
Building a sm
art and green Europ

e in the CO
VID

-19 era

Building a smart  
and green Europe 

in the COVID-19 era

INVESTMENT REPORT 
2 0 2 0 / 2 0 2 1

Chapter 8
 Innovating for climate change:  

The green and digital twin transition



Chapter 8
  Innovating for climate change:  

The green and digital  
twin transition

EUROPEAN INVESTMENT BANK INVESTMENT REPORT 
2 02 0/ 2 021

Building a smart  
and green Europe 

in the COVID-19 era

Part II Investing in the transition  
to a green and smart economy



Investment report 2020/2021: Building a smart and green Europe in the COVID-19 era
© Economics Department (EIB), 2021. All rights reserved. Short sections of text, not to exceed two paragraphs, may be 
quoted in the original language without explicit permission provided that the source is acknowledged.

About the Report
The EIB annual report on Investment and Investment Finance is a product of the EIB Economics Department, providing 
a comprehensive overview of the developments and drivers of investment and its finance in the European Union. 
It combines an analysis and understanding of key market trends and developments with a more in-depth thematic 
focus, which this year is devoted to European progress towards a smart and green future in a post-COVID-19 world. 
The report draws extensively on the results of the annual EIB Investment Survey (EIBIS) and the EIB Municipality Survey. 
It complements internal EIB analysis with contributions from leading experts in the field.

About the Economics Department of the EIB
The mission of the EIB Economics Department is to provide economic analyses and studies to support the Bank in its 
operations and in the definition of its positioning, strategy and policy. The Department, a team of 40 economists, is 
headed by Debora Revoltella, Director of Economics.

Main contributors to this year’s report
Report Director: Debora Revoltella
Report Coordinators and Reviewers: Pedro de Lima and Atanas Kolev

Introduction:  Atanas Kolev.
Chapter 1:   Atanas Kolev (lead author), Laurent Maurin (lead author), Koray Alper, Luca Gattini, Jochen Schanz and 

Patricia Wruuck.
Chapter 2:  Atanas Kolev (lead author), Andrea Brasili, Peter McGoldrick and Jochen Schanz.
Chapter 3:  Laurent Maurin (lead author), Joel Auber, Frank Betz, Rozalia Pal and Patricia Wruuck, together with Antonia 

Botsario, Salome Gvetadze, Helmut Kraemer-Eis, Frank Lang and Wouter Torfs (all European Investment 
Fund, Research and Market Analysis).

Chapter 4:   Fotios Kalantzis (lead author), Andrea Brasili and Annamaria Tueske.
Chapter 5:   Fotios Kalantzis (lead author) and Hanna Niczyporuk (New York University).
Chapter 6:   Laurent Maurin (lead author), Giovanni Barci, Emmanouil Davradakis, Aron Gereben, Annamaria Tueske 

and Marcin Wolski.
Chapter 7:   Christoph Weiss (lead author), Julie Delanote, Peter Harasztosi, Désirée Rückert, Antilia Virginie, Sara 

Amoroso (European Commission, Joint Research Centre, Box A), Petros Gkotsis (European Commission, 
Joint Research Centre, Box A) and Nicola Grassano (European Commission, Joint Research Centre, Box A).

Chapter 8:   Julie Delanote (lead author), Désirée Rückert (lead author), Peter Harasztosi and Julie Callaert (ECOOM, 
KU Leuven, collaboration for PATSTAT data preparation, Box A).

Chapter 9:   Peter McGoldrick (lead author), Maïa Debs, Julie Delanote, Atanas Kolev and Désirée Rückert.
Chapter 10:   Patricia Wruuck (lead author), Aron Gereben, Peter McGoldrick, Désirée Rückert, Annamaria Tueske, 

Daniel Wetzel (International Energy Agency, Box B) and Marcin Wolski.

Scientific advisory committee: Giorgio Barba Navaretti (Università degli Studi di Milano), Eric Bartelsman 
(Tinbergen Institute), Catherine L. Mann (Citi), Steven Ongena (University of Zurich), Pier Carlo Padoan, Peter Praet, 
Jan Svejnar (Columbia University) and Reinhilde Veugelers (KU Leuven). 

Published by the European Investment Bank.
Editors: Christopher Shaw, Kevin Barron and Janel Siemplenski Lefort 
Layout: Marlène Hignoul and EIB GraphicTeam 
Printed on FSC Paper: Munken Polar, bouffant 1.13, FSC® Mix blanc.

The EIB uses paper certified by the Forest Stewardship Council (FSC). Because it’s made by people who like trees.
FSC promotes environmentally sound, socially beneficial, and economically viable management of the world’s forests.
We all know reading is good for you. It’s good for the planet, too – as long as you read on the right paper.

Disclaimer
The views expressed in this publication are those of the authors and do not necessarily reflect the position of the EIB.

Acknowledgements
Adriano Amati, Blanca Garrido Rivera, Nicola Heusel and Zsolt Nagy provided research assistance. Comments and 
suggestions from Cristina Niculescu and Diego Tonelli are gratefully acknowledged.



Chapter 8
  Innovating for climate change:  

The green and digital  
twin transition

Building a sm
art and green Europ

e in the CO
VID

-19 era

Building a smart  
and green Europe 

in the COVID-19 era

INVESTMENT REPORT 
2 0 2 0 / 2 0 2 1

Download the complete report:
www.eib.org/investment-report-2020
www.doi.org/10.2867/904099

Available as:

print: ISBN 978-92-861-4813-2 ISSN: 2599-8269
eBook: ISBN 978-92-861-4812-5 ISSN: 2599-8277
pdf: ISBN 978-92-861-4811-8 ISSN: 2599-8277



Part II
Investing in the transition to a green and smart economy 269

 
 InnovatIng for clImate change: the green and dIgItal twIn transItIon Chapter 8

Chapter 8

Innovating for climate change: 
the green and digital twin transition
Developing new green technologies is crucial in the fight against climate change and covers more 
than innovations in the energy sector. Green innovation is an essential part of the decarbonisation 
effort, as many of the technologies needed in a net-zero emissions world are still far from mature. While 
energy systems are paramount to the transition, they are not the only way forward: materials, land use 
and many other fields are at least equally important. In addition, mitigating climate change cannot be 
the sole focus. Societies need to also focus on adaptation and creating a circular economy, along with 
other initiatives. Digital technologies are also frequently put forward as having enormous potential to 
address climate change. 

The European Union is currently leading the way in combining the potential of green and digital 
technologies, despite its persistent lag in digital innovation and adoption. While the european Union’s 
position is encouraging, other countries threaten to overtake it. Moreover, developing knowledge is one 
thing, but implementing it is just as important.

For the twin transition to be successful, the European Union needs to leverage its innovation, while 
also ensuring that knowledge is circulating among EU members and that technologies are being 
adopted more widely. europe seems to diffuse knowledge relatively well compared to other regions. 
however, some successful practices and know-how remain stuck behind country borders. 

For investment in both green and digital technologies, the corporate sector in Europe is well ahead of 
the United States. eU companies are investing heavily in these areas with plans to step up their spending 
even further in the coming years. 

To move forward, the European Union should maintain the creation of green and digital innovations 
and actively support their diffusion. this is not just about creating a healthy policy mix to foster green 
innovation, but also about inclusiveness, reconfiguring markets and changing lifestyles and business 
practices. COVID-19 is also a potent reminder of the destruction a crisis can cause. Climate change, which 
has potentially even greater consequences, should be dealt with now. Otherwise, societies could find 
themselves jumping from one crisis into the next.
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Introduction
New green technologies can help the european Union meet the demanding goals of its climate change 
agenda (World Meteorological Organization (WMO), 2020). as mentioned in previous chapters, climate 
action is needed now. technical progress must be made in a variety of sectors, and green innovations 
can incorporate technologies from different fields, such as the digital sector. Investing in environmentally 
friendly technologies and supporting innovation in the private sector are clearly stated ambitions of 
the european Green Deal (european Commission, 2019). In addition, europe’s ambitions require a twin 
transition in which both green and digital technologies play a central role.

In this chapter, we combine data from a range of sources to assess where europe stands in the twin transition 
of digital and green technologies. One major source is patent data taken from the patStat database, 
which makes it possible to evaluate the development and spread of green and digital technologies. In 
addition, we use data from the eIB Investment Survey (eIBIS) to study the uptake of digital and green 
technologies by the corporate sector. Furthermore, to analyse the development of young firms in the 
energy and sustainability fields, we use data from Crunchbase, an online platform where newly launched 
companies around the world can present their businesses and current financing needs. Finally, we rely 
on a new data source, the eIB Online Survey on environmental Innovations, which asks firms specifically 
about their different environmental innovations, the motivations and barriers and their views on current 
regulatory frameworks (for more information on the different data sources used, see Data annex).

the purpose of this chapter is to gauge europe’s position in climate and digitalisation innovation and 
to examine lessons from the past. the first section will map climate innovation patterns across different 
regions and technologies. In the second, we point out that although the european Union is lagging 
behind in purely digital innovation, it is at the forefront of developments in the areas where green and 
digital technologies meet. We also look at where the corporate sector stands. We conclude the chapter 
with a discussion of policy measures that can, in our view, help consolidate and further boost green and 
digital innovation in europe.

