
STUDY 
EPRS | European Parliamentary Research Service 
Authors: Niombo Lomba, Lenka Jančová and Meenakshi Fernandes 

European Added Value Unit 
PE 699.475 – January 2022 EN 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Digital 
transformation 

Cost of Non-
Europe 





  

 

EPRS | European Parliamentary Research Service 

 

 

 

 

Digital transformation 

Cost of Non-Europe 
 

 

 

 

Europe is in the midst of a digital revolution that is transforming our 
approach to work and communication, and building significant potential 
to improve living standards and economic output. With the potential to 
drastically change the economy and society, digital transformation can 
bring both promising developments and challenges. There is a wide 
variation in advances in digital transformation both within the European 
Union and between Member States. To this end, the European Union and 
its Member States are developing and adopting policies targeted at 
boosting digital transformation.  

This Cost of Non-Europe study analyses the status quo in digital 
transformation in the European Union and identifies gaps and barriers 
hampering the full potential of the digital transformation. Based on this 
examination, the cost of non-Europe is analysed qualitatively and 
quantitatively using a computable general equilibrium model. The 
estimated cost of non-Europe is already substantial in 2021, at €315 billion, 
and would continue to grow increasingly over time, reaching up to 
€1.3 trillion by 2033. The study proceeds to identify three broad policy 
options for EU action that would address the identified gaps and barriers to 
some extent and thus generate benefits for businesses and society. 
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Digital transformation 

 

I 

Executive summary 

Europe is in the midst of a digital revolution that is transforming our approach to work and 
communication and building significant potential to improve living standards and economic 
output. With a potential to drastically change the economy and society, digital transformation 
can bring both promising developments and challenges. Digital transformation touches on all 
aspects of our lives, from public health, societal and democracy issues, and the environment, to 
the economy. The internet of things (IoT), cloud computing, artificial intelligence, advanced 
robotics and block-chain technologies are examples of technologies driving the revolution. Their 
influence on society is driven by the increasing affordability and computer power of consumer 
devices.1  

The European Union (EU) has implemented a set of digital principles and long-term digital targets 
with the European Commission communication on the digital decade.2 Nevertheless, there is a 
wide variation in advances in digital transformation both within the EU and between Member 
States. To this end, the EU and Member States are developing and adopting policies targeted at 
boosting digital transformation.3 

This paper draws from the annexed study of the cost of non-Europe in digital transformation 
prepared by Ecorys, focusing on the competences of Parliament's Committee on Industry, 
Research and Energy (ITRE).   

This Cost of Non-
Europe study 
analyses the status 
quo of digital 
transformation in 
the EU in order to 
identify key gaps 
and barriers (see 
Figure 1) that 
negatively impact or 
hamper innovation; 
the EU's digital 
leadership; its ability 
to achieve an 
effective twin 
transition entailing a 
green sustainable 
transformation; as 
well as social and fundamental rights aspects, such as gender equality and social inclusion. These 
gaps and barriers could be driven to some extent by the fragmentation of the internal market. 
Their impact is estimated in both economic and non-economic terms. 

                                                             

1  Negreiro M. and Madiega T., EU policies – Delivering for citizens: Digital transformation, EPRS, European 
Parliament, June 2019. 

2  Europe's Digital Decade: digital targets for 2030, European Commission, as at 15 December 2021. 
3  Legislative train, Communication on Europe's Digital Decade: 2030 Digital targets, as at 15 December 2021; and 

Digital Economy and Society Index (DESI), European Commission, as at 15 December 2021. 

Figure 1 – Key gaps and barriers affecting aspects related to 
digital transformation 

 

Data source: Prepared by the authors based on the Annex to this study – 
Ecorys. 
Note: Gaps and barriers in blue were subject to further analysis.  
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https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2019)633171
https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/europes-digital-decade-digital-targets-2030_en
https://www.europarl.europa.eu/legislative-train/theme-a-europe-fit-for-the-digital-age/file-europe-s-digital-decade-2030-digital-targets
https://digital-strategy.ec.europa.eu/en/policies/desi
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II 

While not explicitly assessed, environmental pressures are also considered in this paper. These 
pressures are relevant in light of the EU ambition to achieve the digital as well as the green 
transition.   

If no additional EU-level action is taken to support the digital transformation, the cost is estimated 
at €315 billion in 2021, and would be expected to grow over time to reach €1.3 trillion by 2033. 
This cost stems from the identified gaps and barriers. The estimate is based on an assumed 
baseline scenario from mid-2020, reflecting the expected economic developments in the 
absence of further EU action. The manufacturing, construction and transportation sectors would 
see the greatest gains (14 %, 6 % and 4 % respectively). It should be noted that not all aspects of 
the cost of non-Europe (namely geopolitical and social impacts and impacts on fundamental 
rights), could be assessed in quantitative terms. Thus, the estimated figures could be understood 
as representing the lower bounds of the true cost of non-Europe in the area of the digital 
transformation.  

The research and analysis conducted 
throughout this study led to the 
development of the three main policy 
options (see Figure 2). The development of 
these policy options takes account of the 
initiatives announced up to May 2021. The 
selected policy options therefore go 
beyond those announced initiatives and 
point to potential initiatives that could 
further eliminate the existing gaps and 
further accelerate the ongoing digital 
transformation. 

The policy options put forward and 
explored are unique and differ from each other in their impacts and benefits. Each policy option 
could be implemented independently of the others. However, they are complementary and one 
policy option could be strengthened by adding an individual element(s) from another policy 
option(s). As shown in Table 1, the assessments of policy options 1 and 3 are similar although 
policy option 1 scores lower in terms of the gaps and barriers addressed. The assessment for 
policy option 2 was weaker on some criteria in particular economic impacts and feasibility. Policy 
option 3 would generate the greatest economic benefits in terms of gross domestic profit (GDP) 
and employment. Moreover, it would address all the identified gaps and barriers for small and 
medium-sized enterprises (SMEs) – a group that faces greater challenges in the digital 
transformation. When assessing the policy options in a quantitative manner, this paper makes 
assumptions as to what extent the proposed policy options could address the selected gaps and 
barriers. The estimated figures can be understood as representing the lower bounds of the 
potential benefits. 

Table 1 – Summary of policy options assessments 

 
Policy Option 1 – 
Enhance cybersecurity 
and trust 

Policy Option 2 – 
Strengthen R&D 

Policy Option 3 – 
Digital policy for SMEs 

Extent to which gaps and 
barriers addressed + ++ +++ 

Economic impacts +++ + +++ 

Figure 2 – Policy options explored in the 
study 

 

Data source: Prepared by the authors based on the 
Annex to this study – Ecorys. 

Enhancing cybersecurity and trust in digital 
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Policy Option 1 – 
Enhance cybersecurity 
and trust 

Policy Option 2 – 
Strengthen R&D 

Policy Option 3 – 
Digital policy for SMEs 

Other impacts 

+++ 
(on innovation, 
geopolitics, 
competitiveness, 
acceptance of 
technology) 

++ 
(on innovation, 
competitiveness, 
changing mind-sets, 
spill-over 
innovation to other 
technologies) 

+++ 
(on innovation, 
geopolitics, 
competitiveness, 
benefits across the 
value chain, digital 
skills) 

Feasibility of 
implementing a policy 

option 
+++ + +++ 

Proportionality and 
subsidiarity 

+++ +++ +++ 

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++), to high (+++). 

Source: Annex to this study – Ecorys.  
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1. Introduction 
Europe is undergoing a digital revolution that is transforming our approach to work and 
communication and building significant potential to improve living standards and economic 
output. The internet of things (IoT), cloud computing, artificial intelligence, advanced robotics, and 
blockchain technologies are examples of technologies driving the revolution. Their influence on 
society is accelerated by the increasing affordability and computer power of consumer devices.4  

Reaping the potential of the digital transformation in the EU is hindered by factors such as 
fragmentation across sectors in relation to investment, research, innovation and information and 
communications technology (ICT), including cybersecurity, among industry and research 
institutions as well as ICT stakeholders. The need for EU action and cooperation in the EU digital 
transformation is greater for issues of a cross-border nature, such as infrastructure, databases and 
data storage facilities. There may also be merit in EU action and cooperation in supporting the 
research and investigation of high-risk technologies. Due to the common rules imposed across the 
Member States and the size of the markets affected, the EU internal market could catalyse a cost-
efficient transformation in the digital arena. The opportunities as well as challenges implied by the 
digital transformation in the EU are reflected in a study by the OECD5 and the Digital Economy and 
Society Index (DESI).6 

The coordinators of European Parliament's Committee on Industry, Research and Energy (ITRE) 
requested the European Added Value Unit, within the European Parliamentary Research Service 
(EPRS) to produce a study on the cost of non-Europe on digital transformation (Digit CoNE).7 

Methodological approach 

The notion of the 'Cost of non-Europe' was introduced by Michel Albert and James Ball in a 1983 
report commissioned by the European Parliament. It was also a central element in a 1988 study 
carried out for the European Commission by the Italian economist Paolo Cecchini on the cost of non-
Europe in the single market.8 This approach was revisited in a cost of non-Europe report on the 
single market, carried out in 2014.9  

In the latest Interinstitutional Agreement on Better Law-Making, it was agreed that analysis of the 
potential 'European added value' of any proposed Union action, as well as an assessment of the 'cost 
of non-Europe' in the absence of action at Union level, should be fully taken into account when 
setting the legislative agenda.10 

                                                             

4  Negreiro M. and Madiega T., EU policies – Delivering for citizens: Digital transformation, EPRS, European Parliament, 
June 2019. 

5  Going Digital: Making the Transformation Work for Growth and Well-Being, OECD, 2017. 
6  Digital Economy and Society Index (DESI), European Commission, 2020. 
7  Previous EPRS publications relevant to this topic include: CoNE, Artificial intelligence in road transport, January 2021; 

European Added Value Assessment (EAVA), Digital Services Act, October 2020; EAVA, Civil liability regime for artificial 
intelligence, September 2020; EAVA, European framework on ethical aspects of artificial intelligence, robotics and 
related technologies, September 2020; CoNE, Cost of non-Europe in robotics and artificial intelligence – Liability, 
insurance and risk management, June 2019, and EAVA, Stress-testing EU policies, (forthcoming). 

8  See The Overall Challenge, SEC (1988) 524, Commission of the European Communities, 1992. 
9  The Cost of Non-Europe in the Single Market, Cecchini Revisited, An overview of the potential economic gains from 

further completion of the European Single Market, EPRS, European Parliament, September 2014. 
10  Interinstitutional Agreement between the European Parliament, the Council of the European Union and the 

European Commission on Better Law-Making, OJ L 123, 12 May 2016, p. 1-14. 

https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2019)633171
https://www.oecd.org/mcm/documents/C-MIN-2017-4%20EN.pdf
https://ec.europa.eu/digital-single-market/en/digital-economy-and-society-index-desi
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/654212/EPRS_STU(2021)654212_EN.pdf
https://www.europarl.europa.eu/thinktank/de/document.html?reference=EPRS_STU%282020%29654180
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/654178/EPRS_STU(2020)654178_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/654178/EPRS_STU(2020)654178_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/654179/EPRS_STU(2020)654179_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/654179/EPRS_STU(2020)654179_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2019/631752/EPRS_STU(2019)631752_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2019/631752/EPRS_STU(2019)631752_EN.pdf
http://aei.pitt.edu/3813/1/3813.pdf
http://www.europarl.europa.eu/RegData/etudes/STUD/2014/510981/EPRS_STU(2014)510981_REV1_EN.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016Q0512(01)&rid=1
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016Q0512(01)&rid=1
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Parliament's CoNE reports are designed to study the possibilities for gains and/or the realisation of 
a public common good through action at EU level. They attempt to identify areas that are expected 
to benefit from deeper EU integration and for which the EU added value is potentially significant. 

The general purpose of the study is to establish the cost of non-Europe for digital transformation, 
with a special focus on European industry, research and innovation (R&I) as well as ICT and its 
stakeholders, with a special focus on the competence of the ITRE committee.11  

The study addresses the following questions: 

 What is the current state of play, and what are 
the existing gaps and barriers that delay or 
prevent digital transformation and attaining 
the sustainability and capacity required for 
digital innovation now and in future?  

 What is the impact of the current gaps and 
barriers in EU action and regulations at EU 
level?  

 What are the options for action at EU level 
that could address the gaps and barriers 
identified, what are their potential costs and 
benefits, and which potential EU-level 
interventions could have the highest 
European added value?  

Following this brief introduction, Chapter 2 of this 
study describes the background and political 
context of digital transformation in the EU, and explains why and on what basis action at EU level is 
suggested. Chapter 3 describes and analyses the gaps and barriers to digital transformation and 
provides a calculation for the cost of non-Europe. Chapter 4 discusses and evaluates policy options 
for EU actions and their impacts. Finally, Chapter 5 concludes with a summary. 

                                                             

11  The competences of the ITRE committee are: 
• the Union's industrial policy and related measures, and the application of new technologies, including measures 

related to SMEs; 
• the Union's research and innovation policy, including science and technology as well as the dissemination and 

exploitation of research findings; 
• the information society, information technology and communications networks and services, including 

technologies and security aspects and the establishment and development of trans-European networks in the 
telecommunication infrastructure sector, as well as the activities of the European Union Agency for Network and 
Information Security (ENISA) including cybersecurity. 

Definition of digital transformation 
The definition used in this context touches upon 
all aspects of digital transformation outlined in 
the academic definition. 

Digital transformation is a process of integration of 
digital (ICT) technologies by European enterprises 
and citizens and the ongoing impact of such 
technologies on the economy and society. 

Source: Annex to this study - ECORYS. 

Compare also to the definition by the EPRS in 
Negreiro M. and Madiega T., Digital 
transformation, EPRS, European Parliament, 
June 2019. 

https://www.europarl.europa.eu/doceo/document/RULES-9-2020-06-30-RESP-ITRE_EN.html
https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/633171/EPRS_BRI(2019)633171_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/633171/EPRS_BRI(2019)633171_EN.pdf
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2. Background/context 

2.1. State of play of digital transformation in Europe 
The state of play of digital transformation in Europe is reflected in the Digital Economic and Society 
Index (DESI), on which the European Commission has reported annually since 2014. According to 
the 2021 DESI,12 the overall digital performance at EU level reaches just above 50 weighted score 
points (out of 100). A considerable divide is observed among Member States: while the top three 
performing countries (Denmark, Finland and Sweden) score above 60, the bottom three countries 
(Romania, Bulgaria and Greece) score below 40 points, suggesting a significant potential for 
improvement and to allow those lagging behind to catch up with the rest of the EU. 

Figure 3 – Digital Economy and Society Index, 2021 

 

Data source: DESI 2021, European Commission. 

Looking at progress13 made by EU countries in the overall level of digitalisation of the economy and 
society over the past five years in terms of the DESI score, we can observe that the greatest increase 
occurs in Ireland and Denmark, both scoring well above the EU average in the 2021 DESI. The lowest 
progress was recorded in Romania and Bulgaria, countries with the lowest 2021 DESI score. 

On the global scale, I-DESI compares the EU's digital performance to 18 other countries, based on 
2015-2018 datasets. The EU stands at just below the average with 47.6 points,14 while the top four 
countries (scoring 63.3 points) outperform some of the leading economies, including the United 
States (USA), United Kingdom, Canada or Japan. However, looking closer at the bottom four EU 
countries (36.9 score points), they perform worse than Chile, Russia, China and Serbia.  

                                                             

12  DESI 2021 is based on 2020 data and was adjusted to reflect the Recovery and Resilience Facility and the Digital 
Decade Compass.  

13  DESI 2021 
14  International Digital Economy and Society Index 2020, a study for DG CNECT, European Commission, December 2020.  
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ICT sector 

The information and communication sector is the key enabler of digital transition. According to the 
latest Joint Research Centre (JRC) PREDICT report from 2021,15 the ICT sector in the EU amounted to 
€541 billion value added in 2018, employed 5.4 million workers and invested €29 billion on research 
and innovation. The report also looks at the global scale, where the EU ranks third, with €541 billion 
in terms of the size of ICT sectors after the USA and China (€801 billion and €706 billion respectively). 
While the US maintains its leadership in the sector, the evidence shows that the centre of gravity is 
moving towards Asia, notably China and India, where the ICT sector is rapidly growing and 
developing.  

Research and innovation 

During 2014-2020,16 Horizon 2020 contributed more than €15.2 billion IN funding support to ICT-
related projects, with an additional €3 billion allocated in 2020. The European Commission 
estimated17 that an additional €125 billion in investment is needed per year to achieve its ambitious 
digital transformation. This section looks closer into research in artificial intelligence (AI) and 
blockchain technologies in the EU, including a comparison with third countries.  

The EU has a dynamic AI market with a significant potential due to its extensive pool of talent. 
Table 2 provides an overview of where the EU stands from a global perspective in terms of research 
activities in AI and blockchain. Although the EU has more specialised researchers compared to the 
USA and China, it accounts for only 7 % of the global amount of annual equity investment in AI and 
blockchain (compared to the USA and China, which account for 80 %), and the EU struggles to 
translate the scientific excellence into business practice, which is also visible in the lower number of 
SMEs.18 

Table 2 – AI and blockchain, state of play in the EU, China, USA, in 2021 

Metric European Union US China 

Number of AI and blockchain SMEs 1 232 in EU-27 2 995 1 418 

Number of AI researchers 43 064  28 536 18 232 

Number of AI researchers per 1 million workers 172.9  173.1 23.2 

Share of annual global financing in AI and 
blockchain  

7 % in EU-27 80 %  

Data source: Artificial intelligence, blockchain and the future of Europe, European Investment Bank, June 2021. 

The 2021 European Investment Bank (EIB) study on AI and blockchain estimates 19 an annual 
investment gap of about €5-10 billion in the EU, which hampers deployment of these technologies.   

Digital transformation of EU industry 

The 2021 EIB Investment Survey (EIBIS)20 on digitalisation notes that by 2020, 37 % of EU companies 
have not yet adopted any advanced digital technologies, compared to 27 % in the USA. The EIBIS 

                                                             

15  The 2021 PREDICT Key Facts Report, prepared by the Joint Research Centre, 2021.  
16  DESI 2021 
17  Identifying Europe's recovery needs, SWD(2020) 98, European Commission, May 2020. 
18  Artificial intelligence, blockchain and the future of Europe, European Investment Bank, June 2021. 
19  Artificial intelligence, blockchain and the future of Europe, European Investment Bank, June 2021. 
20  Digitalisation in Europe 2020-2021: Evidence from the EIB Investment Survey, European Investment Bank, July 2021. 

https://www.eib.org/attachments/thematic/artificial_intelligence_blockchain_and_the_future_of_europe_report_en.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC126592
https://digital-strategy.ec.europa.eu/en/policies/desi
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1590742540196&uri=SWD%3A2020%3A98%3AFIN
https://www.eib.org/attachments/thematic/artificial_intelligence_blockchain_and_the_future_of_europe_report_en.pdf
https://www.eib.org/en/publications/artificial-intelligence-blockchain-and-the-future-of-europe-report
https://www.eib.org/attachments/efs/digitalisation_in_europe_2020_2021_en.pdf
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Digitalisation Index complements the DESI by adding a unique assessment of digital infrastructure 
and investments by businesses. Figure 4 groups countries into four categories based on this 
assessment by businesses,21 including micro, small, medium and large firm sizes. Particular attention 
should be paid to SME digitalisation, as they struggle the most and are less likely to digitise, mostly 
due to lack of access to finance.22 

Figure 4 – EIBIS Corporate Digitalisation Index, by EU country 

 

Data Source: Digitalisation in Europe 2020-2021 

Trends and developments in digital transformation 

The acceleration of digital transition is expected to profoundly impact our economies and societies. 
Digital advances due to AI alone could boost global GDP by 14 % by 2030, while the EU's GDP could 
grow by 10-11 %.23 New digital technologies such as AI, big data analytics and IoT are expected to 
contribute to an additional cumulative GDP of €2.2 trillion in the EU by 2030, corresponding to an 
increase of 14.1 % compared to 2017.24 

To achieve the EU's digital ambition, the European Commission estimates that both the EU and 
Member States should invest €75 billion per year in ICT to close the digital gap and €42 billion per 
year to educate and upskill its labour force.25 

As part of the European Commission's 2021 strategic foresight agenda,26 the JRC prepared a report27 
outlining a mapping of Europe's existing capacities, dependencies and vulnerabilities, and analysing 
its strengths and weaknesses. The table below provides a non-exhaustive overview of future 

                                                             

21  Some 13 500 firms were surveyed across the EU and UK, including a sample of US companies as a benchmark. 
22  Who is prepared for the new digital age? Evidence from the EIB Investment Survey, European Investment Bank, 2020. 
23  Seizing the price. What's the real value of AI for your business and how can you capitalise?, Price Waterhouse Cooper, 

2017. 
24  Shaping and securing the EU's Open Strategic Autonomy by 2040 and beyond, Joint Research Centre, 2021. 
25  Shaping the Digital Transformation in Europe, a study prepared for European Commission, DG CNECT, European 

Commission, September 2020. 
26  Strategic Foresight, website of the European Commission, as at January 2022. 
27  Shaping & securing the EU's strategic autonomy by 2040 and beyond, Joint Research Centre, 2021. 
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https://www.eib.org/attachments/efs/digitalisation_in_europe_2020_2021_en.pdf
https://www.eib.org/attachments/efs/eibis_2019_report_on_digitalisation_en.pdf
https://www.pwc.com/gx/en/issues/analytics/assets/pwc-ai-analysis-sizing-the-prize-report.pdf
https://publications.jrc.ec.europa.eu/repository/handle/JRC125994
https://digital-strategy.ec.europa.eu/en/news/commission-publishes-analysis-macro-economic-potential-digital-transformation-independent
https://ec.europa.eu/info/strategy/strategic-planning/strategic-foresight_en
https://publications.jrc.ec.europa.eu/repository/handle/JRC125994
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opportunities and challenges that could shape Europe's capacity to implement an open strategic 
autonomy in the area of technology. 

Table 3 – Overview of future opportunities and challenges for the EU's digital sovereignty 

Selected focus 
areas  Future opportunities  Future challenges 

Open source 
software 

Opportunity to create and maintain EU's own 
independent digital approach 

Open source projects mainly 
sustained by US giants 

Accelerating 
digital 
transformation 

Potential for creation of synergies and 
European networks in cloud and edge 
computing 

Need to invest in EU's own capacities 
such as 5G, 6G and cloud 
infrastructure 

Key digital 
technologies 

The Key Digital Technologies partnership on 
microelectronics to speed up the digital 
transition 

High reliance on technological 
infrastructure sourced from outside 
Europe, e.g. semiconductors 

Expanding digital 
connectivity 

High performance computing as a strategic 
investment priority 

Use of non-European data services  
Industry convergence and growth of 
foreign digital giants 

Deepening impact 
of AI in society 

Common EU approach on AI use 

Creation of an European data space 
Privacy and cybersecurity threats  

Digital innovation 
hubs and smart 
specialisation 

SMEs as critical source of innovation 
EU ICT sector lagging behind the US 
and China in adoption of digital 
technologies 

Deep technology 
Further talent attraction to the EU through 
support for deep technology start-ups 

EU start-ups leaving or being bought 
by foreign companies 

Source: Author's elaboration, based on the JRC report, 2021. 

2.2. Policy context 
The EU has long focused on digital issues. The European Parliament has been vocal in supporting 
the development of an EU digital single market, digital economy, and digital society, as well as the 
development of digital technologies. The following sub-section is merely a brief non-exhaustive 
depiction. For a more complete overview of EU policies concerning digital targets and digital 
transformation, see 'EU policies – Delivering for citizens: Digital transformation' and 'The EU digital 
decade. A new set of digital targets for 2030'.28 

European Parliament position 

On 25 November 2020, the European Parliament adopted a resolution on a new industrial strategy 
for Europe,29 which sought changes to support industry in coping with the effects of the Covid-19 
pandemic while promoting the digital and green transformation. The European Parliament has 
identified several key gaps and barriers that limit the realisation of digitalisation for industry and 

                                                             

28  Negreiro M. and Madiega T., EU policies – Delivering for citizens: Digital transformation, EPRS, European Parliament, 
June 2019. 

 
29  Resolution of 25 November 2020 on a new industrial strategy for Europe (2020/2076(INI)), European Parliament, 2020. 

https://publications.jrc.ec.europa.eu/repository/handle/JRC125994
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2019)633171
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0321_EN.html
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research in the EU, such as gaps between SMEs and large companies, the need for a significant boost 
in research and development efforts, and insufficient investment. 

The European Parliament also issued resolutions on the proposed digital services act.30 These 
welcomed the European Commission's commitment to propose the amendment of the e-
Commerce Directive and a proposal establishing ex-ante rules on systemic operators with a 
gatekeeper role. Moreover, the Parliament called on the Commission to present a package of 
legislative proposals constituting a digital services act with an adequate material, personal and 
territorial scope, defining the key concepts and including the recommendations made in its 
resolutions.  

Further discussions on digitalisation and data include resolutions on a European data strategy,31 for 
example, adopted by the European Parliament in March 2021. It aims at fostering and reaping the 
benefits and possibilities of data floating in Europe. 

European Commission position 

The European Commission launched its digital strategy32 ('Shaping Europe's digital future') in 
February 2020, which aims to foster an EU digital single market leading to a more competitive EU 
economy and technological sovereignty, as well as greater assurance of data protection, while 
respecting fundamental rights and a sustainable legal and enforcement regime for digital platforms 
and consumers.  

Since 2014, the European Commission has taken a number of steps to facilitate the development of 
a data-agile economy, including the Regulation on the free flow of non-personal data,33 the 
Cybersecurity Act,34 the Open Data Directive,35 and the General Data Protection Regulation.36 The 
first strategy on AI37 was launched in 2018, and was followed by the release of Ethics Guidelines by 
the High-Level Expert Group in April 2019.38  

The Covid-19 pandemic has amplified the shortcomings of digital infrastructures, in particular in the 
field of healthcare.39 Leveraging digital technologies and tools (e.g. AI and high performance 
computing) will be a key aspect of accelerating the recovery.40 Recent studies highlight the potential 

                                                             

30  European Parliament resolutions of 20 October 2020 on the proposed Digital services act: improving the functioning 
of the single market (2020/2018(INL), Digital services act: adapting commercial and civil law rules for commercial 
entities operating online (2020/2019(INL) and Digital services act and fundamental rights issues posed 2020/2022(INI). 

31  European Parliament resolution of 25 March 2021 on a European strategy for data (2020/2217(INI)). 
32  Shaping Europe's digital future, European Commission, 2020. 
33  Regulation (EU) 2018/1807 of the Council of 14 November 2018 on a framework for the free flow of non-personal data 

in the European Union. 
34  Regulation (EU) 2019/881 of 17 April 2019 on ENISA (the European Union Agency for Cybersecurity) and on 

information and communications technology cybersecurity certification (Cybersecurity Act). 
35  Directive (EU) 2019/1024 of 20 June 2019 on open data and the re-use of public sector information. 
36  Regulation (EU) 2016/679 of 27 April 2016 on the protection of natural persons with regard to the processing of 

personal data and on the free movement of such data. 
37  Communication on a Coordinated plan on artificial intelligence (COM(2018) 795 final), European Commission, 

7 December 2018.  
38  High-level Expert Group on Artificial Intelligence, Ethics guidelines for trustworthy AI, European Commission, 2019. 
39  Kritikos M., What if artificial intelligence in medical imaging could accelerate Covid-19 treatment?, EPRS, European 

Parliament, 2020. 
40  McKinsey & Company, The Next Normal Digitizing at speed and scale The recovery will be digital, 2020; OECD, Using 

artificial intelligence to help combat covid-19, 2020; and Study on big data in public health, telemedicine and 
healthcare, Final report, European Commission, 2016. 

https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?reference=2020/2018(INL)&l=en
https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?reference=2020/2018(INL)&l=en
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0272_EN.html
https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?reference=2020/2019(INL)&l=en
https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?reference=2020/2019(INL)&l=en
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0273_EN.html
https://oeil.secure.europarl.europa.eu/oeil/popups/ficheprocedure.do?reference=2020/2022(INI)&l=en
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0274_EN.html
file://EPRSBRUSNVF01/EPRS/DirB/U-EAVA/010-Dossiers/00_9th%20legislature%202019-2024/01_CoNE/2021/2021%20Digital%20transformation/07%20-%20In-house%20written%20CoNE/2%20DRAFT%20TEXT/European%20Parliament%20resolution%20of%2025%20March%202021%20on%20a%20European%20strategy%20for%20data%20(2020/2217(INI))
https://op.europa.eu/en/publication-detail/-/publication/917c520f-fd56-11ea-b44f-01aa75ed71a1/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32018R1807
https://eur-lex.europa.eu/eli/reg/2019/881/oj
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32019L1024
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=56018
https://ec.europa.eu/digital-single-market/en/news/ethics-guidelines-trustworthy-ai
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_ATA(2020)656333
https://www.mckinsey.com/%7E/media/McKinsey/Business%20Functions/McKinsey%20Digital/Our%20Insights/How%20six%20companies%20are%20using%20technology%20and%20data%20to%20transform%20themselves/The-next-normal-the-recovery-will-be-digital.pdf
https://www.oecd.org/coronavirus/policy-responses/using-artificial-intelligence-to-help-combat-covid-19-ae4c5c21/
https://www.oecd.org/coronavirus/policy-responses/using-artificial-intelligence-to-help-combat-covid-19-ae4c5c21/
https://ec.europa.eu/health/sites/health/files/ehealth/docs/bigdata_report_en.pdf
https://ec.europa.eu/health/sites/health/files/ehealth/docs/bigdata_report_en.pdf
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gains for additional EU action in the digital single market 41 (e-commerce), high-impact 
technologies,42 robotics and AI,43 government and public administration,44 the European data 
market,45 super-fast broadband infrastructures,46 and cloud computing.47 

To further boost the digital transformation in the EU, the digital Europe programme (DEP) envisages 
a budget of €7.58 billion for 2021-2027. The DEP objectives include high performance computing, 
AI, cybersecurity and trust, advanced digital skills, and deployment, best use of digital capacities and 
interoperability. The recovery plan also seeks better integration of digital infrastructure through the 
Recovery and Resilience Facility.48 

Newly announced forthcoming initiatives, expected in 2022 include i) a European chips act, ii) a 
European cyber resilience act, iii) recommendations on improving the provision of digital skills in 
education and training and a recommendation on the enabling factors for digital education; and 
iv) facilitating small and medium-sized enterprises' access to capital.49 

2.3. Public opinion on digitalisation 
As shown in sub-sections 2.1 and 2.2, there is an urgent need to support the EU digital 
transformation from a technological, innovation, economic and policy perspective. This is 
supported by public opinion, as noted by a recent Eurobarometer survey.  

Eurobarometer survey on attitudes towards digitalisation 

The digital divide50 represents one of the main challenges to digitalisation. This occurs both among 
citizens and businesses, in particular SMEs.  

According to a special Eurobarometer51 focused on attitudes to the impact of digitalisation on daily 
lives, 68 % of respondents52 across the EU consider themselves sufficiently skilled in using digital 
technologies on a daily basis, while 29 % do not feel they have the sufficient digital skills. Several 
factors have an influence on the skillset, including gender, age, level of education, social class, 

                                                             

41  Lomba N. and Tatjana E., European added value assessment on the Digital services act, EPRS, European Parliament, 
2020; New developments in digital services, Policy Department for Economic, Scientific and Quality of Life Policies, 
European Parliament, May 2020.  

42  Shaping Europe's digital future, Final Report, European Commission, 2020 and Shaping Europe's digital future, Final  
Report, European Commission, 2020. 

43  Thirion E., Cost of non-Europe in robotics and artificial intelligence Liability, insurance and risk management, EPRS, 
European Parliament, 2019. 

44  Digital transformation in transport, construction, energy, government and public administration, JRC, European 
Commission, 2019. 

45  The European data market study update, European Commission, 2020. 
46  Blackman C. and Forge S., 5G Deployment: State of Play in Europe, USA and Asia, 2019. 
47  Deloitte, Measuring the economic impact of cloud computing in Europe, 2017. 
48  Recovery and Resilience Facility. 
49  Communication on the Commission work programme 2022, Making Europe stronger together, COM(2021) 645 final, 

2021. 
50  OECD defines a digital divide as 'the gap between individuals, households, businesses and geographic areas at 

different socio-economic levels with regard both to their opportunities to access information and communication 
technologies (ICT) and to their use of the internet for a wide variety of activities'. The concept keeps broadening with 
new technology trends, in particular due to use of multiple digital devices to access the internet. 

51  Special Eurobarometer 503 on attitudes towards the Impact of Digitalisation on Daily Lives, European Commission, 
March 2020.  

52  Bases on answers from 27 498 respondents. For the purpose of this paper EU-27 figures are considered. 

https://www.europarl.europa.eu/RegData/etudes/STUD/2020/654180/EPRS_STU(2020)654180_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/648784/IPOL_STU(2020)648784_EN.pdf
https://op.europa.eu/en/publication-detail/-/publication/917c520f-fd56-11ea-b44f-01aa75ed71a1/
https://op.europa.eu/en/publication-detail/-/publication/917c520f-fd56-11ea-b44f-01aa75ed71a1/
http://www.europarl.europa.eu/RegData/etudes/STUD/2019/631752/EPRS_STU(2019)631752_EN.pdf
https://op.europa.eu/en/publication-detail/-/publication/10e920f1-17d8-11ea-8c1f-01aa75ed71a1/language-en/format-PDF/source-search
https://ec.europa.eu/digital-single-market/en/news/european-data-market-study-update
https://www.europarl.europa.eu/RegData/etudes/IDAN/2019/631060/IPOL_IDA(2019)631060_EN.pdf
https://ec.europa.eu/digital-single-market/en/news/measuring-economic-impact-cloud-computing-europe
https://ec.europa.eu/info/business-economy-euro/recovery-coronavirus/recovery-and-resilience-facility_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2021:645:FIN&pk_campaign=Communication%20&pk_source=EURLEX&pk_medium=TW&pk_keyword=Work%20programme
https://europa.eu/eurobarometer/surveys/detail/2228
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residency (cities versus rural areas). Differences between countries are also pronounced: while 87 % 
of respondents in the Netherlands believe they have sufficient digital skills, only 55 % of Greeks feel 
the same. Furthermore, EU citizens feel that controlling the use of personal information is important, 
as 45 % of respondents wish to take a more active role in this respect and 13 % of them is not willing 
to share any personal information whatsoever.  

While looking into business attitudes, 62 % of SMEs interviewed face barriers in digitising their 
businesses, in particular regarding uncertainty regarding future standards, a lack of finance and 
regulatory obstacles. Only 21 % of SMEs have adopted a digital strategy, compared to 43 % of large 
enterprises.53 

Based on the above outcomes, EU policy-makers should address these digital divides to grasp the 
full potential of the digital transformation and ensure fairness and equal opportunities. Firstly, to 
enhance the EU population's digital skills, both as part of formal education as well as in the form of 
lifelong learning, with a special focus on bridging social and gender inequalities. Secondly, to 
facilitate SMEs' access to digital technologies and solutions. In the context of Covid-19 and access 
to education, the European Parliament adopted a resolution highlighting the exacerbated 
inequalities in access to online learning across Europe, and called for measures to close the digital 
gaps. The Parliament also points to the need for more targeted technical and administrative 
assistance at both EU and national level, and for providing access to digitally skilled labour as a 
precondition to digital transformation.54 Finally, as part of its work programme for 2022, the 
European Commission announced a forthcoming proposal to facilitate SMEs' access to capital. The 
Covid-19 pandemic, which leaves countries heavily dependent on the use of digital tools and timely 
data, has exacerbated the situation and further underscored the need to address these gaps.55 To 
overcome these challenges, suggestions are outlined in the policy options in Chapter 4. 

2.4. EU right to act 
Policies and actions suggested as part of this study fall under several Treaty on the Functioning of 
the European Union (TFEU) legal bases.56. The TFEU articles given below allow actions in the field of 
digital transformation already today, and are therefore also valid for potential actions in the future. 

Research and technological development (RTD), as well as the creation of a single market, are core 
areas of EU competence that were established in the first Community Treaties. Industrial policy is 
addressed in Article 173 of TFEU. Other relevant articles for industrial policy include Articles 9, 151, 
152, 153(1) and (2).57  

Articles 179 to 190 TFEU provide the legal basis for the EU's RTD policy.58 It is most clearly reflected 
in the Horizon programme established in 2014, and in the new Horizon Europe programme which 
started in 2021. 

                                                             

53  Flash Eurobarometer 486 on SMEs, start-ups, scale-ups and entrepreneurship, European Commission, September 
2020.  

54  Resolution of 16 December 2020 on a new strategy for European SMEs, European Parliament, December 2020. 
55  OECD Digital Economy Outlook 2020, Organisation for Economic Co-operation and Development, November 2020.  
56  Treaty on the Functioning of the European Union. 
57  General principles of EU industrial policy, Fact Sheet, European Parliament, January 2021; and Resolution of 

25 November 2020 on a New Industrial Strategy for Europe (2020/2076(INI)), European Parliament, 2020. 
58  Policy for research and technological development, Fact Sheet, European Parliament, January 2021. 

https://europa.eu/eurobarometer/surveys/detail/2244
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0359_EN.html
https://www.oecd.org/digital/oecd-digital-economy-outlook-2020-bb167041-en.htm
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A12012E%2FTXT
https://www.europarl.europa.eu/factsheets/en/sheet/61/general-principles-of-eu-industrial-policy
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0321_EN.html
https://www.europarl.europa.eu/factsheets/en/sheet/66/policy-for-research-and-technological-development
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A set of articles provides the legal base for EU ICT and digital59 policies, including the above-
mentioned articles, as well as for the digital single market: Articles 4(2)(a), 26, 27, 114 and 115 TFEU, 
as well as Articles 170-172 TFEU for trans-European networks (TENs).  

                                                             

59  Digital Agenda for Europe, Fact Sheet, European Parliament, January 2021; The ubiquitous digital single market, Fact  
Sheet, European Parliament, January 2021; and Trans-European Networks in transport, energy and 
telecommunications, Fact Sheet, European Parliament, January 2021. 

https://www.europarl.europa.eu/factsheets/en/sheet/64/digital-agenda-for-europe#_ftn1
https://www.europarl.europa.eu/factsheets/en/sheet/43/the-ubiquitous-digital-single-market
https://www.europarl.europa.eu/factsheets/en/section/199/trans-european-networks-in-transport-energy-and-telecommunications
https://www.europarl.europa.eu/factsheets/en/section/199/trans-european-networks-in-transport-energy-and-telecommunications
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3. Gaps and barriers to digital transformation 
As mentioned in Section 2, to tackle digital transformation existing challenges need to be 
addressed. Those challenges need to be identified and analysed. In this study, challenges are, in a 
first step, identified as gaps and barriers. In a second step, the significant impacts of these gaps and 
barriers on society and economy are identified and analysed. To do so, the gaps and barriers have 
been sorted by thematic groups. All impacts have been analysed qualitatively, and where possible, 
also quantitatively. Economic impacts are quantified, whereas other impacts (e.g., on fundamental 
rights, geopolitics etc.) are described qualitatively. Figure 5 summarises the pathway from final 
selection of identified gaps and barriers, and their impacts, to the potential cost of non-Europe. 

This chapter gives a brief overview of the gaps and barriers analyses, based on the analysis carried 
out by ECORYS found in annex to this study.60 

In a more detailed analysis, nine gaps and barriers have been identified. Those were checked against 
their occurrence, availability of data, presence across Member States and the potential for 
intervention with legal means (see Table 4). 

                                                             

60  Annex to this study – ECORYS. 

Figure 5 – From gaps and barriers to the cost of non-Europe 

 

 
             



EPRS | European Parliamentary Research Service 

  

 

12 

Table 4 – Identification of key gaps and barriers 

# Gap/barrier Occurrence Availability 
of data 

Presence across 
Member States 

Potential to 
intervene with 
legal means 

1 Lack of infrastructure High Medium 
Lagging behind, 
peripheral Medium 

2 
Shortage of digitally skilled 
workers High High All Medium 

3 Maturity of technologies Medium Medium All Low 

4 Cybersecurity concerns Medium High All High 

5 Interoperability High Low All Medium 

6 Gaps in data governance High Medium All High 

7 
Lack of investment and access to 
investment High High All Medium 

8 
Traditional mind-set and 
company culture Low Low Lagging behind Low 

9 
Gap between large companies 
and SMEs High High All Medium 

Source: Annex to this study – Ecorys. 

Based on the above-mentioned criteria, the five most significant gaps and barriers were identified 
for further analysis. Those gaps and barriers need to be addressed to achieve the full potential of the 
digital transformation: 

 Shortage of digitally skilled workers; 
 Cybersecurity concerns; 
 Gaps in data governance; 
 Lack of investment and access to investment; 
 The gap between large companies and small and medium-sized enterprises (SMEs). 

3.1. Impacts of gaps and barriers 
Table 5 summarises the cumulative impacts of the five key gaps and barriers. These impacts can be 
grouped in five areas: innovation and innovative capacity, geopolitical, social, environmental and 
fundamental rights.  

Table 5 – Overview of non-economic impacts 

Impact area  Non-economic impacts 

Innovation and 
innovation capacity 

• Loss of innovation leadership by the EU; 
• Less innovation; 
• Slower innovation diffusion within the EU; 
• Hampering the commercialisation of innovation; 
• Lower quality of innovation; 
• Lower ability to shape international and industry standards.  

Geopolitical impacts 
• Loss of digital leadership (digital sovereignty) by the EU; 
• Growing dependency on foreign technologies, applications, 

devices; 
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Impact area  Non-economic impacts 

• Lower ability to defend the EU; 
• Lower ability to promote European interests internationally; 
• Lower credibility as a foreign policy actor. 

Social impacts 

• Shortage of skilled workers in the EU; 
• Exacerbating existing inequalities (i.e. income inequalities, 

inequalities in access to education, health and other goods, 
inequalities between highly skilled and less-skilled workers); 

• Increasing pressure on social security and social protection 
systems (e.g. due to potentially higher number of unemployed 
lower skilled workers); 

• Threatening territorial cohesion in the EU (i.e. deepening digital 
divide between urban and rural areas, southern and northern EU 
Member States); 

• Public health implications (e.g. lower preparedness for disease 
outbreaks). 

Environmental impacts 

• Endangering effective green transition (i.e. may weaken EU 
climate action); 

• Environmental impacts as such are ambiguous: digitalisation 
could affect it both positively and negatively.  

Impacts on fundamental 
rights 

• Threatening gender equality (i.e. may reinforce current 
inequalities); 

• Lack of access to digital technologies and inclusion for people 
with disabilities; 

• Endangering social inclusion (e.g. for people on lower incomes, 
rural residents, older people and other vulnerable groups); 

• Endangering the right to education due to unequal access to 
digital tools; 

• Negatively impacting the right to effective remedy and to a fair 
trial due to differing level of digitalisation of judicial systems. 

Source: Annex to this study – Ecorys. 

3.2. Quantifying the cost of non-Europe 
The cost of non-Europe in the area of digital transformation was estimated for a selection of impacts 
that can be quantified, which are primarily economic impacts. These impacts include GDP, private 
consumption, employment and capital stock. The estimation was conducted using a macro-
economic modelling approach that drew on a set of dynamic equations that relate the economic 
impacts to recent data concerning the EU economy, as well as data concerning the expected effects 
of the digital transformation. The macro-economic model can simulate the economic impacts for 
specific scenarios. For this study, the model was used to simulate the economic impacts for two 
scenarios that extended from 2021 to 2033: 

• 'Baseline' scenario: This scenario reflects the expected evolution of the EU economy 
in the absence of any EU policy changes beyond those that were already approved by 
mid-2020. The modelling of the scenario draws on data from a Delphi method survey 
conducted in 2020.61  

                                                             

61  Evas T. and Lomba N., European framework on ethical aspects of artificial intelligence, robotics and related 
technologies – European Added Value Assessment, EPRS, European Parliament, 2020. 

https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2020)654179
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2020)654179
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• 'Ideal state' scenario: This scenario reflects a hypothetical evolution of the EU, where 
all the identified gaps and barriers to digital transformation at EU-level are addressed. 
This scenario is not equivalent to a full digital transformation, as gaps and barriers at 
the national level would still be present. 

The cost of non-Europe is understood then as the difference between the 'baseline' and the 'ideal 
state' scenarios. Figure 6a presents the estimated results for 2021-2033. The cost of non-Europe is 
already substantial in 2021, at €315 billion and would continue to grow over time to reach an 
estimated €1.3 trillion by 2033. The manufacturing, construction and transportation sectors would 
see the greatest gains (14 %, 6 % and 4 % respectively in 2033, see Figure 6b). Employment would 
also be substantially higher in the 'ideal state' scenario – there would be an estimated 7.5 million 
more jobs in 2021, which would increase to about 8 million by 2033. This projected increase is 
roughly equivalent to 3-4 % of the current workforce in the EU. 

The estimated cost of non-Europe in the area of digital transformation can be compared with the 
findings from a European added value assessment of the proposed digital services act. The 
assessment found that common EU action to enhance consumer protection and common 
e-commerce rules could generate economic benefits of at least €76 billion between 2020 and 
2030.62 

 

                                                             

62  Evas T. and Lomba N., Digital Services Act – European Added Value Assessment, EPRS, European Parliament, 2020.  

Figure 6a – Estimated cost of non-Europe in the area of digital transformation  

 

Source: Prepared by the authors based on the Annex to this study – Ecorys. 
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Figure 6b – Cost of non-Europe by sector  

 

Source: Prepared by the authors based on the Annex to this study – Ecorys. 
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4. Policy options 
This section explores the policy options for EU action to achieve an effective digital transformation. 
The options suggested were developed based on the prioritisation of the main issues and impacts 
leading to a set of policy measures, which allowed policy options to be defined and developed.63 
The process to develop the policy options is presented in Figure 7.  

The study presents three policy options for EU action. Table 6 provides a mapping of these three 
policy options onto the gaps and barriers that they could address to some extent.   

The cost of non-Europe analyses the potential impact of achieving digital transformation in the EU. 
It does not consider the cost implications for EU industry, nor the impact on the environment.64 

Table 6 – Gaps and barriers addressed by the three policy options 

Policy option Main gaps and barriers addressed 

Enhancing trust in digital technologies Cybersecurity concerns, gaps in data governance 

Strengthening research, development, 
and innovation (R&D&I) for digital 
transformation 

The shortage of digitally skilled workers, the lack of 
investment, and the gap in digitalisation for SMEs 

Digital policy for SMEs 
All significant gaps/barriers would be addressed for SMEs, 
except the gaps in data governance. 

Source: Authors' elaboration based on the Annex – Ecorys. 

4.1. Policy option 1 – Enhancing trust in digital technologies 
Policy option 1 targets the safety and security of digital technologies, thus aiming to facilitate higher 
businesses and consumer uptake of these technologies, as well as further advancing the digital 
transformation itself. It calls for intensification of the work on the development of Europe-wide and 
international standards on, among other things, 5G, cybersecurity and AI.  

Industry uptake and implementation of such standards represents a crucial step. The forthcoming 
EU-wide cybersecurity certification schemes are likely to be voluntary,65 although the European 

                                                             

63  For more details see the Annex to this study – Ecorys. 
64  For details on environmental costs related to digitalisation, please consult Section 4.4. 
65  The first, the Candidate EUCC Scheme, is voluntary.  

Figure 7 – Development of policy options 

Data source: Prepared by the authors. 
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Commission may specify essential entities to certify certain ICT products and services under the 
proposed EU scheme.66 

Further trust may be built via increased transparency in digital technologies, as well as by setting 
rules on the accountability, responsibility and liability of digital technology applications.  

 

Policy Option 1 primarily addresses two gaps and barriers presented in Section 3 – cybersecurity 
concerns and gaps in data governance. The policy option measures would lead to a greater supply 
of skilled and unskilled labour, a boost in total factor productivity and higher demand for goods and 
services. The level to which these impacts are generated hinges on the uptake of the measures and 
whether or not they will be voluntary or mandatory. The implementation of policy measures is 
planned to start in 2023, and become fully effective by the end of 2024. 

The assessment of the policy option applies a conservative assumption that most measures would 
be voluntary and that up to 20-30 % of the relevant costs associated with the relevant gaps and 
barriers observed in the status quo could be abated. Under this assumption, the estimated potential 
benefits of this policy option could reach €174 to €260 billion per year by 2033.67 The benefits 
generated would be distributed across all sectors.   

Table 7 – Summary of assessment for policy option 1 

Dimension Summary of assessment 

Main gap/barrier(s) addressed  

This option primarily tackles cybersecurity concerns, as well as gaps in 
data governance. Less significant gaps, such as a lack of 
interoperability and traditional company mind-sets will also be 
addressed.  

Challenges and limitations  

Highly dependent on industry uptake of measures.  
The measures would most likely be voluntary and very costly for 
industry. 
Significant compliance cost for the industry that might be transferred 
to consumers. For example, it is estimated that compliance with the 
upcoming AI rules will cost EU industry up to €31 billion over the next 
five years. 68 

                                                             

66  As laid out in Article 21 of the European Commission proposal COM(2020) 823 of 16 December 2020. 
67  The Annex to this study – Ecorys (Section 7.1.2) finds that a complete implementation of Policy option 1 could 

generate €869 billion.  
68  Mueller, B., How much will the Artificial Intelligence Act cost Europe?, Center for Data Innovation, July 2021. 

Figure 8 – Policy option 1 measures  

Source: Prepared by the authors based on the Annex to this study – Ecorys. 

• Development of cybersecurity standards for digital 
technologies

• Implementation of industry standards
• Framework for safe and secure data exchange
• Rules on liability and responsibility for digital technologies
• Transparency of algorithmic decision-making and data

Enhancing cybersecurity 
and trust in digital 

technologies

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2020%3A823%3AFIN
https://www2.datainnovation.org/2021-aia-costs.pdf


EPRS | European Parliamentary Research Service 

  

 

18 

Dimension Summary of assessment 

Potential impacts 

Higher rate of employment (up to 2 % higher in 2033). 
Higher company and citizen acceptance and adoption of digital 
technologies. 
Indirect positive impacts on social, environmental and human rights 
aspects. 
Strong effect on innovation and geopolitical interests. 
High degree of protection of data and against cyberattacks. 

EU added value Added value to the EU economy that could reach €174-€260 billion by 
2033. 

Source: Authors' elaboration based on the Annex – Ecorys. 

4.2. Policy option 2 Strengthening R&D&I for digital 
transformation 

This policy option intends to strengthen the research and development and investment (R&D&I) 
needed to achieve an effective digital transformation. It could potentially include several legislative 
measures that touch on State aid exemptions and corporate tax incentives for R&D expenditures 
(see Figure 9). It could include other measures, such as the promotion of digital innovation hubs 
(DIHs) that act as one-stop-shops, providing services from access to critical infrastructure and testing 
facilities to incubation and acceleration services. These measures could promote the translation of 
research to commercial opportunities and the commercialisation of R&D by industry.  

 

Policy option 2 primarily addresses three gaps and barriers presented in Section 3 – gaps in the 
shortage of digitally skilled workers, lack of investment and access to investment, and the digital 
divide between large companies and SMEs. The policy option could boost supply of skilled labour 
and the level of investment. These positive impacts could be reinforced by the narrowing of the 
digital divide between large players and SMEs. The implementation of this option is planned to 
begin in 2022 and reach its full potential by the end of 2025. 

The level to which benefits are generated depends on the selection of measures and their design. 
Corporate tax incentives could be especially effective and attractive to industry, leading to a higher 
take-up. Other measures, such as the attraction of digital talent and narrowing the digital divide, are 
more complex and may require more time for the impacts to materialise. The assessment of the 
policy option applies a conservative assumption that the policy option could address 10-20 % of the 

Figure 9 – Policy option 2 measures  

Source: Prepared by the authors based on the Annex to this study – Ecorys. 
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costs associated with the relevant gaps and barriers in the status quo. Under this assumption, the 
estimated potential benefits of this policy option could reach €26 to €52 billion per year by 2033.69 

Table 8 – Summary of assessment for policy option 2 

Dimension Summary of assessment 

Main gap/barrier(s) addressed  
This options primarily addresses three gaps: the shortage of digitally 
skilled workers, the lack of investment, and the gap in digitalisation of 
SMEs 

Challenges and limitations 

Transfer of the research to marketable solutions and 
commercialisation remains a challenge for EU companies. 
Weak EU competences in taxation. 
Lack of talent retention in Europe. 

Potential impacts 

Higher rate of employment (1 % higher than baseline in 2033) 
More digitally skilled workers 
More investment will be attracted 
Scaling down the digital divide between large companies and SMEs 
Innovation 

EU added value Added value to the EU economy that could reach €26-€52 billion by 
2033. 

Source: Authors' elaboration based on the Annex – Ecorys. 

4.3. Policy option 3 – Digital policy for SMEs 
The identified gaps and barriers to digital transformation are more acute for SMEs than larger 
enterprises. These challenges stem from barriers to accessing financial capital and investment, the 
complexities of administrative procedures, and inadequate skills.70 This policy option thus focuses 
on the digitalisation of SMEs. 

The policy option would encompass mainly non-legislative measures to address the identified gaps 
and barriers (see Figure 10). The implementation of the option could boost the supply of skilled and 
unskilled labour, total factor productivity, and investment.  

                                                             

69  The Annex to this study – Ecorys (Section 7.1.2) assumes that Policy option 2 could address half of the costs of the 
relevant gaps and barriers in the status quo, or €130 billion by 2033.  

70  PwC, Innovation and Digital Transformation: How do European SMEs perform? , Europe Monitor 2018, p. 5. 

https://www.pwc.nl/nl/assets/documents/pwc-europe-monitor-innovation-sme.pdf
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A European added value assessment on legal migration offers some insights as to the potential costs 
and benefits of this policy option.71 The study investigated measures to promote the admission of 
entrepreneurs from third-countries, as well as to link training and skilled migration through skills 
mobility partnerships (SMPs). The assessment of these two options identified sizeable benefits net 
of the costs – €12.5 billion per year and €2.8 billion per year respectively.  

The level of benefits generated by this policy option hinges on the effectiveness of the measures. 
An estimated 99 % of all EU companies are SMEs, and 67 % of the EU's workforce is employed by 
SMEs.72 A measure with some, but limited, effectiveness could therefore generate a substantial 
impact if the SME take-up is high. The success of these measures could also depend on 
communication and awareness-raising aimed at SMEs. The assessment of the policy option applies 
a conservative assumption that the policy option could address 10-20 % of the costs associated with 
the relevant gaps and barriers under the status quo. Under this assumption, the estimated potential 
benefits of this policy option could reach €109 to €217 billion per year by 2033.73 

The implementation of this policy option is assumed to start already from 2022 and achieve the full 
strength of the measures to be reached by the end of 2025.  

Table 9 – Summary of assessment for Policy option 3 

Dimension Summary of assessment 

Main gap/barrier(s) addressed  All significant gaps/barriers would be addressed for SMEs, except gaps 
related to data governance. 

Challenges and limitations 

Current level of regulatory and administrative burden for start-ups 
Awareness of measures among SMEs. 
Diversity in needs among SMEs that vary by region and industry 
sectors.  

                                                             

71  Navarra C. and Fernandes M. Legal Migration Policy and Law. European Added Value Assessment, EPRS, European 
Parliament, 2021. 

72  Eurostat, Small and medium-sized enterprises: an overview, 14 May 2020. 
73  The Annex to this study – Ecorys (Section 7.1.2) assumes that Policy option 3 could address 80 % of the costs of the 

relevant gaps and barriers in the status quo, or €868 billion by 2033. Gaps related to a shortage of digitally skilled 
workers, cybersecurity concerns, data governance and lack of investment can be eliminated by the implementation 
of these measures. We thus estimate that 80 % of these gaps can be eliminated. The elimination of the digital divide 
between large enterprises and SMEs will be more challenging and the measures included in this policy option should 
eliminate about one-tenth of the gap. 

Figure 10 – Policy option 3 measures  

Source: Prepared by the authors based on the Annex to this study – Ecorys. 
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Dimension Summary of assessment 

Potential impacts 

Higher rate of employment (3 % higher than baseline in 2033) 
Higher total factor productivity 
Higher consumer demand 
Boost in investment  

EU added value Added value to the EU economy that could reach €109-€217 billion by 
2033. 

Source: Authors' elaboration based on the Annex – Ecorys. 

4.4. Excursus: Environmental pressures related to digital 
transformation  

This section aims to complement the cost of non-Europe (CoNE) analysis of digital transformation 
(annexed to this study),74 with an assessment of potential environmental pressures that might 
accompany that transition. Although the scope of this study focuses mainly on industry and 
research sectors,75 the authors believe that when assessing the impact of digitalisation in terms of 
economic growth and employment, possible negative impacts should also be considered. While the 
ICT sector is a key enabler to achieving a more sustainable economy, attention should be also paid 
to its negative side-effects, including production and use of electronics, data centres and cloud 
computing. The energy consumption of ICT products worldwide has been estimated at 
1 300 Terawatt hours (TWh) of electricity in 2019.76 The ICT sector accounts for 2 % of global 
greenhouse gas (GHG) emissions and this share is expected to increase77 to 14 % by 2040.78 

Due to a lack of a harmonised approach in terms of measuring environmental impact and the 
complexity and cross-sectoral scope of digitalisation, it is rather challenging to compare and 
evaluate the opportunities and challenges of the digital transformation as such. When assessing 
possible benefits of digitalisation, both direct environmental impacts (such as extraction of raw 
materials or components production) and indirect impacts (such as application of ICT products and 
infrastructure) of this transition should be assessed. Finally, systemic impacts include the 
consequences of a wide application of ICT on behaviour and economic structure in the long term.79  

Interdependencies between the green and digital transformation 

Digital transformation and green transition objectives are mutually complementary and can amplify 
each other. The interaction between the two is rather complex. On the one hand, thanks to digital 
technology, device energy use can be optimised to make them more efficient. On the other hand, 
due to a rising number of digital devices, overall energy consumption is expected to increase. 

                                                             

74  Annex 1 to this study – Ecorys.  
75  ITRE committee competencies.  
76  Bordage F., The environmental footprint of the digital world, GreenIT.fr, September 2019. 
77  Hedberg A., Sipka S., Towards a green, competitive and resilient EU economy: How can digitalisation help?, European 

Policy Centre, July 2020. 
78  Relatedly, the cost of not taking more ambitious action at EU level to transform the energy system and achieve net 

zero emission by 2050 is analysed in detail in the Cost of non-Europe of EU energy system transformation: Heflich, A., 
Saulnier J., EU energy system transformation, Cost of non-Europe, European Parliament Research Service, 
October 2021. 

79  Liu, R., Gailhofer P., Gensch, C.-O., Koehler A., Wolff, F., Impacts of the digital transformation on the environment and 
sustainability, DG Environment, European Commission, December 2019.  

https://www.greenit.fr/wp-content/uploads/2019/11/GREENIT_EENM_etude_EN_accessible.pdf
https://www.epc.eu/content/PDF/2020/Towards_a_green_competitive_and_resilient_EU_economy.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2021/694222/EPRS_STU(2021)694222_EN.pdf
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
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Despite the growth in the worldwide ICT sector, energy efficiency has been improving through the 
application of new digital technologies. According to a recent study by the European Commission,80 
electricity use has been decreasing annually by 1.7 %, and despite an exponential increase in use of 
data and ICT devices, energy efficiency has been increasing even faster. Nevertheless, energy-reducing 
effects can also lead to energy-increasing effects, due to multiple rebound effects that could be 
significantly high. For example, ICT services increasingly complement traditional goods and services 
(e.g. online versus physical meetings), and despite the increased efficiency provided by ICT products 
and services, this leads to increased consumption patterns and more energy-intensive behaviours.81  

When it comes to GHG emissions, ICTs are believed to facilitate their reduction. In particular, a 2017 
study estimates the potential of digital technologies to enable up to one third of the first halving of 
global GHG emissions by 2030.82 Research also suggests that overall emissions avoided through ICT 
applications could be up to 10 times higher than emissions that are produced by ICT solutions.83 In 
general, the conclusions on whether the opportunities of digitalisation related to environment 
could outweigh the environmental costs diverge. According to the Global e-Sustainability Initiative 
(GeSI),84 ICT applications could help avoid up to 20 % of global annual GHG emissions by 2030, while 
being responsible only for 2 % of GHG emissions. On the other hand, however, some studies suggest 
that positive and negative effects on the emissions level tend to cancel each other out.85 There is a 
general agreement on the need for a standardised methodology and guidance to enable an 
evaluation of direct impacts, including rebound effects that would empower decision-makers when 
designing measures to steer the environmental impact of digitalisation.  

