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KEY QUESTIONS WE ARE ADDRESSING 

 ȧ How does R&I support the achievement of a more sustainable and inclusive society?

 ȧ How should R&I policymaking be adopted to better support the deep transformation of our 
systems towards sustainability?

KEY MESSAGES 

What did we learn?

 ȧ The scale of current research and innova-
tion policy to achieve the green transition is 
insufficient for implementing the European 
Green Deal as the EU’s new growth model.

 ȧ The EU is the global leader in patenting ac-
tivity in the areas of climate action, environ-
ment and secure, clean and efficient energy.

 ȧ There was a general decline in clean and 
efficient energy patenting activity in the EU 
between the early 2010s and 2018. Since 
then, this decline has started reversing, but 
acceleration in patenting activity would be 
needed to make up for the lost years. This 
development is not unique to the EU but can 
also be seen in the US, Japan, and the UK.

 ȧ The EU is the global leader in scientific pub-
lications on topics related to sustainability, 
e.g. sustainable cities and communities, 
responsible consumption and production, 
industry, innovation and infrastructure, as 
well as the adaptation of food systems.

 ȧ The transfer rate between high, middle- 
and low-income countries for climate adap-
tation technologies is lower than for other 
technologies, even if adaptation is urgently 
needed in some developing countries.

 ȧ Net-zero-aligned investments can gen-
erate jobs as they can lead to activities 
that are both labour-intensive and fast in 
implementation.

What does it mean 
for policy?

 ȧ Given the complexity of transition and trans-
formation processes (i.e. complex and inter-
related socio-technical systems, goals and 
interests involved), the structures governing 
R&I policy processes could be designed to 
mobilise and support deep transformations 
across societal and economic systems. 

 ȧ The five European Missions have the poten-
tial to deliver such changes and achieve the 
objectives of the European Green Deal.
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 ȧ Emerging technologies, social and place-based 
innovations are highlighted as essential parts 
of the transformative change towards 
sustainable futures.

 ȧ The gap in profitability between clean and 
polluting technologies must be bridged by 
ensuring an internalisation of the environ-
mental costs of non-green technologies 
while supporting market innovators seeking 
to scale-up.

 ȧ R&I policies could facilitate an accelera-
tion in patenting activity on clean energy 
technologies, in particular in sectors with 
high potential, such as hydrogen and geo-
thermal.

 ȧ The uptake of new and green technol-
ogies could be accompanied by a just 
transition approach, where the work-
ers in the downscaling, polluting areas 
are supported in their transition into re-
lated fields of work through reskilling and 
financial incentives.

 ȧ At the European level, the industrial tech-
nology roadmaps for R&I under the New 
ERA for Research and Innovation policy out-
line the investment needs and conditions 
for some key products and processes to 
achieve sustainable transitions.

 ȧ Policy efforts need to boost technology 
transfer to the most vulnerable territories.

 ȧ EU R&I policies have a role to play in co-
ordinating the main actors of the transition: 
industry, universities, and the nations and 
regions themselves (government and civil 
society), as they appropriate the transi-
tion and tailor it to their own strengths, 
challenges and opportunities. 

 ȧ Foresight, experimentation, systems meth-
odologies (e.g. system dynamics, life cycle 
assessment) and co-creation participatory 
exercises can bring novel ideas for policy-
making and challenge dominant visions.

 ȧ EU R&I policies are critical in the policy mix 
to achieve the green transition and well 
complement net-zero policies.

Sustainability implies that we should 
thrive in a safe and just space between 
planetary boundaries and social bound-
aries1 (Raworth, 2017). On the one hand, an 
environmental ceiling of planetary boundaries 
should not be crossed as this would mean un-
acceptable environmental degradation and po-
tential tipping points for the Earth’s systems. 
On the other hand, many dimensions of human 
deprivation lie below social foundations2. 

1 Planetary boundaries’ is a concept which refers to a series of sustainability limits beyond which lie tipping points for many 
earth systems that could result in the planet becoming inhospitable for humanity. In her book ‘Doughnut Economics’ (2017), 
Kate Raworth joined the idea of planetary boundaries with that of a social foundation to provide the ‘safe operating space’ 
for humanity.

