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ABSTRACT
In an era of increasing global challenges, two paradigmatic shifts – 
the digital and green transitions – have gained traction due to their 
potential impacts on industrial ecosystems and societal inequalities. 
Termed the ‘twin transition’, these shifts underscore the synergies 
between technological advancements and environmental sustain
ability. Highlighting its importance in post-COVID-19 recovery, the 
special issue examines the twin transition’s potential to drive indus
trial innovation and affect social, economic, and geographical 
inequalities. The seven articles in this special issue explore the 
impact of the twin transition on corporate innovation strategies 
and investment, alongside the economic, social, and geographical 
implications. Key findings underscore the need for diversified tech
nological investments, especially in AI, and enhanced digital infra
structures. Policy recommendations advocate for aiding firms 
lagging in digitalisation and developing region-specific innovation 
policies. The research sets a roadmap for future inquiries into the 
interplay of digital and green transition, broader economic impacts, 
and policy-driven strategies.
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1. Background and objectives

Two paradigmatic transformations are stealing the spotlight due to their potentially 
extensive impact on industrial ecosystems and social inequalities. On the one side, 
emerging digital technologies, including Information and Communication Technology 
(ICT) and more recently, artificial Intelligence (AI), Industry 4.0, and blockchain, are 
profoundly influencing growth, productivity, and the labour market (Heyman, Norbäck, 
and Persson 2021). On the other, investment in environmental technologies and pro
ducts – essential to facilitate the transition towards a low carbon economy (Dean and 
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McMullen 2007) – holds the potential to revitalise the competitiveness of advanced 
economies (Costantini and Mazzanti 2012).

The term twin transition has entered the political discourse by highlighting the 
potential synergies between the green and digital transitions. It focuses on the role digital 
technologies can play in fighting climate change and mitigating environmental damage, 
thus contributing to a fair and sustainable recovery following the COVID-19 and energy 
crises (European Commission 2022; Muench et al. 2022). In this framework, the devel
opment and integration of digital and green technologies with other key technologies 
become crucial to support such challenges; this also represents an opportunity for an 
economy to gain leadership position and improve its autonomy in strategic industries.

Notably, the convergence of digital and sustainability imperatives has been gain
ing momentum in the public and private sectors, each investing substantial 
resources with industrial innovation expected to play a key role in this twin 
transition. At the same time, the disruptions required to implement such transition 
will most likely affect inequalities at the economic, social, and geographical levels, 
which must be understood and acted upon.

Academic work has only recently highlighted the potential effects of the twin transi
tion for regions, firms, technological innovation, overall environmental impact, and has 
started to scratch the surface of the ‘dark side’ of innovation (Biggi et al. 2022; Cicerone 
et al. 2022; Coad et al. 2021; George, Merrill, and Schillebeeckx 2020). Nevertheless, there 
is still much to be done to deepen our understanding of this phenomenon. For example, 
while research has enhanced our understanding of sustainability practices (Eccles, 
Ioannou, and Serafeim 2014) and environmental technologies (Nesta, Vona, and 
Nicolli 2014) in relation to corporate innovation and performance, there is less evidence 
concerning the transition towards climate-neutral production processes. Further 
research is also needed to explore a number of open questions: what new skills and 
jobs will be required to accommodate the green and digital transitions (Amoroso and 
Moncada-Paternò-Castello 2018; Vona et al. 2018; Lankhuizen et al. 2023); which sources 
of funding are more effective (Gaddy et al. 2017); what relevant undertakings will deal 
with the sustainable development goals from large corporates; and what role young and 
high-growth firms will play in the these changes (Coad et al. 2023; Demirel et al. 2019). 
Similarly, the twin transition can exacerbate existing social inequalities in relation to 
gender and race. For instance, the role of gender in research and innovation warrants 
further examination. There is currently a strong research stream on gender diversity in 
innovation and research teams, but insufficient attention devoted to other equally 
relevant topics of discussion such as other gender biases – for example, in research 
methods and questions (Nielsen, Bloch, and Schiebinger 2018; Xie et al. 2020) – or the 
impact of gender policies on industrial innovation and performance (Dezsö and Ross 
2012; Foss et al. 2021; Lyngsie and Foss 2017). Moreover, the twin transition might have 
a disparate territorial impact, as each country is likely to encounter unique challenges in 
the sustainable and balanced development of its regions (Gereben and Wruuck 2021; 
Moşteanu 2020).

This special issue aims to bridge this twin-transition evidence gap for the advance
ment of the field of economics and management of innovation. It aims to collect relevant 
research that either directly or indirectly builds upon the two pillars of the twin transi
tion, digital and environmental, with a particular emphasis on the intersection of both. 
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Finally, it aims to provide academically-, managerially-, and policy-relevant insights 
concerning the implementation and consequences of the twin transition.