The climate innovation landscape
The development and diffusion of technologies that generate environmental benefits are crucial 
for green growth. It is evident by now that the challenge of climate change cannot be tackled without 
technological advances (aghion et al., 2019). however, investment in green technologies is generally 
considered to be below the socially optimal level. as with any other type of innovation, information 
asymmetries between firms and external suppliers of finance – along with the high risk that outside 
firms will ultimately benefit from innovation – can deter private investments in green innovation (Jaffe 
et al., 2005; rodrik, 2014; aghion et al., 2016). 

Market prices might not take into account the environmental benefits associated with green 
technologies. the gap between market prices and the environmental benefit is specific to green innovation 
(popp, 2019). Market prices, particularly in the context of misaligned carbon pricing, provide insufficient 
incentives for the development and uptake of innovations that lower emissions. private-sector players 
cannot be expected to ignore their own bottom lines, and the imbalance is driving green investment 
below socially optimal levels. this section assesses how europe measures up in climate innovation and 
proposes some hypotheses about why innovation in the energy sector has declined in the last decade.

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
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Box A
Patent data as a measure of innovation activity

patents grant the applicant exclusive rights to produce or use a specific new device, apparatus or 
process for a limited period. More specifically, the legal protection gives patent-holders the exclusive 
right to make, use, sell or import the patented invention for a set period of time, usually 20 years 
from the filing date, in the country or countries covered. 

By providing protection and exclusivity, a patent encourages investment in research and the subsequent 
innovative work that will put those inventions to practical use. By providing temporary exclusivity on 
intellectual property, patents give their holders a competitive advantage. patents can also be licensed 
or used to help create or finance a spin-off company. a patent holder, therefore, can derive value 
from the patent even if the holder is unable to manufacture the product (for instance, universities). 

as such, patents reflect a country’s inventive activity and its capacity to use and develop knowledge 
for potential economic gain. a patent filing also contains a wealth of technical information that can 
be useful for follow-up inventions. In addition, the elaborate and well-structured information stored 
in patent documents allows for systematic and objective quantitative analyses that can provide 
insights into technological progress. Indicators based on patent statistics are widely used to assess 
the inventive and innovative performance of a country or a region.

In addition to containing technical details about the innovation in question, patent applications also 
disclose material on prior inventions, such as any other relevant patents.  While patent statistics can 
be used to measure innovation, statistics on patent citations can be used to assess the spread of 
knowledge and technology.

Nevertheless, some caveats exist for patent-based indicators. First of all, the propensity to patent 
varies by technological domain and region. Second, not all innovations are patented (for reasons of 
secrecy, for example), and not all patented inventions are innovative or even marketable products. at 
the same time, obtaining a patent does not necessarily mean the patented technology is important 
or has any commercial value. the value of patents varies widely. Lastly, part of the patent activity 
stems from strategic behaviour (such as blocking out or scaring off potential competitors) rather 
than innovative and valuable r&D efforts. 

the patent data used in this chapter are sourced from patStat (Worldwide patent Statistical 
Database). patStat is a patent statistics database held by the european patent Office (epO) and 
developed in cooperation with the World Intellectual property Organisation (WIpO), the Organisation 
for economic Co-operation and Development (OeCD) and eurostat. patStat was founded in 2006 
and concentrates on raw data, leaving licensed users to create indicators. patStat’s raw patent 
data are collected from more than 100 regional and national patent offices worldwide, including 
the most important and largest offices such as the epO, the United States patent and trademark 
Office (USptO), the WIpO, the Japanese patent Office (JpO) and the Chinese patent Office (SIpO). 
patStat is a relational database: more than 20 related tables contain information on relevant dates 
(filing, publication, grant, etc.), applicants and inventors, technological domains, references to prior 
art, etc. the database is updated twice a year, in the spring and autumn. the data sourced for this 
chapter were produced in collaboration with the Centre for research and Development Monitoring 
(eCOOM) in Belgium.
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Where europe stands in green innovation

the european Union is often criticised for being poor at creating knowledge, compared to other regions 
such as the United States, and for losing ground to China. patent data, however, do not reflect badly on 
the european Union. the data referring to the number of absolute patents across all domains suggest 
that the european Union is still leading in volume, together with the United States, while China is rapidly 
catching up. this trend runs in parallel to r&D expenditure over time, confirming that patent data can 
be reliably used to measure r&D activities.

Figure 1 
Patents and R&D expenditure over time, patent count (left axis) and R&D expenditure 
(million ppS at 2005 prices, right axis)
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R&D expenditures China (right) R&D expenditures EU (right)
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Source:  Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM and Eurostat data on intramural R&D 
expenditure (GERD).

Note: PPS stands for purchasing power standard.

The European Union is responsible for the highest number of newly introduced green patents. The 
European Union is one of the main players in green patenting. It is closely followed by Japan, but well 
ahead of the United States and China (Figure 2). In 2017, the number of green patents by the european 
Union was almost 50% higher than the United States. as a share of the total portfolio, green patents in 
europe were 70% higher than in the United States. 

Within Europe, green patenting activities are mainly driven by countries in Northern and Western 
Europe. these countries hold more than 90% of all green patents in the european Union (Figure 3). 
Northern and Western europe leads in absolute terms and in the number of patents as a share of Gross 
Domestic product (GDp). even though the number of green patents in Central and eastern europe and in 
Southern europe is significantly lower than in Western and Northern europe, the share of green patents 
in those regions’ total patent portfolio is comparable to Western and Northern europe.

Patenting in green technologies increased in most EU regions until early 2010, then started to decline 
(Figure 4). Green patenting reached its peak in the european Union, the United States and Japan around 
2012, remaining relatively strong immediately after the global financial crisis and despite a stagnation in 
overall patent activity. after 2012, however, green patenting activities began to drop off. China followed 
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a different path, showing persistent growth, with a decline in the share of green patents relative to total 
patents only apparent in recent years. 

Figure 2 
Green patents, patent count (left axis) and share of green in total patent portfolio (right axis)

EU count US count Japan count China count
EU share (right) US share (right) Japan share (right) China share (right)
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Source:  Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.

Figure 3 
Green patents in Europe, patent count (left axis) and share of green in total patent portfolio 
(right axis)

Western and Northern count Southern count Central and Eastern count
Western and Northern share (right) Southern share (right) Central and Eastern share (right)
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Figure 4 
Green patents and total patents, green patent count (left axis) and total patent count 
(right axis)
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Source: Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.

Figure 5 
Start-ups and scale-ups in the energy and sustainability sector, number of start-ups (left axis) 
and share of total start-ups, % (right axis)
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Base: Firms founded from 2008 to 2018 that are still active.
Note: Start-ups self-reporting that they belong to the energy and sustainability sector.
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The decline in patenting activities since 2012 has gone hand-in-hand with a drop in the share of start-
ups and scale-ups in the energy and sustainability sectors (Figure 5). the decline  raises some questions, 
given that start-ups are important drivers of aggregate investment activities and significant carriers of 
innovation (acemoglu et al., 2013; eIB, 2019). the eIB Online Survey on environmental Innovations seems 
to support the idea that start-ups were contributing to the green transition with innovative solutions. 
the start-ups surveyed were more likely to say that the environmental changes they implemented are 
not only new to the company, but also to the country and the global market (50% of start-ups claim that 
their innovation is new to the world, compared with 19% of traditional firms). as green innovation is a 
core part of any successful green transition, we need to understand better what drove this slowdown.

the inverse U explained

Across all regions, the most recent slowdown in green patenting is mainly driven by innovations 
related to energy generation, transmission or distribution. Green patents are classified using eight 
different areas, which mostly cover different technologies to mitigate or adapt to climate change. the 
evolution of each area can be traced over time (Box B). While the relative share of energy patents was 
still fairly low in 2000, their number rose constantly until 2012. In the european Union, energy patents 
represented 40% of total green patents at around that time, before a decline set in (Figure 6). 

Figure 6 
Green innovation subdomains in the European Union, patent count

Environmental management Water-related adaptation technologies
Capture, storage, sequestration of greenhouse gases

Wastewater treatment or waste management Production or processing of goods
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Energy generation, transmission or distribution

Buildings

0 

500 

1 000 

1 500 

2 000 

2 500 

3 000 

00 01 02 03 04 05 06 07 08 09 10 11 12 13 15 16 1714

Source: Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.
Note:  The different lines reflect the count of patents in the different subdomains of green patents.

Energy generation, transmission and distribution are central to reducing carbon emissions, even 
though they are only part of the solution. It is therefore important to understand why we see this decline, 
in spite of a maintained strong discourse in favour of the technologies within that domain (International 
energy agency (Iea), 2020a).
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Several factors can explain the pattern of energy patents, such as technological developments 
outside Europe and technological maturity. Green innovation has not always been a priority, because 
of insufficient demand or a lack of technological advancement. 

Innovation’s natural life cycle 

As technologies mature, the pace of innovation slows down. this is a well-known phenomenon, and 
not generally something to worry about (see the seminal paper of teece, 1986). Once a dominant design 
becomes established, the effort devoted to innovation often decreases. 

For solar photovoltaics (PV), the downward trend seems to be fully consistent with a technology 
entering its maturity stage. This is not the case for other technologies, however. In solar pV, costs 
came down as manufacturing increased, mainly in China, and the technology began to be rolled out. 
Overall, the focus shifted to marketing rather than innovation, and to China from europe. Nevertheless, 
the slowdown in green innovation can also be seen in other segments in the energy sector (Figure 7). 
For most, the downtrend is less clearly attributable to the maturing of underlying technologies. energy 
storage and hydrogen technology are good examples of areas considered very promising for carbon 
neutrality. Yet patenting has also dipped for these technologies, suggesting that european innovators 
are not responding to the potential. 