Research suggests that effective coordination between energy efficiency and climate policies has 
the potential to reduce environmental risks caused by an exponential increase in use of ICT 
technologies.86 Furthermore, to ensure that digital transformation will happen in a sustainable 
manner, the efficiency gains need to outweigh economic growth.87  

Environmental pressures 

Digital transformation also brings numerous challenges and environmental pressures. This ranges 
from raw material extraction, water consumption to a rapid increase of waste electrical and 
electronic equipment (WEEE). The expected rise in number of digital devices not only puts pressure 
on resources to produce such devices, but also increases waste and pollution. When it comes to 
mobile phones, for example, it is estimated that only 15 % are properly recycled in Europe, while 
around 700 million devices are left unused in EU households.88 This means that materials, including 

                                                             

80  ICT Impact study, prepared by VHK and Viegand Maagøe, DG ENER, European Commission, June 2020. 
81  Lange S., Pohl, J., Santarius T., Digitalisation and energy consumption. Does ICT reduce energy demand?, Ecological 

Economics 176 (2020), October 2020. 
82  Bergnark, P., Halving global emissions by 2030 through exponential climate action and digital technologies, May 2019.  
83  Hernnäs, H., What Is the Impact of ICT on CO2 Emissions?, 2018.  
84  ICT Solutions for 21st Century Challenges, GeSI, 2015. 
85  Bieser, J.C.T., Hilty, L.M., Assessing Indirect Environmental Effects of Information and Communication Technology 

(ICT): A Systematic Literature Review, July 2018. 
86  Salahuddin M., Alam K., Information  and Communication Tehcnology, electricity consumption and economic growth 

in OECD countries: A panel data analysis, International Journal of Electrical Power & Energy systems, Volume 76, 
March 2016.  

87  Liu, R., Gailhofer P., Gensch, C.-O., Koehler A., Wolff, F., Impacts of the digital transformation on the environment and 
sustainability, DG Environment, European Commission, December 2019. 

88  Rizos, V., Bryhn, J., Alessi, M., Campmas, A., and Zarra, A., Identifying the impact of the circular economy on the Fast -
Moving Consumer Goods Industry:  opportunities and challenges for businesses, workers and consumers – mobile 
phones as an example, European Economic and Social Committee, 2019.  

https://susproc.jrc.ec.europa.eu/product-bureau/sites/default/files/2020-11/IA_report-ICT_study_final_2020_(CIRCABC).pdf
https://www.sciencedirect.com/science/article/pii/S0921800919320622
https://www.itu.int/en/ITU-T/climatechange/symposia/201905/Documents/3_Pernilla_Bergmark.pdf
https://www.ericsson.com/assets/local/about-ericsson/sustainability-and-corporate-responsibility/documents/2018-09-helena-hernnas-m1-dissertation.pdf
http://gesi.org/research/smarter2030-ict-solutions-for-21st-century-challenges
https://www.mdpi.com/2071-1050/10/8/2662
https://www.mdpi.com/2071-1050/10/8/2662
https://www.sciencedirect.com/science/article/pii/S014206151500424X
https://www.sciencedirect.com/science/article/pii/S014206151500424X
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
https://www.eesc.europa.eu/sites/default/files/files/qe-03-19-510-en-n.pdf
https://www.eesc.europa.eu/sites/default/files/files/qe-03-19-510-en-n.pdf
https://www.eesc.europa.eu/sites/default/files/files/qe-03-19-510-en-n.pdf
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critical raw materials, cannot be recuperated and reused. For example, smartphones contain critical 
raw materials including cobalt, tungsten, indium, gallium, as well as minerals from conflict-affected 
and high-risk areas. To date, for most smartphone manufacturers, the use of secondary materials is 
limited to plastic.89 Furthermore, the number of digital devices is estimated at 34 billion worldwide 
in 2019, and is expected to grow to 68.55 billion by 2025.90 

Table 10 seeks to demonstrate a non-exhaustive overview of main environmental pressures that 
might be exacerbated by the digital transformation, related to the expected increase in production, 
use and disposal of ICT devices.  

Table 10 – Environmental pressures related to digitalisation, estimations for the EU, Europe 
and worldwide 

Environmental 
pressure 

Expected consequences Estimation for the EU, Europe and worldwide 

Electricity 
consumption by ICT 
products 

Growing electricity 
consumption 

1 300 TWh worldwide (2019); 91 In the EU, this is 
estimated at 260 TWh, approximately 10 % of 
EU-27 electricity consumption (2018).92 

Energy consumption 
of data centres  

Growing energy 
consumption  

205 TWh or 1 % of global electricity use (2018);93 in 
the EU it is estimated at 2.7 % of the electricity 
demand in 2018 and expected to rise to 3.2 % in 
2030. 94 

Stock of unused 
devices, per capita  

Prevention of reuse of 
critical raw materials 

4-5 kilogrammes of unused electric or electrical 
products per citizen on average in Europe (2020).95 

Material contained in 
electronic waste 

Further depletion of scare 
resources*  

25 metric tonnes (Mt) of selected raw materials in 
electronic waste (2019),96 with an estimated cost of 
€50.4 billion (2019).97 

Waste 
ICT and electronics as one 
of the fastest growing 
waste streams98 

53.6 million Mt of electronic waste generated 
globally in 2019; predicted to grow to 74 Mt by 
2030. 99 

Source: Authors' compilation based on literature review. 
* Critical raw materials as well as conflict minerals. 

                                                             

89  Guidance for the Assessment of Material Efficiency: Application to Smartphones, JRC, 2020. 
90  Bordage F., The environmental footprint of the digital world, GreenIT.fr, September 2019. 
91  Bordage F., The environmental footprint of the digital world, GreenIT.fr, September 2019. 
92  ICT Impact study, VHK and Viegand Maagøe, DG ENER, European Commission,, June 2020.  
93  Masanet, E., Shehabi, N., Lei, N., Smith, S., Koomey, J., Recalibrating global data center energy-use estimates, 

Science 367 (6481), February 2020. 
94  Energy-efficient Cloud Computing Technologies and Policies for an Eco-friendly Cloud Market, Environment Agency 

Austria and Borderstep Institute for the European Commission, 2020. 
95  As reported by the International Association of Electronic Waste Producer Responsibility Organisations, website 

consulted in January 2022. 
96  The Global E-waste Monitor 2020, Global E-waste Statistics Partnership (GESP), 2020. 
97  US$57 billion reported in The Global E-waste Monitor 2020, converted to €50.4 billion (January 2022 conversion rate). 

In 2017, this amounted to €55 billion, according to The Global E-waste monitor 2017. For more information on the 
updated methdology used for 2019, please consult Annex II of the 2020 Monitor.  

98  Circular Economy Action Plan, European Commission, March 2020.  
99  The Global E-waste Monitor 2020, Global E-waste Statistics Partnership (GESP), 2020. 

https://publications.jrc.ec.europa.eu/repository/handle/JRC116106
https://www.greenit.fr/wp-content/uploads/2019/11/GREENIT_EENM_etude_EN_accessible.pdf
https://www.greenit.fr/wp-content/uploads/2019/11/GREENIT_EENM_etude_EN_accessible.pdf
https://susproc.jrc.ec.europa.eu/product-bureau/sites/default/files/2020-11/IA_report-ICT_study_final_2020_(CIRCABC).pdf
https://www.researchgate.net/publication/339564167_Recalibrating_global_data_center_energy-use_estimates
https://digital-strategy.ec.europa.eu/en/library/energy-efficient-cloud-computing-technologies-and-policies-eco-friendly-cloud-market
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To achieve the EU green transition, there are already numerous announced and forthcoming EU-
level initiatives that would tackle some of the above-mentioned impacts, including an initiative on 
green data centres in Europe,100 to reduce the lifecycle impact of electronics or encourage repair of 
devices rather than replacing them,101 to name a few. Despite the planned initiatives, sustainable 
digital transition remains a challenge, as projections show risks of further environmental pressures. 

                                                             

100  Climate Neutral Datacentres Pact, website, consulted in October 2021. 
101  Communication from the Commission on a new Circular Economy Action Plan: For a cleaner and more competitive 

Europe, European Commission, March 2020, including the sustainable products initiative, the circular electronics 
initiative as well as the right to repair initiative. 

https://www.climateneutraldatacentre.net/self-regulatory-initiative/
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1583933814386&uri=COM:2020:98:FIN
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5. Conclusions 
This study investigates the value of further EU action and cooperation to support the digital 
transformation. Additional EU action was found to be merited due to the cross-border nature of 
many issues including infrastructure, databases and data storage facilities, common rules imposed 
across the Member States and the size of the markets affected. 

The study focuses on five key gaps and barriers that hinder digital transformation and generate a 
range of impacts (see Figure 11). Three policy options were defined to address these gaps and 
barriers to some extent. The policy options are complementary and could be implemented 
separately or jointly for greater, reinforced impact. 

In quantitative terms, the cost of non-Europe stemming from the lost opportunity to grasp the 
benefits of these policy options has been estimated to be around €315 billion in 2021 and to grow 
over time to reach an estimated €1.3 trillion by 2033. It should be noted that not all the potential 
benefits could be assessed in quantitative terms.  

  

Table 11 summarises the assessment of the policy options in qualitative terms. All policy options 
have high consideration for the proportionality and subsidiarity of EU action. Policy options 1 and 3 
would generate the greatest impacts, including economic impacts. The overall impacts of Policy 
option 2 would be weaker in comparison, but the gaps and barriers tackled differ from those tackled 
by Policy options 1 and 2. The estimations of the economic benefits rely on several assumptions, 
including the extent of the design and implementation of the policy options (e.g. the timing), and 
the extent to which they can address the underlying gaps and barriers. The findings suggest that all 
policy options could generate positive impacts for the EU.  

Figure 11 – Summary 

 

Source: Prepared by the authors based on the Annex to this study – Ecorys. 
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Table 11 – Summary of policy option assessments 

 Policy Option 1 Policy Option 2 Policy Option 3 

Extent to which gaps 
and barriers addressed + ++ +++ 

Economic impacts  +++ + +++ 

Other impacts 

+++ 
(on innovation, 
geopolitics, 
competitiveness, 
acceptance of 
technology) 

++ 
(on innovation, 
competitiveness, 
changing mind-sets, 
spill-over innovation to 
other technologies) 

+++ 
(on innovation, 
geopolitics, 
competitiveness, 
benefits across the value 
chain, digital skills) 

Feasibility of 
implementing a policy 

option 
+++ + +++ 

Proportionality and 
subsidiarity +++ +++ +++ 

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++), to high (+++). 

Source: Annex to this study – Ecorys. 
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The Cost of Non-
Europe on Digital 
Transformation 

 
 

Digital transformation has the potential to radically change the 
economy and society and bring promising improvements, as well as 
challenges, in all aspects of our lives. However, the existence of gaps 
and barriers in action and cooperation at EU level impedes EU 
economies from grasping the full potential of digital transformation. 
The study identifies three policy options that could significantly 
tackle those gaps and barriers. 

This study quantifies the cost of non-Europe through a quantitative 
model, by developing an ideal state scenario and three scenarios 
associated with the alternative policy options, and comparing those 
with the baseline scenario using a computable general equilibrium 
model.  

Through this method, this study indicates that if no EU-level action 
is taken in support of the digital transformation, the cost expressed 
as impact on GDP at constant 2020 prices would be up to €315 
million in 2021 and could rise up to €1.3 trillion in 2033. Expressed in 
employment it could impact positively 7.9 million people by 2033.  
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Executive summary 

Digital transformation is a ubiquitous trend with the potential to radically change the economy and 
society and bring promising improvements, as well as many challenges, in all aspects of our lives, 
from public health and the environment to the quality of life and social coexistence. Therefore, it is 
crucial to understand the Cost of Non-Europe (CoNE) for digital transformation, namely where the 
benefits of concerted European Union (EU) level action lie and where EU added value is potentially 
significant. Digital transformation is a process without a specific end state, meaning that adoption 
and use of existing and new technologies could keep expanding as new applications and 
technologies emerge. Over the recent years, developments in cloud services, advanced 
connectivity, data, artificial intelligence, cybersecurity, and quantum computing have been 
triggering the digital transformation globally. 

The EU adopted a set of digital principles and four long-term aspirational digital targets (until 2030) 
with the Digital Decade communication. The current state of digital transformation brings the EU 
about halfway towards achieving the new Digital Compass targets. Within the EU the level of digital 
transformation varies widely amongst Member States. The EU and Member States have recently 
adopted and/or are developing various policies targeting to boost digital transformation through 
Information and Communication Technologies (ICTs), research and innovation (R&I), and industrial 
policies. 

The existence of gaps and barriers in action and cooperation at EU level either impacts negatively 
or endangers the innovation and innovative capacity, EU’s digital leadership, social aspects such as 
social security systems (e.g. potentially higher unemployment of lower skilled workers), an effective 
twin transition entailing a green sustainable transformation as well as fundamental rights issues 
such as gender equality and social inclusion. The most significant gaps and barriers standing 
between the current state and maximizing the benefits from digital transformation are the 
following:  

• Shortage of digitally skilled workers: Availability of digital skills, such as STEM (Science, 
Technology, Engineering, and Math), ICT, cybersecurity, and AI-related are necessary to 
adopt digital technologies and optimise the benefits from digital transformation. Even 
though demand across all sectors of industry for basic and advanced digital skills is rapidly 
rising, the availability of professionals with those is comparatively scarce; 

• Cybersecurity concerns: Uncertainties regarding the usage and safe storage and transfer 
of business and data slow down the adoption of digital technologies by companies and 
citizens. The costs associated with implementing cybersecurity solutions are substantial and 
impede companies from advancing in their digitalisation process; 

• Gaps in data governance: The lack of different aspects of data governance, from technical 
ability and appropriate infrastructure to lack of knowledge and understanding on the value 
and relevance of data, hamper companies from exploiting their full potential; 

• Lack of investments and access to investment: Digital transformation requires funding to 
be implemented and then sustained. Both the development and deployment of innovative 
solutions are often costly and limited access to finance stops many companies from 
engaging in a fast-paced digital transformation process, as they can simply not afford it 
based only on internal funds; 

• The gap between large companies and small and medium-sized enterprises (SMEs): All 
of the aforementioned gaps and barriers affect SMEs disproportionately due to financial and 
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other constraints. While SMEs represent 99% of all enterprises in the EU, according to 
Eurobarometer 62% of SMEs report experiencing problems with digitalisation.  

To measure the potential benefits by waiving these gaps and barriers through EU-level actions and 
maximising the benefits from digital transformation quantitatively, the method of Cost of non-
Europe is used. The Cost of non-Europe is calculated as the difference between the baseline and the 
ideal state scenario.  

• Ideal state scenario is representing a hypothetical situation where none of these gaps and 
barriers exists as they are tackled by EU-level actions and there are no setbacks or obstacles 
to full digital transformation in the EU; 

• Baseline scenario is reflecting the expected economic developments in absence of further 
policy changes at the EU level. 

The calculated size of the cost of non-Europe is expected to increase by €320 billion by 2021 
compared to the baseline scenario. It increases over time and reaches €1.6 trillion in 2033. When 
measured at constant 2020 prices, the deviations from baseline scenario values in GDP are slightly 
smaller ranging from €315 billion in 2021 to €1.3 trillion in 2033. Employment is also expected to 
experience sizable effects. In absolute values, this means that the employment will be higher than 
the baseline by 7.5 million people by 2021. Notably, while employment effects materialise almost 
immediately and increase moderately over time, there is a substantial GDP impact arising from 
differences in productivity growth between the baseline and the ideal state. This reflects the 
technology-intensive nature of the improvements that are expected to materialise upon the 
removal of the gaps and the concomitant accumulation of the differences in output levels. 

Table 1: Difference between baseline and ideal state scenario for selected macroeconomic 
variables (absolute deviations from baseline scenario values) 

Year 
GDP, 

m € current prices 
GDP, 

m € constant 2020 prices 
Employment, 

thousand persons 

2021 320 515 315 467 7 517 

2025 648 558 599 141 7 722 

2030 1 183 809 1 008 699 7 874 

2033 1 588 191 1 289 207 7 955 

Source: Authors ‘analysis. 

The research and analysis conducted throughout this study led to the development of the three 
main policy options. Each policy option is different and entails unique benefits and impacts and is 
associated with different levels of feasibility and implementation challenges. Policy options are not 
to be seen as mutually exclusive but can be complemented to increase the impact. It should be 
noted that, because there are both implementation costs and implementation-dependent 
voluntary components to each option, the reported results represent upper bounds on what can be 
achieved by the respective policy option. The policy options are the following: 

Policy Option 1: Enhancing trust in digital technologies 

This policy option aims to improve the safety and security of digital technologies, which would lead 
to a higher pace and wider extent of digital transformation. It includes specific policy measures such 
as the development and implementation of cybersecurity standards, implementation of industry 
standards, adoption of a framework for safe and secure data exchange, the establishment of rules 
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on liability and responsibility for digital technologies, and transparency of algorithmic decision 
making and data.  

Implementation of this policy option would tackle the gaps and barriers related to cybersecurity 
concerns and gaps in data governance. In addition, real economic activity (real GDP), would increase 
by 0.71 % in 2023 or by €104 392 million compared to the baseline scenario and it would rise and 
reach 5.37 % or €868 958 million over the baseline in 2033. Employment would also experience 
sizable effects, being higher than that one in the baseline scenario by 2.14 million people in 2023 
and 4.64 million people in 2033. The feasibility of this policy option is high.  

Policy Option 2: Strengthening R&D&I for digital transformation 

This policy option aims to strengthen R&D&I relevant for digital transformation. It includes specific 
policy measures such as, tax incentives to increase digital R&D investments and expenditures, 
innovation procurement, extending the network of Digital Innovation Hubs (DIHs) and ensuring 
access for EU SMEs, establishing a legal framework for the deployment of technology in a limited 
controlled environment, and retention and attraction of digital talent. 

Implementation of this policy option would tackle the gaps and barriers related to the shortage of 
digitally skilled workers, the lack of investment and access to investment, and the gap in 
digitalisation between large companies and SMEs. In addition, real economic activity (real GDP), 
would increase by 0.34% in 2023 or by €49 366 million compared to the baseline scenario and it 
would increase by 0.80% or €130 255 million higher than the baseline by the end of 2033. 
Employment would be increased compared to the baseline scenario by 1.28 million people in 2023 
and 2.29 million people in 2033. The feasibility of this policy option is not as high as the other two 
due to complexity for the EU policy areas such as tax policy, visa policy, and R&D policy. 

Policy Option 3: Digital policy for SMEs  

This policy option aims to ensure that SMEs are not left behind by increasing the uptake of digital 
technologies by SMEs. It includes specific policy measures such as, increasing knowledge about 
digital transformation among SMEs, developing financing instruments for SMEs for digitalisation, 
developing a sectoral approach to information, dissemination, and financial instruments, retaining 
and digitising SMEs workforce by creating skills for SMEs and encouraging the development of 
digital start-ups. 

Implementation of this policy option would tackle all the significant gaps and barriers except those 
related to data governance. In addition, real economic activity (real GDP), would increase by 1.03% 
in 2023 or by €150 878 million compared to the baseline scenario and it would increase to 5.36% or 
€867 715 million over the baseline in 2033. Employment would get to higher levels compared to the 
baseline scenario by 3.14 million people in 2023 and 6.44 million people in 2033. The feasibility of 
this policy option is expected to be high. 

Table 2: Summary of policy options assessments 

 Policy Option 1 Policy Option 2 Policy Option 3 

Extent to which gaps 
and barriers addressed 

+ ++ +++ 

Economic net benefit +++ + +++ 

Other impacts 

+++ 
(on innovation, 
geopolitics, 
competitiveness, 

++ 
(on innovation, 
competitiveness, 
changing mindsets, spill-

+++ 
(on Innovation, 
geopolitics, 
competitiveness, 
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acceptance of 
technology) 

over innovation to other 
technologies) 

benefits across the value 
chain, digital skills) 

Feasibility of 
implementing a policy 

option 
+++ + +++ 

Proportionality and 
subsidiarity 

+++ +++ +++ 

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++). 

Source: Authors. 

Overall, Policy Option 1 and Policy Option 3 fare similarly strong, while Policy Option 2 is assessed 
as weaker, especially in terms of net economic benefit and feasibility. By comparison to the baseline, 
Policy Option 3 delivers the largest positive impact on output and employment in terms of the net 
economic benefit. Similar, albeit slightly lower in magnitude outcomes are observed for Policy 
Option 1.  

Policy Option 3 produces positive economic and non-economic impacts, likely due to the broad area 
targeted by its policy measures. The extent of its impact is not always strong (except for the impact 
on the gap between SMEs and large companies), but it is felt across all gaps and barriers. 
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1. Introduction 
The terms “digitisation”, “digitalisation” and “digital transformation” have become part of our 
common language and public discourse. All three terms are frequently used synonymously to 
characterise the ongoing processes of:1 

• Using information and communications technology (ICT) to transform services and 
product delivery; 

• Using ICT to transform organisational culture and relationships with citizens; 
• Changing the value creation as a result of the use of ICT. 

Research suggests that “digital transformation” is the most comprehensive term that describes the 
process of change, while also encompassing its outcomes and impacts. Digital transformation is a 
process without a specified end status, it is a continuous evolution of relationships between various 
stakeholders in the economic and societal system. In the words of Mergel et al., who conducted an 
extensive literature review and interviews in an attempt to define digital transformation: ‘Digital 
transformation is a holistic effort to revise core processes and services of government beyond the 
traditional digitization efforts. It evolves along a continuum of transition from analogue to digital to a 
full-stack review of policies, current processes, and user needs and results in a complete revision of the 
existing and the creation of new digital services. The outcome of digital transformation efforts focuses 
among others on the satisfaction of user needs, new forms of service delivery, and the expansion of the 
user base.’ 2 

For the present study, we use a short definition that captures all aspects of digital transformation 
outlined in the academic definition:  

Digital transformation is a process of integration of digital (ICT) technologies by European 
enterprises and citizens and the ongoing impact of such technologies on the economy and 
society. 3  

The examples of the digital (ICT) technologies that come within the scope of the study are 5G 
connectivity, big data analytics, cybersecurity, and cloud and quantum computing. 

Digital transformation has the potential to radically change the economy and society, promising 
significant improvements for public health, environment, quality of life, and social coexistence. At 
the same time, due to digital transformation, high-risk technologies will become more widespread 
holding potential risks and perils.4 It is therefore important to study the possibilities for the 

                                                             
1  Mergel I, Edelmann N and Haug N, ‘Defining digital transformation: Results from expert interviews’, Governmen t 

Information Quarterly 36, 2019, pp. 2-4, 10. 
2  Mergel I, Edelmann N and Haug N, ‘Defining digital transformation: Results from expert interviews’, Governmen t 

Information Quarterly 36, 2019, p. 12. 
3  Compare also to the definition by the EPRS in Negreiro M and Madiega T, Digital transformation, EPRS Briefing, June 

2019, p. 3. 
4  See, for example, Mühleisen M, ‘The Long and Short of The Digital Revolution’, Finance & Development 55:2, 

International Monetary Fund, June 2018; Okhrimenko I, Sovik I, Pyankova S and Lukyanova A, ‘Digital transformation 
of the socio-economic system: prospects for digitalization in society’, Espacios 40:38, 2019; Komarčević M, Dimić M 
and Čelik P, ‘Challenges and impacts of the digital transformation of society in the social sphere’, SEER: Journal for 
Labour and Social Affairs in Eastern Europe 20:1, 2017; UN, ‘Leveraging digital technologies for social inclusion’, Policy 
Brief No 92 of the Department of Economic and Social Affairs, 2021. 

https://www.sciencedirect.com/science/article/pii/S0740624X18304131
https://www.sciencedirect.com/science/article/pii/S0740624X18304131
https://www.google.de/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiOvOnvrrjyAhXPt6QKHf6aB7YQFnoECAMQAQ&url=https%3A%2F%2Fwww.europarl.europa.eu%2FRegData%2Fetudes%2FBRIE%2F2019%2F633171%2FEPRS_BRI(2019)633171_EN.pdf&usg=AOvVaw1zQ5WYReoyfLVESBliGd9-
https://www.imf.org/external/pubs/ft/fandd/2018/06/impact-of-digital-technology-on-economic-growth/muhleisen.htm
https://www.revistaespacios.com/a19v40n38/a19v40n38p26.pdf
https://www.revistaespacios.com/a19v40n38/a19v40n38p26.pdf
https://www.un.org/development/desa/dspd/wp-content/uploads/sites/22/2021/02/PB_92-1.pdf
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realisation of the public common good through action of the European Union (EU) directed at 
support and promotion of digital transformation.  

The study aims to establish the Cost of Non-Europe (CoNE) for digital transformation, namely where 
the benefits of the concerted, EU-level action lie and what EU added value is potentially significant. 
The focus of the study is on three areas: European industry, Research and Innovation (R&I), and the 
ICT sector.  

The study is structured as follows. Chapter 2 describes technological and business developments 
that are driving digital transformation as well as the main external factor – the coronavirus disease 
(COVID-19) pandemic – that has had a critical impact on it. Chapter 3 outlines the current state of 
digital transformation in the EU, both in terms of digital transformation of industry and society and 
political frameworks for it. Chapter 4 describes the existing gaps and barriers that delay or prevent 
digital transformation and identifies the most significant ones for further closer CoNE analysis. 
Chapter 5 discusses the impacts of the significant gaps and barriers for the European economy and 
society, i.e. impacts for geopolitics, innovation, fundamental rights, environment, and social and 
economic impacts. It also quantifies these impacts and provides the calculation for the Cost of Non-
Europe. Chapter 6 describes some policy measures, packaged in three policy options, that could 
address the identified gaps and barriers. Chapter 7 provides a qualitative and quantitative 
assessment of all policy options, discussing their potential costs and benefits, highlighting their 
comparative merits to achieve the highest EU added value. 
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2. Trends and developments of digital transformation 
Digital transformation of the EU industry and society with the help of various ICT is part of a global 
trend. On the one hand, it is a necessary, even indispensable step of societal evolution. Yet, on the 
other hand, it is an important condition to stay relevant and competitive. A large number of studies 
assess the most impactful transformative technologies in the attempt to forecast their effects on i.e. 
the speed and scale of future development of economic growth, market disruptions, consumer 
welfare, productivity, living standards, and quality of life.5 

As pointed out in the introduction, digital transformation is a process without a specific end state. 
Therefore, companies and society will be increasingly adopting, using already existing technologies 
more intensely, derive new uses and applications of existing technologies, discover for themselves 
emerging and future (i.e. not yet existing) technologies. Among the emerging digital technologies, 
a few are considered by experts as those that would trigger the next (round of) digital innovation 
and further digital transformation: cloud services, advanced connectivity, data, artificial intelligence, 
cybersecurity, and quantum computing.6 

2.1. Technological developments 
Over the recent years, cloud services have developed from simple storage services to allrounder 
solutions (i.e. hybrid clouds) offering software-as-a-service (SaaS) and platform-as-a-service (PaaS). 
Instead of using on-premises, proprietary solutions, there are now distributed clouds and public-
private clouds. Analysts7 predict that the cloud is developing to become the dominant enterprise 
architecture, supporting not only business applications but also industrial ones. The COVID-19 
pandemic has illustrated the value of agile, adaptable cloud infrastructure.8 However, such 
challenges like privacy and data protection as well as exponential data growth and very-high-
capacity connectivity still need to be resolved. 

The adoption of cloud services by European companies is far from saturation. Approximately one-
third of all companies are using cloud services, but the adoption by large companies is almost twice 
as high compared to small and medium-sized enterprises (SMEs) (Figure 1  below). The degree of 
adoption per country differs significantly, with Finland having over 70% of adoption on average and 
Bulgaria, Greece, and Romania just averaging 10% of adoption.9 

                                                             
5  To provide just a few prominent examples: OECD, ‘Measuring the digital transformation: A roadmap for the future’, 

2019; WEF, ‘Digital Transformation Initiative: Unlocking $100 trillion for business and society from digital 
transformation’, Executive summary, May 2018. 

6  The choice is based on the topics of interest formulated by the ITRE Committee and highlighted for the monitoring 
2016-2021 by the European Commission in Monitoring the Digital Economy & Society 2016 – 2021, 2015. 

7  Newman D, Top 10 Digital Transformation Trends For 2021, Forbes, 21 September 2020; Little J, ‘Five major trends 
which will underpin another decade of digital innovation’, Ernst&Young, 25 March 2021. 

8  Aggarwal G, ‘How The Pandemic Has Accelerated Cloud Adoption’, Forbes, 15 January 2021; Alashhab ZR, Anbar M, 
Singh M, Leau Y-B, Al-Sai ZA and Alhayja’a SA, ‘Impact of coronavirus pandemic crisis on technologies and cloud 
computing applications’, Journal of Electronic Science and Technology 19:1, 2021. 

9  Eurostat, ‘Cloud computing - statistics on the use by enterprises’. 

https://www.oecd.org/going-digital/measuring-the-digital-transformation-9789264311992-en.htm
http://reports.weforum.org/digital-transformation/wp-content/blogs.dir/94/mp/files/pages/files/dti-executive-summary-20180510.pdf
http://reports.weforum.org/digital-transformation/wp-content/blogs.dir/94/mp/files/pages/files/dti-executive-summary-20180510.pdf
https://ec.europa.eu/eurostat/documents/341889/725524/Monitoring+the+Digital+Economy+%26+Society+2016-2021/7df02d85-698a-4a87-a6b1-7994df7fbeb7
https://www.forbes.com/sites/danielnewman/2020/09/21/top-10-digital-transformation-trends-for-2021/?sh=5ced8a27c6f4
https://www.ey.com/en_gl/consulting/five-major-trends-which-will-underpin-another-decade-of-digital-innovation
https://www.ey.com/en_gl/consulting/five-major-trends-which-will-underpin-another-decade-of-digital-innovation
https://www.forbes.com/sites/forbestechcouncil/2021/01/15/how-the-pandemic-has-accelerated-cloud-adoption/?sh=5b7b45c16621
https://www.sciencedirect.com/science/article/pii/S1674862X20300665#!
https://www.sciencedirect.com/science/article/pii/S1674862X20300665#!
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Cloud_computing_-_statistics_on_the_use_by_enterprises
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Figure 1: Adoption of cloud computing services, by company size, % of enterprises, EU27, 
in 2018 and 2020 

 

Source: Eurostat, Cloud computing - statistics on the use by enterprises. 

Advanced connectivity – 5G and subsequently 6G – is a crucial technology that will deliver the vital 
infrastructure for other digital technologies to unfold to their fullest potential.10 5G connectivity will 
enable edge computing and real-time data processing with unlimited bandwidth, low latency, and 
the number of necessary connected devices, for example, for the full-fledged Internet of Things 
(IoT), advanced cloud services, and machine learning (and therefore AI).11 Hence, 5G has a huge 
significance for the manufacturing sector as it would allow stable unhindered machine 
communication, big data analytics, and AI, facilitating the use of robots, virtual and augmented 
realities in various industrial processes.  

The EU is at the very beginning of the commercial 5G deployment. The 5G readiness indicator – 
showing the assigned radio frequency spectrum as a percentage of harmonised 5G spectrum – was 
introduced in the Digital Economy and Society Index (DESI) only in 2019. DESI 2020 reports that 21% 
of the total amount of the available spectrum has been assigned at the EU level, and only 17 Member 
States have assigned any spectrum in the 5G “pioneer bands”.12 The rollout is, however, slow. In 
2019, the EU had only 10 5G base stations per million capita, while South Korea had 1 500.13 

                                                             
10  Deloitte, ‚Tech Trends 2021‘, p. 88; Dupont Vohong TM, ‚Ten Technology Trends Moving into 2021’, Bain & Company, 

10 December 2020. 
11  On the potential and impacts of 5G technology see Saunders J, ‘The Transformational Impact of 5G Proceedings of a 

Workshop—in Brief’, Proceedings of a workshop at the ational Academies of Sciences, Engineering, and Medicine, 
October 2019. 

12  DESI 2020, pp. 15, 34 and 35. 

13  ERT, ‘Assessment of 5G Deployment Status in Europe’, 2020, p. 2. 
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https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Cloud_computing_-_statistics_on_the_use_by_enterprises
https://www2.deloitte.com/content/dam/insights/articles/6730_TT-Landing-page/DI_2021-Tech-Trends.pdf
https://www.bain.com/insights/ten-technology-trends-moving-into-2021/
https://www.nap.edu/read/25598/chapter/1
https://www.nap.edu/read/25598/chapter/1
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=67086
https://ert.eu/wp-content/uploads/2020/09/ERT-Assessment-of-5G-Deployment-Status-in-Europe_September-2020.pdf
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Although commercial launches were announced in 24 EU Member States,14 the penetration rate is 
still in the low single digits.15  

To research and develop the not-yet-standardised (and largely unknown) 6G, a 6G Flagship Initiative 
Hexa-X16 was created, to be led by Nokia and with the participation of Atos, Intel, Orange, Siemens, 
TIM, and Telefonica. 6G could cover what is “left” by 5G, meaning an even higher speed of 1 terabyte 
per second transmitted over a different wavelength – both of which may require new chip designs, 
new computing architecture, new materials, and different power generation and consumption. The 
current forecast is based on the 10-year cycle in the roll-out of telecommunications standards, so 
that 6G can be expected to become operational around 2030. The race for the new technology is on 
with the USA opening the “terahertz wave” for experiments on the next standards,17 China 
intensifying R&I work to become the global 6G leader by 203018, and South Korea creating a 6G 
research centre and planning to be the first country to launch 6G in 2026.19 

The importance of data (big data, data analytics) seems to grow as exponentially as the amount of 
data itself and both are not likely to come to a stop in the near future. Not least due to the 
development of other technologies and applications, in particular, the IoT, autonomous vehicles, 
and artificial intelligence (AI), the necessity to make sense of the data deluge will be indispensable 
to remain competitive. Data collection and analytics have many applications in every industry sector 
and for every company size, though some types of data have a potentially enormous value and 
disruptive potential.20 They allow to process of information in a better manner and develop insights 
into the market, competition, and customers to deliver more relevant services and products more 
efficiently. 

European companies still have a long way to go to an effective leveraging of data. Among them, 
12% use big data from any source, while even fewer use data from portable devices (6%) and smart 
devices and sensors (4%).21 It is not known what the quality of these big data analytics efforts is, 
though Ernst&Young reports that only 4% of companies globally have a “highly sophisticated” 
approach to data analysis.22  

The potential of artificial intelligence (AI) for the economy and society can be hardly grasped – so 
many use cases and applications are being described in theory and already deployed in reality, 
across all industry sectors and social interactions. One of the main trends that are expected in the 
                                                             
14  Based on the data from March 2021, only Lithuania, Malta and Portugal have not yet launched 5G services, according 

to the European 5G Observatory. 
15  Gilles F and Toth J, ‘Accelerating the 5G transition in Europe: How to boost investments in transformative 5G 

solutions’, Main report for DG CONNECT by Innovation Finance Advisory of the European Investment Bank, February 
2021, p. 106. 

16   For more information see the official website of Hexa-X.. 
17  The full document package can be found at FCC, FCC Opens Spectrum Horizons for New Services & Technologies, 15 

March 2019. 
18  McCaskill S, ‘China looking to launch 6G by 2030’, Techradar, 2019. 
19  Castro C, ‘Korea lays out plan to become the first country to launch 6G’, 6GWorld, 5 November 2020; O’Brien C, ‘Why 

6G research is starting before we have 5G’, Venture Beat, 21 March 2019. 
20  For instance, heath data. See Marjanovic S, Ghiga I, Yang M and Knack A, ‘Understanding value in health data 

ecosystems: A review of current evidence and ways forward’, European Federation of Pharmaceutical Industry 
Associations (EFPIA), 2017; Bresnik J, ‘Unleashing the Value of Health Data in the Era of Artificial Intelligence’, Health 
Analytics, 15 April 2019; Dulhanty A, ‘Present value of future health data: ethics of data collection and use’, Bulletin of 
the World Health Organisation, 15 December 2020. 

21  DESI 2020, p. 69. 
22  Little J, ‘Five major trends which will underpin another decade of digital innovation’, Ernst&Young, 25 March 2021. 

https://5gobservatory.eu/market-developments/5g-services/
https://www.eib.org/attachments/thematic/accelerating_the_5g_transition_in_europe_en.pdf
https://www.eib.org/attachments/thematic/accelerating_the_5g_transition_in_europe_en.pdf
https://hexa-x.eu/about/
https://www.fcc.gov/document/fcc-opens-spectrum-horizons-new-services-technologies
https://www.techradar.com/news/china-looking-to-launch-6g-by-2030
https://www.6gworld.com/exclusives/korea-lays-out-plan-to-become-the-first-country-to-launch-6g/
https://venturebeat.com/2019/03/21/6g-research-starting-before-5g/
https://venturebeat.com/2019/03/21/6g-research-starting-before-5g/
https://www.rand.org/pubs/research_reports/RR1972.html
https://www.rand.org/pubs/research_reports/RR1972.html
https://healthitanalytics.com/features/unleashing-the-value-of-health-data-in-the-era-of-artificial-intelligence
https://www.who.int/bulletin/volumes/99/2/19-237248/en/
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=67086
https://www.ey.com/en_gl/consulting/five-major-trends-which-will-underpin-another-decade-of-digital-innovation
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nearest future (and that has been possibly sped up by the pandemic) is the democratisation of AI. 
This means providing more people and companies with access to the knowledge, tools, and data 
necessary to build and deploy AI.23  

The European industry is still in the early stages of AI adoption. Overall, 42% of companies are 
already using at least one AI technology, while 40% do not use any and do not intend to use it in the 
following 2 years. However, a boost in AI use is likely to come from the remaining 18% who do not 
use AI now but are planning to adopt it within the next two years.24 

Table 3: Levels of adoption of AI, by sector, EU27, 2020 

 
Source: IPSOS and ITE, European enterprise survey on the use of technologies based on artificial intelligence, 
Study for the European Commission, 2020, p. 37. 

With continuous digital transformation, the importance of cybersecurity is going to grow, 
especially now that the forced upscaled digitisation during the COVID-19 pandemic has exposed 
vulnerabilities of the digital infrastructure and the full(er) potential of cybercrime, with the number 
of cyber-attacks increasing during the whole period.25 The average cost borne by companies due to 
cyber-attacks has increased as well26. It is estimated that, globally, 2020 saw a 12% increase in cyber-
attacks compared to 2019.27 Cybersecurity practices, measures, and tools are indispensable in the 
digital environment to prevent loss and misuse of data and other cybercrime (phishing, fraud, etc.), 
problems with network and services availability, and to ensure the security of networks and critical 
infrastructure. Also, cybersecurity is a process that needs to be constantly checked and adjusted in 
an attempt to keep pace with the technology used by cyber criminals. 

On average, 12% of European enterprises and 39% of EU citizens experienced a cybersecurity-
related problem in 2019. While it is not known how many EU citizens adopt any measures against 
cybercrime, 93% of EU companies have adopted at least one cybersecurity measure (99% large 
                                                             
23  Rao A, ‘Democratization of AI: A double-edged sword’, Towards Data Science, 16 August 2020; Newman D, ‘Top 10 

Digital Transformation Trends For 2021’, Forbes, 21 September 2020. 
24  IPSOS and ITE, ‘European enterprise survey on the use of technologies based on artificial intelligence’, Study for the 

European Commission, 2020, pp. 9-11, 32-34. 
25  The disturbing escalation and expansion of cybercrime during the pandemic have been well documented. See, for 

example, Europol, ‘COVID-19 sparks upward trend in cybercrime’, Press release of 5 October 2020; Gewirtz D, ‘COVID 
cybercrime: 10 disturbing statistics to keep you awake tonight’, ZDNet, 14 September 2020. 

26  See Hiscox, ‘Hiscox Cyber Readiness Report 2020’, 2020, p. 7. 
27  Clusit, Rapporto Clusit 2021, 2021. 

https://digital-strategy.ec.europa.eu/en/library/european-enterprise-survey-use-technologies-based-artificial-intelligence#:%7E:text=European%20enterprise%20survey%20on%20the%20use%20of%20technologies%20based%20on%20artificial%20intelligence,-This%20study%20was&text=It%20has%20found%20that%2042,in%20the%20next%20two%20years.
https://towardsdatascience.com/democratization-of-ai-de155f0616b5#:%7E:text=Democratization%20of%20AI%20offers%20three,AI%20models%20on%20cloud%20infrastructure.
https://www.forbes.com/sites/danielnewman/2020/09/21/top-10-digital-transformation-trends-for-2021/?sh=5ced8a27c6f4
https://www.forbes.com/sites/danielnewman/2020/09/21/top-10-digital-transformation-trends-for-2021/?sh=5ced8a27c6f4
https://digital-strategy.ec.europa.eu/en/library/european-enterprise-survey-use-technologies-based-artificial-intelligence#:%7E:text=European%20enterprise%20survey%20on%20the%20use%20of%20technologies%20based%20on%20artificial%20intelligence,-This%20study%20was&text=It%20has%20found%20that%2042,in%20the%20next%20two%20years.
https://www.europol.europa.eu/newsroom/news/covid-19-sparks-upward-trend-in-cybercrime
https://www.zdnet.com/article/ten-disturbing-coronavirus-related-cybercrime-statistics-to-keep-you-awake-tonight/
https://www.zdnet.com/article/ten-disturbing-coronavirus-related-cybercrime-statistics-to-keep-you-awake-tonight/
https://www.hiscox.co.uk/sites/uk/files/documents/2020-06/Hiscox_Cyber_Readiness_Report_2020_UK.PDF
https://clusit.it/rapporto-clusit/


Annex: The Cost of Non-Europe on Digital Transformation 

 

 

7 

companies, 92% SMEs).28 These high numbers are not equal to effective protection against 
cybercrime as some breaches may go unnoticed for a long time. Also, the growing number and 
severity of cybercrimes are indicative of the low preparedness and lack of preventive actions, and 
SMEs constitute the weak link in the cybersecurity ecosystem.29 

Table 4: Expected change in cybersecurity spending according to surveyed Chief 
Information Security Officers, 2020 

Expected spending change in next 12 months by industry Large 
enterprises 

SMEs Overall 

Healthcare systems and services    

Banking and financial services    

Technology, media, and telecommunications    

Public and social sectors    

Insurance    

Professional services    

Consumer and retail    

Advanced industries    

Global energy and materials    

Travel, transport, and leisure    
    

 Increase   Small increase   No change   Decrease 
 

Source: McKinsey, ‘COVID-19 crisis shifts cybersecurity priorities and budgets’, 2020. 

Quantum technology is probably the least commercially mature digital technology at the moment. 
While it is expected that quantum technology can lead to the development of radically new 
solutions and can be applied in many industry sectors and in combination with other digital 
technologies, it is currently mainly used in the research labs.30 Quantum-computing use cases for 
the industry are also being researched and include quantum computation, quantum encryption, 
quantum simulation, and machine learning.31 The global race for quantum is already well on its way, 
with huge private and public investments flowing to R&D. The EU and the USA have both pledged 
to invest around €1 billion (1 000 million) until 2030.32 However, China is planning to invest at least 
EUR8.5 billion – this sum is reserved for building a quantum research facility alone. 

                                                             
28  DESI 2020, pp. 95-101. 
29  For a full analysis of cybersecurity landscape, see Kertysova K, Frinking E, van den Dool K, Maričić A and Bhattacharyya 

K, ‘Cybersecurity: Ensuring awareness and resilience of the private sector across Europe in face of mounting cyber 
risks’, Study for the European Economic and Social Committee, 2018. 

30  Somma R, ‘Are We Ready for Quantum Computers?’ Scientific American, 12 March 2020. 
31  Pautasso L, Pflanzer A and Soller H, ‘The current state of quantum computing: Between hype and revolution’, 

McKinsey, 19 February 2021; Newman D, ‘Top 10 Digital Transformation Trends For 2021’, Forbes, 21 September 2020. 
32  INRIA, ‘Who are the main players in the world of quantum computing?’ 16 December 2020; European Commission, 

‘European Commission will launch EUR 1 billion quantum technologies flagship’ (n.d.). 

https://www.mckinsey.com/business-functions/risk/our-insights/covid-19-crisis-shifts-cybersecurity-priorities-and-budgets
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=67086
https://www.thehaguesecuritydelta.com/media/com_hsd/report/191/document/qe-01-18-515-en-n.pdf
https://www.thehaguesecuritydelta.com/media/com_hsd/report/191/document/qe-01-18-515-en-n.pdf
https://blogs.scientificamerican.com/observations/are-we-ready-for-quantum-computers/
https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/tech-forward/the-current-state-of-quantum-computing-between-hype-and-revolution
https://www.forbes.com/sites/danielnewman/2020/09/21/top-10-digital-transformation-trends-for-2021/?sh=5ced8a27c6f4
https://www.inria.fr/en/quantum-computing-main-players
https://digital-strategy.ec.europa.eu/en/news/european-commission-will-launch-eu1-billion-quantum-technologies-flagship
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2.2. Digitalisation of businesses 
European companies seem to be aware of the usefulness of digital technologies, and a majority 
considers them as an opportunity and not as a threat to their business. A survey of business leaders 
in the construction and food sectors showed a high awareness of the availability and use of digital 
technologies, including based on the already existing positive experience. Nonetheless, a sizable 
share of business leaders considers digital technologies an operational risk. 

Figure 2: Share of businesses that consider the digital economy an opportunity, by industry, 
EU27, 2018 

 

Source: PwC and CARSA, ‘Digital Transformation Scoreboard 2018: EU businesses go digital: Opportunities, 
outcomes and uptake’, Study for the European Commission, 2018, p. 24. 

Most of them (60%) are preparing to increase digital investments (Figure 3 ). However, the size and 
the origin of the company matter in this regard: larger companies are more likely to expand their 
digital investments in the future, and companies from central and eastern Europe have a 
significantly lower probability of planning to increase their digital investments.33 

                                                             
33  European Commission, ‘Science, Research and Innovation Performance of the EU 2020: A fair, green and digital 

Europe, 2020’, p. 439. 
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https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://ec.europa.eu/info/sites/default/files/srip/2020/ec_rtd_srip-2020-report.pdf
https://ec.europa.eu/info/sites/default/files/srip/2020/ec_rtd_srip-2020-report.pdf


Annex: The Cost of Non-Europe on Digital Transformation 

 

 

9 

Figure 3: Share of companies that plan to increase investment in digital technologies in the 
next 3 years, EU27, 2018 

 

Source: European Commission, ‘Science, Research and Innovation Performance of the EU 2020: A fair, green 
and digital Europe’, 2020, p. 439. 

Business motivations behind digital investments differ, also by sector.34 Businesses in healthcare and 
mechanical engineering make such investments with the primary purpose to develop new products 
and services. Companies in the automotive sector are more interested in the improvement of their 
production processes. Across all industry sectors, companies are most interested to become more 
customer-centric,35 which may indicate the very high uptake of social media and relative popularity 
of customer and information management systems. This also means that, in the future, the adoption 
and use of big data analytics and cloud services are likely to increase. 

                                                             
34  PwC and CARSA, ‘Digital Transformation Scoreboard 2017: Evidence of positive outcomes and current opportunities 

for EU businesses’, Study for the European Commission, 2017, p. 20. 
35  PwC and CARSA, ‘Digital Transformation Scoreboard 2018: EU businesses go digital: Opportunities, outcomes and 

uptake’, Study for the European Commission, 2018, p. 21. 
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https://ec.europa.eu/info/sites/default/files/srip/2020/ec_rtd_srip-2020-report.pdf
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https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
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Figure 4: Objectives of the adoption of digital technologies, EU27, 2018 

 

Source: PwC and CARSA, ‘Digital Transformation Scoreboard 2018: EU businesses go digital: Opportunities, 
outcomes and uptake’, Study for the European Commission, 2018, p. 21. 

2.3. Digital transformation and COVID-19 pandemic 
The process of digitalisation has accelerated as life moved online during the COVID-19 pandemic.36 
Due to lockdowns and physical restrictions on mobility within and across countries, both EU citizens 
and companies have been taking up more digital solutions for the provision of goods and services 
and other activities. For example, Fernandez et al. (2020) calculated that the digital adoption rate 
has increased from 81% to 94% on average across the Member States (Figure 5 ). 

                                                             
36  De Vet M et al., ‘Impacts of the COVID-19 pandemic on EU industries’, Study for the ITRE Committee, 2021, p. 8. 
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Figure 5: Digital adoption rate by consumers before and during the pandemic, selected EU 
Member States, Norway, Switzerland and the UK 

 

Notes: The rate of adoption is the percentage of respondents using at least 1 digital service in at least 1 
industry in the 6 months ending May 2020. Industries include banking, insurance, grocery, apparel, 
entertainment, social media, travel, telecommunications, utilities, public sector. Average means equal weight 
for all countries. McKinsey conducted a survey of more than 20 000 consumers in the EU between 28 April and 
20 May 2020. 

Source: Fernandez S, Jenkins P and Vieira B, ‘Europe’s digital migration during COVID-19: Getting past the 
broad trends and averages’, McKinsey Digital, 24 July 2020. 

Digitisation rates during the pandemic differed greatly among industry sectors (Figure 6 ). The travel 
industry experienced very low digital adoption rates because of the imposed travel restrictions. 
Similarly, the insurance sector saw very little growth in digital adoption. On the other hand, banking 
and entertainment experienced the highest adoption rates. Other industries providing necessities 
such as grocery, apparel and telecommunication sectors, and social media also saw high adoption 
rates.  
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Figure 6: Digital adoption levels during the COVID-19 pandemic, by industry sector, selected 
EU Member States, Norway, Switzerland and the UK 

 

Source: Fernandez S, Jenkins P and Vieira B, ‘Europe’s digital migration during COVID-19: Getting past the 
broad trends and averages’, McKinsey Digital, 24 July 2020. 

According to Fernandez et al. (2020), the rates of digitisation are likely to remain high also after the 
pandemic (Figure 7). For instance, many European consumers are planning to continue using digital 
services to the same degree or more after the pandemic is over (71% of consumers). There are 
however differences across the sectors. Most consumers indicated to continue using digital services 
to the same degree or more for banking and entertainment. While the least of the consumers are 
planning to do it for the public sector (64%). 

https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/europes-digital-migration-during-covid-19-getting-past-the-broad-trends-and-averages
https://www.mckinsey.com/business-functions/mckinsey-digital/our-insights/europes-digital-migration-during-covid-19-getting-past-the-broad-trends-and-averages
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Figure 7: Share of consumers planning to continue using digital service to the same degree 
or more, selected EU Member States, Norway, Switzerland and the UK 

 

Notes: The respondent could choose between: banking, insurance, grocery, apparel, entertainment, social 
media, travel, telecommunications, utilities, public sector, and none. New users are those who used digital 
services for the first time during the pandemic. 

Source: Fernandez S, Jenkins P and Vieira B, ‘Europe’s digital migration during COVID-19: Getting past the 
broad trends and averages’, McKinsey Digital, 24 July 2020. 

The digital adoption by consumers has been mirrored by digitisation measures by companies. The 
McKinsey Global Survey of executives found that European respondents’ companies accelerated the 
digitisation of their customer and supply-chain interactions and their internal operations by three-
four years, and the share of digital products in their portfolios by seven years.37 The digitisation 
measures taken by companies varied greatly, but the common denominator was the high speed of 
their deployment (Figure 8). 

                                                             
37  McKinsey, ‘How COVID-19 has pushed companies over the technology tipping point—and transformed business 

forever’, 5 October 2020. 
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Figure 8: Time required to respond to or implement changes, expected vs actual, number 
of days, European countries 

 

Source: McKinsey, ‘How COVID-19 has pushed companies over the technology tipping point—and 
transformed business forever’, 5 October 2020. 

Figure 8 above shows that teleworking (remote working) was the most noticeable digitisation 
measure by companies. Working from home has increased dramatically during the pandemic in the 
EU as many companies had to resort to digital solutions during the pandemic (see Table 5 below). 
Research by Eurofound established38 that one-third of all employed worked exclusively from home 
during the pandemic in 2020. In addition, this number varied by country, from more than 50% in 
Belgium, more than 40 in Ireland, Italy, and Spain to just under 20% in Croatia. 46% of them never 
worked from home before.  

Table 5: Employed persons working from home as a percentage of the total employment, 
2013-2020 

Member State / Year 2013 2014 2015 2016 2017 2018 2019 2020 

European Union - 27 1.9 2.2 2.7 2.7 2.8 2.9 3.0 3.8 

Belgium 4.1 5.4 5.3 5.9 7.0 6.9 7.8 7.2 

Czechia 1.5 1.3 1.7 1.3 2.2 2.7 2.3 1.2 

Denmark 3.1 3.5 3.0 5.9 5.4 4.4 5.0 4.8 

Germany 1.5 1.7 1.7 1.6 1.3 1.6 1.9 3.5 

Estonia 3.0 3.2 3.6 6.3 5.9 6.9 8.4 6.1 

Ireland 2.2 2.4 2.5 2.3 3.2 3.9 3.7 3.3 

Greece 1.5 1.4  1.4 1.2 1.4 1.4  

Spain 1.2 1.0 0.9 0.8 1.0 1.0 0.6 1.4 

France 2.4 3.5 3.8 3.9 4.4 4.0 4.0 5.4 

                                                             
38  Ahrendt D et al., ‘Living, working and COVID-19’, Eurofound, 2020, p. 33. 

https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/how-covid-19-has-pushed-companies-over-the-technology-tipping-point-and-transformed-business-forever
https://www.mckinsey.com/business-functions/strategy-and-corporate-finance/our-insights/how-covid-19-has-pushed-companies-over-the-technology-tipping-point-and-transformed-business-forever
https://www.eurofound.europa.eu/sites/default/files/ef_publication/field_ef_document/ef20059en.pdf
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Member State / Year 2013 2014 2015 2016 2017 2018 2019 2020 

Croatia 2.0 1.2   1.4 1.0 1.0 2.4 

Italy 0.7 0.5 0.6 0.6 0.7 0.6 0.5 0.5 

Lithuania    1.1 1.2  1.2 1.6 

Luxembourg 4.9 5.5 14.9 15.1 14.2 13.7 15.0 14.3 

Hungary 2.2 1.9 1.2 1.2 1.6 2.3 1.4 3.8 

Malta      1.9 1.7 8.0 

Netherlands   4.4 4.1 4.8 4.5 5.3 5.7 

Austria 5.0 4.3 5.1 5.1 4.7 4.5 4.9 5.6 

Poland 2.7 3.1 4.1 3.4 3.1 3.6 4.1 4.4 

Portugal 3.2 3.2 3.2 2.9 3.1 3.7 3.5 3.4 

Slovenia 3.1 1.9 2.5 1.8 2.8 1.6 2.6 3.4 

Slovakia 2.6 2.0 2.7 2.4 1.7 2.3 3.4 3.5 

Finland 3.4 3.5 3.5 3.2 5.0 6.3 5.5 6.1 

Sweden 5.1 5.7 6.5 6.5 6.3 7.2 7.8  

Note: Data for Bulgaria, Cyprus, Latvia, and Romania are missing. 

Source: Eurostat, 2021. 

Working from home has been connected with many difficulties for employees, related to working 
conditions, working hours, and work-life balance.39 It is, however, likely that teleworking will grow 
after the pandemic. Figure 9 shows that 78% of employees surveyed by Eurofound indicated a 
preference for working from home at least occasionally post-pandemic. A third wishes to work from 
home several times a week and 13% - daily. 

                                                             
39  For details on how the COVID-19 pandemic in general and teleworking in particular affected employment  

(relationships) see Ahrendt D et al., ‘Living, working and COVID-19’, Eurofound, 2020. 

https://appsso.eurostat.ec.europa.eu/nui/show.do?query=BOOKMARK_DS-052914_QID_-50734B6_UID_-3F171EB0&layout=TIME,C,X,0;GEO,L,Y,0;SEX,L,Z,0;FREQUENC,L,Z,1;AGE,L,Z,2;WSTATUS,L,Z,3;UNIT,L,Z,4;INDICATORS,C,Z,5;&zSelection=DS-052914WSTATUS,EMP;DS-052914FREQUENC,USU;DS-052914INDICATORS,OBS_FLAG;DS-052914AGE,Y15-64;DS-052914SEX,T;DS-052914UNIT,PC;&rankName1=WSTATUS_1_2_-1_2&rankName2=UNIT_1_2_-1_2&rankName3=AGE_1_2_-1_2&rankName4=FREQUENC_1_2_-1_2&rankName5=INDICATORS_1_2_-1_2&rankName6=SEX_1_2_-1_2&rankName7=TIME_1_0_0_0&rankName8=GEO_1_2_0_1&sortC=ASC_-1_FIRST&rStp=&cStp=&rDCh=&cDCh=&rDM=true&cDM=true&footnes=false&empty=false&wai=false&time_mode=FIXED&time_most_recent=false&lang=EN&cfo=%23%23%23%2C%23%23%23.%23%23%23
https://www.eurofound.europa.eu/sites/default/files/ef_publication/field_ef_document/ef20059en.pdf
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Figure 9: Preference regarding the regularity of working from home post-pandemic, by 
teleworking status, EU27, 2020 

 

Source: Ahrendt D et al., ‘Living, working and COVID-19’, Eurofound, 2020, p. 34. 

2.4. Digital transformation and sustainability 
Digitalisation has the potential to facilitate the transformation to a green sustainable economy.40 In 
particular, it can foster decarbonisation in many sectors and make them more resource- and energy-
efficient, helping to reduce greenhouse gas emissions. Digital technologies are a crucial enabler41 
of the circular economy, and they are also used to monitor the state of our planet’s ecosystem (e.g. 
in terms of biodiversity, air, and water pollution, land erosion) and help to protect the environment. 
Besides the mitigation of climate change, digital technologies are also used to adapt to it and to 
increase resilience against (new) natural hazards. The view of digitalisation as a prerequisite for 
green transformation is so strong that the two are analysed as complementary, synergetic 
developments42, and ‘digitalisation-sustainability convergence’ can be observed on the markets 
(e.g. companies’ offerings, investment priorities).43 

The potential of digitalisation in the context of environmental policy has been recently recognised 
by the EU. While previous digital policies of the EU focused on economic growth, competitiveness 
and innovation, the “twin challenge of green and digital transformation” is front and centre of the 

                                                             
40  See a detailed discussion in WBGU (German Advisory Council on Global Change), ‘Towards our Common Digital 

Future’, 2019; ITU, ‘Turning digital technology innovation into climate action’, 2019. 
41  See, for instance, European Environmental Agency, ‘Digital technologies will deliver more efficient waste  

management in Europe’, Briefing of 27 January 2021; Kristoffersen E, Blomsma F, Mikalef P and Li J, ‘The smart circular 
economy: A digital-enabled circular strategies framework for manufacturing companies’, Journal of Business Research  
120, 2020. 

42  Best A, Diaz Lopez FJ and Mazzanti M, ‘How digitalisation can help or hamper in the climate crisis’, Paper for the Think 
2030 Conference, Berlin, 2020. 