Based on the aforementioned background, this Special Issue includes seven articles, 
which centre around two themes: the implications of the twin transition for corporate 
innovation strategies and investment; and the economic, social, and geographical reper
cussions of the digital and green transformations.

2. Innovation and the twin (green and digital) transition

One anticipated synergy of the twin transition refers to the role of digital technologies in 
generating innovations that contribute to achieving climate neutrality, reducing pollu
tion, and restoring biodiversity. From the firms’ point of view, investments in digital 
technologies can help them to increase their capabilities to introduce eco-innovations 
related to production (Ardito et al. 2021; Ning, Jiang, and Luo 2023). However, since eco- 
innovations usually imply higher knowledge complexity than standard innovations 
(Barbieri, Marzucchi, and Rizzo 2020), digital technologies, particularly those possessing 
the characteristics of General Purpose Technologies (GPT), might be more suitable to 
facilitate the complex process of knowledge recombination necessary for the generation 
of green innovations.

In the first paper of this special issue, Montresor and Vezzani (2023) test this 
hypothesis using Italian firm-level data. They posit a greater eco-innovation impact 
from AI because it is the only digital technology exhibiting the essential characteristics 
of a GPT, while the others are at most enabling technologies (Benassi et al. 2022; 
Martinelli, Mina, and Moggi 2021). They also study whether investing in bundles of 
digital technologies can spur complementarities that enhance the eco-innovating impact 
of individual technologies. Their findings confirm a more significant contribution of 
investments in AI application areas to a firm’s eco-innovation. In fact, the AI domain is 
the only area in which a firm profits from eco-innovation at an extensive margin.

In addition, they discover that the generation of eco-innovations benefits from bund
ling investments in different digital technologies, but the effect varies among firms of 
different size. More specifically, the relationship between investments in digital technol
ogies and the propensity for eco-innovation appears less selective for micro, small, and 
medium firms, which have many digitalisation and decarbonisation policy initiatives 
reserved for them. In contrast, a positive correlation emerges for large firms only when 
they invest in a wide array of digital technologies. Regarding avenues for future research, 
Montresor and Vezzani (2023) recommend a deeper analysis of the specific typologies of 
digital bundling selected by firms and their impact on eco-innovation. They also point 
out the need to consider industry and regional specificities that may emerge in the twin 
transition.

Santos et al. (2023), in the second article of the special issue, contribute to the study of 
regional specificities of the twin transition by constructing three novel indicators. These 
markers gauge the competitiveness and/or environmental sustainability for all the 
regions of the European Union (EU) over the period 2008–2018. According to these 
indicators, which draw from shifts in sectoral employment shares towards more produc
tive and greener sectors, EU regions demonstrate substantial heterogeneity and present 
also different dynamics over time.
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Taking this into account, Santos et al. (2023), in a second stage, ponder about the 
role of EU structural regional funds as a determinant of these shifts, and whether 
this role fluctuates based on the level of regional development. Their analysis 
suggests that the injection of EU funds is positively associated with 
a restructuring of employment towards more competitive and environmentally 
sustainable sectors, with competitiveness taking precedence over sustainability. In 
addition, they find that EU funds are positively linked to the growth of competi
tiveness solely in the less developed regions.

In the third article in the special issue, Mazzei et al. (2023) connect to the literature 
linking industry-specific capabilities to green patenting strategies. This pertains specifi
cally to the development of Low Emission Vehicles (LEVs) in the automotive industry. In 
their investigation, they consider two green trajectories: on the one hand, they explore the 
incremental trajectory of improving the efficiency of the internal combustion engine, the 
dominant design. On the other hand, they investigate the radical trajectory associated 
with the advancement of hybrid, electric, and fuel cell vehicles.

While eco-innovation literature often draws on the dichotomy between green and 
brown inventions (Barbieri, Marzucchi, and Rizzo 2020), recent empirical evidence finds 
a strong degree of relatedness between these two domains (Barbieri, Marzucchi, and 
Rizzo 2023), where relatedness plays a significant role in fostering green specialisation 
(Montresor and Quatraro 2020; Santoalha, Consoli, and Castellacci 2021). Building on 
this approach, Mazzei et al. (2023) study whether firms patenting in either incremental or 
radical green trajectories master brown technologies. They also explore the extent to 
which brown patent portfolios are cognitively close in terms of knowledge to each 
trajectory. For their analysis, they use a novel dataset of automotive firms with patenting 
activity at the United States Patent and Trademark Office (USPTO) and adopt a recent 
classification scheme that enables them to clearly assign patents to each of the distinct 
green trajectories.

