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Foreword
Today, a digital transformation represents the key driver of a significant shift occurring in our economies, soci-

eties, and personal lives. In the context of COVID-19, digital connectivity has become an even more essential 

public good and prerequisite for business and operational continuity. Digital technologies can, and are, enabling 

more economic activities to happen — and to happen safely — albeit unevenly across firms, sectors, and locations. 

Given this context, the lessons discussed in this report are all the more relevant in our fight to reduce inequal-

ity and achieve a quicker, more resilient recovery in Europe.

Much is at stake. The goal is not solely about being competitive, but rather about being competitive in an envi-

ronment that can also ensure economic benefits reach a wide range of firms — including new and small businesses, 

as well as those in less developed locations. The evidence provided in this book demonstrates how digital tech-

nologies are (and are not) living up to their potential. Such evidence is crucial for informing recommendations 

to policymakers as they strive to achieve the complementary goals of competitiveness, inclusion, and convergence.

While COVID-19 adds a layer of urgency to this agenda, the longer-term issues that underpin this digital dilem-

ma lie at the core of this work. The report aptly informs three distinct policy debates: 

• Does completing the transition to the data economy need more champions or more markets? As Europe 

grapples with completing its transition to a digital single market, it faces difficult choices. Should policies focus 

on technology more narrowly and emphasize the emergence of champions or take a broader approach? How 

should it approach the complementary factors that help determine the pace and pattern of technological pro-

gress — such as skills, infrastructure and the broader regulatory environment? Scaling digital markets and accel-

erating the transition to using them more widely may make it more viable for champions to emerge and thrive. 

• Can Europe’s regulatory choices be a source of comparative advantage, influencing the values and stand-

ards of new technologies globally? Europe remains a global leader in updating its competition policies ad-

dressing new features of data-driven businesses, as well as regulating data privacy protections. Together these 

regulatory choices will shape the contestability of data markets, influencing the emergence of digital glob-

al players and affecting the extent to which Small-and-Medium Enterprises — as well as new entrants — can 

simultaneously access data and innovate. Decisions about new technologies will also have broader cultural 

impacts — particularly on how artificial intelligence will be used to provide opportunities for people.

• Is leapfrogging possible or is more attention needed to diffuse technologies that can facilitate catching-up? 

Concerns about competitiveness can focus attention on the frontier. But the variation across — and with-

in — countries is striking, in terms of access and readiness to use digital technologies. Diffusion is not hap-

pening quickly or automatically. To raise productivity more widely, providing support for more firms and 

locations to catch-up will be critical for ensuring more people are included and to enhance convergence.

In discussing the policy choices available to regulators, this report lays out the possibility of embracing new tech-

nologies in ways that can contribute to competitiveness, inclusion, and convergence. Europe still has the chance 

to attain Europe 4.0; it should take that chance. 

 

 

Anna Bjerde

Vice President

Europe and Central Asia
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This Work
This is the third in a series of reports about convergence and inclusion in Europe.

Golden Growth (2012) was the first of the series. Examining five decades of growth it finds that the European 

growth model has been a powerful engine for economic convergence, helping developing countries in Europe 

to catch up with their richer neighbors and become high-income economies. Trade policies opened opportuni-

ties to lower-income countries, but wealthier states also instituted the most redistributive fiscal mechanisms 

in the world. This ‘convergence machine’ underscores the extent of Europe’s commitment to inclusion and con-

vergence, and why they are treated on a par with competitiveness as Europe’s triple objectives. 

Growing United (2017) examined how this convergence machine was slowing down. It analyzed how techno-

logical change is limiting the benefits to some firms and workers, looking at the policy agenda to improve the 

business environment for more firms to upgrade and strengthen skills so that more workers can benefit from 

more productive jobs. It also looked at how social protection systems can protect those being displaced, while 

also covering new forms of work, such as jobs in the growing gig economy.

Europe 4.0 (2020) differentiates across types of data-driven technologies to provide more nuanced insights into 

where technologies are contributing to the goals of inclusion and convergence, and where tensions are emerg-

ing with efforts to increase competitiveness. The emphasis is on expanding firms’ access to new opportunities, 

including young and small firms, firms in lagging regions, and firms in new accessing countries. The potential 

for inclusion and convergence differs across types of digital technologies.  Europe faces a dilemma as the tech-

nologies in which it is most competitive are those that concentrate benefits among larger firms and in estab-

lished hubs, while those technologies with the greatest potential to contribute to inclusion and convergence 

are those where European firms are least competitive.  However, it also argues that with the right mix of pol-

icies, a dynamic and inclusive digitally enabled future is possible; Europe can attain Europe 4.0.
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2 Europe 4.0: Addressing the Digital Dilemma

Europe faces a digital dilemma. New digital technologies can help Europe 1 become more competitive. How-

ever, while some of these new technologies create or expand access to markets for smaller firms and in lag-

ging regions, others can create challenges for the European convergence machine if they concentrate econom-

ic activity in large firms and leading regions. As it happens, digital technologies, such as matching platforms, 

have the greatest potential for market inclusion and convergence, but this is where Europe remains less com-

petitive. In contrast, European firms are particularly strong in technologies that combine data with produc-

tion, such as smart robotics and 3D printing. While this helps Europe’s competitiveness, it also widens the 

divide between large and small firms, and leading and lagging regions. 

Europe 4.0 is attainable. Europe 4.0 is about embracing new digital technologies associated with Industry 

4.0 in ways that contribute to Europe’s triple imperative of economic competitiveness, market inclusion, and geo-

graphic convergence, while also being aligned with its social values. A coherent set of policies that strengthens 

competitiveness in technologies where the potential for inclusion and convergence is strongest, while broaden-

ing access to opportunities in technologies that otherwise concentrate benefits, is needed to address this digi-

tal dilemma for Europe 4.0. Reforms and investments can help new digital technologies achieve Europe’s tri-

ple objectives without compromising its social values by making use of the following:

• Scaling markets — completing the digital single market and closing gaps in ‘analog complements’ such 

as infrastructure, skills and logistics to achieve greater competitiveness, inclusion and convergence;

• Shaping the commercial use of data — addressing challenges posed by artificial intelligence and new types 

of market dominance to balance competitiveness and inclusion aligned with values of data privacy; and

• Smoothing technology adoption — complementing investments in frontier innovation with 

digital catch-up through supporting applied R&D and strengthening management capabilities so more 

smaller firms and firms in lagging regions can absorb new technologies.

The COVID-19 pandemic has highlighted the importance of the data economy — and raised the risks 

in meeting Europe’s economic objectives if the digital dilemma is not addressed. Companies that have 

embraced digital technologies are better able to cope with the disruptions posed by the pandemic. This is done, 

for example, through enabling more remote working, smart factories that have been able to keep operating 

uninterrupted, 3D printing of product parts stuck in the value chain, and the use of artificial intelligence 

to re-assess and plan activities. Digital platforms, particularly larger incumbents, have an important advan-

tage in Europe given new social distancing requirements. In April 2020, e-commerce in Poland experienced 

a 200 percent increase compared to the same period in the previous year. In Belgium, e-commerce had also 

increased over a 100 percent (ccinsight.org). At the same time, locations where the uptake of digital technolo-

gies is lower have not had the same opportunities to extend opportunities for work, exacerbating geographic 

divides. Going forward, countries and companies that embrace Industry 4.0 will be better placed to face the 

challenges, but also capitalize on the opportunities, of an increasingly globalized world.

THE UNEVEN STATE  
OF DIGITAL TECHNOLOGY IN EUROPE  
Europe has converged in digital infrastructure, but more needs to be done to accelerate the commer-

cial use of digital technologies. Europe has done well in expanding access to broadband. At least 69 percent 

of households have access to broadband in every European region, and over 90 percent of households are fully 

connected in most regions. This demonstrates remarkable progress over the past decade in closing gaps in access 

to digital infrastructure (Map O.1.a.1 and O.1.a.2). But convergence between regions in the use of digital ser-

vices has been slow. Even today, in many parts of Southeastern Europe, southern Italy and parts of Portugal, 
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less than one-third of the population use the internet to order goods or services, unlike in Belgium, Germany, 

the Netherlands, the United Kingdom or Scandinavia, where three-quarters of the population shop online 

(Map O.1.b.1 and O.1.b.2).