Figure 7 
Energy segments in the European Union, share of patents
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Source: Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.
Note:  The different dots reflect the share of a certain energy segment in the total patent portfolio of the European Union over time 

(2012 vs. 2017).

In addition, even for relatively mature technologies, follow-up innovations are necessary to 
accommodate for new  circumstances. It seems that researchers decided against looking for new ways to 
improve these technologies, possibly because the market was over-crowded. however, if carbon neutrality 
is to be achieved, follow-up innovations remain highly relevant also in the mature sectors (Iea, 2020).

The decline in energy patents is a global phenomenon, with the European Union experiencing a 
relatively smaller decrease than other regions. For the majority of technologies, the decline in patent 
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applications in the United States and China is greater than in the european Union. In fact, the number 
of patents in the european Union has even increased in wind energy, hydrogen technology and smart 
grids. It is important that europe maintains its competitive advantage in these different technologies, 
ensuring that the market does not shift to another region, as was the case with solar pV.

Figure 8 
Evolution of energy segments by region, growth rate from 2012 to 2017
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Source: Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.
Note:  The different bars reflect the change in the share of a certain energy segment of the total patent portfolio in the different 

regions over time (from 2012 to 2017).

price incentives and difficulties in finding funding

The decline in patenting activities occurred at the same time as the drop in fossil fuel prices (Figure 9). 
this suggests – at least from 2012 onwards – a very strong correlation between fossil fuel prices and 
energy patents. higher prices are an incentive for finding new, alternative energy sources. however, if 
prices decline, market players have less to gain from making substantial investments in alternatives to 
fossil fuels. r&D investors will therefore have less reason to continue these developments, which makes 
it difficult for these technologies to become widespread (popp, 2002; Verdolini and Galeotti, 2011). the 
market will feel less inclined to switch to alternative energy if the prices of conventional energy drop 
(Dechezleprêtre et al., 2019). Using patent data, aghion et al. (2016) focused on the car industry, showing 
that higher fuel prices boost innovation in low-carbon technologies while curbing innovation in the 
high-carbon ones. 

Recent developments, such as the widespread exploitation of shale gas, could hurt the climate in 
the long run. While shale gas decreases carbon emissions in the short run by encouraging a shift away 
from coal, a boom in this industry will presumably increase carbon emissions in the long term, given 
that shale investment has negatively affected research into clean technologies (acemoglu et al., 2019). 

public policy is another crucial driver of low-carbon technologies (Johnstone et al., 2010), in particular 
in the heavily regulated energy sector. as explained above, r&D investments by the private sector are 
largely profit-motivated. If the technologies to be developed are not seen as adding value, most firms 
and investors will not sign up for what is, after all, a risky endeavour. 
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Figure 9 
Energy patents in the European Union and fossil fuel prices, patent count (left axis) and price 
of fossil fuels (right axis)

Patents Premium unleaded petrol, 95 RON (right) Automotive diesel oil (right) Heating gas oil (right)
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Source:  Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM and fossil fuel prices as published by the 
European Commission via https://ec.europa.eu/energy/observatory/reports/.

Note:  The figure presents the evolution of energy patents and fossil fuel prices.

Figure 10 
Energy patents and EU Emissions Trading System (ETS) prices, patent count (left axis) and ETS 
price (right axis)
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Source:  Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM and carbon price data from EMBER 
(https://ember-climate.org/data/carbon-price-viewer/)

Note:  The figure reflects the evolution of energy patents and the ETS price over time.

Putting a price on carbon incentivises R&D investment in low-emission technologies. europe saw a 
significant fall in carbon prices set by the eU emissions trading System (etS) after the start of the global 
financial crisis in 2008 and again around 2011. price declines of this magnitude reduce incentives for 
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investing in green innovations (Calel and Dechezleprêtre, 2016). Figure 10 seems to confirm that the 
drop in etS prices was followed by reduced patent activity. 

Nevertheless, trends in fossil fuel and ETS prices explain only part of the patent decline. Despite the 
financial crisis and a drop in fossil fuel prices, green patents continued to increase from 2000 to 2012 
(Figure 1). Similarly, the decrease in etS prices in the aftermath of the global financial crisis did not lead 
to a decline in green patenting activities. 

Public policy intervention could be behind the counter-cyclical trend. the implementation of the eU 
Climate Change package in 2008 can partly explain the uptick in energy patenting during the global 
financial crisis. this package of measures, which was introduced despite the dire economic outlook at 
the time, helped to establish the european Union as a major player in climate change. On top of the eU 
Climate Change package, several countries – such as Germany and the Nordic countries – introduced 
targeted policies to lower emissions (Dechezleprêtre et al., 2019). these policies were later trimmed back, 
heightening uncertainty and suppressing innovation. Ko and Simons (2020) argue that subsidy cuts of 
this kind can affect innovation not only domestically, but also globally.

Even if firms devote resources to green technologies, finding funding for energy innovations – and 
climate innovation in general – could be challenging. Due to their novelty, the high risk of spillovers and 
the high sunk costs, energy and climate innovations often lack valuable collateral, hence the potential 
difficulties in securing the necessary financing. the often experimental nature of green innovations 
exacerbates this problem (Nordhaus, 2009; rodrik, 2014; popp, 2019). 

Figure 11 
Venture capital funding to firms in the energy and environment sectors, number of firms (left 
axis) and share of venture capital (in %) (right axis)
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Note:  The figures reflect the number and share of firms (as a percentage of total firms) in the energy and environment sectors that 

received venture capital funding.

In addition, the energy sector is plagued by a relatively high concentration of market power and the 
larger incumbent firms are aggravating the lack of finance for smaller firms. Incumbents that engage in 
innovation generally build up a good track record and therefore have more collateral to offer to external 
financiers (Czarnitzki & hottenrott, 2009). these large firms may prevent smaller, innovative firms with 
breakthrough technologies from reaching the momentum needed to attract finance. 
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In addition, venture capital funding to start-ups and scale-ups active in energy and the environment 
seems to be decreasing. Figure 11 shows a decline in venture capital funding over time, both in absolute 
and relative terms. these funds are also often criticised for not investing with the sufficiently long horizon 
needed to support the transition (eIB, 2019).

The above explanations and the way they reinforce each other seem to underpin the inverse U-pattern 
of energy patents. the above findings suggest an interplay between a variety of issues, with none being 
a determining factor. Nevertheless, this pattern and its underlying factors are instrumental in defining 
the policies and actions needed to move forward. the end of this chapter looks more at this issue. 

In addition, not only the creation, but also the diffusion of innovation is critical if Europe wants to 
remain at the forefront of green innovation. Green technologies, no matter how advanced they may be, 
are essentially useless if they are not widely adopted. Knowledge creation, and especially its circulation 
and exploitation, is crucial for growth in our knowledge-based economies (Griliches, 1998; Cockburn and 
henderson, 1998). even if the green energy technologies required to curb emissions exist, the obstacles 
to their diffusion hamper further development.

Diffusion of the green knowledge created by the european Union

Existing research suggests that low-carbon technologies are not diffused less than other technologies. 
Comparing low-carbon and high-carbon technologies to a range of other emerging technologies, 
Dechezleprêtre et al. (2017) find that the intensity of knowledge that spills over from low-carbon 
technologies is similar to that of other emerging technologies. Knowledge spillovers from high-carbon 
technologies, however, lag behind. 

In green innovations, the strongest ties in terms of knowledge flows remain national. the cross-country 
citation index measures how often countries refer to one another in relative terms (known as citation 
intensity). It indicates that most green knowledge stays within national borders or regions (as shown in 
the diagonal cells in Figure 12, based on the relative intensities of the links between the countries citing 
patents and those being cited). 

Figure 12 
Cross-country green patent citations within the European Union
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Beyond national borders, the strongest ties are within Western and Northern Europe, and mainly 
between countries sharing borders. this finding is in line with the eIB’s analysis (2019), which shows 
that geographical and technological barriers have a major impact on knowledge flows across countries. 
however, knowledge must circulate between different regions to ensure the greening of the economy on 
a global scale (Dechezleprêtre et al., 2017). While knowledge flows seem to strongly depend on national 
and regional ties, climate change remains a global problem, and more exchange is needed. 

The home bias in knowledge flows is even greater in the United States than in Europe: 70% of citations 
for the United States remain within the country’s own borders vs. only 47% of citations for the european 
Union (or 68% and 58% when focusing on the four main regions of comparison, as shown in Figure 13 
below).

Figure 13 
Green patent citation links across the European Union, Japan, the United States and China 
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Source: Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.
Note:  Share of total patent citations from a region to another region – not including any other citations of other regions.

Globally, European patents represent a substantial source of new knowledge, confirming the value of 
the knowledge being created in the European Union. While Figure 13 confirms that most green patents 
are cited from within the home region, citations of eU patents account for a significant share of overall 
citations in all regions. In spite of this, citations of european green patents are not necessarily proportional 
to the amount of knowledge being created (see Figure 2), as the United States is also cited frequently. 

Proportionally, green patents created by the European Union are more intensively cited than the 
total patent portfolio, unlike in the United States. Of all citations, green patents from the european 
Union attract more attention on a global scale (Figure 14). For the United States, the opposite picture 
emerges. US green patents do not receive an outsized number of citations from other regions compared 
to their overall patent portfolio.