2 Kate Raworth (2017) has summarised the social foundations in the Doughnut, which shows how the safe and just space for 
humanity lies between the social foundation of human well-being and the ecological ceiling of planetary pressure.

Moving into the space between these two 
boundaries is an aspiration that requires ‘far 
greater equity in the use of natural resources, 
and far greater efficiency in transforming those 
resources to meet human needs’ (Raworth, 
2012). Economic, social, and environment-
al sustainability are not separate. They are 
interdependent and build upon one another. 
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A fair and prosperous society, with a mod-
ern, resource-efficient and competitive 
economy thrives when there are no net emis-
sions of greenhouse gases and when eco-
nomic growth is decoupled from resource 
use. Thus, protecting, conserving and enhancing 
natural capital, and protecting the health and 
well-being of citizens from environment-re-
lated risks and impacts are key dimensions of 
economic sustainability (European Commis-
sion, 2019). Economic growth shall be seen 
as a means to achieving societal goals. These 
include environmental sustainability, reduced 
inequality, greater wellbeing and improved re-
silience (OECD, 2020) and it will require a shift 
in the economic paradigm (EEA, 2021).

Based on Jeffrey Sachs’ thinking (2012 
and 2015) and a long-lasting inclusive 
and participatory consultation process, 
the new 2030 Agenda for Sustainable 
Development adopted in September 2015 
by all 193 member states of the United 
Nations (UN) ‘embrace the so-called tri-
ple bottom line approach to human well-
being’ (Sachs, 2012, p. 2206). The complex 
interdependence and mutually reinforcing na-
ture of the three dimensions of sustainable 
development – economic, social and environ-
mental – is one of the hallmarks of the Sus-
tainable Development Agenda, and paved the 
way for 17 Sustainable Development Goals 
(SDGs) and 169 targets to be ‘integrat-
ed and indivisible, global in nature and 
universally applicable’ (UN, 2015, p. 13). 
A vast number of practitioners in R&I have 
engaged in implementing the approach of the 
Sustainable Development Goals and enabling 
deep, sustainable transformations in societal 
systems like energy, water, mobility, agricul-
ture and health car. Through practice, they 
have collaborated with policy makers across 
governmental levels (local, regional, national 
and European) and strengthen the role of R&I 
policy in contributing to environmental preser-
vation and climate mitigation while enabling 

social justice and human well-being, and eco-
nomic development (European Environmental 
Agency (EEA), 2019; Fagerberg, 2018). The 
UN identifies four levers of change, govern-
ance, economy and finance, individual and 
collective action, and science and technology 
(UN, 2019). 

In the previous edition, SRIP 2020, a key mes-
sage was that no country in the world 
seems to meet basic needs for its citizens 
at a globally sustainable level of resource 
use (European Commission, 2020). Europe 
achieves the social thresholds for almost 
every indicator, but it does so by transgress-
ing the safe levels for almost all biophysical 
boundaries. The only one that Europe does not 
exceed is water use. Besides, the situation is 
not likely to improve by 2030 as Figure 3.1 
shows. At the other extreme, countries like 
Sri Lanka stand within the safe boundary for 
every single environmental indicator but only 
achieve an acceptable level for three of the 
social indicators. The situation in the United 
States is similar to the EU, with most social 
thresholds achieved and biophysical bound-
aries transgressed. In comparison, China 
presents more shortfalls regarding the so-
cial dimensions but less overshoot on the 
biophysical aspects.

The EU is fully committed to ensuring 
prosperity within planetary boundaries. 
The European Green Deal, a flagship of the von 
der Leyen Commission that aims to put the EU 
firmly on the path towards climate neutrality 
by 2050, is the EU’s new growth model. Sev-
eral packages have been adopted since then 
to ensure its achievement, in particular the Fit 
for 55 plan, which adapts existing climate and 
energy legislation to meet the new EU object-
ive of a minimum 55 % reduction in greenhouse 
gas (GHG) emissions by 2030. The EU endorses 
a holistic and integrated approach, mainstreams 
the SDGs into EU policies and initiatives, with 
sustainable development as an essential guid-
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Figure 3-1: EU 2030 portrait using Doughnut economics

Science, Research and Innovation Performance of the EU 2022
Source: ZOE-Institute for future-fit economies Transformation Policy Report #4 — 11/2021
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-1.xlsx

ing principle for all of its policies. This calls for 
policy coherence as economic activity needs to 
be increasingly aligned with the four dimen-
sions of competitive sustainability: environ-
mental sustainability, productivity, fairness, and 
macroeconomic stability3. Hence, it requires an 
integrated multidimensional policymaking ap-
proach, which is directional and evidence-in-
formed. The sustainability transformation is 
also an unprecedented governance challenge at 
all levels, from local to global. 