MAP O.1 Quicker convergence in access to digital opportunities than for outcomes 
a. Households with broadband access
1. 2008 2. 2019

b. Percent of individuals aged 16 to 74 who ordered goods or services online in the past year
1. 2008 2. 2019

Source: Authors’ calculations based on Eurostat.
Notes: The maps reflect NUTS2 level data. Due to lack of data, Poland, Germany, the United Kingdom, Turkey, and Greece reflect NUTS1 level data. In addition, France reflects NUTS1 level data in 2019 and 
national data in 2008 (except for Île-de-France and Auvergne - Rhône-Alpes in 2008). 

Many of Europe’s industrial companies are global leaders, but Europe can lay claim to only a few glob-

al technology giants. While Europe has strong companies in the traditional sectors, it has few large tech and 

data companies, which are now far more profitable (Figure O.1). Today, the top companies in the world are 

mostly tech companies headquartered outside Europe, such as Alphabet, Apple, Facebook, Microsoft, Alibaba, 
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and Tencent. SAP, which is the most valuable company in Germany and the second-most-valuable company 

in Europe (after Royal Dutch Shell), is Europe’s sole data company among the global leaders, at number 12. How-

ever, Europe is well placed in digital technologies that combine data with machines (e.g., smart robots). Lead-

ing industrial firms in Europe anchor many global value chains, and are well positioned both as the producers 

and users of smart automation equipment. The rapidly rising global middle class, especially in Asia, which will 

demand high-value manufactured goods, also provides a new economic opportunity for Europe in this space.

VIEWING IMPACTS OF NEW DIGITAL TECHNOLOGIES 
THROUGH THE LENS OF EUROPE’S ECONOMIC 
OBJECTIVES HIGHLIGHTS THE DILEMMA 
New digital technologies should not be seen as monolithic, because their dynamics vary based on dif-

ferences in their underlying source of efficiency gains. This report focuses on three types of process 

technologies within Industry 4.0 that are driven by the use of data and can be applied to a range of sectors. 

Transactional technologies better match supply and demand to facilitate market transactions by lowering infor-

mation asymmetries; examples include digital ecommerce platforms and blockchain. Informational technol-

ogies exploit the exponential growth of data and the reduced cost of computing; examples include business 

management software, cloud computing, big data analytics, and machine learning. Operational technologies 

combine data with physical automation to reduce production costs, including labor, materials and, in many 

cases, energy; examples include smart robots, 3D printing and the Internet of Things (IoT). Differences in the 

economic drivers of technological change imply different degrees of diffusion or concentration of opportunities.

FIGURE O.1 Europe’s traditional leaders are strong, but new data companies are significantly more profitable — European firms are 
not so well represented among them

Source: Authors’ calculations based on Bloomberg, December 2019.

Operating margins (%)

Traditional companies

Data economy companies

50 10 15 20 25 30 35 40 45 50

European companiesNon-European companies

FacebookNetflix

BASF

BoeingThyssenkrupp

Microsoft

Allianz

Amazon

Apple

Alibaba

BMW

Walmart Shell

Toyota

Alphabet

SAP



5OVERVIEW

These three digital technologies therefore differ in their contributions to Europe’s triple objective of eco-

nomic competitiveness, market inclusion, and geographic convergence. New digital technologies create new 

tensions across Europe’s three goals of being competitive, ensuring inclusive access to market opportunities, and 

fostering convergence across regions. The occurrence of such trade-offs depends on the underlying characteristics 

of the technologies, as well as the necessary complementary factors, such as the quality of infrastructure, skills 

FIGURE O.2 Differentiating three types of digital technologies by sources of efficiency gains

Source: Europe 4.0 team.

Example of companies

Type of technologies

Source of efficiency gains

Technology category 
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and governance. Transactional technologies help connect firms to larger markets at very low cost and, as such, can 

help smaller firms and firms in more remote locations to be more productive. Informational technologies, such 

as enterprise resource planning (ERP) software or cloud computing, provide efficient services at a low cost that can 

also help smaller firms. However, while in theory they should help more remote locations, the quality of support-

ing infrastructure and skills to use them are not always available in more lagging regions. Meanwhile, operation-

al technologies, such as autonomous robots, require higher upfront investments and rely on more scale economies, 

thus favoring larger firms. The greater use of ‘smart’ automation is also serving to concentrate more production 

in existing hubs. Thus, as shown in Figure O.3.a, the technologies vary in how they contribute to Europe’s three goals.

Europe’s performance also varies across technologies, in terms of the number of frontier companies 

and in the rate of firm adoption. The evidence shows that there are few leading global firms in either the 

transactional or informational technologies, and rates of adoption are fairly low. In the case of cloud comput-

ing, there is even divergence in adoption rates across countries, with just a few countries having a significant 

share of firms using it. However, Europe has many leading firms in operational technologies and rates of adop-

tion are also fairly high (see Figure O.3.b).

Taken together, Europe faces a digital dilemma: where impact on inclusion and convergence is 
strongest, Europe’s performance is modest; and where its performance is strongest, the impact on 
inclusion and convergence is weaker.

This report provides new evidence of such a digital dilemma in Europe. Operational technologies are where 

European firms are most competitive, but these tend to concentrate opportunities in larger firms, and existing 

production and knowledge hubs. Transactional technologies have the maximum potential to promote market 

inclusion and geographic convergence, but this potential is only being partially realized and few European trans-

actional digital platforms are globally competitive. Informational technologies fall in between, with some mar-

ket inclusion, but little spatial convergence. And over time, the newest informational technologies have a pat-

tern more like operational technologies, with benefits being realized by larger firms in leading regions. Here too, 

FIGURE O.3 Europe faces a digital dilemma between its objectives and its performance

Transactional 
technologies

Informational 
technologies

Operational 
technologies

a. Digital technologies vary in their contributions to Europe’s Triple Objective

Competitiveness

Market inclusion

Geographic convergence

b. Europe’s performance across technologies also varies

Creation

Adoption

Source: Europe 4.0 team.
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technology adoption is not widespread, and Europe can lay claim to few companies that are global leaders. This 

imbalance between objectives and performance needs to be addressed to avoid current trade-offs and realize the 

full potential new technologies offer. This will be all the more important in light of the COVID-19 economic crisis.

THE IMPACTS OF NEW DIGITAL TECHNOLOGIES  
ON EUROPE’S TRIPLE OBJECTIVE
Transactional technologies strengthen all three objectives

Transactional technologies strengthen economic competitiveness, market inclusion and geographic 
convergence, yet the lack of adoption across firms leaves vast unrealized potential.

Transactional technologies raise economic competitiveness. The use of B2C digital platforms is posi-

tively associated with labor productivity in Europe. In fact, adopters of B2C digital platforms are more pro-

ductive than non-adopters across the size distribution of firms (Cathles, Nayyar, and Rückert 2020). These 

productivity benefits have been enabled by data-driven decision-making. For example, Booking.com helped 

its clients to realize an average of 7 percent more revenue 

by helping them identify consumers whose data indicated that 

they would be willing to pay more (Li et al. 2019). Similarly, 

estimates from Europe’s financial sector suggest that block-

chain and distributed ledger technology (BDLT) will rough-

ly halve transactions costs and enable cumulative growth 

of 6.3 percent in EU GDP from 2021 to 2030. The BDLT appli-

cations of SettleMint — a Belgian startup — have, for example, 

reduced the cost of financial transactions by almost 80 per-

cent through the removal of intermediaries and back-office 

needs (Padilla et al. 2019). 

Transactional technologies boost market inclusion. The 

shares of small and medium enterprises (SMEs) using digital 

platforms in the EU, at 32 and 39 percent, respectively, are 

not notably different from large firms (Figure O.4). In sec-

tors where this technology is most widespread, such as hotels 

and lodging services, countries with a higher share of firms 

that use online sales are also characterized by a smaller gap 

in labor productivity between large and small firms. For 

example, labor productivity in large firms is more than dou-

ble that of small firms in Latvia, where the share of firms that 

uses online sales is less than 50 percent. In contrast, labor pro-

ductivity in large and small firms is about the same in Esto-

nia, where the corresponding share is more than 70 percent. 