These observations are in line with the findings of the EIB Online Survey on Environmental Innovations, 
which also confirms that knowledge circulation largely remains within country boundaries. the eIB 
asked firms that recently introduced a green innovation whether they collaborated in the development, 
and if so, with whom. the results of this new survey reveal that most collaborations take place within 
the home country, another substantial share remains within eU borders, and slightly more than 20% of 
collaborations are with partners outside the european Union (Figure 15).
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Figure 14 
Share of citations overall and share of citations of green patents (in %)
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green patent portfolio.

Figure 15 
Collaboration patterns of green innovators, share of environmental innovators (in %)
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Source: EIB Online Survey on Environmental Innovations.
Base: All green innovators. 
Question:  What type of organisation did your company collaborate with to develop these products, services or processes? For each, 

please indicate where the collaborators are located.

While the diffusion of technological knowledge is crucial, the adoption of green innovations by 
other market players is at least as important. Knowledge that is developed and further diffused can 
only unleash its full potential if the related technologies are also adopted by users. the eIB Investment 
Survey allows us to examine this aspect from the angle of the corporate sector.
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the adoption of green technologies by the corporate sector

Not only do European firms generate more green technologies than companies in other regions, they 
also invest more in tackling the effects of climate change than US firms. according to the latest results 
of the eIBIS, 45.3% of eU firms have already invested in confronting the impact of weather events and in 
contributing to the global reduction in carbon emissions, compared with 32.4% of US firms (Figure 16). 
In addition, the european Union clearly has a higher share of firms planning to make green investments 
over the next three years (including those that have already invested before and those that have not). 
Only 32.8% of european firms report that they have not yet invested and have no plans to do so, lower 
than the corresponding 50% in the United States. 

Figure 16 
Climate investment behaviour, share of firms (in %)
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Source: EIB Investment Survey (EIBIS 2020).
Base: All firms.
Note:  Weighted by value added.
Question:  Thinking about investments to tackle the impacts of weather events and reduction in carbon emissions, which of the 

following applies?

Green innovators in the European Union are also more likely to introduce innovations that are new 
to the country or the global market than in the United States. the european Union has, on average, 
more firms that introduced a product, process or service that was new to the country or the global market 
in 2019 (Figure 17). this highlights the european Union’s strong potential for developing or adopting 
green technologies, along with its solid foundation in  ground-breaking innovations that can be further 
diffused. ensuring all this valuable knowledge is passed on remains key.

Firms investing in innovations with an environmental impact feel that these investments pay off and 
plan to increase them further. We asked firms participating in the eIB Online Survey on environmental 
Innovations what impact “not investing” would have had on overall levels of sales. More firms responded 
that “not investing” would have had a negative impact than a positive impact (net balance of 14%). While 
15% of firms said that they invested too much, 57% say that they invested about the right amount and 
28% consider their investments to be too little. Looking ahead, all firms that invested in the past three 
years said they were planning to do so again in the next three years. Some rebalancing is to be expected: 
firms that feel they have underinvested in the recent past plan to invest more in the coming years, while 
those planning to invest less feel that they have already invested too much (Figure 18).
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Figure 17 
Innovativeness of green firms that are new to the country/world, as a share of green 
innovators (in %)
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Source: EIBIS 2020.
Base: Green innovators.
Note:  Green innovators are defined as firms that invested in green technologies, and introduced a new product/process/service  

(in the firm, local or global market) and/or invested in R&D in the last financial year. Firms are weighted by value added.
Question:  Were the new products, processes or services...new to the country / company / global market?

Figure 18 
Investment assessment and outlook of environmental innovators, share of environmental 
innovators (in %)
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Base: All environmental innovators.
Question:  Q: In terms of the investment you already made in products, services or processes to generate environmental benefits, was 

the investment too much, too little, or about the right amount to ensure the success of your business going forward?
  Q: Looking ahead to the next three years, do you expect your company to invest more, less, or around the same amount 

compared to current levels?

What now: turning the tide or turning the page?

Europe is in pole position on green technology, but it has to decide where to go from here. how can 
we continue to ensure that companies develop green technologies and diffuse their knowledge, and 
that this knowledge will be adopted by different market players? In addition, what direction should the 
green transition take and what technological opportunities should be further explored?
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Overall, the findings suggest that Europe is leading the way in green technologies, and a lot of potential 
exists for the diffusion and adoption of the knowledge it has created. In addition, the observed inverse 
U effect is mainly driven by the energy sector and can be largely attributed to policy design, which was 
a factor in the contra-cyclical uptick before and after the global financial crisis. 

The uncertainty about the regulatory environment and taxation remain the main barriers to green 
investments by innovative firms. Furthermore, the cost of investment activities seems to be a major 
impediment, especially in the european Union (Figure 19). It is worth noting that the availability of 
financing is frequently mentioned by eU innovators as a major obstacle. those willing to invest appear 
to face difficulties in finding the necessary funds for their plans. Overall, both green innovators and 
innovators that have not yet invested in green technologies see many barriers. Strikingly, the share of eU 
innovators that perceive obstacles to green investments is the same as those that have not yet invested. 

Figure 19 
Obstacles to green investment for innovative firms, share of innovators (in %)
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Source: EIBIS 2020.
Base: Innovators.
Note:  Innovators are defined as firms that introduced a new product/process/service (in the firm or the local or global market) 

and/or invested in R&D in the last financial year. Firms weighted by value added.
Question:  And to what extent, if at all, is each of the following an obstacle to investing in activities to tackle the impacts of weather 

events and contribute to emissions reduction?

In addition, firms are experiencing difficulties in borrowing for climate-related projects and feel 
that the collateral required is stricter for these projects. More than 60% of firms say that they were 
not able to borrow as much as they would like for climate-related projects and more than 40% say that 
the collateral required for external finance is stricter for this type of project (Figure 20). this is striking, 
given that most firms indicate that they experience no negative impact on sales after investing in 
environmental innovations.
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Figure 20 
Impact of investing in environmental innovations and financing constraints, share of 
environmental innovators (in %)
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Source: EIB Online Survey on Environmental Innovations.
Base: All environmental innovators. 
Question:  Q: If you had not invested in projects that are intended to generate environmental benefits, what impact would that have 

had on your overall level of sales?
  Q: For any investments your company has made in projects intended to generate environmental benefits, to what extent do 

you agree or disagree with the following?

The challenges point to the need for a clear regulatory environment and a better framework for green 
innovations, as well as greater financial incentives to overcome the high costs. Support is not only 
needed for firms that have already invested, it is also crucial for providing incentives to those that have 
not yet invested. the market-failure arguments outlined above seem to be particularly true in europe, 
where a large share of firms complain about the high costs of investments and a lack of financing. 

The discussion on fighting climate change focuses primarily on modifying energy systems, but 
other factors such as materials and land use are also important (Intergovernmental panel on Climate 
Change (IpCC), 2018). Steel, cement, aluminium and plastics are some of the materials that make up a large 
share of carbon emissions and demand for them is increasing rapidly. another example is the transport 
sector, which still accounts for 24% of direct carbon emissions from fuel combustion (Iea, 2020b). Several 
technologies need to be developed to support the transformation of the transport sector.

In this context, digital technologies are seen as having enormous potential. as pointed out by the 
International energy agency (2017), this potential can only be leveraged if there are sufficient incentives 
for public and private investment in new technologies. Nevertheless, digital improvements could already 
trigger major changes in traditional sectors (Branstetter et al., 2019), potentially ushering in a new era of 
technology (Ghobakhloo, 2020).
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Box B
Patent data as a measurement of green and digital innovations

throughout Chapter 8, patent data are used to measure innovation in the green and digital domains. 
the indicators used in the european Green Deal are broadly based upon the methodology of haščič 
and Migotto (2015) for the green aspects and the epO (2017) for the digital components.

this box provides a brief but comprehensive overview of how these indicators are built to help 
readers better understand the issues covered. 

Green innovation

the green patent classification can be broadly split into two main categories: (1) patents that directly 
target climate change mitigation technologies; and (2) patents covering technologies that contribute 
to the issues of climate change indirectly, namely environmental management (air and water 
pollution, waste disposal, etc.) as well as those directed at adaptation to water scarcity. a breakdown 
of these different technologies is shown in the table below. When referring to green patents, the 
report considers all of these technologies. Nevertheless, where relevant, individual subdomains are 
discussed and presented.

Table B.1

Including

Environmental management Air pollution abatement; water pollution abatement; waste management; soil remediation; 
environmental monitoring

Water-related adaptation technologies Demand-side technologies (water conservation); supply-side technologies (water availability)

Climate change mitigation

Energy generation, transmission or distribution Renewable energy generation; energy generation from fuels of non-fossil origin; combustion 
technologies with mitigation potential

Capture, storage, sequestration or disposal of 
greenhouse gases

Carbon capture or storage; capture or disposal of greenhouse gases other than carbon dioxide

Transportation Road, rail, air, maritime transport; enabling technologies in transport such as electric vehicle charging 
and application of fuel cell and hydrogen technology to transportation

Buildings Integration of renewable energy sources; energy efficiency such as lighting, heating, home appliances; 
thermal performance

Wastewater treatment or waste management Wastewater treatment; solid waste management

Production or processing of goods Metal processing; climate mitigation technologies in, amongst others, chemical industry, oil refining 
and petrochemical industry, minerals and cement, agriculture, livestock or agrifood industries

Digital innovation

the digital patent classification used in this report is based upon a classification of industry 4.0, 
published by the epO. this classification identifies three broad categories of patents, each of which 
is further subdivided into specific technology domains. the resulting cartography aims to capture 
the buildings blocks of industry 4.0, at least in terms of patent applications. the tables below give an 
overview of the different domains and their sub-technologies, as also presented by the epO (2017).
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the three main sectors identified in the classification are “core technologies,” “enabling technologies” 
and “application domains.” Core technologies are considered to be the basic building blocks upon 
which the technologies of the fourth industrial revolution are built. this class consists of inventions 
that contribute to three of the established fields of information and communications technology 
(ICt) inherited from the previous industrial revolution.

