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Abstract

This policy brief examines how universities contribute to the regional development of green and digital (“twin”)
technologies across Europe. Building on the literature on regional innovation systems, it analyses how different
university functions — education, research, and third mission activities — shape the emergence of twin
technologies at the regional level. Using data on European regions for the period 2011-2021, we combine
information on twin patents with indicators capturing universities’ role in high-skilled human capital formation,
research quality and specialisation, and university—industry engagement. The analysis highlights which
university-related factors are most strongly associated with the development of twin technologies. The results
show that twin-technology development is particularly linked to the presence of ICT-specific high-skilled human
capital and high-quality research, especially ERC-funded projects. By contrast, general measures such as the
overall number of graduates or publication output do not appear to be sufficient. Sustainability-oriented
university—industry collaboration and academic patenting, together with pre-existing regional green and digital
capabilities, emerge as key enabling factors. These findings suggest that regional policy strategies aiming to foster
the twin transition should move beyond generic support to higher education and instead strengthen targeted skills,

research excellence, and structured collaboration between universities and industry.
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1. Introduction

The digital transformation of economic systems and its relationship with their green transition has
emerged as a key policy objective in Europe, as it strives to achieve a twin transition that integrates both
environmental sustainability and digitalization. In March 2020, the European Commission unveiled its
strategy to position Europe’s industry at the forefront of both climate neutrality and digital leadership.
This vision was reinforced by the COVID-19 pandemic which led to the adoption of the Next
Generation EU recovery plan. The plan recognizes the twin transition as a fundamental driver of
resilience, enabling smarter, more sustainable, and inclusive growth patterns (Pilati, 2021). Within this
framework, Italy’s PNRR (National Recovery and Resilience Plan) addresses “Digital, Industry, and
Aerospace” with green sub-areas such as “Al for the environment and critical infrastructures,” while its
“Climate, Energy, and Sustainable Mobility” component emphasizes “Climate change, mitigation and

adaptation,” including big data analytics for smart energy grids.

Both transitions are subject to significant externalities and path dependencies in the technologies
underlying them (Acemoglu et al., 2019), as well as resistance and inertia in their socialization (Kemp
et al., 1998), requiring comprehensive policy interventions. The environmental role of digital
technologies is twofold (Faucheux and Nicolai, 2011), necessitating progress in two key areas: first, the
creation of new “green digital technologies,” which reduce environmental harm by minimizing the use
of rare or toxic materials, energy consumption, and waste; second, the development of “digital
technologies for green,” which enable digital eco-innovations in sectors outside digital industries,
fostering environmentally sustainable production and consumption. This growing policy focus
underscores the complexity of the twin transition, as the intertwining of digital and green technologies

in terms of industrialization is not straightforward (Nelli, Virgillito, and Vivarelli, 2025).

Despite increasing recognition of the importance of twin technologies and their geography, the
academic literature exploring its regional determinants remains sparse. The geographical specificity of
this process is crucial, as the speed and success of the twin transition depend on regional characteristics
(Cicerone et al., 2023), available resources, and the specific competencies required for the green and
digital transformations. Although substantial work exists on the impact of new digital technologies such
as Al and Key Enabling Technologies (KETs) on regional specialization in green technologies
(Montresor and Quatraro, 2020; Cicerone et al., 2023), there are few studies examining the
sustainability effects of local digital innovations and of the creation of new digital industrial pathways

(Bianchini et al., 2020; Trippl et al., 2020).
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Several factors may influence the successful integration of both green and digital technologies at the
local level, including favorable regulatory frameworks, increasing market demand for sustainable
solutions, technological complementarities, and cross-disciplinary collaboration
Among these drivers the role of knowledge is pivotal (Ordofiez De Pablos, 2024; Biirscher et al. 2025;
Damioli et al. 2025) as the knowledge base supporting green and digital innovations is foundational in
shaping technological progress and the potential for innovation, especially at the local level (Faggian et
al. 2025). Twin technologies require a complex knowledge foundation, connecting multiple disciplines
to address sustainability challenges through digital solutions. Given the complexity and
interdisciplinarity of the knowledge required to develop green—digital technologies, their effective
mobilisation depends critically on localised institutional arrangements that support knowledge
recombination and diffusion. In regional innovation systems (RIS), proximity and interactions among
actors facilitate knowledge spillovers that enhance regional innovation outcomes and absorptive
capacity, especially where regions can integrate heterogeneous knowledge sources into innovation
processes (Miguélez & Moreno, 2015). Within this framework, universities and research centers are
positioned not only as generators of scientific knowledge but also as structural agents in RIS that shape
how knowledge flows, is absorbed, and contributes to innovation performance at the local level (Cowan