This result is consistent with the fact that digital platforms 

reduce the fixed costs of entering new markets by reducing 

information asymmetries associated with matching buyers 

and sellers. The use of digital platforms is also associated with 

job creation. Figure O.5 shows that 60 percent of firms in the 

EU that partially or fully implemented platforms in their 

FIGURE O.4 The share of SMEs using digital platforms in the EU  
is not very different from large firms, 2019 

Source: EIB-WBG background paper by Cathles, Nayyar and Rückert (2020). 

FIGURE O.5 Trends in employment growth over the past three 
years, by digital platform adopters, 2019

Source: EIB-WBG background paper by Cathles, Nayyar and Rückert (2020). 
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business experienced an increase in employment growth over the past three years, compared with 50 percent 

of firms that did not adopt these technologies. A similar share, around 10 percent of firms, among both adop-

ters and non-adopters experienced a decline in employment growth.

Transactional technologies aid geographic convergence. In the information and communication services 

sector, where this technology is most widespread, economies with a higher share of firms that use e-commerce 

platforms for digital transactions are characterized by a lower Herfindahl index of concentration, based on the 

number of workers at the NUTS2 level (Figure O.6). For exam-

ple, the regional concentration of economic activity in Greece, 

where 2 percent of firms used e-commerce platforms, was more 

than three times that in Lithuania where the corresponding 

share was close to 20 percent. This is consistent with the fact 

that e-commerce platforms enable firms in remote areas to 

access markets through their supply chains. Digital platforms 

also make remote delivery possible for a wider range of pro-

fessional services tasks. A computer programmer in Serbia, 

for example, can remotely provide data or code to customers 

in France through Upwork, oDesk, and Freelancer. On a per 

capita basis, Romania and Serbia are among the bigger emerg-

ing suppliers in the online freelancing market (Graham et al. 

2017). The economic effects of BDLT implementation will be 

much more significant in Eastern Europe, where the financial 

systems are weaker than in Western and Northern Europe. It 

is estimated that, by adding to the investment, corporate and 

retail banking markets, by 30, 10 and 30 percent, respectively, 

the application of BDLT will result in an 8.0 percent increase 

in Romanian GDP by 2030, compared with 6.2 percent BDLT-

enabled increase in EU GDP (Padilla et al. 2019).

The lack of widespread adoption of transactional technologies by firms across Europe reflects vast 

unrealized potential, and market leaders remain few and far between. While the use of digital sales 

and e-commerce platforms is associated with higher labor productivity in Europe, less than one-fourth of firms 

used a B2C website to sell online in Europe in 2018. While the EU14 North and Central countries feature prom-

inently among countries where diffusion is greatest, Serbia (22 percent), Bosnia and Herzegovina (18 percent), 

the Czech Republic and Lithuania (both 16 percent) are also among the top ten in Europe (Figure O.7). There 

FIGURE O.7 The share of firms that use a B2C website or app to sell online in Europe is far from universal, with both EU14 countries 
and others constituting the top ten

Source: Authors’ calculations, based on Eurostat.
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with lower spatial concentration in ICT services, 2018 

Source: Authors’ calculations, based on Eurostat.
Note: The Herfindahl index of concentration is based on the number of firms at the NUTS2 level
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is also little evidence of catch-up across countries. For example, in 2014, the Czech Republic had among the 

highest share of firms that used a B2C website to sell online, at 20 percent, and Romania among the lowest 

at 5 percent. Yet, the Czech Republic also experienced a 5 percent increase in this share between 2014 and 2018, 

while Romania experienced a 5 percent decline. With regard to technology creation, nearly three-quarters 

of the $4.3 trillion value of digital platforms is accounted for by those in North America, compared with 20 

percent by those in Asia, and less than 5 percent by those in Europe (Evans and Gawer 2016). Furthermore, 

digital platform enterprises and app developers in Europe are overwhelmingly concentrated in major urban 

centers such as London, Paris, Madrid, Berlin, Helsinki, Amsterdam and Barcelona (Szczepański 2018). Among 

the global leaders in digital platforms that enable market matching, only Spotify is European, and even then 

it is listed on the New York Stock Exchange.

Informational technologies help economic competitiveness and market inclusion
Traditional informational technologies strengthen economic competitiveness and market inclusion  
but not economic convergence, and the lack of diffusion leaves vast unrealized potential 

Traditional informational technologies raise economic competitiveness. Based on data from 20 Europe-

an countries and 22 industries, Gal et al. (2019) find that greater adoption of informational technologies — ERP 

software, customer relationship management (CRM) software, and cloud computing — in an industry is associ-

ated with higher productivity growth for the average firm. For example, they find that a 10-percentage-point 

increase in the adoption of cloud computing implies a 3.5 percent higher productivity level for the average firm 

in five years. Furthermore, business management software could result in the reshoring of IT enabled back 

office processes to high-wage economies such as in Europe. Sutherland Global Services, an outsourcing compa-

ny in Rochester, NY, says it can reduce costs for its clients by between 20 and 40 percent by shifting IT work 

to a developing economy; but it can reduce costs by up to 70 percent if it couples business management soft-

ware with its US-based workers (Lewis 2014). 

Traditional informational technologies boost market inclusion. In information and communication ser-

vices, where the use of cloud computing or business management software is most widespread, countries with 

a higher share of firms that adopt these technologies have smaller gaps in labor productivity between large and 

small firms (Figure O.8). For example, labor productivity in large firms is more than double that of small firms 

in Bosnia and Herzegovina, where the share of firms that use 

CRM software is around 10 percent. In contrast, labor produc-

tivity in large and small firms is about the same in Sweden, 

where the corresponding share was more than 40 percent. 

The fact that these technologies disproportionately benefit 

small firms is consistent with the low fixed cost of installing 

new software relative to physical capital or hardware. Cloud 

computing, for example, eliminates upfront capital expen-

ditures associated with information storage and exchange. 

However, at least in Europe, traditional informational 

technologies have not enabled greater geographic conver-

gence. In principle, the use of cloud computing and business 

management software should expand opportunities in more 

locations, because they reduce coordination costs. However, 

the use of cloud computing and business management soft-

ware is not negatively associated with lower spatial concen-

tration of economic activity in Europe’s ICT services sector, 

where this technology is most widespread (Figure O.9). For 

example, the shares of firms that use CRM software in Slova-

FIGURE O.8 The more widespread use of customer relationship 
management (CRM) software in Europe lowers performance 
gaps between large and small firms in ICT services, 2016

Source: Authors’ calculations, based on Eurostat. 
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kia and Finland are notably different, at less than 10 percent 

and more than 40 percent, respectively, but the Herfindahl 

index of concentration based on the number of firms at the 

NUTS2 level is similar. The use of informational technologies 

can potentially concentrate economic activity because they 

rely fundamentally on better broadband access and the avail-

ability of skilled labor. For example, if management practic-

es in Greece were at the level they are in Denmark, or if the 

quality of management schools was equivalent to that in Bel-

gium, the country could expect to see a 10 percent increase 

in cloud computing in its knowledge-intensive industries 

(Andrews et al. 2018).

The lack of widespread adoption of traditional infor-

mational technologies by firms across Europe reflects 

considerable unrealized potential, and market leaders 

remain few and far between. While greater use of busi-

ness management software and cloud computing is associ-

ated with higher labor productivity in Europe, the share 

of firms using these informational technologies is far from 

universal. EU14 North and Central countries feature prom-

inently among those with the most widespread technolo-

gy adoption, with 40 to 60 percent of firms adopting cloud 

computing, but Estonia (34 percent) and the Czech Republic 

(26 percent) were also among the top ten in Europe. At the 

same time, the shares of firms using cloud computing in Ger-

many (22 percent) and France (19 percent) were uncharac-

teristically low. There is also evidence of divergence across 

European countries (Figure O.10). For example, in 2014, Swe-

den had one of the highest shares of firms that used cloud 

computing, at 40 percent, and Poland among the lowest 

at around 5 percent. Nonetheless, Sweden also experienced 

an 18 percent increase in this share between 2014 and 2018, 

while Poland experienced only a 4 percent increase. With 

regard to their potential future participation in the devel-

opment of informational technologies such as cloud comput-

ing, France, Germany, and the United Kingdom constitute 

less than one-third of all top 20 EU regions. The others are 

spread across the EU14, as well as in more recent EU coun-

tries, including the Czech Republic, Hungary and Poland 

(Boschma and Balland 2019). 