Their results corroborate that leadership in green patents is rooted in firms’ knowl
edge and capabilities accumulated in brown domains. In particular, understanding 
brown-related technologies proves essential for inventing green across all types of 
firms. In addition, a high degree of technological diversification is strongly associated 
with leadership in the incremental green trajectory, whereas it does not characterise 
leaders in the radical green trajectory. This evidence underscores the importance of 
identifying firm-level factors behind leadership positions to stimulate the transition 
towards the most radical green trajectories.

3. Consequences of the twin (digital and green) transition

The organisational disruptions caused by the COVID-19 pandemic crisis have acceler
ated the pace of digitalisation in countries worldwide. This has spurred the interest in 
understanding the role of digitalisation in the resilience of firms during crisis. Two 
complementary articles in the special issue tackle this question. Calza et al. (2023) explore 
the extent to which advanced digital production technologies affected the resilience of 
manufacturing firms in developing and emerging economies. Teruel et al. (2023), focus
ing on European countries, analyse whether firms in sectors with a higher degree of 
digitalisation experienced less employment adjustment during the pandemic period. 
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Both studies conclude that, in general, the process of digitalisation is positively associated 
with the resilience of firms, albeit with unique aspects in each study.

Employing the novel UNIDO COVID-19 survey, Calza et al. (2023) specifically 
explore firms’ resilience, considering their robustness (ability to resist) and readiness 
(ability to adapt) during the pandemic. They infer robustness from smaller declines in 
yearly profits and monthly sales, while they determine readiness based on the imple
mentation of transformational changes as response to the shock. The results are con
sistent with the hypothesis that the adoption of the latest generation of digital 
technologies reinforced both aspects of firms’ resilience in developing and emerging 
countries.

In the study by Teruel et al. (2023), firm resilience is established in terms of their 
short-term and ‘expected’ long-term adjustments in employment to weather the pan
demic. Several elements are considered as key potential drivers of this resilience: the 
firm’s productivity level, prior experience with high-growth periods, and the degree of 
digitalisation. The results show that, as expected, firms with higher productivity levels 
were less likely to reduce their employment both in the short and the long term due to the 
COVID-19 pandemic. Moreover, high-growth firms and those in more digitalised sectors 
appear to be more resilient to the pandemic, evident in their ability to avoid negative 
employment effects.

Despite the various positive effects of the twin transition, and digital transition in 
particular, they may have pernicious effects on societies, particularly by increasing 
inequality. On the one hand, these transitions favour the demand for workers possessing 
skills that are associated with high levels of training and technical knowledge (Santoalha, 
Consoli, and Castellacci 2021). Indeed, evidence suggest that the digital transformation 
may exacerbate existing inequalities if it is not accompanied by skill upgrading 
(Iammarino et al. 2020). There are also concerns that robotisation will replace labour 
in routine tasks, leading to technological unemployment and promoting labour market 
polarisation. On the other hand, employees with lower incomes and educational levels 
may not only find it more difficult to benefit from new digital services, but also face the 
twin transition costs associated with the automation of jobs or poverty in transportation 
(European Commission 2022). These inequalities can be exacerbated by territorial dis
parities in the levels of economic development, and digital and green production and 
consumption patterns.

The sixth article in this special issue, Consoli et al. (2023) look at this territorial 
dimension and analyse whether and to what extent the expansion of digital skills in EU 
regions is related to intra-regional income inequalities. Their analysis considers two 
potential channels of influence: the skill-bias of digital technologies towards highly 
educated workers performing non-routine tasks, and the enabling character of e-skills 
to generate innovations. They suggest that the development of digital skills could 
exacerbate inequalities if the skill-bias effect dominates, leading to a larger wage disper
sion in the region, or when innovations strengthen the position of oligopolistic incum
bents. Accordingly, digital skills are expected to increase inequalities in the lower end of 
the regional income distribution, while potentially having the opposite effect on the 
upper end of the income spectrum.

Consoli et al. (2023) test these expectations using an unbalanced panel of 103 
European regions for the period 2003–2013. Their results confirm the influence of 
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digitalisation on intra-regional income inequalities, although the effects vary 
among different income groups. The intensity of regional e-skill mitigates inequal
ities among those with high levels of income, while it increases inequalities among 
those with lower levels of income. This evidence underscores the role of digita
lisation as determinant of within-regions inequalities. However, as indicated by 
the authors, future research on the drivers of regional cohesion should jointly 
consider the effect of the adoption of digital technologies on cross-regional 
convergence.