& Zinovyeva, 2013).

In this scenario, universities and research centers might play a relevant role in advancing the twin
(green—digital) transition by acting as central nodes within Regional Innovation Systems (RIS), where
they structure both the creation and the circulation of knowledge (Gunasekara, 2006; Cowan &
Zinovyeva, 2013). Universities operate as hubs of knowledge creation and diffusion, continuously
generating scientific knowledge and embedding it locally through several channels (Breschi and
Lissoni, 2008). Their contribution to regional innovation systems unfolds through both direct and
indirect spillovers: directly, by producing codified knowledge, research outputs and skilled graduates
(Acosta, Coronado, and Flores, 2011) that can be absorbed by firms and other organisations; indirectly,
by shaping the long-term quality of the regional human capital base and the innovative capacity of local
ecosystems (Card, 2001; Valero and Van Reenen, 2019), generating positive externalities in their so-

called “third mission” (Molas-Gallart et al. 2002).

Several studies emphasised how universities contribute to technological innovation through more via
the provision of skilled human capital (Acosta, Coronado, and Flores, 2011) and the production of
scientific knowledge (Anselin et al. 19997; Bonaccorsi et al. 2014; Damioli et al., 2025). University

graduates represent a key input for innovation-driven firms, especially in high-tech sectors. Empirical
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studies show that regional availability of highly educated workers is a strong predictor of innovation
outcomes. For instance, Acosta, Coronado, and Flores (2011) find that in Spain, the output of university
graduates positively influences the creation of high-tech startups, even if research activity shows a more
limited effect. Similarly, Abramovsky, Harrison, and Simpson (2007) provide evidence from the UK
that R&D-intensive firms tend to cluster around research-intensive universities, benefiting from access
to both talent and knowledge. Moreover, academic research outputs, often measured by scientific
publications, can serve as an important knowledge base for technological development, even in the
absence of formal collaborations. Anselin et al. (1997) found evidence of local spatial externalities
between university research and high technology innovative activity, with significant sectoral variation
in university effects on innovation. The study revealed particularly strong spillover effects in specific
industries, notably Electronics and Instruments sectors. Similarly, Bonaccorsi et al. (2014) demonstrate
that both the production of graduates and scientific research productivity have positive effects on the
creation of knowledge-intensive entrepreneurship within regions. This might be particularly relevant
for the development of twin technologies in fact, through education spillovers, universities supply
specialised human capital, especially in ICT, data science and STEM fields, that provides the skills
foundation required to combine digital technologies with sustainability objectives. Moreover,
transversal and problem-based learning approaches foster interdisciplinary collaboration and systems
thinking, which are essential for addressing complex green—digital challenges (Etzkowitz and
Leydesdorff, 2000). In addition through research spillovers, universities generate frontier scientific
knowledge in both green and digital domains and facilitate its recombination via spatial proximity and
science—industry collaborations, which lower cognitive and institutional barriers across technological
fields and accelerate the emergence of twin innovations (Fritsch and Slavtchev, 2007; Ponds, Van Oort

and Frenken, 2007; Damioli et al., 2025).