Newer informational technologies driven by artificial intelligence (AI) raise economic competitiveness, 
but create challenges for market inclusion and geographic convergence 

AI-driven informational technologies also raise economic competitiveness. The use of big data analyt-

ics and AI is positively related to labor productivity in Europe across the size distribution of firms (Cathles, 

Nayyar and Rückert, 2020). A Microsoft survey of 152 decision-makers within automotive, aerospace, elec-

tronics, and industrial equipment companies in France, Germany, and the United States found that customer 

transactions data can enable firms to better forecast demand and thereby reduce inventory costs by 20 to 30 

FIGURE O.9 In Europe, the use of CRM software has not reduced 
the spatial concentration of economic activity in information 
and communication services, 2016

Source: Authors’ calculations, based on Eurostat.
Note: The Herfindahl index of concentration is based on the number of firms at the NUTS2 level

FIGURE O.10  There is evidence of divergence in the share of 
firms using cloud computing across countries
Share of firms (%) that purchased cloud computing, level in 2014 vs change 
between 2014 and 2018

Source: Authors’ calculations, based on Eurostat.
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percent (Microsoft Corporation 2011). Examples also abound with respect to machine learning (ML). Goog-

le’s DeepMind team has used ML systems to improve the cooling efficiency at data centers by more than 15 

percent. And the use of ML on vast amounts of data from social media profiles has improved the productivity 

of executive search companies that assess and match talent (Brynjolfsson and Mcafee 2017). There is also evi-

dence that highlights the capability of ML to reduce language barrier frictions, which is of first-order impor-

tance in increasing connectivity. This is especially relevant for countries in Europe. For example, the intro-

duction of eBay’s machine translation system was associated with a 13 percent increase in exports from the 

United Kingdom to France, Italy and Spain (Brynjolfsson et al. 2018). 

Furthermore, newer informational technologies are less likely to enable greater market inclusion. 

Machine learning (ML) algorithms require large amounts of data to identify empirical regularities and are 

therefore likely to benefit large firms that are operating in large markets. As a result, the market capitaliza-

tion of the five largest tech companies in the S&P 500 (Microsoft, Amazon, Apple, Google, and Facebook) that 

have pioneered the use of ML is larger than the sum of the market capitalizations of the 250 smallest compa-

nies in the same index (Fraunhofer 2019). Among EU28 coun-

tries in 2019, more than 25 percent of large firms in the man-

ufacturing and services sectors used big data analytics and 

AI, compared with 15 percent among medium-sized firms 

and less than 10 percent among micro and small firms (Fig-

ure O.11). ML is also increasingly able to automate routine 

cognitive tasks that could previously only be done by people. 

For example, ML algorithms can function as robo-lawyers that 

can plough through information and suggest legal strategies 

(Baldwin 2019). Similarly, sales and customer interactions 

are potentially a good fit to be automated by voice recogni-

tion ML software, such as Siri, Alexa and Google Assistant.

This new wave of informational technologies is also 

less likely to help economic convergence. Malta, Esto-

nia, Cyprus, and Bulgaria have large numbers of AI play-

ers across industry, research and startups relative to the 

size of their economies. However, countries in the EU14 

dominate the AI landscape. The United Kingdom, Germany and France account for half of all AI players 

in the EU. Spain, Italy, the Netherlands and Sweden also do quite well (Craglia et al. 2018). Within coun-

tries, the potential for developing AI is high in capital city regions, such as London, Île-de-France, Comu-

nidad de Madrid, Berlin, Vienna and Helsinki (Boschma and Balland 2019). This clustering of AI/ML hubs 

in major cities follows on from close ties to leading universities or proximity to investors. This relation-

ship implies a major advantage for large agglomerations relative to smaller cities, and even metropolitan 

areas in lagging EU regions and member states. 

There is unrealized potential in the use of AI-driven informational technologies across firms in Europe, 

partly owing to its nascence, but market leaders are absent. While the implementation of big data analyt-

ics and AI is positively related with firm-level labor productivity in Europe, there is potential for much more. 

Whereas more than one-third of manufacturing and services sector firms in the Netherlands, Finland, and 

Denmark used big data analytics and AI in 2019, the corresponding share was about 15 percent in other EU14 

countries such as France, Germany and Italy. Among the smaller more recent EU countries, Estonia stands 

out, with one-fourth of manufacturing and services sector firms using big data analytics and AI (Figure O.12). 

Furthermore, tech companies that have pioneered the use of these informational technologies are almost all 

headquartered outside Europe. These tech companies, such as Apple, Google, and Facebook, generate well over 

US$1 million in revenues per employee per year, which exceeds the corresponding ratio for many traditional 

industrial companies by a factor of between 4 and 10 (Fraunhofer 2019). 

FIGURE O.11 A notably higher share of large firms, relative to 
SMEs, used big data analytics and AI, 2019

Source: EIB-WBG background paper by Cathles, Nayyar, and Rückert (2020).
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Operational technologies help economic competitiveness  
but not market inclusion or geographic convergence

BOX O.1 Data-driven technologies can support 
environmental goals too 
The European Green Deal is a top priority of the new Commission. 
Data-driven technologies have strong potential to contribute to cli-
mate change mitigation by enabling greater energy efficiency in 
the industrial and services sectors. Big data analytics and low-
power processing ‘on-the-edge’ technologies could allow a range 
of industries, from manufacturing to construction to infrastruc-
ture systems, to optimize energy and materials consumption, help-
ing to find inefficiencies and fix them. Energy use and CO₂ emis-
sions could be lowered significantly. A study by Ericsson, a Swedish 
telecommunications multinational, estimates that information and 
communication technologies (ICT), including digital technologies, 
have the potential to reduce global CO₂ emissions by up to 15 per-
cent by 2030. Ericsson’s own 5G smart factory in Tallinn, Estonia, 
is leveraging the IoT and ML to increase efficiency in manufactur-
ing. And thanks to Siemens’ Distributed Energy Resource Perfor-
mance Monitoring and upgrading of the automation system, the 
Sello shopping center in Espoo, Finland, was able to achieve sub-
stantial energy savings, sustainability, and long-term improvement 
of indoor air quality. The benefits amounted to €125,000 in annual 
heat and electricity cost savings; a 271-ton reduction of annual CO₂ 
emissions; 470 MWh energy production per year; and annual profit 
on the energy market of €480,000 (Siemens, 2019).

At the same time, the use of data-intensive processing can use a 
lot of energy too. It is estimated that data centers account for 1 per-
cent of global electricity use, and approximately 30 – 50 percent 
of the total electricity needed to run data centers goes into cool-
ing (Science 28 Feb 2020: Vol. 367, Issue 6481, pp. 984 – 986; Motiva, 
2011). The energy and environmental costs of using data need to 
be factored into data strategies, including incentives to use cen-
tralized versus ‘on-the-edge’ storage and computing facilities, and 
the extent to which big data analytics really are necessary for the 
growing array of issues they could be applied to.

FIGURE O.12 Share of firms that partially or fully adopted AI and big data analytics, 2019 

Source: EIB-WBG background paper by Cathles, Nayyar, and Rückert (2020). 
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Operational technologies raise economic competitiveness, 
especially because European firms are among the leaders 
in their use and creation, but pose challenges for market 
inclusion and geographic convergence

Operational technologies raise economic competitiveness. 

The use of industrial robots raised annual labor productivity 

growth by 0.36 of a percentage point between 1993 and 2007 

(compared with mean growth of 2.4 percent) across 17 advanced 

economies in Europe. This represented 16 percent of labor pro-

ductivity growth during the period (Graetz and Michaels 2018). 