43  Kiron D and Unruh G, ‘The Convergence of Digitalization and Sustainability’, MIT Sloan Management Review, 17 
January 2018. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

All employees

Worked at employer's premises / not at home

Worked at home partially

Worked at home exclusively

Daily Several times a week Several times a month Less often Never Total

https://www.eurofound.europa.eu/sites/default/files/ef_publication/field_ef_document/ef20059en.pdf
https://www.wbgu.de/en/publications/publication/towards-our-common-digital-future
https://www.wbgu.de/en/publications/publication/towards-our-common-digital-future
https://www.uncclearn.org/wp-content/uploads/library/19-00405e-turning-digital-technology-innovation.pdf
https://www.eea.europa.eu/themes/waste/waste-management/digital-technologies-will-deliver-more
https://www.eea.europa.eu/themes/waste/waste-management/digital-technologies-will-deliver-more
https://www.sciencedirect.com/science/article/pii/S0148296320304987
https://www.sciencedirect.com/science/article/pii/S0148296320304987
https://www.researchgate.net/publication/346010792_How_digitalisation_can_help_or_hamper_in_the_climate_crisis
https://sloanreview.mit.edu/article/the-convergence-of-digitalization-and-sustainability/
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European Commission's Communications ‘Shaping Europe’s digital future’44 and 2030 Digital 
Compass 45 - as well as the European Green Deal.46 The EU sees digital technologies as an enabler of 
the green transition and sustainable economy. Their wide adoption by citizens and businesses will 
allow for a fully circular approach to mitigate the environmental and social footprint of products, 
make possible the achievement of carbon neutrality by 2030, save energy and valuable materials 
and resources, enable sustainable business models and more efficient functioning of transport, 
energy, agriculture, and other sectors. 

However, the solution to environmental problems with the help of digitalisation may be offset by 
the negative environmental impacts that digital technologies produce.47 The manufacturing and 
delivery of digital equipment (e.g. laptops, smartphones, sensors, displays, servers, data storage 
systems) and networks that constitute the necessary infrastructure is very resource-intensive. They 
contain many critical raw materials 48 as well as hazardous substances.49 The high production of 
electronic devices and their short life-cycle lead to resource depletion, on the one hand, and to 
increased electronic waste management problems, on the other. The manufacturing of digital 
equipment consumes a lot of fresh water, while producing toxic water waste, polluting land, and 
negatively impacting biodiversity.  

The contribution of data centres and the ICT ecosystem as a whole to climate change has also been 
highlighted.50 The carbon footprint of the ICT ecosystem is similar to that of the aviation industry. In 
addition, the computational intensity of cryptocurrencies and AI may lead to a sharp rise in energy 
demand in the future.51 Data centres’ water consumption for their cooling systems can have 
negative repercussions for soil erosion, desertification, and biodiversity. 

Only a few studies 52 discuss the question whether the environmental benefits linked to digital 
transformation would outweigh its negative environmental impacts. The findings are far from 
unambiguous, not least due to inconsistencies in methodologies. Cautiously, the conclusion can be 

                                                             
44  European Commission, Shaping Europe’s digital future, COM(2020) 67 of 19.02.2020. 
45  European Commission, 2030 Digital Compass: the European way for the Digital Decade, COM(2021) 118 of 09.03.2021. 
46  European Commission, The European Green Deal, COM(2019) 640 of 11.12.2019. 
47  Liu R, Gailhofer P, Gensch C-O, Köhler A and Wolff F, ‘Impacts of the digital transformation on the environment and 

sustainability’, Study for DG Environment, 2019; Best A, Diaz Lopez FJ and Mazzanti M, ‘How digitalisation can help or 
hamper in the climate crisis’, Paper for the Think 2030 Conference, Berlin, 2020, pp. 10-12; Teufel B and Sprus CM, 
‘How digitalisation acts as a driver of decarbonisation’, Ernst&Young, 29 October 2020. 

48  The term was defined and described in the Communication by the European Commission, ‘Tackling the challenges in 
commodity markets and on raw materials’, COM(2011) 25 of 02.02.2011. Critical raw materials are those raw materials 
that display a particularly high risk of supply shortage in the next 10 years and whose impact on the European 
economy (i.e. value chains) is higher compared to most other raw materials. The European Commission identified 
initially 14 such raw materials (in 2011), but by 2020 that list grew to 30 raw materials. See detailed information on EU 
Science Hub, Raw Materials Information System (RMIS). 

49  Hazardous substances are not exactly defined by EU legislation, but seem to include those materials that can cause  
harm to humans or environment. They are regulated by the Directive 2011/65/EU of the European Parliament and of 
the Council of 8 June 2011 on the restriction of the use of certain hazardous substances in electrical and electronic 
equipment, OJ L 174 of 01.07.2011. 

50  Jones N, How to stop data centres from gobbling up the world’s electricity, Nature, 12 September 2018. 
51  It shall be noted that many data centre providers (including Atos, Amazon Web Services, Equinix, Google) and trade 

associations have signed the Climate Neutral Data Centre Pact that was approved by European Commission. The Pact 
follows the objectives of the European Green Deal and commits the signatories to reach carbon neutrality by 2030, to 
use 100% renewable energy, to address water efficiency, to embrace circular economy and other targets. 

52  See the summary and analysis in Liu R, Gailhofer P, Gensch C-O, Köhler A and Wolff F, ‘Impacts of the digital 
transformation on the environment and sustainability’, Study for DG Environment, 2019, p. 78. 

https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:52020DC0067
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:52021DC0118
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
https://www.researchgate.net/publication/346010792_How_digitalisation_can_help_or_hamper_in_the_climate_crisis
https://www.researchgate.net/publication/346010792_How_digitalisation_can_help_or_hamper_in_the_climate_crisis
https://www.ey.com/en_ch/decarbonization/how-digitization-acts-as-a-driver-of-decarbonization
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52011DC0025
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52011DC0025
https://rmis.jrc.ec.europa.eu/?page=crm-list-2020-e294f6
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX%3A32011L0065
https://www.nature.com/articles/d41586-018-06610-y
https://www.climateneutraldatacentre.net/
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
https://ec.europa.eu/environment/enveco/resource_efficiency/pdf/studies/issue_paper_digital_transformation_20191220_final.pdf
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drawn that there is no automatic causation between digital transformation and sustainability. 
Rather, policy intervention is necessary to correct the shortcomings of digitalisation and to ensure 
that it also leads to more sustainability and does not perpetuate unsustainable growth patterns.53 

 

 

                                                             
53  See UN High-level Panel on Digital Cooperation, ‘The age of digital interdependencies’, 2019; WBGU (German 

Advisory Council on Global Change), ‘Towards our Common Digital Future’, 2019. 

https://www.un.org/en/pdfs/DigitalCooperation-report-for%20web.pdf
https://www.wbgu.de/en/publications/publication/towards-our-common-digital-future
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3. State of play in the EU: industry and policies 

3.1. Digital transformation of the EU industry and society 
This chapter provides an overview of where the EU collectively stands in 2021 in terms of digital 
transformation of its economy and society. This is achieved by presenting indicators showing how 
strongly and at what scale digital technologies are integrated into the economy and how 
widespread their use is in society and among businesses.  

To consistently measure the performance of the EU as a whole and (where possible) of individual 
Member States, and to compare this performance to that of the leading non-EU countries, indicators 
from the DESI54 and International DESI (I-DESI) will be used. The DESI is the most comprehensive 
index to illustrate the (evolution of) digital transformation in Europe over time and across the policy 
fields that are in the focus of this study.  

The DESI is a composite index that consists of five dimensions (components) covering both the 
societal and economic aspects: 

1. Connectivity measures the deployment of broadband infrastructure and its quality; 

2. Human Capital measures the skills needed to take advantage of the digital society; 

3. Use of Internet Services measures online activities by citizens; 

4. Integration of Digital Technology measures the digitalisation of businesses; 

5. Digital Public Services measures the digitalisation of public services. 

This makes many DESI indicators suitable for assessing the performance in the fields of ICT policy, 
research and innovation (R&I) policy, and industrial policy.  

To provide more depth, detail or context to the DESI indicators, data from other sources (Eurostat, 
OECD, EIB, McKinsey, etc) is added. For instance, additional data sources were used to disaggregate 
the digitalisation of industry by sector or to perform a more in-depth analysis of R&I in emerging 
digital technologies. 

This chapter first looks at the overall performance of the EU in digital transformation. Then it moves 
to the ICT sector and Research, development, and innovation (R&D&I), both of which can be 
considered crucial to enable digital transformation in the economy and society by delivering the 
necessary infrastructure, technologies, and knowledge. Last, the chapter looks at the digital 
transformation of industry and zooms in on several sectors. 

3.1.1. Digital transformation in the EU overall 
EU Member States differ widely in terms of digital transformation, measured through the composite 
DESI and its components (see Figure 10). Just as in the previous years,55 Finland, Denmark, Sweden, 
and The Netherlands continue to lead the digital transformation in all aspects, while Bulgaria, 
Greece, and Romania remain at the bottom. The performance of Member States on individual 
components demonstrates the strengths and weaknesses of different countries that, unfortunately, 
sometimes perpetuate over years. Due to the large differences between the top-performing and the 
low-performing countries, the digital transformation of the EU as a whole is just above 50 of the 
                                                             
54  The detailed information and data can be found on the official website of DESI. 
55  See DESI 2017-2019. 

https://digital-strategy.ec.europa.eu/en/policies/desi
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possible 100 weighted score points. This means not only a lot of room for improvement but also a 
lot of need for approximation by way of catching up to the top.  

Figure 10: DESI composite index, EU27 and the UK, 2020 

 
Note: DESI 2020 is based on the 2019 data, so the effects of COVID-19 are not included. 

Source: DESI 2020. 

Table 6: Top-3 and bottom-3 Member States per DESI component 

DESI component Top-3 Member States Bottom-3 Member States 

Connectivity Denmark, Sweden, Luxembourg Croatia, Bulgaria/Cyprus, Greece 

Human capital Finland, Sweden, Estonia Bulgaria, Romania, Italy 

Use of internet 
Finland, Sweden, Netherlands/ 
Denmark Italy, Bulgaria, Romania 

Integration of digital 
technology 

Ireland, Finland, Belgium/ 
Netherlands Hungary, Romania, Bulgaria 

Digital public services Estonia, Spain, Denmark/ Finland Croatia/Slovakia, Greece, Romania 

Source: Authors based on DESI 2020. 

The differences in digital transformation performance of EU Member States become even more 
striking in the international comparison (Figure 11). The EU27 scores just below average, and the 
very best Member States perform at par or even higher than best third countries. Yet, the bottom 
four EU Member States are also at the bottom of the global comparison.  

https://digital-agenda-data.eu/charts/desi-composite#chart=%7B%22indicator%22:%22desi_sliders%22,%22breakdown%22:%7B%22desi_1_conn%22:5,%22desi_2_hc%22:5,%22desi_3_ui%22:5,%22desi_4_idt%22:5,%22desi_5_dps%22:5%7D,%22unit-measure%22:%22pc_desi_sliders%22,%22tim
https://digital-agenda-data.eu/charts/desi-composite#chart=%7B%22indicator%22:%22desi_sliders%22,%22breakdown%22:%7B%22desi_1_conn%22:5,%22desi_2_hc%22:5,%22desi_3_ui%22:5,%22desi_4_idt%22:5,%22desi_5_dps%22:5%7D,%22unit-measure%22:%22pc_desi_sliders%22,%22tim
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Figure 11: Comparison in I-DESI performance between EU top-4, EU average and EU bottom 
4, on the one hand, and third countries, on the other 

 

Note: The International Digital Economy and Society Index (I-DESI)56 study compared the EU27 with 18 third 
countries57 across the same dimensions as DESI using the 2015-2018 datasets. 

Source: Tech4i2, I-DESI 2020, p. 18. 

The I-DESI study also compared the development of digital transformation over 2015-2018. The 
EU27 performance has been growing modestly but steadily by 1.9% on average, while the US and 
China experienced outstanding development (Figure 12). 

                                                             
56  See the I-DESI 2020 final report and data on the official website.  
57  Australia, Brazil, Canada, Chile, China, Iceland, Israel, Japan, Mexico, New Zealand, Norway, Russia, Serbia, South Korea, 

Switzerland, Turkey, United Kingdom, and the United States. 

29,8
35,5
35,5

36,9
37,7
38,1
38,7

41,1
46,9
47,6

50,5
51,8

53,8
55,3

56,6
57,8

59,7
61,5
61,7

62,7
63,3

0 10 20 30 40 50 60 70

Turkey
Mexico

Brazil
EU Bottom 4

Serbia
China

Russia
Chile
Israel

EU Average
Korea
Japan

Canada
New Zealand

Australia
UK

Switzerland
USA

Norway
Iceland

EU Top 4

https://digital-strategy.ec.europa.eu/en/library/i-desi-2020-how-digital-europe-compared-other-major-world-economies
https://digital-strategy.ec.europa.eu/en/library/i-desi-2020-how-digital-europe-compared-other-major-world-economies


EPRS | European Parliamentary Research Service 

  

 

22 

Figure 12: Development of the composite index for 2015-2018 

 

Source: Tech4i2, I-DESI 2020, p. 17. 

3.1.2. The current state of the ICT sector 
The ICT sector is composed of manufacturing and services industries that capture, transmit, and 
display data and information electronically.58 This includes semiconductors, processors, devices 
(computers, phones), and enabling infrastructure (internet and telecoms networks). It is, therefore, 
key to the digital transformation supporting the digitisation of other industry sectors by providing 
the infrastructure and enabling innovation in digital technologies. 

The most recent PREDICT report 59 analyses the developments in the ICT sector over time and in 
comparison to leading third countries. The ICT sector is one of the most dynamic sectors of EU 
economy, with high productivity and R&D intensity (in particular the highest private business 
expenditure (BERD)). The most recent available data shows that in 2017 the ICT sector amounted to 
€630 billion value-added60 (4.1% of the EU value-added), employed 6.3 million people (2.7% of EU 
employment), and invested €32 billion in BERD (15.2% of EU BERD). Moreover, the ICT sector is 
responsible for employing 18.1% of the R&D personnel and 20.4% of the researchers of the total EU 
employment in these categories. The ICT sector also has a high share of government budget 
allocations for R&D (GBARD), namely €6.7 billion or 6.9% of total GBARD and 0.04% of total Gross 
domestic product (GDP). The segments of computer and related activities and telecommunications 

                                                             
58  OECD, Measuring the Information Economy. Annex 1. The OECD Definition of the ICT sector, 2002. 
59  Mas M et al., ‘The 2020 PREDICT Key Facts Report’. An Analysis of ICT R&D in the EU and Beyond, Publications Office of 

the European Union, Luxembourg, 2020. 
60  The economic concept of value added regards the difference between a given industry’s total revenues and the total 

costs (i.e., labour, materials, services) and it has not the same meaning encompassed in the term “European added 
value”. 
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are leading in all indicators (value added, employment, R&D expenditure, R&D personnel and 
researchers, government budget allocations for R&D). 

Table 7: Share of the ICT sector in the EU economy, by indicator, 2017 

 
Source: Mas M et al., ‘The 2020 PREDICT Key Facts Report. An Analysis of ICT R&D in the EU and Beyond’, 
Publications Office of the European Union, Luxembourg, 2020, p. 11. 

Figure 13: Relevance of ICT sector across EU27 and in the UK (by % in GDP), 2017 

 

Source: Mas M et al., ‘The 2020 PREDICT Key Facts Report. An Analysis of ICT R&D in the EU and Beyond’, 
Publications Office of the European Union, Luxembourg, 2020, p. 37. 

However, in the international comparison,61 the EU’s ICT sector takes a more modest position, with 
indications of its decline. In terms of value-added, the EU (€630 billion) is in third place after the USA 
(€800 billion) and China (€788 billion). In terms of employment, India is leading followed by 
Australia, Brazil, and China. In labour productivity growth, China, India, Taiwan and South Korea are 
                                                             
61  Based on the data from Mas M et al., ‘The 2020 PREDICT Key Facts Report’. An Analysis of ICT R&D in the EU and Beyond, 

Publications Office of the European Union, Luxembourg, 2020. 

https://ec.europa.eu/jrc/en/predict/ict-sector-analysis-2020/2020-key-facts-report
https://ec.europa.eu/jrc/en/predict/ict-sector-analysis-2020/2020-key-facts-report
https://ec.europa.eu/jrc/en/predict/ict-sector-analysis-2020/2020-key-facts-report
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at the top. In R&D expenditure (BERD), the USA spend the most (€84 billion), followed by China (€47 
billion) and the EU (€32 billion). The EU is in 9th place in R&D intensity. The EU is, however, ahead of 
the US in the government budget allocations for R&D, mainly focusing them on the segment 
computer and related activities.  

Analysing the trends in the ICT sectors globally, the 2020 PREDICT report concludes that “the centre 
of gravity of ICT is moving towards the East”.62 While the US is still leading (according to the data for 
2017), China is catching up fast, not least due to the size of its market. It is focusing more on higher 
value-added activities and investing heavily in R&D. 

One of the most noticeable outputs of the ICT sectors towards the economy and society and the 
main component of digital transformation is connectivity. The connectivity dimension in DESI 
comprises both the supply and demand side of fixed and mobile broadband. The EU-wide 
comparison shows the great differences between countries (Figure 14), especially in the take-up of 
fixed broadband and the mobile broadband indicator, which includes 5G readiness of the countries. 

Figure 14: Broadband connectivity across the EU27 and in the UK, 2020 

  
Note: Mobile broadband includes 4G coverage, take-up of mobile broadband, and 5G readiness indicators. 

Source: DESI 2020. 

In the international comparison, EU27 performs well (Figure 15), and the low-performing countries 
sit closer to the global average. However, the top EU countries lag behind Japan and Iceland. While 
the coverage and take-up in the EU are high, the connectivity speed is lower and the normalised 
broadband prices are higher than the average international values.  

 

                                                             
62  Mas M et al., ‘The 2020 PREDICT Key Facts Report’. An Analysis of ICT R&D in the EU and Beyond, Publications Office of 

the European Union, Luxembourg, 2020, p. 7. 

https://digital-agenda-data.eu/charts/desi-composite#chart=%7B%22indicator%22:%22desi_sliders%22,%22breakdown%22:%7B%22desi_1_conn%22:5,%22desi_2_hc%22:5,%22desi_3_ui%22:5,%22desi_4_idt%22:5,%22desi_5_dps%22:5%7D,%22unit-measure%22:%22pc_desi_sliders%22,%22tim
https://ec.europa.eu/jrc/en/predict/ict-sector-analysis-2020/2020-key-facts-report
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Figure 15: I-DESI scores for connectivity dimension, 2018 

 
Source: Tech4i2, I-DESI 2020, p. 20. 

3.1.3. The state of R&I in digital transformation 
Research and innovation activities relevant to digital transformation cannot be easily covered by 
statistics as they are carried out in many research facilities and by businesses, across many different 
fields. At the EU level, the intensity of cutting-edge research can be illustrated through participation 
in the Horizon 2020 programme. In 2014-2019, more than 3 500 projects related to ICT were 
supported with a total of approximately €11.4 billion. 

Figure 16: Horizon 2020 funding and ICT-related projects, 2014-2019 
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Source: DESI, 2020. 

More than half (50.5%) of all Horizon 2020 ICT funding was granted to Research and Innovation 
Actions – highly innovative projects that aim to uncover new knowledge or explore the feasibility 
of new technology, products, services, or processes. Further 30.8% went to Innovation Actions (IA) 
that produce plans or designs for new products and services (e.g. testing, piloting, prototyping, and 
similar activities).63  

Considering the current digital technology trends (see Section 2.1), statistics on R&I in individual 
technologies could illustrate the state of R&I in the EU. Based on the available data, quantum 
computing R&I and AI R&I lend themselves well to a closer examination. 

Quantum computing is a field of a new technological race between the EU, the US, and China (see 
Section 2.1). Although European research institutions are known for strong fundamental academic 
research in quantum computing, in terms of relevant patent applications Europe is lagging far 
behind the USA (Figure 17). In some areas (quantum communication and cryptography), Japan and 
China are global leaders.64 

Figure 17: Number of annually filed patent applications in the patent class ‘Quantum 
computers, i.e. computer systems based on quantum-mechanical phenomena’, EU27, by 
area 

 

Source: Räsänen M, Mäkynen H, Möttönen M and Goetz J, ‘Path to European quantum unicorns’, EPJ Quantum 
Technol. 8, 5, 2021. 

In 2020, there were at least 69 start-ups in Europe that work on quantum hardware or software 
solutions. Jointly, these start-ups raised at least €150 million private equity capital (no public grants 
included in this number). About two-thirds of these start-ups are active in software, mostly 
applications but a few also in operating systems.65 

                                                             
63  DESI 2020: Thematic chapters, p. 119. 
64  Oikawa A, Okoshi Y and Misuki Y, ‘China emerges as quantum tech leader while Biden vows to catch up’, Nikkei Asia, 

14 March 2021. 
65  Kiltz A, ‘The European Quantum Computing Startup Landscape’, Medium, 13 October 2020. Note that the data 

includes Israel, Russia, Turkey and the UK. 

https://digital-strategy.ec.europa.eu/en/policies/desi
https://epjquantumtechnology.springeropen.com/articles/10.1140/epjqt/s40507-021-00095-x
https://digital-strategy.ec.europa.eu/en/policies/desi
https://asia.nikkei.com/Spotlight/Datawatch/China-emerges-as-quantum-tech-leader-while-Biden-vows-to-catch-up
https://medium.com/uvc-partners-news/the-european-quantum-computing-startup-landscape-a115ffe84ad8
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Table 8: Top locations of European start-ups in quantum computing, 2020 

 

Source: Kiltz A, ‘The European Quantum Computing Startup Landscape’, Medium, 13 October 2020. 

While the number of investment deals that European start-ups can close with private investors has 
been growing and is on a par with what their American counterparts can achieve, European start-
ups receive much less money (Figure 18). It is reported that an average size of an investment deal 
on quantum computing in Europe is €3 million versus €14.3 million in North America.66 

Figure 18: Equity funding and deal count in Europe and North America67 

 

Source: Kiltz A, ‘The European Quantum Computing Startup Landscape’, Medium, 13 October 2020. 

                                                             
66  Kiltz A, ‘The European Quantum Computing Startup Landscape’, Medium, 13 October 2020. 
67  The number of deals are quite different from those reported by The State of European Tech 2019, which may be 

explained by the fact that the latter counted all deals, not only equity funding. The State of European Tech 2019 
reports that, in 2019, 58% of all investment deals in quantum computing companies was in Europe and only 32% in 
North America. The numbers were, respectively, 33% versus 56% in 2018 and 50% versus 43% in 2017, according to 
The State of European Tech 2019. 

https://medium.com/uvc-partners-news/the-european-quantum-computing-startup-landscape-a115ffe84ad8
https://medium.com/uvc-partners-news/the-european-quantum-computing-startup-landscape-a115ffe84ad8
https://medium.com/uvc-partners-news/the-european-quantum-computing-startup-landscape-a115ffe84ad8
https://2019.stateofeuropeantech.com/chapter/investments/article/investment-industry/
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In the area of AI, the EU has a lot of talented specialists, yet most of them are concentrated in 
Western Europe (France and Germany). While this is not surprising due to these countries being the 
largest by population and market, the share of AI talent in relation to the size active population 
paints a slightly different picture (Figure 19). AI specialists are concentrated in Ireland, Finland, 
Cyprus, Luxembourg, Sweden, and The Netherlands, and most Eastern and some South European 
countries fall far behind. Ireland stands out even within the high-performing group of countries, 
which may be due to the presence of many big tech companies there. 

Figure 19: Share of AI talent in relation to active population, per country, and by comparison 
to the AI talent in the EU as a whole 

 

Source: LinkedIn, AI Talent in the European Labour Market, Economic Graph, November 2019, p. 7. 

The EU fails to retain them as they frequently leave for the US. As Table 9 demonstrates, while Europe 
has a lot of researchers, the visibility of their research (the h-index and especially the citation impact 
of publications) is lower than that of the US researchers, in relative terms. Papers by US researchers 
receive 40% more citations than the world average, and US researchers are more represented at 

https://economicgraph.linkedin.com/content/dam/me/economicgraph/en-us/reference-cards/research/2019/LinkedIn-AI-Talent-in-the-European-Labour-Market.pdf
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prestigious AI conferences. Both trends have been ongoing for a few years.68 Also, the fact that many 
AI researchers earn their Doctor of Philosophy (Ph.D.) in the US means that they are more likely to 
stay there as the research shows that this is true for almost 80% of such researchers. 

Table 9: AI talent and research metrics, in absolute values 

Metric Year of data EU28 China USA 

Number of AI researchers (i.e. published a 
journal article or patented) 

2017 43064 18232 28536 

Number of top AI researchers (H-Index) 2017 5787 977 5158 

Number of top AI researchers (publishing at 
top academic conferences) 

2018 4840 2525 10295 

Educating top AI researchers (i.e. where top AI 
researchers earned their Ph.D.) 

2018 21% 11% 44% 

Number of AI papers 2018 20148 24929 16233 

Field-weighted citation impact 2018 1.1 0.8 1.4 

Top-100 software and computer service firms 
for R&D spending 2019 12 15 58 

R&D spending by software and computer 
service firms in top 2500 (in bn USD) 2019 14.6 23.7 124.5 

Source: Authors based on Castro D, McLaughlin M and Chivot E, ‘Who Is Winning the AI Race: China, the EU or 
the United States?’, Center for Data Innovation, 19 August 2019; Castro D and McLaughlin M, ‘The AI race: 
China, the EU, or the United States? 2021 update’, Center for Data Innovation, January 2021. 

The EU has a rich dynamic AI start-up landscape. The 2019 research shows that 13 European 
countries 69 are most active in AI and jointly have about 2 830 AI start-ups, of which 1 600 are early-
stage AI software companies.70 

                                                             
68  See the data in Castro D, McLaughlin M and Chivot E, ‘Who Is Winning the AI Race: China, the EU or the United States?’, 

Center for Data Innovation, 19 August 2019 and Castro D and McLaughlin M, ‘The AI race: China, the EU, or the United 
States? 2021 update’, Center for Data Innovation, January 2021. 

69  Austria, Denmark, Finland, France, Germany, Ireland, Italy, the Netherlands, Norway, Portugal, Spain, Sweden and the 
United Kingdom. 

70  The state of AI 2019 (Chapter 7). 

https://datainnovation.org/2019/08/who-is-winning-the-ai-race-china-the-eu-or-the-united-states/
https://datainnovation.org/2019/08/who-is-winning-the-ai-race-china-the-eu-or-the-united-states/
https://www2.datainnovation.org/2021-china-eu-us-ai.pdf
https://www2.datainnovation.org/2021-china-eu-us-ai.pdf
https://datainnovation.org/2019/08/who-is-winning-the-ai-race-china-the-eu-or-the-united-states/
https://www2.datainnovation.org/2021-china-eu-us-ai.pdf
https://www2.datainnovation.org/2021-china-eu-us-ai.pdf
https://www.stateofai2019.com/chapter-7-europes-ai-startups/


EPRS | European Parliamentary Research Service 

  

 

30 

Figure 20: European AI start-ups, developments over 2010-2018 

 

Source: The state of AI 2019 (Chapter 7). 

It shall be noted, though, that a great majority of European AI start-ups were located in the UK (2018 
data). The Brexit could trigger developments in the remaining EU27, as Germany’s and France's start-
up landscape has been growing much stronger, and Italy, Sweden, and Germany are considered the 
core technology hubs in AI for the whole of Europe.71 

Figure 21: Share of European AI start-ups, by country, and change in the last six years (% 
points) 

 

Source: The state of AI 2019 (Chapter 7). 

                                                             
71  The state of AI 2019 (Chapter 7). 

https://www.stateofai2019.com/chapter-7-europes-ai-startups/
https://www.stateofai2019.com/chapter-7-europes-ai-startups/
https://www.stateofai2019.com/chapter-7-europes-ai-startups/
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While core technology AI start-ups are increasingly attracting more investment, in general, 
European AI start-ups receive less venture capital than their American and Chinese counterparts 
(Table 10). 

Table 10: Investment in AI start-ups 

Metric Year of data EU28 China USA 

Venture capital and public equity funding (in m 
EUR) 2019 2702 4752 12085 

Number of venture capital and public equity 
deals 

2019 378 264 786 

Number of AI companies that received more 
than €1 m in funding 

2020 890 398 2130 

Source: Authors based on Castro D and McLaughlin M, ‘The AI race: China, the EU, or the United States? 2021 
update’, Centre for Data Innovation, January 2021. 

Turning to the general population, the COVID-19 pandemic has demonstrated the importance of 
having digital skills: simply having an internet connection and using the internet is not sufficient 
anymore. The DESI 2020 statistics show that while 85% of EU citizens use the internet in 2019, only 
58% have basic digital skills.72 Over the last four years, slow uptake of basic digital skills can be 
observed, reaching almost 60% of EU population in 2019. A much smaller fraction of the EU 
population (33%) has above basic digital skills.  

Figure 22: Development of digital skills of EU citizens (% individuals), EU27, 2015-2019 

 

Source: DESI, 2020. 

Specialised ICT skills are increasing in demand (Figure 23 below). In 2019, some 7.8 million ICT 
specialists worked across the EU (3.9% of all employed). The highest relative share of ICT specialists 
from the total employed was in Sweden (7%), followed by Finland (6.8%); the lowest relative share 

                                                             
72  DESI 2020: Thematic chapters, p. 51. 
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– in Greece (2.1%).73 The vast majority of ICT specialists are still male: the share of women grew only 
0.9 percentage points between 2011 and 2019 (from 17% to 17.9%).74 Bulgaria is the only Member 
State where the share of female ICT specialists is more than a quarter (28.1%).  

Figure 23: Developments in employment of ICT specialists and female ICT specialists in total 
employment (%), EU27, 2013-2018 

 
Source: DESI, 2020. 

In the international comparison, the top-performing EU countries outperform most third countries 
in digital skills (the exception being the US), but on average, the EU is lagging behind third countries 
in areas such as basic software coding skills. However, the EU performs well in terms of the number 
of ICT graduates.75 Still, the 2030 Digital Compass notes that the EU growth rate in ICT specialists is 
too slow to cover future demand and over 70% of businesses report the lack of staff with adequate 
digital skills as an obstacle to investment.76 

European companies are reporting difficulties with hiring relevant specialists. In 2018, 9% of all 
companies tried to recruit ICT specialists, and 58% of these companies reported problems with 
filling the vacancies. The differences between Member States are significant, from 90% of companies 
reporting difficulties in Romania to 27% in Spain.77 

The share of companies that provide on-the-job ICT training for their staff has remained largely the 
same over the last five years oscillating around 21%-22%. 

                                                             
73  Eurostat, ‘ICT specialists in employment’, October 2019. 
74  Eurostat, ‘ICT specialists in employment’, October 2019. 
75  Tech4i2 (2021) ‘2020 International Digital Economy and Society Index - SMART 2019/0087’, Luxembourg, Publications 

Office of the European Union. 
76  The Digital Compass was released in 2021 and sets out the vision for making 2030 a decade of empowering citizens 

and businesses through a digitalised economy. One of its key priorities is skills. For more information, see: European 
Commission, 2030 Digital Compass: the European way for the Digital Decade, 2021. 

77  Eurostat, ‘Hard-to-fill ICT vacancies: an increasing challenge’, 21 February 2020. 

https://digital-strategy.ec.europa.eu/en/policies/desi
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=ICT_specialists_in_employment#Number_of_ICT_specialists
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=ICT_specialists_in_employment#Number_of_ICT_specialists
https://ec.europa.eu/digital-single-market/en/news/i-desi-2020-how-digital-europe-compared-other-major-world-economies
https://digital-strategy.ec.europa.eu/en/policies/digital-compass
https://ec.europa.eu/eurostat/web/products-eurostat-news/-/DDN-20200221-1
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Figure 24: Enterprises that provide ICT training to their staff (%), 2015-2020, EU27 

 
Source: Authors based on the Eurostat data: ICT specialists - statistics on hard-to-fill vacancies in enterprises. 

This share varies considerably across different industry sectors (Figure 25). In the ICT sector, 53% of 
companies provide training for their ICT staff and 47% also train other staff. However, in all other 
industry sectors significantly more training is provided to other staff than to ICT specialists. 

Figure 25: Enterprises that provide training to their persons employed (%), by sector, EU28, 
2017 

 

Source: Eurostat, ‘ICT specialists - statistics on hard-to-fill vacancies in enterprises’. 

3.1.4. Digital transformation of the EU industry 
General overview 

The DESI/ I-DESI component “Integration of digital technology” measures the availability and 
absorption of technologies by businesses and the development of eCommerce. According to these 
indicators, in the international comparison, the average EU27 score is lower, and the bottom four 
EU countries are ahead of only Brazil, among the countries included in the analysis. 
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Figure 26: Comparison of business technology integration between EU top-4, EU average 
and EU bottom 4, on the one hand, and third countries, on the other, 2018 

 

Source: Tech4i2, I-DESI 2020, p. 29. 

The 2015-2018 trend analysis shows a downturn development in digital transformation of industry 
in EU27, and this development is stronger for the bottom four Member States. Digital transformation 
of industry in the US, Japan, and Australia has been growing in recent years. 

Figure 27: Development of the ‘integration of digital technology’ component over 2015-
2018 

 

Source: Tech4i2, I-DESI 2020, p. 28. 

10,3
15,1

18
19,1

21,4
24,1

27,8
28,6

34,8
41,1

48,7
49,5

55,7
57,6

64,4
64,7

71,4
73,4

75,6
76,4

86,1

0 10 20 30 40 50 60 70 80 90 100

Brazil
EU Bottom 4

Serbia
Mexico

China
Turkey
Russia

Chile
Korea

EU Average
New Zealand

Australia
Canada

Japan
Norway

UK
Iceland

USA
EU Top 4

Israel
Switzerland

10

20

30

40

50

60

70

80

90

2015 2016 2017 2018

In
te

gr
at

io
n 

of
 b

us
in

es
s t

ec
hn

ol
og

y s
co

re

EU27 Member States avg. EU top four Member States avg.

EU bottom four Member States avg. Iceland

USA Australia

Japan China

https://digital-strategy.ec.europa.eu/en/library/i-desi-2020-how-digital-europe-compared-other-major-world-economies
https://digital-strategy.ec.europa.eu/en/library/i-desi-2020-how-digital-europe-compared-other-major-world-economies


Annex: The Cost of Non-Europe on Digital Transformation 

 

 

35 

According to the Digital Transformation Survey 2018,78 about 1one third of companies have 
adopted at least one of the nine key digital technologies, but the adoption of individual 
technologies differs strongly (Figure 28). Social media, big data analytics, and cloud technologies 
are most commonly used, while AI and 3D printing are still quite rare. 

Figure 28: Adoption of different digital technologies by EU27 companies (%), 2018 

 

Source: PwC and CARSA, ‘Digital Transformation Scoreboard 2018: EU businesses go digital: Opportunities, 
outcomes and uptake’, Study for the European Commission, 2018, p. 19. 

The comparatively low rates of technology adoption in the EU translates to a low number of digital 
champions: of the world’s top 200 digital companies, only eight are European, while the top 15 are 
from the US or China. A study on digital champions by PwC found that only 5% of European 
companies reach the status of “digital champion” (compare to 11% in the Americas and 19% in Asia), 
meaning that most European companies are “digital followers”.79 

Within the EU, the differences in the integration of digital technologies by businesses between the 
top three and bottom three Member States are considerable (Figure 29). 

                                                             
78  PwC and CARSA, ‘Digital Transformation Scoreboard 2018: EU businesses go digital: Opportunities, outcomes and 

uptake’, Study for the European Commission, 2018. 
79  Geissbauer R, Lübben E, Schrauf S and Pillsbury S, ‘Digital Champions: How industry leaders build integrated 

operations ecosystems to deliver end-to-end customer solutions’, PwC Global Digital Operations Study 2018, pp. 6 
and 14-15. 
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https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/683fe365-408b-11e9-8d04-01aa75ed71a1
https://www.pwc.nl/nl/assets/documents/pwc-global-digital-operations-study-digital-champions-2018.pdf
https://www.pwc.nl/nl/assets/documents/pwc-global-digital-operations-study-digital-champions-2018.pdf
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Figure 29: Integration of digital technologies by EU Member States and the UK, 2020 

 

Source: DESI, 2020. 

The DESI findings yield similar results to the EIBIS (European Investment Bank Investment Survey) 
Digitisation Index by the European Investment Bank (EIB).80 This index also refers to the digitisation 
of businesses and eCommerce but focuses on the most recent digital developments, looks into the 
presence of strategic business monitoring systems, and captures whether companies see digital 
infrastructure as an obstacle for investment. Based on the EIBIS index, Denmark, The Netherlands, 
Czechia, and Finland are considered forerunners, ahead of even the US (Figure 30). The EIBIS 
characterises Greece, Italy, Lithuania, Poland, Ireland, and Latvia as performing “only modestly”. 

Figure 30: EIBIS Digitisation Index, EU27 and the UK, 2019 

 

Source: EIB, ‘Who is prepared for the new digital age? Evidence from the EIB Investment Survey’, 2020, pp. 9-
10. 

                                                             
80  EIB, ‘Who is prepared for the new digital age? Evidence from the EIB Investment Survey’, 2020. 

https://digital-strategy.ec.europa.eu/en/policies/desi-integration-technology-enterprises
https://www.eib.org/attachments/efs/eibis_2019_report_on_digitalisation_en.pdf
https://www.eib.org/attachments/efs/eibis_2019_report_on_digitalisation_en.pdf
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The share of employment in industries that have high (ICT services sector, finance and insurance, 
legal and accounting, advertising, and marketing, R&D) or medium-high digital intensity (ICT 
equipment and machinery, wholesale and retail, publishing, audiovisual and broadcasting, defence, 
arts and entertainment services) is fairly high in all EU Member States. Already in 2016, in nine 
Member States (Netherlands, Luxembourg, Belgium, Hungary, Germany, Slovakia, Spain, France, 
Czechia) more than 50% of all employment was in such sectors of industry. 

Figure 31: Share of jobs in digital-intensive sectors,  selected EU Member States and the UK, 
2016 

 
Note: Data for Bulgaria, Finland, Malta, and Romania missing. 

Source: OECD, Digital-intensive sector’s share in total employment. 

Digital transformation of SMEs 

European SMEs are still struggling to digitise. Analysis of different company characteristics indicates 
that the company size correlates with the adoption of digital technology: companies with less than 
50 employees are less likely to be digitised. Their use of various ICT for any purposes, employment 
of staff with ICT expertise, and making use of eCommerce are significantly lower compared to large 
companies. For large companies, some aspects of their digitisation are reaching the saturation point 
(Table 11 below). Interestingly, the company age does not matter: start-ups are not more likely to 
get digitised than older companies.81 

                                                             
81  EIB, ‘Who is prepared for the new digital age? Evidence from the EIB Investment Survey’, 2020, pp. 2-3; European 

Commission, ‘Science, Research and Innovation Performance of the EU 2020: A fair, green and digital Europe’, 2020, 
p. 738. 
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Table 11: Indicators tracking digitisation processes, by company size, % companies, EU27, 
2019 

 
Source: DESI, 2020. 

The use of different types of digital technologies among SMEs and large enterprises also differs 
(Figure 32). Many SMEs still do not benefit from big data and rarely use customer relationship 
management software and cloud services. Interestingly, the use of cross-border eCommerce and 
especially marketplace eCommerce is low for companies of all sizes.  

Figure 32: Adoption of various digital technologies, by company size, % companies, EU27, 
2018 

 

Source: European Commission, ‘An SME Strategy for a sustainable and digital Europe’, COM(2020) 103 of 
10.03.2020, p. 4. 

3.1.5. Digital transformation by industry sector 
Digital transformation of industry sectors is progressing at different paces, depending on various 
characteristics of sectors (e.g. how digitally intensive the sector is,82 the share of SMEs), their specific 
needs, and their starting points. Traditionally, the ICT sector (see different segments: 

                                                             
82  See Calvino F et al., ‘A taxonomy of digital intensive sectors’, OECD Science, Technology and Industry Working Papers, 

2018/14, OECD Publishing, Paris, 2018. 
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Use any ICT security measures 99% 92%
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Maximum contracted download speed of the fastest internet connection is at least 30Mbps 80% 49%
Use ERP software package to share information 78% 33%
Use any social media 78% 52%
Use social media for any purpose 76% 50%
Use customer relationship management (CRM) software 62% 32%
>50% of employed people use computers and the internet 55% 44%
>20% of workers with portable devices for business use 46% 36%
Sell online (at least 1% turnover) 39% 18%
Receive electronic orders (web or EDI) from customers from other EU countries 23% 8%
>1% of the total turnover web sales and B2C web sales >10% of the web sales 10% 8%
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https://digital-strategy.ec.europa.eu/en/policies/desi-integration-technology-enterprises
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0103&from=EN
http://dx.doi.org/10.1787/f404736a-en
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telecommunications, computer programming, information, etc.) is the most digitised, while others 
(e.g. construction, transport) can boast highly digitised companies only in single digits (Figure 33). 

Figure 33: Companies with high or very high digital intensity index, by sector, % companies, 
EU28, 2018 

 

Source: DESI – Integration of digital technology, 2019. 

By comparison with the US, the share of fully digitised companies (i.e. whose entire business is 
organised around at least one digital technology) in the EU is lower in all sectors (Figure 34). 
Manufacturing and infrastructure sectors in the EU have a similar level of digitisation to the USA, 
while the construction sector is lagging significantly behind.  

https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=59979
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Figure 34: Adoption of digital technologies in the EU27 and USA, by sector, % companies, 
2019 

 

Source: EIB, ‘Who is prepared for the new digital age? Evidence from the EIB Investment Survey’, 2020, p. 1. 

There are also marked differences in the adoption of specific types of digital technologies in the EU 
by comparison to the USA (Figure 35). While the use of 3D printing is on a par or a little bit higher, 
the adoption of IoT is significantly lower in all industry sectors. 

Figure 35: Adoption of different technologies in the EU27 and USA, by sector, % of 
companies, 2019 

 

Source: EIB, ‘Who is prepared for the new digital age? Evidence from the EIB Investment Survey’, 2020, p. 2. 

In addition, the research shows that, in some sectors, digitised companies from non-EU countries 
dominate. The prime example is the services sector, where the pioneering companies and big tech 
are typically from the USA or China. Researchers now find evidence that the EU’s lagging is 
correlated with subdued productivity growth.83 

                                                             
83  European Commission, Science, Research and Innovation Performance of the EU 2020: A fair, green and digital Europe, 

2020, p. 735. 

https://www.eib.org/attachments/efs/eibis_2019_report_on_digitalisation_en.pdf
https://www.eib.org/attachments/efs/eibis_2019_report_on_digitalisation_en.pdf
https://ec.europa.eu/info/sites/default/files/srip/2020/ec_rtd_srip-2020-report.pdf
https://ec.europa.eu/info/sites/default/files/srip/2020/ec_rtd_srip-2020-report.pdf
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3.2. Overview of EU level and national policies 
In continuation of and building on the previous EU’s digital policies, 84 the European Commission 
issued a Communication “Shaping Europe's digital future”85 to ensure the continuous digital 
transformation of the EU’s economy and society based on the common European values. This 
strategic framework sets out priorities for the next five years (2019-2024) for the European 
Commission, which includes the development, deployment, and uptake of digital technologies that 
work for people and (globally) competitive economy based on digital technologies. The strategic 
document foresees some policy actions throughout the Commission’s mandate, some of which 
have already been implemented and will be discussed further below. 

The EU’s ambition to achieve “digital sovereignty” has been expressed and specified in the 2021 
Communication86 announcing the Digital Decade and a set of digital principles, four long-term 
digital targets (till 2030), and some governance arrangements for seeing the changes through and 
monitoring their achievement. The concrete terms of the targets and monitoring are expressed in 
the Digital Compass tool and can be said to represent the next stage of the digital transformation. 
The targets cover four broad areas: 

1. a digitally skilled population and highly skilled digital professionals; 

2. secure and substantial digital infrastructures; 

3. digital transformation of businesses; 

4. digitisation of public services. 

The current state of digital transformation brings the EU about halfway towards achieving the new 
Digital Compass targets (Figure 36). Old and new policies, in development or already adopted at the 
EU level and nationally, have the potential to ensure continuous progress towards meeting the 
targets on time. 

                                                             
84  With an ever larger ambition and scope, the EU launched several digital strategies underpinned by specific policies 

over the years. The most prominent were the digital policies launched in the previous decade, namely European 
Commission, A Digital Agenda for Europe, COM(2010) 245 final/2 of 26.8.2010 and European Commission, A Digital 
Single Market Strategy for Europe, COM(2015) 192 of 6.5.2015. 

85  European Commission, Shaping Europe's digital future, 19 February 2020. 
86  European Commission, 2030 Digital Compass: the European way for the Digital Decade, COM(2021) 118 of 09.03.2021. 

https://eur-lex.europa.eu/legal-content/en/ALL/?uri=celex%3A52010DC0245
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52015DC0192
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52015DC0192
https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/shaping-europe-digital-future_en
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:52021DC0118
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Figure 36: How far the EU is from the 2030 Digital Compass targets 

 

Source: European Commission, 2030 Digital Compass: the European way for the Digital Decade, COM(2021) 
118 of 09.03.2021. 

To provide illustrative examples of national policies related to digital transformation, we analysed 
relevant policies in a selection of nine EU Member States. The selection is based on seven indicators 
presented in previous parts of the report and representing the performance of each Member State 
in the ICT Sector (i.e. DESI Connectivity, Relevance of ICT sector,87 research and innovation in digital 
transformation (DESI Human capital, DESI use of internet) and industrial policy (i.e. DESI integration 
of digital technologies, EIBIS digitisation index, OECD jobs in digital intensive sectors). Based on 
those we split Member States into frontrunners, followers, and laggards for each theme (i.e. ICT 
sector, R&I, and industrial policy), and measured the times each Member States appears in each 
category. Then by attributing a value per time each country appeared in each category and 
multiplying the number of times by this value we developed an indicative overall ranking that 
assisted our selection. This ranking is shown in the table below, and the selected Member States are 
highlighted in orange. 

Figure 37: Selection of Member States for mapping of national policies 

  

Source: Authors’ country selection ranking. 

                                                             
87  Mas M et al., ‘The 2020 PREDICT Key Facts Report. An Analysis of ICT R&D in the EU and Beyond’, Publications Office of 

the European Union, Luxembourg, 2020, p. 37. 
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Based on the described process and the ranking illustrated in the figure above we conducted the 
final selection ensuring we focus on frontrunners, followers, and laggards, as well as the selected 
Member States are located in various EU regions (from east to west and north to south) and are of 
different sizes. Further below you will find a mapping of national policies and initiatives for Finland, 
The Netherlands, Sweden, Estonia, Slovenia, France, Italy, Poland, and Greece. 

3.2.1. ICT policy 
ICT policy shall deliver what can be considered a foundation for the digital transformation of 
industry and society. While ICT policy is difficult to divest from digital policy in general, this overview 
focuses on policy measures related to information technology and communications networks and 
services, including technological and security aspects and the establishment and development of 
trans-European networks (i.e. infrastructure).  

EU-level policies 

The Digital Compass Communication contains a separate pillar “Secure, performant and sustainable 
digital infrastructures” that lays out the following specific targets on ICT by 2030: 

• Gigabit connectivity for all EU households; 
• 5G coverage for all populated areas; 
• at least 20% of world cutting-edge and sustainable production of semiconductors to be 

situated in the EU; 
• 10 000 climate-neutral highly secure edge nodes88 to be deployed in the EU in such a 

way that will guarantee access to data services with low latency for any business; 
• first EU’s quantum computer by 2025, cutting-edge quantum capacities by 2030. 

The EU Action Plan for 5G was adopted in 201689 to ensure the early deployment of 5G 
infrastructure in Europe. The objective of the action plan was to launch 5G services in all EU Member 
States by the end of 2020 and to provide uninterrupted 5G coverage in urban areas and at main 
transport routes by 2025. The action plan implementation has been supported by a public-private 
partnership (PPP) on 5G (5G-PPP)90 and public funding of more than €700 million via Horizon 2020. 
The 5G Observatory91 was set up to monitor market developments in the EU and third countries, by 
public and private actors. With the adoption of the European Electronic Communications Code 
(EECC),92 the EU created the legal framework for the actual deployment of 5G. To deliver on the 
Digital Compass targets and to reap the advantages of the first mover to 6G, the European 
Commission proposed93 the creation of the Smart Network and Services Joint Undertaking – a legal 
and funding entity to foster 6G technology through R&D&I activities and to boost 5G deployment. 
The Commission suggests endowing the new entity with the €900 million budget for 2021-2027. 

                                                             
88  An edge node is a computer that acts as an end user portal (or “gateway”) for communication with other nodes in 

cluster computing, where components of a software system are shared among multiple computers. See European 
Commission, 2030 Digital Compass: the European way for the Digital Decade, COM(2021) 118 of 09.03.2021. 

89  European Commission, 5G for Europe: An Action Plan, COM(2016)588 of 14.09.2016. 
90  Official website 5G-PPP.eu. 
91  Official website 5GObservatory.eu. 
92  Directive (EU) 2018/1972 of the European Parliament and of the Council of 11 December 2018 establishing the 

European Electronic Communications Code, OJ L 321 of 17.12.2018. 
93  European Commission, Proposal for a Council Regulation establishing the Joint Undertakings under Horizon Europe, 

COM(2021) 87 of 23.02.2021. 

https://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:52021DC0118
https://digital-strategy.ec.europa.eu/en/library/communication-5g-europe-action-plan-and-accompanying-staff-working-document
https://5g-ppp.eu/
http://5gobservatory.eu/about/what-is-the-european-5g-observatory/
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32018L1972
https://eur-lex.europa.eu/resource.html?uri=cellar:7efecf4b-75de-11eb-9ac9-01aa75ed71a1.0001.02/DOC_1&format=PDF
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The mentioned EECC also serves to enable the European Gigabit Society, which means, in addition 
to 5G connectivity, at least 100 Megabits per second (Mbps) for all European households by 2025 
and Gigabit connectivity for all socio-economic drivers (e.g. schools, hospitals, public 
administrations and the like).94 The deployment of very-high capacity networks is expensive and is 
supported by public funding measures as well as by various incentives. For instance, the Directive 
on measures to reduce the cost of deploying high-speed electronic communications networks95 
aims to facilitate the deployment by encouraging coordination of civil works by utility operators, 
joint deployment and co-location by competitors, sharing and re-using of the physical 
infrastructure. To support the deployment in rural and underserved areas, The Guidelines for the 
application of State aid rules to broadband networks deployment96 were revised. The capacity 
building to support the broadband network deployment is provided through the European 
Broadband Competence Offices Network.97 

While the EU strategy on AI dates only from 2018,98 its activities since in the field have been 
manifold. The strategy proposed a three-pronged approach: 1) to boost the technological and 
industrial capacity, 2) to prepare the economy and society for changes associated with AI, and 3) to 
ensure the necessary ethical and legal framework. The actions followed reflected this approach. The 
Commission conducted a stakeholder consultation and created a High-Level Expert Group on AI (AI-
HLEG), tasked with the drafting of ethics guidelines for trustworthy AI (issued in 2019).99 The 
Commission also launched the European AI Alliance100 as a discussion forum for the industry, 
academia, and experts. Last but not least, the Commission also adopted a Coordinated Plan on the 
Development and Use of AI101 to ensure a common vision and to encourage coordination of national 
efforts and use cross-border synergies. 

Further milestones were the Commission’s communication on Building Trust in Human-Centric AI 
and the White Paper on AI.102 They solidified the EU’s commitment to human-centric and 
trustworthy AI and became the first step towards a legislative framework that was finally proposed 
in 2021. The proposal for a Regulation on AI103 outlines a risk-based approach to eliminate or 
mitigate risks connected with the use of AI and aims to protect human dignity and fundamental 

                                                             
94  European Commission, Connectivity for a Competitive Digital Single Market - Towards a European Gigabit Society, 

COM(2016)587 of 14.09.2016. 
95  Directive 2014/61/EU of the European Parliament and the Council of 15 May 2014 on measures to reduce the cost of 

deploying high-speed electronic communications networks, OJ L 155 of 23.05.2014. 
96  European Commission, EU Guidelines for the application of State aid rules in relation to the rapid deployment of 

broadband networks, OJ C 25 of 26.01.2013. 
97  Official website of the BCOs Network. 
98  European Commission, ‘Artificial Intelligence for Europe’, COM(2018) 237 of 25.04.2018. 
99  The Ethics Guidelines for Trustworthy AI and accompanying documents as well as the information on the work of the 

AI-HLEG can be found on the official website of the Commission.  
100  Website of the European AI Alliance. 
101  European Commission, Questions and Answers: coordinated plan for Artificial Intelligence “made in Europe”, Memo 

of 7 December 2018. 
102  European Commission, ‘Building Trust in Human Centric Artificial Intelligence’, (COM(2019)168 of 08.04.2019; 

European Commission, ‘On Artificial Intelligence - A European approach to excellence and trust’, White Paper, 
COM(2020) 65 of 19.02.2020. 

103  Proposal for a Regulation of the European Parliament and of the Council laying down harmonised rules on Artificial 
Intelligence (Artificial Intelligence Act) and amending certain union legislative acts, COM(2021) 206 of 21.04.2021. 

https://digital-strategy.ec.europa.eu/en/library/communication-connectivity-competitive-digital-single-market-towards-european-gigabit-society
https://eur-lex.europa.eu/legal-content/en/ALL/?uri=CELEX%3A32014L0061
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=4575
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=4575
https://digital-strategy.ec.europa.eu/en/policies/bco-network
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2018%3A237%3AFIN
https://digital-strategy.ec.europa.eu/en/library/ethics-guidelines-trustworthy-ai
https://futurium.ec.europa.eu/en/european-ai-alliance
https://ec.europa.eu/commission/presscorner/detail/en/memo_18_6690
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52019DC0168
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0065&WT_mc_id=Twitter
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1623335154975&uri=CELEX%3A52021PC0206
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rights. The proposal explicitly adopts the ethical guidelines developed by the AI-HLEG. Together 
with the proposed Regulation, a revised Coordinated Plan 104 was adopted. 

Edge computing depends on the developments in 5G and cloud computing. On the latter, the 
European Commission adopted its cloud strategy in 2019,105 in an attempt to lead by example. The 
European Commission strives to create user-focused, data-driven administration by 2022 by way of 
transformation of its IT into cloud computing. At the same time, the relevant legal framework is 
being amended to create a favourable environment for the development and functioning of cloud 
services. In particular, the recent legislation and soft law106 on portability and free movement of non-
personal data and personal data will provide legal certainty for cloud services across Europe. The 
Commission also tasked107 the European Network and Information Security Agency (ENISA) to 
develop a cybersecurity certification scheme for cloud services, to stimulate the development of 
secure and trusted clouds in the EU, which could become a global competitive advantage. The EU 
also launched the European Open Science Cloud (EOSC) that provides infrastructure and high-speed 
connectivity for scientists to store and manage very large data volumes. The data processing is 
enabled by high-performance computing. The EOSC is funded from private and public sources, 
specifically €2 billion is allocated from Horizon 2020.108 

In 2020, the EU revised its Cybersecurity Strategy to make it fit for the Digital Decade.109 The 
overhaul is important as the new Strategy takes into consideration the development of IoT, cloud 
computing, AI, broadband, and 5G/6G as well as seems to account for the acceleration of digital 
transformation during the COVID-19 pandemic. The new Strategy fully acknowledges that we live 
in a connected world and advances cooperative approaches to cybersecurity, within the EU and 
internationally (e.g. through the EU Cyber Diplomacy Toolbox, EU Cyber Diplomacy Network, and 
EU External Capacity Building Agenda). To support the work of ENISA and to strengthen the 
operational and technical cooperation in Europe, the Commission is preparing a proposal for Joint 
Cyber Unit. The legal framework is being continuously developed, with the Cybersecurity Act110 
providing a legal basis for cybersecurity certification and making ENISA a full-fledged permanent 
cybersecurity agency. However, to increase the cyber and physical resilience of critical networks, 
new legislative measures are necessary. The existing Network and Information Systems Directive 
(NIS Directive)111 is not fit for purpose anymore and needs to be amended to account for the digital 
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16.05.2019. 
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108  For details on the EOSC see The European Cloud Initiative. 
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transformation and the resulting new threat landscape. The proposed new NIS Directive112 covers 
more critical sectors and both large and medium companies within these sectors. It also strengthens 
security requirements for companies and introduces more streamlined processes for incident 
reporting. The proposed Critical Entities Resilience Directive113 is also an overhaul of the existing 
Critical Infrastructure Directive114. The proposal expands the scope to cover 10 industry sectors 
(energy, transport, banking, financial market infrastructures, health, drinking water, wastewater, 
digital infrastructure, public administration, and space) and introduces the requirement of regular 
risk assessments. 

National Policies 

The nine Member States, selected for analysis, all cover most of the aspects considered to be crucial 
at EU level, recognising the importance of ICT policies for digitalisation and modernisation. All nine 
Member States, regardless of their country scores (presented in Table 38), have adopted a general 
digital strategy. To see more in detail the mapping of all the national policy initiatives found, see 
Annex I.  

In terms of broadband strategies, all countries analysed have set up plans to keep up with the 
objectives of the EU-wide Gigabit Society. However, the level of ambition of the objectives varies. 
Frontrunner countries (Sweden, Finland, and The Netherlands) have indicated they will be able to 
reach the 100% coverage at 100 Mbps objective by 2025 – in some cases, even in advance. Slovenia 
is a virtuous case: while standing mid-table in the country score (Table 38), it indicated the ambition 
to reach 96% coverage by 2025. The other countries’ strategies, instead, set out less ambitious 
targets: most of them indicate 100% coverage at 30 Mbps as a feasible objective in the short term. 
Some laggard countries set higher targets than others. For instance, Italy considers it feasible to 
obtain an 85% coverage at 100 Mbps in the medium term, while Greece indicated only 50% and 
Estonia, high-ranked in our country score, only 60% coverage. Therefore, while as a rule frontrunner 
countries tend to be more ambitious in their broadband objectives than laggards, it is possible to 
find outliers such as Slovenia, Italy, and Estonia. 

National 5G strategies tend to be in line with the EU’s objective to launch services by the end of 
2020. Not every country has a dedicated, government-led 5G strategy clearly defining objectives 
(for example, Greece, Slovenia, and Italy do not have such strategies). However, all countries under 
examination have rolled out 5G in at least one city.115 Among the frontrunners, Sweden is the most 
advanced from the policy point of view, having set ambitious objectives in its 5G strategy already in 
2016, when this technology was still a novelty. However, the presence of a clear 5G strategy and the 
status of the rollout does not seem to correlate clearly. For instance, Poland has a detailed strategy 
but encountered many rollout issues, mostly related to difficulties in launching 5G auctions, the first 
of which was relaunched in mid-2020. On the other hand, Italy has started its rollout in major cities 
already in 2016, Greece is working on establishing a trans-national 5G band with Bulgaria and Serbia, 
and Slovenia has 5G deployed in 33% of the country. Again, while the frontrunner countries are 
consistent in faring well, the situation is less straightforward for the follower and laggard countries. 
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In the case of AI strategies, it needs to be highlighted that national policies were mandated at EU 
level through the 2021 Coordinated Action Plan,116 itself building on a 2018 plan signed by Member 
States and Norway. Therefore, each country analysed either has a dedicated AI strategy or a section 
in its national digital strategy. However, a clear trend is visible between frontrunner countries and 
the others: the former group has established AI strategies at an earlier stage, between 2017 and 
2018, which in some cases (especially the Swedish one) tackle advanced aspects such as the 
unintended and ethical consequences of AI. Laggard countries developed AI strategies only 
recently 117 that mostly focus on practical aspects such as favouring the uptake of AI technologies 
and favouring investments in the field. 

Each of the nine analysed countries has a full-fledged cybersecurity strategy, which probably 
emphasises the importance of this topic for their digital transformation. While the EU has renewed 
its cybersecurity objectives in 2020 to adapt to the newest technological trends, some countries still 
rely on relatively old objectives. However, it is not possible to establish a clear pattern on this based 
on our country score indicator (Table 38). For example, France and Slovenia, relatively low in score, 
have old strategies (2015 and 2016 respectively), but the Greek strategy is brand new (2020). The 
difficulty in finding a pattern emerges also in terms of the content of the strategies. While some are 
more limited – focusing on technical aspects – and others touch more advanced topics such as data 
privacy, citizens involvement, and education schemes, our country score does not appear to be 
relevant in making a distinction. 