Table B.2

Core technologies Including

Hardware Sensors; advanced memories; processors

Software Intelligent cloud storage and computing structures; adaptive databases; mobile operating systems; 
virtualisation

Connectivity Network protocols for massively connected devices; adaptive wireless data systems

the second domain captures enabling technologies. these are technologies that are further built 
upon and complement the core technologies. the epO subdivides this second domain into seven 
technology fields.

Table B.3

Enabling technologies Including

Analytics Diagnostic systems for massive data

User interfaces Virtual reality; information display in eyewear

3D support systems 3D printers and scanners for parts manufacture; automated 3D design and simulation

Artificial intelligence Machine learning; neural networks

Position determination Enhanced GPS; device-to-device relative and absolute positioning

Power supply Situation-aware charging systems; shared power transmission objectives

Security Adaptive security systems; intelligent safety systems

the third “application” domain captures technologies that are closest to the market and reflect 
the final applications of digital technologies. this domain is subdivided into six different sectors of 
applications to indicate in which part of the economy the various technologies can potentially add 
value.

Table B.4

Application domain Including

Personal Personal health monitoring devices; smart wearables; entertainment devices

Home Smart homes; alarm systems; intelligent lighting and heating; consumer robotics

Vehicles Autonomous driving; vehicle fleet navigation devices

Enterprise Intelligent retail and healthcare systems; autonomous office systems; smart offices; agriculture

Manufacture Smart factories; intelligent robotics; energy saving

Infrastructure Intelligent energy distribution networks; intelligent transport networks; intelligent lighting and 
heating systems
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Depending on the focus of the different parts of the chapter, we use different levels of aggregation. 
When referring to digital patents, we refer to all patents belonging to one of the three main domains 
of industry 4.0. In some other cases, we break indicators down into the three main classes, namely 
core technologies, enabling technologies and application domains. Only rarely and in some specific 
settings do we zoom in on some of the subdomains of these three building blocks of digital patents.

The crossroads between green and digital technologies

Where europe stands in digital innovation

While Europe is at the forefront of green technologies, its position in digital adoption or innovation 
is less encouraging. Not only are digital adoption rates of european firms lower than those of their US 
counterparts (see Chapter 4 for a detailed analysis), innovation in digitalisation is also lower. patent data 
reveal that europe is lagging behind both the United States and China for patent applications relevant 
to industry 4.0 (Figure 21). Whereas the share of digital patents in the total patent portfolio has remained 
relatively stable in europe since 2013, the share in the United States has increased, widening the gap 
between both regions. another point is that europe and China had a similar share of digital patents in 
their overall portfolios around 2003. Since then, China has managed to double this percentage, whereas 
it has increased only slightly in europe. the share of start-ups mentioning artificial intelligence in their 
description paints a more optimistic picture (Figure 22). 

Figure 21 
Share of digital patents in total patent portfolio, share of patents (in %)
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Source: Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.
Note:  The different lines reflect the share of digital patents in the total patent portfolios for the respective regions.

Also in digital patent citations, Europe is losing its competitive advantage to the United States. In the 
early 2000s and until recently, european digital patents had a relatively high impact, as measured by the 
citations they received (forward citations). this has, however, changed in recent years (Figure 23). In 2010, 
the United States overtook europe in the number of digital patents receiving forward patent citations 
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and has continued to outperform since then. relative to the european Union, China and Japan also have 
an increasing share of patents receiving forward citations. Overall, these data confirm that europe has 
slowly been losing its impact in digital innovation, especially in comparison to the United States. 

Figure 22 
Share of start-ups (in %) mentioning artificial intelligence in their description
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Source: Crunchbase, authors’ calculation.
Base: Firms founded over 2008-2018 that are still active.
Note:  The different lines reflect the share of start-ups mentioning artificial intelligence in their description on Crunchbase.

Figure 23 
Forward citation patterns in digital technologies, relative to EU-baseline (1)
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Note:  The shaded lines measure the average number of times a patent with forward citations gets cited in a three-year window: 

measured as the ratio of its forward citations to the overall number of patents with forward citations (providing an indicator 
of the ‘depth’ of the impact an individual patent has). The solid lines reflect the number of patents with forward citations 
(providing an indicator of the ‘breadth’ of the impact or the number of times knowledge is used). Note that we can only 
show data until 2016 given that forward citations take longer to materialise.
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There are significant differences within Europe, with most digital innovations coming from Western 
and Northern Europe. In absolute patent counts, Western and Northern europe dominate the rest of 
the european Union. however, the picture becomes more nuanced when the share of digital patents in 
the overall patent portfolio (Figure 24) is factored in. In recent years, Central and eastern europe have 
become a strong runner-up in the relative importance of digital patents, even slightly surpassing Western 
and Northern europe in the last few years. In absolute numbers however, Central and eastern europe 
is still lagging behind significantly. Southern europe is performing relatively weakly, in absolute counts 
and the share of digital patents in the total patent portfolio. 

Figure 24 
Digital patents in the European Union, patent count (left axis) and patent share (right axis)
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Despite its stagnant innovation in digital technology in general, Europe is clearly outperforming 
its main competitors in certain digital subdomains. While stagnation remains true for the majority of 
subdomains, it is not the case for digital patents in transportation (Figure 25). In this domain, only Japan is 
approaching europe’s performance. But even though China and the United States still lag behind europe, 
they are rapidly catching up. europe’s position in digital innovation is fragile, even in fields where it is 
performing relatively well.

Digital technologies are put forward as critical enablers of the green transition and meeting the 
sustainability goals defined in the European Green Deal. If emerging digital technologies are properly 
employed, they could play an essential role in tackling environmental challenges. examples include 
smart urban mobility, precision agriculture, sustainable supply chains, environmental monitoring and 
disaster prediction. In addition, digital technologies can be instrumental in monitoring climate change 
and facilitating the much-needed shift towards a circular economy. Data analytics allow companies to 
match supply and demand for underused assets and products. the cloud, in combination with mobile 
and social media, can take products or even entire industries fully online. Moreover, 3D printing creates 
opportunities for manufacturing biodegradable inputs (Lacy and rutqvist, 2015). recent reports claim that 
although the ICt sector and its recent digital advances are contributing to growing energy consumption, 
the net benefits outweigh the costs (GeSI 2015; IpCC, 2018).
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Figure 25 
Digital patents in the transport application domain, patent count (left axis) and patent share 
(right axis)
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The relatively poor representation of digital technologies in the European Union seems at odds with 
the apparent need for these technologies in greening the economy. Nevertheless, given that europe is 
performing well in the development of green innovations, it is important to understand how it is faring 
at the intersection of the digital and green domains.

the green and digital crossroads

Europe is currently the leading region in developing the combination of digital and green technologies. 
In 2017, it had 76% more patents in the digital-green domain than the United States and over four times 
more than China. Only Japan outpaced europe in this domain until 2016, before experiencing a steep 
decline (Figure 26). europe may not be a global leader when it comes to digitalisation, but it is at the 
forefront of green technologies and in the combination of digital and green innovations.

The top players in the green and digital field are the Scandinavian countries as well as Germany and 
France. In the european Union, Western and Northern europe clearly leads the way. Figure 27 gives an 
overview of the countries that have an above-average relative technological advantage (rta) in the 
digital and green domain or an above-average number of patents in both green and digital innovations. 
the technological specialisation index captures the share of digital and green patents as a share of a 
country’s total patents, weighted by the same share in the european Union overall. an rta of above one 
thus implies that the country is relatively more specialised in digital and green innovations, compared 
to other european countries. Overall, we can see that the green and digital surge is driven by a handful 
of countries.
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Figure 26 
Green and digital patents, patent count (left axis) and patent share (right axis)
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Figure 27 
Advantage in green and digital patenting across EU members (2012-2017)
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Europe’s main digital and green strengths are in environmental management and transportation 
technologies (see Box B for a detailed description of the different green and digital domains measured 
using patent data). europe co-developed more digital innovations within these green domains than within 
the others (Figure 28). It is worth noting the same trend is seen in the different subclasses of the digital 
domains. the full range of digital innovation – from the basic building blocks to the actual applications – 
is merged with these environmental management and transportation technologies. 

Figure 28 
Co-occurrence matrix of digital and green patents
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Source: Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.
Note:  The graph shows the co-occurrence of patents in core, enabling and application digital technologies for each of the sub-

sectors of green patents. 

  The mapping presents the outcome of the weighted co-occurrence matrix, defined as , with i=digital domain 
and j = green domain. 

  Green means that there is a high rate of co-occurrence while red implies that at that there is a relatively low occurrence of 
digital and green patents in the respective domains.