Similarly, survey data from 124 automotive manufacturers in 

Europe show that 3D printing increased the reliability and speed 

with which firms can fulfill orders, while case studies estimate 

that the IoT reduces costs, on average, by 18 percent for indus-

trial adopters (Delic et al. 2019). During the COVID-19 pandem-

ic, Siemens used 3D printing to increase the availability of face 

masks and medical components needed in the fight against the 

pandemic. Industrial automation has enabled the reshoring of 

some manufacturing to high-income economies. Foxconn, the 

world’s largest contract electronics manufacturer best known for 

manufacturing Apple’s iPhone, has recently announced it will 

spend US$40 million at a new “smart” factory in Pennsylvania 

(Lewis 2014). Exploiting systematic differences across countries 

and industries, Hallward-Driemeier and Nayyar (2019) find that, 

past a threshold level, increasing robot intensity in high-income 

countries (HICs) is negatively associated with foreign direct in-

vestment (FDI) growth from HICs to lower middle-income coun-

tries (LMICs). However, only about one-third of country-industry 

pairs exceed the threshold level of robots per 1,000 employees, 

beyond which further automation results in a decline or decel-

eration in FDI growth. The efficiency of these operational tech-

nologies could also help Europe to meet another key objective of 

sustainability (see Box O.1).
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Operational technologies have significant potential to further boost Europe’s competitiveness, because 

European firms are among the leaders in their use and creation. Germany, Sweden, and Denmark, at 22, 

20, and 15 robots per 1,000 workers engaged, respectively, had the highest intensity of robot use in 2016. Oth-

er countries of the EU14, along with the United States, comprised the top 10 globally. Among the smaller more 

recent EU countries, Slovenia, the Slovak Republic, the Czech Republic, Hungary and Poland were also charac-

terized by a high intensity of robot use (Figure O.13). At 10 robots per 1,000 workers engaged, Slovenia’s intensi-

ty of robot use was five times that of China in 2016. European industrial companies have an enormous installed 

base of machines whose data they can use in IoT platforms. For example, ThyssenKrupp, a manufacturer of ele-

vator and escalator equipment, has connected its installed base of about 180,000 units to its platform “MAX”. 

The analysis of these data on equipment usage reduced downtime by about 50 percent and saved costs by opti-

mizing maintenance intervals (Fraunhofer 2019). Globally, many of the main robot producers are in Europe 

too. These include three each in Denmark and Switzerland, and six in Germany, compared with six in Japan 

and only one supplier in the United States (Leigh and Kraft 2018). 

But operational technologies tend to weaken market 

inclusion. In motor vehicle manufacturing, for example, 

where this technology is most widespread, countries with 

a higher intensity of robot use are also characterized by a larg-

er gap in labor productivity between large and small firms 

(Figure O.14). For example, labor productivity in large firms 

is more than double that of small firms in Germany, where 

the intensity of automation is around 100 robots per 1,000 

workers. In contrast, labor productivity in large and small 

firms is about the same in Greece, where the corresponding 

intensity of robot use is close to zero. This result is consist-

ent with the finding that, much like other forms of physical 

capital, the installation of robots entails high fixed costs that 

are likely to benefit larger enterprises. Contrary to expec-

tations, scale matters for 3D printing too. Among the EU14 

countries where the technology is most widespread, name-

ly, Finland, Belgium, the United Kingdom, the Netherlands, 

and Germany, about 5 percent of all firms used 3D printing 

in 2018 compared with 15 percent of large firms. The use 

of operational technologies is also associated with a higher 

capital intensity in production (Figure O.15). 

FIGURE O.13 EU14 countries have among the highest intensity of robot use in the world (robots per 1,000 workers), 2016

Source: Authors’ calculations, based on the International Federation of Robotics and the World Input-Output Database. 

FIGURE O.14 The intensity of robot use is associated with 
a productivity gap between large and small firms in the 
transportation equipment sector, 2016
Robots per 1,000 employees and the ratio of value added per worker in 
large vs small firms, 2016

Source: Authors’ calculations, based on Eurostat. 

0

0.5

1.0

1.5

2.0

2.5

0 20 40 60 80 100

DE
FR

SE AT

SK
ESNLPL

DK
PT

CH FI
BG

RO
GR

HR

Ra
tio

 o
f v

alu
e a

dd
ed

 p
er

 em
pl

oy
ee

(la
rg

e v
s. 

sm
all

 fi
rm

s)

Robots per 1,000 employees

5

10

0

15

20

25

LVBGRULTHREEGRROTRCNIEPLNOPTHUGBCHCZSKNLSIATFRFIITESBEUSDKSEDE

Number of robots per 1,000 employees, 2016



14 Europe 4.0: Addressing the Digital Dilemma

Operational technologies also inhibit convergence by concentrating production in established hubs. 

There is new evidence that industrial automation in European high-income countries (HICs) has reduced offshoring 

to lower-wage countries in the region (Figure O.16). This indicates that smaller EU13 countries, such as the Czech 

Republic, the Slovak Republic and Slovenia, are perhaps not automating enough to compensate for rising wages 

relative to Asia. To illustrate, the production of hearing aids, which are almost entirely 3D printed, has not shifted 

closer to consumers. The early innovators in Europe, such as Denmark and Switzerland, remain the major produc-

ers and account for 22 percent of world exports of hearing aids. Some middle-income economies have also substan-

tially increased their market shares between 1995 and 2015, but these include China, Mexico and Vietnam, and 

exclude countries in Eastern and Central Europe (Freund, Mulabdic and Ruta 2019). In fact, Adidas announced 

in late 2019 that its “Speedfactories” in Ansbach in Germany and Atlanta in the United States — which use comput-

erized knitting, robotic cutting, and 3D printing to produce athletic footwear — will be moved to China and Viet-

nam, where 90 percent of Adidas’ suppliers are currently located. The technology creators in Europe also remain 

concentrated. For example, while Germany accounts for about half of the top 20 EU regions with respect to their 

future potential in developing operational technologies (Boschma and Balland 2019), the Piedmont and Lom-

bardy regions account for almost 60 percent of Italian firms producing autonomous robots (Estolatan et al. 2018).

Taken together, these findings show that Europe faces a challenging digital dilemma. On the one 

hand, in those technologies where the potential for inclusion and convergence is greatest, European firms are 

not sufficiently competitive. On the other hand, where European firms are competitive, new opportunities 

are more concentrated in larger firms and leading regions. But distinguishing across types of technology also 

highlights the pathway to achieving Europe’s three goals, by identifying where there are synergies and ways 

to manage the trade-offs.

The COVID-19 pandemic creates new challenges for Europe’s triple objective. As the COVID-19 outbreak 

quickly evolves from a health emergency to a full-blown economic crisis, firms and workers in the private sec-

tor are bearing the pandemic’s economic brunt (World Bank 2020). What it means to be competitive when 

workers and customers must respect social distancing requires different responses by sectors. The impact 

is being felt across a wide range of services, but also for manufacturing, particularly those businesses in value 

chains that are being disrupted by trade and slowdowns in other locations (Dingel and Neiman 2020; Avdiu 

and Nayyar 2020). There are also implications for market inclusion. Liquidity is expectedly more problematic 

FIGURE O.16 Robots slowed down offshoring to Eastern Europe 
Robots per 1,000 employees among HICs in ECA and the ratio of FDI stock 
from HICs in ECA to LMICs in ECA relative to LMICs in other regions (2004 – 15)

Source: Background paper by Hallward-Driemeier and Nayyar (2019). 
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FIGURE O.15 The intensity of robot use is associated with higher 
capital intensity in production, 2016
Robots per 1,000 employees and capital investment per worker, ratio between 
most (motor vehicles) and least technology-intensive sectors (apparel), 2016

Source: Authors’ calculations, based on Eurostat. 
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for micro and small businesses, many of which operate in “shutdown” sectors such as traditional food mar-

kets, restaurants, bars, and personal services such as fitness centers and hairdressers. Similarly, the pattern 

of potential job losses during the COVID-19 outbreak is likely to disproportionately affect unskilled labor. For 

example, occupations that are less amenable to home-based work and therefore at higher risk of layoffs are 

largely concentrated among lower wage deciles (Avdiu and Nayyar 2020). This includes personal care, food 

services, and production jobs. There may also be implications for geographic convergence if industries that are 

most affected are concentrated in certain regions of a country, e.g., travel destinations or manufacturing hubs.