3 As defined in Articles 17 of Regulation (EU) 2020/852 of the European Parliament and of the Council of 18 June 2020 on 
the establishment of a framework to facilitate sustainable investment, and amending Regulation (EU) 2019/2088.

4 Normalised with goalposts.

Well-conceived and coherent policies should 
stimulate the three sustainability dimensions 
– environmental, social and economic – to 
reinforce each other. In order to achieve this, 
EU R&I policy could be guided by princi-
ples such as co-creation, diffusion, up-
take, transformation and the directional-
ity of R&I and be compliant with the ‘do 
no significant harm’ (DNSH) principle4 en-
shrined in the European Green Deal objectives.
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Box 3-1. The Transitions Performance Index

5 Normalised with goalposts.
6 A total of 72 countries are included in the TPI: all EU countries, associated countries, Organisation for Economic Co-opera-

tion and Development (OECD) member countries, countries with at least 40 million inhabitants and a GDP per capita higher 
than USD 2 000 (IMF current dollar estimates).

7 Background - Beyond GDP - European Commission (europa.eu)
8 https://op.europa.eu/fr/publication-detail/-/publication/50fff167-a34e-11ec-83e1-01aa75ed71a1/language-en/for-

mat-PDF/source-253126101

The Transitions Performance Index (TPI), 
a European Commission initiative by DG Re-
search and Innovation, is a scoreboard that 
monitors, scores5 and ranks countries on fair 
and prosperous sustainability. It provides 
a global ranking for 72 countries6 in four tran-
sitions – economic, social, environmental and 
governance – over the 2011-2020 decade. 
These measurements are inspired by a model 
of prosperity that focuses on resilience, in-
clusiveness, sustainability and that supports 
the EU’s 2022 Annual Sustainable Growth 
Survey. The TPI is based on 28 internation-
ally comparable indicators, mostly hard data, 
and builds on the indicators for the UN’s Sus-
tainable Development Goals (SDG) and on the 
European Commission’s current priorities. It 

offers an evidence-based tool for all who are 
striving towards fair and sustainable prosper-
ity and intends to contribute to the Beyond 
GDP debate.7 The TPI illustrates the specific 
contributions of each transition to the overall 
performance of a country, indicating strengths 
and weaknesses, room for progress, unbalan-
ces in their profile and possible trade-offs. 

The second edition of the TPI was published in 
March 20228, and includes additional indica-
tors on digital use and skills, and on material 
footprint compared to the previous report. The 
latter indicator aims to reflect environmental 
spillover effects and to better gauge the im-
pact of consumption on the environment.

Figure 3-2: The Transitions Performance Index, 2021

Science, Research and Innovation Performance of the EU 2022
Source: Authors’ elaboration
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-2.xlsx
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To respond to global challenges and bench-
mark countries beyond the EU, a global metric 
such as the TPI is needed. When looking at the 
EU’s ten main trading partners, the EU9 ranks 
fourth (Figure 3.3) and is in the strong tran-
sition group. The only main trading partner in 
the same transition group as the EU outside 
of Europe is Japan, while South Korea is not 
far behind in the good transition10 group. The 
gap with Canada and the United States is sub-
stantial; both countries are in moderate tran-
sition, performing slightly better than Turkey, 
China and India. The world average represents 

9 Population-weighted average of the 27 EU Member States
10 Five performance groups are defined with fixed score intervals.
11 For comparison the world TPI arithmetic average is 6.2 %.

an average moderate performance as well, 
whereas Brazil and Russia are in the weak 
transition group. In terms of progress, since 
2011 China has progressed by 7.6 %, the 
United States by 3.3 % and the EU by 4.9 %11. 