The digitalisation of the transport sector is an integral part of the European Green Deal. even before 
the announcement of the deal, the european Commission pinpointed digitalisation as a priority. While 
europe is lagging behind in most sectors for digital innovation and digital adoption, the transportation 
sector is following a different pattern and seems to enjoy a strong head-start. europe is well ahead of 
the United States in industry 4.0 patents for vehicle applications, despite trailing in many other areas. the 
development of environmental management technologies is also an area where the european Union 
holds a high number of green patents (Figure 6).

Overall, digital technologies are absent from only very few green sectors at this stage. Nevertheless, 
different green technologies seem to involve different types of digital patents. While energy patents 
mainly incorporate the basic building blocks of digital technologies (developing core digital technologies), 
green patents in water-related adaptation and carbon capture and storage are more geared towards 
actual applications aimed at the end user (developing digital technologies in the application domain). 
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Green and digital knowledge diffusion

Europe is not only a leading force in the co-occurrence of digital and green development in patents, 
but also in adopting existing digital knowledge in its green patents. In addition to looking at digital 
and green technologies in a single patent, we have evaluated the extent to which digital technologies are 
cited in green patents. europe has the highest share of green patents in which digital technologies are 
cited. this citation pattern provides a clear view on the extent to which digital technologies are adopted 
(and not necessarily co-developed) in green innovation. the share of digital citations in green patents 
overall is highest in europe, closely followed by the United States, and is increasing steadily (Figure 29). 

Figure 29 
Green citing digital, share of green patents
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citations refer to previous patents on which the current invention is based.

Not surprisingly, the digital domains that are heavily cited in green patents coincide with the domains 
that co-occur in green and digital patents (Figure 30). the trend implies that europe is not only co-
developing these digital technologies in patents, but is also adopting pre-existing digital knowledge in 
its green developments. 

The share of green patents citing digital patents is 70% higher than the share of green patents in 
which digital technologies are developed at the same time. this demonstrates that digital technologies 
are successfully circulating and becoming more integrated in green technologies, especially in europe 
(Figure 31). Furthermore, it indicates that some of the patents that we would classify as “purely green” 
also include existing digital knowledge. For the share of green patents citing digital patents, europe is 
clearly ahead of other regions. the United States, China and Japan have, on average, 50% fewer digital 
citations in their green patents than the european Union.
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Figure 30 
European citation map

Application
domain 

Enabling
technologies

Core
technologies

0-0.5 0.5-1 1-1.5

En
vir

on
m

en
tal

m
an

ag
em

en
t

Tra
ns

po
rta

tio
n

En
erg

y

W
ate

r-r
ela

ted
ad

ap
tat

ion

Ca
rb

on
 ca

pt
ur

e,
sto

rag
e, 

se
qu

es
tra

tio
n

or
 di

sp
os

al

Bu
ild

ing
s

W
as

tew
ate

r t
rea

tm
en

t/
m

an
ag

em
en

t

Pr
od

uc
tio

n/
pr

oc
es

sin
g o

f g
oo

ds

Source: Authors’ calculations based upon PATSTAT (PCT) data in collaboration with ECOOM.
Note:  Share of green patents with backward citations to digital in a certain digital domain, relative to all green patents with 

backward citations in the respective green domain. This indicator is weighted by the total number of backward citations to 
digital, relative to all green patents with backward citations.

Figure 31 
Share of digital-green patents and green patents with digital citations
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The impact of European patents at the digital and green crossroads is higher than in other regions 
(Figure 32). even if the share of cited patents is higher for the european Union, the actual number of 
forward citations to these digital-green patents is higher in the United States. Unlike in the digital field, 
where europe at some point had a higher number of forward citations per cited patent, this is not the 
case for patents developed at the digital and green crossroads. therefore, it is important to stress that 
europe’s head-start is fragile and its current advantages could easily collapse.

Figure 32 
Forward citations of green and digital patents, relative to EU baseline (1)
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Note:  Number of forward citations to digital and green patents (shaded line) and number of forward citations per digital and 

green patent with forward citations (solid line), relative to the EU base (solid blue line).

Competition and concentration as key forces in the green and digital 
sector

The relationship between the diffusion of knowledge and competition is strongly debated. Some 
economists argue that market power is necessary to foster innovation, while others fear that market 
concentration leads to a general slowdown of the economy and innovation (for instance, philippon, 2019). 
Competition is an important force that determines the cost of goods and therefore overall public welfare. 
Utterback et al. (2018) emphasise that one technology may either enhance or inhibit another technology’s 
growth. they describe cases of pure competition, but also of symbiosis (where both the new and older 
technologies mutually enhance growth) and predator-prey interaction (where one technology enhances 
the other’s growth rate but the second inhibits the growth rate of the first). a core question within this 
debate is the extent to which the high concentration in the digital market is affecting the development 
of sectors that focus on digital and green technologies. 

Nine out of the top 20 players developing digital-green patents are European. top companies can 
be measured by the share digital-green patents represent in total patents and by the absolute count of 
digital-green patents. Figure 33 presents these measures for the top patent applicants (those with the 
highest number of digital-green patent applications). Besides the clear dominance of Japan and europe, the 
list also shows the strong presence of automotive companies. the bars in the figure also reveal that both 
measures – patent share and absolute count – are important, with many european companies holding an 
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exceptionally high share of digital-green patents. the same pattern holds in green technologies, where 
many european firms dominate. 

Figure 33 
Top green and digital players, patent count (left axis) and share of digital and green patents 
(right axis)

Digital/green patent count Digital/green patent share (right)
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In digital technologies, the United States dominates. Google, amazon, Facebook, apple and Microsoft 
(also known as GaFaM) confirm their digital supremacy based on patent data (Figure 34). however, none 
of these famous top companies in the digital sector end up at the top of the “green” or “green and digital” 
categories. the top companies in green and digital-green technologies are from europe and Japan.

The digital sector is often criticised for a lack of competition, which allows some companies to profit 
from winner-takes-all dynamics. It is important to look closely at whether similar trends are afoot in 
green and digital-green domains. Digital integration in green technology is expected to offer immense 
opportunities for progress and should lead to stronger symbiosis between both technologies. however, 
akcigit and ates (2019) signal that as soon as a leading technology is successful, it is rapidly implemented 
by leading firms. the rapid adoption by leading firms may discourage smaller or less pervasive firms from 
innovating, thereby slowing down the innovation process. 
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Environmental innovators are more likely to be embedded in dynamic markets (Figure 35). In the 
eIB Online Survey on environmental Innovations, we asked firms about the impact of the transition to 
a carbon-neutral economy on their competitive positions. Companies that have already introduced an 
innovation with environmental impacts are more likely to say that they think competitors will exit or enter 
the market. In addition, they feel – slightly more than other firms – that they may face a loss of competitive 
advantage. Digital and environmental innovators in particular feel that competitors may enter their market. 
these concerns clearly show that environmental innovators feel their markets are more dynamic. at the 
same time, the innovators are less concerned about losing their competitive advantage, a potential signal 
that they still believe in their innovation potential. the assertion that competition is a potential trigger 
for innovation is also supported by aghion et al. (2020), who found that the combination of sustainable 
consumer behaviour and competition has increased innovative activity in the automotive sector.

Figure 34 
Top players in the different sectors 
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In addition, digital environmental innovators are more likely to enjoy a bigger playing field – likely 
competing on a global scale (Figure 36). the potentially large market holds enormous potential for 
digital and green innovators. at the same time, however, the digital and green sector risks replicating 
the  winner-takes-all dynamic witnessed in the digital sector, where just a handful of firms dominate the 
global market. how the digital and green sector evolves is strongly dependent on competition policy, 
an area that must be an integral part of policy design, as will be discussed further in Section 3.



Part II
Investing in the transition to a green and smart economy300

INVESTMENT REPORT 2020/2021: BUILDING A SMART AND GREEN EUROPE IN THE COVID-19 ERA 

Figure 35 
Competitive environment of environmental innovators (% of firms)
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Question:  Looking ahead over the next five years, do you think the transition to a carbon-neutral economy will impact your company 

in any of the following ways?

Figure 36 
The markets of environmental innovators, share of environmental innovators (in %)
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Firms’ uptake of green and digital technologies 
The patent data provided valuable insights into innovation activities, while the EIBIS data shed 
additional light on the extent to which firms embrace both digital and green technologies. More 
specifically, our data allow us to compare firms that are investing in green while also implementing digital 
technologies with firms that are purely green, purely digital or have no investment in green innovations 
and no digital technologies. (Figure 37).

Figure 37
The four digital and green profiles
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Base:  All firms
Question:  Green: Now thinking about investments to tackle the impacts of weather events and reduction in carbon emissions, which 

of the following applies?
  Digital: Can you tell me for each of the following digital technologies if you have heard about them, not heard about them, 

implemented them in parts of your business, or whether your entire business is organised around them?

While the United States clearly has a higher share of digital firms than the European Union, Europe 
is stronger in green firms and those embracing green and digital at the same time. With 14%, the 
share of green firms in the european Union is nearly three times as high as in the United States, where 
the share is 5% (Figure 38). the european Union also outpaces the United States for the share of digital-
green firms (32% vs. 28%). 

Most of the green and digital firms are active in the manufacturing (37%) and infrastructure (34%) 
sectors. the high share of these firms in manufacturing may be partly explained by the greening of the 
transportation sector. the construction sector has the highest share of firms that did not invest in either 
the green or digital segments (42%), followed by the service sector with 27% (Figure 39).
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Figure 38 
Digital and green profiles by region, share of firms (in %)
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Note:  The different profiles are defined as in Figure 37. Firms are weighted by value added.