As governments respond with a range of financial support programs, the use of digital technologies 

can be a useful complement to “to keep the lights on”. While timely financial support that limits firm 

bankruptcies and prevents widespread layoffs is key in the short run, digital technologies can also help firms 

to better adjust to the COVID-19 shock. The response to the COVID-19 pandemic and economic crisis underscore 

the potential for more inclusive outcomes across all three types of technology (see Box O.2).

ADDRESSING THE DIGITAL DILEMMA  
TO ATTAIN EUROPE 4.0
Policymakers can address Europe’s digital dilemma by scaling markets, shaping the use of data for 

commercial uses, and smoothing technology adoption. First, scaling up markets would help to expand the 

use of digital technologies that reinforce market inclusion and convergence. Second, in addressing new chal-

lenges introduced by big data in ways that safeguard European values, updating competition and data privacy 

BOX O.2 Europe 4.0 — Even more important during a global pandemic
The COVID-19 crisis underscores the importance of the digital agenda. 
New technologies are making it possible for work to continue for many 
workers, thus reducing the extent of the supply shock as well as the 
demand shock as these remote workers are still getting paid. This 
amount of remote work would have been much for difficult to achieve 
a decade earlier when world was just recovering from the Global 
Financial Crisis. Transactional technologies are enabling many ser-
vices to be performed virtually — or to coordinate the sale and deliv-
ery of goods in ways that limit in-person interactions. Restaurants, for 
example, can continue to operate through digital platforms that enable 
online ordering and home delivery of food. Similarly, online fintech plat-
forms could facilitate supply-chain finance to SMEs by reverse-factor-
ing transactions.a While several services where transactional technolo-
gies have been key enablers are also on lockdown, e.g. ride sharing and 
accommodation sharing, countries and regions with better virtual links 
are able to sustain more lockdowns with less economic pain. 

Informational technologies offer new potential in the public health 
sphere, from using cell phone data to understand case patterns and 
compliance with stay-at-home orders, to using AI to track cases and 
effective treatments as well as broader economic disruptions. There are 
clearly privacy concerns associated with these approaches, but aggre-
gated information can still be useful for public health officials; it is too 
early to tell how willing individuals may be to consent to being part of 

tracing apps. Safeguards for how data would be used will be impor-
tant in ensuring trust in the system and alignment with important soci-
etal goals.

For operational technologies, the smart automation also enables more 
production with generally greater distancing of workers. Informa-
tion on potential disruptions in supply chains can now be communi-
cated earlier which makes it possible to adjust accordingly. While there 
is greater talk of strategic autonomy in the manufacture of necessi-
ties (from medical protective and testing equipment to food), whole-
sale reshoring is unlikely as the efficiency gains for global value chain 
production systems remain high. Some more diversification of sources 
may occur, some of the patterns of automation and reshoring dis-
cussed in Chapter 5 are likely to accelerate.

How will the COVID-19 crisis impact Europe’s social and economic goals 
of completeness, inclusion and convergence? In the immediate run, the 
importance of inclusion of firms, especially SMEs, and ensuring lagging 
regions access to the benefits of digital technology will be a political 
and social priority. This crisis response will include many more instru-
ments than just supporting the digital agenda, but it is an important 
dimension. Over time as countries move to crisis recovery, competitive-
ness is likely to become a higher priority. The agenda laid out here of 
how to foster greater digital technology adoption with all three goals in 
mind is even more relevant than before the crisis.

Source: World Bank ‘Supporting Firms’ crisis response note, April 2020.
a. When a financial institution interposes itself between a company and its suppliers and commits to pay the company’s invoices to the suppliers at an accelerated rate in exchange for a discount
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policies will shape the balance between competitiveness and inclusion. Third, speeding up and smoothing 

the wider diffusion and adoption of technologies that tend to concentrate benefits in larger firms and leading 

regions will share the productivity benefits of these technologies more widely. 

Differentiating by technology, these priorities become clearer. The focus on scaling markets is the pri-

ority for transactional technologies, where the ability to be competitive is still constrained. The regulatory 

debates on the use of data and how best to respond to the new types of market dominance that big data brings 

are of first-order importance for informational technologies. Meanwhile, the need to diffuse opportunities 

through enabling wider adoption of technology is particularly relevant for operational technologies.

The policy recommendations are also mutually reinforcing across technologies. Scaling markets will 

matter for informational technologies too. With earlier waves sharing some of the same potential as transac-

tional technologies in terms of geographic convergence, the same recommendations to raise competitiveness 

could bring inclusion and convergence benefits here too. However, newer informational technologies have 

consequences similar to operational technologies. So, as with operational technologies, more needs to be done 

to support the diffusion of these technologies across a wider set of firms. And the regulation of data will mat-

ter too, of course, for transactional platforms, and increasingly for operational technologies as the IoT expands. 

There is a priority for each technology, but the package provides a whole that supports all technologies’ con-

tributions to Europe’s triple objectives.

This report’s policy recommendations distinguish between policies and investment allocations made 

at the level of the EU, and those at that national level or sub-national levels. For member states of the 

EU, the agenda requires more coordination and alignment on priorities, but also provides additional instru-

ments for achieving the goals. For non-member states, the issues discussed would need to be addressed at the 

national level, keeping in mind their consistency with EU rules and regulations.

Transactional technologies:  
Scale markets to realize the potential for market inclusion and convergence 

Scaling markets in Europe is central to expanding the use of transactional technologies, and thereby 

realizing their potential for inclusion and convergence. Transactional technologies have the potential 

to connect more smaller firms to larger markets, while expanding digital exchanges such that geography should 

matter less. The challenge is that uptake by firms and consumers is not widespread, and Europe is not creating 

FIGURE O.17 Addressing the digital dilemmas across digital technologies
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Source: Europe 4.0 team.
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many leading firms in this space. Exploiting network effects is what benefits users on both sides of the market 

that the digital platforms help to match. Unless the constraints to market scale are lifted, these technologies 

cannot really take off. There are also other complementary factors necessary for users to take up these types 

of transactional technologies, including logistics and trust in the system.

EU level: Scaling European markets 

At the level of the EU, achieving scale requires completing the digital single market. For non-member 

states, it involves expanding digital trade with the larger EU market. The outstanding issues are already well 

recognized. These include the continued limitations on making sites truly accessible across international 

boundaries, and the continued restrictions on the portability of copyrighted digital material that limits sales 

or the transfer of some property across borders.

It also requires addressing the remaining barriers in 

the single market, particularly for services. In addition 

to digital markets, there are several complementary factors 

that determine whether efficiency gains are realized. Sev-

eral are based on ways in which the single market, particu-

larly in services, itself is not complete. One example is the 

“Amazon Paradox”, where it both costs more and takes longer 

for e-commerce across countries in Europe than it does across 

states in the United States; Amazon Marketplace is profitable 

in North America but runs at a loss in Europe. When the cost 

of sending packages across countries can be 370 percent more 

than the cost of sending the same package domestically, the 

barriers to achieving scale are real (Van Der Merel, 2019). In 

Europe’s many small economies, the reliance on a network of 

national postal systems can introduce delays and higher costs. 

The potential applications are also limited if there are restric-

tions on the digital delivery of many services across borders 

within the EU, particularly professional services. Such appli-

cations would be particularly beneficial for lagging regions. 

National and sub-national levels: address “analog 
complements” to enable wider digital diffusion

The ability to trade within Europe is also affected by reg-

ulatory differences at the national level. Product regula-

tions and taxation can limit trade across borders in practice 

by raising costs of compliance (Van Der Merel, 2017). Une-

venness in the implementation of single market regulations 

can also raise the level of uncertainty or costs for firms seek-

ing to work across borders within the EU.

At the sub-national level, the absence of complementa-

ry factors could hinder the dissemination of transac-

tion technologies — access to broadband is not enough. 