Another relevant channel through which universities contribute to technological innovation is the "third
mission," which involves scientific dissemination and social networking aimed at fostering the diffusion
of knowledge and skills from universities to the rest of society (see de Rassenfosse and Williams 2015;
Molas-Gallart et al. 2002). Third-mission activities are often associated with the patenting of
universities and their researchers and the creation of business incubators and spin-offs (Snane, 2002).
These forms of academic entrepreneurship represent critical mechanisms through which knowledge
generated within universities is commercialized and diffused into the economy. Several studies have
analyzed the impact of these third mission activities on regional innovation. Bonaccorsi et al. (2014)
show that patenting activities of universities can a have a positive influence on the creation of new
knowledge intensive firms internal and external to the province where the university is located. Another
important dimension of the third mission is university—industry collaboration in research and

technology development. These partnerships often manifest through co-patenting, joint publications,
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contract research, and collaborative innovation projects. The literature consistently shows that such
interactions are more effective when supported by geographical proximity, as spatial closeness
facilitates trust, knowledge exchange, and institutional alignment (Ponds, Van Oort, & Frenken, 2010).
For example, Fritsch and Slavtchev (2007) demonstrate that universities embedded in strong regional
innovation systems enhance local firms’ innovation capacities through both formal and informal
knowledge channels. Similarly, Mansfield and Lee (1996) find that industry-sponsored university
research frequently leads to commercially relevant innovations, particularly when firms and universities
are located within the same region, Through third-mission activities, universities translate knowledge
into regional economies by engaging in collaborative R&D, consultancy and academic patenting,
supported by intermediaries such as knowledge transfer and intellectual property offices that reduce
coordination costs and enable firms and public actors to combine green hardware with digital analytics
(Arza, 2010; Perkmann et al.,, 2013; Etzkowitz and Leydesdorff, 2000). The effectiveness and
interaction of these mechanisms remain inherently place-specific, depending on regional technological
endowments and institutional structures, which explains why universities shape the pace and direction
of the twin transition unevenly across regions rather than acting as uniform drivers of change (Asheim

etal., 2011; Balland et al., 2022).

Despite the central role of universities in promoting and developing technological innovation, and their
potential importance in generating the specialised knowledge required for twin technologies, there is a
lack of studies investigating their role in driving the development of twin innovation and technology,
and how these different spillovers act. In fact, the relationship between universities and technological
development has been previously explored in literature, both in the green and digital domains, with
particular attention to knowledge creation, intellectual property strategies, and technology transfer
mechanisms. Existing studies show that universities play a pivotal role in fostering green and digital
innovation, particularly in the early stages of technological development. In the green domain,
universities have increasingly shifted from closed intellectual property models toward more open and
collaborative approaches, enhancing knowledge diffusion and joint innovation (Vimalnath et al., 2022).
Their contribution extends beyond invention, encompassing critical pre-development and post-transfer
activities that support commercialization and sustainable implementation of green technologies (Silva
et al., 2023). In parallel, research on digital technologies highlights a growing involvement of academic
institutions in patenting activities, especially in fast-evolving fields such as artificial intelligence (Li et
al., 2022). Universities have emerged as key actors in Al-based and green-Al patenting, providing
foundational knowledge and experimentation capacity, although difficulties remain in scaling these

innovations for widespread industrial adoption (Plantec et al., 2023).



MISSIONE &4
ISTRUZIONE
RICERCA

However, despite these advances, the existing literature largely treats green and digital technological
trajectories as separate domains. There is a gap in the current literature that jointly and systematically
examines how universities contribute to both dimensions in an integrated manner. As a result, we lack
a coherent understanding of the role of universities within the twin transition, where green and digital
innovations are increasingly intertwined by nature. Our research seeks to fill this gap by evaluating how
universities contribute to the creation of twin technologies at the regional level. Specifically, we focus
on their role in generating spillover effects through high-skilled human capital production, research
activities, and third-mission activities. By examining how universities facilitate the development of twin
technologies, this study aims to provide insights into their critical role in advancing the twin transition

at both the technological and regional levels.

2.Data and Methods

This study investigates the regional dynamics of twin technological development across EU-27 regions
at the NUTS-3 level over the period 2011-2021. The analysis is based on a panel dataset constructed to
capture both technological innovation and university-related spillovers relevant to the twin transition.