The need to update countries’ digital strategies is reflected in their National Resilience Plans, 
recently adopted to fight the COVID-19 pandemic and expected to improve Member States’ set of 
digital and ICT policies. A key aspect differentiating the level of ambition of these plans is their 
budget – keeping in mind the overall budget was negotiated at EU level, with a minimum of 20% to 
be invested for digital transformation. Hence a clear difference between the massive €191 billion 
budget allocated to Italy and the much smaller €41 billion budget for France. While Italy ranks only 
a little lower than France in our country score, and the difference is not enough to justify such a 
disproportion in budgets, which might be rather lying in other political and economic reasons. 

3.2.2. Research & Innovation 
EU-level policies 

The EU’s research and innovation policy supports the development and competitiveness of the 
European economy and society. In 2018, the Commission renewed the European Agenda for 
Research and Innovation118 in response to, among other things, digitisation and greater reliance 
on research and innovation in all areas of economy and society. The new Agenda was also to close 
some of the previously identified gaps. One of the important and persistent gaps is the lack of 
venture capital in Europe by comparison to the leading third countries. To solve the problem, the 
Agenda aimed to increase the public funding and called on Member States to adopt the next MFF 
with a large R&I budget (as was accomplished) and to increase their national R&I budgets to reach 
the 3% GDP target. To boost the private investment, the Agenda launched the VentureEU initiative 

                                                             
116  Annexes to the Communication from the Commission to the European Parliament, the European Council, the Council, 

the European Economic and Social Committee and the Committee of the Regions. Fostering a European approach to 
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future, COM(2018) 306 of 15.05.2018. 
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– an EU-backed fund to leverage public investment of €2.1 billion to trigger even larger capital flows 
to start-ups and scale-ups.119 

The Agenda recognised the importance of the innovation-friendly regulation framework, in 
particular, its potential to support the commercialisation of R&I and incentivise relevant 
investments. Therefore, the EU continues promoting innovation procurement by the public sector. 
The implementation of the 2014 Procurement Directive120, which created a common framework for 
innovation procurement and introduced innovation partnerships, has not yet yielded many fruits 
due to inconsistent transposition and application by Member States.121 To help Member States 
effectively implement and practice innovation procurement, the Commission issued the 2018 
Guidance on Innovation Procurement.122 Another action is to reform the existing State aid 
Framework for research, development, and innovation 123 that was originally passed in 2014 to 
enable Member States to provide incentives to companies and research entities to carry out R&I 
activities in situations of market failure. The RDI State aid framework needs to be updated, not least 
in the light of the Digital Decade and to provide for the development and adoption of new digital 
technologies.124 

The European Research Area (ERA) is probably the most important policy initiative of R&I policy. 
Launched in 2000 and revitalised in 2018, it aims to create an internal market for research, 
technology, and innovation. The action plan for a new ERA was adopted in 2020, with one of the 
priorities being investments and research R&I for digital transition. Around the ERA priorities, 14 
action points are developed to coordinate Member States’ efforts in reforming and developing their 
education, research, and policies and in dissemination and uptake of technology and innovation 
across the EU.125 

To maintain the scientific and technical expertise in quantum technologies, the EU launched the 
Quantum Technologies Flagship in 2018.126 The EU envisions the development of a “quantum web” 
– a quantum communication network of quantum computers, simulators, and sensors. For this, the 
research and the industry across the EU should be mobilised and coordinated to provide for relevant 
education, research, and training and to develop market applications and facilitate the take-up. The 
Flagship will be funded with €1 billion from Horizon 2020, Horizon Europe, and Digital Europe 
Programme (DEP) over 10 years (until 2028). 

The development of digital skills is an adjacent area to the R&I policy. Digital skills of the European 
population and workforce are essential to enable successful digital transformation and to ensure 
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that Europeans fully benefit from it. This is why the Digital Compass foresees targets on digital skills, 
namely by 2030 at least 80% of the population should have basic digital skills, and at least 20 million 
ICT specialists are employed in the EU, with convergence between men and women.127 Among the 
concrete actions taken to reach these targets are the Digital Education Action Plan and the European 
Skills Agenda. The European Skills Agenda128 is a five-year plan with 12 action points organised 
around thematic blocks of collective action, right skills for jobs, supporting lifelong learning, and 
unlocking investments for skills. Building on the previous Skills Agenda, the new document has 
revised objectives and measures to account for the demands of the accelerated digitisation. 
Digitisation runs like a red thread throughout all planned actions and initiatives, however, some of 
them are devoted to digital-only. For example, the Digital Skills and Jobs Coalition of states, 
companies, social partners, Non-governmental organisations (NGOs), and educators work to 
develop training programmes, recruitment, and reskilling of the existing workforce. The 
Commission will support “digital skills for all” initiatives, like digital crash courses for SMEs and ICT-
Jump-Start trainings to tackle the ICT skills shortage. The Digital Education Action Plan for 2021-
2027129 builds on the previous 2018-2020 plan and aims to foster the development of a high-
performing digital education ecosystem and enhance skills for digital transformation. For this, many 
of the existing actions and initiatives are consolidated and updated (e.g. European Digital 
Competence Framework, Digital Opportunity traineeships, European Institute of Innovation and 
Technology, EU Science, technology, engineering, mathematics (STEM) Coalition). However, even 
more new actions across a variety of fields are planned, for instance, European Digital Education 
Content Framework, Erasmus projects for digital transformation plans at all levels of education and 
training, common guidelines for educators to foster digital literacy, EU Digital Education Hub and 
others. 

The EU has recently updated its international strategy on research and innovation. The 
Communication on Europe’s global approach to research and innovation130 addresses the changing 
geopolitical situation and endangered common fundamental values by modifying the cooperation 
with third countries to reflect European values and introducing the so-called “Team Europe” 
approach. The EU remains dedicated to open science by default and intends to work with 
international partners to create a common understanding of research and innovation values and 
principles, such as academic freedom, open science, research ethics, and evidence-based 
policymaking. International cooperation should be reciprocal and create a level-playing field on 
issues like integrity and intellectual property rights. Digital transition is one of the focal points of the 
new strategy that foresees international digital partnerships matching the themes of the Digital 
Compass. The strategy specifically promotes research into improved digital connectivity and 
research partnerships on AI, IoT, big data, and applications of digital technologies to tackle 
environmental and health challenges. 
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A number of EU-level financial instruments play a pivotal role in supporting R&D&I for digital 
transformation. Under the current Multiannual Financial Framework (MFF) for 2021-2027 that is 
focused on new priorities, including digital, several programmes will provide funding for different 
R&D&I activities and throughout different stages of ICT development and deployment: Horizon 
Europe, Digital Europe programme, Connecting Europe Facility, Cohesion policy and Recovery and 
Resilience Facility.131 

Horizon Europe with its large budget of €95.2 billion (in current prices) is the key EU’s programme 
for research and innovation. While many budget lines are horizontal (i.e. will support research and 
innovation in different areas), it also contains €15.349 billion specifically for research in “Digital, 
Industry and Space” (under Pillar II). Besides fundamental research (especially under Pillar I), Horizon 
Europe also provides grants for projects that are early technology to pre-commercial and pre-
commercial to market and scale-up. These should help commercialisation and deployment of 
technologies, incentivise start-ups and help them grow. 70% of the budget is earmarked for SMEs.132 

The Digital Europe Programme (DEP) with €7.6 billion in current prices takes up where Horizon 
Europe stops: it aims at accelerating the adoption of digital technologies by strengthening the 
capacity and skills. It targets three digital technologies: AI, high-performance computing (which 
includes quantum computing), and cybersecurity.133  

The Connecting Europe Facility (CEF) – Digital (€2.06 billion in current prices) will provide capital 
for co-funding to help private investors deploy high-capacity network infrastructure in under-served 
areas. The idea behind the CEF is to leverage the public funding to unlock private investments from 
different sources (companies, banks, investors) at a different level and to establish durable public-
private partnerships for infrastructure projects’ implementation. Of specific interest are cross-border 
projects, such as 5G corridors. 

ICT infrastructure projects have been in the past frequently implemented with the funding received 
through the European Structural and Investment Funds (e.g. European Regional Development 
Fund, Cohesion Fund).134 While they do not foresee specific digital transformation themes, the 
funding from these funds is used to modernise the local economy to reduce economic and social 
disparities and support regional development. It is more than likely that these funds will be used 
over the next decades to support the deployment of technologies in the European regions. The 
current MFF contains two programmes to support the recovery from the pandemic, in which 
digitisation will play the main role. Recovery and Resilience Facility and Recovery Assistance for 
Cohesion and the Territories of Europe (REACT-EU) will deliver grants, procurement and financial 
instruments to build up crisis capacities and conduct reforms towards digital transition. In total, the 
four programmes have a budget of €1 048.52 billion in current prices.135 The national recovery and 
resilience plans must meet the target of at least 20% of all expenditure to foster digital transition. 
Among the flagship areas for investment at the national level are connectivity (i.e. roll-out of high-
speed broadband), digitalisation of public administration, development of data clouds and 
education and training to develop digital skills. 
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National policies 

All nine countries analysed (for the full mapping of national policy initiatives, see Annex I) have 
digital innovation strategies and policies in place to foster the uptake of digital technologies by 
businesses and citizens. With the partial exception of Slovenia, whose innovation strategy dates 
back to 2016, all countries analysed updated these strategies very recently. Many of the laggard 
countries, such as Italy, Greece, and Poland, adopted new innovation strategies in the last two years, 
to adapt them to recent technological trends and the European Agenda for Research and 
Innovation. This means that no clear pattern based on our country score is immediately visible in 
terms of the content of the strategies. All strategies analysed are very thorough and include the 
entire spectrum of topics associated with an efficient and inclusive digital transition (e.g., digital 
infrastructure, addressing the digital divide increased cyber security efforts, involvement of national 
companies, promotion of digital skills, sustainable and green technologies, and new technologies 
such as high-performance computing, IoT, AI, and blockchains).  

National strategies often include roadmaps on how to promote digital skills (e.g. Sweden and 
Greece). Sometimes, digital skills are the subject of dedicated strategies (e.g. in The Netherlands, 
Italy, and Poland). The element in common between the latter strategies is their date of publication: 
they are all very recent (2019 or 2020) and have likely been designed in response to the updated EU-
level objectives to be found in the EU Digital Compass, the European Skills Agenda, and the Digital 
Education Action Plan.  

Important digital components are also to be found in national R&I, science, and technology 
strategies. These are not dedicated digital innovation strategies, but rather broader roadmaps 
addressing the general R&I ecosystem, which includes aspects related to digitalisation. Also here no 
clear pattern could be found for countries with a similar score of digital transformation (Table 38). 
Each country clearly has an R&I strategy in place which addresses digital transformation. The 
strategies are more focused on practical aspects such as strengthening existing digital 
infrastructure, helping SMEs in adopting new technologies and in attracting investments, 
supporting start-ups and their ecosystem, setting up incentives (such as bonuses or tax reliefs, as it 
happens in the Polish and Italian case) for undergoing through digital transformation processes.  

All national strategies mentioned above also play a role in setting out the European Research Area, 
the single innovation market. One of the crucial steps to achieve it is to have combined efforts in 
terms of open science and open data. Facilitating researchers' mobility, interoperability, easy 
access to publicly available data and standardisation on data format are all key for the ERA. 
Therefore, all countries analysed have some provisions in place to move forward in this context. 
More digitised countries (Sweden, The Netherlands, Finland, Estonia) tend to have more precise 
objectives in this regard, providing deadlines for the full availability of publicly available data and 
the harmonisation of the data format used by public authorities. Laggard countries have either new 
strategies with more ambiguous objectives (Poland), old strategies yet to be aligned by EU-level 
objectives (Italy, Slovenia), or strategies planned to be set up in the future (Greece). 

3.2.3. Industrial Policy 
EU-level policies 

The new Industrial Strategy for Europe136 published by the European Commission in March 2020 
identifies digital transformation and sustainability as two key transformative processes for the 
coming decade(s). The recent strategy update further stresses this aspect, identifying the twin 
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transition (green and digital) of the European industry as the way to go. Digitisation is described as 
a cornerstone to retain a competitive European industry. The strategy characterises digitisation as a 
horizontal challenge, links the digitisation of industry to efforts to enhance critical infrastructure, 
including 5G (see Section 3.2.2 on ICT policy), and calls for collaborative actions by businesses. The 
strategy further makes references to other EU strategies, notably including the Strategy on Shaping 
Europe’s Digital Future137, the European Strategy for Data138, and the SME Strategy139. The Industrial 
Strategy builds on existing policies and combines these with initiatives for new action plans, laws, 
and strategies.  

To strengthen the digitisation of the EU Single Market, the industrial strategy calls for the Digital 
Services Act, a proposal, which the European Commission brought forward in December 2020.140 If 
implemented, the Digital Services Act will provide a uniform set of rules for digital services across all 
EU Member States and strengthen the protection of consumers, while holding digital service 
providers accountable. It is intended to close some of the gaps that remain in the Single Market for 
digital services providers.141 The Digital Markets Act, 142 adopted on the same day as the Digital 
Services Act, aims at regulating the platform economy better by addressing the behaviour of digital 
gatekeepers, improving data portability, interoperability and data sharing, and, thus, levelling the 
playing field between digital competitors.143  

The Industrial Strategy suggests implementing the European Strategy for Data. This strategy, 
published in February 2020, stresses the importance of data for the European economy and 
industry. It develops the vision to create a Single Market for data, where data can flow freely within 
the EU, while data protection and cybersecurity standards are adhered to. To enable the industry to 
digitise, the strategy suggests increasing the investments in R&D activities and the uptake of digital 
technologies and stresses the need of increasing the capacity of European industry in certain areas, 
especially with regards to critical digital infrastructure.  

The Industrial Strategy identifies digital skills as a crucial prerequisite to enhance the digitisation of 
industrial sectors. The strategy notes that 70% of companies have to delay investments due to a lack 
of skilled workers. The strategy refers to the Digital Education Action Plan (see Section 3.2.3 for 
more details) to make sure that the European labour force and industry are fit for the future.  

The Industrial Strategy also sets out the “SME to SME approach”, which means that young and 
technology-heavy SMEs might create spill-over effects for other SMEs by setting incentives to 
innovate and to digitise. This idea links directly to the European SME Strategy which was published 
jointly with the Industrial Strategy in March 2020. The SME Strategy notes that there are about 25 
million SMEs across the EU, employing about 100 million people. 99% of companies in the industry 
are SMEs. Therefore, SMEs are a key driver of digitising the European economy and industry. The 
SME Strategy defines three pillars of action, one of which is to help SMEs to lead the digital transition, 
                                                             
137  European Commission, Shaping Europe’s digital future, COM (2020) 67 of 19.02.2020.  
138  European Commission, A European strategy for data, COM(2020) 66 of 19.02.2020. 
139  European Commission, An SME Strategy for a sustainable and digital Europe, COM(2020) 103 of 10.03.2020. 
140  European Commission, Proposal for a Regulation of the European Parliament and of the Council on a Single Market 

For Digital Services (Digital Services Act) and amending Directive 2000/31/EC, COM(2020) 825 of 15.12.2020. 
141  Some of the main gaps and challenges to be addressed by the Digital Services Act include the increasing exposure to 

illegal and harmful activities online, lack of algorithmic transparency, competition risks associated with very large 
platforms, lack of cooperation between national authorities and limits of supervision mechanisms and risk of legal 
fragmentation and barriers for digital services. For details see: Madiega T, ‘Digital Services Act’, EPRS Briefing, 2021. 

142  European Commission, Proposal for a Regulation of the European Parliament and of the Council on contestable and 
fair markets in the digital sector (Digital Markets Act), COM(2020) 842 of 15.12.2020. 

143  For details see Madiega T, ‘Digital Markets Act’, EPRS Briefing, 2021. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0067
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0066&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52020DC0103&from=EN
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=COM:2020:825:FIN
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2021)689357
https://eur-lex.europa.eu/legal-content/en/TXT/?uri=COM%3A2020%3A842%3AFIN
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2021)690589
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including securing access to the right skills. To build SMEs' capacity, the European Commission 
identifies Digital Innovation Hubs (DIHs) as key enablers. The European Commission intends to 
expand innovation hubs across every region in Europe, increasing their number from 166 to 240, to 
empower SMEs to integrate digital innovations and to open up possibilities for volunteering and 
training on digital technologies. To achieve this, €310 million will be invested in DIHs until 2023, and 
another €1.1 billion will be allocated towards funding start-ups and tech-savvy, innovative SMEs via 
the European Innovation Council. In addition, the European Commission expresses the intention to 
develop Digital Crash Courses in the scope of the Digital Europe Programme, targeting employees 
of SMEs to build up their capacity on digital topics, including cybersecurity, AI, and blockchain. Here, 
DIHs are seen as enablers, linking SMEs and their staff to regional training providers. Further, the 
SME Strategy announces the intention to create a programme for “digital volunteers” – highly 
skilled workers who act as ambassadors of digitisation vis-à-vis more traditional branches of 
industry. In addition, the EU Startup Nations Standard was announced as a cross-country effort to 
identify best practices to support the creation and growth of tech-savvy SMEs and start-ups. In 
March 2021, 24 EU Member expressed their support for this initiative.144 

As the Industrial Strategy was published just days before the COVID-19 pandemic hit the economy, 
the European Commission published an update to the strategy in May 2021.145 In the update, the 
European Commission highlights that the pandemic has uncovered current weaknesses in the set-
up of the European Single Market, the dependencies of European industries on imports from outside 
the EU in certain critical sectors, and increased the pressure for the European economy to address 
digital transformation. The update confirms the need for a faster transition towards cleaner, more 
digital, and more resilient economic and industrial models. In preparation for the update, the 
Commission mapped dependencies and provided in-depth reviews for six strategic areas. 
Among these, batteries, semiconductors, and cloud and edge computing are particularly relevant 
for the digital transformation of European industry. While still exploring policy options to address 
these dependencies, the European Commission already stresses the role of industrial alliances to 
attract investment, support SMEs and start-ups, and offer platforms in which industrial actors can 
exchange, strategise, and collaborate. In the update to the industrial strategy, the European 
Commission announces to launch of new industrial alliances, namely the Alliance on processors 
and semiconductor technologies and the Alliance for Industrial Data, Edge and Cloud, in 2021. 
The Commission further announced the upcoming revision of the State aid rules, including the State 
aid Broadband Guidelines, to ensure that these are in line with recent developments in the market.  

In the scope of the Digital Decade, 146 the European Commission further identifies some key targets 
with regards to digitisation which are also relevant for industry. To strengthen the EU’s role 
internationally and to ensure digitisation within the EU, the communication formulates the 
objective to produce 20% of the total value of cutting-edge and sustainable semiconductors within 
Europe by 2030. The European Commission expresses the hope that this will help to build and 
maintain the infrastructure critical to boosting the uptake of digital technologies such as AI, 5G, and 
cloud services. The digitisation of businesses is one of the four ‘cardinal points’ of the 
communication. It calls to pay great attention to disruptive technologies, stresses again the role of 
SMEs in achieving the shift towards digitising the economy. The communication defines a target 
that 75% of all businesses (including industrial sectors) should benefit from cloud computing, big 

                                                             
144  Declaration on the EU Startups Nations Standard of Excellence of 19 March 2021. 
145  European Commission, Updating the 2020 New Industrial Strategy: Building a stronger Single Market for Europe’s 

recovery, COM(2021) 350 of 05.05.2021. 
146  European Commission, 2030 Digital Compass: the European way for the Digital Decade, COM(2021) 118 of 09.03.2021. 

https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=74944
https://ec.europa.eu/info/sites/default/files/communication-industrial-strategy-update-2020_en.pdf
https://ec.europa.eu/info/sites/default/files/communication-industrial-strategy-update-2020_en.pdf
https://eur-lex.europa.eu/resource.html?uri=cellar:12e835e2-81af-11eb-9ac9-01aa75ed71a1.0001.02/DOC_1&format=PDF


EPRS | European Parliamentary Research Service 

  

 

54 

data, and or AI by 2030 (compared to between 14% and 26% today), and 90% should reach at least 
basic levels of digitalisation (compared to about 61% today 147). 

National policies 

All industrial strategies of the analysed nine Member States (for a full list, see Annex I) include the 
digital dimension, crucial to modernise the industrial base and increase the productivity of the 
industry. They all address dimensions such as the need for new technologies to have a more efficient 
and sustainable industrial base, the importance to digitally upskill the workforce, and the boost in 
competitiveness brought about by the uptake of digital technologies into their working processes. 
The industrial strategies of some countries, especially those with a higher country score (for 
instance, The Netherlands, Sweden, Estonia, and in this case also France) seem to have more clearly 
encompassed the benefits entailed in digitalisation for a longer time. Among the lower-ranking 
countries, some are working on updated strategies to adapt them to technological developments 
(Slovenia, Poland), while others still struggle in having a unified approach in their industrial 
strategies and in tying them to digitalisation (Greece).148 

The correlation between industry and digitalisation is made clearer by the fact the most countries 
have dedicated Industry 4.0 strategies, i.e. roadmaps specifically designed to lead the 
digitalisation of the industrial fabric. Here, the policy landscape does not correlate with the DESI 
level and with our country score (Table 38). Sweden, The Netherlands, France, Poland, and Italy all 
have ambitious Industry 4.0 strategies, in most cases backed-up by sizeable budgets (especially in 
the French and Italian case). On the other hand, Estonia and Greece, while having digital agendas in 
place, do not have a single strategy dedicated to the transition towards next-generation industry. In 
the case of Greece, the government admitted the need to create such a strategy and is planning it 
for the near future. 

These policy efforts are sometimes complemented by specific smart specialisation strategies.  
These focus on concepts such as smart cities, support to small regional and local communities, 
addressing the digital divide, and fostering digitalisation in specialised communities. Our mapping 
found that only Slovenia, Greece, and Italy (all laggard countries in terms of digitalisation) have 
extensive and fully-fledged smart specialisation strategies in place. This is likely linked to the 
importance that the EU Cohesion policy has for these countries. 

Data protection is a crucial topic tackled by the EU in recent years. Ensuring citizens' and industrial 
sectors' privacy and ownership of their data has brought Brussels authorities to establish the world’s 
most advanced data protection framework, the General Data Protection Regulation (GDPR). Under 
the EC’s supervision, all Member States proceeded in revising their existing data protection 
legislative acts or implementing new ones. Currently, every Member State has integrated GDPR in 
its national legislation, except for Slovenia 149. For more details on the impact of EU data protection 
measures on the industry and SMEs, see Section 6.2.1. 

Another especially important set of policies are SME strategies, due to the importance of SMEs in 
the European economy. Every country analysed has working documents, action plans, or strategies 
in place, due to the requirement to comply with the EU Small Business Act. Also due to the COVID-
19 pandemic, all countries adopted specific policy measures to support SMEs and start-ups. The 

                                                             
147  European Commission, 2030 Digital Compass: the European way for the Digital Decade – Annex, COM(2021) 118 of 

09.03.2021. 
148  As reported, for instance, in The National Herald (2019), Greece needs single industrial policy, available here. 
149  Given all measures in place at national level for data protection consist in the GDPR-compliant piece of legislation and 

the setting up of a data protection authority, these have not been consistently mapped in our analysis (Annex I). 

https://eur-lex.europa.eu/resource.html?uri=cellar:12e835e2-81af-11eb-9ac9-01aa75ed71a1.0001.02/DOC_2&format=PDF
https://www.thenationalherald.com/archive_economy/arthro/greece_needs_single_industrial_policy_evangelos_mytilineos_says-34540/
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pattern in renewing national strategies does not appear to be connected to countries’ overall level 
of digitalisation but is rather reflected in each country’s political priorities. For instance, while Estonia 
ranks very high in terms of SME and business environment, its SME strategy is rather old (2014) and 
still overly relies on a one-size-fits-all approach, not targeting specific SMEs' needs enough. On the 
other hand, countries such as Italy and France, while ranking lower in terms of DESI and of World 
Bank index, have heavily invested (economically and politically) in fostering their SME environment, 
through initiatives such as Transition 4.0 and French Tech.  
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4. Gaps and barriers to digital transformation 
Digital transformation takes time. However, how long it takes depends on how many gaps and 
barriers the industry and society need to overcome and how easy and fast these gaps and barriers 
are to overcome. This chapter supports the understanding of the state of digital transformation in 
the EU and the development of policy options to accelerate digitalisation, by identifying and 
describing the challenges that the EU is facing. Section 4.1 contains a long list of all identified gaps 
and barriers that are impeding digital transformation. Section 4.2 selects the significant gaps and 
barriers that are subsequently (in Chapter 5) used to quantify the Cost of Non-Europe. The selection 
criteria for gaps and barriers are also explained in Section 4.2. 

4.1. Long list of gaps and barriers  
The relevant literature and collected data and statistics on the performance of the EU and Member 
States indicate many different problems or challenges in the way of digital transformation. This 
section summarises these challenges and gives examples of how they manifest themselves across 
various policy areas, in the industry and society. The description also explicates how these gaps and 
barriers are interdependent and, in fact, reinforce each other. 

The table below presents a concise overview of the long list of the gaps and barriers of digital 
transformation. Based on this long list, a selection of the most important gaps and barriers is made 
in the following Section 4.2. 

Table 12: Long list of gaps and barriers 

Gap/barrier Short description 

Lack of adequate 
infrastructure 

A specific country, region, sector, or value chain may lack a set of structural 
infrastructure conditions necessary for the proper use of digital 
technologies. These include network infrastructure, storage & processing, 
as well as terminals & devices at the company level. 

Shortage of digitally skilled 
workers 

Sufficient employees’ knowledge and competencies are essential in the 
integration of digital technologies into production processes. A lack of 
skilled personnel with expertise in ICT, data science, AI/robotics, and other 
area is plaguing European companies, and the shortage is forecast to 
persist in the future. SMEs are especially affected, unable to compete for 
qualified staff. 

Maturity of technologies 

Some of the technologies expected to have a significant impact on future 
industries and economies (like high-performance computing and other 
deep-tech innovations) are still not ripe to hit the market. They require 
multidisciplinary and resource-intense collaboration, while the market-
readiness of resulting applications is uncertain. 

Cybersecurity concerns 

Uncertainties regarding the usage of digital technologies, exchange, and 
safe storage of data create obstacles to wider digitalisation. The costs 
associated with implementing cybersecurity solutions are substantial, 
making it harder for SMEs to comply. 

Lack of interoperability 

Lack of interoperability of systems, products, and services between 
stakeholders within and across EU Member States thwarts the progress of 
digitalisation. It is an obstacle both for businesses to fully embrace digital 
transformation, but also for citizens to benefit from digital products. 
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Gap/barrier Short description 

Gaps in data governance 

There is no seamless data exchange and sharing between providers, 
consumers, and other stakeholders within and across EU Member States. 
Many questions of data governance remain unresolved and require 
regulatory attention. 

Lack of investment and 
access to capital 

Digital transformation entails high initial investments, not just for the 
development of technologies, but for their integration in business 
processes as well. Especially SMEs suffer from insufficient access to capital 
caused by lack of venture and growth capital, lack of suitable financial 
instruments from banks. 

Traditional mindset and 
company culture 

Companies may lack internal basic conditions for adaption of new 
technologies and digitalisation in general, such as a lack of basic digital 
infrastructure, inflexible company structure, use of legacy systems, or lock-
in with a particular business software provider. Also, companies may 
encounter workforce resistance to the implementation of new 
technologies and processes. 

The gap between large 
companies and SMEs 

Almost all the above-mentioned issues are particularly pertinent to SMEs, 
leading to the gap in digitalisation between large and small companies. 
The comparative difficulties relate to costs, access to capital, complexities 
of admin procedures and shortage of adequate skills, and lack of access to 
information. 

Source: Authors’ own elaboration. 

4.1.1. Lack of adequate infrastructure necessary to support the digital 
transformation 

Appropriate infrastructure is of enormous importance for digital transformation: it defines both the 
changes in industry and businesses and the consumer/ citizen experience of digitalisation. At the 
same time, the infrastructure itself is being continuously reshaped by digital transformation – it 
needs to change to sustain and enable change elsewhere. Infrastructure in the context of digital 
transformation is, however, much more than wires, cables, and fibres transporting electromagnetic 
signals. It includes also storage and processing capacities in strategically important spots (e.g. cloud 
storage, distributed data centres, edge computing), necessary terminal equipment and devices, 
digital services, and applications to support the transport, storage, and processing (e.g. software as 
a service, platform as a service). 

The lack of infrastructure or lack of access to infrastructure represents a barrier for digital 
transformation in some Member States. In particular, while the coverage with fixed broadband and 
new generation access (NGA) networks in some countries (Malta, Belgium, Netherlands) reaches 
(almost) 100%, Lithuania and Poland are lagging considerably behind. The take-up of very-high-
speed broadband (over 100 Mbps) also ranges from over 60% of households in Sweden to single 
digits in Greece, Cyprus and Croatia (see also Section 3.1.2).150 The differences both in the coverage 
and take-up of broadband persist between urban and rural areas. In terms of preparedness for future 
connectivity, only 17 Member States were partially 5G ready in 2020 (i.e. had specific radio spectrum 
assigned for the future 5G use), with Germany and Finland pioneering the 5G efforts.151  

                                                             
150  DESI 2020, p. 28. 
151  DESI 2020, pp. 34-35. 

https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=67086
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EPRS | European Parliamentary Research Service 

  

 

58 

In 2019, the share of SMEs having adopted a broadband connection of at least 30 Mbps was only 
43% versus 75% of large companies.152 42.3% of all European businesses see access to digital 
infrastructure as an obstacle (15.6% of all companies as a major and 26.7% as a minor obstacle).153 
Access to infrastructure seems to be more of a problem for the construction sector: 40% of 
construction companies versus 45% of manufacturing companies see it as an obstacle.154 

The main conditions for high-speed broadband infrastructure, sufficient uptake, and high readiness 
for 5G are adequate legal framework and investment. Arguably, both have been addressed by the 
recent EU policy actions. In 2018, the European Electronic Communication Code155 entered into 
force providing a new framework for investments in and co-deployment of broadband networks 
and foreseeing coordinated assignment of radio frequencies for 5G deployment. The European 
Commission adopted a 5G Action Plan 156 as early as 2016 coordinating 5G roll-out across the EU and 
calling on Member States to also adopt national plans or strategies.157 Furthermore, to support 5G 
deployment, the Commission issued a Recommendation on the cybersecurity of 5G networks.158 To 
encourage investments in broadband infrastructure, the Commission is currently reviewing both 
the Broadband Cost Reduction Directive and the State aid rules in application to broadband 
deployment.159 In terms of actual investments, the new MFF foresees many possibilities to invest in 
the infrastructure, while unlocking further public and private investments  

Against this backdrop, it can be argued that, while the deployment of and access to adequate 
infrastructure is an important obstacle, many legal measures target it. Considering the recent 
adoption of these measures, they have not yet completely unfolded and have been implemented 
by Member States. 

4.1.2. Shortage of digitally skilled workers 
The lack of digital skills of the general population and workforce is one of the major persistent gaps 
reported in the literature.160 Digital skills are understood broadly and go beyond STEM (e.g. IT, AI 
and automation, data science and analytics, cognitive skills, special managerial skills), and they are 
required not only in tech-savvy companies but across all sectors of industry. Basic and specialised 
digital skills are essential both to execute digitalisation of industry and society and to reap full 
benefits of it. In particular, the broader use of digital technologies is likely to generate more jobs, yet 

                                                             
152  DESI Report 2019 – Integration of Digital Technology, p. 6. 
153  EIBIS 2020, p. 22; Swindells K, ‘Businesses are eager to digitise after Covid-19 but barriers remain’, Techmonitor, 9 

February 2021. 
154  EIBIS 2020, p. 22. 
155  Directive of the European Parliament and of the Council establishing the European Electronic Communications Code  

(Recast), OJ L 321 of 17.12.2018. 
156  European Commission, 5G for Europe: An Action Plan, COM(2016) 588 of 14.09.2016. 
157  Most Member States are actively implementing 5G plans and strategies at the national level: see the overview at the 

5G Observatory. 
158  Commission Recommendation of 26 March 2019 on Cybersecurity of 5G networks, C(2019) 2335. 
159  European Commission, Commission launches public consultation to gather views on improving fast broadband 

network rollout, Press release; European Commission, Broadband network deployment – evaluation of EU state aid 
rules. See also Commission Recommendation of 18.9.2020 on a common Union toolbox for reducing the cost of 
deploying very high capacity networks and ensuring timely and investment-friendly access to 5G radio spectrum, to 
foster connectivity in support of economic recovery from the COVID-19 crisis in the Union, COM(2020) 6270. 

160  Bughin J, Hazan E, Lund S, Dahlström P, Wiesinger A and Subramaniam A, ‘Skill shift: Automation and the future of the 
workforce’, McKinsey Global Institute Discussion paper, 23 May 2018. 

https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=59979
https://www.eib.org/en/publications/flip/eibis-2020-european-union/#p=22
https://techmonitor.ai/leadership/innovation/businesses-eager-digitise-after-covid-19-barriers-remain
https://www.eib.org/en/publications/flip/eibis-2020-european-union/#p=22
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018L1972
https://digital-strategy.ec.europa.eu/en/library/communication-5g-europe-action-plan-and-accompanying-staff-working-document
https://5gobservatory.eu/public-initiatives/national-5g-plans-and-strategies/#1533564498486-a1c431af-8518
https://digital-strategy.ec.europa.eu/en/library/cybersecurity-5g-networks
https://digital-strategy.ec.europa.eu/en/news/commission-launches-public-consultation-gather-views-improving-fast-broadband-network-rollout
https://digital-strategy.ec.europa.eu/en/news/commission-launches-public-consultation-gather-views-improving-fast-broadband-network-rollout
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12398-Evaluation-of-State-Aid-rules-for-broadband-infrastructure-deployment_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12398-Evaluation-of-State-Aid-rules-for-broadband-infrastructure-deployment_en
https://ec.europa.eu/digital-single-market/en/news/commission-recommendation-common-union-toolbox-reducing-cost-deploying-very-high-capacity
https://ec.europa.eu/digital-single-market/en/news/commission-recommendation-common-union-toolbox-reducing-cost-deploying-very-high-capacity
https://ec.europa.eu/digital-single-market/en/news/commission-recommendation-common-union-toolbox-reducing-cost-deploying-very-high-capacity
https://www.mckinsey.com/featured-insights/future-of-work/skill-shift-automation-and-the-future-of-the-workforce
https://www.mckinsey.com/featured-insights/future-of-work/skill-shift-automation-and-the-future-of-the-workforce
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these new jobs will require a new set of skills. A disruptive shift of tasks is also likely as a result of 
digitisation, leading to new and/or stronger inequalities.161  

According to Gartner, the demand for different types of digital skills by non-tech companies grew 
more than 100% between 2015 and 2020.162 Yet the supply of skilled employees has not been 
keeping pace with the demand (see Section 3.1.3), growing only slowly and, therefore, threatening 
the successful and fast digitalisation of companies. For instance, the skills gap of data professionals 
– a key type of worker in the future digital economy who collects, stores, manages and/or analyses 
data – is forecast to be between 759 000 and 1.1 million unfilled vacancies by 2025 in the whole of 
EU27.163 A survey of human resource professionals found that finding employees with skills in 
cybersecurity and AI/ robotics was the biggest reported problem.164 The literature suggests that the 
shortage will only get worse as more companies will compete to find digitally skilled workers, while 
the job market is not adapting fast enough. 

The lack of digital skills is a major obstacle to the digitisation of SMEs (27% report it as a problem) as 
they do not have resources to train and/or recruit employees,165 and they experience higher and 
wider range skill deficiencies than large companies.166 More than 70% of businesses reported the 
lack of qualified staff as an obstacle to investment.167 According to the annual survey of 
Eurochambres, the lack of skilled workers has been one of the top challenges for all European 
companies several years in a row. Even considering the COVID-19 pandemic, a lack of skilled workers 
is a number one concern in Western Europe. According to Eurochambres, this might mean that the 
pandemic widened skills mismatches, while SMEs’ demand for workers with digital skills increases.168 
While in many instances the attraction of digitally skilled workers and building up digital capabilities 
is the main challenge, for SMEs and in relation to ICT professionals the main challenge is also 
retention of workers.169 

Education and training remain a national competence, with only limited possibilities for action for 
the EU to address the problem of skills shortage. The main policy measures at the EU level are Digital 
Skills and Jobs Coalition and the recently adopted European Skills Agenda (see Section 3.2.2). 
Considering the extent of the problem of digital skills shortage and its persistent nature, these policy 
actions might not suffice. Also the study on key enabling technologies for the European 
Parliament 170 found that further and more targeted efforts on digital skills are necessary because, 
for instance, SMEs and some industry sectors are still lagging. 

                                                             
161  Morandini M, Thum-Thysen A and Vandeplas A, ‘Facing the Digital Transformation: are Digital Skills Enough?’ 

Economic brief 054, July 2020, p. 3. 
162  Engler S, ‘Lack of Skills Threatens Digital Transformation’, Gartner, 1 July 2020. 
163  Cattaneo G, Micheletti G, Glennon M, La Croce C and Mitta C, ‘The European data market monitoring tool: key facts & 
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also: Baldwin A and Bax H, ‘How to unlock Europe’s digital growth potential’, Ernst&Young study, 2018. 

164  Baldwin A and Bax H, ‘How to unlock Europe’s digital growth potential’, Ernst&Young study, 2018. 
165  European Commission, An SME Strategy for a sustainable and digital Europe, COM(2020) 103 of 10.03.2020. 
166  Going digital: The challenges facing SMEs. European SME survey 2019, pp. 24-25. 
167  EIBIS 2020, p. 22. 
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enabling technologies for Europe’s technological sovereignty. Report for STOA, April 2021 (not published yet). 
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4.1.3. Maturity of technologies 
To be easily absorbed by the economy and society, not only the society needs to be ready, digital 
technologies need to be ready as well. For the adoption of a certain technology at a company level, 
the maturity of technology plays an important role. Technologies need to be sufficiently advanced 
for safe and secure use, have proven use cases and applications with features that are desirable by 
potential users.171 While maturing of technologies requires time, it is impacted by how much R&D is 
carried out in the relevant scientific fields and what is the overall level of technological awareness 
and education in the population and workforce. 

Most technologies have a fundamental and science-based development phase, where 
multidisciplinary and capital-intensive collaboration is required, while the market-readiness of 
resulting innovations is uncertain.172 This relates to several specific technologies which are expected 
to have a significant impact on future industries and economies, like high-performance computing 
(e.g. quantum) and 5G/6G connectivity. At the same time, other technologies (like cloud computing) 
are experiencing a breakthrough in their use and adoption by businesses and individuals – not least 
due to reaching the necessary maturity level.173 For some of the digital technologies (e.g. big data, 
AI), the discussion is ongoing on how close they are to “crossing the chasm”174 and entering the 
mainstream market use.175 

A technology can mature faster if more R&D is carried out in the relevant field(s), more testing is 
conducted, and the commercialisation of technology can be accelerated (e.g. through the provision 
of standards on time, testbeds, special exemptions etc). The relevant research policy is a national 
competence. Yet, the EU – through the new MFF – provides public funding to support R&D&I in 
technologies that are strategically important to digital transformation. The new funding 
instruments were adjusted to target various commercialisation stages and not only fundamental 
research. The Council176 adopted conclusions to facilitate experimentations, piloting and testing. 

4.1.4. Cybersecurity concerns 
Uncertainties regarding the usage and safe storage and transfer of business and data slow down the 
adoption of digital technologies by companies and citizens.177 As more processes, products and 
applications become digitised, cybersecurity incidents are also growing in number and 
sophistication and spread across the economic sectors as those go digital. For companies, the 
concern is not only possible data breaches and loss of valuable data, but also compliance with 
regulatory and legal requirements related to cybersecurity. The research into how to sustain 
                                                             
171  Uflewska O, Wong TC and Ward M, ‘Development of technology maturity framework in managing manufacturing 

improvement for innovation providers’, 2017. 
172  Cattaneo G, Micheletti G, Glennon M, La Croce C and Mitta C, ‘The European data market monitoring tool: key facts & 

figures, first policy conclusions, data landscape and quantified stories’, Study for DG CONNECT, 2020. 
173  Ismail N, ‘Maturity of technology is spurring cloud adoption, more than business drivers or culture change’, 

Information Age, 12 December 2018. 
174  The expression coined by Geoffrey Moore describing the technology adoption cycle. See Moore G, Crossing the Chasm: 

Marketing and Selling High-Tech Products to Mainstream Customers, 3rd edition, 2014. 
175  See, for example, Schmarzo B, ‘Crossing the AI chasm with infographics’, Data Science Central, 15 December 2019; 

Schmarzo B, ‘Crossing the big data analytics chasm’, Digitalist Mag, 25 September 2018; Shrivinas K, ‘Crossing the 
chasm between data science and impact’, Towards Data Science, 25 January 2021. 

176  Council of the EU, Council Conclusions on Regulatory sandboxes and experimentation clauses as tools for an 
innovation-friendly, future-proof and resilient regulatory framework that masters disruptive challenges in the digital 
age of 16.11.2020. 

177  OECD, ‘Key issues for digital transformation in the G20’, 2017, p. 92. 
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accelerated digital transformation in companies showed that solving cybersecurity issues or 
concerns is the main challenge.178  

As with other barriers, this issue is particularly topical in SMEs because the costs associated with 
implementing required security solutions are substantial, and staff with the relevant digital skills is 
difficult to find.179 Data security concerns were one of the main reasons for SMEs’ reluctance to adopt 
digital technologies.180 Yet digital transformation makes SMEs more exposed to cybersecurity risks 
and more vulnerable to cyberattacks.181 

Cybersecurity is also a challenge for the EU as a whole – to coordinate national efforts in the 
adoption of national strategies and their implementation following international standards and best 
practices.182 It can be argued that the overall level of commitment to cybersecurity needs 
considerable improvement: in the Global Cybersecurity Index, only four EU Member States (France, 
Lithuania, Estonia and Spain) made it to the top 10, of which only France is in the top-3.183  

Having a suitable legal/regulatory framework and necessary standards is key for the high level of 
cybersecurity across the EU. With the Cybersecurity Strategy, Cybersecurity Act, the proposed 
overhaul of the NIS Directive and the proposed new Critical Entities Resilience Directive (see Section 
3.2.1), the EU is on the way to create a comprehensive modern cybersecurity framework. The 
challenges of the implementation of this framework are now coming more to the forefront. For 
instance, European cybersecurity standards, based on the international ones, and certification 
schemes based on such standards are necessary for relation to all digital technologies and their 
applications (e.g. IoT, cloud services, 5G). Both are in development by the relevant bodies (i.e. CEN, 
CENELEC, ETSI and ENISA).184 However, the process is likely to take years, and its acceleration is barely 
possible as it is highly complex collective work, involving many interests and expertise.185 The next 
hurdle to overcome would be the practical application of the standards and certification, namely 
the establishment of national certification bodies, if necessary, developing processes at the national 
level, starting the actual certification and other activities. While certification of industry inevitably 
will take much time, the support to the implementing entities and applying companies is necessary 
to shorten this time. 

4.1.5. Lack of interoperability 
The lack of interoperability of technological solutions slows down the digital transformation of 
companies as it prevents them from exploiting economies of scale and scope. Interoperability is 
lacking in several aspects. There are both unresolved diversity of systems preventing them from 
functioning across the border and differences between different actors within a value chain and 

                                                             
178  Consultancy.eu, ‘Barriers to sustaining accelerated digital transformation’, 23 March 2021. 
179  Going digital: The challenges facing SMEs. European SME survey 2019, p. 24. 
180  PwC, ‘Innovation and Digital Transformation: How do European SMEs perform?’ Europe Monitor 2018, p.5. 
181  OECD, ‘Digital security in SMEs’, 2021. 
182  ITU, ‘Digital trends in Europe 2021: ICT trends and developments in Europe’, 2017-2020, 2021, p. 36; IMCO Committee 

of the European Parliament, Report on shaping the digital future of Europe: removing barriers to the functioning of 
the digital single market and improving the use of AI for European consumers (2020/2216(INI)), 27 April 2021. 

183  ITU, ‘Global Cybersecurity Index (GCI) 2018’, p. 16. 
184  With regard to certification, see for examples ENISA, Securing EU’s Vision on 5G: Cybersecurity Certification, Press 

release of 3 February 2021; ENISA, EUCS – Cloud Services Scheme, 22 December 2020. With regard to standards, see 
the cybersecurity page of the ETSI.  

185  The International Standards Organisation indicates that it takes about 3 years to develop an international standard. 
The development of certification schemes by ENISA is not finished yet, but has taken about two years. 
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across sectors. For successful digitalisation, interoperability needs to be present for various 
applications, systems, processes – based on coordinated or uniform regulation and common 
standards.186  

The lack of interoperability has been specifically identified in relation to different digital 
technologies and their applications. For instance, e-commerce stakeholders indicate that a lack of 
harmonisation in data protection and electronic signature rules discourage engagement in cross-
border trade.187 Only about half of Member States have notified or pre-notified electronic 
identification (eID) schemes allowing various trust services under the electronic identification, 
authentication and trust services (eIDAS) Regulation.188 Another example is interoperable data. 
Currently, there is no seamless data exchange infrastructure between providers, consumers and 
other stakeholders within and across EU Member States. This may negatively impact both the 
development of digital technologies (e.g. AI) and their effective use.189 Interoperability of 
applications and services is of particular importance for certain sectors, for example public sector,190 
manufacturing, construction and health sector,191 and also for the development of digital 
technologies, such as cloud computing, IoT, big data analytics and cybersecurity.192 European 
consumers also see the need to ensure interoperability of various digital services for the proper 
functioning of the internal market.193 Increased interoperability of systems, products and services is 
especially beneficial for SMEs as it allows to improve the contestability of markets and encourage 
more innovation. 

Interoperability is largely a question of having necessary standards (including the usage of open 
standards) and legal framework, and both conditions are being improved. The standardisation work 
is ongoing in all possible directions, yet takes time as mentioned in Section 4.1.5. A greater 
encouragement to use open standards could help, similarly to the usage of open standards in public 
procurement,194 but cannot be mandated. A strategy for implementation interoperability in public 
services 195 could spill over to other sectors of the economy. The EU is working on increasing 

                                                             
186  OECD, ‘Key issues for digital transformation in the G20’, 2017. 
187  European Commission, Impact assessment Accompanying the document Proposal for a Regulation of the European 

Parliament and of the Council establishing the Digital Europe programme for the period 2021-2027, SWD(2018) 305 
of 06.06.2018. 

188  Regulation (EU) No 910/2014 of the European Parliament and of the Council of 23 July 2014 on electronic 
identification and trust services for electronic transactions in the internal market and repealing Directive 1999/93/EC, 
OJ L 257 of 28.8.2014, see ENISA, eIDAS compliant eID solutions: Security Considerations and the Role of ENISA, March 
2020. 

189  European Commission, Impact assessment Accompanying the document Proposal for a Regulation of the European 
Parliament and of the Council establishing the Digital Europe programme for the period 2021-2027, SWD(2018) 305 
of 06.06.2018. 

190  KU Leuven and TRASYS, ‘Study on the development of a European framework for interoperability skills and 
competences in the public sector (EIFISC)’, 2021. 

191  Technopolis, ‘eHealth – Future Digital Health in the EU’, 2019. 
192  Kerber W and Schweitzer H, ‘Interoperability in the Digital Economy’, 8 (2017) JIPITEC 39. 
193  For instance, data portability, communication services and other digital services must be made more interoperable, 

according to the assessment by BEUC, ‘Digital Markets Act Proposal: Position Paper’, 2021. 
194  European Commission, Against lock-in: building open ICT systems by making better use of standards in public 

procurement, COM(2013) 455 of 25.06.2013. 
195  European Commission, European Interoperability Framework – Implementation Strategy, COM(2017) 134 of 

23.03.2017. 
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interoperability of various solutions, like electronic identifications and services.196 However, the 
actual implementation by Member States and companies is likely to be a challenge. 

4.1.6. Gaps in data governance 
A large number of challenges is linked to data. Companies lack technical ability, safe and secure 
infrastructure, clear rules and, as a result, willingness to share data with value chain partners, let 
alone competitors or third parties.197 At the same time, non-tech companies lack knowledge of the 
data value for their businesses and lack skills for analysis and use. SMEs use data analytics much rarer 
than large companies (e.g. only 3% of SMEs versus 14% of large companies analyse their own big 
data).198 Across the EU, the use of big data by companies is still at the very beginning. Only in Malta, 
The Netherlands, Belgium and Ireland, more than 20% of companies use big data, whereas 
companies in Cyprus, Hungary, Austria and Bulgaria barely use it at all (around 5%).199 

While the lack of relevant skills is partially responsible for the low use of big data, gaps in the data 
governance framework is another important reason. Due to technical problems resulting from the 
mentioned above cybersecurity and interoperability problems as well as due to curation and 
infrastructure costs, companies share only a small part of the data that they hold.200 There is also a 
lack of understanding of data sharing, lack of knowledge about the proper rules applicable to 
personal data 201 and/or potential gains from free flows of non-personal data.202  

With regards to personal data, European citizens may have interests conflicting with those of the 
industry. For instance, 46% of European citizens want to have a more active role in controlling their 
personal data. 12% do not want to share any personal data at all.203 

A robust and clear legal framework and its consistent interpretation and application across Member 
States are of utmost importance for legal certainty about data governance. However, a number of 
concerns have been identified in this regard. On the one hand, while the harmonised or uniform 
regimes for data governance (like the General Data Protection Regulation for personal data) are 
highly appreciated, variations in their interpretation and practice of their application lead to 
fragmented approach and make cross-border cooperation impossible.204 On the other hand, some 
serious gaps are left by the current and proposed legal rules, such as data ownership, sharing of and 
protection of data related to trade secrets, confidential information, datasets essential for the 
performance of services or manufacturing of products, application of machine learning techniques 
to non-personal data that may link this data to specific subjects. The accessibility and re-use of public 

                                                             
196  The European Commission is considering a review of the eIDAS Regulation and has included obligations on 

interoperability in the proposal on the Digital Markets Act. 
197  Science, Research and Innovation Performance of the EU 2020: A fair, green and digital Europe, 2020, p. 89. 
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do European SMEs perform?’ Europe Monitor 2018, p.4. 
199  DESI 2020, p. 69. 
200  Everis, ‘Study on data sharing between companies in Europe’, Study for DG CONNECT, 2018. 
201  Special Eurobarometer 503: Attitudes towards the impact of digitalisation on daily lives.  
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data also have still a lot of untapped potential, though this is likely to be improved by the proposed 
Data Governance Act.205  

4.1.7. Lack of investment and access to capital 
Digital transformation requires money to be implemented and then sustained.206 The lack of funding 
and investment has been mentioned almost universally in relation to all policy areas and has already 
been linked to other gaps in barriers (see Sections 4.1.2 and 4.1.3).  

To begin with, technical R&I is very capital intensive, entails high risks and takes time to get fully 
market-ready. Therefore, many digital technologies require a lot of “patient capital”, among other 
things,207 which are difficult to obtain. While the new MFF has significantly increased the funding 
and investment money for topics relevant for digital transformation, there are indications that the 
EU is still lagging behind in international comparison (see the numbers for quantum computing and 
AI in Sections 2.1 and 3.1.3) and also not going to meet its actual needs. For example, the estimates 
suggest that planned funding and investments in the infrastructure are falling €155 billion short of 
what is necessary to ensure European leadership in 5G.208 The European Commission stated that the 
gap in investment in AI between the EU and third countries is more than €10 billion per year.209 As 
stated by the European Economic and Social Committee: “In Europe, an upstream investment gap, in 
addition to research and innovation, is evident from the mismatch between the growing demand for 
latest technology and the supply.210 Finding additional ways to unlock more private and public capital 
to invest in various R&D&I activities needs to be a continuous focus of policymaking to solve this 
persistent problem. 

Access to finance is frequently mentioned by companies as an obstacle to innovate and adopt 
digital technologies. By comparison to US companies, both digital and non-digital European 
companies rely more on internal funds and also complain more about the availability of external 
finance opportunities.211 This affects small companies stronger, and SMEs also lack access to growth 
capital (e.g. due to lack of access to capital markets).212 Evidence also shows that persistently non-
digital companies more often report the lack of access to external capital as the major obstacle to 
digitisation.213 A limited scale-up of innovative SMEs at EU level and lack of venture capital was also 
one of the key challenges in the Horizon Europe impact assessment.214 It can be argued that the 
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financing of late stages of commercialisation and actual adoption and integration of digital 
technologies by companies has been largely neglected.215 

4.1.8. Traditional mindset or company culture 
Digital transformation is happening in companies and through companies. Companies are the ones 
who drive the development of technologies and their applications. Yet, more than 70% of European 
companies lack basic internal conditions or ambitions for the adoption of new technologies and 
digitalisation in general.216 More than half of all companies experience a digital divide between the 
leadership and employees.217 Company leadership may not be technologically aware and fail to 
develop internal digitalisation strategies and action plans.218 However, companies may encounter 
resistance in the workforce to the implementation of new technologies and work processes. 
Company structure and organisation may be not flexible and ready to change to accommodate 
digital technologies.219 Cultural resistance to change (e.g. inability to sense and scan for new 
technologies and trends, risk aversion, no culture of failing, lack of leadership and management 
skills) has been highlighted by one-third of companies in a Deloitte survey as the main obstacle to 
technology-driven innovation.220 

Some industry sectors (e.g. construction, textile, steel) seem to be more traditionally-minded by 
nature and therefore more resistant or reluctant to change.221 They may also be caught in legacy 
systems that cannot change fast enough for an individual company.222 Some companies have an 
image problem in attracting qualified staff (e.g. “somewhat old-fashioned and not an attractive 
employer” for young digital specialists) that they desperately need.223 There is also evidence that, 
among SMEs, older, smaller companies in services are “persistent non-digital” and are least likely to 
digitise.224 

4.1.9. Gap between large companies and SMEs 
The descriptions of all gaps and barriers listed above emphasised that they affect SMEs more heavily 
than large companies. Considering that SMEs represent 99% of all enterprises in the EU225 and that 
62% of them report experiencing problems with digitalisation,226 their lagging digitalisation 
constitutes a serious challenge on the way of digital transformation. The digital divide between 

                                                             
215  An EIB study identified the lack of venture capital, growth funds and special bank loans as a problem at later stages 

of commercialisation in the photonics and microelectronics sector. See EIB, ‘Financing the digital transformation 
Unlocking the value of photonics and microelectronics’, 2018. 

216  Consultancy.eu, ‘74% of European organisations are digital transformation laggards’, 25 November 2019. 
217  Capgemini, ‘The Digital Culture Challenge: Closing the Employee-Leadership Gap’, 2017. 
218  West S, ‘Understanding the Barriers that are Slowing Digital Transformation’, Field Service News, 11 May 2020. 
219  Albukhitan S, ‘Developing Digital Transformation Strategy for Manufacturing’, Procedia Computer Science 170, 2020, 

pp. 664-671; Cattaneo G, Micheletti G, Glennon M, La Croce C and Mitta C, ‘The European data market monitoring tool: 
key facts & figures, first policy conclusions, data landscape and quantified stories’, Study for DG CONNECT, 2020. 

220  Deloitte Insights, ‘Innovation in Europe: A Deloitte survey on European companies and how digital technologies can 
strategically enhance innovation’, 2019, pp. 20-22. 

221  Negreiro M and Madiega T, ‘Digital transformation’, EPRS Briefing, 2019, p.2. 
222  West S, ‘Understanding the Barriers that are Slowing Digital Transformation’, Field Service News, 11 May 2020. 
223  West S, ‘Understanding the Barriers that are Slowing Digital Transformation’, Field Service News, 11 May 2020. 
224  Veugelers R, Rückert D and Weiss C, ‘Bridging the divide: new evidence about firms and digitalisation’, Policy 

Contribution Issue n˚17, December 2019. 
225  Eurostat, ‘Statistics on small and medium-sized enterprises’. 
226  Eurobarometer, ‘SMEs, start-ups, scale-ups and entrepreneurship’, 2020. 
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https://www.eib.org/attachments/pj/financing_the_digital_transformation_en.pdf
https://www.consultancy.eu/news/3470/74-of-european-organisations-are-digital-transformation-laggards
https://www.capgemini.com/wp-content/uploads/2017/12/dti_digitalculture_report.pdf
https://www.fieldservicenews.com/blog/barriers-slowing-digital-transformation
https://www.sciencedirect.com/science/article/pii/S1877050920306372?via%3Dihub
https://datalandscape.eu/sites/default/files/report/D2.9_EDM_Final_study_report_16.06.2020_IDC_pdf.pdf
https://datalandscape.eu/sites/default/files/report/D2.9_EDM_Final_study_report_16.06.2020_IDC_pdf.pdf
https://www2.deloitte.com/content/dam/insights/us/articles/DE_897_Innovation-in-Europe/DI_Innovation-In-Europe.pdf
https://www2.deloitte.com/content/dam/insights/us/articles/DE_897_Innovation-in-Europe/DI_Innovation-In-Europe.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2019/633171/EPRS_BRI(2019)633171_EN.pdf
https://www.fieldservicenews.com/blog/barriers-slowing-digital-transformation
https://www.fieldservicenews.com/blog/barriers-slowing-digital-transformation
https://www.bruegel.org/wp-content/uploads/2019/12/PC-17_2019-101219_-1.pdf
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Statistics_on_small_and_medium-sized_enterprises#General_overview
https://europa.eu/eurobarometer/surveys/detail/2244
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SMEs and larger companies persists, in particular, due to higher financial constraints and availability 
of risk capital, complexities of admin procedures and shortage of adequate skills and lack of access 
to information about potential gains of digital technologies and access to investment.227 

Within the SMEs, certain cohorts can be distinguished that experience digital transformation as a 
most significant challenge. Research suggests that older, smaller non-digital companies in services 
have remained persistently digitally inactive and are least likely to digitise.228 Start-ups have the 
same major needs as other SMEs, but have experience more problems with access to finance and 
skills, while they are also more likely to have plans to digitise.229 A particular challenge related to 
digital start-ups and scale-ups is that they are acquired by leading tech giants, often from the US.230  

While many of the policy measures emphasise the special needs of SMEs, the persistent nature of 
the gap and the importance of the digitalisation of SMEs due to their share in the economy could 
arguably justify more specific targeted measures to further support them. 

4.2. Selection of gaps and barriers for Cost of Non-Europe 
In this section, we distil a final selection of gaps and barriers as input for the Cost of Non-Europe 
exercise in Chapter 5. For the selection of the most significant gaps and barriers for the CoNE 
exercise, we develop a framework of criteria in Section 4.2.1. After this, in Section 4.2.2, we apply the 
criteria to the long list presented in Section 4.1.  

4.2.1. Criteria for selection of gaps and barriers 
The criteria for the selection of most significant gaps and barriers are based on the observations 
from the literature and data examined and consist of: 

• Presence of barriers across Member States: This criterion relates to the presence or 
reach of an observed gap or barrier across the EU, i.e. how relevant the issue is for all EU 
Member States or is it of particular importance to a subset of Member States (i.e. 
frontrunners, solid performers and laggards). The widespread presence of a barrier is 
linked to the necessity of an EU-level action. Where all Member States are struggling with 
the same problem, the rationale to intervene with an EU-level solution may be higher, 
especially if it can be shown that such action delivers more than individual actions by the 
affected Member States. At the same time, it is also important to know whether only a 
particular group of countries is more affected than others. Then an action at the EU level 
may still be necessary – to level the playing field or to provide support to bridge the 
divide across countries; 

• Potential for policy/law to intervene: This criterion should indicate whether there is a 
large room for manoeuvre by the EU. This criterion helps us assess whether the EU needs 
to and can intervene in the light of 1) its previous activities (e.g. existing legal framework, 
policy initiatives or proposals) and 2) the nature of the problem. For instance, if the 
barrier has a large technical aspect, then there might be less room for policy to resolve 
it. If national policies are too diverse, the EU wants to intervene to coordinate or 
harmonise them. We will grade this criterion as High/Medium/Low. 

