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Introduction

The EU's twin transition aims to integrate digitalisation and sustainability to drive resilient and

inclusive growth (Pilati, 2021; Nelli et al., 2025).

Policies like NextGenerationEU and national recovery plans (e.g., Italy’'s PNRR) highlight digital

and green objectives as complementary priorities.

The twin transition unfolds through the development of new green and digital (i.e., twin)

technologies, which occurs differently across regions (Faggian et al., 2025)

The development of twin technologies occurs through the institutionally embedded interaction

of different local actors --> Regional Systems of Innovation



Relevant literature

« Regional innovation ecosystems— comprising firms, research organisations (private and public),
intermediary actors (e.g., financial, insurance, business-service providers, etc), and policy makers
— are vital for the innovation processes at the basis of the digital and the green transitions

(Asheim et al., 2011; Balland et al., 2022).

« Universities are key actors, within RIS, in fostering innovation (Molas-Gallart et al. 2002; de

Rassenfosse and Williams 2015; Marrocu et al. 2022)

e Universities are key actors also in fostering new entrepreneurship (Bonaccorsi et al. 2014;

Abramovsky, Harrison, and Simpson 2007)

e Their spillovers affect regional innovation systems both directly and indirectly (Card, 2001;

Valero & Van Reenen, 2019).



Relevant literature

Through continuous knowledge creation and exchange, universities contribute significantly to the
advancement of innovation systems in their regions.

e« Hubs of knowledge creation and diffusion through human capital, research, and third-mission
activities (Breschi & Lissoni, 2001; Snane,2002: Boschma, 2005).

e Production of skilled human capital and the scientific knowledge ---> particularly relevant for
high-tech sectors (Anselin et al, 1997, Acosta, Coronado and Flores, 2011, Bonaccorsi et al 2014).

« University-industry collaborations and academic patenting drive local technological
iInnovation (Fritsch & Slavtchev, 2007; Bonaccorsi et al., 2014).

e Quatraro & Scandura (2019) emphasised the role of academic inventors in generating eco-
innovation, analysing Italian NUTS3 regions.



Main contribution

1. Theoretical mechanism

Disentangling how the three main action levers of universities -
education, research, and the third mission - influence the
development of twin technologies

Research Gap:
P 2. Empirical Evidence

Limited understanding of how | | | L _
First comprehensive analysis of university spillovers on twin (green-

universities drive twin (green-digital) digital) technologies at regional level in Europe

iInnovation at the regional level
3. Regional characterisation

Reveals how regional charactenstics and university capabilities
interact in fostenng sustainable digital innovation

4. Policy relevance

|dentifies specific levers (ICT PhDs, ERC funding, sustainability
collaboration) for regional innovation policy



Research Question

How do university spillovers contribute to the development of twin
technologies across European regions?



Theoretical Framework

Universities act as central nodes in Regional Innovation Systems (RIS), facilitating knowledge
production and diffusion through 3 different spillovers:

Education Research Activity Third Mission
 Graduate supply » Q1 publications « Academic patents
« PhDs In Sustainability + Fleld specialization « Industry co-

+ PhDs in ICT « ERC projects publications



Theoretical Framework (cont’d)

The 3 spillover mechanisms are crucial for the development of new twin technologies

e Education (skill formation): i) STEM, data, and green literacy provide the human-capital foundation for integrating
digital and environmental technologies. (OECD Skills Outlook 2021, 2023); ii) transversal and problem-based learning
fosters interdisciplinary teamwork and green-digital integration capacities (Etzkowitz & Leydesdorff 2000)

e Research (knowledge creation & spillovers): i) academic research directly generates green and digital knowledge
to be combined for twin innovation (Damioli et al.,, 2025); ii) proximity to academic research and science-industry
(interdisciplinary) collaborative research accelerates recombination across technological boundaries. (Ponds, Van
Oort & Frenken 2007)

e Third mission (engagement and translation): i) collaborative R&D, consultancy, and joint labs enable rapid
diffusion of university TT knowledge to firms and public actors. (Perkmann et al. 2013; Arza 2010); ii) university
Intermediaries (e.g. KTO, IP management offices, etc.) lower the coordination costs of combining green hardware with
digital analytics ( Etzkowitz & Leydesdorff 2000).

e Region-specific systems of innovation make the functioning and interplay of these three mechanisms place-specific