Besides the effects on territorial inequalities, the twin transformation can also 
deepen existing disparities between the most advanced firms and those lagging in 
the transition process. The adoption of digital and green technologies may require 
great initial investments and implies high technological capabilities in terms of 
equipment and qualified personnel (Andrews, Nicoletti, and Timiliotis 2018). This 
is a hurdle more difficult to address by small and medium-sized enterprises (SMEs) 
than by larger firms, which typically possess greater financial and human resources. 
The gap between leading and lagging firms in the twin transition may enlarge if, as 
the empirical evidence suggests, firms that make more investments in the digital and 
green transformation are also more likely to keep the path of investments in the 
future (Teruel et al. 2023), and become technology leaders in their sector (Veugelers 
et al. 2023). This has crucial implications for policy measures, which must seek to 
support and facilitate the transition for all businesses, irrespective of their size or 
current technological capabilities.

In this regard, a fundamental element for staying competitive during this 
transition process is securing access to equity finance for such investments, 
a task that could be especially challenging in the case of green innovative 
ventures. Compared to other high-tech ventures, green initiatives may be less 
attractive for venture capital (VC) because they usually require higher capital 
intensity and take longer to reach the maturity phase (Criscuolo and Menon 
2015; Demirel et al. 2019). They are also exposed to higher risk of market exit 
due to the complex nature of the environmental technologies and the nascent 
stage of market acceptance and commercialisation in the sector (Ghosh and 
Nanda 2010).

However, these dynamics may shift in presence of green patenting, which might act as 
a distinctive signal that mitigates information asymmetries, particularly in the initial 
stages of investments. From this perspective, in the final article in this special issue, 
Bellucci et al. (2023) use a unique dataset that matches information on equity transac
tions with firm-level balance sheets and patented innovation data. Their empirical 
analysis examines whether the probability of raising VC compared to other equity 
financing varies for firms that have registered a green patent. Their results show that 
a larger share of green versus non-green patents in a firm’s portfolio increases the 
probability of receiving VC finance over other equity. This attractiveness of green 
patenting for VC investment is robust considering various dimensions of heterogeneity, 
including the stage of investment financing, the investor type, and country-specific 
factors. Therefore, public policy that stimulate the growth of VC markets could assist 
firms in undertaking high-risk eco-innovation projects. However, further research is 
needed to compare the effectiveness and suitability of different alternatives of public 
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intervention (subsidies, tax credits, co-investment, etc.) aimed at improving financial 
conditions for these types of projects.

4. Conclusions and policy implications

Throughout this special issue, we have delved into the dynamics of the twin transition, 
exploring the potentially profound effects of digitalisation and environmental sustain
ability on industrial innovation and social inequalities. The seven articles featured in this 
special issue have shed light on the multifaceted dimensions of the twin transition, 
offering insights and avenues of future research into the implications for firm innovation 
strategies and investments, as well as the far-reaching economic, social, and geographical 
repercussions of the digital and green transformation. As this introduction to the special 
issues draws to a close, we have some overarching firm- and policy-level 
recommendations.

First, to stimulate the synergies of the twin transition, firms should diversify their 
investments across a diverse array of digital technologies, with a focus on AI applications. 
From a policy point of view, given that the firms’ capability to eco-innovate is strongly 
related to the use of AI systems, an effort should be made to extend and upgrade the 
infrastructures on which advanced digital applications run. When devising instruments 
to encourage eco-innovations, policy makers should acknowledge that the adoption and 
use of digital technologies is different across firms of different size.

Second, in the specific context of the automotive industry, to guide firm transitions 
towards radical low-emission trajectories, the firm’s existing body of ‘brown’ knowledge 
and the level of diversification across alternative green solutions should be taken into 
account. On the one hand, understanding ‘brown’ technologies appears fundamental for 
inventing green. On the other, highly diversified firms are more likely to lead the internal 
combustion engine technological landscape. This is in line with recent empirical findings 
that highlight the positive effect of environmental policies on the development of green 
technologies, without hampering progress in related non-green technological domains 
(Barbieri, Marzucchi, and Rizzo 2023).

Thirdly, advancing firms’ digitalisation appears to be a key element to promote 
competitiveness, enhance productivity, and maintain resilience during crisis such as 
the COVID-19 pandemic. However, as firms’ digitalisation efforts tend to persist, public 
policy should aim at assisting firms lagging in the digitalisation process to overcome their 
initial investments in this field to prevent widening the digital gap.

Fourthly, to mitigate potential adverse effects of digitalisation on societies, public 
policy should complement digitalisation initiatives with the introduction or enhance
ment of training schemes for less skilled workers to counteract the uneven diffusion and 
utilisation of ICTs. Given that digitalisation may increase income inequality not only 
between regions but also within regions, a locally tailored design and implementation of 
Smart Specialization/Partnerships for Regional Innovation Policies is needed to leave no 
place behind.1

1Partnerships for Regional Innovation is a new approach to innovation-driven territorial transformation based on the 
experience on Smart Specialisation, linking EU priorities with national plans and place-based opportunities and 
challenges to assist territories to align these policies better with their specific needs.
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Lastly, both firms and policy makers should be aware that the presence and intensity 
of green patenting within firms’ portfolios increase the attractiveness for VC investment. 
Consequently, the development of VC markets can play an important role in stimulating 
firm’s eco-innovation projects.