                                                             
227  PwC, ‘Innovation and Digital Transformation: How do European SMEs perform?’ Europe Monitor 2018, p. 5. 
228  Veugelers R, Rückert D and Weiss C, ‘Bridging the divide: new evidence about firms and digitalisation’, Policy 

Contribution Issue n˚17, December 2019. 
229  Eurobarometer, ‘SMEs, start-ups, scale-ups and entrepreneurship’, 2020. 
230  Sarukhanyan S, ‘The EU in 2020: Through the Barriers to Digital Transformation’, Valdai Club, 12 January 2021. 
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• Frequency of occurrence in the literature: This criterion refers to how often and how 
prominently the gap or barrier is featured in professional and academic publications 
examined. Prominence can be deduced from both the number of publications in a given 
year, say 2020, over time and how strongly a particular gap/ barrier is emphasised in the 
publication (e.g. a publication may argue that, while there are several obstacles to digital 
transformation, a certain issue is the most critical to solve). We will grade occurrence as 
High/Medium/Low based on the information available in the scanned literature; 

• Availability of sources/ data: The availability of sources/data on a particular barrier or 
gap is key for their selection for further analysis, as only if we have sufficient and relevant 
data, can we calculate the Cost of non-Europe as the assignment requires. The 
availability of sources/data is determined based on estimates by various publications 
and statistics (e.g. by Eurostat). The authoritativeness of the source (e.g. reports from 
institutions such as the European Commission (EC), European Parliament (EP), the 
Organisation for Economic Co-operation and Development (OECD) and the European 
Economic and Social Committee (EESC)) as well as on the relevance of statistical 
indicators on the gap or barrier (e.g. from Eurostat or DESI) play an important role. We 
will grade this criterion as High/Medium/Low based on the data available in the scanned 
literature and through desk research. This criterion is complementary to the first criterion 
on the frequency of occurrence of a barrier or gap; 

4.2.2. Short list of gaps and barriers 
We applied the four selection criteria presented in the previous section to the longlist to distinguish 
a selection of the four most relevant gaps and barriers for the CoNE exercise. In Table 13 below, we 
provide a summary of the assessment of all identified gaps and barriers. Below the table, we present 
a short justification for each assessment. 

Table 13: Assessment of all identified gaps and barriers 

# Gap/barrier 

Presence 
across 
Member 
States 

Potential to 
intervene 
with legal 
means at EU 
level 

Occurrence Availability of 
data 

1 Lack of infrastructure 
Laggards, 
peripheral 

Medium High Medium 

2 
Shortage of digitally skilled 
workers 

All Medium High High 

3 Maturity of technologies All Low Medium Medium 

4 Cybersecurity concerns All High Medium High 

5 Interoperability All Medium High Low 

6 Gaps in data governance All High High Medium 

7 
Lack of investment and access to 
investment All Medium High High 

8 
Traditional mindset and company 
culture Laggards Low Low Low 

9 
Gap between large companies 
and SMEs All Medium High High 

Source: Authors’ own elaboration. 
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Lack of adequate infrastructure 

The presence of appropriate infrastructure is the key foundation for digital transformation. Its 
relevance is mentioned frequently and extensively in authoritative publications on the topic. What 
complicates the matter of stimulating the development and deployment of infrastructure, is that 
differences can be observed between and within Member States. While some, predominantly in the 
Nordics and Northwest Europe, have an extensive deployment of digital infrastructure, Member 
States in the southeast of Europe are still struggling to facilitate countrywide broadband coverage. 
As such, we observe a discrepancy in the level of significance of the infrastructure gap between 
frontrunner Member States, solid performers and laggards. Further complications arise from the fact 
that differences exist within Member States (i.e. which areas without broadband exist throughout 
the territory, often even within urban areas). It is a concern for the entire EU but is more urgent for 
some Member States and regions than for others. We also observe that many legislative and policy 
actions have been adopted very recently, and one needs to await their impact before deciding on 
the further course of action. 

Shortage of digitally skilled workers 

This is one of the most frequently mentioned gaps in the literature reviewed relates to the absence 
of appropriate digital skills. It is encountered across the entire EU with an equal extent of severity, 
and some analytical publications single it out as the most critical problem that needs to be solved 
for digital transformation to succeed. In addition, the problem has been persistent over time, and 
digital skills are only slowly growing across the population and the workforce. The forecasts for the 
future are troubling. The EU has limited competencies in the field and has intensified its efforts in 
the past years, making them more targeted. However, the nature of the problem justifies a further 
close attention by the policy and further interventions. 

Maturity of technologies 

The possibility to absorb state-of-the-art innovations into business models is bound to its market 
readiness. Although frequently voiced by organisations in the realm of fundamental and deep-tech 
innovations, the impact on the average SME is limited compared to other issues identified. In terms 
of policy areas, the gap is related mainly to R&I policy and partially to industrial policy, and it is now 
receiving close attention through the recent adoption of or adjustments in the relevant instruments 
(e.g. Horizon Europe, DEP). In this context, the first results from the application of these instruments 
should be considered before other measures are planned. 

Cybersecurity and safety 

Although this issue is still relatively new compared to some of the other issues, it has rapidly gained 
attention over the last years – and especially during the COVID-19 pandemic – and has a 
considerable impact on digital transformation. It is an ever-evolving, versatile and expensive issue, 
as a result of the absence of EU-wide (and international) cyber standards and certificates and costly 
compliance with regulatory and legal requirements. Cybersecurity is a challenge for the EU as a 
whole, underlined by the low ranking of virtually all EU Member States on the Global Cybersecurity 
Index. Cybersecurity needs to be improved across the board, due to digitalising value chains, whole 
industry sectors and many activities and processes. While many policy and legal actions have already 
been taken (e.g. the EU Cybersecurity Act, the first cybersecurity certification scheme EUCC adopted 
and other in development), the implementation and application are being challenging, for Member 
States and companies, and would require more support. 
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Lack of interoperability 

The lack of interoperability of technological solutions is inherently an EU-wide issue, impacting 
economic actors of every scale and region. Obstruction to a seamless internal market for trade and 
complete datasets, products and services harm the level of potential benefits, e.g. in terms of 
administrative burden and limited network effects. As such, this barrier to cross-country and -sector 
interaction is of significant size, which is emphasised in authoritative publications and by ongoing 
efforts to complete the EU internal market. Yet, there are no quantitative data sources on the gaps 
and benefits of interoperability, and the issue could be resolved if other problems are tackled (e.g. 
cybersecurity, data governance). 

Gaps in data governance 

Deficient data governance has an inhibitory effect extending beyond the individual company to the 
industry level or further. The larger the pool of data, the more useful the data is for analysis by 
individual actors and the development of digital technologies. Therefore, this marks again a barrier 
that should be solved at the EU level. While currently data governance is among the top priorities of 
the EU and attempts are being made to regulate it, not all gaps have been addressed by the existing 
policy and legal actions.  

Lack of investment and access to capital 

Insufficient financial resources are easily the most self-evident of the identified gaps and barriers. 
The issue is mentioned without an exception as a key gap in relevant publications. Particularly when 
assessed in comparison to other economic powerhouses like the USA and China, companies in the 
EU struggle to get the resources required for digitisation and innovation. It is not bound to specific 
sectors, regions or company types: across the board, there is an unsatisfied need for access to 
finance, whether it is in the form of risk capital, grants, subsidies or any other form.  

Traditional mindset and company culture 

This issue was mentioned in some publications as one of the barriers among a larger portfolio of 
issues. The issue mainly relates to laggard companies and traditional sectors. In less traditional 
sectors and organisations, actors often encounter external barriers (lack of funding, skilled 
employees and enabling policies) rather than a lack of an enabling culture. Developing an enabling 
business ecosystem that stimulates traditional companies and their employees to experiment, 
innovate and adopt new technologies is a delicate and ‘soft’ ambition, which might be pursued best 
through more direct and targeted (financial or policy) tools for the specific industries or types of 
companies.  

Gap between large companies and SMEs 

Many of the issues listed above are particularly pressing for SMEs, as they require an abundance of 
material and immaterial resources for digital transformation, which they have difficulties obtaining. 
The differences between large companies and SMEs are expressed frequently and explicitly in many 
EU publications and require severe attention given that SMEs represent 99% of all enterprises in the 
EU and nearly two-thirds expresses issues in digitisation. For some, this support can help them 
develop into national or EU champions, while for the long tail of remaining SMEs it can facilitate 
their access to and participation in the digitalised EU economy. The issue of digital divide between 
large companies and SMEs is present across all policy areas and all Member States and industries. It 
is a persistent problem that deserves specific attention. 
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Final selection of gaps and barriers 

Based on the assessment performed in this chapter, we have come to a final selection of gaps and 
barriers as presented in Table 14 below for the CoNE exercise. The selection is highlighted in bold. 

In coming to the selection, each of the four selection criteria had an equal weight. In particular, we 
focused on selecting those gaps and barriers that on aggregate score most on the criteria. The 
selected gaps and barriers are all prevalent throughout all EU Member States. Moreover, each of the 
gaps and barriers in the final selection scores two ‘Highs’ and one ‘Medium’ on the three other 
indicators – occurrence, availability of data and potential to intervene with legal means at EU level.  

Table 14: Final selection of gaps and barriers 

# Gap/barrier 

Presence 
across 
Member 
States 

Potential to 
intervene 
with legal 
means at EU 
level 

Occurrence Availability of 
data 

Selected 
for CoNE 

1 Lack of infrastructure 
Laggards, 
peripheral Medium High Medium No 

2 
Shortage of digitally 
skilled workers All Medium High High Yes 

3 Maturity of technologies All Low Medium Medium No 

4 Cybersecurity concerns All High Medium High Yes 

5 Interoperability All Medium High Low No 

6 Gaps in data governance All High High Medium Yes 

7 
Lack of investment and 
access to investment All Medium High High Yes 

8 
Traditional mindset and 
company culture Laggards Low Low Low No 

9 
Gap between large 
companies and SMEs All Medium High High Yes 

Source: Authors’ own elaboration. 
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5. Impacts of gaps and barriers 
This chapter looks into the impacts of the identified significant gaps and barriers on the society and 
economy. The impacts are grouped thematically and quantified, where possible. Only economic 
impacts are quantified, therefore other impacts (e.g. on fundamental rights, geopolitics etc.) are 
described qualitatively. 

5.1. Non-economic impacts 
The slow pace of digital transformation caused by the identified gaps and barriers has serious, 
mainly negative geopolitical, social and environmental impacts and affects innovation and 
fundamental rights. The table below summarises these impacts identified through the literature 
review, and Sections 5.1.1-5.1.5 describe the specific impacts in more detail. It is not always possible 
to attribute a specific impact to just one gap or barrier. In most cases, the impacts are a result of the 
cumulative effect of all gaps and barriers. 

Table 15: Overview of non-economic impacts 

Impacts type Specific impacts 

Impacts on innovation 
and innovation capacity 

• Loss of innovation leadership by the EU; 
• Less innovation; 
• Slower innovation diffusion within the EU; 
• Hampering the commercialisation of innovation; 
• Lower quality of innovation; 
• Lower ability to shape international and industry standards.  

Geopolitical impacts 

• Loss of digital leadership (digital sovereignty) by the EU; 
• Growing dependency on foreign technologies, applications, devices; 
• Lower ability to defend the EU; 
• Lower ability to promote European interests internationally; 
• Lower credibility as a foreign policy actor. 

Social impacts 

• Shortage of skilled workers in the EU; 
• Exacerbating existing inequalities (i.e. income inequalities, 

inequalities in access to education, health and other goods, 
inequalities between highly skilled and less-skilled workers); 

• Growing pressure on social security and social protection systems 
(e.g. due to potentially higher number of unemployed lower skilled 
workers); 

• Threatening territorial cohesion in the EU (i.e. deepening digital 
divide between urban and rural areas, southern and northern EU 
Member States); 

• Public health implications (e.g. lower preparedness for disease 
outbreaks). 

Environmental impacts 

• Endanger effective green transition (i.e. may weaken EU climate 
action); 

• Impacts on the environment as such are ambiguous: digitalisation 
could affect it both positively and negatively.  
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Impacts type Specific impacts 

Impacts on fundamental 
rights 

• Threatening gender equality (i.e. may reinforce current inequalities); 
• Lack of access to digital technologies and inclusion for people with 

disabilities; 
• Endangering social inclusion (e.g. for people on lower incomes, rural 

residents, older people and other vulnerable groups); 
• Endangering the right to education due to unequal access to digital 

tools; 
• Negatively impacting the right to effective remedy and to a fair trial 

due to differing level of digitalisation of judicial systems. 

Source: Authors’ own elaboration. 

5.1.1. Impacts on innovation and innovation capacity  
It has been widely estimated231 that the EU has lost its innovation leadership and is now lagging 
behind not only the USA but also Japan and China. Some of the main indicators for this are the 
enduring low R&D expenditure,232 lower number of start-ups, start-ups not being able to develop 
into mature businesses (but often being sold to US competitors), lack of European companies 
among leading digital firms (see Section 4.1), but also resisting change through technology. 

The EU is losing ground on many parameters globally. For instance, it has fewer companies among 
those investing heavily in R&D. Among the top 2500 companies with the highest R&D investments 
worldwide, the EU relies on established champions and has fewer new entrants than the US and 
China, which indicates that European companies have difficulties with scaling up.233 The EU also has 
fewer “unicorn” companies than the US or China 234 and also has more companies that do not 
innovate at all.235 At the same time, the R&D community in Europe is thriving, with good 
fundamental research, a highly educated population and a growing number of start-ups. The 
problem is the commercialisation of R&D and scaling up.236 

The loss of innovation capacity is connected to the lower or slower innovation diffusion in the EU 
as a whole. Innovation diffusion is an intrinsic part of the innovation process which refers to how, 
why and how fast new technologies are adopted, or old technologies are replaced with new 
generation technologies.237 The diffusion of digital innovation naturally enables digital 
transformation. However, the extent of digital transformation would also define the speed of 

                                                             
231  Tsanova I and Havenith R, ‘Europe is no longer an innovation leader. Here's how it can get ahead’, WEF, 14 March 2019; 

Deloitte Insights, ‘Innovation in Europe: A Deloitte survey on European companies and how digital technologies can 
strategically enhance innovation’, 2019, p. 2; Lewis JA, Conley HA and Lee-Makiyama H, ‘Has Europe Lost Both the 
Battle and War over Its Digital Future?’ CSIS Commentary, 9 March 2020; Kowalski AM, ‘Dynamics and Factors of 
Innovation Gap Between the European Union and China’, J Knowl Econ, 2020. 

232  Revoltella D, ‘Retooling Europe’s economy’, VOXEU, 22 January 2019. 
233  Revoltella D, Bending T, Weiss C and Brutscher P-B, ‘Creating an enabling environment for innovation and 

digitalisation’, SUERF Polity Note, Issue No 75, 2019. 
234  See CB Insights, ‘The Complete List Of Unicorn Companies’. 
235  Revoltella D, Bending T, Weiss C and Brutscher P-B, ‘Creating an enabling environment for innovation and 

digitalisation’, SUERF Polity Note, Issue No 75, 2019. 
236  Bughin J, Windhagen E, Smit S, Mischke J, Sjatil PE and Gürich B, ‘Reviving innovation in Europe’, McKinsey Global  

Institute Discussion paper, 16 October 2019. 
237  Hall B, ‘Innovation and diffusion’, in: Fagerberg J and Mowery DC, The Oxford Handbook of Innovation, 2006; on 

innovation diffusion and factors see RISE, Final Reflections of the RISE Group, Report of 2019. 
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innovation diffusion due to the factors in place. Innovation diffusion is defined by how many people 
have already adopted the novelty (network effect), whether the costs dropped due to the wide 
adoption and whether appropriate market structures have formed to support the diffusion. The 
lagging digital transformation will be hindering the unfolding of these factors, and therefore 
hamper the commercialisation of innovation. Hereto come the differences in the innovation 
diffusion across countries in the EU,238 which would negatively impact the development of network 
effects and necessary market structures. 

Besides the commercialisation of innovation, other stages of the innovative process might be 
affected as well. Considering that digital technologies are currently the main driving force behind 
the creation of new services and products,239 the failure to effectively implement them means that 
less innovation would be happening in Europe. Digitalisation also changes the innovation itself: it 
speeds up the innovation cycles and it makes innovation activities collaborative (including both 
competitors and users) by contrast to before. The European economy, if not sufficiently digitised, 
may not be able to keep pace with these developments in innovation, lowering its quality and 
being unable to meet the market needs. 

The ramifications of the loss of innovative capacity go beyond the potential of job creation, 
economic growth and global competitiveness. They also include the lower ability to set or shape 
international and industry standards and regulations more generally. Insufficient innovation 
could lead to the inability to face the main challenges facing Europe, like the ageing population and 
climate change. Innovation capacity is of fundamental importance for sustaining the economic and 
social system of the EU and high standards of life because it cannot rely on natural resources or low 
cost of labour.240 

5.1.2. Geopolitical impacts  
The EU performance in various aspects of digital transformation (e.g. digital skills, innovation, 
digitisation of businesses) has become a central point in the discussion about EU’s “digital 
leadership” or “digital sovereignty”. 241 Referring to the ability to act autonomously in the digital 
world, EU’s digital sovereignty should be resting on its computing power, secure connectivity and 
the ability to control European citizens’ data.242  

However, the shortage of digitally skilled workforce, slow digitisation of businesses and lack of 
investments threaten this ambition.243 The loss of innovation capacity (described in Section 5.1.1) 
makes the EU more dependent on foreign digital technologies, applications and devices. This, 
in turn, opens the door to the unwanted influence of foreign regulatory choices (or lack thereof) that 
                                                             
238  Anderson HJ and Stejskal J, ‘Diffusion Efficiency of Innovation among EU Member States: A Data Envelopment  

Analysis’, Economies 7:2, 2019. 
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Institute Discussion paper, 16 October 2019. 
241  The debate is also framed as technological leadership or technological sovereignty when it covers other technologies 

beyond digital (e.g. nanotechnologies, life sciences). See on the topic: European Commission, Europe: The keys to 
sovereignty, News item, 11 September 2020; Bauer M and Erixon F, ‘Europe’s Quest for Technology Sovereignty: 
Opportunities and Pitfalls’, ECIPE, 2020. Critically on the notion and political actions in this regard, Barker T, ‘Europe  
Can’t Win the Tech War It Just Started’, Foreign Policy, 16 January 2020; Kelly É, ‘Decoding Europe’s new fascination 
with ‘tech sovereignty’, Science Business, 3 September 2020. 
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243  Madiega T, ‘Digital sovereignty for Europe’, EPRS Ideas Paper, 2020, p. 2. 
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may endanger European values and security.244 In times of crisis, like the COVID-19 pandemic, the 
reliance on providers from third countries makes the EU more vulnerable, might complicate the 
search for efficient solutions and stand in the way of social and economic recovery.245  

The EU’s digital leadership has difficulties coming to fruition also on the policy level: EU Member 
States lack common positions on several fundamental issues.246 For instance, there is no common 
understanding of what digital sovereignty means and how to cooperate with third countries on 
technological matters.247 When judged on the basis of national policies and achievements, it seems 
that countries also disagree on the strategic importance of different technologies. At the same time, 
the joint actions of the EU and Member States (e.g. central coordination, planning and prioritisation) 
are perceived as “too fragmented and timid” by comparison to the leading third countries.248 

There are warnings against wider ramifications of the lack of digital sovereignty: the EU may lose 
the ability to defend itself effectively, promote its interests on the international stage and be 
a credible and strong foreign policy actor. 249 

5.1.3. Social impacts  
The McKinsey Global Institute250 found that the EU may face a shortage of skilled workers by 2030, 
despite the ongoing automation that could replace about 22% of current work activities (53 million 
jobs). Some of the reasons are the declining size of the working-age population and the trend to 
shorter work weeks. 

As the pressures of digitalisation strengthen the demand for (specialised) digital skills, which are 
already in short supply, there is a risk of exacerbating the existing inequalities between highly 
skilled and less-skilled workers.251 This refers to income inequalities, but also to access to education, 
healthcare and other goods. The said inequalities are likely to be stronger pronounced in relation to 
certain demographics (e.g. women, older people – see Section 5.1.5). 

The McKinsey Global Institute252 found that, by 2030, automation will require about 94 million 
workers to acquire new skills through retraining. Another 21 million may need to change 
occupations. The study also found a connection to the COVID-19 pandemic: workers that are likely 
to be displaced by digitalisation are those who are also most at risk during the pandemic (retail and 
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wholesale are prime examples of the latter). The pandemic has accelerated the displacement 
process.253 Workers – but also their employers – would require educational, financial and coaching 
support to acquire new skills. Those who will not be able to get re-skilled or will not acquire new 
skills fast enough would also need income support, which would put additional pressure on the 
social security and social protection systems of governments. In addition, not all social protection 
systems deal well with the fast pace of destruction and creation of jobs in different companies and 
industries.254 Such job reallocation will, however, accompany digitalisation and automation. 
Therefore, social protection systems need to be reformed or special funding mechanisms for re-
skilling, re-training and life-long learning be developed.255 

EU Member States will be affected by digitalisation and automation in different ways. Sweden and 
Finland face the least risk from automation, while Slovakia, Slovenia and Greece face the biggest 
risks due to low labour market participation, strong agricultural sector and presence of industry 
sectors that can be well automated.256 Equally, rural and urban regions will be affected differently: 
capital or large cities are least at-risk, while rural areas are at most risk.257 As mentioned in Section 
5.1.1, due to differences in the innovation diffusion across Member States caused by uneven digital 
transformation, may put some countries at a disadvantage. All this is likely to threaten territorial 
cohesion across the EU. 

The COVID-19 pandemic demonstrated, among other things, that lack of digitalisation negatively 
impacts public health. Lack of digital solutions did not allow to monitor and rapid response to the 
fast-changing health situation. They prevent effective coordination, including cross-border, within 
the healthcare sector and with authorities.258 In addition, there are indications that better use of data 
and AI technologies could saving lives or increasing life expectancy right now.259 

5.1.4. Environmental impacts  
By preventing or slowing down digital transformation, the identified gaps and barriers also 
endanger the twin transition, entailing the green sustainable transformation and the 
achievement of 2030 climate targets. It has been pointed out that digital technologies are the key 
enabler to many, if not most, climate solutions.260  

The lagging digitalisation has slowed down the adoption of more sustainable practices by industry 
sectors. There are estimates that already the current digital technologies if adopted immediately by 
industry, transport, agriculture, energy supply, food consumption and buildings, could have helped 
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255  WEF, ‘The Future of Jobs Report’, 2020, p. 45; Kiss M, ‘The future of work: Trends, challenges and potential initiatives’, 

EPRS Ideas Paper, 2021, pp. 8-9. 
256  Tynybekov A, ‘The Future of Work in Europe: A New Approach to Skills and Lifelong Learning is Needed to Turn the 

Automation Threat into a Workforce Opportunity’, Autodesk, 8 June 2021. 
257  Tynybekov A, ‘The Future of Work in Europe: A New Approach to Skills and Lifelong Learning is Needed to Turn the 

Automation Threat into a Workforce Opportunity’, Autodesk, 8 June 2021; Smit S, Tacke T, Lund S, Manyika J and Thiel 
L, ‘The future of work in Europe: Automation, workforce transitions, and the shifting geography of employment’, 
McKinsey Global Institute, 2020. 

258  Medicines for Europe, ‘No further excuse to delay digital regulatory infrastructure for medicines after COVID-19  
pandemic’, Euractiv, 19 February 2021. 

259  Bughin J, Hazan E, Ramaswamy S, Chui M, Allas T, Dahlström P, Henke N and Trench M, ‘Artificial Intelligence: The next 
digital frontier?’ McKinsey Global Institute Discussion paper 2017, p. 24. 

260  Ekholm B and Rockström J, ‘Digital technology can cut global emissions by 15%. Here’s how’, WEF, 15 January 2019. 

http://www3.weforum.org/docs/WEF_Future_of_Jobs_2020.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/679097/EPRS_BRI(2021)679097_EN.pdf
http://www3.weforum.org/docs/WEF_Future_of_Jobs_2020.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/679097/EPRS_BRI(2021)679097_EN.pdf
https://blogs.autodesk.com/autodesk-news-uki/future-of-work-in-europe/
https://blogs.autodesk.com/autodesk-news-uki/future-of-work-in-europe/
https://blogs.autodesk.com/autodesk-news-uki/future-of-work-in-europe/
https://blogs.autodesk.com/autodesk-news-uki/future-of-work-in-europe/
https://www.mckinsey.com/featured-insights/future-of-work/the-future-of-work-in-europe
https://pr.euractiv.com/pr/no-further-excuse-delay-digital-regulatory-infrastructure-medicines-after-covid-19-pandemic
https://pr.euractiv.com/pr/no-further-excuse-delay-digital-regulatory-infrastructure-medicines-after-covid-19-pandemic
https://www.mckinsey.com/%7E/media/mckinsey/industries/advanced%20electronics/our%20insights/how%20artificial%20intelligence%20can%20deliver%20real%20value%20to%20companies/mgi-artificial-intelligence-discussion-paper.ashx
https://www.mckinsey.com/%7E/media/mckinsey/industries/advanced%20electronics/our%20insights/how%20artificial%20intelligence%20can%20deliver%20real%20value%20to%20companies/mgi-artificial-intelligence-discussion-paper.ashx
https://www.weforum.org/agenda/2019/01/why-digitalization-is-the-key-to-exponential-climate-action/


EPRS | European Parliamentary Research Service 

  

 

76 

reduce carbon emissions by 15% (one-third of what is required by 2030).261 In particular, the use of 
digital technology in energy production and distribution has the potential to level out or even 
reduce energy consumption by 40% without sacrificing services and quality of life. The use of digital 
technology instead of transport can cut business flights by at least 50% and reduce commuting 
emissions by around 50–60% annually.262 

As pointed out in Section 2.4, digitalisation’s impact on environmental sustainability is 
ambiguous: most of the improvements expected from digital technologies also have negative side 
effects. However, the current stage of research does not allow a conclusion on whether the 
environmental benefits of digital transformation would outweigh its negative impacts or vice 
versa.263 Due to the lack of scientific consensus on this, it is also impossible to discuss what 
implications the factors that hold back digitalisation have on the environment. Additional targeted 
research would be necessary to estimate the environmental impact of the lack of digitalisation. At 
the moment, one can cautiously conclude that, while barriers to digital transformation hinder the 
rapid transition to a green economy as foreseen by the many roadmaps and policies, they also 
prevent excessive consumption, higher energy use and the increase in the non-recyclable electronic 
and toxic waste.  

5.1.5. Impacts on fundamental rights 
This section looks at the impacts of the gaps and barriers preventing digital transformation on the 
fundamental rights as they are enshrined in the Charter of Fundamental Rights of the EU (Charter).264 

Digitalisation affects men and women differently,265 threatening the gender equality that, under 
Article 23 Charter, must be ensured in the areas of employment, work and pay. As mentioned in 
Section 3.1.3, women have on average fewer digital skills and make up less than one-fifth of ICT 
specialists in most EU Member States (with the notable exception of Bulgaria where 28% of ICT 
specialists are women).266 Due to the changes in demand for labour resulting from digitalisation and 
automation, across all countries, women are risking higher unemployment by comparison to men 
relative to any level of education.267 The jobs that have a greater female workforce are more prone 
to partial automation (instead of being displaced completely). This is likely to require new skills as 
well as increase the importance of certain skills (e.g. technical over social and emotional skills).268 As 
digitalisation is likely to make flexible work more common, this could have a positive impact on 
the employment rates of women.  
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The lagging digitalisation has mixed impacts on people with disabilities, and the impacts vary by 
different digital technologies and also by type of disability.269 In general terms, a digital 
transformation, conducted inclusively, would open up numerous opportunities for better 
integration of people with disabilities in the economic, social and cultural life (Article 26 Charter). 
However, at the moment, people with disabilities are likely those that are more affected by the lack 
of access to adequate digital tools right now (i.e. digital have-nots). They encounter more barriers 
to access the necessary education and training and, hence, are less likely to have digital skills.270 The 
standard digital tools may not work for them and require assistive technologies. 

The uneven digitalisation is also endangering social inclusion, in particular of less-educated 
people, people on a low income, residents of rural areas, older people and other vulnerable 
groups. Less-educated workers are facing a higher risk of unemployment resulting from 
digitalisation, and within this cohort women still fare worse than men.271 As mentioned in Section 
5.1.3, rural areas will be hit harder, with a potential of an increased digital divide with the urban 
areas, leaving rural residents at a higher disadvantage concerning their participation in 
employment, social and cultural life. People on low income may not be able to afford the services, 
devices and software that are necessary to take part in the digital economy. Older people have much 
lower digital skills than young people: according to Eurostat, of those aged 55 to 74 only 35% 
possess basic digital skills.272 Older workers will struggle more to re-train and find jobs, and elderly 
may be finding it difficult to live independent lives and participate in social and cultural life (Article 
25 Charter). It can be argued that all these vulnerable groups of the population may risk being cut 
off of services of general economic interest (Article 36 Charter) as more of the relevant activities are 
digitised, while some citizens are left behind. 

The adverse impacts of the lack of digitalisation for vulnerable groups of population and people 
living in rural areas have become especially pronounced during the COVID-19 pandemic. For 
example, the right to education (Article 14 Charter) of many was endangered when schools and 
other educational facilities had to move their activities fully online.273 Some students did not have 
access to suitable connectivity or did not have a separate device that could be used for studying. 
Schools were not always ready for digital learning as not everywhere the teaching staff had the 
necessary technical and pedagogical skills or were equipped by online learning platforms and 
devices.  

Another example is the right to an effective remedy and a fair trial (Article 47 Charter). Due to the 
implemented health safety measures, court hearings were cancelled, delayed or restricted; 
attorneys could not visit their clients; investigative actions could not be carried out. While the 
application of digital technologies in civil and criminal justice undoubtedly has its downsides,274 the 
lack of digitalisation of justice services during the pandemic negatively impacted access to justice. 
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This was both due to vulnerable people having no or limited access to digital technologies, due to 
justice authorities (i.e. courts, law enforcement) not having appropriate technology for remote and 
hybrid hearing and transmission of large quantities of data (for evidence purposes) as well as 
conservative attitudes towards new technologies by judges and lawyers.275  

Therefore, digital transformation needs to be carried out inclusively, and regulation is necessary to 
ensure that people with disabilities, the elderly and other vulnerable groups are not excluded from 
its benefits. At the same time, the current lack of digitalisation is holding these groups back from 
realising their full potential in society. 

5.2. Quantification of economic impacts: Cost of non-Europe of 
digital transformation 

5.2.1. Methodology of quantification 
The quantification of impacts is conducted through a computable general equilibrium (CGE) model. 
The main structure of the model that serves to compute per-period outcomes is augmented with a 
set of dynamic equations that allow the calculation of the impact of shocks over a specified time 
horizon at the annual frequency. The CGE model is an open economy one with a tailor-made sectoral 
breakdown and a government sector. Calibration is carried out using recent data for the EU 
economy. More information on the model structure and calibration is presented in Annex II. 

The cost of non-Europe is calculated as a difference between the baseline and the ideal state 
scenario. The baseline scenario reflects the expected economic developments in the absence of 
further policy changes at the EU level. It is constructed using the responses on the status quo from 
the Delphi method survey reported in Evas and Lomba (2020)276 for the respective channels of 
impact. This accounts for the dynamics of current developments and facilitates the capturing of 
currently observed trends that can be expected to continue in the absence of EU-level policy 
changes. Thus, the baseline scenario is not stationary, but its changes reflect a projection of already 
observed developments and confirmed future changes. The baseline scenario by construction takes 
on board information on approved policy actions that was available as of mid-2020. It also reflects 
the integrated assessment of the Delphi survey respondents as to the combined impact of these 
policy actions on selected inputs to the model, e.g. productivity or labour market characteristics.  

The ideal state scenario represents a hypothetical situation where no shortlisted gaps and barriers 
related to digital transformation exist and there are no setbacks or obstacles to full digital 
transformation in the EU that can be removed by policy actions at the EU level. To measure this, we 
create a simulation where the respective gaps from the final selection (as listed in Chapter 5) are 
lifted immediately and fully. In doing so, the analysis can estimate the extent of the gap between 
the actual situation (baseline scenario) and the potential size of the ideal state scenario. It is 
important to note that our current modelling approach is based on the assumption of non-
diminishing gaps between the baseline and the ideal state. This implies that the gaps tend to 
accumulate, and the divergence becomes more pronounced over time. 

Many assumptions were made regarding the directions and sizes of the shocks on the economy on 
how each of the shortlisted gaps and barriers is addressed in the ideal state scenario. Specifically, 
addressing the gaps could have an economic effect through the supply of skilled and unskilled 
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labour, consumer demand, productivity and investment. Each of the shortlisted gaps is associated 
with a set of quantifiable economic effects that are presented as shocks to the model and described 
below in Table 16. Table 17 below lists the sizes of the shocks assumed per gap used for the 
modelling and assessment of the maximum Cost of Non-Europe. 

Table 16: Mapping of the shortlisted gaps and economic effects 

# Gap / channel of impact 
Supply of 
skilled 
labour 

Supply of 
unskilled 
labour 

Consumer 
demand TFPa Investment 

1 
Shortage of digitally skilled 
workers +     

2 Cybersecurity concerns and 
gaps in data governance 

+ + + +  

3 
Lack of investment and 
access to investment     + 

4 
Gap or digital divide 
between large companies 
and SMEs  

+b +b +b +b +b 

Note: a – Total factor productivity; b – the economic effects are scaled to account for the share of SME’s. 
Source: Authors. 

Table 17: Mapping of the shortlisted gaps to the size of the economic effects 

 
Supply of 
skilled 
labour 

Supply of 
unskilled 
labour 

Consumer 
demand TFP Investment 

Shortage of digitally 
skilled workers 

5% increase 
in supply     

Cybersecurity and data 
governance 

2% increase 
in supply 

2% 
increase in 
supply 

≈3% increase 
in demand 

0.25 pp 
higher TFP 
growth 

 

Lack of investment      0.5% of private 
saving 

Digital divide between 
large companies 

and SMEs  

% SMEs by 
sector 

% SMEs by 
sector 

% SMEs by 
sector 

% SMEs by 
sector 

% SMEs by 
sector 

Note: All changes are relative to the respective baseline values in each year. 
Source: Authors. 

Removing Gap 1: Shortage of digitally skilled workers is associated with an increase in the supply 
of skilled labour in the model277. The literature indicates a 6% gap in the supply of professionals with 

                                                             
277  Arntz M, Gregory T and Zierahn U, ‘Digitalization and the Future of Work: Macroeconomic Consequences’, Klaus F. 

Zimmermann (ed.), Handbook of Labor, Human Resources and Population Economics, ZEW - Centre for European 
Economic Research Discussion Paper No. 19-024, 6/2019. 

https://ssrn.com/abstract=3413653
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data skills in 2020278, with expected marginal improvement thereafter. We assume that a 5% gap 
exists for digital skills more broadly and remove it in the ideal state scenario. 

The types of effects that can be expected to materialise upon removal of Gaps 2 and 3: 
Cybersecurity concerns and Gap in data governance are largely similar. Therefore, we combine 
them for the modelling exercise. Our research identified several channels of impact for these gaps.  

The presence of gaps exercises a limiting effect on the overall supply of skilled and unskilled labour. 
The literature suggests a positive impact of technology on the employment of skilled persons.279 
There is some divergence in literature when it comes to the effects on unskilled labour but there 
seems to be a tentative agreement on small positive effects there as well280. In line with the more 
conservative estimates in the literature, we assumed a 2% increase in the supply of both skilled and 
unskilled labour if gaps are removed. 

In addition, improved cybersecurity and data governance should boost consumer confidence and 
therefore the demand for goods and services. To quantify that, we used the expected change in 
consumer demand for Scenario 1 (common approach) from the Delphi survey from Evas and Lomba 
(2020)281. 

Furthermore, we assume that digitalisation has positive effects on total factor productivity. Based 
on various sources, WTO (2018)282 estimated an average annual Total factor productivity (TFP) 
growth at the level of 1.25% due to technological advancement, contrasted with historical estimates 
close to or below 1%. We, therefore, assume that the removal of the cybersecurity concerns and gap 
in data governance results in a 0.25 pp increase in TFP growth. Additionally, we adopt the scaling 
factors 283 on the relative strength of the TFP gains by sector used in WTO (2018)284. 

While there is a clear gap in terms of insufficient investment in digitalisation (Gap 4: Lack of 
investment and access to investment), our review of policies and public investment programs 
reveals that virtually all capacity has been used on that front and there is a need for private 
investment to fill that gap. As a first approximation, we modelled the private sector stepping in to 
contribute as a preference shock to households inducing a 0.5% increase in private savings. 

The gap between SMEs and large enterprises (Gap 5: Gap or digital divide between large 
companies and SMEs) interacts with all the other gaps and barriers. Therefore, we assumed that it 
has an amplifier effect. The larger the share of SMEs in a sector, the greater the gap to be bridged. 

                                                             
278  European Commission, The European data market monitoring tool: Key facts & figures, first policy conclusions, data 

landscape and quantified stories: d2.9 final study report, 2020. 
279  Brekelmans S a d Petropoulos G, ‘Artificial intelligence’s great impact on low and middle-skilled jobs’, Bruegel Blog, 

29 June 2020; ILO, ‘The impact of technology on the quality and quantity of jobs’, Issue Brief 6 prepared for the 2nd 
Meeting of the Global Commission on the Future of Work 15-17 February 2018. 

280  For example, see WTO, The World Trade Report 2017: Trade, technology and jobs, 2017; Lee N and Clarke S, ‘Do low-
skilled workers gain from high-tech employment growth? High-technology multipliers, employment and wages in 
Britain’, Research Policy, Volume 48, Issue 9, 2019,  

281  Evas T and Lomba N, ‘European framework on ethical aspects of artificial intelligence, robotics and related 
technologies’ (European added value assessment), EPRS, 2020. 

282  WTO, The World Trade Report 2018: The future of world trade: how digital technologies are transforming global  
commerce, 2018. 

283  The scaling factors used in WTO (2018) are adjusted to reflect the sectoral breakdown used in the modelling approach 
in this study. 

284  WTO, The World Trade Report 2018: The future of world trade: how digital technologies are transforming global  
commerce, 2018, Appendix Table C.4, page 124. 

https://op.europa.eu/en/publication-detail/-/publication/9fb0599f-c18f-11ea-b3a4-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/9fb0599f-c18f-11ea-b3a4-01aa75ed71a1/language-en
https://www.bruegel.org/2020/06/artificial-intelligences-great-impact-on-low-and-middle-skilled-jobs/
https://www.ilo.org/wcmsp5/groups/public/---dgreports/---cabinet/documents/publication/wcms_618168.pdf
https://www.wto.org/english/res_e/booksp_e/world_trade_report17_e.pdf
https://doi.org/10.1016/j.respol.2019.05.012
https://doi.org/10.1016/j.respol.2019.05.012
https://doi.org/10.1016/j.respol.2019.05.012
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2020)654179
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2020)654179
https://www.wto.org/english/res_e/publications_e/world_trade_report18_e.pdf
https://www.wto.org/english/res_e/publications_e/world_trade_report18_e.pdf
https://www.wto.org/english/res_e/publications_e/world_trade_report18_e.pdf
https://www.wto.org/english/res_e/publications_e/world_trade_report18_e.pdf
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We use Eurostat data on the number of SMEs 285 to compute the shares of SMEs per model sector 
and use these as a scaler for the other shocks in the model. 

5.2.2. Economic impact of the ideal state scenario  
Table 17 provides the estimated size of economic effects that can be expected to materialise upon 
removal of the shortlisted gaps and barriers by EU-level actions. These effects are introduced in the 
model in the form of appropriate shocks (see Annex II for details). The estimated impacts of the 
removal of the shortlisted gaps and barriers or the ideal state scenario in terms of GDP, 
consumption, employment and capital stock are shown in Table 18. The results are presented as 
percentage deviations from the baseline scenario for the years 2020 to 2033. 

The deviations in the ideal state scenario from baseline for GDP, private consumption, employment 
and capital stock are positive. This indicates relative increases in them in case all the shortlisted gaps 
and barriers at the Union level are addressed. The results show that the differences in GDP and its 
components (private consumption and capital stock) between the ideal state and baseline scenarios 
become more pronounced over time. This is because the modelling approach is based on the 
assumption of non-diminishing gaps between the two scenarios. This in itself implies that the gaps 
tend to accumulate over time.  

In the first year of simulation, 2021, the real GDP deviates from the baseline scenario by 2%. The 
deviation increases to approximately 8% towards 2033. A similar pattern is observed for indicators 
that are part of GDP or depend on it such as private consumption and capital stock. For private 
consumption GDP in the ideal state scenario is different from the baseline by 3.06% in 2021. The 
difference in private consumption between the two scenarios increases to 9.66% in 2033. The 
deviations in capital stock are smaller, reaching 3.9% in 2033. The growing deviations between the 
two scenarios could be interpreted as indicating that there is a cost to delaying policy actions, thus 
emphasising the temporal aspect of the cost of non-Europe in digital transformation. 

In contrast, labour market outcomes exhibit more or less constant deviations between the baseline 
and the ideal state scenarios until 2033, reflecting an unchanged gap in labour supply. The deviation 
between the two scenarios is constant at around 3.8% throughout the simulation period. 

Table 20 shows the impact on the real value added at a disaggregated level. The results are positive 
across all the sectors. In the first year of simulation, the largest effects are observed for the sectors: 
Construction, Research and Innovation, and Other services (between 2.67% and 2.77% deviation 
from the baseline scenario). Towards the end of the simulation period, the largest deviation is 
observed in the sector Research and Innovation and Construction (between 9.5% and 9.97%).  

Similarly, the deviations between baseline and the ideal state scenario for employment are positive 
across all sectors and tend to increase over time. Table 19 shows the impact on employment at a 
disaggregated level. The most pronounced deviations occur in the sector Research and innovation. 
The deviation in employment increases from 6.5% in 2021 to 9.5% in 2033. The deviations in 
employment in agriculture are constant over the simulation period: 5.5%. The ICT sector shows a 
similar pattern as Research and innovation sector and settles at the level of 5.6% in 2033. Finance 
and insurance and manufacturing show the lowest deviations out of all sectors in 2021: at the level 
of 2.66% and 2.33% respectively. Both of them grow towards 2033 reaching the level of 3.15% and 
3.6% respectively. The other services sector is the only sector the shows a decreasing pattern in 
deviations: from 4.21% in 2021 to 3.45% in 2033.  

                                                             
285  The following data sources were used to construct the shares: sbs_sc_ind, sbs_sc_dt, sbs_sc_sc, available at 

https://ec.europa.eu/eurostat/web/structural-business-statistics/small-and-medium-sized-enterprises. 

https://ec.europa.eu/eurostat/web/structural-business-statistics/small-and-medium-sized-enterprises
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Table 18: Difference between baseline and ideal state scenario for selected macroeconomic 
variables (percentage deviations from baseline scenario values) 

Year GDP Private consumption Employment Capital stock 

2021 2.27 3.06 3.81 0.00 

2025 4.01 5.11 3.81 1.03 

2030 6.42 7.92 3.79 2.73 

2033 7.96 9.66 3.77 3.90 

Source: Authors’ analysis. 

Table 19: Difference between baseline and ideal state scenario for employment by sector 
(percentage deviations from baseline scenario values) 

 2021 2025 2030 2033 

Agriculture 5.54 5.54 5.53 5.51 

Industry 3.29 3.48 3.61 3.64 

Manufacturing  2.33 2.83 3.34 3.60 

Construction 5.18 5.36 5.01 4.68 

Transport 3.20 3.45 3.77 3.96 

ICT 3.81 4.53 5.26 5.65 

Finance and insurance 2.66 2.83 3.03 3.15 

Research and innovation 6.55 8.03 9.07 9.45 

Other services 4.21 3.91 3.61 3.45 
Source: Authors’ analysis. 

Table 20: Difference between baseline and ideal state scenario for real value added by 
sector (percentage deviations from baseline scenario values) 

 2021 2025 2030 2033 

Agriculture 1.30 3.31 6.22 8.11 

Industry 1.08 2.53 4.65 6.02 

Manufacturing  1.45 3.10 5.32 6.72 

Construction 2.77 4.99 7.78 9.50 

Transport 1.68 3.09 5.11 6.41 

ICT 1.78 3.38 5.57 6.97 

Finance and insurance 1.31 2.71 4.72 6.02 

Research and innovation 2.69 5.08 8.12 9.97 

Other services 2.67 4.49 7.02 8.64 

Source: Authors’ analysis. 
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5.2.3. Cost of non-Europe 
The cost of non-Europe refers to the costs borne by the EU citizens, public organisations, businesses 
due to the identified potential gaps and barriers, i.e. gaps and barriers that can be removed by 
Union-level policy actions. The ideal state scenario addresses the shortlisted gaps and barriers, while 
they exist in the baseline scenario. Therefore, the cost of non-Europe of digital transformation could 
be quantified as the difference in monetary value between baseline and ideal state scenarios. In 
other words, if the current situation in terms of the presence of the shortlisted gaps and barriers 
remains (baseline scenario), the monetary value of lost output due to such presence of gaps and 
barriers is the cost of non-Europe. The monetary estimates are based on model deviations from GDP 
projections derived from the EC Spring 2021 Forecast 286. They thus take into account the latest 
cyclical developments in the EU27 economy, including the impact of the COVID-19 pandemic. 

Table 21 below shows the calculated differences between the baseline and the ideal state scenarios 
for GDP and employment or in other words the calculated size of the cost of non-Europe. Economic 
activity measured through the changes in the GDP at current prices, used as a measure of the cost 
of Non-Europe, could increase by €320 billion compared to the baseline scenario in 2021. This 
difference increases over time and reaches €1.6 trillion in 2033. When measured at constant 2020 
prices, the changes in GDP are slightly smaller ranging from €315 billion in 2021 to €1.3 trillion in 
2033. Employment is also expected to experience sizable effects. In absolute values, this means that 
the employment will be higher than the baseline by 7.5 million people in 2021, reaching 7.9 million 
in 2033. Notably, while employment effects materialise almost immediately and increase 
moderately over time, there is a substantial GDP impact arising from differences in productivity 
growth between the baseline and the ideal state. This reflects the technology-intensive nature of 
the improvements that are expected to materialise upon the removal of the gaps, and the 
concomitant accumulation of the differences in output levels. 

Table 21: Difference between baseline and ideal state scenario for selected macroeconomic 
variables (absolute deviations from baseline scenario values) 

Year 
GDP, 

m € current prices 
GDP, 

m € constant 2020 prices 
Employment, 

thousand persons 

2021 320 515 315 467 7 517 

2025 648 558 599 141 7 722 

2030 1 183 809 1 008 699 7 874 

2033 1 588 191 1 289 207 7 955 
Source: Authors ‘analysis. 

Table 22 and Table 23 show the impact of the ideal state scenario at a disaggregated level. In 
absolute terms, the most pronounced impact is expected for the sector Other services. In this sector, 
the real value added deviates from the baseline by €190 billion in 2021 up to €705 billion in 2033, 
while employment deviates by 5 million persons in 2021 and by somewhat less towards 2033 (4.5 
million persons). The manufacturing sector shows also significant differences from the baseline 
scenario: the deviations become more pronounced over time starting from €31 billion in 2021 and 
reaching €165 billion in 2033. A similar trend is observed for the deviations of the employment in 
manufacturing. The least changes are observed in the sector Research and innovation.  

                                                             
286  European Commission, Spring 2021 Forecast, 2021. 

https://ec.europa.eu/info/business-economy-euro/economic-performance-and-forecasts/economic-forecasts/spring-2021-economic-forecast-rolling-sleeves_en
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To put our estimates of the cost of Non-Europe in perspective, the recent analysis of the CoNE in EU 
energy system transformation 287 estimates the respective CoNE in 2030 at €464 billion. The analysis 
underlying the CoNE report on artificial intelligence in transport288 focuses on road transport and 
estimates the direct CoNE in the range €230-275 billion in terms of lost GDP in 2030. Given the broad 
scope of the present analysis and taking into account the inevitable differences in the analytical 
methodologies employed, our results, while higher, can be viewed as compatible with other CoNE 
estimates reported. 

Table 22: Difference between baseline and ideal state scenario for real value added by 
sector, absolute deviations from baseline scenario values in constant 2020 prices, m EUR 

 2021 2025 2030 2033 

Agriculture  2 922   7 920   15 574   20 915  

Industry  4 374   10 950   21 035   28 063  

Manufacturing  31 216   70 795   127 241   165 312  

Construction  18 069   34 662   56 588   71 170  

Transport  10 880   21 308   36 836   47 578  

ICT  13 119   26 443   45 677   58 797  

Finance and insurance  8 277   18 256   33 284   43 696  

Research and innovation  3 082   6 197   10 356   13 097  

Other services  190 566   340 008   556 714   705 874  

Source: Authors’ analysis. 

Table 23: Difference between baseline and ideal state scenario for employment by sector, 
deviations from baseline scenario values in thousands persons 

 2021 2025 2030 2033 

Agriculture  475   495   517   528  

Industry  100   111   120   124  

Manufacturing  638   809   999   1,105  

Construction  641   693   676   648  

Transport  317   357   407   439  

ICT  218   270   328   361  

Finance and insurance  116   129   145   154  

Research and innovation  1   1   1   1  

Other services  5,010   4,858   4,681   4,595  
Source: Authors’ analysis. 

                                                             
287  Heflich A and Saulnier J, EU energy system transformation (Cost of Non-Europe), EPRS, 2021. 
288  Batura O, Regeczi D, Vassilev A, Yagafarova A, Bani E, Bonneau V, Jacques F and de Streel A, ‘Artificial intelligence in 

road transport: annex to cost of non-Europe report for EPRS’, 2021. 

https://www.europarl.europa.eu/RegData/etudes/STUD/2021/694222/EPRS_STU(2021)694222_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/STUD/2021/654212/EPRS_STU(2021)654212(ANN1)_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/STUD/2021/654212/EPRS_STU(2021)654212(ANN1)_EN.pdf
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6. Options for EU level policy actions 

6.1. Development of policy options 
The research and analysis conducted throughout this study led to the development of three main 
policy options that are described in this chapter and assessed in Chapter 7. These are:  

• Policy Option 1: Enhancing trust in digital technologies; 
• Policy Option 2: Strengthening R&D&I for digital transformation; 
• Policy Option 3: Digital policy for SMEs. 

The process for deriving those is hereby illustrated by Figure 38 and described. 

The framework for developing the policy options can be summarised in five main steps: 

1. As a starting point, the list of gaps and barriers (Chapter 4) provided a thorough 
understanding of the challenges faced by the EU regarding digital transformation. These are 
grouped into categories of main gaps and barriers, however can also be broken down into 
concrete and precise challenges. For instance, within the category “shortage of skilled 
workers”, the skills mix-match between graduates’ specialisations and industry needs, as 
well as the lack of data professionals are listed.  

2. Once the main gaps and barriers were compiled, the mapped policy initiatives at EU and 
Member State level (state as of May 2021) were assessed based on their potential to mitigate 
those. For example, in the area of digital skills, even though it was listed as a major challenge, 
there are newly adopted EU policies aiming to tackle this (i.e. the European skills agenda and 
Digital education action plan), while in the case of the digital divide between large 
companies and SMEs, a comprehensive EU level policy targeting sufficiently this challenge 
was not found. 

3. Even though digital transformation is a wide concept that could entail several more policy 
options, the scope of this assignment was narrowed down to ensure a few areas are 
investigated in depth. The priority areas were set by weighting in the areas of EU 
competence, the ITRE committee themes and priorities, focusing on those areas that directly 
respond to identified gaps and barriers and by excluding any areas where recent policy 
developments at EU level (all observed in all Member States) were aiming at addressing 
those. Thus, even though lack of AI investment or any specific measures targeted to AI 
technologies could constitute a separate policy option, there are also several recently 
adopted or in the making initiatives at EU and Member States level.  

4. Based on the desk research, collection and analysis of existing policy initiatives a list of policy 
measures that could be implemented to address fully or partly the prioritised challenges, 
these policy measures were listed. Those policy measures entail any type of public initiative, 
from soft law to strategy development and legally binding acts. An example of a policy 
measure is raising awareness and providing advice to SMEs on the topic of cybersecurity 
aiming to address the challenge of disproportional burden for SMEs to develop and 
implement cybersecurity solutions.  

5. As a last step, the individual policy measures were grouped thematically and were bundled 
under three overarching policy options. All three policy options are addressing to some 
extent several types of challenges and are described in detail in this chapter. 
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Figure 38: Approach to the development of policy options 

 

Source: Authors’ own elaboration. 
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6.2. Policy Option 1: Enhancing cybersecurity and trust in digital 
technologies 

6.2.1. Description of Policy Option 1 
This policy option aims to improve the safety and security of digital technologies, which would lead 
to a higher pace and wider extent of digital transformation. Greater cybersecurity and robust data 
governance would foster trust in digital technologies and thus intensify their adoption and 
applications both by businesses and by consumers as the end-users of tech products and services. 
Below, specific policy measures under this policy option are listed. Most of them are non-legislative 
and relate to standardisation and certification. Any possible legislative intervention is specifically 
pointed out. 

The work on the development of international and Europe-wide standards needs to be 
intensified. Many critical standards are still missing, for example, cybersecurity standards for AI and 
5G and data standards to facilitate secure data exchange within and across industry sectors. The EU 
itself does not have the competence and expertise to develop standards, however, the European 
Commission can request the European Standardisation Organisations to develop a European 
standard that is market-driven and takes into account public interest and EU policy objectives.289 
Such a request gives strong impetus and provides a specific focus for the standardisation process. 
Therefore, the EU can identify and prioritise the areas where European standards are necessary and 
thus drive their development. As mentioned, cybersecurity standards for AI and 5G and standards 
for secure data sharing should be high on the list. 

The next priority after the adoption of necessary standards becomes the implementation of these 
standards by the industry. To this end, the EU has adopted the Cybersecurity Act that provides for 
EU-wide cybersecurity certification schemes, and the cybersecurity agency ENISA has been busy 
developing such schemes.  

However, there is still a long way to the actual implementation and use of certificates in practice. In 
particular, a network of testing and certifying bodies needs to be created across Member States. 
While this is obviously in the national competence, the EU could provide non-legislative support 
with issuing recommendations and guidelines and organising policy support activities (e.g. 
twinning programmes, best practices). Many Member States, especially those who do not have 
currently national capacities, would need further guidance and coordination in their efforts to create 
the ecosystem for cybersecurity certification (who can certify, what are the processes, recognition 
of certificates, coordination of assurance levels across Member States, etc.).  

The EU-wide cybersecurity certification schemes are likely to be voluntary.290 This means that uptake 
of certification strongly depends on how attractive the scheme is for the market and to what extent 
it satisfies the needs of the stakeholders. The EU can adopt many policy measures to encourage 
certification. Pan-European awareness-raising and providing information for companies, especially 
SMEs, would be key. However, ensuring smooth and clear procedures across Member States, 

                                                             
289  For the legal basis and process see Regulation (EU) No 1025/2012 of the European Parliament and of the Council of 

25 October 2012 on European standardisation, amending Council Directives 89/686/EEC and 93/15/EEC and 
Directives 94/9/EC, 94/25/EC, 95/16/EC, 97/23/EC, 98/34/EC, 2004/22/EC, 2007/23/EC, 2009/23/EC and 2009/105/EC 
of the European Parliament and of the Council and repealing Council Decision 87/95/EEC and Decision No 
1673/2006/EC of the European Parliament and of the Council, OJ L 316, 14.11.2012. 

290  The first developed scheme - Candidate EUCC Scheme V1.1.1 – is a voluntary one. Others are likely to be voluntary as 
well at the EU level. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32012R1025
https://www.enisa.europa.eu/publications/cybersecurity-certification-eucc-candidate-scheme-v1-1.1
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coordination of assurance levels for certificates and other support for creating an easy-to-navigate 
certification infrastructure would be the main step.  

A legislative step could also be taken by the EU to strengthen cybersecurity. Certification (e.g. certain 
level of assurance) can be made mandatory for certain industries that are critical or essential (e.g. 
energy, telecommunications infrastructure). The companies of these industries will pass on the 
cybersecurity certification requirements down their supply chain, thus expanding the use of 
certificates in the market. Under Art. 36 (3) of the Cybersecurity Act, the EU can introduce such 
mandatory requirements for certain ICT products, services and/or processes upon the first 
assessment of the level of cybersecurity by the end of 2023.291 

In addition to enhancing trust in digital technologies in general, a framework for safe and secure 
exchange of personal and non-personal data is necessary to foster the use of data across all 
industry sectors and borders. While the GDPR has provided a framework for the protection of 
personal data, the application of the GDPR in the context of the data economy is challenging for 
many companies, especially SMEs. For example, the GDPR does not differentiate between B2B and 
B2C relationships, which imposes a lot of administrative burden on companies. There are no model 
texts and best practice examples for GDPR-compliant consent texts.292 Real-time personal data 
sharing in the context of research has been slowed down due to legal uncertainties, especially when 
working with R&D institutions in third countries.293 A number of clarifications must be issued to 
ensure that the GDPR does not needlessly hamper the development of AI in Europe.294 Many clauses 
allow for diverging national data protection laws that exacerbate the lack of clarity and 
consistency.295 These and other issues must be studied, and clarifications and guidelines should be 
issued (non-legislative measure), or amendments made to the GDPR to address these difficulties 
(legislative measure).  

For non-personal data, a robust framework for sharing and cross-border exchange still needs 
significant improvement.296 The interplay of the GDPR and the Regulation on the free flow of data 
left some critical questions unresolved (most notably, the treatment of mixed datasets), increasing 
legal uncertainty for data sharing. The value proposition of the proposed Data Governance Act297 
and EU Data Act 298 is not clear for the industry and can be improved. Some of the known problems 
that need to be resolved as soon as possible, also concerning personal data, include the lack of 
interoperability in data exchange solutions within the same industry and across industries as well as 
across borders; lack of data ontologies and standards; lack of knowledge or best practices on data 
licencing agreements. A sectoral approach in data governance should be considered for all data. 
The EU can support the development of such solutions through non-legislative measures (e.g. 

                                                             
291  This possibility is reiterated in Art. 21 of the proposed NIS 2 Directive - Directive of the European Parliament and of 

the Council on measures for a high common level of cybersecurity across the Union, repealing Directive (EU) 
2016/1148, COM(2020) 823 of 16.12.2020. 

292  GDPR Two Years On: Companies Still Facing Uncertainty, dotmagazine, May 2020. 
293  Eiss R, ‘Confusion over Europe’s data-protection law is stalling scientific progress’, Nature, 25 August 2020. 
294  A comprehensive list of the problematic issues can be found in EPRS, ‘The impact of the General Data Protection 

Regulation (GDPR) on artificial intelligence’, STOA Options Brief, 2020. 
295  DIGITALEUROPE, ‘Two years of GDPR: A report from the digital industry’, 10 June 2020. 
296  For a summary on governance of sharing of non-personal data see Batura O and Peeters R, European Union Data 

Challenge, European Parliament Briefing Paper, 2021.  
297  Proposal for a Regulation of the European Parliament and of the Council on European data governance, COM(2020) 

767 of 25.11.2020. 
298  European Commission, Data Act & amended rules on the legal protection of databases, n.d. 

https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=72166
https://ec.europa.eu/newsroom/dae/document.cfm?doc_id=72166
https://www.dotmagazine.online/issues/investing-in-the-future/gdpr-two-years-on
https://www.nature.com/articles/d41586-020-02454-7
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/641530/EPRS_STU(2020)641530(ANN1)_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2020/641530/EPRS_STU(2020)641530(ANN1)_EN.pdf
https://www.digitaleurope.org/resources/two-years-of-gdpr-a-report-from-the-digital-industry/
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/662939/IPOL_BRI(2021)662939_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/BRIE/2021/662939/IPOL_BRI(2021)662939_EN.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020PC0767
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/13045-Data-Act-&-amended-rules-on-the-legal-protection-of-databases_en
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recommendations, guidelines). However, the amendment of the proposed Data Governance Act 
and the finetuning of the proposal for EU Data Act are legislative measures. 