Empirical analysis

Dataset

Coverage: NUTS-3 regions, EU27, 2011-2021

N: 11,125 region-year observations

Data Sources Method

+ Patents: PATSTAT 2022  Log-log panel model

+ Universities: ETER « Fixed effects (region & year)
* Publications: InCites « Robust standard errors

+ Regional data: Eurostat « Elasticity interpretation

Twin Patents: Patents classified as both green AND digital (Jindra &
Leusin 2024 methodology)



Variables Overview

Dependent Variable

Fractional inventor shares of twin patents (NUTS-3 level)

Explanatory Variables Control Variables

« Education: number of Graduates, number of PhDs in Sustainability » bOreen patents (fractional shares)
and ICT « Digital patents (fractional shares)
» Research: Q1 publication in Sustainability and ICT, number of ERC » GDP per capita

projects

» Population density
» Third mission: academic patents, university-industry co-publicabion

Note: all the variables are log-transformed
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University’s spilllovers

Education

Tertiary education Number of graduates.

Number of PhD in natural science, mathematics and statistics; agricultural science;
engineering.
Number of PhD in ICT.

PhD in sustainability

PhD in ICT

Research

Q1 publication in ICT

Q1 publication in sustainability
ERC projects

Publications in Q1 journals in ICT.
Publications in Q1 journal in sustainability.
Number of ERC-funded projects.

3rd mission

Academic patents Number of patents produced by Academia.

ICT university-industry co-

publication Publications in cooperation with industry in ICT.

Sustainability university-

industry co-publication Publications in cooperation with industry in sustainability.

Explanatory
Explanatory

Explanatory

Explanatory
Explanatory
Explanatory

Explanatory

Explanatory

Explanatory

ETER
ETER

ETER

Incites
Incites
ETER

ETER

Incites

Incites



Empirical Model:LPM with FEs

TwinPat, s = B, UniSpillover, s + oVt + faZys + ¥ + 08¢ + &t

Where:
e 1 denotes the NUTS-3 region, and t represents the specific year.

e UniSpillover includes indicators of education, research outputs, and third-mission spillovers.
e I represents the vector that includes the stock of green and digital patents’ shares of a region.

e Z represents the vector of regional controls (demographic, economic).
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Preliminary Results

VARIABLES
Digital patents 0.227%%% (.230%*% (227%%%  (227Fk*
(0.00811) (0.00826) (0.00827) (0.00830)
Green patents 0.163%*% (. 165%*% (0.165%** (.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%%% (3]11%%%  (0.304%** Knowledge base
(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 Education
(0.00499) (0.00499) (0.005006)
Q1 publication in sustainability 0.0141%* 0.00372
(0.00575) (0.00593)
Q! publication in ICT -0.00344  -0.00270
(0.00828) (0.00841)
ERC projects 0.0400%*  (0.0363** Research
(0.0168) (0.0169)
Academic patents 0.037 | ***
(0.00993)
Sustainability university-industry co-publication 0.0486%%*
(0.0154) . o
ICT university-industry co-publication 0.00472 Third Mission
(0.00958)
Constant S2. 1 10%*F* D 194%%E ] QTRFEE D QQIH**
(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
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Preliminary Results

e Digital rather than green human capital: high-skilled human capital in ICT (PhDs in ICT) is relevant
for enhancing the development of twin technology development, while PhDs in sustainability are
not statistically significant, as well as the general level of tertiary education (n° of graduates).

e Large-scale vs individual research: research activity presents mixed outcomes with publications
that are not relevant, while the number of ERC projects significantly supports the formation of twin
patents

e Green rather than digital: universities’ third mission emerges as a catalyst for the twin transitions:
sustainability-oriented university-industry collaborations and academic patenting are both positive
and statistically significant.

e« The technological base of a region is still relevant (both the stocks of digital and green patents
are positive and statistically significant)
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Conclusions

e The twin transition is not just technological: it is a systemic transformation embedded in
institutional, scientific, and spatial dynamics

e Collaborations matter: sustainability-focused university-industry co-publications and academic
patenting strongly foster regional twin patenting.

e Excellence-driven research funding (e.g. ERC projects) enhances regional capacity for twin
iInnovation.

« Regional policies must nurture integrated innovation ecosystems that connect universities,
industry, and public institutions

e Place-based policies are crucial to adapt green-digital innovation strategies to local capacities,
preventing regional disparities in technological development.
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e Test with lagged variables --> from knowledge to innovation.

e Instrumental variable approaches for causal inference

e Examine specific technological sub-domains
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