Building on the discussions and insights of the studies collected in this special 
issue, there are several future avenues of research at the intersection of the twin 
(digital and green) transition. We propose some of these potential avenues for 
exploration here.

First, there has been limited research exploring the interplay between the 
Digital and Green transitions. Future research should delve further into the 
synergistic relationships between green and digital technologies. This could 
involve the examination of how recent advancement in digital technologies can 
enhance the implementation and effectiveness of green technologies and vice 
versa.

Second, an understanding of the broader economic implications of the twin transition 
remains little investigated. Scholars are encouraged to investigate the consequences (eco
nomic growth, productivity, further technological development, climate change mitigation) 
that the twin transition can entail for various stakeholders (including workers and con
sumers) and at different levels of analysis (e.g. individuals, ecosystems, regions and nations).

Third, future research should continue to explore the potential for digital-green 
transitions to either exacerbate or alleviate economic inequalities. This includes the 
examination of how the development of twin technologies affect access to resources 
and employment opportunities across different industries and occupations.

Organisational adaptation to the twin transition is a fourth area of future research. 
Future work could consider how organisations adapt and transform in response to the 
digital and green transitions. Understanding how private and public organisations adapt 
in response to the challenges of digital and green transformations could yield valuable 
insights for practitioners, policy makers and society at large.

More cross-country comparative studies are also needed, particularly for the effect 
that the twin transition in Western developed countries can have across the value chain, 
as well as the impact on the production capacity and the exploitation of natural resources 
in developing countries.

Finally, given the leading role of policy in promoting the twin transition, scholars are 
advised to further evaluate the role of specific policies and regulations enacted to 
implement the twin transition. This could include investigating how policy can balance 
and manage trade-offs between digital and green goals, as well as the ways in which policy 
can stimulate innovation and adaptation to these changes within firms and industries.

By exploring these areas, researchers can shed further light on the complex challenges 
and opportunities presented by the twin transition, contributing to the refinement of our 
theoretical and empirical understanding of this nascent topic in the economics and 
management of innovation.

Acknowledgement

We are grateful to the editorial team of Industry and Innovation for the administrative support 
and the feedback on a first version of the manuscript. Dario Diodato, Pietro Moncada Paterno 

762 B. TIMMERMANS ET AL.



Castello and Francesco Rentocchini are currently employees of the European Commission. The 
views expressed are purely their personal views and may not in any circumstances be regarded as 
stating an official position of the European Commission. The usual caveats apply.

Disclosure statement

No potential conflict of interest was reported by the author(s).

ORCID

Elena Huergo http://orcid.org/0000-0001-7140-7551
Francesco Rentocchini http://orcid.org/0000-0002-6414-0577
Bram Timmermans http://orcid.org/0000-0003-1087-6017

References

Amoroso, S., and P. Moncada-Paternò-Castello. 2018. “Inward Greenfield FDI and Patterns of Job 
Reallocation.” Sustainability 10 (4): 1219. https://doi.org/10.3390/su10041219.

Andrews, D., G. Nicoletti, and C. Timiliotis 2018. Digital Technology Diffusion: A Matter of 
Capabilities, Incentives or Both? OECD Economics Department Working Papers 1476, OECD 
Publishing.

Ardito, L., S. Raby, V. Albino, and B. Bertoldi. 2021. “The Duality of Digital and Environmental 
Orientations in the Context of SMEs: Implications for Innovation Performance.” Journal of 
Business Research 123:44–56. https://doi.org/10.1016/j.jbusres.2020.09.022 .

Barbieri, N., A. Marzucchi, and U. Rizzo. 2020. “Knowledge Sources and Impacts on Subsequent 
Inventions: Do Green Technologies Differ from Non-Green Ones?” Research Policy 49 (2): 
103901. https://doi.org/10.1016/j.respol.2019.103901 .

Barbieri, N., A. Marzucchi, and U. Rizzo. 2023. “Green Technologies, Interdependencies, and 
Policy.” Journal of Environmental Economics and Management 118:102791. https://doi.org/10. 
1016/j.jeem.2023.102791 .

Bellucci, A., S. Fatica, A. Georgakaki, G. Gucciardi, S. Letout, and F. Pasimeni. 2023. “Venture 
Capital Financing and Green Patenting.” Industry and Innovation 1–37. https://doi.org/10. 
1080/13662716.2023.2228717 .

Benassi, M., E. Grinza, F. Rentocchini, and L. Rondi. 2022. “Patenting in 4IR Technologies and 
Firm Performance.” Industrial and Corporate Change 31 (1): 112–136. https://doi.org/10.1093/ 
icc/dtab041.