To increase trust in digital technologies, it is essential to adopt policy measures that increase the 
transparency of these technologies. In particular, the fast-moving and complex AI and big data 
analytics are a great cause of concern for businesses and citizens alike. Building on the proposed AI 
Act,299 the EU could encourage general transparency by design in all instances of using automated 
decision-making (not only for high-risk AI systems).300 The characteristics of data used to train AI and 
algorithms or criteria for their selection should be transparent, and greater data control for data 
subjects should be provided. Except for AI developers, also AI providers and users should be subject 
to transparency rules to avoid discriminatory uses, biases and further negative implications. These 
measures would require amendments to the current AI Act proposal and their subsequent adoption 
(legislative measure). 

Rules on accountability, responsibility and liability for applications of digital technologies 
need to be clarified or developed. This is an important step to enhance trust and the use of digital 
technologies both for consumers and for the industry. The issues with the outdated Product Liability 
Directive in the face of new technologies have been comprehensively described by many studies 
for the European institutions that included many recommendations for the legislative changes to 
the legal framework.301 A legislative proposal to amend the relevant legal framework should be 
adopted to make it fit for purposes and to foster the use of digital technologies. An urgent action is 
recommended on the liability for software and services, as the current liability framework is unclear 
in this regard. 

6.2.2. Channels of economic impact of Policy Option 1 
Policy Option 1 addresses cybersecurity concerns and gaps related to data governance. Our analysis 
from the previous chapter indicates that these gaps are associated with a lower supply of labour, a 
limiting effect on total factor productivity developments and depressed consumer demand. 
Removing these gaps will result in an improved supply of both skilled and unskilled labour, a boost 
in TFP and higher demand for goods and services. 

We consider it feasible to start the implementation of the policy measures outlined in the previous 
section in 2023. This relies on the assumption that preparatory work for the implementation is taking 
place in 2021 and 2022 so that some effect of the measures under Policy Option 1 can begin to 
manifest in 2023.  

Our analysis, based on the nature of the measures envisaged under Policy Option 1, points to the 
possibility of achieving full removal of the identified gaps once these measures are fully in place. 

                                                             
299  Proposal for a Regulation of the European Parliament and of the Council Laying Down Harmonised Rules on Artificial 

Intelligence (Artificial Intelligence Act) and Amending Certain Union Legislative Acts, COM(2021) 206 of 21.04.2021. 
300  For specific issues and proposals for changes, see EDRi, ‘EU’s AI law needs major changes to prevent discrimination 

and mass surveillance’, 2021; Kiseleva A, ‘Making AI’s Transparency Transparent: notes on the EU Proposal for the AI 
Act’, European Law blog, 29 July 2021. 

301  See, for instance, Batura O, Regeczi D, Vassilev A, Yagafarova A, Bani E, Bonneau V, Jacques F and de Streel A, ‘Artificial 
intelligence in road transport: annex to cost of non-Europe report for EPRS’, 2021; European Commission, Report on 
the safety and liability implications of Artificial Intelligence, the Internet of Things and robotics, COM(2020) 64 of 
19.02.2020; European Parliament resolution of 20 October 2020 with recommendations to the Commission on a civil 
liability regime for artificial intelligence (2020/2014(INL)); EPRS, ‘Cost of non-Europe in robotics and artificial 
intelligence - Liability, insurance and risk management’, June 2019; EPRS, ‘A common EU approach to liability rules 
and insurance for connected and autonomous vehicles’, February 2018. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1623335154975&uri=CELEX%3A52021PC0206
https://edri.org/our-work/eus-ai-law-needs-major-changes-to-prevent-discrimination-and-mass-surveillance/
https://edri.org/our-work/eus-ai-law-needs-major-changes-to-prevent-discrimination-and-mass-surveillance/
https://europeanlawblog.eu/2021/07/29/making-ais-transparency-transparent-notes-on-the-eu-proposal-for-the-ai-act/
https://europeanlawblog.eu/2021/07/29/making-ais-transparency-transparent-notes-on-the-eu-proposal-for-the-ai-act/
http://www.europarl.europa.eu/RegData/etudes/STUD/2021/654212/EPRS_STU(2021)654212(ANN1)_EN.pdf
http://www.europarl.europa.eu/RegData/etudes/STUD/2021/654212/EPRS_STU(2021)654212(ANN1)_EN.pdf
https://eur-lex.europa.eu/legal-content/en/TXT/?qid=1593079180383&uri=CELEX%3A52020DC0064
https://eur-lex.europa.eu/legal-content/en/TXT/?qid=1593079180383&uri=CELEX%3A52020DC0064
https://www.europarl.europa.eu/doceo/document/TA-9-2020-0276_EN.html
https://www.europarl.europa.eu/RegData/etudes/STUD/2019/631752/EPRS_STU(2019)631752_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2019/631752/EPRS_STU(2019)631752_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2018/615635/EPRS_STU(2018)615635_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/STUD/2018/615635/EPRS_STU(2018)615635_EN.pdf
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Thus, the ideal state will be attained to 100% along the respective dimensions covered by the policy 
option 302.  

If the implementation takes place efficiently and no delays materialise in the course of adoption, 
then it is possible to have the measures in the option fully effective by the end of 2024. We assume 
that the implementation path from the beginning of 2023 to the end of 2024 will be smooth and 
gradual. This implies that 50% of the implementation will be completed by the end of 2023 and the 
rest will be finished by the end of 2024. 

6.3. Policy Option 2: Strengthening R&D&I for digital 
transformation 

6.3.1. Description of Policy Option 2 
This policy option aims to strengthen R&D&I relevant for digital transformation. As pointed out in 
Section 4.1, while the EU boasts a solid scientific base in fundamental research, the translation of the 
research to the marketable solutions and the commercialisation seems to be the weak link. The EU 
has recognised this problem and already significantly increased targeted financial support for this 
stage through the MFF. However, additional policy measures could be adopted to further improve 
the integration of technological R&D by the industry.  

As the European companies are still struggling to attract private investments, further incentives are 
needed to increase both R&D investments and expenditures in the digital transformation. To 
this end, various tax incentives could be added to the existing measures. While the EU has only 
weak competencies in taxation, it can influence the relevant national policies through State aid rules 
and tax harmonisation initiatives (legislative measures in both cases). For instance, temporary State 
aid exemptions could be introduced to support innovation and commercialisation activities in the 
priority technologies (e.g. 5G, AI) under the framework for important projects of common European 
interest.303 Tax incentives could encourage the purchase of European start-ups by large European 
companies, which would prevent buy-offs by American companies. Corporate taxation could be 
stronger harmonised to provide incentives for R&D expenditure (e.g. harmonised and clear 
definition of what constitutes R&D, harmonised treatment of various types of expenses, guidelines 
for outsourcing R&D).304 The harmonisation of tax incentives would require legislative action, most 
notably amending and then adopting the proposed directives on the Common Consolidated 
Corporate Tax Base.305 While the legislative work is still ongoing, the EU could adopt non-legislative 
measures. More guidance could be provided to Member States on what R&D tax incentives are 

                                                             
302  See Table 17 for the expected economic effects associated with the ideal state. 
303  The relevant Communication from the Commission, Criteria for the analysis of the compatibility with the internal 

market of State aid to promote the execution of important projects of common European interest, OJ C 188, 20.6.2014, 
is currently under revision. 

304  Concrete solutions to the amendments of corporate tax are offered in the study by European Law Institute, For a 
European Approach to R&D Tax Incentive(s), 2021. 

305  Proposal for a Council Directive on a Common Corporate Tax Base, COM(2016) 337 of 25.10.2016; Proposal for a 
Council Directive on a Common Consolidated Corporate Tax Base (CCCTB), COM(2016) 683 of 25.10.2016. 

https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.C_.2014.188.01.0004.01.ENG
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.C_.2014.188.01.0004.01.ENG
https://ec.europa.eu/competition-policy/state-aid/legislation/modernisation/ipcei_en
https://www.europeanlawinstitute.eu/fileadmin/user_upload/p_eli/Publications/ELI_Study_For_a_European_Approach_to_R_D_Tax_Incentive_s_.pdf
https://www.europeanlawinstitute.eu/fileadmin/user_upload/p_eli/Publications/ELI_Study_For_a_European_Approach_to_R_D_Tax_Incentive_s_.pdf
https://ec.europa.eu/taxation_customs/system/files/2016-10/com_2016_685_en.pdf
https://ec.europa.eu/taxation_customs/system/files/2016-10/com_2016_683_en.pdf
https://ec.europa.eu/taxation_customs/system/files/2016-10/com_2016_683_en.pdf
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compatible with the single market and are also effective.306 The EU could build on the work on R&D 
incentives done by the OECD and on other studies.307 

The public sector plays an important role in R&D commercialisation by using innovation 
procurement. The EU already has a relevant legal framework and guidance in place.308 However, its 
application in practice is still lagging. The EU could adopt several non-legislative measures to 
promote innovation procurement with a focus on digital technologies. For instance, the practice of 
transposition and application could be studied to identify problems and best practices, and further 
recommendations or clarifications issued by the European Commission on this basis. Specific 
requirements could be set for using particular digital technologies or applications when delivering 
public projects.309 

DIHs acting as one-stop-shops providing services from access to critical infrastructure and testing 
facilities to incubation and acceleration services can play a pivotal role in supporting the 
commercialisation of R&D, in particular for SMEs.310 Extending the network of DIHs and ensuring 
access to their services for more European SMEs is key in maximising their benefits. The EU 
should follow the recommendations of the European Court of Auditors311 to develop a framework 
for a network of DIHs, in particular by developing selection criteria for organisations that can be 
recognised as European DIHs and defining the minimum services that they should offer. The 
development of DIHs dedicated to the needs of individual industry sectors should be explicitly 
encouraged or even required, in particular to support less digitalised sectors. The DEP312 provides a 
good basis for this, but more specific guidance to Member States is required, for example in the form 
of delegated acts or recommendations.  

Some of the EU legal framework related to access to the market is restrictive to R&D 
commercialisation. Experimenting with and testing digital products and services should be 
facilitated by establishing a legal framework for the deployment of technology on a limited 
scale and in a controlled environment. For this, legislation on regulatory sandboxes, piloting, 
testing and similar activities are necessary – or broader exemptions from the market access 

                                                             
306  A brief glance of how this can be done is provided in European Commission, Annual Report on Taxation 2021: Review 

of taxation policies in the EU Member States, pp. 111-112 that recommends Member States to move away from back-
end R&D tax deductions and from patent boxes and focus instead on front-end support (tax deductions at the level 
of the R&D investments or direct cash support). More systematic and detailed recommendations would be valuable  
for national policymakers. 

307  See OECD, ‘Compendium of information on R&D tax incentives’, 2020; EY, ‘Worldwide R&D Incentives Reference 
Guide’, 2021. 

308  Directive 2014/24/EU of the European Parliament and of the Council of 26 February 2014 on public procurement and 
repealing Directive 2004/18/EC, OJ L 94 of 28.03.2012; European Commission. Guidance on Innovation Procurement. 
Commission notice C(2018) 3051 of 15.05.2018. 

309  Ramahandry T, Bonneau V, Bani E, Vlasov N, Batura O, Flickenschild M, Tcholtchev N, Lämmel P and Boerger M, Key 
enabling technologies for Europe’s technological sovereignty. Report for STOA, April 2021 (not published yet). 

310  The benefits of European DIHs for various companies are studied in Georgescu A, Avasilcai S, Peter MK, Digital 
Innovation Hubs—The Present Future of Collaborative Research, Business and Marketing Development  
Opportunities. In: Rocha Á, Reis JL, Peter MK, Cayolla R, Loureiro S, Bogdanović Z (eds), Marketing and Smart 
Technologies. Smart Innovation, Systems and Technologies, vol 205. Springer, 2021. 

311  European Court of Auditors, ‘Digitising European Industry: an ambitious initiative whose success depends on the 
continued commitment of the EU, governments and businesses’, Special Report 19, 2020. 

312  Regulation (EU) 2021/694 of the European Parliament and of the Council of 29 April 2021 establishing the Digital 
Europe Programme and repealing Decision (EU) 2015/2240, OJ L 166 of 11.05.2021. 

https://op.europa.eu/en/publication-detail/-/publication/db46de2a-b785-11eb-8aca-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/db46de2a-b785-11eb-8aca-01aa75ed71a1/language-en
https://www.oecd.org/sti/rd-tax-stats-compendium.pdf
https://www.ey.com/en_gl/tax-guides/worldwide-r-and-d-incentives-reference-guide
https://www.ey.com/en_gl/tax-guides/worldwide-r-and-d-incentives-reference-guide
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A32014L0024
https://ec.europa.eu/transparency/regdoc/rep/3/2018/EN/C-2018-3051-F1-EN-MAIN-PART-1.PDF
https://doi.org/10.1007/978-981-33-4183-8_29
https://doi.org/10.1007/978-981-33-4183-8_29
https://doi.org/10.1007/978-981-33-4183-8_29
https://op.europa.eu/webpub/eca/special-reports/digitising-eu-industry-19-2020/en/
https://op.europa.eu/webpub/eca/special-reports/digitising-eu-industry-19-2020/en/
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legislation should be provided.313 Member States are providing such possibilities on the national 
level for some digital applications (e.g. for self-driving cars, personal data use in healthcare),314 but 
their efforts are limited and can lead to fragmentation. 

The intensity and quality of R&D&I activities in Europe depend on the retention and attraction of 
digital talent, which, in its turn, requires a fruitful commercial and research ecosystem. If it is easy 
to found start-ups and grow them in Europe, more university graduates are likely to stay and do it 
in Europe. If there are good university research capabilities, cooperation between universities and 
businesses and good conditions for commercial research, the researchers are also more likely to 
choose Europe. Hence, any legislative and non-legislative efforts that enhance R&D&I activities (e.g. 
investment in research, prioritising certain technologies, tax incentives) will also create more 
attractive conditions for digital talent.  

At the same time, as the pool of digital talent is a finite resource, the EU needs to compete for 
attracting researchers from abroad and retaining them in Europe. The EU does not have strong 
competencies in the visa policy to simplify conditions for student and research visas or to introduce 
special visa categories for tech talents or tech entrepreneurs. However, the EU could explore the 
best practices across the world to inform national policy choices. It could also explore to what extent 
national approaches to these types of visas can be coordinated, also with a view that migration of 
tech researchers and tech entrepreneurs is attractive for all EU Member States. This would entail 
only non-legislative measures. 

The efforts of Member States and educational and research facilities are not well coordinated about 
the retention of foreign researchers and mainly focus on the facilitation of access to the labour 
market.315 There is a lack of understanding of the reasons that digital talent leaves Europe and of 
what measures work to retain specialists in Europe. The EU could support Member States by 
examining these issues, paying attention to different circumstances, promoting best practices, 
developing recommendations, and coordinating national policies. These actions will not require 
legislative intervention.  

6.3.2. Channels of economic impact of Policy Option 2 
Policy Option 2 tackles gaps in the shortage of digitally skilled workers, lack of investment and the 
digital divide between large companies and SMEs. According to our research in Chapter 5 the 
presence of these gaps results in an insufficient supply of skilled labour and lower levels of 
investment compared to what they could be under the ideal state. The set of measures included in 
Policy Option 2 aims to remove these gaps, thus boosting the supply of skilled labour and increasing 
investment. Moreover, reducing the digital divide between large players and SMEs is expected to 
further reinforce the impact of the policy in accordance with the amplifier effect exhibited by the 
digital divide.  

We assess that the requisite preparatory work can be done in 2021 and the beginning of 2022 (based 
on the expectation that there is already some thinking and preparatory work underway during the 

                                                             
313  The Council’s conclusions can be considered the first step in the right direction. However, a legislative action is 

necessary. Council of the EU, Council Conclusions on Regulatory sandboxes and experimentation clauses as tools for 
an innovation-friendly, future-proof and resilient regulatory framework that masters disruptive challenges in the 
digital age of 16.11.2020. 

314  See the example of the Dutch solution for self-driving cars the official website of the Dutch Road Authority (RDW); 
French Data Protection Authority’s (CNIL), Sandbox Initiative for Health Data and Privacy-by-Design. 

315  European Migration Network, ‘Attracting and Retaining International Students in the EU’, 2019, p. 36. 

https://data.consilium.europa.eu/doc/document/ST-13026-2020-INIT/en/pdf
https://data.consilium.europa.eu/doc/document/ST-13026-2020-INIT/en/pdf
https://data.consilium.europa.eu/doc/document/ST-13026-2020-INIT/en/pdf
https://www.rdw.nl/zakelijk/branches/bedrijven/individuele-goedkeuring-aanvragen/intelligente-transportsystemen
https://www.cnil.fr/fr/un-bac-sable-rgpd-pour-accompagner-des-projets-innovants-dans-le-domaine-de-la-sante-numerique
https://ec.europa.eu/home-affairs/sites/default/files/00_eu_international_students_2018_synthesis_report.pdf
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drafting of this report), so that the implementation of the policy can start in 2022. Respectively, we 
expect the first effects of the measures under Policy Option 2 to materialise in 2022. 

While Policy Option 2 will contribute towards removing the above-listed gaps, the nature of the 
latter is such that the measures will not be able to eliminate them. Indeed, both improving digital 
skills and attracting investment are complex processes that are long-term in nature and dependent 
on several factors, some of which are only partially affected by the implementation of the policy 
option. The same is valid for bridging the digital divide gap. We assess that about half of the size of 
the gaps will be reduced when these measures are fully implemented. We accordingly reduce the 
difference between the baseline and the ideal state by 50% for these gaps 316.  

Assuming a smooth and gradual implementation path, we assess that option 2 can be fully in place 
within four years from the beginning of implementation. Thus, we set the measures under Policy 
Option 2 to reach their full strength (i.e. bridge the respective gaps by half) by the end of 2025. 

6.4. Policy Option 3: Digital policy for SMEs 

6.4.1. Description of Policy Option 3 
The research in Sections 3, 4 and 5 shows that, across all industry sectors, SMEs are significantly less 
digitised, slower to deploy digital technologies and experience all of the identified gaps and barriers 
much stronger than large companies. While the share of SMEs varies by sector, they are the 
overwhelming majority, representing 99% of all companies and employing 67% of all workforce,317 
and are referred to as the backbone of the economy. Thus, for a successful digital transformation, 
SMEs must not be left behind. Therefore, a separate policy option is suggested targeting specifically 
the digitalisation of SMEs. This policy option consists of a number of policy measures addressing the 
gaps and barriers identified with a specific focus on SMEs. 

To increase the uptake of digital technologies among SMEs, it is necessary to increase the relevant 
knowledge318 among them so that they can determine for themselves (e.g. taking into account 
their sector, business model) what digital technologies can be used in what types of applications 
and for what purposes, what benefits can be expected and how challenges can be overcome. 
Particular attention should be paid to the topics of cybersecurity, use of data and data protection. 
This can be accomplished through non-legislative actions. In particular, Digital Innovation Hubs 
should be put to greater use as they proved to be very effective for SMEs. For instance, more DIHs 
should be created, and a particular focus should be on the regions where there are no DIHs and 
where levels of digitalisation are lower than average.319 For this, the EU should be working closer 
with Member States, providing them with advice on best practices, developing guidance on criteria 
for minimum services of DIHs as mentioned in Section 6.3.1.  

A sectoral approach to DIHs should be considered because, firstly, digital and non-digital SMEs 
have different needs and, secondly, the uses of digital technologies differ across sectors. This may 

                                                             
316  See Table 17 for the expected economic effects associated with the ideal state. 
317  Eurostat, ‘Small and medium-sized enterprises: an overview’, 14 May 2020. 
318  This has been identified as an underlying reason for hesitancy in technology adoption and risk-averseness of SMEs by 

comparison to large companies. See EIB, ‘Financing the digitalisation of small and medium-sized enterprises: The  
enabling role of digital innovation hubs’. Executive summary, 2019, pp. 16-17. 

319  For example, there is a “regional disparity” of DIHs across Europe: while some regions boast one DIH per 3500 SMEs, 
others only have one per 10000 SMEs. See EIB, ‘Financing the digitalisation of small and medium-sized enterprises: 
The enabling role of digital innovation hubs’. Executive summary, 2019, p. 11. 

https://ec.europa.eu/eurostat/web/products-eurostat-news/-/ddn-20200514-1
https://www.eib.org/attachments/thematic/financing_the_digitalisation_of_smes_summary_en.pdf
https://www.eib.org/attachments/thematic/financing_the_digitalisation_of_smes_summary_en.pdf
https://www.eib.org/attachments/thematic/financing_the_digitalisation_of_smes_summary_en.pdf
https://www.eib.org/attachments/thematic/financing_the_digitalisation_of_smes_summary_en.pdf
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lead to slightly different educational, information and consulting offers of DIHs for different industry 
sectors. 

As SMEs experience more difficulties with access to finance, the EU should explore and develop, in 
cooperation with SMEs and the financial sector, dedicated financing instruments for SMEs for 
digitalisation. The distinction in the needs of digital and non-digital SMEs should be acknowledged 
and targeted by different financial instruments. For example, while digital SMEs need to raise money 
for R&D activities (e.g. testing, piloting), non-digital SMEs need investment for small digitalisation 
projects, to purchase devices and software or to hire ICT specialists and cybersecurity consultants.320 
On the other hand, financial institutions and investors are often unaware of these different needs 
and do not offer suitable financial instruments. The EU can take non-legislative action (e.g. guidance 
to Member States) to ensure that financial institutions are involved in the minimum services 
provided by DIHs. The EU can support studying the needs of various SMEs and joint development 
of solutions by financial institutions and SMEs. The role of FinTech should also be studied. Similarly 
to WIFi4EU, a digital voucher scheme for SMEs could be developed (e.g. with the support of DIH) to 
finance small, limited expenses, like hiring a cybersecurity consultant and participation in upskilling 
training.321 

SMEs are facing serious shortages of digital skills at all levels, from leadership to specialists to 
workers, and lack resources to upskill or retrain their staff. To support the retraining and overall 
digitising SMEs workforce, a Skills4SMEs public-private partnership should be created as 
suggested in a recent study for the European Commission322 (non-legislative measures). The 
partnership foresees a single point of access in the form of training and education platform, which 
would address various topics of the key digital technologies for SMEs and which would also provide 
access to intermediaries who could bring more intense training and information to their SME 
communities. The offering for digital SMEs could be slightly adjusted: while they might have the 
necessary digital skills, they could benefit from marketing and commercialisation skills that would 
help them to bring their technologies and applications to the market, develop partnerships and 
networks as well as consult non-digital SMEs on the merits of digital technologies. 

Special policy measures for digital SMEs should be adopted, in addition to those already 
mentioned in this section, to encourage the development of start-ups in digital fields. Stronger links 
between digital and non-digital SMEs should be encouraged, for instance via DIHs (e.g. a mix of 
digital and non-digital SMEs could be one of the criteria for DIHs). This would promote a better 
understanding of needs among companies, support the development and adoption of digital 
solutions, and develop synergies and cooperation. Regulatory burden for digital start-ups could be 
reduced, at least for a certain number of years, or support mechanisms created to help them 
understand regulatory requirements. For example, AI start-ups experience difficulties complying 
with the GDPR. While traditional SMEs would fall under the exemption of Article 30 GDPR regarding 
record-keeping of processing activities, AI start-ups have to comply in full because their data 
processing is not occasional. This leads to AI start-ups deleting their data or relocating their 
resources.323 To prevent this from happening and reduce the administrative and regulatory burden, 
the EU could identify challenging provisions of the legal framework and introduce relevant 

                                                             
320  EIB, ‘Financing the digitalisation of small and medium-sized enterprises: The enabling role of digital innovation hubs’. 

Executive summary, 2019, p. 18. 
321  EIB, ‘Financing the digitalisation of small and medium-sized enterprises: The enabling role of digital innovation hubs’. 

Executive summary, 2019, p. 25. 
322  Capgemini Invent, European DIGITAL SME Alliance, and Technopolis Group, ‘Skills for SMEs Supporting specialised 

skills development: Big Data, Internet of Things and Cybersecurity for SMEs’, Study for EASME, 2019. 
323  Bessen JE, Impink SM, Reichensperger L and Seamans R, ‘GDPR and the Importance of Data to AI Startups’, 2020. 

https://www.eib.org/attachments/thematic/financing_the_digitalisation_of_smes_summary_en.pdf
https://www.eib.org/attachments/thematic/financing_the_digitalisation_of_smes_summary_en.pdf
https://skills4industry.eu/sites/default/files/2021-05/EA0420007ENN_en.pdf
https://skills4industry.eu/sites/default/files/2021-05/EA0420007ENN_en.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3576714
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exemptions (legislative measure) or clarifications and guidance for digital start-ups (non-legislative 
measures). 

6.4.2. Channels of economic impact of Policy Option 3 
Policy Option 3 is a comprehensive package of measures that target all gaps and barriers included 
in our final list. The implementation of the option will therefore lead to improvements in the supply 
of both skilled and unskilled labour, higher total factor productivity, strengthened final demand for 
products and a boost in investment. As explained above, reducing the digital divide will additionally 
help to amplify the effects of those measures, as it entails improved opportunities for SMEs to 
benefit from them. 

Even though Policy Option 3 presents the most ambitious and comprehensive set of measures, the 
first implementation steps can already take place in 2022. Correspondingly, the first, partial effects 
of these measures will be observed by the end of 2022. 

One implication of the nature of Policy Option 3 as a complex and comprehensive package of 
measures is that implementation will partially bridge the distance between the baseline and the 
ideal state scenario. Our analysis of the expected effects of the measures included in this policy 
option indicates that slightly more than three-quarters of the gaps related to a shortage of digitally 
skilled workers, cybersecurity concerns, data governance and lack of investment can be eliminated 
by the implementation of these measures. We thus estimate that 80% of these gaps can be 
eliminated324. The elimination of the digital divide between large enterprises and SMEs will be more 
challenging and the measures included in this policy option should eliminate about one-tenth of 
the gap. 

We assess that the implementation of Policy Option 3 can be completed by the end of 2025. 
Respectively, we expect that the full strength of the measures included in the option will be attained 
by the end of this time horizon. As above, in the absence of specific information about delays or the 
possibility of early implementation, we assume a smooth and gradual implementation path over 
the period 2022-2025. 

 

 

 

                                                             
324  See Table 17 for the expected economic effects associated with the ideal state. 
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7. Assessment of EU-level policy options 
This chapter assesses how the different policy options affect the EU economy and what types of 
costs and benefits are expected. The impacts of each policy option are assessed separately, 
quantitatively and qualitatively. The quantification of impacts is conducted through a computable 
general equilibrium (CGE) model; the methodological note on CGE can be found in Section 5.2.1 and 
Annex II. Qualitative assessment discusses how well a policy option addresses gaps and barriers and 
what other, non-quantifiable impacts it has. Additionally, feasibility, proportionality and subsidiarity 
of policy options are discussed. Finally, a comparative summary of the assessment for all policy 
options is presented and, based on this, conclusions are drawn regarding the most desirable policy 
option. As mentioned above, the suggested policy options are not alternatives, they can be 
combined and individual policy measures can be mixed and added to different policy options. 
However, the assessment of policy options below has been conducted for each policy option 
separately and does not include combination thereof. 

The discussion and results reported below depend on two important caveats. First, our simulations 
are performed under the assumption that all elements embedded in the different policy options are 
actually implemented. Thus, policy options that have a voluntary component to them may bring 
about outcomes that are smaller in magnitude than the ones reported here. As this critically 
depends on the degree of uptake, which in turn is dependent on the fine details of the 
implementation, we rely on the assumption of a complete implementation across the board and 
construct our analysis accordingly. However, in interpreting the reported results one should keep in 
mind that they represent upper bounds on what can be achieved by the respective policy option. 
Second, implementation of the different options is not costless. However, costs are again a function 
of the implementation details and can vary within large margins according to the specificities of 
implementation. Our analysis does not attempt to explicitly account for implementation costs but 
their limiting effect on the magnitude of the reported results should be taken into account. 

7.1. Policy Option 1 

7.1.1. Significant gaps and barriers addressed by Policy Option 1 
Policy Option 1 is primarily related to two gaps: cybersecurity concerns and gaps in data 
governance. Two policy measures in particular target the cybersecurity concerns: the development 
of cybersecurity standards for digital technologies and a framework for safe and secure data 
exchange both enhance the security of consumers and businesses in the digital environment. The 
latter also contributes to reducing the observed gaps in data governance. Data governance and 
exchange are further improved through the implementation of uniform industry standards, clear 
rules on liability and responsibility for digital technologies, and improved transparency of the data, 
as well as calculations and decision-making technologies based on the data. 

In addition, the policy option will address some of the gaps and barriers that were considered less 
significant. The implementation of industry standards and the framework for safe and secure data 
exchange will reduce the current lack of interoperability. At the same time, Policy Option 1 is likely 
to positively address the traditional mindset and culture in companies, notably through the 
implementation of industry standards and the enhancement of transparency of data and 
algorithmic decision-making technologies. 
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7.1.2. Economic impacts of Policy Option 1 
Results from the economic modelling suggest that Policy Option 1 has a positive impact on the 
economy of the EU325. Table 24 and Table 25 show the estimated impacts of the Policy Option 1 in 
terms of GDP, private consumption, employment, and capital stock. For all four variables, the 
deviations from the baseline are positive, indicating relative increases in case Policy Option 1 is 
implemented. The dynamics of the deviations reflect the assumption that if the implementation of 
the policy package starts in 2023, the effects will be gradually strengthened over the two years 
required for full implementation. After 2024 the package is fully in place and the effects observed 
reflect the endogenous adjustment of the EU economy. Towards 2033, the differences from the 
baseline scenario increase.  

Real economic activity, measured through the changes in real GDP, is expected to increase by 0.71 
% in 2023 or by €104 392 million at constant prices compared to the baseline scenario. The deviation 
from the baseline values continues to rise and reaches 5.37 % or €868 958 million over the baseline 
in 2033. In nominal terms, GDP is expected to exceed the baseline by €109 408 million in 2023. This 
difference is expected to reach €1 070 481 million in 2033. Private consumption follows the same 
pattern as the GDP. In addition, from the four indicators, the deviations from the baseline values are 
the largest for private consumption, reaching the level of 5.37% in 2033. 
Employment is also expected to experience sizable effects, with the deviation from baseline 
reaching 1.07% in 2023. In absolute values, this means that employment will be higher than that 
one in the baseline scenario by 2.14 million people in 2023. The differences between the 
employment under Policy Option 1 and the baseline scenario continue to increase and stabilise at 
the level of 2.2 % or 4.64 million people.  

The capital stock also continues to increase over the simulation period with a somewhat smoother 
path. Negligible deviations for the baseline capital stock values are recorded in the first three years 
of the simulation. In 2033, the capital stock is expected to deviate from the baseline by 1.98%. 

Table 24: Impact of implementing Policy Option 1 on selected macroeconomic variables 
(percentage deviations from baseline scenario values) 

Year GDP Private 
consumption 

Employment Capital stock 

2021 0.00 0.00 0.00 0.00 

2022 0.00 0.00 0.00 0.00 

2023 0.71 1.05 1.07 0.00 

2024 1.62 2.30 2.17 0.05 

2025 1.98 2.72 2.18 0.17 

2030 4.01 5.05 2.20 1.15 

2033 5.37 6.59 2.20 1.98 
Source: Authors’ analysis. 

                                                             
325  The economic analysis of the policy options assesses the results of implementation, while abstracting away from the 

costs that implementation itself will entail. However, these costs are likely to be of a smaller order of magnitude  
compared to the net benefits presented here. 
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Table 25: Difference between baseline scenario and Policy Option 1 for selected 
macroeconomic variables (absolute deviations from baseline scenario values) 

Year 
GDP,  
m € current prices 

GDP,  
m € constant 2020 
prices 

Employment,  
thousand persons 

2021 0 0 0 

2022 0 0 0 

2023 109 408 104 392 2 144 

2024 254 699 239 127 4 377 

2025 320 520 296 098 4 418 

2030 740 000 630 539 4 569 

2033 1 070 481 868 958 4 635 
Source: Authors’ analysis. 

The sectoral impacts of Policy Option 1 are also positive for all sectors. Similarly to the pattern of the 
deviations in GDP, the sectoral impacts are occurring from 2023 reflecting the assumption of 
implementation start. Table 26 – Table 27 show the impact of Policy Option 1 on real value added 
by sector in percentage deviations and absolute values deviating from the baseline. The magnitude 
of the impacts grows toward the end of the simulation horizon, which is an indication that the 
benefits of implementing the policy options considered are permanent and their effects accumulate 
over time.  

The disaggregated results suggest that the largest relative effects may be observed in construction 
and research and innovation in terms of real value added towards the end of the simulation period. 
The highest impact is expected to be for research and innovation: the anticipated deviation from 
the baseline is calculated to be at 6.42% in 2033. In absolute values, the highest expected difference 
of real value added compared to baseline is calculated to be for other services sectors: €481 billion 
(5.89% in percentage deviations from baseline) in 2033. The manufacturing sector records the 
second-highest absolute deviation from baseline. 

Conversely, the smallest deviations from baseline are expected in finance and insurance (3.86% in 
2033). In absolute terms, this translates into an additional €28 billion in 2033 compared to the 
baseline values.  

In terms of employment, the largest impacts are expected for the sectors agriculture (5.03% in 2033) 
and research and innovation (5.47% in 2033) relative to the baseline scenario. The smallest 
deviations are calculated to be for finance and insurance and other services. In absolute values, the 
highest expected deviation is expected in other services generating 2.4 million extra employment 
compared to the baseline values. 
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Table 26: Impact of implementing Policy Option 1 on real value added by sector (percentage 
deviations from baseline scenario values) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture 0.00 0.00 0.58 1.35 1.74 4.05 5.65 

Industry 0.00 0.00 0.36 0.85 1.12 2.73 3.87 

Manufacturing 0.00 0.00 0.41 1.00 1.34 3.22 4.46 

Construction 0.00 0.00 0.68 1.63 2.13 4.71 6.30 

Transport 0.00 0.00 0.63 1.41 1.69 3.31 4.42 

ICT 0.00 0.00 0.47 1.10 1.42 3.24 4.45 

Finance and 
insurance 

0.00 0.00 0.39 0.91 1.18 2.76 3.86 

Research and 
innovation 

0.00 0.00 0.57 1.43 1.96 4.71 6.42 

Other services 0.00 0.00 0.87 1.94 2.32 4.46 5.89 

Source: Authors’ analysis. 

Table 27: Impact of implementing Policy Option 1 on real value added by sector (deviations 
from baseline scenario values, constant 2020 prices, m EUR) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture  0  0 1 371 3 228 4 190 10 154 14 580 

Industry  0  0 1 550 3 689 4 876 12 400 18 062 

Manufacturing  0  0 9 258 22 765 30 765 77 180 109 836 

Construction  0  0 4 677 11 304 14 926 34 295 47 231 

Transport  0  0 4 338 9 710 11 703 23 880 32 815 

ICT  0  0 3 639 8 621 11 225 26 601 37 584 

Finance and 
insurance 

 0  0 2 592 6 117 17 980 19 507 28 030 

Research and 
innovation 

 0  0 692 1 738 2 404 6 023 8 443 

Other services  0  0 65 366 146 968 177 091 354 616 481 592 

Source: Authors’ analysis. 

Table 28: Impact of implementing Policy Option 1 on employment by sector (percentage 
deviations from baseline scenario values) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture 0.00 0.00 2.34 4.77 4.82 4.98 5.03 

Industry 0.00 0.00 1.00 2.06 2.13 2.41 2.52 



EPRS | European Parliamentary Research Service 

  

 

100 

 2021 2022 2023 2024 2025 2030 2033 

Manufacturing 0.00 0.00 0.56 1.21 1.34 1.90 2.20 

Construction 0.00 0.00 1.05 2.21 2.34 2.51 2.39 

Transport 0.00 0.00 1.15 2.36 2.43 2.77 2.97 

ICT 0.00 0.00 0.90 1.92 2.12 3.01 3.47 

Finance and 
insurance 

0.00 0.00 0.70 1.43 1.48 1.71 1.83 

Research and 
innovation 

0.00 0.00 1.15 2.59 3.05 4.78 5.47 

Other services 0.00 0.00 1.24 2.48 2.41 2.08 1.91 

Source: Authors’ analysis. 

Table 29: Difference between baseline and Policy Option 1 for employment by sector 
(deviations from baseline scenario values, thousand persons)  

 2021 2022 2023 2024 2025 2030 2033 

Agriculture  0  0  196  404  412  450  470 

Industry  0  0  30  62  65  77  84 

Manufacturing  0  0  150  327  366  550 657 

Construction  0  0  127  270  289  328  322 

Transport  0  0  112  231  241  289  320 

ICT  0  0  50  108  121  181  216 

Finance and 
insurance 

 0  0  30  62  65  79  88 

Research and 
innovation 

 0  0  0  0  0  1  1 

Other services  0  0 1 448 2 912 2 860 2 614 2 479 

Source: Authors’ analysis. 

7.1.3. Other impacts of Policy Option 1 
The objective of enhanced trust in digital technologies will result in higher acceptance and adoption 
of these technologies by companies and more widespread use by citizens. This means that, 
indirectly, social, environmental and fundamental rights impacts will be positively affected, as 
digital innovations are capable of improving these impacts (see sections 5.3, 5.4 and 5.5). For 
example, greater diffusion of secure digital technologies in the society would in general lead to 
more equal opportunities for people on different incomes and across all Member States. More 
transparency in the development of big data and analytics and AI and clear rules on responsibility 
and liability would increase inclusion and diversity in employment and market interactions, and 
ensure greater respect of fundamental rights. From an environmental perspective, uniform 
standards and infrastructure for production, data and cybersecurity can lead to enhanced and more 
efficient digital interaction between companies, reducing waste and pollution. 
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A strong effect is likely to manifest itself for innovation and geopolitical impacts. Regarding 
innovation, enhancing trust in new digital technologies would allow for better diffusion of 
innovations, and hence higher innovation capacity. Geopolitical impacts could be established 
through setting global standards for cybersecurity and AI and exemplary secure standards or 
framework for data exchange. Some of the relevant regulations or standards under this policy 
option may repeat the success of the GDPR and become a global point of reference or best practice 
for other countries to replicate. This would enhance the EU’s soft power and digital leadership.  

Additionally, this will give a competitive edge to European companies that will offer products and 
services with high-degree protection of any data and secure against cyberattacks. Certificates of 
advanced security levels from EU countries may become a desirable quality mark for producers from 
third countries. 

The enhanced innovation uptake and the geopolitical position may produce another second-order 
effect: the attractiveness of the EU’s innovative companies may grow for investors and as a 
workplace for digital talent.  

Table 30: Breakdown of Policy Option 1 into specific policy measures, gaps and impacts 
addressed 

Policy measure Gaps/barriers addressed 
Extent to which 
gaps/barriers are 
addressed 

Positive impacts 

Development of 
cybersecurity standards 
for digital technologies 

Cybersecurity concerns  +++ 

- Geopolitical 
- Innovation 
- Environmental 
- Fundamental 
rights 
- Social 
- 
Competitiveness 
- Investments 

 

Gaps in data governance ++ 

Implementation of 
industry standards 

Gaps in data governance ++ 

Lack of interoperability ++ 

Traditional mindset and company 
culture 

+ 

Framework for safe and 
secure data exchange 

Gaps in data governance ++ 

Cybersecurity concerns ++ 

Lack of interoperability ++ 

Rules on liability and 
responsibility for digital 

technologies 
Gaps in data governance ++ 

Transparency of 
algorithmic decision-

making and data 

Gaps in data governance ++ 

Traditional mindset and company 
culture 

+ 

Cybersecurity concerns ++ 

Source: Authors. 
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7.1.4. Feasibility, proportionality and subsidiarity 
The feasibility of Policy Option 1 is high for the following reasons. Many of the suggested policy 
measures are not legislative and build on the EU-level legislation that has already been adopted and 
is now at the stage of implementation and application. Policy measures by the EU that support a 
consistent and coordinated approach across all Member States are very likely to be welcome both 
by government and market stakeholders. Because standardisation and certification related to 
cybersecurity and data governance are highly complex matters, many countries, especially smaller 
ones, would appreciate strong guidance from e.g. ENISA and the European Commission. Market 
participants are interested in having a clear, non-fragmented framework, based on which they can 
exploit economies of scale. 

Legislative measures suggested under this policy option are based on the legislative proposals that 
are already in the works. Therefore, legislative policy measures do not need to be designed from 
scratch but accomplished during the ongoing legislative process. The amendments to the existing 
legislative proposals that need to be done aim to improve these legislative proposals and are based 
on the constructive criticism expressed in various studies, including those that analysed stakeholder 
opinions. It can therefore be assumed that there will be some stakeholder support for such 
amendments.  

As legislative measures under Policy Option 1 are improvements on the recent legislative proposals, 
the criteria of proportionality and subsidiarity have been checked during the EU law-making process 
according to the better regulation guidelines. All non-legislative policy measures follow up on the 
legislation that was adopted and aim to enhance the consistency and effectiveness of its 
implementation and application, which is in line with the subsidiary role of the EU in this context. 

Table 31: Summary of the assessment of Policy Option 1 

 Policy Option 1 

Gaps and barriers addressed + 

Economic net benefits +++ 

Other impacts (on innovation, geopolitics, 
competitiveness, acceptance of technology) +++ 

Feasibility of implementing a policy option +++ 

Proportionality and subsidiarity +++ 
Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++). 
Source: Authors. 

7.2. Policy Option 2 

7.2.1. Significant gaps and barriers addressed by Policy Option 2 
Primarily, the measures under this policy option focus on three of the significant gaps and barriers: 
the shortage of digitally skilled workers, the lack of investment and access to investment, and the 
gap in digitalisation between large companies and SMEs.  

The first gap is addressed by the policy measure around retention and attraction of digital talent 
through establishing a fruitful commercial and research ecosystem while encouraging national tax 
incentives and effective innovation procurement contribute to reducing the lack of (access to) 
investment and closing the gap between large companies and SMEs. Finally, the extension of the 
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DIH network and the establishment of a legal framework for the pre-commercial deployment of 
technologies will also help to reduce the gap between large companies and SMEs. 

Furthermore, some of the other gaps and barriers will benefit from this policy option as well. For 
instance, the maturity of developed technologies will be enhanced through the more enabling 
R&D&I environment that the policy option attempts to establish – e.g. through innovation 
procurement, a legal framework for regulatory sandboxes, and retention and attraction of digital 
talent. The same goes for transforming the traditional mindset and company culture into a more 
tech-friendly, risk-oriented company culture. Key policy measures in this regard are the extension of 
the network of DIHs, the development of space for technology deployment in controlled 
environments, and the retention and attraction of digital talent.  

7.2.2. Economic impacts of Policy Option 2 
Our simulations show that Policy Option 2 produces small improvements for the main 
macroeconomic indicators compared to the baseline scenario. There are positive deviations from 
the baseline for real GDP, private consumption in real terms, employment and capital stock (Table 
32). Following the start of implementation, real GDP increases by 0.62% in 2025 relative to the 
baseline. This results in nominal GDP that is €100 316 million higher than baseline in 2025 (Table 
33). This difference increases to 0.80% in terms of real GDP or €160 463 million higher nominal GDP 
than the baseline by the end of 2033. 

Private consumption, being a key component of output, follows a similar path to real GDP. Its 
relative deviations from baseline are marginally higher than those for GDP over the simulation 
horizon.  

Implementing Policy Option 2 is expected to lead to employment that is higher by 1.11% than the 
baseline in 2025. In terms of the number of jobs, this means that there could be an additional 2.24 
million people employed (Table 33). Once the measures envisaged in the policy option are fully in 
place, the difference in employment between the policy option and the baseline is projected to 
remain roughly constant for the rest of the simulation horizon. 

In line with the other macroeconomic variables considered, the capital stock increases above the 
baseline, with the difference growing gradually until 2033. The capital stock under Policy Option 2 
is expected to be 0.52% higher than in the baseline in 2033.  

Looking at a breakdown of the outcomes by sector, higher outcomes are observed compared to the 
baseline scenario for all sectors in terms of real value added and employment. This is consistently 
valid over the entire simulation horizon (Table 34 -Table 37). 

For real value added, the differences from baseline accumulate over time both in relative and in 
absolute terms. In relative terms, the highest effect at the end of the simulation horizon obtains for 
the research and innovation sector (1.11%). The smallest relative effect in 2033 is expected in 
agriculture (0.53%). 

The highest absolute effect on value added in 2033 is observed for the other services sector, where 
the deviation from the baseline is about €72 billion at constant 2020 prices. It should be noted, 
however, that the latter effect is largely determined by the scope of the sector, which is the largest 
one in the EU economy. 

The impact of implementing Policy Option 2 on sectoral employment is the highest in relative terms 
for the research and innovation sector. At the end of the simulation horizon employment in research 
and innovation is expected to be 2.11% higher compared to the baseline. This relative difference is 
roughly maintained over most of the simulation, once implementation for the option has been 
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completed. The smallest relative effect on employment is computed for agriculture (0.57% higher 
than baseline in 2033). 

The largest absolute difference in sectoral employment in 2033 over the baseline values is observed 
in the other services sector (1.571 million persons), followed by manufacturing (241 000). Again, this 
outcome reflects the size of the sectors. 

Table 32: Impact of implementing Policy Option 2 on selected macroeconomic variables 
(percentage deviations from baseline scenario values) 

Year GDP Private consumption Employment Capital stock 

2021 0.00 0.00 0.00 0.00 

2022 0.17 0.20 0.34 0.00 

2023 0.34 0.39 0.64 0.02 

2024 0.49 0.57 0.90 0.06 

2025 0.62 0.74 1.11 0.12 

2030 0.75 0.90 1.09 0.39 

2033 0.80 0.97 1.08 0.52 
Source: Authors’ analysis. 

Table 33: Difference between baseline scenario and Policy Option 2 for selected 
macroeconomic variables (absolute deviations from baseline scenario values) 

Year 
GDP,  
m € current prices 

GDP,  
m € constant 2020 prices 

Employment,  
thousand persons 

2021 0 0 0 

2022 25 979 25 192  677 

2023 51 738 49 366 1 280 

2024 76 712 72 022 1 803 

2025 100 316 92 672 2 242 

2030 137 558 117 210 2 266 

2033 160 463 130 255 2 286 
Source: Authors’ analysis. 

Table 34: Impact of implementing Policy Option 2 on real value added by sector (percentage 
deviations from baseline scenario values) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture 0.00 0.04 0.09 0.14 0.21 0.43 0.53 

Industry 0.00 0.08 0.16 0.24 0.33 0.51 0.59 

Manufacturing 0.00 0.13 0.26 0.38 0.49 0.61 0.66 

Construction 0.00 0.27 0.51 0.71 0.87 0.94 0.97 

Transport 0.00 0.09 0.18 0.26 0.34 0.48 0.55 

ICT 0.00 0.18 0.34 0.49 0.62 0.75 0.81 
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 2021 2022 2023 2024 2025 2030 2033 

Finance and 
insurance 

0.00 0.12 0.23 0.34 0.44 0.59 0.66 

Research and 
innovation 

0.00 0.31 0.58 0.80 0.99 1.08 1.11 

Other services 0.00 0.19 0.38 0.55 0.70 0.82 0.88 

Source: Authors’ analysis. 

Table 35: Impact of implementing Policy Option 2 on real value added by sector (deviations 
from baseline scenario values, constant 2020 prices, m EUR) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture 0 83 199 340 498 1 063 1 355 

Industry 0 321 673 1 041 1 410 2 306 2 765 

Manufacturing 0 2 983 5 869 8 591 11 086 14 466 16 194 

Construction 0 1 843 3 447 4 832 6 007 6 813 7 287 

Transport 0 583 1 184 1 782 2 358 3 479 4 059 

ICT 0 1 344 2 605 3 768 4 816 6 132 6 826 

Finance and 
insurance 

0 754 1 513 2 254 2 956 4 171 4 801 

Research and 
innovation 

0 365 686 965 1 201 1 368 1 458 

Other services 0 14 285 28 030 40 923 52 658 65 164 71 901 

Source: Authors’ analysis. 

Table 36: Impact of implementing Policy Option 2 on employment by sector (percentage 
deviations from baseline scenario values) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture 0.00 0.19 0.35 0.49 0.61 0.57 0.57 

Industry 0.00 0.27 0.51 0.71 0.87 0.81 0.79 

Manufacturing 0.00 0.25 0.47 0.66 0.81 0.79 0.78 

Construction 0.00 0.59 1.06 1.44 1.73 1.57 1.50 

Transport 0.00 0.19 0.35 0.48 0.60 0.59 0.58 

ICT 0.00 0.41 0.77 1.06 1.29 1.23 1.20 

Finance and 
insurance 

0.00 0.27 0.51 0.71 0.88 0.86 0.86 

Research and 
innovation 

0.00 0.83 1.51 2.05 2.47 2.22 2.11 

Other services 0.00 0.35 0.67 0.94 1.17 1.17 1.18 

Source: Authors’ analysis. 
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Table 37: Difference between baseline and Policy Option 2 for employment by sector 
(deviations from baseline scenario values, thousand persons)  

 2021 2022 2023 2024 2025 2030 2033 

Agriculture  0  17  32  45  56  54  54 

Industry  0  9  17  23  28  27  27 

Manufacturing  0  73  138  194  240  241  241 

Construction  0  77  140  192  231  215  208 

Transport  0  19  37  52  64  64  65 

ICT  0  25  47  65  80  78  77 

Finance and 
insurance 

 0  13  24  33  41  42  42 

Research and 
innovation 

 0  0  0  0  0  0  0 

Other services  0 443 845 1 199 1 500 1 544 1 571 

Source: Authors’ analysis. 

7.2.3. Other impacts of Policy Option 2 
R&D&I is crucial in realising digital transformation. Naturally, increased policy attention and 
resources for R&D will have a direct impact on innovation and its dissemination. 

Another direct impact is social. As opposed to their American and Asian counterparts, the 
entrepreneurial attitude of EU firms can be characterised as somewhat traditional and risk-averse 
(see section 4.1.8). This policy option could revitalise the mindset of EU entrepreneurs by advising, 
incentivising, financing and facilitating them to be more open towards the innovation of their work 
processes. 

Stimulating the R&D&I infrastructure also has indirect positive impacts on the wider EU single 
market. The focus of many policy measures under this policy option is on boosting SMEs and their 
innovation capacity to scale up and grow into regional or national champions. This innovative spirit 
is unlikely to stay reserved for digital technologies and will spill over to other areas of technology 
and business. Also, in the long run, these new champions might be able to challenge the status quo 
on markets and compete with global leaders. All in all, this would boost the global competitiveness 
of European companies. The latter leads to better outcomes for the end-users of these markets 
through lower prices and technologies that are more diversified and of higher quality. 

Innovation and competitiveness are likely to enhance the geopolitical position of the EU on a global 
level. In the long run, the EU might be able to be home to new-generation disruptive companies 
that will challenge the current global leaders. 
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Table 38: Breakdown of Policy Option 2 into specific policy measures, gaps and impacts 
addressed 

Policy measure Gaps/barriers addressed 
Extent to which 
gaps/ barriers 
are addressed 

Impacts addressed 

Tax incentives to increase 
digital R&D investments 

and expenditures 

Lack of investment and access to 
investment 

++ 

- Innovation (incl. 
spillover to other 
non-digital areas) 

- Social 

- Geopolitical 

- Competitiveness 

Gap between large companies and 
SMEs 

+ 

Maturity of technologies + 

Innovation procurement 

Lack of investment and access to 
investment 

+ 

Maturity of technologies + 

Extend the network of 
DIHs and ensure access 

for EU SMEs 

Gap between large companies and 
SMEs 

+ 

Maturity of technologies + 

Traditional mindset and company 
culture 

+ 

Establish a legal 
framework for 

deployment of 
technology in a limited, 

controlled environment 

Gap between large companies and 
SMEs 

+ 

Maturity of technologies ++ 

Traditional mindset and company 
culture 

+ 

Retention and attraction 
of digital talent 

Shortage of digitally skilled workers ++ 

Traditional mindset and company 
culture 

+ 

Lack of investment and access to 
investment 

+ 

Gap between large companies and 
SMEs 

+ 

Source: Authors. 

7.2.4. Feasibility, proportionality and subsidiarity  
The feasibility of Policy Option 2 is medium or even low due to the difficult policy areas that the EU 
has to venture into, such as tax policy, visa policy and R&D policy. The competencies of the EU in 
these policy areas are weak, and Member States perceive many issues related to them as sensitive. 
For example, the discussions on corporate taxation go back at least ten years with only slow 
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progress. A refurbishing of the EU General Approach to Migration and Mobility 326 is likely to be 
difficult in the current political climate.  

At the same time, some suggested non-legislative measures may be more feasible. For example, 
providing more guidance on innovation procurement, designing recommendations on 
government support measures that are compatible with the State aid rules and supporting the 
development of DIHs can be carried out by the EU and are likely to be popular with a wide range of 
stakeholders. The same is true for the suggested legislative measure to develop a framework for 
regulatory sandboxes, piloting, testing and similar activities. 

Most of the policy measures under Policy Option 2 are non-legislative and can be considered 
sufficiently light-touch and, therefore, proportionate. The suggested policy measures aim at 
coordinating national efforts to increase their consistency, improving joint information basis and 
providing for a common direction, which indicates their subsidiarity to the national policies. The 
suggested legislation for regulatory sandboxes is likely to be proportionate and subsidiary as well 
because it will provide a common framework for national laws (that are already being developed) 
and prevent fragmentation. 

Table 39: Summary of the assessment of Policy Option 2 

 Policy Option 2 

Gaps and barriers addressed ++ 

Economic net benefits + 

Other impacts (on innovation, competitiveness, 
changing mindsets, spill-over innovation to other 

technologies) 
++ 

Feasibility of implementing a policy option + 

Proportionality and subsidiarity +++ 
Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++). 
Source: Authors. 

7.3. Policy Option 3 

7.3.1. Significant gaps and barriers addressed by Policy Option 3 
The intensification of digital policy aimed at SMEs addressed all significant gaps and barriers, except 
the gaps in data governance. Naturally, all policy measures under this policy option target the gap 
between large companies and SMEs. Specifically, this gap is addressed by focusing on three other 
gaps and barriers: cybersecurity concerns, the shortage of digitally skilled workers and the lack of 
(access to) investment. 

By increasing knowledge uses and benefits of digital technologies among SMEs and educating their 
workforce, awareness about cybersecurity and practical measures to tackle related issues will help 
lower existing cybersecurity concerns. These two policy measures would also contribute to the 
reduction of the shortage of digitally skilled workers, as would the development of a sectoral 
approach to inform action and financial instruments and foster the development of start-ups in 
digital fields. Finally, the development of financing instruments for SMEs for digitalisation and a 

                                                             
326  The common approach has not been reformed since its adoption in 2011. European Commission, The Global  

Approach to Migration and Mobility, COM(2011) 743 of 18.11.2011. 

https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52011DC0743
https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX:52011DC0743
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sectoral approach to information dissemination and financial instruments could diminish the lack 
of (access to) investment.  

Moreover, many less significant gaps and barriers are targeted by the policy measures as well. 
Notably, the traditional mindset and company culture in SMEs could be modernised due to 
educating the workforce and stronger participation in DIHs. The maturity of technology could be 
stimulated through supporting and facilitating SME innovation. The introduction of customised 
financial instruments for the digital transformation of SMEs would be a vital resource for investment 
in infrastructure for digital transformation and the use of such infrastructure. The development of a 
sectoral approach could spark more interactions, exchanges and collaboration between actors in 
the same sector. 

7.3.2. Economic impacts of Policy Option 3 
According to our analysis, Policy Option 3 is expected to bring about higher outcomes in terms of 
the main macroeconomic variables compared to the baseline scenario. This positive impact on the 
economy is reflected in the relative deviations from baseline for GDP, private consumption, 
employment and capital stock, as reported in Table 40. Real economic activity increases by 2.36% in 
2025 compared to the baseline and this difference grows to 5.36% by the end of 2033. In terms of 
differences in nominal GDP figures, GDP at current prices is €381 677 million higher in 2025 
compared to the baseline (Table 41). In 2033 nominal GDP under Policy Option 3 exceeds baseline 
nominal GDP by €1.069 trillion. 

In keeping with real GDP, private consumption exhibits the highest relative deviations from baseline 
over the simulation horizon among the main macroeconomic variable tracked. This reflects its 
importance for the dynamics of aggregate output. 

The implementation of Policy Option 3 will result in employment that is 3.07% higher than the 
baseline in 2025. In terms of persons employed this implies exceeding the baseline employment 
figure by 6.22 million people (Table 41). The relative difference in employment between Policy 
Option 3 and the baseline scenario stays roughly constant from 2025 until the end of the simulation 
horizon. The difference in absolute terms gradually grows until 2033. 

The capital stock increases above the baseline, reflecting stronger economic activity and 
investment. The relative difference from baseline increases slowly until 2033, with the capital stock 
under Policy Option 3 being 2.23% higher than the baseline at the end of the simulation.  

The sectoral impacts of the policy option are positive for all sectors in terms of real value added and 
employment. The improvements over the respective baseline values are consistently observed 
throughout the simulation horizon (Table 42 and Table 45). 

The differences from baseline for real value added accumulate over time both in relative and in 
absolute terms. The highest effect on real value added at the end of the simulation horizon in 
relative terms is expected for the research and innovation sector (6.58%). The smallest, albeit still 
positive, relative effect obtains in the industry (3.88% higher real value added compared to 
baseline). 

The highest absolute effect on value added is observed for the other services sector, where the 
deviation from baseline in 2033 is about €481 billion at constant 2020 prices. This again comes with 
the caveat that the result is driven by the size of the sector. The second-largest effect in 2033 is 
expected in manufacturing, where real value added is projected to outstrip the baseline by €109 
billion. 
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In terms of employment by sector, the largest relative effect at the end of the simulation horizon is 
again observed in the research and innovation sector (6.94% higher employment compared to the 
baseline). This difference gradually increases over the simulation horizon, starting from 1.29% in the 
first implementation year of 2022. 

The largest absolute difference in sectoral employment in 2033 is observed in the other services 
sector (3.851 million persons), followed by manufacturing 816 000). The size of these sectors 
contributes to this ordering. 

Table 40: Impact of implementing Policy Option 3 on selected macroeconomic variables 
(percentage deviations from baseline scenario values) 

Year GDP Private 
consumption 

Employment Capital stock 

2021 0.00 0.00 0.00 0.00 

2022 0.48 0.65 0.79 0.00 

2023 1.03 1.38 1.57 0.04 

2024 1.66 2.20 2.33 0.14 

2025 2.36 3.11 3.07 0.28 

2030 4.18 5.22 3.06 1.40 

2033 5.36 6.56 3.05 2.23 
Source: Authors’ analysis. 

Table 41: Difference between baseline scenario and Policy Option 3 for selected 
macroeconomic variables (absolute deviations from baseline scenario values) 

Year 
GDP,  
m € current prices 

GDP,  
m € constant 2020 prices 

Employment,  
thousand persons 

2021 0 0 0 

2022 71 344 69 182 1 575 

2023 158 126 150 878 3 140 

2024 261 267 245 293 4 689 

2025 381 677 352 595 6 218 

2030 770 447 656 482 6 366 

2033 1 068 949 867 715 6 443 

Source: Authors’ analysis. 
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Table 42: Impact of implementing Policy Option 3 on real value added by sector (percentage 
deviations from baseline scenario values) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture 0.00 0.29 0.66 1.13 1.68 3.83 5.26 

Industry 0.00 0.23 0.52 0.88 1.30 2.84 3.88 

Manufacturing 0.00 0.30 0.69 1.14 1.67 3.36 4.43 

Construction 0.00 0.56 1.21 1.95 2.77 4.96 6.32 

Transport 0.00 0.36 0.78 1.26 1.79 3.29 4.27 

ICT 0.00 0.37 0.81 1.32 1.89 3.53 4.60 

Finance and 
insurance 

0.00 0.28 0.62 1.02 1.48 2.96 3.94 

Research and 
innovation 

0.00 0.54 1.19 1.93 2.76 5.13 6.58 

Other services 0.00 0.56 1.21 1.93 2.74 4.65 5.89 
Source: Authors’ analysis. 