Table 1 presents the list of the variables and how they are operationalized.
2.1 Dependent Variable

The dependent variable is the number (in fractional counting) of twin patents at the NUTS-3 level. Twin
patents are defined as those contributing simultaneously to both green and digital technological
domains. The identification and classification of patents into green, digital, or twin categories follow
the methodology proposed by Jindra and Leusin (2024). This approach relies on six complementary
classification strategies, including keyword filters, Cooperative Patent Classification (CPC) codes, and

technological concordances, offering a robust framework for patent categorization.
2.2 Explanatory variables

To assess the role of universities in fostering regional twin innovation, we examine university-related
spillovers by aggregating Universities in each NUTS3, along three key dimensions: Human Capital,
Research Activity, and the Third Mission.

For each university, Human Capital is proxied by three indicators sourced from the European Tertiary
Education Register (ETER): the number of graduates, the number of PhDs in Engineering, and the

number of PhDs in Information and Communication Technologies (ICT). These variables reflect
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universities’ direct contributions to the regional stock of high-skilled labour. Emphasis is placed on
PhDs in Engineering and ICT due to their close alignment with the core fields of the twin transition.
We assume that regions with a stronger availability of locally trained specialists in these areas are better

positioned to develop and adopt green and digital technologies.

Research Activity, still for each university, is captured through the number of scientific publications in
top-tier (Q1) journals in the fields of Sustainability and ICT, as these are the ingredients of the TT. This
dual focus reflects the interdisciplinary nature of twin technologies, which rely on the integration of
environmental and digital innovations. Data is sourced from the InCites database, which enables field-
specific classification of research output. We concentrate on the macro-fields of Sustainability and ICT

to provide a broad yet relevant measure of scientific excellence at the regional level.

The Third Mission, referring to each regional university engagement with society and industry, is
measured using three indicators: the number of co-authored publications with industry partners in
Engineering and ICT, and the number of academic patents. These metrics capture various forms of
academia-industry collaboration and the translation of academic knowledge into innovation. Co-
authorships signal active cooperation in research, while academic patents indicate market-oriented
knowledge application. Collectively, these indicators allow us to assess (i) the intensity of university-
industry collaboration, (ii) variation across disciplinary fields, and (iii) the contribution of third mission
activities to twin technological development. Additionally, we account for the number of European
Research Council (ERC) funded projects, which provide a proxy for frontier, policy-relevant scientific

activity.



Variables Definition Type Source
Knowledge base
“Ricenc Number of regional patents (fractional counting) classified as both green and digital based on )
Twi tent: . D dent PATSTAT S 2022
Wil patents Jindra & Leusin (2024) methodology. ependen pring
Green patents Nun.1b6r AS ABQVE fractional inventor shares of patents classified as green technologies based Control PATSTAT Spring 2022
on Jindra & Leusin (2024) methodology.
Number AS ABOVE fractional inventor shares of patents classified as digital technologies based .
Digital patent . Control PATSTAT S 2022
1gital patents on Jindra & Leusin (2024) methodology. ontro pring
Human capital
Tertiary education Number of graduates. Explanatory ETER
PhD in sustainability Number of PhD in natural science, mathematics and statistics; agricultural science; engineering.  Explanatory ETER
PhD in ICT Number of PhD in ICT. Explanatory ETER
Research
Q1 publication in ICT Publications in Q1 journals in ICT. Explanatory Incites
Q1 publication in sustainability Publications in Q1 journal in sustainability. Explanatory Incites
ERC projects Number of ERC-funded projects. Explanatory ETER
3" mission
Academic patents Number of patents produced by Academia. Explanatory ETER
ICT uni ity-i t - . . .
¢ u m‘,’erSI y-industry co Publications in cooperation with industry in ICT. Explanatory Incites
publication
Sustainabilit i ity- L . oy . L .
inudsu:g'l; cloi;’ulll)lllilcv:tl;(s)lny Publications in cooperation with industry in sustainability. Explanatory Incites
Structural controls
GDP per capita Gross Domestic Product per capita in constant euros. Control Eurostat
Population density Number of inhabitants per square kilometer. Control Eurostat

Table 1: Summary of variables of interests and their sources at NUTS3 level from 2011 to 2021. TABLE??
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2.2 Control Variables

To isolate the specific influence of university-related variables on twin innovations, we control for the
NUMBER of green and digital patents at the regional level. These variables act as proxies for the
underlying technological knowledge and innovation effort in environmental and digital domains.
However, we do not treat them as primary explanatory variables. Rather, they serve to control for
potential confounding effects, following prior work such as Cicerone et al. (2023), which has already

established their direct relevance.