Figure 39 
The four digital and green profiles, by sector, share of firms (in %)
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Base: All firms in the European Union.
Note:  The different profiles are defined as in Figure 37. Firms are weighted by value added.

Larger firms are more likely to be both digital and green than small ones (Figure 40). While only 13% of 
microfirms and 18% of small firms are green and digital, this share increases markedly for medium-sized 
(29%) and large firms (42%). the share of purely digital firms also increases with firm size. the relationship 
between firm size and digitalisation and green activities can be explained by the fact that investments 
in digital and green technologies can be risky and involve high fixed costs. Costs and risks are easier to 
bear if they are spread over larger revenue streams.
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Figure 40 
The four digital/green profiles, by firm size, share of firms (in %)
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Source: EIBIS 2020.
Base: All firms in the European Union.
Note:  The different profiles are defined as in Figure 37. Firms are weighted by value added.

Digital-green firms invest more. If we compare the distribution of investment intensity (defined as 
investment spending per employee) of firms that are green and digital to other companies, we consistently 
observe higher investment intensity in green and digital firms. In addition,  zooming in on the different 
areas of investment shows that both digital-green and digital firms tend to invest relatively more in 
r&D and intangibles in general (Figure 41). the stronger focus on intangible investments is particularly 
pronounced for digital firms.

Figure 41 
Composition of investment of the four digital/green profiles, share of investment (in %)

Neither Green Digital Green and digital

0 

20 

40 

60 

80 

100 

Land, business buildings and infrastructure Machinery and equipment
Research and development Software, data, IT networks and website activities
Training of employees Organisation and business process improvements

Source: EIBIS 2020.
Base: All firms in the European Union.
Note:  The different profiles are defined as in Figure 37. Firms are weighted by value added.
Question:  How much did your business invest in each of the following with the intention of maintaining or increasing your company’s 

future earnings?
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Going forward, it is crucial that Europe maintains its competitive advantage in green and digital. the 
innovativeness of digital-green firms plays a particularly important role in dealing with climate change. 
all in all, european firms do not seem to be suffering from any slowdowns in innovation. as eIBIS data 
show, a large share of firms investing in green and digital are highly innovative (Figures 42 and 43) and 
more likely to introduce new products, processes or services to their country or the global market. this 
implies that these firms are not only heavily building upon other innovations but that they also have the 
potential to further diffuse their own innovations within their country or the global market.

Figure 42 
Innovativeness of the four digital/green profiles, share of firms (in %)
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Note:  The different profiles are defined as in Figure 37. Firms are weighted by value added.
Question:  Were the new products, processes or services...

Figure 43 
Share of innovation (in %) that is new to the country/global market
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Being green and digital is a game changer for resilience and reputation

Digital-green firms expect decarbonisation to affect market demand and their reputation. We asked 
firms about the expected impact of climate change on their markets. Specifically, we wanted to know 
how they assess the effect of decarbonisation on market demand, supply chains and their reputations. 
Overall, green and digital-green firms are relatively similar in their assessment. their most common 
perception is that their reputation will be positively affected (Figure 44).

Figure 44 
Impact of the climate change transition for the four digital/green profiles (in %)
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Note:  The different profiles are defined as in Figure 37. Firms are weighted by value added.
Question:  Limiting global warming requires a reduction of carbon emissions over the upcoming decades. 
  What impact, if any, will this transition to a reduction in carbon emissions have on the following aspects of your business 

over the next five years?

Being green and digital has clear upsides. Digital-green firms have higher productivity than other firms 
and are more likely to have hired new employees over the past three years, suggesting that they are more 
dynamic. On balance, 35% of digital-green companies stated that they increased employment, compared 
with 30% of digital firms, 26% of green firms and 21% of firms that are neither green nor digital (Figure 45).

With COVID-19 hitting society and the economy extremely hard, firms at the digital-green crossroads 
seem less likely than others to translate the short-term job losses into permanent ones (Figure 46). 
Firms whose staffing has been impacted by the pandemic in the short term were asked whether this 
would result in permanent job losses. Digital-green firms were the least inclined, indicating that they at 
least intend to keep employee levels relatively stable in the long term. this might indicate that digital-
green investors actually create jobs. as digital and green skills are generally lacking, re-training and 
re-skilling in those segments might help bring about a more inclusive transition (see Chapter 10). the 
increased use of digital technologies by already highly digitalised firms was discussed in Chapter 4 and 
could signal a “winner-takes-all” dynamic. 
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Figure 45 
Share of firms having hired new employees over the past three years (in %), for each digital 
and green profile
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Note: The different profiles are defined as in Figure 37. Firms are weighted by value added.
Question:  How many people did your company employ either full or part-time at all its locations three years ago? How many people 

does your company employ either full or part-time at all its locations, including yourself?

Figure 46 
Long-term impact of COVID-19, share of firms (in %)
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Question:  Do you expect the coronavirus outbreak to have a long-term impact on any of the following?
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Green and digital companies are most likely to state that COVID-19 has them rethinking the scope 
of their projects (Figure 47). this does not bode well for a market segment in which europe currently 
holds a commanding lead. 

Figure 47 
Share of firms planning to change the projects’ scope due to COVID-19 (in %)

Neither Green Digital Green and digital

0 

10 

20 

30 

40 

50 

60 

Source: EIBIS 2020.
Base: All firms.
Note: The different profiles are defined as in Figure 37. Firms are weighted by value added.
Question:  Has your company’s overall investment expectations for 2020 changed due to coronavirus? Will your company … 
  You just said you will invest less due to coronavirus. Can I just check which of the following actions your company will 

undertake?

What is holding firms back and what can we do?

Small firms and firms in the construction sector are less likely to be green and digital. Small firms 
across all sectors are significantly less likely to have invested in green and digital technologies. In addition, 
these firms are less likely to be innovative, less likely to create new jobs and less likely to compete 
internationally. Digital-green firms perform much better and seem to be coping with the current crisis 
more successfully. encouraging firms to digitalise and invest in green technologies should therefore be 
high on the policy agenda. 

In addition, innovations are not only needed in technology, but also in business practices and consumer 
behaviour. the results from eIBIS clearly indicate that firms investing in both green and digital not only 
score better in management practices in general, but are also more likely to embrace climate change in 
their company culture (Figure 48). 
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Figure 48 
Management practices, by digital/green profile, share of firms (in %)
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Note: The different profiles are defined as in Figure 37. Firms are weighted by value added.
Question:  In 2019 and under normal conditions, did your company… …? 
 … use a formal strategic business monitoring system
 …reward individual performance with higher pay
 …have a designated person responsible for defining and monitoring climate change strategies
 …set and monitor internal targets on carbon emissions and energy consumption.

The role of policy
Fostering green and digital innovations should be a policy priority. reducing carbon emissions 
sufficiently only seems feasible if clean technologies are successfully adopted. patent data, data on start-
ups and the eIBIS and the eIB Online Survey data all highlight the importance of innovation. In addition, 
scientific research suggests the urgent need for policy intervention. It is also crucial that we reassess not 
only the negative consequences of carbon emissions, but also investment in green and digital innovations. 
Furthermore, investment in key infrastructure will help the european economy transition rapidly. 

Global interaction

It is an understatement to say that the role of policymakers is extremely important. Without policy 
intervention, the green innovation market will not regulate itself. In climate change (a global public issue), 
problems arise because individual nations enjoy only a small fraction of the rewards of their actions 
(Nordhaus, 2019; for a comprehensive overview on the topic, Cramton et al., 2017) – which also creates 
problems for private investments. In other words, nations acting purely in their own interests would only 
take minimal action because most of the benefits from cooperation spill over to other nations. It is only 
by designing, implementing, and enforcing cooperative multinational policies that nations can ensure 
climate change policies are effective.
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With its European Green Deal, the European Union is on track for achieving a common policy goal 
for a large region. that being said, even if a common strategy at the european level could be drawn up, 
the global community – and often more polluting regions – would not necessarily follow it. therefore, 
europe should not only avoid unfair competition in its own region, but also ensure that the enormous 
efforts made can actually filter through to other continents. to protect climate investments, a global 
consensus and a common understanding of how to reach climate targets must be attained. Multilateral 
compensation funds or border-carbon adjustments are policies that make sense in this respect (Chancel 
and piketty, 2015).

The coronavirus recovery efforts underway represent an opportunity to form a consensus on what 
needs to be done to support the transition to a more sustainable economy. In spite of the apparent 
urgency, policymakers have not succeeded – so far – in turning the climate tide. to meet the ambitious – 
and necessary – climate goals, adopting promising technological advancements is crucial. policymakers 
can play an important role in promoting innovations that would help achieve climate targets. 

If the European Union is to remain a global leader in the green and digital-green fields, preventing 
investments in these areas from stalling is primordial. While global interaction should stay high on the 
policy agenda, ensuring that europe remains in pole position in green and digital-green innovations is 
also crucial. at the same time, action needs to be taken sooner rather than later. there is not only urgency 
with climate change, but also from a purely accounting perspective. Given that the lifespan of newly 
built factories, housing or power plants stretches far beyond the 2050 target (pfeiffer et al., 2018), it is 
important that we implement the necessary changes today. 