Table 43: Impact of implementing Policy Option 3 on real value added by sector (deviations 
from baseline scenario values, constant 2020 prices, m EUR) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture  0 669 1 560 2 681 4 040 9 594 13 563 

Industry  0 977 2 240 3 797 5 657 12 881 18 066 

Manufacturing  0 6 825 15 475 25 949 38 241 80 282 109 093 

Construction  0 3 804 8 302 13 464 19 272 36 139 47 339 

Transport  0 2 433 5 299 8 613 12 383 23 705 31 717 

ICT  0 2 863 6 284 10 264 14 806 28 987 38 829 

Finance and 
insurance 

 0 1 844 4 115 6 827 9 991 20 884 28 621 

Research and 
innovation 

 0 651 1 434 2 342 3 373 6 545 8 644 

Other services  0 41 889 90 404 145 725 207 992 368 873 481 175 
Source: Authors’ analysis. 

Table 44: Impact of implementing Policy Option 3 on employment by sector (percentage 
deviations from baseline scenario values) 

 2021 2022 2023 2024 2025 2030 2033 

Agriculture 0.00 1.19 2.37 3.51 4.64 4.72 4.76 

Industry 0.00 0.70 1.39 2.07 2.74 2.90 2.96 

Manufacturing 0.00 0.48 0.98 1.50 2.02 2.47 2.70 

Construction 0.00 1.02 2.02 2.99 3.91 3.84 3.66 
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Transport 0.00 0.68 1.36 2.02 2.69 2.95 3.11 

ICT 0.00 0.79 1.59 2.40 3.22 3.88 4.23 

Finance and 
insurance 

0.00 0.56 1.12 1.67 2.21 2.38 2.48 

Research and 
innovation 

0.00 1.29 2.63 3.99 5.35 6.49 6.94 

Other services 0.00 0.88 1.72 2.55 3.34 3.07 2.93 

Source: Authors’ analysis. 

Table 45: Difference between baseline and Policy Option 3 for employment by sector 
(deviations from baseline scenario values, thousand persons)  

 2021 2022 2023 2024 2025 2030 2033 

Agriculture  0  103  206  308  409  435  450 

Industry  0  21  43  64  86  95  100 

Manufacturing  0  133  274  420  572  728 816 

Construction  0  127  254  378  498  512  500 

Transport  0  68  136  205  274  314  340 

ICT  0  45  92  140  189  238  266 

Finance and 
insurance 

 0  25  50  75  100  112  120 

Research and 
innovation 

 0  0  0  0  1  1  1 

Other services  0 1 052 2 084 3 098 4 090 3 931 3 851 
Source: Authors’ analysis. 

7.3.3. Other impacts of Policy Option 3 
Policy Option 3 has a relatively broad scope, which results in its positive impacts across a variety of 
issues, even if focused on SMEs in particular. In line with the impacts presented in sections 7.1.2 and 
7.2.2, the policy measures under this policy option will direct enhance innovation by companies and 
produce positive social and geopolitical effects, notably, through providing funding, (sector-related) 
knowledge and on-the-job training needed to realise innovation, scale-up and challenge existing 
global leaders. 

Indirectly, these measures can lead to higher-quality technologies that are more capable of 
providing fairer, more equal and humane outcomes (fundamental rights) and more efficient, less 
polluting high-tech solutions (environmental). 

While this policy option targets SMEs, impacts are expected to spread out over other parts of the 
economy and society as a whole. Following economic thinking on triple-helix, clusters and 
ecosystems, an SME population equipped with technology, funding and skilled staff will influence 
its surrounding formal and informal stakeholders. Hence, multinationals, research institutes, the 
public sector, civil society and other stakeholders will also benefit from interaction (both formal 
transaction and informal contact) with a skilled SME base. As described under 7.2.2, boosting SMEs 
can also facilitate well-functioning markets and competitiveness, with positive societal effects. 
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Table 46: Breakdown of Policy Option 3 into specific policy measures, gaps and impacts 
addressed 

Policy measure Gaps/barriers addressed 
Extent to which 
gaps/ barriers are 
addressed 

Impacts addressed 

Increase knowledge 
about digital 

transformation 
among SMEs 

Gap between large companies and 
SMEs ++ 

- Innovation 
- Social 
- Geopolitical 
- Environmental 
- Fundamental 
rights 
- Competitiveness 
- Improved value-
chains and 
economic 
ecosystems  

Shortage of digitally skilled workers + 

Traditional mindset and company 
culture + 

Cybersecurity concerns ++ 

Develop financing 
instruments for SMEs 

for digitalisation 

Gap between large companies and 
SMEs 

+++ 

Lack of investment and access to 
investment 

+++ 

Maturity of technologies + 

Lack of infrastructure + 

Develop sectoral 
approach to 
information 

dissemination and 
financial instruments 

Gap between large companies and 
SMEs 

+++ 

Interoperability + 

Lack of investment and access to 
investment 

+++ 

Shortage of digitally skilled workers + 

Traditional mindset and company 
culture 

+ 

Retrain and digitise 
SMEs workforce by 

creating Skills4SMEs 

Gap between large companies and 
SMEs 

+++ 

Shortage of digitally skilled workers ++ 

Traditional mindset and company 
culture 

+ 

Maturity of technologies + 

Cybersecurity concerns + 

Encourage 
development of 
digital start-ups 

Gap between large companies and 
SMEs 

++ 

Shortage of digitally skilled workers + 

Traditional mindset and company 
culture 

+ 
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Policy measure Gaps/barriers addressed 
Extent to which 
gaps/ barriers are 
addressed 

Impacts addressed 

Maturity of technologies + 

Source: Authors. 

7.3.4. Feasibility, proportionality and subsidiarity 
The feasibility of Policy Option 3 is expected to be high. While the policy option targets SMEs, its 
advantages will be felt in the wider economy. Large companies will benefit from more efficient 
digital business partners and members of their supply chain. Financial stakeholders will expand their 
offerings and client base. The policy option is likely to be also popular with governments as in all 
countries SMEs constitute the overwhelming majority of industry players and employ the majority 
of workers. 

Most suggested policy measures are non-legislative, which increases their feasibility. A difficulty 
may lie in the exact design of workable and effective policy measures that are suitable for different 
types of SMEs (digital and non-digital) and different sectors of industry. However, the suggested 
policy measures are based on the studies and evaluations of the existing efforts and aim to build 
upon them or improve them. 

Almost all suggested policy measures are non-legislative, therefore they are expected to be 
proportionate and subsidiary. A few suggested legislative measures are amendments to the 
existing legislation, not offering the radical change of the form or content of the legislation, and are 
likely to pass the proportionality and subsidiarity test. 

Table 47: Summary of the assessment of Policy Option 3 

 Policy Option 3 

Gaps and barriers addressed +++ 

Economic net benefits +++ 

Other impacts (on Innovation, geopolitics, 
competitiveness, benefits across value chain, digital 

skills) 
+++ 

Feasibility of implementing a policy option +++ 

Proportionality and subsidiarity +++ 

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++). 
Source: Authors. 

7.4. Summary of policy option assessment and conclusions 
Comparing the suggested policy options to each other is a complex task because they are achieved 
in very different ways addressing different target groups. Therefore, they should not be seen as 
substitutes, but complementary options to move closer towards the ideal state scenario. As Sections 
7.1-7.3 have shown, each policy option has its advantages in terms of what gaps and barriers they 
address and what impacts they have. Another possibility is to strengthen one policy option by 
adding the most impactful individual policy measure(s) from another policy option(s). In this way, 
additional gaps and barriers can be addressed and higher benefits can be achieved. The qualitative 
assessment of individual policy measures can be derived from Tables 27, 35 and 43. 
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Overall, Policy Option 1 and Policy Option 3 fare similarly strong, while Policy Option 2 is assessed 
as weaker, especially in terms of net economic benefit and feasibility (see the summary in Table 45).  

By comparison to the baseline, Policy Option 3 delivers the largest positive impact on output and 
employment in terms of the net economic benefit. Similar, albeit slightly lower in magnitude 
outcomes are observed for Policy Option 1. Interestingly, Policy Option 1 is assessed to reach similar 
positive economic and non-economic impacts by targeting fewer gaps and barriers. This effect may 
be achieved because Policy Option 1 addresses the gaps and barriers related to cybersecurity and 
data governance, which represent significant bottlenecks for digital transformation. 

According to our simulations, Policy Option 2 offers a more limited economic net benefit over the 
baseline. At the same time, this Policy Option targets through multiple policy measures the maturity 
of technology and improvement of traditional mindset in companies. By doing this, it would have a 
unique impact on innovation and innovation capacity in the EU, lead to better diffusion and 
commercialisation of technologies. 

Policy Option 3 produces a lot of positive economic and non-economic impacts, likely due to the 
broad area targeted by its policy measures. The extent of its impact is not always strong (except for 
the impact on the gap between SMEs and large companies), but it is felt across all gaps and barriers. 

Table 48: Summary of policy options assessments 

 Policy Option 1 Policy Option 2 Policy Option 3 

Extent to which gaps 
and barriers addressed + ++ +++ 

Economic net benefit +++ + +++ 

Other impacts 

+++ 
(on innovation, 
geopolitics, 
competitiveness, 
acceptance of 
technology) 

++ 
(on innovation, 
competitiveness, 
changing mindsets, spill-
over innovation to other 
technologies) 

+++ 
(on Innovation, 
geopolitics, 
competitiveness, 
benefits across value 
chain, digital skills) 

Feasibility of 
implementing a policy 

option 
+++ + +++ 

Proportionality and 
subsidiarity +++ +++ +++ 

Notes: feasibility, proportionality and subsidiarity are ranked from low (+), medium (++) to high (+++). 
Source: Authors. 
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APPENDIX I: Overview of national policies of selected 
Member States 

This Annex contains an overview of national policies of the selected EU Member States in the areas 
of ICT policy, R&D policy and industrial policy. 

Table 49: National ICT policies in selected Member States 

Type of policy Policy/ Initiative 

Sweden 

Digital agenda 

Title: ICT for Everyone – A digital agenda for Sweden 
Year: 2011 
Objectives: 

• World-class broadband; 
• Better exploit opportunities brought by digitalisation; 

• Increase uptake of digital technologies in companies; 
• Increase R&D investments; 

• Improve digital infrastructure. 
Description: The purpose of the Digital Agenda for Sweden is to collate all ongoing 
activities carried out by the Swedish government in a horizontal, cohesive strategy to 
make use of all the opportunities offered by digitisation to individuals and businesses. 
Budget: N/A 

AI Policy/ 
strategy 

Title: National approach to Artificial Intelligence 
Year: 2018 
Objectives: 

• Tackle key conditions for use of AI: education, research, innovation, 
infrastructure 

• Address challenges such as unintended consequences of AI, lack of 
transparency, misuse of the technology 

Description: AI has the potential to contribute significant benefits in a variety of areas 
through increased economic growth, and solutions to environmental and social 
challenges. The Swedish government has identified the need to develop a national 
approach to AI in Sweden, with the purpose of identifying an overall direction for AI-
related work in Sweden and laying the foundation for future priorities. 
Budget: N/A 

Broadband 
policy/ strategy 

Title: A completely connected Sweden by 2025 – a Broadband Strategy. 
Year: 2016 
Objectives: 

• 95% of households and businesses to have access to broadband at minimum 
capacity of 100 Mbps by 2020; 

• Complete high-speed broadband access by 2025; 
• Complete high-quality mobile coverage by 2023; 

• Follow EU objectives for 5G development. 
Description: The Swedish government is now moving to adapt the infrastructure to the 
digital era by formulating a broadband strategy concerning access to broadband both 
in and outside the home and the workplace, for everyone. The government is parallelly 

http://www.cgil.it/admin_nv47t8g34/wp-content/uploads/2017/03/SVEZIA-ICT-for-everyone-a-digital-agenda-for-sweden.pdf
https://www.government.se/4a7451/contentassets/fe2ba005fb49433587574c513a837fac/national-approach-to-artificial-intelligence.pdf
https://www.government.se/496173/contentassets/afe9f1cfeaac4e39abcdd3b82d9bee5d/sweden-completely-connected-by-2025-eng.pdf
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Type of policy Policy/ Initiative 

developing a strategy for the digitalization in order to support industry, commerce and 
societal development.  
Budget: N/A 

5G/ 6G policy/ 
strategy 

Covered by the Broadband strategy 
Letter of intent on Development of 5G in the Nordic region 

Cybersecurity 
policy/ strategy 

Title: A national cyber security strategy 
Year: 2017 
Objectives:  

• Comprehensive approach to cyber security efforts; 

• Enhancing network, product and system security; 
• Enhancing capability to prevent, detect and manage cyber-attacks; 

• Increasing knowledge and promoting expertise; 
• Enhancing international cooperation. 

Description: The strategy is an expression of the Government’s overarching priorities 
and aims to constitute a platform for Sweden’s continued development work within 
the area. The main aims of the strategy are to help to create the long-term conditions 
for all stakeholders in society to work effectively on cyber security, and raise the level of 
awareness and knowledge throughout society 
Budget: N/A 

National 
Recovery and 
Resilience Plan 

Title: Swedish National Recovery and Resilience Plan 
Year: 2021 
Objectives: 
24% destined to digital transition 
Expansion of broadband and digitalisation of public administration 

The Netherlands 

Digitalisation 
strategy 

Title: The Dutch Digitalisation Strategy 2021 
Year: 2021 
Objectives: It describes the progress on the following priority themes and actions: 

• Capitalising on (accelerating) social and economic opportunities; 

• Ground-breaking research and innovation; 
• Career alternatives, new skills and lifelong learning; 

• A dynamic digital economy; 
• Strengthening the resilience of citizens and businesses; 

• Basic rights and ethics in the digital age. 
Description: The update of the Dutch Digitalisation Strategy describes how the 
Netherlands can optimal and responsible use of the social and economic opportunities 
offered by the digital transformation. It zooms in on results over the last three years 
and outlines eleven key trends and developments in the run-up to 2030, including 
mega-ecosystems, decentralisation, data sovereignty, digital currencies, compelling 
data, autonomisation, swarm culture, virtual living environment, optimisation of 
humans and vulnerability. 
Budget: N/A 

https://www.government.se/49b8be/globalassets/government/dokument/statsradsberedningen/letter-of-intent--development-of-5g-in-the-nordic-region-.pdf
https://www.government.se/4ada5d/contentassets/d87287e088834d9e8c08f28d0b9dda5b/a-national-cyber-security-strategy-skr.-201617213#:%7E:text=The%20national%20security%20strategy%20states,the%20area%20of%20information%20technology.
https://www.regeringen.se/49bfc1/contentassets/dad10f1743b64c78a1c5b2d71f81a6eb/sveriges-aterhamtningsplan.pdf
https://www.nederlanddigitaal.nl/binaries/nederlanddigitaal-nl/documenten/publicaties/2021/06/22/the-dutch-digitalisation-strategy-2021-eng/210621-min-ezk-digitaliseringstrategie-en-v03.pdf
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Type of policy Policy/ Initiative 

Cybersecurity 
strategy 

Title: National Cybersecurity Agenda 
Year: 2018 
Objectives:  

• Adequate digital capabilities to detect, mitigate and respond decisively to 
cyber threats; 

• Contribute to international peace and security in the digital domain; 
• At the forefront of digitally secure hardware and software; 

• Resilient digital processes and a robust infrastructure; 
• Successful barriers against cybercrime; 

• Leading the way in the field of cybersecurity knowledge development; 
• An integrated and strong public-private approach to cybersecurity. 

Description: The Netherlands is in an outstanding position to capitalize on the 
economic and social opportunities of digitalisation. At the same time, vulnerabilities 
and threats in the digital domain are increasing. The NCSA sets out the framework for 
the next step required in cybersecurity. The joint direction is laid out and various 
measures are considered collectively. This enhances the impact of public and private 
actions. 
Budget: €95 m 

AI strategy 

Title: Strategic Action Plan for Artificial Intelligence 
Year: 2019 
Objectives:  

• Capitalising on societal and economic opportunities: policies encouraging the 
adoption, use and development of AI in the private and public sector and 
promoting the use of AI to tackle societal challenges; 

• Creating the right conditions: policies supporting education and skills 
development in AI; fostering research and innovation in AI, facilitating the 
access to qualitative data and improving the digital infrastructure; 

• Strengthening the foundations: including policy actions related to ethical 
issues, such as trust, human rights, consumer protection, and safety of citizens. 

Description: In October 2019, the Dutch Government has released its Strategic action 
plan for artificial intelligence (Netherlands, 2019). The strategy presents a range of 
policy initiatives to strengthen Netherlands’ competitiveness in AI on the global 
market. The vision of the Dutch AI strategy relies on three strategic pillars. 
Budget: €45 m per annum (+ additional €276 m in 2021) 

https://english.ncsc.nl/binaries/ncsc-en/documents/publications/2019/juni/01/national-cyber-security-agenda/National-Cyber-Security-Agenda.pdf
https://www.government.nl/binaries/government/documents/reports/2019/10/09/strategic-action-plan-for-artificial-intelligence/Strategic+Action+Plan+for+Artificial+Intelligence.pdf
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Type of policy Policy/ Initiative 

Digital strategy 

Title: Digital agenda for the Netherlands 
Year: 2016 
Objectives: Development of: 

• Education, knowledge and innovation capacity; 
• Open and high-speed infrastructure to facilitate 5G; 

• Digitalisation of sectors, specifically industry (smart robotics), health care, 
energy and mobility; 

• Digital security and trust; 

• More scope for entrepreneurs through removal of barriers and red tape. 
Description: Digitalisation is key to the economic prosperity of the Netherlands. With 
the Digital Agenda, the government stimulates further digitalisation of the Dutch 
economy through five lines of action. 
Budget: N/A 

Broadband and 
5G strategy 

Title: Connectivity Action Plan 
Year: 2018 
Objectives:  

• 100% coverage at 100 Mbit/s by 2023; 

• Divers and high-quality mobile connectivity; 

• Optimal cooperation between national and local governments to reach the 
connectivity goals; 

• Investment barriers as low as possible to achieve high-quality digital 
connectivity that is available anytime, anywhere and at competitive rates; 

• Resilient networks and customers; 

• Connectivity services develop to enable innovations. 
Description: This Action Plan outlines the government’s efforts to remain the European 
digital leader with the aim of providing high-quality connectivity that can serve a wide 
range of demands and is available at competitive prices anytime and everywhere. 
Budget: N/A 

Finland 

Digital 
transformation 
strategy 

Title: Digital Finland Framework 
Year: 2018 
Objectives: 

• The digital innovations exploiting the benefits of platform economy and the 
transformation of the spearhead industry sectors; 

• Seamless support for sustainable digital transformation; 

• Responses to global megatrends and sustainable development goals. 
Description: Digital Finland Framework supports effective coordination of sustainable 
digital 
transformation in Finland. The Framework combines key perspectives together: 
Budget: €400 m 

Cybersecurity 
strategy 

Title: Finland’s Cyber Security Strategy 2019 
Year: 2019 
Objectives: 

https://www.government.nl/binaries/government/documents/reports/2017/04/11/digital-agenda-for-the-netherlands-innovation-trust-acceleration/Digitale+Agenda+ENGELSE+VERSIE.pdf
https://www.government.nl/binaries/government/documents/reports/2018/07/13/connectivity-action-plan/Connectivity+Action+Plan.pdf
https://www.businessfinland.fi/496a6f/globalassets/julkaisut/digital-finland-framework.pdf
https://turvallisuuskomitea.fi/wp-content/uploads/2019/10/Kyberturvallisuusstrategia_A4_ENG_WEB_031019.pdf
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Type of policy Policy/ Initiative 

• To develop a cyber environment that safeguards the related vital functions; 

• To support the development of accessible and reliable digital services and 
business development; 

• To launch the preparation of the National Cyber Security Development 
Programme. 

Description: The Finnish Cyber Security Strategy 2019 sets out the key national 
objectives for the development of the cyber environment and the safeguarding of 
related vital functions. 
Budget: N/A 

AI uptake 
strategy 

Title: Finland’s age of artificial intelligence 
Year: 2017 
Objectives: 

• Enhance the competitiveness of companies through use of AI; 
• Utilisation of data in all sectors; 

• Accelerate and simplify the adoption of AI; 
• Ensure top-level expertise and attract top experts; 
• Bold investments to promote R&I; 

• Building superior public services; 
• Establishing new cooperation models, such as PPPs. 

Description: This report outlines systematic efforts that Finland needs to implement to 
ensure seamless adoption of artificial intelligence in its economy. 
Budget: N/A 

AI and digital 
skills strategy 

Title: Artificial Intelligence programme 
Year: 2017 
Objectives: 
Enhance business competitiveness through the use of AI. 
Effectively utilise data in all sectors and speed up the deployment of 5G technology in 
Finland and Europe.  
Ensure that AI can be adopted, developed and applied to deliver concrete AI methods 
and solutions in a quick and facilitated way.  
Retain top-level expertise, attract digital talents and experts in the field of AI and 
Machine learning, and promote leadership and entrepreneurial skills.  
Prioritise investment in the public services system and its further and continuous 
development. 
Establish new models and forms of collaboration and support the development of 
partnerships between stakeholders on a national level.  
Make Finland a forerunner in the age of artificial intelligence and improve resilience to 
disruptive effects of the technology.  
Steer AI development into a trust-oriented, human-centric direction, based on the rule 
of law and prepare for future security challenges.  
Description: The Artificial Intelligence Programme, launched in May 2017, prioritises 
actions aimed at enhancing Finland's position in the global of Artificial Intelligence (AI) 
and build partnerships with national, European and international stakeholders. Other 
objectives include showcasing Finland's potential for innovation and business 
development, especially when it comes to AI, and supporting the competitiveness of 
the Finnish industrial and technology sectors. Target audiences include digital skills for 

https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/160391/TEMrap_47_2017_verkkojulkaisu.pdf?sequence=1&isAllowed=y
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161688/41_19_Leading%20the%20way%20into%20the%20age%20of%20artificial%20intelligence.pdf


EPRS | European Parliamentary Research Service 

  

 

132 

Type of policy Policy/ Initiative 

the labour force; for ICT professionals and other digital experts; and digital skills in 
education. 
Budget: N/A 

Broadband 
strategy 

Title: Turning Finland into the world leader in communications networks – Digital 
infrastructure strategy 2025 
Year: 2019 
Objectives: 
List measures for promoting the implementation of 5G and supporting optical fibre 
construction.  
Identifying key challenges facing the digitalisation of services and existing 
infrastructure as well as data needs, which are crucial to, for example, automated 
transportation.  
Specific focus on relevant global development trends, such as augmented reality, the 
Internet of Things, automation, artificial intelligence and M2M communication. 
Description: The digital infrastructure strategy specifies Finland's technology-neutral 
broadband objectives for 2025 and the means by which they will be achieved. The 
needs of both business and consumers have been taken into consideration in the 
strategy. 
Budget: N/A 

France 

AI Policy/ 
strategy 

Title: French national AI strategy 
Year: 2018 
Objectives: 

• Have France as an AI leader, in the top 5 countries with AI expertise; 
• Attract and support talent; 

• Boost AI research; 
• Strengthening computing resources; 

• Focus on bilateral, European and international cooperation. 
Description: mostly based on the report ”For a meaningful AI – Towards a French and 
European Strategy”, it covers the 2018-2022 period. 
Budget: €665 million for the 4-year period 

Broadband 
policy/ strategy 

Title: France très haut débit 
Year: 2020 
Objectives:  

• 100% coverage at 8 Mbit/s by 2020; 

• 100% coverage at 30 Mbit/s by 2022. 
Description: France predominantly opts for establishing and widening its broadband 
network infrastructure through FTTH technology. 
Budget: €3,3 billion 

5G/ 6G policy/ 
strategy 

Title: 5G – An ambitious roadmap for France 
Year: 2018 
Objectives:  

• Launch 5G projects; 

https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161434/LVM_7_19_Digital_Infrastructure_WEB.pdf?sequence=1&isAllowed=y
https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/161434/LVM_7_19_Digital_Infrastructure_WEB.pdf?sequence=1&isAllowed=y
https://www.enseignementsup-recherche.gouv.fr/cid136649/la-strategie-nationale-de-recherche-en-intelligence-artificielle.html
https://www.aiforhumanity.fr/pdfs/MissionVillani_Report_ENG-VF.pdf
https://www.aiforhumanity.fr/pdfs/MissionVillani_Report_ENG-VF.pdf
https://agence-cohesion-territoires.gouv.fr/france-tres-haut-debit-53
https://www.arcep.fr/fileadmin/reprise/dossiers/programme-5G/Roadmap_5G_-_VA.pdf
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• Make France as home to the world’s first 5G applications in industrial sectors; 

• Commercial rollout in at least one major city by 2020; 
• Coverage of all main transport routes by 2025. 

Description: The strategy focuses on inclusion (territorial cohesion) and innovation 
(exploiting digital transformation, strengthening connectivity and use of data in 
industry). 
Budget: N/A 

Cybersecurity 
policy/ strategy 

Title: French National Digital Security Strategy 
Year: 2015 
Objectives:  

• Defence of State information systems and critical infrastructure; 
• Digital trust, personal data; 
• Awareness raising, training, education; 

• Industrial policy, exports, internationalisation, businesses; 
• Europe’s digital strategic autonomy. 

Description: France is going through its digital transition. Networks are omnipresent in 
the functioning of the State, economic activity and the daily lives of citizens. For digital 
technology to remain an area of freedom, exchanges and growth, trust and security 
must be established and defended. Only through a collaborative and coordinated 
effort can this objective be attained. 
Budget: N/A 

National 
Recovery and 
Resilience Plan 

Title: National Recovery and Resilience Plan of France 
Year: 2021 
Objectives: 

• Technological sovereignty and resilience; 
• Digital upgrading for central government, regions, and companies; 

• Digitalisation of culture; 
• Digitalisation of training; 

• Investment in digital skills; 
• Digital inclusion and broadband. 

Budget: €41 billion 

Slovenia  

AI Policy/ 
strategy 

Title: Slovenia’s National Programme on AI 
Year: set to be released in 2021 
Objectives:  

• Support to research and deployment of AI; 

• Strengthen technological and industrial capabilities; 
• Respond to socio-economic changes; 

• Ethical and legal framework. 
Description: Slovenia’s strategy is still in progress, with drafts of a national programme 
published.  
Budget: N/A 

https://www.ssi.gouv.fr/uploads/2015/10/strategie_nationale_securite_numerique_en.pdf
https://www.economie.gouv.fr/files/files/PDF/2021/PNRR-SummaryEN.pdf
https://stip.oecd.org/stip/policy-initiatives/2019%2Fdata%2FpolicyInitiatives%2F14677
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Broadband 
policy/ strategy 

Title: The next-generation broadband network development plan to 2020 
Year: 2016 
Objectives 

• 96% coverage by with at least 100 Mbps connection by 2020; 
• Remaining 4% with at least 30 Mpbs. 

Description: It focuses on the following main measures to promote broadband 
development: regulation measures; state aid; broadband mapping. 
Budget: N/A 

Cybersecurity 
policy/ strategy 

Title: Cyber security strategy – Establishing a system to ensure a high level of cyber 
security 
Year: 2016 
Objectives: 

• Regulation of national cyber security assurance system; 
• Cyber security for citizens and in the economy; 

• Safety of critical infrastructure in ICT support; 
• International cooperation. 

Description: The strategy comprises an overview of the situation in those areas that are 
relevant for cyber security assurance, outlining the vision and setting objectives. It 
further defines the areas where it will be implemented, as well as the risks occurring in 
cyberspace. The strategy proposes the way the cyber security assurance system should 
be organised, and the measures necessary for achieving the set objectives. 
Budget: N/A 

Digitalisation 
platform 

Title: The Slovenian digital coalition 
Year: 2016 
Objectives: 

• Accelerate the digital transformation of Slovenia; 
• Coordinate development policies; 

• Achieve greater uptake of ICT solutions, services and infrastructure; 
• Improve digital literacy, e-skills, digital competences; 

• Better integrate ICT solutions in education and in the industry. 
Description: The Slovenian Digital Coalition - digitalna.si intends to harmonize the 
digital transformation of Slovenia adopted in the Digital Slovenia 2020 strategic 
framework, in collaboration with stakeholders from trade and industry, research and 
development, civil society and the public sector. 
Budget: N/A 

National 
Recovery and 
Resilience Plan 

Title: Slovenian National Recovery and Resilience Plan 
Year: 2021 
Objectives: 

• 21% of the budget destined to digital transformation; 

• Strengthen digital literacy; 
• Digitalise health sector; 

• Digital transition of businesses. 
Budget: €2.5 billion 

https://www.gov.si/assets/ministrstva/MJU/DID/NGN_2020_Slovenia_EN.pdf
https://www.cyberwiser.eu/sites/default/files/Cyber_Security_Strategy_Slovenia_0.pdf
https://www.cyberwiser.eu/sites/default/files/Cyber_Security_Strategy_Slovenia_0.pdf
https://www.digitalna.si/en
https://www.eu-skladi.si/sl/po-2020/nacrt-za-okrevanje-in-krepitev-odpornosti
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Estonia 

Overarching 
strategy / 
Digital agenda 

Title: Digital Agenda for Estonia and the upcoming Digital Agenda 
2030 (expect within 2021) 
Year: 2014 (adopted) 2018 (updated) 
Objectives: Creation of well-functioning and secure environment for using and 
creating ICT solutions in Estonia. 
Description: This overarching strategy includes specific sub-fields for the development 
of information society and development of cybersecurity. 
Budget: N/A 

AI Policy/ 
strategy 

Title: Estonia’s national AI strategy 
Year: 2019 
Objectives: The AI strategy aims to encourage the use and development of AI 
applications. The strategy entails specific actions including the following:  

• Reforms to formal education and training systems; 
• Increase the capacity of AI research; 

• Improve networking and collaboration; 
• Amend legislation to facilitate the development and uptake of AI. 

Description: The strategy entails planned actions to advance the take-up of AI in both 
private and public sector, to increase the relevant skills, R&D as well as to enhance the 
legal framework. 
Budget: At least €10 million 

5G/ 6G policy/ 
strategy 

Title: 5G Roadmap  
Year: 2019 
Objectives: With the roadmap, Estonia amongst other, aims to achieve 5G connectivity 
in major cities by 2023 and along transport corridors by 2025. 
Description: Estonian 5G activity plan will be implemented to stimulate the 
establishment and uptake of next-generation wireless communication networks in 
Estonia. 
Budget: N/A 

Cloud policy/ 
strategy 

Title: Government Cloud: Infrastructure as a service 
Year: 2018 
Objectives: The initiative aims at:  

• Increasing the cost-effectiveness of the public sector; 
• Increasing the public information security capacity; 

• Enabling the provision of high-quality uninterrupted service;  
• Improving the competence in the administration of information systems; 

• Allowing flexible resource use;  
• Making public services more convenient, easy to manage and safe. 

Description: The Estonian Government Cloud will lead to the modernization and 
renewal of existing information systems, to embrace the opportunities offered by 
cloud technology and allow more agility in provision of e-services by the Estonian 
government agencies and critical service providers to residents and e-residents. 
Budget: N/A 

https://www.mkm.ee/sites/default/files/digitalagenda2020_final_final.pdf
https://f98cc689-5814-47ec-86b3-db505a7c3978.filesusr.com/ugd/7df26f_27a618cb80a648c38be427194affa2f3.pdf
https://www.mkm.ee/sites/default/files/eesti_5g_teekaart.pdf
https://e-estonia.com/government-cloud-infrastructure-service/
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Broadband 
policy/ strategy 

Title: National broadband plan – part of the Digital Agenda for Estonia 
Year: 2014 (adopted) 2018 (updated) 
Objectives: The strategy aims to provide all residents with internet access above 30 
Mbps and to achieve at least 60% of household subscriptions with a speed of above 
100 Mbps. The updated strategy after 2020 is expected to entail as an objective the 
availability of speeds of 100 Mbps upgradeable to 1 Gbps to all residents. 
Description: The plan entails the ultra-fast broadband fibre optic cable network 
completion. 
Budget: N/A 

Cybersecurity 
policy/ strategy 

Title: Estonian National Cyber Security Strategy 2019-2022 
Year: 2019 
Objectives: The strategy includes several objectives including:  

• Balance security with privacy;  

• Develop national cyber contingency plans;  

• Establish baseline security requirements and incident reporting mechanisms 
and capabilities; 

• Address cybercrime; 

• Adopt information security standards; 
• Critical information infrastructure protection;  

• Engage in international cooperation; 
• Establish a public-private partnership; 

• Establish an institutionalise form of cooperation between public agencies; 
• Establish trusted information sharing mechanisms; 

• Foster R&D; 
• Organise cyber security exercises. 

Description: This cybersecurity strategy is Estonia’s third national cybersecurity 
strategy document and defines the long-term vision, objectives, priority action areas, 
roles and tasks for the domain, being the basis for activity planning and resource 
allocation. 
Budget: N/A 

Greece 

Overarching 
strategy 

Title: Digital transformation bible (2020 – 2025) 
Year: 2020 
Objectives:  

• Safe, fast, and reliable access to the Internet for all; 

• A digital state offering better digital services to the citizens for all life events; 
• Development of digital skills for all citizens; 

• Facilitate the transformation to digital enterprise; 
• Support and strengthening of digital innovation; 
• Making productive use of public administration data; 

• Incorporating digital technologies to all economic sectors. 
Description: The Digital Transformation Book reflects the guiding principles, the 
architectural design of the systems, the strategic axes of intervention, the model of 
governance and implementation and all the horizontal and vertical interventions that 

https://www.mkm.ee/sites/default/files/digitalagenda2020_final_final.pdf
https://www.enisa.europa.eu/topics/national-cyber-security-strategies/ncss-map/national-cyber-security-strategies-interactive-map?selected=Estonia
https://digitalstrategy.gov.gr/principles_of_implementation
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will implement the digital transformation of the Greek society. More than 450 digital 
transformation projects are included in the strategy. 
Budget: N/A 

Broadband 
policy/ strategy 

Title: National Broadband Next Generation Access Plan 
Year: 2016 
Objectives:  

• By 2020, access to much higher internet speeds of above 30Mbps for all 
citizens of the country; 

• by 2020, at least 50% of Greek households should have an Internet connection 
with a speed of above 100Mbps. 

Budget: The project’s total budget is estimated at €700 million, of which €300 million is 
public funding 

Cybersecurity 
policy/ strategy 

Title: National cybersecurity strategy (2020-2025) - Part of the Digital transformation 
bible (2020 – 2025) 
Year: 2020 
Objectives: The updated national strategic planning for cybersecurity aims to assess 
the current situation, identify new challenges and develop an appropriate strategy & 
immediate implementation framework. Specific objectives include:  

• Address cyber-crime; 
• Adopt information security standards; 
• Balance security with privacy; 

• Citizen’s awareness; 
• Critical information infrastructure protection;  

• Develop national cyber contingency plans; 
• Engage in international cooperation. 

Budget: N/A 

AI Policy/ 
strategy 

Title: Part of the Digital transformation bible (2020 – 2025) 
Year: 2020 
Specific actions:  

• Artificial intelligence and machine learning platform (planned); 

• Mechanisms to support public audit bodies in combating tax evasion, levy 
evasion, and public procurement control (planned);  

• Application for monitoring the system of inputs and outputs in the fuel trade 
(planned); 

• Public revenue collection mechanism support system (in progress); 

• Project for the automatic codification of the Legislation using natural 
language processing technologies (planned); 

• Introduction of Robotic Process Automation technologies to reduce repetitive 
administrative tasks (planned);  

• System for locating building arbitrariness in forest areas and in Aegialos 
(planned); 

• National strategy for the development of artificial intelligence (in progress). 

Budget: N/A 

Poland 

http://nga.gov.gr/?lang=en
https://mindigital.gr/wp-content/uploads/2020/12/%CE%95%CE%B8%CE%BD%CE%B9%CE%BA%CE%B7%CC%81-%CE%A3%CF%84%CF%81%CE%B1%CF%84%CE%B7%CE%B3%CE%B9%CE%BA%CE%B7%CC%81-%CE%9A%CF%85%CE%B2%CE%B5%CF%81%CE%BD%CE%BF%CE%B1%CF%83%CF%86%CE%B1%CC%81%CE%BB%CE%B5%CE%B9%CE%B1%CF%82.pdf
https://digitalstrategy.gov.gr/principles_of_implementation
https://digitalstrategy.gov.gr/principles_of_implementation
https://digitalstrategy.gov.gr/principles_of_implementation
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Overarching 
strategy / 
Digital agenda 

Title: Operational Programme Digital Poland for 2021-2027 
Year: 2021 
Objectives: Operational Programme Digital Poland aims at increasing the availability of 
the high-speed Internet, establishing a citizen-friendly e-administration which will 
make it possible to resolve various issues via a computer and continuously raising the 
level of digital competences of the society. The main objective is to strengthen digital 
foundations for the national development. 
Three priority areas are distinguished in the Programme: 

• Common access to high-speed Internet; 
• E-government and open government; 

• Digital competences of the society. 
Budget: N/A  

AI Policy/ 
strategy 

Title: Policy for the development of artificial intelligence in Poland from 2020 
Year: 2020 
Specific activities: the Polish strategy is providing strategic guidance and policy 
initiatives to develop a holistic AI ecosystem with the aim of meeting the following 
objectives: 

• Reforming the educational system and providing lifelong learning 
opportunities in AI-related fields; Encouraging; 

• growth and innovation of AI companies through dedicated support in AI 
research, including the provision of sufficient financial resources; 

• Increasing national and international partnerships in AI; 

• Creating a data ecosystem with trustworthy and high-quality data and 
increased data exchange mechanisms; 

• Reinforcing the digital infrastructure, regulatory framework and test 
environments to foster the development of AI innovations. 

Budget: N/A 

Broadband 
policy/ strategy 

Title: National Broadband Plan 
Year: 2017 
Objectives: Ensuring universal broadband access to the Internet. by: development of 
telecommunications networks and infrastructure and stimulating demand for high-
speed access services. 
Specific activities:  

• Investment incentives for telecommunications operators; 
• Investments with the use of public funds; 

• Stimulating the demand for broadband services. 
Budget: N/A 

5G/ 6G policy/ 
strategy 

Title: 5G strategy for Poland 
Year: 2018 
Objectives: The strategy enables the effective implementation of the 5G network in 
Poland, providing citizens with access to the latest technologies, and entrepreneurs 
operating on our market with an effective competitive advantage. 
Budget: N/A 

https://monitorpolski.gov.pl/M2021000002301.pdf
https://www.gov.pl/web/cyfryzacja/narodowy-plan-szerokopasmowy
https://www.gov.pl/web/cyfryzacja/strategia-5g-dla-polski
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Cybersecurity 
policy/ strategy 

Title: Polish National Cyber Security Strategy 
Year: 2019 
Objectives: Increasing the level of resilience to cyber threats and protection of 
information in the public, military and private sectors, as well as promoting knowledge 
and good practices to enable the citizens to better protect information. The strategy 
entails the following specific objectives: 

• Development of the national cybersecurity system; 

• Increasing the level of resilience of information systems of the public 
administration and private sector, and achieving the capacity to effectively 
prevent and respond to incidents; 

• Increasing the national capacity in the area of cybersecurity technology. 
Budget: N/A 

Italy 

AI Policy/ 
strategy 

Title: National AI Strategy 
Year: proposal, published in 2020 
Objectives: 

• Targeting ethical and legal aspects; 
• Use AI to make the economy more competitive; 

• Focus on sustainable growth; 
• Governance aspects. 

Description: a human-centric proposal, tackling ethical aspects as well as the 
competitive landscape and sustainable development.  
Budget: the proposal estimates a budget of around €900 million for a five-year period. 
Budget: N/A 

Broadband 
policy/ strategy 

Title: Italian strategy for next generation access network 
Year: 2015 
Objectives: 

• 100 Mbps for at least 85% of households by 2020; 

• 100% coverage at least 30 Mbps; 
• At least 100 Mbps coverage for offices and public buildings; 

• Extend high-speed broadband to industrial areas. 
Description: the strategy uses a variety of tools, such as administration simplification 
and reduction of red tape; creation of tax exemption tools; various stimuli for 
triggering demand; public intervention to address market failures. 
Budget: N/A 

Cybersecurity 
policy/ strategy 

Title: Italian cybersecurity Action Plan 
Year: 2017 
Objectives: 

• Reinforcing intelligence; 

• Strengthening PPPs; 
• Education and training; 

• Updating legislation; 

https://www.enisa.europa.eu/topics/national-cyber-security-strategies/ncss-map/national-cyber-security-strategies-interactive-map?selected=Poland
https://www.mise.gov.it/images/stories/documenti/Proposte_per_una_Strategia_italiana_AI.pdf
https://www.agid.gov.it/sites/default/files/repository_files/documentazione/next_generation_access_network_-_english_version.pdf
https://www.sicurezzanazionale.gov.it/sisr.nsf/wp-content/uploads/2019/05/Italian-cybersecurity-action-plan-2017.pdf
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• International cooperation; 
• Incidents prevention and response. 

Description: The 2017 Italian Cybersecurity Action Plan sets out the operational 
guidelines and the actions to be executed in order to implement the National Strategic 
Framework for Cyberspace Security and sets out a major step in the implementation of 
the Italian cyber security system. 
Budget: N/A 

Public services 
digitalisation 

Title: The three-year plan for ICT in the Public Administration 
Year: 2020 
Objectives: 

• Development of a digital society, with the PA leading the way; 
• Promotion of inclusive development; 

• Contributing to the diffusion of new digital technologies, encouraging 
standardisation, innovation and experimentation. 

Description: based on previous similar three-year plans which set out objectives for a 
digitalisation of the PA, the current plan is specifically focused on implementation of 
those provisions. 
Budget: N/A 

National 
Recovery and 
Resilience Plan 

Title: Italian National Recovery and Resilience Plan 
Year: 2021 
Objectives:  

• 25% of the budget dedicated to digital transformation; 

• Development of ultra-fast and 5G networks; 
• Digitalisation of businesses; 
• Digitalisation of the PA; 

• Tourism and culture 4.0. 
Budget: €191 billion 

Table 50: National R&D&I policies in selected Member States 

Type of policy Policy/ Initiative 

Sweden 

Digital strategy 

Title: For sustainable digital transformation in Sweden – a Digital Strategy 
Year: 2017 
Objectives:  

• Digital competence; 

• Digital security; 
• Digital innovation; 

• Digital leadership; 
• Digital infrastructure. 

Description: The strategy outlines the focus of the Government’s digital policy. The 
vision is for sustainable digital transformation in Sweden. The overall objective is 
for Sweden to become the world leader in harnessing the opportunities of digital 
transformation. 

https://www.agid.gov.it/sites/default/files/repository_files/three_yer_plan_for_it_in_public_administration_2019-2021_annexes.pdf
https://www.governo.it/sites/governo.it/files/PNRR.pdf
https://www.government.se/49c292/contentassets/117aec2b9bf44d758564506c2d99e825/2017_digitaliseringsstrategin_faktablad_eng_webb-2.pdf
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Budget: N/A 

Science and 
technology policy 

Title: The Swedish Innovation Strategy 
Year: 2012 
Objectives: it focuses on the following key aspects: 

• Infrastructure and framework conditions; 
• Businesses and SMEs; 
• Public services; 

• Regions and territorial cohesion. 
Description: The purpose of this strategy is to contribute to a climate with the best 
possible conditions for innovation in Sweden with year 2020 in sight. People and 
organisations in industry, the public sector and civil society will be able to develop 
and more effectively contribute to new or improved solutions meeting needs and 
demand. 
Budget: N/A 

Open Science 

Title: Swedish national roadmap for the European Research Area 2019-2020 
Year: 2019 
Objectives:  

• Open access to scientific publications, research data and works of art 
should be fully implemented by 2026. Collaboration with the European 
Open Science Cloud (EOSC); 

• Strengthening the digital research infrastructure; 

• Increasing access to digital data from public institutions and cultural 
heritage institutions. 

Budget: N/A 

National Recovery 
Plan 

Title: Swedish National Recovery and Resilience Plan 
Year: 2021 
Objectives: 

• Investments for growth and housing construction; 

• Better conditions to meet the demographic challenge and ensure the 
integrity of the financial system. 

The Netherlands 

R&I strategy 

Title: Dutch Strategy to Strengthen Research and Innovation Ecosystems 
Year: 2021 
Objectives: Providing insight into the challenges encountered by R&I ecosystems. 
This helps to highlight strengths and obstacles in ecosystems and to improve 
interventions by government bodies and other organisations: 

• Long-term view and coherence in investments in research and innovation; 

• Investment in research and test facilities; 
• Funding for start-ups and scale-ups: early-stage capital and growth capital; 
• Involving users in research and innovation and market creation; 

• Skills and absorption capacity in SMEs; 
• Developing, attracting and retaining top-class talent; 

https://www.government.se/contentassets/cbc9485d5a344672963225858118273b/the-swedish-innovation-strategy#:%7E:text=OECD's%20innovation%20strategy%20is%20based,large%20parts%20of%20this%20work.
https://www.government.se/4a75a9/contentassets/514bde7beb4d423ea7b7b1f2c50f470f/swedish-national-roadmap-for-era-2019-2020.pdf
https://www.regeringen.se/49bfc1/contentassets/dad10f1743b64c78a1c5b2d71f81a6eb/sveriges-aterhamtningsplan.pdf
https://www.government.nl/binaries/government/documents/reports/2021/03/12/dutch-strategy-to-strengthen-research-and-innovation-ecosystems/Dutch+Strategy+to+Strengthen+Research+and+Innovation+Ecosystems.pdf
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• Strengthening knowledge transfer and the valorisation process for greater 
impact; 

• Organisational capability of research and innovation ecosystems; 

• Connections between ecosystems; 
• Devoting attention to laws and regulations earlier in the process. 

Description: The Dutch government wants to strengthen existing ecosystems and 
promote new, leading-edge ecosystems, such as ecosystems on key enabling 
technologies and solutions to societal challenges. This strategy describes how 
ecosystems can be strengthened. After a description of the Dutch landscape of 
research and innovation ecosystems, it present 10 challenges faced by many 
ecosystems in the Netherlands. 
Budget: N/A 

Digital innovation 
strategy 

Title: The Dutch Digitalisation Strategy 2021  
Year: 2021 
Objectives:  

• R&D in AI domain; 
• Personal data, data protection ; 

• Digital skills and inclusion (including SMEs); 
• Digital connectivity and resilience. 

Description: Rather than being a digital veneer on existing reality, digitalisation 
involves a genuine transformation of a wide range of activities and processes in our 
economy and society. There are few domains in which digital technology is not 
bringing about profound change. 
Budget: N/A 

Digital skills 
strategy 

Title: Human Capital Agenda ICT Scale-up plan 
Year: 2021 
Objectives:  

• Promotion of IT-focused education; 
• Promoting diversity in IT; 
• Promotion of re-skilling; 

• 36,000 additional IT professional by 2025. 
Description: The Netherlands needs more digitally skilled and ICT-schooled workers 
to be able to work secure, good and effective. The objective of the HCA ICT is to 
facilitate the growing demand for ICT professional together with its partner 
organisations. 
Budget: N/A 

Open science 
strategy 

Title: National Programme Open Science 
Year: 2017 
Objectives:  

• Full open access to publications in 2020; 

• To make research data optimally suited for reuse; 

• To examine together how open science can be an element of the 
evaluation and reward system for researchers, research groups and 
research proposals; 

https://www.nederlanddigitaal.nl/binaries/nederlanddigitaal-nl/documenten/publicaties/2021/06/22/the-dutch-digitalisation-strategy-2021-eng/210621-min-ezk-digitaliseringstrategie-en-v03.pdf
https://hcaict.nl/assets/images/default/HCA-ICT-opschalingsplan-21042021-DEF.pdf
https://www.openscience.nl/files/openscience/2019-02/nationalplanopenscience_en.pdf
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• To establish a ‘clearing house’ for all information regarding all available 
research support.  

Description: The National Programme Open Science (NPOS) brings together 
national stakeholders in the Netherlands. Aim of the NPOS is to coordinate the 
transition to Open Science and to disseminate its importance. 
Budget: N/A 

Innovation fund 

Title: National Growth Fund 
Year: 2020 
Objectives:  
The National Growth Fund is intended for one-off public investment that 
contributes to the country's future economic growth. The projects that will be 
granted funding will all result in increased productivity and create new business. 
A first round of €2 billion is allocated to projects relating to artificial intelligence, 
regenerative medicine, health data infrastructure, quantum technology and 
hydrogen/green chemistry. 
Description: The National Growth fund will put money into boosting economic 
growth and maintaining prosperity over the coming five years. Particularly, it will 
focus on projects which develop skills and expertise, the infrastructure, and 
innovation. 
Budget: €20 bn 

Innovation fund 

Title: Dutch Future Fund 
Year: 2020 
Objectives:  
DFF aims to support the Dutch economy and contribute to preparing it for the 
future by focussing on areas such as digital innovation, artificial intelligence, life 
sciences and key enabling technologies; as well as thematic objectives such as 
energy transition, sustainability and the circular economy, all of which are priorities 
for The Netherlands and the EIB Group. The initiative is also aimed at supporting 
companies, which have been impacted by the ongoing Covid-19 pandemic. 
Description: The Dutch Future Fund (DFF) is a new initiative launched by the EIF in 
close collaboration with the Dutch national promotional institution Invest-NL to 
offer fresh funding to innovative Dutch SMEs. 
Budget: €300 m 

Finland 

R&I strategy 

Title: National Roadmap for Research, Development and Innovation 
Year: 2020 
Specific actions 
The measures in the Roadmap help Finnish RDI actors become more international 
enable experts to move between research and business. By increasing the number 
of higher education graduates and by giving everyone opportunities for 
continuous learning, it will be possible to safeguard a high level of competence. 
The Roadmap emphasises that Finland must be more attractive to international 
researchers, experts and RDI professionals. 
The Roadmap proposes to link RDI policies more strongly to addressing the 
challenges in developing the public sector and to the instruments and resources of 
different policy sectors. 

https://www.nationaalgroeifonds.nl/
https://www.eif.org/what_we_do/resources/dutch-future-fund/index.htm
https://valtioneuvosto.fi/documents/1410845/22508665/Tutkimus-%2C+kehitt%C3%A4mis-+ja+innovaatiotoiminnan+tiekartta.pdf/259864dc-a31c-cbcf-30ad-e2222724ccfa/Tutkimus-%2C+kehitt%C3%A4mis-+ja+innovaatiotoiminnan+tiekartta.pdf?t=1590137297000
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Description: The measures in the Roadmap will improve the global attractiveness 
of the Finnish RDI environment and encourage businesses to invest more in RDI in 
Finland. 
Budget: N/A 

Open science 
policies 

Title: Open access to scholarly publications – National Policy and Executive Plan by 
the Research Community in Finland for 2020–2025 
Year: 2019 
Specific objectives: 
No later than 2022, all new scientific articles and conference publications will be 
imme- diately openly accessible.  
The total cost of scholarly publication channels and individual publications is 
transparent and publicly available. 
By 2022, a CC-licence is applied to all new research publications to provide open 
access and to protect researcher’s rights. 
The research community creates a jointly funded publishing model that enables 
immediate open access to research articles published in Finland. 
Description: The objective of the policy is to guarantee that the research 
community and those applying research information in practice have access to 
researched information in a way that has never before been possible. The policy of 
open access to scholarly publications defines the principles, objectives and actions. 
By committing and promoting these the research community in Finland can 
achieve equal access to researched information. 
Budget: N/A 

Open data 
strategy 

Title: Open Government – National Action Plan for 2019-2023 Finland 
Year: 2019 
Objectives: Two primary goals have steered open government activities from the 
beginning 

• Supporting the strengthening of trust between the various actors in 
society; 

• Helping to secure equal opportunities for participation in society’s 
operations and their development. 

Description: Finland’s fourth action plan focuses on promoting sustainable open 
government practices, lobbying transparency, and open data. 
Budget: N/A 

AI adoption 
strategy 

Title: AI Business programme 
Year: 2018 
Objectives: 

• To increase the competitiveness and productivity of Finnish companies by 
creating innovations based on artificial intelligence and platform 
economy; 

• To increase expertise in AI and platform economy in companies, research 
institutions and universities; 

• To improve the productivity of the public sector by acquiring new AI and 
platform solutions; 

• To build digital private-public platforms to catalyse new innovations; 

https://avointiede.fi/sites/default/files/2020-03/julkaisujenavoinsaatavuus2019.pdf
https://avointiede.fi/sites/default/files/2020-03/julkaisujenavoinsaatavuus2019.pdf
https://www.opengovpartnership.org/wp-content/uploads/2019/09/Finland_Action-Plan_2019-2023_EN.pdf
https://www.businessfinland.fi/en/for-finnish-customers/services/programs/ai-business
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• To encourage the adoption of innovations based on AI and platform 
economy; 

• To build competitive global ecosystems and make Finland an attractive 
target for investments. 

Description: The AI Business program offers innovation funding, networking and 
internationalization services for R&D and utilizing artificial intelligence and 
platform economy in business. The program will run from 2018 to 2022 
Budget: €200 m 

Data governance 
policy 

Title: Data management and computing development program 
Year: 2017 
Specific objective: 

• Developing a research infrastructure development programme for data 
management and computing to data-intensive calculations, computation 
and simulations, as well as AI and IoT. 

Description: The Ministry of Education and Culture, together with research and 
innovation actors, aims to implement a data management and computing research 
infrastructure development program in 2017−2021. 
Budget: €37 m 

France 

IPR 

Title: France Europe 2020: A strategic agenda for research, technology transfer and 
innovation 
Year: 2013 
Specific actions: 
Building of a new framework for managing intellectual property resulting from 
public research. 
Description: the French research strategy for the 2013-2020 period. It mostly 
focuses on research, businesses, educations, and governance. 

Science and 
technology policy 

Title: France Europe 2020: A strategic agenda for research, technology transfer and 
innovation 
Year: 2013 
Specific actions: 

• Promote technological research by strengthening capacity; 

• Develop digital training and infrastructures; 

• Access to power computing, big data storage and processing, training 
through digital portals; 

• Fostering innovation and technological transfer. 
Description: the French research strategy for the 2013-2020 period. It mostly 
focuses on research, businesses, educations, and governance. 
Budget: N/A  

Innovation policy 

Title: Investments for the future programme 
Year: 2010 (re-issued twice) 
Objectives: 

• Support researchers and research projects; 

• Around 20% of funding devoted to measures supporting digital transition. 

https://minedu.fi/dl2021
https://au.ambafrance.org/IMG/pdf/france-europe-2020_-_a_strategic_agenda_for_research_technology_transfer_and_innovation.pdf?10257/b0e2e4db0132ef05a98ed98f9c28e8474bfa7f53
https://au.ambafrance.org/IMG/pdf/france-europe-2020_-_a_strategic_agenda_for_research_technology_transfer_and_innovation.pdf?10257/b0e2e4db0132ef05a98ed98f9c28e8474bfa7f53
https://au.ambafrance.org/IMG/pdf/france-europe-2020_-_a_strategic_agenda_for_research_technology_transfer_and_innovation.pdf?10257/b0e2e4db0132ef05a98ed98f9c28e8474bfa7f53
https://au.ambafrance.org/IMG/pdf/france-europe-2020_-_a_strategic_agenda_for_research_technology_transfer_and_innovation.pdf?10257/b0e2e4db0132ef05a98ed98f9c28e8474bfa7f53
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Description: It aims at stimulating employment, boost productivity and increase 
the competitiveness of French businesses. A fourth round, including a COVID-19 
recovery fund, is expected in the near future. 
Budget: The first phase (PIA 1) covered the 2010-2020 period with a budget of over 
40 billion euro. PIA2 covers the period 2013-2025 with a €14 billion budget. PIA 3 
entails a budget of €10 billion. 
Budget: N/A 

Open Science 

Title: France National Open Science Plan 
Year: 2018 
Objectives: 

• Generalising open access to publications; 
• Structuring and opening up research data; 
• Internationalisation. 

Description: The National Open Science Plan makes open access compulsory for 
publications and for data resulting from research funded on projects. It sets up a 
Committee for Open Science and supports major landscape structuring initiatives 
concerning publications and data. Finally, it has a training component and an 
international component which are essential for the mobilization of scientific 
communities and for France's influence in this landscape which is in the process of 
being established. 
Budget: €5.4 million for three years 

National Recovery 
and Resilience 
Plan 

Title: National Recovery and Resilience Plan of France 
Year: 2021 
Objectives: 

• Increased financing for companies; 

• Strengthened research and territorial cohesion funding; 
• Innovation grants and projects; 
• Preservation of R&I jobs; 

• More resources for the National Research Agency. 
Budget: €41 billion 

Open data 

Title: Manual for the opening of public sector information 
Year: 2016 
Objectives: 

• Facilitate data searches and data collection; 
• Creation of a single entry point for publicly produced data; 

• Increase transparency. 
Description: A manual designed to foster open data practices within Slovenian 
authorities. 
Budget: N/A 

Slovenia 

R&I strategy 
Title: Slovenian Development strategy 2030 
Year: 2017 
Specific actions: 

https://www.enseignementsup-recherche.gouv.fr/cid132529/le-plan-national-pour-la-science-ouverte-les-resultats-de-la-recherche-scientifique-ouverts-a-tous-sans-entrave-sans-delai-sans-paiement.html
https://www.economie.gouv.fr/files/files/PDF/2021/PNRR-SummaryEN.pdf
https://nio.gov.si/nio/asset/prirocnik+za+odpiranje+podatkov+javnega+sektorja-725?lang=en
https://www.gov.si/assets/vladne-sluzbe/SVRK/Strategija-razvoja-Slovenije-2030/Slovenian-Development-Strategy-2030.pdf


Annex: The Cost of Non-Europe on Digital Transformation 

 

 

147 

Type of policy Policy/ Initiative 

• Focus on digital skills for high quality of life and work, while addressing 
the digital divide; 

• Digital technologies as a way to ensure sustainable development; 
• Increase investments in the digital domain to develop a digital society. 

Description: a development framework for the 2017-2030 period, building on the 
current state of Slovenian affairs.  
Budget: N/A 

Digital innovation 
strategy 

Title: Digital Slovenia 2020 – Development strategy for the information society until 
2020 
Year: 
Objectives: 

• Raising awareness on ICT; 
• Support innovative developments in the digital domain; 
• Support businesses going digital; 

• Foster and inclusive digital society. 
Description: The strategy addresses a number of ICT topics (cyber security, 
broadband) while considering the wider role digitalisation has in innovation 
(innovative data-driven services, digital entrepreneurship).  
Budget: N/A 

National Recovery 
and Resilience 
Plan 

Title: Slovenian National Recovery and Resilience Plan 
Year: 2021 
Objectives: 

• Boost to productivity and innovation; 

• Support to private investments; 
• Reforms to improve business environment; 

• Increased cooperation between public and private research. 
Budget: €2.5 billion 

Digital Innovation 

Title: Part of the Digital Agenda for Estonia and the upcoming Digital Agenda 
2030 (expect within 2021) 
Year: 2014 (adopted) 2018 (updated) 
Specific activities: Specific activities under the agenda include: 

• Innovation in the field of e-governance and cyber security will be 
accelerated: more piloting of projects will be carried out, and new ways of 
involving private companies in product development; reuse of data and 
existing solutions will be developed, and greater support will be given to 
research and development (especially in the field of cyber security), 
among other activities; 

• Raise the capability of the public sector for using data analytics and 
research, including upgrading the relevant awareness and skills. 

