Technological capabilities and the twin transition in Europe

Figure 5: Strong national bias for inter-regional collaborations in green technologies across
the EU

Notes: This map shows the three strongest inter-regional linkages in green technologies for each EU NUTS-2 region.
Strength is measured by the number of cross-border collaborations in green technology patenting. Linkages within the
same EU country are shown in red, cross-border linkages are shown in yellow. Source: OECD REGPAT, own elaboration.