Lastly, to address regional heterogeneity, we include two socioeconomic controls: GDP per capita and
population density, both obtained from Eurostat for the 2011-2021 period. These variables capture
differences in economic development and urbanization, which are known to influence innovation

capacity, absorptive potential.

3. Empirical model

The econometric model used to analyze the determinants of twin technologies is a log-log panel model
with fixed effects. This specification accounts for the non-linear relationship between the dependent
and independent variables by applying a log transformation to both sides of the equation. This approach
is used to interpret elasticities and control for heteroscedasticity, making it suitable for the analysis of

regional patent data.

The model is expressed as follows:

TwinPat,, = f; UniSpillover, ¢ + Vit + P3Zy e + ¥ +6¢ + &

Where:
e 1 denotes the NUTS-3 region, and t represents the specific year.
e UniSpillover includes indicators of university-related human capital, research outputs, and
third-mission spillovers.
e V represents the vector that includes the stock of green and digital patents’ shares of a region.

e 7 represents the vector of regional controls (demographic, economic).

The equation includes both region and year fixed effects to control for time-invariant regional
characteristics and time-specific shocks. The inclusion of fixed effects allows the model to account for
unobserved heterogeneity across regions and years, which could otherwise bias the results. To address

potential heteroscedasticity in the panel data and ensure robust inference, we apply robust standard
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errors using a heteroscedasticity-consistent covariance matrix estimator. This approach adjusts the
standard errors to correct for heteroscedasticity, thereby providing more reliable coefficient estimates

and enhancing the robustness of the results.

4. Results

Table 2 displays the results of our empirical model based on 11,125 region-year observations. As all

variables are expressed in logarithmic form, the estimated coefficients can be interpreted as elasticities.

Both green and digital patenting exhibit strong and statistically significant positive effects on the
development of twin patents, with coefficients of 0.163 and 0.227 respectively (significant at the 1%
level). These findings reinforce the complementary relationship between environmental and digital
innovation and the development of twin technologies, corroborating previous research (Cicerone et al.,
2023). Among the structural controls, population density demonstrates a positive and significant
association with twin patenting (coefficient of 0.344, significant at the 1% level), suggesting that
urbanization and regional agglomeration economies may enhance regional innovation capabilities.
Conversely, GDP per capita does not exhibit a statistically significant effect, implying that general
economic development alone may be insufficient to stimulate twin technological advancements in the
absence of targeted institutional or infrastructural support.<- downplay this just say that this is also

found in other studies in the topic

Regarding human capital, the proportion of tertiary education graduates does not show a statistically
significant relationship with twin patenting. However, the number of PhDs in ICT is positively
associated with twin patents at the 10% significance level, with a coefficient of 0.0173. This suggests
that highly specialized digital human capital plays a modest but statistically meaningful role in
promoting twin innovation. In contrast, the number of PhDs in sustainability does not have a significant
effect, indicating that digital expertise may be more influential than general knowledge in advancing

green-digital convergence.