Budget: N/A 

Estonia 

Data 
governance/Open 
science 

Title: Part of the Digital Agenda for Estonia and the upcoming Digital Agenda 
2030 (expect within 2021) 

https://www.gov.si/assets/ministrstva/MJU/DID/Digital-Slovenia-2020-Development-Strategy-for-the-Information-Society-until-2020.pdf
https://www.gov.si/assets/ministrstva/MJU/DID/Digital-Slovenia-2020-Development-Strategy-for-the-Information-Society-until-2020.pdf
https://www.eu-skladi.si/sl/po-2020/nacrt-za-okrevanje-in-krepitev-odpornosti
https://www.mkm.ee/sites/default/files/digitalagenda2020_final_final.pdf
https://www.mkm.ee/sites/default/files/digitalagenda2020_final_final.pdf
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Year: 2014 (adopted) 2018 (updated) 
Description: The Estonian strategy includes data governance tools, instruments to 
increase the availability and responsible use of data, the creation of a Chief Data 
Officer in various – and potentially all – ministries, the compilation of data 
catalogues/sharing platforms, and the provision of funding for data audits. The 
project on the compilation of data catalogues has been successfully finalised and 
will be further developed. The data catalogue will contain all data from the public 
registries and will include metadata providing more information about the type of 
data and its availability. The open data portal will give access to all public data 
without restrictions. There is currently a project underway to develop a data 
management tool, which will initially focus on metadata management. Finally, the 
recommendations of the Open science in Estonia report will be further developed 
into cost-effective solutions for implementing open science principles at the 
national level. 
Budget: N/A 

Horizontal – digital 
innovation 

Title: Part of the Digital transformation bible (2020 – 2025) 
Year: 2020 
Specific actions: 

• Creation of a National Network of Digital Innovation Nodes (in progress);  

• Development of a central support mechanism for Digital Innovation 
(planned);  

• ICT4Growth 2 planned). 
Budget: N/A 

Greece 

Science and 
technology policy 

Title: Part of the Digital transformation bible (2020 – 2025) 
Year: 2020 
Specific actions:  
Open science: Adoption of a national open science strategy for Greece (in 
progress); Strengthen national infrastructure and digital research services 
(planned); Free disposal and reuse of research data produced by public funding 
(planned); Research software development and management (in progress); Open 
access to research infrastructures (planned). 
Open data: Formulation of the Data Governance Model at national level (planned); 
design and implementation of the National Open Data Portal (in progress); Content 
Mediator (planned); user access system and management of their personal data 
through gov.gr (planned); creation of the Hellenic Metadata Register (EMDD) 
(planned). 
Budget: N/A 

High performance 
computing 

Title: Part of the Digital transformation bible (2020 – 2025) 
Year: 2020 
Specific actions:  

• Expansion of the National Supercomputer (in progress); 

• Providing training programs in relation to supercomputers in the wider 
research and academic community (planned); 

• Enhancing the use of supercomputers by small and medium-sized 
enterprises (SMEs) (planned); 

• Utilization of supercomputers by the Public Administration (planned). 

https://digitalstrategy.gov.gr/principles_of_implementation
https://digitalstrategy.gov.gr/principles_of_implementation
https://digitalstrategy.gov.gr/principles_of_implementation
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Budget: N/A 

Data protection 
and privacy policy 

Title: Part of the Digital transformation bible (2020 – 2025) 
Year: 2020 
Specific actions:  

• Integrated Information System for managing requests of citizens, 
businesses, public services and other bodies through the Website of the 
Personal Data Protection Authority (APDP) (in progress); 

• Formulation of an action plan (initialization with a study) in order for the 
Public Administration to handle personal data safely and in full 
compliance with the General Regulation for data protection (GPA) and the 
EU rules. for privacy (planned); 

• Provision of Technical Assistance to public bodies with the aim of their 
compliance with GDPR, as it applies to Greek legislation Law 4624/2019 
(planned). 

Budget: N/A 

Digital innovation 
strategy 

Title: ‘Infostrateg 
Year: 2020 
Objectives: The main goal of the program is to develop the Polish potential of AI by 
developing solutions using artificial intelligence and blockchain that are directly 
applicable in practice. 
The specific objectives of the Program include: 

• Creation of test data sets and creation of standards for selecting the best 
solutions based on them; 

• Developing Polish research potential in artificial intelligence; 
• Significant increase in the market activity of Polish IT teams; 

• Application of neural networks in robotics and automation; 

• Creating tools based on blockchain technology to accelerate the 
development of the digital economy. 

Description: It is a project supporting high-budget research and development in 
many strategic areas ranging from image processing (satellite imagery) to IT 
methods in personalised medicine, diagnostics, therapy and chemoinformatics. 
Budget: N/A 

Poland 

Digital skills 
strategy 

Title: Digital Competence Development Programme (Program Rozwoju 
Kompetencji Cyfrowych) 
Year: 2020 
Objectives: The programme aims to increase the level of digital competences by 
providing everyone in Poland with the opportunity to develop them according to 
their needs. 
Specific activities:  

• IT Talent Development Program for 2019-2029; 

• Academy of Innovative Applications of Digital Technologies "AI Tech"; 
• IT Championship Center (CMI); 
• Integrated Qualifications System (IQS). 

Budget: N/A 

https://digitalstrategy.gov.gr/principles_of_implementation
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Open innovation 

Tittle: Open innovation 
Year: 2019 
Description: The programme is providing funding up to €200,000 to purchase a 
license or ownership of new technology for companies, which can be used to cover 
the costs for purchase of a patent, utility model, industrial design or necessary 
know-how. 
Budget: N/A 

Open data 

Tittle: Open data plus 
Year: 2019 
Objectives: The platform aims to increase the quantity and quality of open public 
data and further data reuse.  
Budget: N/A 

Digital and 
innovation 
strategy 

Title: Italia 2025 – Strategy for technological innovation and digitization of the 
Country 
Year: 2019 
Objectives: 
Create a digital society, by digitising the public sector, enhancing collaboration 
with SMEs and innovative start-ups, and selecting the correct technologies that are 
worth investing on. 
Innovation: create the background conditions for digital transformation to happen. 
Ensure a fair and ethical transition. 
Description: This 2019 innovation strategy focuses on the positive effects of 
digitalisation and on the need to exploit Industry 4.0 developments. 
Budget: N/A 

Italy 

Open data 
(government) 

Title: Open government in Italy – 3rd Action Plan 
Year: 2016 
Objectives: 

• Increase transparency; 
• Improve the quality of government decisions; 
• Fight corruption; 

• Foster digitalisation. 
Description: Open Government, with its inspiring principles of transparency, digital 
citizenship, citizens’ participation and accountability, is in line with the general 
goals of the reform of public administration, including the objective to bring 
citizens closer to institutions. 
Budget: N/A 

Innovation and 
digitalisation 
strategy 

Title: Transition 4.0 
Year: 2020 
Objectives: 

• Stimulate private investments through incentives and tax relieves; 

• Support for expenses related to digital skills; 
• Encourage research and development through bonuses. 

https://startup.pfr.pl/en/news/next-call-open-innovation-netwok/
https://dane.gov.pl/pl
https://assets.innovazione.gov.it/1610546390-midbook2025.pdf
https://assets.innovazione.gov.it/1610546390-midbook2025.pdf
http://open.gov.it/wp-content/uploads/2017/06/addendum-en.pdf
https://www.mise.gov.it/images/stories/documenti/Slide_PianoNazioneTransizione40-19-11-20.pdf
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Description: The aim of the Italian Transition Plan 4.0, reinforced by the 2021 
financial plan with about 24 billion euros connected to the Recovery plan, is to 
accompany and support companies in the process of technological transition and 
environmental sustainability, restarting the investment cycle after the COVID-19 
emergency. 
Budget: N/A 

Digital skills 

Title: National Strategy for Digital Skills  
Year: 2020 
Objectives: 

• Support digital skills in higher education and training; 

• Involvement of the workforce by coordinating the Ministry of Economic 
Development and the Public Administration; 

• Enhance the country’s ability to develop skills for new markets and new 
jobs; 

• Develop digital skills for exercising citizens’ rights. 
Description: The lack of digital skills - the reason why Italy among the European 
countries ranks so poorly in the Human Capital dimension - is one of the most 
severe obstacles for the social and economic development of the country and for 
its recovery from the current crisis. This is why the issue of digital skills needs to 
become a strategic priority for the country. 

National Recovery 
and Resilience 
Plan 

Title: Italian National Recovery and Resilience Plan 
Year: 2021 
Objectives:  

• Strengthened services for education; 
• Support innovation and technological transfer; 
• Synergy between university, research and companies; 

• Improve research infrastructure, capital and competencies; 
• Increase budget for the National Research Programme. 

Budget: €191 billion 
 

https://repubblicadigitale.innovazione.gov.it/assets/docs/national-strategy-for-digital-skills.pdf
https://www.governo.it/sites/governo.it/files/PNRR.pdf
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Table 51: National industrial (digitalisation) policies in selected Member States 

Type of policy Policy/ Initiative 

Sweden 

Industry 4.0 
strategy 

Title: Smart industry – a strategy for new industrialisation for Sweden 
Year: 2016 
Objectives: 

• Companies in Sweden to be leaders in digital transformation; 
• Sustainable production, job creation and competitiveness; 

• Industrial skills boost. 
Description: a strategy aimed at digitising the Swedish industrial basis, as to make the 
most out of globalisation and open data trends. 
Budget: N/A 

Innovation and 
industrial 
programme 

Title: Produktion 2030 
Year: 2013 
Objectives: 

• Modernise the industry base; 

• Support sustainable production and customised, high-end industrial services; 
• Upskill the workforce; 
• Facilitate investments in production and R&D. 

Description: Produktion2030 is a strategic innovation programme supported by 
Vinnova, the Swedish Energy Agency and Formas. Its goal is to ensure that Sweden 
remains a competitive manufacturing nation.  
Budget: €25 million from VINNOVA 2013–2018 and €25 million from industry. 

National 
Recovery and 
Resilience Plan 

Title: Swedish National Recovery and Resilience Plan 
Year: 2021 
Objectives: 

• Investments for growth and housing construction; 

• Better conditions to meet the demographic challenge and ensure the 
integrity of the financial system. 

The Netherlands 

Industrial 
strategy 

Title: Vision on Industry in the Netherlands 
Year: 2020 
Objectives:  

• Investing in growth markets: key technologies, start-ups and scale-ups; 

• Digitalisation of industry; 
• Human capital; 

• Sustainability, circular economy and raw materials; 
• The business climate for industry; 

• Regional collaboration. 
Description: In this industry vision, the government describes the importance of 
industry for the Netherlands and how industry can contribute to strengthening 
sustainable economic growth potential and to a strong and resilient Europe. This calls 
for an offensive industrial strategy, in which one thing is certain: The Netherlands 
cannot go for it alone. More collaboration within Europe is a condition for a strong 

https://www.regeringen.se/49bfc1/contentassets/dad10f1743b64c78a1c5b2d71f81a6eb/sveriges-aterhamtningsplan.pdf
https://www.government.nl/binaries/government/documents/letters/2021/04/09/vision-on-industry-in-the-netherlands/Vision+on+Industry+in+The+Netherlands.pdf
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Dutch industrial sector and a stronger position for Europe in the world. Dutch industry 
should obviously have sufficient expertise to participate in international alliances as a 
partner of choice. 
Budget: N/A 

Smart Industry 
strategy 

Title: Smart Industry Implementatieagenda 2018-2021 
Year: 2020 
Objectives:  

• Capitalising on existing knowledge; 
• Accelerating in Field Labs; 

• Strengthening the foundation. 
Description: The Smart Industry approach was formalised in an Action Agenda in 
November 2014, and was renewed in 2018 with the Implementation Agenda. The aim 
is to make the industry more competitive through faster and better utilisation of the 
opportunities ICT has to offer. 
Budget: N/A 

Sustainable 
industry 
strategy 

Title: Vision for more sustainable basic industries in 2050: the choice is ours 
Year: 2020 
Objectives:  
To set out a vision for a transition of basic industries that will enable the Netherlands 
to become a testbed and accelerator for sustainable industry worldwide, while at the 
same time strengthening its strategic position in industrial value chains.  
Description: This letter first considers the importance of the basic industries for the 
Netherlands, how climate change is changing the context, and how the Netherlands is 
positioned to take on a new, leading role in the greening of industry. 
Budget: N/A 

Finland 

SME funding 

Title: SME Initiative 
Year: 2016 
Objectives: 
To reinforce policies for growth and jobs by substantially expanding lending to small 
businesses. 
Description: The initiative aims to support the growth and access to finance of small 
and medium enterprises. It is a joint undertaking by the European Commission, the 
European Investment Bank and the European Investment Fund. 
Budget: €750 m (of which €350 m was added in 2020). 

Industrial 
policy 

Title: Finnish industrial policy 
Objectives: 

• better identification of global challenges and customers’ needs; 

• turning innovations into genuine competitive advantages; 
• better management of global value chains; 

• strengthening Finland’s industrial and private service sectors and ensuring 
that the benefits of value creation are channelled to Finland. 

https://smartindustry.nl/downloads/2c3a0f/agenda.pdf
https://english.rvo.nl/sites/default/files/2020/10/Vision%202050%20sustainable%20Dutch%20basic%20industry%20-%20English.pdf
https://tem.fi/en/-/finland-implements-sme-initiative-
https://tem.fi/en/industrial-policy
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Description: The aim of the industrial policy is to achieve sustainable economic 
growth. Economic growth helps to maintain high levels of employment and boosts job 
creation. 

France 

Industrial 
strategy 

Title: Alliance for Industry of the Future 
Year: 2015 
Objectives: 

• Developing cutting-edge technology; 
• Business transformation; 

• Upskilling the workforce; 
• International cooperation on standards and alliances; 

• Promotion of Industries of the future. 
Description: The Alliance for Industry of the Future aims to support French companies 
and particularly SMEs in modernizing their industrial tools and transforming their 
business models through new digital and non-digital technologies. 
Budget: Approx. €10 billion from public sources, including IftF funding from 2017 
onwards, supported by private funding 

SME law 

Title: The action plan for business growth and transformation law (PACTE law) 
Year: 2019 
Specific actions: 

• Support and incentive digitalisation of SMEs; 

• Close the gap between research and market; 
• Digitise business formalities for SMEs through an online platform. 

Description: The law aims to empower small and medium enterprises to grow and 
create jobs. It also aims to enhance SME finance through various measures, such as the 
Euro-growth fund; the share saving plan; a dedicated legal framework; and facilitated 
access to stock market 
Budget: N/A 

National 
Recovery and 
Resilience Plan 

Title: National Recovery and Resilience Plan of France 
Year: 2021 
Objectives: 

• Support for the space industry; 
• Support for the development of key digital markets; 

• Measures for job preservation; 
• Support to territorial cohesion. 

Budget: €41 billion 

Slovenia 

Industrial 
strategy 
(proposed) 

Title: Proposed industrial strategy for 2021-30 
Year: N/A 
Objectives: 

• €66,000 in added value per employee by 2030; 

• Create a favourable environment for innovation, including nanotechnology 
innovation; 

http://www.industrie-dufutur.org/
https://www.economie.gouv.fr/files/files/PDF/2021/PNRR-SummaryEN.pdf
https://balkaneu.com/slovenia-govt-presents-industrial-strategy-proposal-for-2021-30/
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• Digitalisation in the entire R&D cycle; 

• Focus on internationalisation. 
Description: The Economic Development and Technology Ministry of Slovenia 
presented a draft of an industrial strategy for 2021-2030. It aims at rejuvenating the 
Slovenian industrial sector, promoting digitalisation and innovativeness for a fair twin 
transition. 
Budget: N/A 

Smart 
Specialisation 
Strategy + 
industrial 
strategy 

Title: S4 – Slovenia’s Smart Specialisation Strategy 
Year: 2015 
Specific actions: 

• Focus on smart cities and communities, as well as buildings; 

• Industry 4.0: one of the priorities of the document, sets out the industrial 
strategy. It includes concepts such as factories of the future, next-generation 
mobility, manufacturing. 

Description: Smart specialisation is a platform for concentrating development 
investments in areas where Slovenia has the critical mass of knowledge, capacities and 
competences and where there is innovation potential for placing Slovenia within 
global markets and thus enhancing its recognisability. Smart specialisation is a 
strategy aiming to: a) strengthen the competitiveness of the economy by enhancing 
its innovation capacity b) diversify existing industries and service activities c) boost 
growth of new and fast-growing industries and enterprises 
Budget: N/A 

National 
Recovery and 
Resilience Plan 

Title: Slovenian National Recovery and Resilience Plan 
Year: 2021 
Objectives: 

• Investment in mobility and industrial infrastructure; 

• Support to private investments and SMEs; 
• Support start-ups and youth in entering the job market. 

Budget: €2.5 billion 

Estonia 

Industrial 
policy 

Title: Green Paper on Industrial Policy 
Year: 2017 
Objectives: 
The overarching objective is to increase Estonian industry’s competitiveness. The aim 
in figures is to increase additional value per employee from the current 54 percent to 
at least 100 percent of the European Union average by the year 2030. 
Description: In order to improve the industrial sector’s competitiveness, one of the 
solutions proposed by the Green Paper is broader introduction of digital technologies 
in the industrial sector. For that purpose, the state is planning to establish a support 
programme for the digitalisation and automatization of the industry, promote 
cooperation between entrepreneurs and increase awareness of entrepreneurs in terms 
of the positive impact of digitalisation. 
Budget: N/A 

SME and start-
ups strategy 

Title: Estonian entrepreneurship growth strategy (2014-2020) 
Year: 2014 

http://www.onlines3.eu/wp-content/uploads/RIS3_strategy_repository/SI_S4_dokument_2015_october_eng_clean_lekt.pdf
https://www.eu-skladi.si/sl/po-2020/nacrt-za-okrevanje-in-krepitev-odpornosti
https://www.koda.ee/en/news/state-took-first-steps-towards-industrial-policy
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Type of policy Policy/ Initiative 

Objectives: 
The strategy entails the following activities:  

• Creation of favourable conditions for new enterprises to emerge and develop; 

• Enhancing the inflow of ambitious business ideas; 

• The promotion of the creation and implementation of ambitious business 
models; 

• Ensuring integrated and high quality entrepreneurial studies; 
• Increasing the availability of capital for starting a business; 
• Fostering the creation of spin-off enterprises; 

• The improvement of management quality. 
Description: The strategy aims by 2020, to improve the welfare of Estonian citizens and 
enhanced Estonia's integration in the international economy as well as the 
competitiveness of its enterprises. 
Budget: N/A 

Greece 

Smart 
specialisation 
strategy 

Title: Smart specialisation strategies Greece 
Year: 2014 
Objectives: The aim was the focused productive reconstruction of the country with the 
main pillar of research, technological development and innovation to reduce regional 
disparities and create sustainable employment with respect for the environment and 
society, in culture. Also, the strategy of smart specialization is expected to contribute 
to the creation of stable working relationships and in general to the formation of 
appropriate conditions for the effective utilization of the country's human resources. 

Digital 
transformation 
strategy 

According to DESI country report for Greece (2020), Greece has acknowledged the lack 
of a digital transformation strategy for industry. 327 
Budget: N/A 

Poland 

Industrial 
strategy 

Title: Initiative for Polish Industry 4.0 –the Future Industry Platform 
Year: 2016 
Objectives: Improve competitiveness of industry and establish conditions for I4.0 -
Improve competitiveness of domestic machines, devices, and software -Consolidate 
supply chains -Improve labour market attractiveness. 
Specific activities: The scope of interest of the group for the digital support of the 
industry covers aspects such as: 

• specification of the infrastructure requirements for industrial digitisation; 

• digital business management models (operation centres for remote 
monitoring and technology operations in enterprises and technologies for 
teleoperation of 2D and 3D visualisation supporting management of 
technological operations and whole enterprises); 

• reliability of production systems, proactive machine maintenance; 
• closed digital product lifecycle; 

                                                             
327  Digital Economy and Society Index (DESI) 2020 – Greece, available: https://digital-

strategy.ec.europa.eu/en/policies/desi-greece. 

https://www.espa.gr/el/pages/staticRIS3.aspx
https://digital-strategy.ec.europa.eu/en/policies/desi-greece
https://digital-strategy.ec.europa.eu/en/policies/desi-greece
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Type of policy Policy/ Initiative 

• closed digital product lifecycle. 

Budget: N/A 

Start-up 
strategy 

Title: Start in Poland 
Year: 2016 
Objectives: The programme aims to create a startup development ecosystem in 
Poland that will provide conditions for the growth of the number of startups and 
enterprises with high development potential. The Start In Poland program also aims to 
create favourable conditions for the operation of startups at every stage of their 
development, starting from the incubation phase, through development and 
international expansion. 
Description: it supports young, innovative companies locating their business in Poland 
at every stage of their development, starting from the incubation and acceleration 
phase, through development and international expansion. This program brings 
together the most important startup support instruments in Poland. 
Budget: The budget of the program is nearly PLN 3 billion. 

Industrial 
platform 

Title: Foundation Future Industry Platform 
Year: 2019 
Objective: The aim of the platform is to increase the competitiveness of entrepreneurs 
by supporting their digital transformation.  
Description: The platform will be coordinating, standardising and supporting activities 
implemented by Polish Digital Innovation Hubs (DIH). T 
Budget: N/A 

Italy 

Industrial 
strategy 

Title: Industria 4.0, Italy’s national plan for industry 
Year: 2017 
Specific actions: 

• Innovative investment; 

• Uptake of innovative technologies related to I4.0; 
• Development of skills with I4.0 education programmes. 

Description: The “Industria 4.0” National Plan represents a major opportunity for all 
companies ready to take advantage of the incentives offered by the Fourth Industrial 
Revolution. The Plan provides for a number of measures promoting investment in 
innovation and competitiveness - all measures that have proved their effectiveness in 
the past have been strengthened under a “4.0” logic, and new measures have been 
introduced to meet new needs. 
Budget: > €18 billion for the period 2017– 2020 

Smart 
Specialisation 
Strategy 

Title: The National Smart Specialisation Strategy (NSSS) 
Year: 2014 
Objectives: 

• Smart and sustainable industry, energy and environment; 
• Digital Agenda, smart communities, smart mobility systems. 

Description: it identifies long-term investment priorities shared with the Regions and 
main stakeholders, ensuring complementarity between the actions planned at central 
and territorial level, respectively, so as to reduce the duplication and/or overlap risks 
and strengthen their impacts.  

https://www.gov.pl/web/rozwoj-praca-technologia/start-in-poland
https://przemyslprzyszlosci.gov.pl/
https://www.mise.gov.it/images/stories/documenti/INDUSTRIA-40-NATIONAL%20PLAN_EN-def.pdf
https://www.agenziacoesione.gov.it/wp-content/uploads/2019/06/Strategia_Nazionale_di_Specializzazione_Intelligente_Italia.pdf
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Type of policy Policy/ Initiative 

Budget: N/A 

SME and start-
ups strategy 

Title: The national strategy for start-ups and innovative SMEs 
Year: 2020 
Specific actions: 

• Incentives for innovative companies; 

• Digital ID for companies; 
• Easy access to the Guarantee Fund for SMEs; 
• Incentives to flexible work. 

Description: it defines criteria to become an innovative SME and sets out a number of 
incentives and support measures to embrace digital transformation. 
Budget: N/A 

National 
Recovery and 
Resilience Plan 

Title: Italian National Recovery and Resilience Plan 
Year: 2021 
Objectives:  

• Increased investments on infrastructure; 
• Labour policies; 

• Support for companies and SMEs; 
• Favourable environment for start-ups. 

Budget: €191 billion 

 

 

https://www.mise.gov.it/images/stories/documenti/Scheda_di_sintesi_aggiornata_startup_2020.PDF
https://www.governo.it/sites/governo.it/files/PNRR.pdf
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APPENDIX II Methodology 
This Annex provides an overview of the structure and calibration of the quantitative model 
employed for the quantification of cost of Non-Europe. The impact of the various scenarios (ideal 
state scenario and different policy options) is estimated using a computable general equilibrium 
model (CGE). The model was enhanced with dynamic equations that allow the computation of the 
impact of a set of shocks over a specified time horizon. The model structure features an open 
economy with a sectoral breakdown that is tailored to the specific analytical requirements at hand. 
The model also includes a government sector. It is calibrated on recent data for the EU economy. 

Model structure 
The theoretical structure of the model follows the one described in EC(2016).328 It is assumed that 
the economy is divided into sectors, each producing a specific product.329 We present the main 
model components below. To use suggestive notation, whenever possible we use the subscript i to 
refer to products, the subscript j to refer to sectors and t denotes time. Time in the model is discrete 
and the time step is assumed to be one year. 

Household 

The household in the model consumes a bundle of the products in the economy and supplies two 
types of labour (skilled and unskilled). It is described by the following per-period utility function: 

𝑈𝑈𝑡𝑡 = �𝜃𝜃𝑖𝑖

𝑛𝑛

𝑖𝑖=1

ln𝐶𝐶𝑖𝑖𝑡𝑡 −�𝜉𝜉𝑗𝑗

𝑛𝑛

𝑗𝑗=1

𝑁𝑁𝑗𝑗𝑡𝑡
𝜌𝜌+1

𝜌𝜌 + 1 −
�𝜋𝜋𝑗𝑗

𝑛𝑛

𝑗𝑗=1

𝐻𝐻𝑗𝑗𝑡𝑡
𝜌𝜌+1

𝜌𝜌 + 1 + 𝜅𝜅ln𝑆𝑆𝑡𝑡. 

Here 𝐶𝐶𝑖𝑖𝑡𝑡 is the consumption of a product 𝑖𝑖 in period 𝑡𝑡, 𝑁𝑁𝑗𝑗𝑡𝑡 is unskilled labour supplied in a sector 𝑗𝑗, 
𝐻𝐻𝑗𝑗𝑡𝑡 is skilled labour supplied in a sector 𝑗𝑗 and 𝑆𝑆𝑡𝑡 is household savings. The rest of the notation refers 
to weights of the different components or convexity/concavity parameters in the component 
functions. 

The household faces the following budget constraint: 

�𝑃𝑃𝑖𝑖𝑡𝑡

𝑛𝑛

𝑖𝑖=1

𝐶𝐶𝑖𝑖𝑡𝑡 = (1− 𝑡𝑡𝑡𝑡)�(
𝑛𝑛

𝑗𝑗=1

𝑃𝑃𝑁𝑁𝑗𝑗𝑡𝑡𝑁𝑁𝑗𝑗𝑡𝑡 +𝑃𝑃𝐻𝐻𝑗𝑗𝑡𝑡𝐻𝐻𝑗𝑗𝑡𝑡 +𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡) + 𝑟𝑟𝑟𝑟𝑟𝑟 ⋅ 𝐴𝐴𝑡𝑡 + 𝑡𝑡𝑟𝑟𝑡𝑡 − 𝑆𝑆𝑡𝑡, 

where 𝑃𝑃𝑖𝑖𝑡𝑡 is the price of product 𝑖𝑖, including indirect taxes, 𝑡𝑡𝑡𝑡 is the (implicit) direct tax rate on 
income, and 𝑃𝑃𝑁𝑁𝑗𝑗𝑡𝑡 and 𝑃𝑃𝐻𝐻𝑗𝑗𝑡𝑡 are respectively the prices of unskilled and skilled labour in a sector 𝑗𝑗. It 
is assumed that the return on private capital 𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡 in sector 𝑗𝑗 is transferred to the household 
through the rental rate 𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡. Additionally, the household receives interest 𝑟𝑟𝑟𝑟𝑟𝑟 on its assets 𝐴𝐴𝑡𝑡 
and transfers from the government 𝑡𝑡𝑟𝑟𝑡𝑡. 

The household’s problem is to maximize utility 𝑈𝑈𝑡𝑡 with respect to 𝐶𝐶𝑖𝑖𝑡𝑡, 𝑁𝑁𝑗𝑗𝑡𝑡, 𝐻𝐻𝑗𝑗𝑡𝑡 and 𝑆𝑆𝑡𝑡 subject to the 
above budget constraint. 

                                                             
328  WIK-Consult, Ecorys and VVA Consulting (2016). Support for the preparation of the impact assessment accompanyi ng 

the review of the regulatory framework for e-communications. European Commission.  
329  Sometimes sectors are referred to as ‘activities’, while products are referred to as ‘commodities’, following established 

terminology in the CGE literature. 

http://publications.europa.eu/resource/cellar/2984b37b-9aa6-11e6-868c-01aa75ed71a1.0001.01/DOC_1
http://publications.europa.eu/resource/cellar/2984b37b-9aa6-11e6-868c-01aa75ed71a1.0001.01/DOC_1
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Representative firm in sector  

The representative firm in a sector j strives to maximize profit by employing skilled and unskilled 
labour, as well as renting public and private capital. Its profit function is 

𝛱𝛱𝑗𝑗𝑡𝑡 = 𝑃𝑃𝑃𝑃𝐴𝐴𝑗𝑗𝑡𝑡𝑃𝑃𝐴𝐴𝑗𝑗𝑡𝑡 − 𝑃𝑃𝑁𝑁𝑗𝑗𝑡𝑡𝑁𝑁𝑗𝑗𝑡𝑡 − 𝑃𝑃𝐻𝐻𝑗𝑗𝑡𝑡𝐻𝐻𝑗𝑗𝑡𝑡 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡 − 𝑃𝑃𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡, 

where 𝑃𝑃𝑃𝑃𝐴𝐴𝑗𝑗𝑡𝑡 is the price of value added, 𝑃𝑃𝐴𝐴𝑗𝑗𝑡𝑡 is the real value added produced and 𝑃𝑃𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡 is the 
rental rate of public capital 𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡 in sector 𝑗𝑗. 

The production technology available to the firm is a two-level one. First, skilled and unskilled labour 
are combined through a constant elasticity of substitution (CES) aggregator to produce the overall 
labour input 𝐿𝐿𝑗𝑗𝑡𝑡: 

𝐿𝐿𝑗𝑗𝑡𝑡 = 𝜎𝜎𝑗𝑗𝑡𝑡𝐿𝐿 �𝛽𝛽𝑗𝑗𝐿𝐿𝑁𝑁𝑗𝑗𝑡𝑡
𝜈𝜈𝑗𝑗
𝐿𝐿

+ (1 −𝛽𝛽𝑗𝑗𝐿𝐿)𝐻𝐻𝑗𝑗𝑡𝑡
𝜈𝜈𝑗𝑗
𝐿𝐿
�
1
𝜈𝜈𝑗𝑗
𝐿𝐿
. 

Similarly, public and private capital stocks are combined through a CES-type aggregator to obtain 
the total capital input 𝑃𝑃𝑗𝑗𝑡𝑡 for the sector: 

𝑃𝑃𝑗𝑗𝑡𝑡 = 𝜎𝜎𝑗𝑗𝑡𝑡𝐾𝐾 �𝛽𝛽𝑗𝑗𝐾𝐾𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡
𝜈𝜈𝑗𝑗
𝐾𝐾

+ (1 −𝛽𝛽𝑗𝑗𝐾𝐾)𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡
𝜈𝜈𝑗𝑗
𝐾𝐾
�
1
𝜈𝜈𝑗𝑗
𝐾𝐾

 

Second, value added is produced by means of a production function that in turn combines 𝐿𝐿𝑗𝑗𝑡𝑡 and 
𝑃𝑃𝑗𝑗𝑡𝑡. The specific form of the production function is given by 

𝑃𝑃𝐴𝐴𝑗𝑗𝑡𝑡 = 𝜎𝜎𝑗𝑗𝑡𝑡𝑉𝑉𝑉𝑉 �𝛽𝛽𝑗𝑗𝑉𝑉𝑉𝑉𝐿𝐿𝑗𝑗𝑡𝑡
𝜈𝜈𝑗𝑗
𝑉𝑉𝑉𝑉

+ (1 −𝛽𝛽𝑗𝑗𝑉𝑉𝑉𝑉)𝑃𝑃𝑗𝑗𝑡𝑡
𝜈𝜈𝑗𝑗
𝑉𝑉𝑉𝑉
�

1
𝜈𝜈𝑗𝑗
𝑉𝑉𝑉𝑉

. 

The variable 𝜎𝜎𝑗𝑗𝑡𝑡𝑉𝑉𝑉𝑉 is total factor productivity for sector 𝑗𝑗. Its evolution over time is described in the 
following sections. 

Foreign trade aggregators 

The supply 𝑄𝑄𝑖𝑖𝑡𝑡 of a product 𝑖𝑖 on the domestic market is formed by combining imports of the 
product, denoted 𝑄𝑄𝑀𝑀𝑖𝑖𝑡𝑡, and quantities 𝑄𝑄𝐷𝐷𝑖𝑖𝑡𝑡 produced locally for the domestic market (Armington 
assumption). Formally, the composite product aggregator is given by 

𝑄𝑄𝑖𝑖𝑡𝑡 = 𝑒𝑒𝑖𝑖�𝛽𝛽𝑖𝑖𝑄𝑄𝑀𝑀𝑖𝑖𝑡𝑡
−𝜎𝜎𝑖𝑖 + (1 −𝛽𝛽𝑖𝑖)𝑄𝑄𝐷𝐷𝑖𝑖𝑡𝑡

−𝜎𝜎𝑖𝑖 �−
1
𝜎𝜎𝑖𝑖 . 

The inputs to the above aggregator are determined through a cost minimization problem that 
produces the optimal mix between domestically produced and imported products: 

𝑄𝑄𝑀𝑀𝑖𝑖𝑡𝑡

𝑄𝑄𝐷𝐷𝑖𝑖𝑡𝑡
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1
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. 

Here 𝑝𝑝𝑚𝑚𝑖𝑖𝑡𝑡 is the price of imports of commodity 𝑖𝑖 and 𝑃𝑃𝐷𝐷𝑖𝑖𝑡𝑡 is the domestic price. 

The domestically produced quantities of product 𝑖𝑖, denoted 𝑄𝑄𝑃𝑃𝑖𝑖𝑡𝑡, are either exported or supplied 
locally. The allocation constraint between the domestic and export markets is 

𝑄𝑄𝑃𝑃𝑖𝑖𝑡𝑡 = 𝑓𝑓𝑖𝑖�𝜂𝜂𝑖𝑖𝑄𝑄𝐸𝐸𝑖𝑖𝑡𝑡
𝛾𝛾𝑖𝑖 + (1 −𝜂𝜂𝑖𝑖)𝑄𝑄𝐷𝐷𝑖𝑖𝑡𝑡

𝛾𝛾𝑖𝑖�
1
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where 𝑄𝑄𝐸𝐸𝑖𝑖𝑡𝑡 is the quantity for the export market. 

The optimal allocation between domestic and exported products is again obtained through solving 
an appropriate cost minimization problem, which results in the relationship 

𝑄𝑄𝐸𝐸𝑖𝑖𝑡𝑡
𝑄𝑄𝐷𝐷𝑖𝑖𝑡𝑡

= �
𝑝𝑝𝑒𝑒𝑖𝑖𝑡𝑡
𝑃𝑃𝐷𝐷𝑖𝑖𝑡𝑡

1 −𝜂𝜂𝑖𝑖
𝜂𝜂𝑖𝑖

�
1

𝛾𝛾𝑖𝑖−1
, 

with 𝑝𝑝𝑒𝑒𝑖𝑖𝑡𝑡 denoting the export price of product 𝑖𝑖. 

Government 

The government in the model collects revenues 𝑅𝑅𝑡𝑡 from direct taxes, indirect taxes (at the implicit 
rate of 𝜏𝜏𝑖𝑖  per product 𝑖𝑖), the return on public capital and the return on net government assets 𝐴𝐴𝐺𝐺𝑡𝑡: 

𝑅𝑅𝑡𝑡 = 𝑡𝑡𝑡𝑡�(
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𝑄𝑄𝑖𝑖𝑡𝑡 +

�𝑃𝑃
𝑛𝑛

𝑗𝑗=1
𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡 + 𝑟𝑟𝑟𝑟𝑟𝑟 ⋅ 𝐴𝐴𝐺𝐺𝑡𝑡.

 

Government expenditures 𝐺𝐺𝑡𝑡  are allocated between three spending categories: purchases of 
product 𝑖𝑖, transfers to households and capital expenditures 𝑃𝑃𝐸𝐸𝑡𝑡. Formally, government 
expenditures are given by the equation 

𝐺𝐺𝑡𝑡 = �𝑃𝑃𝑖𝑖𝑡𝑡

𝑛𝑛

𝑖𝑖=1

𝑐𝑐𝑔𝑔𝑖𝑖𝑡𝑡 + 𝑡𝑡𝑟𝑟𝑡𝑡 +𝑃𝑃𝐸𝐸𝑡𝑡, 

where 𝑐𝑐𝑔𝑔𝑖𝑖𝑡𝑡 denotes the volume of purchases of product 𝑖𝑖. 

The budget balance 𝐵𝐵𝐵𝐵𝑡𝑡 is given by 

𝐵𝐵𝐵𝐵𝑡𝑡 = 𝑅𝑅𝑡𝑡 −𝐺𝐺𝑡𝑡 . 

The budget balance is accrued to net government assets 𝐴𝐴𝐺𝐺𝑡𝑡 to ensure intertemporal consistency, 
as explained in the section on model dynamics. 

Model closure and equilibrium 

Foreign savings in the model are defined from the standpoint of the external sector. Thus, revenues 
for the external sector comprise the domestic economy imports and interest on the net foreign 
assets 𝐴𝐴𝐹𝐹𝑡𝑡  (again vis-a-vis the domestic economy). Expenditures are computed as the sum of 
nominal domestic exports by product. Foreign savings 𝐹𝐹𝑆𝑆𝑡𝑡 are given by the equation 

𝐹𝐹𝑆𝑆𝑡𝑡 = �𝑝𝑝
𝑛𝑛

𝑖𝑖=1

𝑚𝑚𝑖𝑖𝑡𝑡𝑄𝑄𝑀𝑀𝑖𝑖𝑡𝑡 + 𝑟𝑟𝑟𝑟𝑟𝑟 ⋅ 𝐴𝐴𝐹𝐹𝑡𝑡 −�𝑝𝑝
𝑛𝑛

𝑖𝑖=1

𝑒𝑒𝑖𝑖𝑡𝑡𝑄𝑄𝐸𝐸𝑖𝑖𝑡𝑡. 

We also impose the typical requirement that the total supply of each product is equal to its uses. 
This is implemented by means of the supply-use balancing equation 

𝑄𝑄𝑖𝑖𝑡𝑡 = �𝐼𝐼
𝑛𝑛

𝑗𝑗=1

𝐶𝐶𝑖𝑖𝑗𝑗𝑡𝑡 + 𝐶𝐶𝑖𝑖𝑡𝑡 + 𝑐𝑐𝑔𝑔𝑖𝑖𝑡𝑡 + 𝐼𝐼𝐷𝐷𝑖𝑖𝑡𝑡 +𝑄𝑄𝐸𝐸𝑖𝑖𝑡𝑡 +𝑄𝑄𝑇𝑇𝑖𝑖𝑡𝑡, 
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where 𝐼𝐼𝐶𝐶𝑖𝑖𝑗𝑗𝑡𝑡 is intermediate consumption of product 𝑖𝑖 by sector 𝑗𝑗, 𝐼𝐼𝐷𝐷𝑖𝑖𝑡𝑡 is investments demand and 
𝑄𝑄𝑇𝑇𝑖𝑖𝑡𝑡 is the use of product 𝑖𝑖 to cover trade and transport margins. 

It is assumed that savings and investment are balanced at the sectoral level, with nominal 
investment for sector 𝑗𝑗 taken as part of total saving, using the share of sectoral capital in the total 
capital stock as the proportionality coefficient. The savings-investment balancing equation takes 
the form 

𝑃𝑃𝑃𝑃𝑡𝑡𝐼𝐼𝐼𝐼𝑗𝑗𝑡𝑡 =
𝑃𝑃𝑗𝑗𝑡𝑡

∑ 𝑃𝑃𝑗𝑗𝑡𝑡𝑛𝑛
𝑗𝑗=1

(𝑆𝑆𝑡𝑡 +𝑃𝑃𝐸𝐸𝑡𝑡 + 𝐵𝐵𝐵𝐵𝑡𝑡 +𝐹𝐹𝑆𝑆𝑡𝑡 − 𝑟𝑟𝑟𝑟𝑟𝑟(𝐴𝐴𝑡𝑡 +𝐴𝐴𝐹𝐹𝑡𝑡 +𝐴𝐴𝐺𝐺𝑡𝑡)−

�𝑃𝑃𝑖𝑖𝑡𝑡

𝑛𝑛

𝑖𝑖=1
𝑍𝑍𝑖𝑖𝑡𝑡 −𝐷𝐷𝑈𝑈𝑀𝑀𝑀𝑀𝑌𝑌𝑡𝑡),

 

where 𝐼𝐼𝐼𝐼𝑗𝑗𝑡𝑡 denotes sectoral investment in real terms, 𝑍𝑍𝑖𝑖𝑡𝑡 is the change in inventories of product 𝑖𝑖 
and the variable 𝐷𝐷𝑈𝑈𝑀𝑀𝑀𝑀𝑌𝑌𝑡𝑡 plays a technical role and should be zero in equilibrium. 

Prices in the model are normalized by requiring that they aggregate to the overall price level: 

plevel𝑡𝑡 = �𝑤𝑤𝑖𝑖

𝑛𝑛

𝑖𝑖=1

𝑃𝑃𝑖𝑖𝑡𝑡. 

Dynamics 

Agents in the model optimize intratemporally. However, the model contains a set of dynamic 
equations that ensure consistent evolution of variables over the specified time horizon. These 
include stock-flow relationships and the dynamics of total factor productivity. 

Public capital by sector 𝑗𝑗 is taken to evolve over time according to a standard capital accumulation 
equation: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗 𝑡𝑡+1 = (1−𝛿𝛿)𝑃𝑃𝑃𝑃𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡 + 𝐼𝐼𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡. 

Here 𝛿𝛿 stands for the annual depreciation rate and 𝐼𝐼𝑃𝑃𝑈𝑈𝑗𝑗𝑡𝑡 is public investment in sector 𝑗𝑗. 

Private capital follows the same type of law of motion: 

𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗 𝑡𝑡+1 = (1−𝛿𝛿)𝑃𝑃𝑃𝑃𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡 + 𝐼𝐼𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡, 

with 𝐼𝐼𝑃𝑃𝑅𝑅𝑗𝑗𝑡𝑡 denoting private investment in the sector 𝑗𝑗. 

The change in private sector assets reflects savings. The accounting identity is 

𝐴𝐴𝑡𝑡+1 = 𝐴𝐴𝑡𝑡 + 𝑆𝑆𝑡𝑡. 

Similar accounting identities hold true for foreign assets and government assets: 

𝐴𝐴𝐹𝐹𝑡𝑡+1 = 𝐴𝐴𝐹𝐹𝑡𝑡 +𝐹𝐹𝑆𝑆𝑡𝑡, 

𝐴𝐴𝐺𝐺𝑡𝑡+1 = 𝐴𝐴𝐺𝐺𝑡𝑡 +𝐵𝐵𝐵𝐵𝑡𝑡. 

Total factor productivity changes according to an exogenously specified growth rate 𝛾𝛾𝑡𝑡𝑉𝑉 : 

𝜎𝜎𝑗𝑗 𝑡𝑡+1𝑉𝑉𝑉𝑉 = (1 + 𝛾𝛾𝑡𝑡𝑉𝑉)𝜎𝜎𝑗𝑗𝑡𝑡𝑉𝑉𝑉𝑉. 
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Model calibration 
Most of the model coefficients are calibrated using public data from Eurostat, with a limited number 
of coefficients calibrated on theoretical grounds with values taken from the relevant literature. The 
bulk of the calibration is implemented by constructing a social accounting matrix (SAM) that 
measures the flows between the different institutional sectors of the economy for a selected base 
year. Additional data-based calibrations outside the SAM framework were carried out again using 
Eurostat data. 

In order to ensure reproducibility of the computations and facilitate future updates of the model, 
the calibration process was implemented through a system of R language scripts.330 These scripts 
sequentially carry out the following steps: 

• Automatic retrieval of the necessary data tables from the Eurostat website; 
• Sectoral aggregation according to a predefined grouping and temporal aggregation for a 

selected set of years; 
• Aggregation of country-level data to the EU level or to another predefined regional 

grouping; 
• SAM balancing and coefficient computation. 

Specifically, the following tables are downloaded from the Eurostat database for use in the 
calibration exercise: 

• naio_10_cp15; 
• naio_10_cp16; 
• gov_10a_main; 
• gov_10a_exp; 
• lfsa_eisn2; 
• earn_ses14_49.331 

The inputs required for the model calibration have been constructed for an approximation of the 
EU economy. This is done by aggregating data on 24 EU countries (Croatia, Estonia and Sweden are 
excluded due to data constraints, and the UK is not considered). As the model exploits the structure 
of the data rather than the absolute numbers, this level of coverage is considered satisfactory. 

The calibration year is taken to be 2017, which is deemed to be an acceptable compromise between 
recency and coverage. Notably, while a single year was used in this case to give prominence to the 
most recent period of acceptable coverage, the system in principle allows for the use of average 
values over several years. 

The SAM, as directly constructed from the statistical data sources, is unsuitable for CGE modelling, 
since the presence of statistical discrepancies will violate accounting identities in the model. It is 
therefore necessary to distribute these discrepancies so that the SAM is balanced (row sums are 
equal to column sums). There exist different balancing procedures and for this modelling exercise 
the procedure recommended by Hosoe et al., Ch. 4, is used.332 This procedure is readily 

                                                             
330 The R Project for Statistical Computing (n.d.). Official website.  
331  The following data was downloaded: Supply table at basic prices incl. transformation into purchasers’ prices, Use table 

at purchasers’ prices, Government revenue, expenditure and main aggregates, Central government expenditure by 
function, Employment by occupation and economic activity, Mean annual earnings by sex, economic activity and 
occupation respectively. The tables were last accessed in July 2021. 

332  Hosoe, N., Gasawa, K. and Hashimoto, H. (2010). Textbook of Computable General Equilibrium Modelling: 
Programming and Simulations. Palgrave Macmillan. 

https://www.r-project.org/
https://www.palgrave.com/gp/book/9780230248144
https://www.palgrave.com/gp/book/9780230248144
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implementable by optimization software and helps ensure consistency in the balancing approach 
across datasets and calibration updates. More specifically, the procedure for balancing the SAM 
involves the following problem: 

min
𝑥𝑥𝑘𝑘𝑘𝑘

�� �
𝑥𝑥𝑘𝑘𝑘𝑘 − 𝑥𝑥𝑘𝑘𝑘𝑘0

𝑥𝑥𝑘𝑘𝑘𝑘0
�
2

𝑘𝑘𝑘𝑘

 

subject to 

�𝑥𝑥𝑘𝑘𝑘𝑘
𝑘𝑘

= �𝑥𝑥𝑘𝑘𝑘𝑘
𝑘𝑘

,∀𝑘𝑘, 

where 𝑥𝑥𝑘𝑘𝑘𝑘 denotes the entry in the 𝑘𝑘-th row and 𝑙𝑙-th column of the adjusted matrix, while 𝑥𝑥𝑘𝑘𝑘𝑘0  is the 
corresponding entry in the unadjusted SAM, taken as a parameter. The procedure is applied to the 
non-zero entries of the original SAM. 

At the end of the calibration procedures, a balanced SAM and an additional set of model parameters 
are available to be provided as input for the main model code. 

Sector and group definitions 
Table 52 presents the definition of the sectors used in the model in terms of the corresponding NACE 
codes used in the aggregation. 

Table 52: Model sector to NACE code mapping 

Model sector NACE codes included 

Agriculture A 

Industry B, D, E36-39 

Manufacturing C 

Construction F 

Transport H 

ICT J61-63 

Finance and insurance K 

Research and innovation M72 

Other services G, I, J58-60, L, M69-71, M73-75, N, O, P, 
Q, R, S, T, U 

Source: Authors. 

The mapping in Table 53 shows the distribution of occupations into skilled and unskilled labour 
categories as used to calibrate the shares of skilled and unskilled labour in the model. 
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Table 53: Labour type classification by ISCO08 code used in the model 

ISCO08 code Labour type classification in model 

NRP unskilled 

OC0 unskilled 

OC1 skilled 

OC2 skilled 

OC3 skilled 

OC4 unskilled 

OC5 unskilled 

OC6 unskilled 

OC7 unskilled 

OC8 unskilled 

OC9 unskilled 

Source: Authors. 

Baseline calibration 
The baseline scenario reflects a situation of keeping the status quo, where the term “status quo” 
should be understood in a dynamic sense. The baseline includes the key policy measures that, as of 
mid-2020, were known to have been approved for implementation over the simulation horizon, 
regardless of the moment they become effective. This implies that the changes incorporated in the 
baseline scenario reflect the changes induced by the known policy measures, depending on when 
they become effective and how their implementation propagates through the economy. 

Since incorporating the various pieces of legislation into the baseline on a case-by-case basis 
requires the development of a large number of sub-scenarios, which is impractical, the baseline 
scenario takes the existing policies on board in an integrated fashion. To calibrate the baseline for 
the simulations in this report, we adapted the baseline calibration of a version of the CGE model that 
uses a similar sectoral breakdown333. The source model is calibrated based on a comprehensive set 
of responses to a Delphi method exercise that covers the main sectors of the EU economy. The 
questions from the Delphi method that are used to calibrate the baseline cover the key channels of 
impact of extant policies, such as consumer demand, investment, labour supply and demand, 
production efficiency and innovation. The expert assessments from the Delphi method cover a 
medium-term horizon of five years, which is deemed sufficient to reach the full impact of the 
measures considered. 

The advantage of this approach is that the baseline calibration of the source model incorporates 
sector-specific expert assessments and expectations. This ensures both consistency of the baselines 
between the different model versions and efficient use of available information by economic 
sectors. The time horizon of the Delphi method survey is sufficiently long to capture effects from 
delayed implementation of certain policy measures, as well as lags in the adaptation of the economy 
to the measures. Thus, the calibration of the baseline using the Delphi method responses allows the 
inclusion of the effects of both upcoming and recently implemented policy measures in an 

                                                             
333  Evas T and Lomba N, European framework on ethical aspects of artificial intelligence, robotics and related 

technologies (European added value assessment), EPRS, 2020. 

https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2020)654179
https://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_STU(2020)654179
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integrated manner via the sector-specific expert responses. A limitation of this approach is that it 
will not take on any board policy measures that have been implemented after the Delphi survey was 
conducted. 

The industries covered by the Delphi survey only partially correspond to the sectoral breakdown 
used in the CGE model. It is therefore necessary to construct a mapping between the effects 
recorded for the Delphi method industries and the shocks to the economic sectors included in the 
model. In most cases, the mapping can be done directly, while for certain sectors the size of the 
effect needs to be constructed synthetically by combining the responses for several sectors. The 
following tables present the sectoral mapping between the Delphi survey and the CGE model in two 
steps – Table 54 shows the mapping of the effects from Delphi industries to NACE activities and 
Table 55  displays the translation of effects at the Statistical classification of economic activities in 
the European Community (NACE) activity level to model sector shocks. 

Table 54: Mapping between Delphi survey industries effects and NACE activity effects 

NACE 
code 

NACE description Delphi industry Derived effects 

A  Agriculture, forestry and fishing Agriculture - 

B_E  Industry (except construction) Energy sector - 

C  Manufacturing Automotive industry - 

F  Construction Construction - 

G_I  Wholesale and retail trade, transport, 
accommodation and food service activities 

Transport - 

J  Information and communication Telecom and e-
communications 

- 

K  Financial and insurance activities Finance - 

L  Real estate activities - 0.5*F + 0.5*K 

M_N  
Professional, scientific and technical 
activities; administrative and support service 
activities 

- 0.5*K + 0.5*M_N 

O_Q  Public administration, defence, education, 
human health and social work activities 

Healthcare - 

R_U  
Arts, entertainment and recreation; other 
service activities; activities of household and 
extra-territorial organizations and bodies 

- 0.25*G_I + 0.25*K + 
0.25*K + 0.25*O_Q 

Source: Authors. 
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Table 55: Translation of NACE activity effects to model sector shocks 

Model sector shock NACE code Derived effects 

Agriculture A - 

Industry B_E - 

Manufacturing C - 

Construction F - 

Transport G_I - 

ICT J - 

Finance and insurance K - 

Research and innovation K - 

Other services - (G_I + J + L + M_N + O_Q + 
R_U)/6 

Source: Authors. 

Ideal state scenario construction 
The ideal state scenario is constructed by combining evidence from the existing literature on the 
expected effects of digital transformation on the different parts of the economy. The effects 
determined on the basis of the literature survey are partial effects for the respective sector and are 
therefore applied to calibrate the size of the shocks through the relevant equations in the model (i.e. 
demand function for a particular product, demand and supply functions for different types of labour 
etc.). In all cases, the computation of the shock size takes the following general form. Let 𝑋𝑋𝑘𝑘  denote 
a variable of interest (e.g. the quantity of a product demanded) and 𝑋𝑋−𝑘𝑘  denotes the rest of the 
model variables. Likewise, let 𝛼𝛼𝑚𝑚 denote the coefficient to be shocked and 𝛼𝛼−𝑚𝑚  denote the other 
coefficients in the model. In the baseline, a model equation will take the form 

𝐹𝐹𝑖𝑖(𝑋𝑋𝑘𝑘 ,𝑋𝑋−𝑘𝑘;𝛼𝛼𝑚𝑚 ,𝛼𝛼−𝑚𝑚) = 0. 

If the relevant effect from the literature is denoted by Δ𝑘𝑘 , then the corresponding size of the shock 
is computed as the value 𝜖𝜖𝑚𝑚 that solves the equation 

𝐹𝐹𝑖𝑖(𝑋𝑋𝑘𝑘(1 + Δ𝑘𝑘),𝑋𝑋−𝑘𝑘;(𝛼𝛼𝑚𝑚 + 𝜖𝜖𝑚𝑚),𝛼𝛼−𝑚𝑚) = 0. 

It is worth noting that the ideal state scenario is not a mechanical addition of the effects of the 
individual gaps, as represented by the selected shocks in the model. The nonlinear nature of the 
CGE model introduces interactions and higher-order effects, which will, in general, produce a 
difference between the sum of partial simulations (for example, featuring only one shock or 
representing the removal of one gap), and the simulation for the ideal state scenario as a whole, 
which involves the simultaneous effects of several shocks. 

Policy option scenarios construction 
Our assessment of the potential of the different policy options to bridge the identified gaps provides 
the starting and final year of the implementation, as well as the maximum achievable percentage of 
each gap that can be eliminated by implementing the respective policy option. We have no prior 
indications of the speed of implementation. Therefore, we assume that implementation starts from 
the baseline value of the respective shock in the year preceding the first implementation year and 
proceeds linearly until reaching the maximum achievable percentage in the final implementation 
year. As an example, this means that if implementation starts in 2024 and ends in 2025, bridging 
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80% of a certain gap, the respective shocks will be at their baseline values prior to 2024, they will 
stand at 40% between the baseline and ideal state shock values in 2024, and at 80% in 2025. 

Formally, the above implies that, if 𝛼𝛼𝑡𝑡 is the percentage of the gap bridged in year 𝑡𝑡, we have 

𝜖𝜖𝑂𝑂 = (1 −𝛼𝛼𝑡𝑡)𝜖𝜖𝐵𝐵 + 𝛼𝛼𝑡𝑡𝜖𝜖𝐼𝐼 , 

where 𝜖𝜖 denotes the value of the shock and the subscripts 𝑂𝑂,𝐵𝐵, 𝐼𝐼 stand for the policy option, 
baseline and ideal state scenarios. 

In line with our previous analysis, we further assume that bridging the digital divide gap acts as an 
amplifier for the policy measures that reduce the other gaps. Thus, we incrementally bridge a part 
of the remaining gaps according to the percentage of the digital divide gap eliminated by the 
respective policy option. More specifically, if 𝛽𝛽𝑡𝑡  is the percentage of the digital divide gap bridged 
in year 𝑡𝑡, we can write 

𝜖𝜖𝑂𝑂� = (1 −𝛽𝛽𝑡𝑡)𝜖𝜖𝑂𝑂 + 𝛽𝛽𝑡𝑡𝜖𝜖𝐼𝐼 , 

with 𝜖𝜖𝑂𝑂� denoting the value of the shock after adjusting for the effect of the digital divide gap. We 
note that this cumulative bridging is applied only if there are policy actions that bridge other gaps 
besides the digital divide one. 

Quantification of the impacts in absolute values  
The computation of the values of the macroeconomic indicators under the ideal state scenario and 
the effects of the policy options under consideration in absolute terms requires the values of the 
respective variables in the baseline scenario. The country coverage of the CGE model, while 
sufficient for the purpose of approximating the structure of the EU27 economy, precludes the direct 
use of the baseline from the model. Moreover, the baseline scenario from the CGE model does not 
take into account cyclical fluctuations in the variables induced by shocks such as the COVID-19 
pandemic. Therefore, the values of the variables of interest in the baseline need to be obtained 
through additional computations.  

The values throughout 2021 and 2033 in the baseline for total employment, nominal and real GDP 
were calculated in the following way, as presented in Table 56. We use the respective values for 2020 
from Eurostat as a starting point (specifically datasets nama_10_gdp and lfsa_eisn2 for the latest 
available data). The nominal GDP values for 2021 and 2022 are computed using the real GDP growth 
and GDP deflator projections from the Spring 2021 Economic Forecast of the European 
Commission.334 The nominal GDP values for 2023-2033 are computed by applying the average 
annual nominal GDP growth for the period 2000-2020. The real GDP and total employment are 
calculated in the same way. 

                                                             
334  European Commission (2021) Spring 2021 Economic Forecast, available at 

https://ec.europa.eu/commission/presscorner/detail/en/ip_21_2351.  

https://ec.europa.eu/commission/presscorner/detail/en/ip_21_2351
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Table 56: Applied calculation of the values of economic indicators throughout 2020-2033 
for the construction of the baseline in absolute values 

Economic indicator Value in 2020 Value in 2021-2022 Value in 2023-2033 

Total employment 
Nominal and real GDP 

Eurostat value for 
2020 

Projections calculated in 
the Spring 2021 
Economic Forecast of 
the EC334 

Value in the preceding 
year is multiplied by the 
average growth rate for 
the period 2000-2020 

Employment per sector 
Nominal and real GDP per 
sector 

Eurostat value for 
2020 per sector 
 

Calculated indicator for 
the whole economy 
multiplied by the sector 
share of 2020 

Calculated indicator for 
the whole economy 
multiplied by the sector 
share of 2020 

Source: Authors. 

In the absence of projections for nominal value added, real value added and employment by sector, 
the respective baseline paths are constructed using the computed baseline values of nominal GDP, 
real GDP and employment and applying the assumption of constant structure over time, using the 
respective sector shares from 2020. This enables the use of the most recent data available to account 
for the sectoral structure of the economy. A limitation of this approach is that it cannot capture 
sectoral differences in cyclical or structural developments in the baseline. This limitation is partially 
mitigated by the fact that such structures are relatively slow changing. 

The computation of the absolute deviations for the respective variables is carried out by applying 
the percentage deviations from baseline of real GDP, real value added and employment as obtained 
from the CGE model to the baseline paths described above and rescaling appropriately to ensure 
additivity of the sectoral results to the total. In the case of nominal variables, the absolute deviations 
are computed by applying the percentage deviations for the respective real variables. 

 

 

 



 
 

 

Europe is in the midst of a digital revolution that is 
transforming our approach to work and communication 
and building significant potential to improve living 
standards and economic output. With the potential to 
drastically change the economy and society, digital 
transformation can bring both promising 
developments and challenges. There is wide variation in 
advances in digital transformation both within the 
European Union and between Member States. To this 
end, the European Union and its Member States are 
developing and adopting policies targeted at boosting 
digital transformation.  

This Cost of Non-Europe study analyses the status quo 
in digital transformation in the European Union and 
identifies gaps and barriers hampering the full potential 
of the digital transformation. Based on this examination, 
the cost of non-Europe is analysed qualitatively and 
quantitatively using a computable general equilibrium 
model. The estimated cost of non-Europe is already 
substantial in 2021, at €315 billion, and would continue 
to grow increasingly over time, reaching up to €1.3 
trillion by 2033. The study proceeds to identify three 
broad policy options for EU action that would address 
the identified gaps and barriers to some extent and thus 
generate benefits for businesses and society. 
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