Biggi, G., E. Giuliani, A. Martinelli, and E. Benfenati. 2022. “Patent Toxicity.” Research Policy 
51 (1): 104329. https://doi.org/10.1016/j.respol.2021.104329 .

Calza, E., A. Lavopa, and L. Zagato. 2023. “Advanced Digitalisation and Resilience During the 
COVID-19 Pandemic: Firm-Level Evidence from Developing and Emerging Economies.” 
Industry and Innovation 1–31. https://doi.org/10.1080/13662716.2023.2230162 .

Cicerone, G., A. Faggian, S. Montresor, and F. Rentocchini. 2022. “Regional Artificial Intelligence 
and the Geography of Environmental Technologies: Does Local AI Knowledge Help Regional 
Greentech Specialization?” Regional Studies 57 (2): 1–14. https://doi.org/10.1080/00343404. 
2022.2092610.

Coad, A., S. Amaral-Garcia, P. Bauer, C. Domnick, P. Harasztosi, R. Pál, and M. Teruel. 2023. 
“Investment Expectations by Vulnerable European Firms in Times of COVID.” Eurasian 
Business Review 13 (1): 193–220. https://doi.org/10.1007/s40821-022-00218-z.

Coad, A., P. Nightingale, J. Stilgoe, and A. Vezzani. 2021. “Editorial: The Dark Side of Innovation.” 
Industry & Innovation 28 (1): 102–112. https://doi.org/10.1080/13662716.2020.1818555.

INDUSTRY AND INNOVATION 763

https://doi.org/10.3390/su10041219
https://doi.org/10.1016/j.jbusres.2020.09.022
https://doi.org/10.1016/j.respol.2019.103901
https://doi.org/10.1016/j.jeem.2023.102791
https://doi.org/10.1016/j.jeem.2023.102791
https://doi.org/10.1080/13662716.2023.2228717
https://doi.org/10.1080/13662716.2023.2228717
https://doi.org/10.1093/icc/dtab041
https://doi.org/10.1093/icc/dtab041
https://doi.org/10.1016/j.respol.2021.104329
https://doi.org/10.1080/13662716.2023.2230162
https://doi.org/10.1080/00343404.2022.2092610
https://doi.org/10.1080/00343404.2022.2092610
https://doi.org/10.1007/s40821-022-00218-z
https://doi.org/10.1080/13662716.2020.1818555


Consoli, D., F. Castellacci, and A. Santoalha. 2023. “E-Skills and Income Inequality within 
European Regions.” Industry and Innovation 1–28. https://doi.org/10.1080/13662716.2023. 
2230222 .

Costantini, V., and M. Mazzanti. 2012. “On the Green and Innovative Side of Trade 
Competitiveness? The Impact of Environmental Policies and Innovation on EU Exports.” 
Research Policy 41 (1): 132–153. https://doi.org/10.1016/j.respol.2011.08.004 .

Criscuolo, C., and C. Menon. 2015. “Environmental Policies and Risk Finance in the Green Sector: 
Cross-Country Evidence.” Energy Policy 83:38–56. https://doi.org/10.1016/j.enpol.2015.03.023.

Dean, T. J., and J. S. McMullen. 2007. “Toward a Theory of Sustainable Entrepreneurship: 
Reducing Environmental Degradation Through Entrepreneurial Action.” Journal of Business 
Venturing 22 (1): 50–76. https://doi.org/10.1016/j.jbusvent.2005.09.003.

Demirel, P., Q. C. Li, F. Rentocchini, and J. P. Tamvada. 2019. “Born to Be Green: New Insights 
into the Economics and Management of Green Entrepreneurship.” Small Business Economics 
52 (4): 759–771. https://doi.org/10.1007/s11187-017-9933-z.

Dezsö, C. L., and D. G. Ross. 2012. “Does Female Representation in Top Management Improve 
Firm Performance? A Panel Data Investigation.” Strategic Management Journal 33 (9): 
1072–1089. https://doi.org/10.1002/smj.1955.

Eccles, R. G., I. Ioannou, and G. Serafeim. 2014. “The Impact of Corporate Sustainability on 
Organizational Processes and Performance.” Management Science 60 (11): 2835–2857. https:// 
doi.org/10.1287/mnsc.2014.1984 .

European Commission 2022.2022 Strategic Foresight Report. Twinning the Green and Digital 
Transitions in the New Geopolitical Context. COM(2022) 289 final. Bruselas, 29.6.2022. 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022DC0289&qid= 
1658824364827 .

Foss, N., P. M. Lee, S. Murtinu, and V. G. Scalera. 2021. “The XX Factor: Female Managers and 
Innovation in a Cross-Country Setting.” The Leadership Quarterly 101537 (3): 101537. https:// 
doi.org/10.1016/j.leaqua.2021.101537.