The low uptake of e-commerce in many European regions 

underscores the reality that the diffusion of even basic trans-

actional technologies is not automatic. Access to broadband 

FIGURE O.18 Logistics competence
Normalized LPI scores (global average=0; standard deviation=1)

Source: World Bank Logistics Performance Index, 2018
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is not sufficient. Other constraints include gaps in the enforcement of regulations and tax where the informal 

economy may still be preferred to having transactions with digital footprints (World Bank, 2016). Users’ digi-

tal literacy and the availability of digital skills matters as well, although the skills necessary to use such tech-

nologies is fairly low. Together, these ‘analog complements’ matter in determining the extent to which users 

turn to transactional technologies which, in turn, affects how well companies themselves can be competitive 

and achieve larger scale.

Informational technologies:  
Shaping the commercial use of data for greater market inclusion

The nature of regulatory responses to the challenges 

posed by AI and new types of market dominance will 

shape the balance between competitiveness and inclu-

sion for informational technologies. The earlier wave 

of informational technologies helped contribute not only 

to competitiveness, but also to market inclusion. As such, 

the agenda to expand their use is shared in part with that 

of transactional technologies. However, the dynamics are 

changing with the growing use of big data analytics and 

machine learning. The network effects of platforms and 

the insights gained from harnessing large amounts of data 

are the source of efficiency gains and innovation. But these 

dynamics are precisely what raise new challenges to compe-

tition authorities, and to those safeguarding the value of con-

sumer protections and data privacy within Europe (Rosot-

to et al., 2018). The next steps will be critical in determining 

how well Europe balances size, innovation and contestabil-

ity of markets for entrants and SMEs (Furman et al., 2019).

EU level: Making competition and data privacy regulations fit for purpose in the digital age

Europe has been a global leader in its use of competition policy in the digital economy but this pol-

icy will need to be continuously updated as new risks associated with market dominance emerge. The 

EU’s commitment to using competition policy for the data economy is not just about providing a level play-

ing field for European and non-European digital firms. It has recognized a number of ways in which compe-

tition policy needs to adapt to the new sources and potential uses of market dominance (Nyman et al, 2019). 

These include: safeguarding against self-preferencing on platforms and search results; pricing policies, includ-

ing dynamic pricing over time, that can discriminate across consumers; updating approaches to mergers and 

acquisitions (e.g., setting thresholds for review based on the size of the deal and not just on the level of turn-

over of the firm being acquired; who bears the burden of proof of whether consumers would be harmed); the 

need to speed up times for review and enforcement; updating the relevant types of remedies available; and the 

need to review algorithms for their impacts on different groups of vulnerable consumers (Cremer et al, 2019). 

The EU needs to continue taking its mandate seriously: to make markets contestable, to encourage entrants, 

and to deter large players from abusing their dominant position in pricing, packaging products and services, 

and in marketing and financing. 

The EU is also poised to lead on data regulations to encourage the sharing of non-personal commercial 

data that could be a source of competitiveness and inclusion. If data are an increasingly important source 

of value added, making data available to more firms could support both inclusion and innovation (Bauer et al, 

FIGURE O.19 European competition authorities lead among 
regions in launching investigation

Source: World Bank Competition Policy Project.
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2016; Van der Marel, 2019). But the distinction between personal and non-personal data is likely to become 

increasingly blurred with the proliferation of sensors and facial recognition software. As such, data privacy 

regulations will be critical in how these opportunities develop.

Data privacy regulations of personal data are motivated by safeguarding consumers and citizens, 

but their impacts on innovation and inclusion need to be considered too. The EU and the governments 

of its member states are committed to ensuring that data and AI are used for human-centric purposes. The 

restrictions are on personal data rather than commercial or non-personal data. However, the regulations 

introduce costs of compliance. These are proportionally higher for smaller firms, having the unintended con-

sequence of working against inclusion (Chivot and Castro, 2019; Jian and Wagner, 2018). There are also ques-

tions about the abilities to innovate if data cannot be repurposed, or if there are penalties for sharing person-

al data. Encouraging data portability and interoperability standards should provide greater opportunities for 

SMEs and entrants, thereby helping support innovation — and market inclusion.

The extent to which Europe values privacy can influence global standards depending on whether 

‘privacy by design’ can be a source of comparative advantage. Europe’s approach is already shaping glob-

al markets, as its trade and investment partners have to comply and adhere to EU regulations (Mattoo and 

Meltzer). Reinforcing this, if Europe can build more and larger firms that comply with the various ‘privacy-

by-design’ features, there is an opportunity to set global standards on these issues that Europeans care about 

in other markets. Given reactions to scandals on how data have been used to manipulate elections or to target 

willingness to pay, non-European consumers’ interest in privacy and the trusted use of data is likely to grow. 

National and sub-national levels: Helping informational technology startups

To support both competitiveness and inclusion, more can be done to support the startup ecosystem for 

digital businesses. Unlike traditional startups, new informational (as well as digital transactional) business 

models have more intangible assets, which means there is limited collateral to use to secure financing. Given 

the time to generate network effects, such firms may also need significant funding that can only be paid back 

with lags. A popular form of venture capital that helps minimize labor costs upfront and shares the risks and 

upside potential is the use of stock-options. However, these cannot easily be transferred across borders given 

that financial regulation varies at the country level. In addition, the initial public offering (IPO) regulations that 

have a ‘one-size-fits-all’ model with heavy administrative requirements are not well suited for innovative busi-

nesses that have different sizes and capital needs. Different regulatory measures and taxation rates can also tilt 

some firms’ interest to incorporate outside Europe (European IPO Report, 2015). The NASDAQ has benefited from 

listing several firms with European founders. Lastly, new waves of informational technologies are more skill 

intensive. Doing more to attract and retain skilled workers would enable more firms in more locations to com-

pete. Supporting more new informational firms to scale up in Europe could support all three of its economic goals.

Operational Technologies:  
Smooth technology adoption to enable opportunities for greater convergence  
and market inclusion

Accelerating the diffusion of operational technologies is necessary for the productivity benefits to be 

shared widely. Given Europe’s competitiveness in operational technologies, the agenda is to continue building 

on this source of strength, while also working to enable more firms and locations to support its use to counter 

the concentration of its benefits. Europe’s strength in operational technologies is reflected in the large share 

of R&D that is performed in these technologies. The large bulk of this R&D is carried out by a relatively small 

number of large firms. More applied R&D by a wider set of firms would help to expand who can absorb and use 

the more productive means of production.
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New operational technologies are drawing increasingly on transactional and informational technolo-

gies in ways that could reinforce the potential for greater market inclusion. Much of the attention to date 

on data platforms has been on B2C companies where Europe is relatively less competitive. However, the expan-

sion of industrial IoT and B2B platforms could be a growing source of competitiveness for European firms that 

are leaders in operational technologies. Proposals to facilitate the sharing of commercial, non-personal data 

could reinforce this, assuming it is done in ways that are aligned with competition principles (i.e., is not done 

to facilitate collusion). The building of larger pools of data could allow for more innovation and a wider appli-

cation of operational technologies in areas such as the management of building complexes, or utility or infra-

structure systems. However, the impacts on market inclusion and convergence would need special attention 

if they are likely to be achieved in practice (see Box O.3).

EU level: Balance funds for research with funds for technology diffusion

At the EU level, this means the allocation of research and regional development funds should bal-

ance innovation at the frontier with supporting adoption among SMEs and lagging regions. The evi-

dence shows that new areas of excellence can emerge; Poland has two and the Czech Republic has one of the 

top 20 innovation hubs in the EU. Even countries in the Balkans show areas of promise in particular types 

of data-driven technologies (see Box O.4). But attempts to leapfrog into areas with limited expertise or a poor 

BOX O.3 How would the new EU data strategy of February 2020 address the digital dilemma? 
The Commission announced on February 19, 2020 a new and ambi-
tious data strategy. This report provides new insights into how the new 
strategy will help Europe reach its ambitions. On the one hand, the new 
strategy focuses on strengthening Europe’s competitiveness. It aims to 
leverage Europe’s strength in operational technologies, while seeking 
to do more with the data generated by these technologies. The push 
to expand industrial IOT to inform a wider set of processes, the greater 
sharing of commercial data and wider use of public data, as well as the 
development of more B2B platforms within manufacturing, would be 
harnessing elements of informational and transactional technologies to 
raise further the competitiveness of Europe’s operational technologies. 
This is promising. 