All EU countries belong to the groups of lead-
ers, strong or good transition: none belongs to 
the moderate or weak transition groups (Fig-
ure 3.4). It is therefore a robust indication of 
the overall positive impact of EU orientations. 
Denmark (ranking first among EU countries) 
and Ireland are transition leaders. In terms of 

Figure 3-3: European Union and main partners TPI scores 2021  
and transition group
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Figure 3-4: EU Member States Transitions Performance Index groups (2020)

Science, Research and Innovation Performance of the EU 2022
Source: European Commission, Transition Performance Index 2021
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-4.xlsx

progress in the EU, all but one EU country have 
improved their performances since 2011, par-
ticularly Croatia, which showed an exception-
al result of catching up (13.5 %), and Greece 
and Estonia (above 10 % progress). Cyprus, 
Finland and Sweden progressed less than 
2 %, whereas Hungary is the only EU Member 
State that stagnated over the last 10 years 
(-0.2 %). These countries are at risk of losing 
ground in the transition process unless they 
renew collective efforts. When looking at the 
performance by pillar, EU Member States have 
not improved sufficiently in the economic and 

environmental transitions. Pursuing ambitious 
targets and related investments in these do-
mains is an absolute necessity if the EU and 
Member States wish to achieve balanced and 
sustainable prosperity.

Several other key features emerge from the TPI 
results. Country disparities highlight that per-
formance and progress are not predetermined 
by income group or geographical position; they 
do require, however, relevant policy efforts. 
Looking at the results by transitions, progress 
has been significant in the Economic (10.1 %), 
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Environmental (6.0 %) and Social (4.7 %) tran-
sitions, whereas on average the 72 countries 
show a decline in governance (-2.6 %). Never-
theless, these results hide large disparities be-
tween countries that are analysed more thor-
oughly in the report. The large heterogeneity 
in economic performance shows opportunity 
for progress. Social transition is the most suc-
cessful pillar with 26 leader performers. The 
decline in scores for governance transition at 
the global level is partly driven by the strong 
deterioration of public finances. The environ-
mental transition has a different dynamic than 

the three other transitions, showing that most 
countries have not bended their curves for their 
green transition. 

While the effect of the pandemic is not fully 
captured statistically in this year’ edition, the 
pandemic has had a considerable impact on 
transition processes and challenges social co-
hesion and resilience, both of which are key 
enablers for a fair and sustainable transition.
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1. R&I delivering on societal challenges

12 https: / /ec.europa.eu/oceans-and-fisheries/news/new-report-eus-performance-un-sustainable-develop-
ment-goal-14-2021-05-11_en

1.1  R&I is fundamental to 
preserving biodiversity and 
enabling the transition  
to a net-zero world

All the scenarios that limit warming to 
below 2° C heavily rely on research and 
technology progress and its uptake. In 
addition to demand management, phasing-out, 
change in the functioning of the economic sys-
tem, it is estimated that half of the global 
reductions in CO2 emissions by 2050 will 
have to come from technologies that are 
currently at the demonstration or proto-
type phases (IEA, 2021). Besides, numerous 
studies confirm the positive impacts of green 
innovation on environmental protection (for 
a complete literature review, see Takalo et al., 
2021).

Strengthening the science base on the 
environment and nature is a key element 
to ensure the preservation of biodivers-
ity and ecosystems. The EU has long been 
in the lead in terms of scientific publications 
dedicated to four environmentally related 
SDGs – climate change, clean energy, life on 
land and life below water – but has lately been 
surpassed by China. Figure 3.5 demonstrates 
that the volume and the share of publications 
dedicated to climate change, clean energy, life 
on land and life below water have increased 
worldwide over the past two decades, despite 
a slowdown in the pace of publications on 
clean energy in the EU and the United States 
beginning in the mid-2010s. 

Over 2014-2020, China has substantially in-
tensified publication in these areas and has 
also surpassed the EU in terms of quality for 
affordable energy and climate action (Table 3-1). 
Scientific knowledge leads to continuing 
demand for strengthening strategies to 
preserve and restore ecosystems, such as 
wastewater policies for sanitation, the definition 
of protected areas, which have proven to be es-
sential for biodiversity conservation (Coetzee 
et al., 2014). For the life below water SDG, it is 
worth noting that the EU has established a sig-
nificant toolbox containing nearly 600 policy tools 
(170 at the EU level and 417 at the national 
level) that together form a coherent framework 
to achieve this sustainable goal12. The identi-
fication of protected areas across the EU 
relies on scientific criteria to ensure that they 
have the highest potential for preserving bio-
diversity (wetlands for migratory waterfowl, 
sites gathering 1 % of the population of listed 
vulnerable species). These protected areas 
also facilitate research on biodiversity, 
driving forward knowledge for refining 
preservation and protection policies.