Gaddy, B. E., V. Sivaram, T. B. Jones, and L. Wayman. 2017. “Venture Capital and Cleantech: The 
Wrong Model for Energy Innovation.” Energy Policy 102:385–395. https://doi.org/10.1016/j. 
enpol.2016.12.035.

George, G., R. K. Merrill, and S. J. Schillebeeckx. 2020. “Digital Sustainability and 
Entrepreneurship: How Digital Innovations are Helping Tackle Climate Change and 
Sustainable Development.” Entrepreneurship Theory and Practice 1042258719899425 (5): 
999–1027. https://doi.org/10.1177/1042258719899425.

Gereben, Á., and P. Wruuck 2021. Towards a New Growth Model in CESEE: Convergence and 
Competitiveness Through Smart, Green and Inclusive Investment (No. 2021/01). EIB Working 
Papers.

Ghosh, S., and R. Nanda 2010. Venture Capital Investment in the Clean Energy Sector. Harvard 
Business School Working Papers 11-020, Harvard Business School.

Heyman, F., P. J. Norbäck, and L. Persson. 2021. “Digitalisation, Productivity and Jobs: 
A European Perspective.” In The European Union and the Technology Shift, edited by. 
A. B. Engelbrekt, K. Leijon, A. Michalski, and L. Oxelheim, 135–159. Springer International 
Publishing. https://doi.org/10.1007/978-3-030-63672-2_6

Iammarino, S., A. Rodríguez-Pose, M. Storper, and A. Diemer 2020. Falling into the 
Middle-Income Trap? A Study on the Risks for EU Regions to Be Caught in a Middle-Income 
Trap: Final Report. European Commission, Directorate-General for Regional and Urban Policy, 
Publications Office. https://data.europa.eu/doi/10.2776/02363 .

Lankhuizen, M., D. Diodato, A. Weterings, O. Ivanova, and M. Thissen. 2023. “Identifying Labour 
Market Bottlenecks in the Energy Transition: A Combined IO-Matching Analysis.” Economic 
Systems Research 35 (2): 157–182. https://doi.org/10.1080/09535314.2022.2048294.

Lyngsie, J., and N. J. Foss. 2017. “The More, the Merrier? Women in Top‐Management Teams and 
Entrepreneurship in Established Firms.” Strategic Management Journal 38 (3): 487–505. https:// 
doi.org/10.1002/smj.2510.

764 B. TIMMERMANS ET AL.

https://doi.org/10.1080/13662716.2023.2230222
https://doi.org/10.1080/13662716.2023.2230222
https://doi.org/10.1016/j.respol.2011.08.004
https://doi.org/10.1016/j.enpol.2015.03.023
https://doi.org/10.1016/j.jbusvent.2005.09.003
https://doi.org/10.1007/s11187-017-9933-z
https://doi.org/10.1002/smj.1955
https://doi.org/10.1287/mnsc.2014.1984
https://doi.org/10.1287/mnsc.2014.1984
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%253A52022DC0289%26qid=1658824364827
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%253A52022DC0289%26qid=1658824364827
https://doi.org/10.1016/j.leaqua.2021.101537
https://doi.org/10.1016/j.leaqua.2021.101537
https://doi.org/10.1016/j.enpol.2016.12.035
https://doi.org/10.1016/j.enpol.2016.12.035
https://doi.org/10.1177/1042258719899425
https://doi.org/10.1007/978-3-030-63672-2_6
https://data.europa.eu/doi/10.2776/02363
https://doi.org/10.1080/09535314.2022.2048294
https://doi.org/10.1002/smj.2510
https://doi.org/10.1002/smj.2510


Martinelli, A., A. Mina, and M. Moggi. 2021. “The Enabling Technologies of Industry 4.0: 
Examining the Seeds of the Fourth Industrial Revolution.” Industrial and Corporate Change 
30 (1): 161–188. https://doi.org/10.1093/icc/dtaa060.

Mazzei, J., T. Rughi, and M. E. Virgillito. 2023. “Knowing Brown and Inventing Green? 
Incremental and Radical Innovative Activities in the Automotive Sector.” Industry and 
Innovation 1–40. https://doi.org/10.1080/13662716.2023.2230159 .

Montresor, S., and F. Quatraro. 2020. “Green Technologies and Smart Specialisation Strategies: 
A European Patent-Based Analysis of the Intertwining of Technological Relatedness and Key 
Enabling Technologies.” Regional Studies 54 (10): 1354–1365. https://doi.org/10.1080/ 
00343404.2019.1648784 .

Montresor, S., and A. Vezzani. 2023. “Digital Technologies and Eco-Innovation. Evidence of the 
Twin Transition from Italian Firms.” Industry and Innovation 1–35. https://doi.org/10.1080/ 
13662716.2023.2213179 .