Green investments from the private sector

Policymakers should create incentives for private investors to develop and adopt climate-friendly 
innovations. Because the negative effects of pollution and climate change are not priced into markets, 
private investors (consumers included) have very little incentive to take sufficient action. as long as the 
market failure for these innovations remains unaddressed, it will be difficult to make progress. 

The importance of consumer preferences and market pressure clearly motivates firms to introduce 
environmental innovations (Figure 49). a large share of firms react to consumer preferences, market 
demand, energy prices and cost savings. the finding is in line with the trend in patent applications and 
fossil fuel prices discussed in Section 1. Firms that introduce an environmental-friendly innovation most 
often state that they have done so because of their company’s strategy, core values and reputation. this 
focus is likely related to consumer preferences and market opportunities.

At the same time, scientific policy should push companies to invest in innovation. even if innovations 
address a sufficiently big market, private investors may still hold back for fear of spillovers. In addition, 
the possibility of other companies benefitting from the technology and the high sunk costs of r&D 
investments could make it extremely difficult for firms to find the necessary funding. these so-called 
knowledge market failures are not new in the innovation literature and can be addressed by a variety of 
measures. Nevertheless, the novelty and often experimental nature of green innovations suggest that 
they may be more prone to these failures (rodrik, 2014; Dechezleprêtre et al., 2017).

Green investments are hampered by high costs and a lack of support (external finance and government 
support). respondents of the online survey (Figure 50) mention these barriers the most frequently. 
Furthermore, respondents signal that regulation and industry standards are real obstacles to introducing 
innovations intended to generate environmental changes.
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Figure 49 
Motivation for making changes to respond to environmental effects share of environmental 
innovators (in %)
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Base: All environmental innovators.
Question:  To what extent, if at all, are each of these factors obstacles to making changes in your own company to respond to 

environmental impacts AND/OR offering products, services or processes intended to generate environmental impacts for 
your customers?

Figure 50 
Obstacles to making changes to respond to environmental effects, share of environmental 
innovators (in %)
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The direction of innovation may be even more important than its pace – notwithstanding the pressing 
need to deal with climate change. even though innovation is a top priority on policymakers’ agendas 
(see also Chapter 4), additional innovation in technologies that do not necessarily contribute to carbon 
neutrality may actually make the problem worse (acemoglu et al., 2016). It is fundamental to have well-
directed innovations introduced to the market that reduce the costs of clean technologies to a level 
below those of environment-harming technologies.

Getting the prices right

Fully internalising the risks of climate change is impossible, and a consequence is that climate change 
effects are seriously underpriced from a societal perspective. Carbon prices are a very useful lever for 
most countries. these policy measures are highly efficient and can achieve a great deal. they provide 
incentives across the economy and can generate useful public revenue, which can in turn be invested in the 
transition to a green economy. Importantly, these prices can trigger investments, including in research and 
development, which can spur economic growth, especially in periods of inadequate aggregate demand.

Using carbon prices to stimulate innovation, as also shown in this chapter (Figure 9), could also 
counteract the impact of wide swings in fossil fuel prices (Figure 8). Some technologies displaying a 
serious downturn in patenting might have fared better if carbon prices had not dropped so sharply. however, 
while increases in the price of fossil fuels – either due to market forces or carbon-pricing policies – may 
affect which energy technology is cheapest, they are not yet at a level that would encourage producers 
or consumers to choose green technologies that may be more expensive. to promote these costlier but 
often more promising technologies, more targeted policy measures are necessary (popp, 2019).

Indirect policies, such as carbon prices, risk stalling investments in technologies further from market 
launch. the fact that these policies favour technologies that will soon come on to the market is not 
necessarily problematic or inefficient. the climate change crisis is a complex problem for which action 
has to be undertaken urgently. If all environmental externalities are internalised, the cheapest technology 
is more likely to be an environmentally beneficial one. as policy can hardly take all environmental 
externalities into account, policymakers can impact innovation even when they adopt a technology-
neutral policy. at the same time, specific technologies may need to be supported, even if they are not 
cost competitive in the short term. 

Direct policies, such as targeted grants or early-stage deployment policies, could be useful tool to 
foster innovation in technologies that have not yet become cost-effective. this was  the case with solar 
pV in the early 2000s (Johnstone et al., 2010). New clean technologies (such as energy storage and carbon 
capture and storage, to name just a few) exhibit strong learning-by-doing effects and increasing returns 
to scale in production and r&D (Farmer and Lafond, 2016). prices for solar pV modules, for example, fell 
by approximately 20% each time the total cumulative installed capacity was doubled. 

It is still debatable whether support should be this targeted. this might bring success for the specific 
technology being targeted, but may not be the most effective use of public funds and could prevent 
other promising technologies from being developed. 

Even if direct policies can direct resources to specific areas that need government intervention, it is 
difficult to identify projects that will necessarily produce successful outcomes. Innovation is highly 
uncertain. a portfolio approach – providing support to numerous projects and technologies to reduce 
the overall funding risk – is likely to be most effective. Governments with deep pockets especially are in 
an excellent position to support a diversified portfolio of projects.

For early-stage technologies, policies are needed to help cross the bridge from research and 
development to market launch (howell, 2017). In this context, the european Union’s flagship research 
and innovation programme horizon europe will direct eUr 100 billion to research and innovation, 
making it one of the biggest initiatives in the world. Climate-related projects will account for 35% of 

https://ec.europa.eu/info/horizon-europe_en
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horizon europe. In addition, specific innovation programmes and prize-based challenges could benefit 
innovation. palage et al. (2019) find supporting evidence that advanced biofuel patenting increases after 
investments in demonstration projects in eU countries. In addition, extending technology transfer and 
lab-to-market programmes could help european companies push promising early-stage technologies. 
Similar initiatives would also make research and innovation an integral part of the european Green Deal, 
which could itself have an important signalling effect.

The probability of success in the green transformation depends largely on finding the ideal policy mix. 
It is critical that the full set of available policies is employed to encourage innovators to act throughout 
the entire value chain of technologies. In addition, the different policies, such as carbon prices, should 
be extended to different sectors – albeit in different formats (see below). 

Companies that feel affected by environmental legislation or regulations are more likely to innovate. 
half of the companies that say legislation or regulations have had an impact on them also say that impact 
has stimulated innovation (Figure 51). at the same time, the current legislative and regulatory framework 
is creating a lot of uncertainty and excessive burdens while lacking consistency across countries and 
sectors, which may therefore hamper or restrict a firm’s activities. even if policy measures are going in 
the right direction, they should tilt more towards stimulating innovation.

Figure 51 
Perception of environmental legislation or regulation, share of environmental innovators 
(in %)
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Source: EIB Online Survey on Environmental Innovations.
Base: All environmental innovators.
Question:  To what extent, if at all, are each of these factors obstacles to making changes in your own company to respond to 

environmental impacts AND/OR offering products, services or processes intended to generate environmental impacts for 
your customers?

In addition, firms say that advice on funding possibilities and the demonstration of new technologies 
and processes provide them with the most support. In the online module on environmental innovations, 
we asked companies if there was one type of support that would encourage them to introduce or develop 
environmental projects. the respondents clearly signalled that they need advisory support, advice on 
funding possibilities and demonstrations of new technologies and processes (Figure 52).
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Figure 52 
Policy preference, share of environmental innovators (in %)
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Source: EIB Online Survey on environmental innovations.
Base: All environmental innovators.
Question:  From the following, which one type of support would encourage you the most to introduce or develop projects intended to 

generate environmental benefits?
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Conclusion and policy recommendations
Public support and government action to tackle climate change had increased prior to the pandemic, 
but it remains to be seen if that support will continue in the future. One risk is that we will leap from 
the COVID-19 frying pan into the climate fire, as hepburn et al. (2020a) memorably put it. On the other 
hand, the pandemic proves that if public support is there, emergencies on a global scale can trigger 
decisive interventions from governments. 

Changing public behaviour will require policy choices that support a green recovery. aghion et al. 
(2020) for example found supporting evidence that both pro-environment attitudes and interaction with 
competition have a significant positive effect on the probability that a firm will focus on cleaner patents.

The set of different policies described in this chapter could be used intelligently to counteract any 
negative effects on energy innovation. One example are carbon prices, which can be designed in a 
way that makes prices inversely correlated to international oil prices. that inverse correlation could in 
turn balance out the negative impact declining oil prices have on innovation. Carbon markets could also 
generate useful income, giving governments the means to gradually steer the economy in a new direction. 
In line with Stiglitz (2019), carbon prices should be different “across time, over space, and with different 
uses.” In europe, the “market stability reserve” of the eU emissions trading System should at least ensure 
a more responsive effective supply (by removing permits from the market when there are too many).

Counter-cyclical stimulus worked during the financial crisis and might work again. the enormous surge 
in energy patents during the financial crisis, in spite of a decline in total patents, shows that public policy 
can play an important role. however, the counter-cyclical movement was within a sector that already 
had a head-start before the crisis hit. 

Investments in infrastructure projects could prove largely beneficial in keeping the green innovation 
engine running. Infrastructure is a critical component of the innovation system and largely determines 
the feasibility of the adoption and diffusion of new technologies. In addition, recent calculations suggest 
that public infrastructure investments have the potential to offer high returns by driving down the costs 
of the clean energy transition. Infrastructure investments are also good for the workforce by curbing 
job losses resulting from the coronavirus pandemic. Infrastructure investments require specific policies 
because they only respond weakly to marginal price changes (hepburn et al., 2020b). 
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