In terms of scientific research activities, the number of Q1 publications in sustainability shows a positive
and significant relationship with twin patenting at the 5% level (coefficient of 0.0141), though this result
does not remain robust when all variables are considered. Q1 publications in ICT do not present a
significant relationship. Notably, participation in European Research Council (ERC) projects displays
a positive and significant effect: a 1% increase in ERC project involvement is associated with a 0.0409%
rise in twin patents (significant at the 5% level). This underscores the importance of excellence-driven

public research funding in enhancing the institutional and scientific foundations for the twin transition.
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Turning to universities' third mission activities, industry collaboration emerges as a key driver.
Academic patenting is positively associated with twin patenting, with a coefficient of 0.0371
(significant at the 1% level), underscoring the role of university-driven applied research in fostering
advanced technological trajectories. Moreover, sustainability-oriented university-industry co-
publications are significantly associated with twin patenting: a 1% increase in such collaborations
corresponds to a 0.0486% increase in twin patents (significant at the 1% level). This finding highlights
the pivotal role of mission-oriented, collaborative innovation in enabling the environmental dimension
of twin technologies. By contrast, ICT-related university-industry co-publications do not exhibit a
statistically significant effect, suggesting that universities may exert greater influence in sustainability-

oriented partnerships than in facilitating applied ICT knowledge transfer.

In sum, the results point to the critical role of a well-integrated regional innovation ecosystem—
encompassing academia, industry, and public institutions—in supporting the twin transition.
Investments in advanced digital human capital, academic patenting, and sustainability-driven
university-industry collaboration emerge as particularly salient levers. The twin transition thus appears
not merely as a technological shift but as a systemic transformation embedded in institutional, scientific,

and spatial dynamics.

5. Conclusions

This research explores the impact of university spillovers on the development of twin technologies by
examining the role of academic institutions in fostering interdisciplinary knowledge. Universities are
key players in local innovation systems, driving knowledge exchange through formal collaborations,
talent mobility, and informal networks. Their role in producing specialized research and training skilled
professionals makes them essential enablers of the transdisciplinary knowledge necessary for the

convergence of sustainability and digitalization.

By focusing on university spillovers, this study investigates how higher education systems contribute
to the creation of complex innovations at the intersection of these two domains. The findings offer
valuable insights for regional innovation policies designed to promote green and digital transitions.
Understanding how university-generated knowledge influences the creation of twin patents is crucial
for policymakers looking to enhance regional innovation ecosystems and develop strategies to advance

both green and digital technologies.

Through an integrated analysis of regional and patent data, the study also examines how regional

characteristics interact with technological innovation in the green and digital sectors. With region-
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specific data at NUTS3 level, this research aims to highlight the spatial dynamics of innovation and the

role of regions in driving the twin transition toward a sustainable, digital future.
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Table 2: Panel data regression results for all regions

Fixed effects model

VARIABLES Twin_patents
Digital patents 0.227%**  (0.230%** (.227***  (.227***
(0.00811) (0.00826) (0.00827) (0.00830)
Green patents 0.163*** (.165*** (0.165%**  0.163***
(0.00730) (0.00739) (0.00740) (0.00742)
GDP per capita 0.0223 0.0311 0.0251 0.0307
(0.0187)  (0.0195) (0.0196)  (0.0198)
Population 0.344%%*  (0.344***  (.311%**  (.304***
(0.0614) (0.0617) (0.0606)  (0.0607)
PhD in sustainability -0.00169 -0.00341  -0.00348
(0.00476) (0.00479) (0.00477)
PhD in ICT 0.0173*  0.0174*  0.0157*
(0.00894) (0.00887) (0.00876)
Tertiary education -0.00432  -0.00605 -0.00823
(0.00499) (0.00499) (0.00506)
Q1 publication in sustainability 0.0141**  0.00372
(0.00575) (0.00593)
Q1 publication in ICT -0.00344  -0.00270
(0.00828) (0.00841)
ERC projects 0.0409**  0.0363**
(0.0168)  (0.0169)
Academic patents 0.0371%**
(0.00993)
Sustainability university-industry co-publication 0.0486***
(0.0154)
ICT university-industry co-publication 0.00472
(0.00958)
Constant S2.110%*%  _2,194%** -1 978*** ) (003%**
(0.436)  (0.444)  (0.440) (0.444)
Observations 11,508 11,170 11,170 11,125
R-squared 0.758 0.756 0.757 0.757

Note: All specifications are estimated using panel data with fixed effects. The dependent and
independent variables are log-transformed. Robust standard errors in parentheses are clustered
at the regional level. *** p<0.01, ** p<0.05, * p<0.1
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