Moşteanu, N. R. 2020. “Green Sustainable Regional Development and Digital Era.” In Green 
Buildings and Renewable Energy, 181–197. Cham, Switzerland: Springer International 
Publishing. https://doi.org/10.1007/978-3-030-30841-4_13 .

Muench, S., E. Stoermer, K. Jensen, T. Asikainen, M. Salvi, and F. Scapolo. 2022. Towards a Green 
and Digital Future, EUR 31075. ISBN 978-92-76-52451-9. Luxembourg: EN, Publications Office 
of the European Union. https://doi.org/10.2760/977331/JRC129319 .

Nesta, L., F. Vona, and F. Nicolli. 2014. “Environmental Policies, Competition and Innovation in 
Renewable Energy.” Journal of Environmental Economics and Management 67 (3): 396–411. 
https://doi.org/10.1016/j.jeem.2014.01.001 .

Nielsen, M. W., C. W. Bloch, and L. Schiebinger. 2018. “Making Gender Diversity Work for 
Scientific Discovery and Innovation.” Nature Human Behaviour 2 (10): 726–734. https://doi. 
org/10.1038/s41562-018-0433-1.

Ning, J., X. Jiang, and J. Luo. 2023. “Relationship Between Enterprise Digitalization and Green 
Innovation: A Mediated Moderation Model.” Journal of Innovation Knowledge 8 (1): 100326.  
https://doi.org/10.1016/j.jik.2023.100326.

Santoalha, A., D. Consoli, and F. Castellacci. 2021. “Digital Skills, Relatedness and Green 
Diversification: A Study of European Regions.” Research Policy 50 (9): 104340. https://doi. 
org/10.1016/j.respol.2021.104340 .

Santos, A., J. Barbero, S. Salotti, O. Diukanova, and D. Pontikakis. 2023. “On the Road to Regional 
‘Competitive Environmental Sustainability’: The Role of the European Structural Funds.” 
Industry and Innovation 1–23. https://doi.org/10.1080/13662716.2023.2236048 .

Teruel, M., S. Amaral-Garcia, P. Bauer, A. Coad, C. Domnick, P. Harasztosi, and R. Pál. 2023. 
“Productivity and HGEs: Resilience and Recovery from the COVID-19 Pandemic.” Industry 
and Innovation 1–24. https://doi.org/10.1080/13662716.2023.2236565 .

Veugelers, R., C. Faivre, D. Rückert, and C. Weiss. 2023. “The Green and Digital Twin Transition: 
EU Vs US Firms.” Intereconomics 58 (1): 56–62. https://doi.org/10.2478/ie-2023-0010.

Vona, F., G. Marin, D. Consoli, and D. Popp. 2018. “Environmental Regulation and Green Skills: 
An Empirical Exploration.” Journal of the Association of Environmental and Resource 
Economists 5 (4): 713–753. https://doi.org/10.1086/698859.

Xie, L., J. Zhou, Q. Zong, and Q. Lu. 2020. “Gender Diversity in R&D Teams and Innovation 
Efficiency: Role of the Innovation Context.” Research Policy 49 (1): 103885. https://doi.org/10. 
1016/j.respol.2019.103885.

INDUSTRY AND INNOVATION 765

https://doi.org/10.1093/icc/dtaa060
https://doi.org/10.1080/13662716.2023.2230159
https://doi.org/10.1080/00343404.2019.1648784
https://doi.org/10.1080/00343404.2019.1648784
https://doi.org/10.1080/13662716.2023.2213179
https://doi.org/10.1080/13662716.2023.2213179
https://doi.org/10.1007/978-3-030-30841-4_13
https://doi.org/10.2760/977331,%20JRC129319
https://doi.org/10.1016/j.jeem.2014.01.001
https://doi.org/10.1038/s41562-018-0433-1
https://doi.org/10.1038/s41562-018-0433-1
https://doi.org/10.1016/j.jik.2023.100326
https://doi.org/10.1016/j.jik.2023.100326
https://doi.org/10.1016/j.respol.2021.104340
https://doi.org/10.1016/j.respol.2021.104340
https://doi.org/10.1080/13662716.2023.2236048
https://doi.org/10.1080/13662716.2023.2236565
https://doi.org/10.2478/ie-2023-0010
https://doi.org/10.1086/698859
https://doi.org/10.1016/j.respol.2019.103885
https://doi.org/10.1016/j.respol.2019.103885

	Abstract
	1. Background and objectives
	2. Innovation and the twin (green and digital) transition
	3. Consequences of the twin (digital and green) transition
	4. Conclusions and policy implications
	Acknowledgement
	Disclosure statement
	ORCID
	References