However, as the report makes clear, the EU’s new data strategy is not 
likely to address growing tensions with the goals of market inclu-
sion and geographic convergence unless complemented by additional 
investments and targeted policies. How the EU will move from strategic 
principles to regulations and investments will matter a great deal in the 
strategy’s impact on the digital dilemma. The regulations on when and 
how data needs to be shared will not only be about setting standards, 
but will be critical in determining whether smaller firms and entrants 
can realistically compete and adopt these new digital technologies. It 
is not just about the de jure rules, but about their impacts in practice. 
Here, three empirical insights are critical for Europe to succeed: 

• First, while the earlier wave of informational technologies has been 
contributing to market inclusion, this might not continue to be true 
of the latest applications. In particular, the use of big data analyt-
ics and machine learning are widening performance gaps between 
larger and smaller firms and between leading and catching up 
regions. Thus, the new uses of digital technology being supported 

by this strategy may reduce rather than enhance market inclusion 
and convergence in practice. 

• Second, while B2C can enable a wide range of firms to use the plat-
forms, the same has not yet been demonstrated for B2B; they are 
more successful for large value chains where there are economies 
of scale than for even medium sized lead firms (Fraunhofer, 2019). 
So, while expanding transactional technologies could contribute to 
market inclusion and convergence, it might not necessarily be as 
true with B2B platforms. 

• Third, to the extent there are digital skill and data management 
requirements and greater need for a conducive business environ-
ment to support the use of the underlying new technologies along 
these value chains, the evidence shows that smaller firms and firms 
in catching up regions might need more active support to be able to 
absorb these technologies and seize the new opportunities. Access 
to digital opportunity might not be enough.

The new data strategy raises the stakes and the potential of how the 
data economy can raise European competitiveness. The analysis pre-
sented here provides ways to help realize this potential while avoid-
ing some of the trade-offs. To make this data strategy feasible, more 
still needs to be done to complete the Digital Single Market to enable 
data to flow and be used in practice (see Chapter 6). To be inclusive of 
smaller firms and new entrants and to support regional convergence, 
both the rules (discussed in Chapter 7) and the efforts to support a 
wider deployment and adoption of these technologies (discussed in 
Chapter 8) will be needed. This augmented approach would then rein-
force the potential to attain all three objectives — and strengthen the 
potential for Europe’s approach to data itself to be a source of compar-
ative advantage. 

Source: Europe’s Digital Strategy, February 19, 2020, and Europe 4.0 team
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track record using frontier technologies rarely succeed. Building on existing capabilities is more likely to be suc-

cessful. Two other criteria are encouraging research networks and supporting applied R&D in areas that have 

links to local markets (Balland and Boschma, 2019; Muscio and Ciffolilli, 2019). This approach is much more 

likely to develop connected centers of excellence that serve as hubs rather than islands that are isolated from 

their local economies. Conducting reviews of the efficiency and effectiveness of spending could be used to fur-

ther improve the allocation of these funds.

National and sub-national levels: Supporting firm capabilities to absorb new technologies

The focus at the national and sub-national levels should be to support firms’ capabilities to acceler-

ate technology diffusion. This includes supporting hubs/sectors of relative strength in the local economy 

and on developing new applications for general purpose technologies (GPTs) in those traditional sectors. It also 

BOX O.4 The Western Balkans is on par in data-driven technologies with Southern and Southeast Europe
As expected, no Balkan economy has become a leader in new digital 
technologies. However, while none of these countries is strong across 
all digital technologies, some are strong in a few of them and are 
investing to build on these emerging strengths. 
EU membership on its own has not enabled countries such as Roma-
nia and Bulgaria to significantly scale up their use of digital technolo-
gies. Fewer than 10 percent of firms in Romania and Bulgaria meet even 

a minimum threshold of selling online (see figure below). But while still an 
EU candidate country, Serbia outperforms many EU14 countries in the use 
of online sales. Western Balkan countries of Serbia and Bosnia and Her-
zegovina are in the top countries in the share of firms that use a B2B or 
B2C website or app to sell online in Europe. Meanwhile, Romania, Bulgaria, 
Montenegro, and North Macedonia constitute four of the bottom five coun-
tries in terms of low use of a B2C website or app for online selling. 

However, there are also potential clusters of excellence in the Balkans, 
which data on patents confirm. Serbia’s Novi Sad and Romania’s Cluj have 
nascent digital clusters. Bulgaria’s Yugozapaden region demonstrates con-
siderable potential in augmented reality (top 10 of all European regions), 
as well as capabilities in cybersecurity and some operational technologies 

such as additive manufacturing and autonomous vehicles. Several regions 
in Romania also demonstrate capabilities in cybersecurity and operational 
technologies. North Macedonia is investing in Augmented Reality, and Mon-
tenegro shows a moderate advantage in Simulation, as well as Augmented 
Reality, based on the Horizon 2020 funding it has received.

Source: Europe 4.0 team; Balland &Boschma background paper for Europe 4.0 (2019). 

FIGURE BO.4.1 The share of enterprises that use a B2C website or app to sell online in Europe, 2018

Source: Eurostat and OECD.
Note: The orange bars are countries in the Western Balkans.

MEROTRBGITPLLVFRGRPTSKLUHUHRESCYATISEU
avg.

EEFISIGBDENLLTCZSEDKBAMTNORSBEIE
0

10

20

5

15

25

30
Percent



22 Europe 4.0: Addressing the Digital Dilemma

means working with firms to strengthen their capabilities to absorb technologies and manage the internal 

change processes to use it successfully (Cirera and Maloney, 2017). More can also be done to attract the skilled 

workers needed for many of the newer technologies.

ADDRESSING THE DIGITAL DILEMMA  
REQUIRES CAPTURING SYNERGIES  
AND MANAGING TRADE-OFFS 
The framing of the policy debates will determine whether Europe’s three objectives are mutually 

incompatible or reinforcing in the digital economy. This depends, in part, on different visions of ‘com-

petitiveness’: whether having giants in global markets is the goal, or having a vibrant digital economy is the 

ultimate measure of success; whether the emphasis is on creating new technologies, or widely disseminating 

them; and on whether opportunities are expected to diffuse on their own, or whether adoption is itself a part 

of the agenda to support market inclusion and convergence. And, if Europe wants its values to have a wider 

influence internationally, which of these visions is the more effective approach matters all the more.

Concerns about the lack of European global tech champions puts the focus on a narrow definition 

of success that risks setting up policy prescriptions where goals of size are pitted against the goals 

of market inclusion and convergence. It would tilt rules toward big firms (e.g., competition policy that 

allows monopolies, does not safeguard against ‘buy and kill’ acquisitions, etc.) and allocate investments to large 

incumbents in their existing production locations. 

FIGURE O.20 A policy agenda for Europe 4.0
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Note
 1. In this report, “Europe” refers to the continent 

of Europe. In some cases the focus may be on European 
Union countries, in which case this is noted. In com-
paring sets of countries within the continent, dis-
tinctions are made between the ‘EU14’ (the original 
15 countries that joined before 1995 minus the United 
Kingdom, i.e. Austria, Belgium, Denmark, Finland, 
France, Germany, Greece, Ireland, Italy, Luxembourg, 
Netherlands, Portugal, Spain, and Sweden), the ‘EU13’ 
(the newer member states that have joined since 2004, 

i.e. Bulgaria, Croatia, Cyprus, Czech Republic, Estonia, 
Hungary, Latvia, Lithuania, Malta, Poland, Romania, 
Slovenia and Slovakia), the candidate countries 
(Turkey, North Macedonia, Montenegro, Serbia and 
Albania, and also Kosovo and Bosnia and Herzegovina); 
and other non-member states Norway, Iceland and 
Switzerland and the United Kingdom, which will leave 
the EU at the end of 2020. When talking about policy 
approaches, the report focuses on the European Union 
as well as individual country level policies.
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