Environmental knowledge created but not 
yet brought to the market by incumbent com-
panies or research organisations shapes the 
creation and financing of green start-
ups (e.g. Audretsch and Keilbach, 2004). En-
vironmental knowledge positively impacts new 
venture creation in green technologies as entre-
preneurs and start-ups’ new ideas for business 
are based on such knowledge (Colombelli and 
Quatraro, 2017; Cojoianu et al., 2020). 
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Figure 3.5: Number of scientific publications(1) in climate action, life on land and 
below water and clean energy
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Science, Research and Innovation Performance of the EU 2022
Source: DG Research and Innovation - Common R&I Strategy and Foresight Service - Chief Economist Unit based on Science- 
Metrix using Scopus database.
Note: The data labels are expressed in thousands of publications and the publications for each SDG are not mutually exclusive. 
Fractional counting used.

CN JP KR EU UK US

SDG 7 – Affordable and clean energy 19.0 9.1 11.6 13.6 19.9 19.5

SDG 13 – Climate action 18.9 10.8 10.2 16.5 20.9 19.9

SDG 14 – Life below water 13.6 8.2 9.3 16.3 21.2 16.0

SDG 15 – Life on land 11.5 7.0 6.1 12.7 17.9 11.3

Table 3-1: Percentage of highly cited publications per SDG, per country/region, 2018
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Strengthening the science base on both the 
natural capital and green aspects of our econ-
omy has developed new market opportunities 
for process and product innovations. Such 
knowledge feeds the creation of clean start-
ups. For example, over 2000-2020, the share 
of clean start-ups in the total number of 
energy start-ups has increased significantly in 
each region of the world, including in Europe, 
which had an increase from 41 % to 64 % in 
2020 (Figure 3.6).

There is a strong positive correlation be-
tween the Eco-Innovation Index and the 
Summary Innovation Index (i.e. the com-
posite index of the European Innovation 
Scoreboard). The summary Eco-innovation 

index is a composite indicator, which measures 
the performance of EU Member States on en-
vironmental innovations (Figure 3.7). Given 
that both indices aim at measuring innovation 
performance, are based on a similar method-
ology and have a number of common indica-
tors, this relation is not surprising. According 
to the Eco-Innovation Index 2021, there are 
nine Eco-Innovation leaders in Europe: Lux-
embourg, Finland, Austria, Denmark, Sweden, 
Germany, France, Spain and the Netherlands. 
Three of them, Sweden, Finland and Denmark, 
are also Innovation Leaders. Given that the 
EIS’ Summary Innovation Index and the Eco-In-
novation index are highly correlated, eco-in-
novation should be central to the strategic 
planning of national economies.

Figure 3.6: Evolution of the share of clean energy start-ups(2) in total energy  
start-ups by region, 2000-2020
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Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-6.xlsx
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Technological progress is critical in 
mitigating the effects of climate change 
as the use of technology reduces the in-
vestment costs of emissions reduction 
policies. Thanks to technological develop-
ment, the global production costs of wind and 
solar energy have significantly decreased in 
recent years, even though there are substan-
tial differences in total installed cost across 
countries (Figure 3.8). This reduction makes 
clean energy a realistic alternative to fos-
sil-fuel resources, and solar and wind are 
currently the cheapest forms of new power 
generation in a large number of countries 
(representing over 70 % of global GDP, 
which includes several European countries, 

cf. Stern and Valero, 2021). The integration 
of clean energy technologies currently plays 
an important role in climate change mitiga-
tion (Perera et al., 2017). In the past, since the 
deployment of clean energy projects was not 
cost effective, any drop in oil prices induced 
a shift from renewable investment back to 
fossil fuel energy (Ozdurak, 2021). However, 
for some other clean resources, such as 
hydropower and geothermal, installed 
costs have not significantly decreased 
over the past decade (Figure 3.8). Besides, 
the cost of these clean energy sources still 
exceeds the cost of fossil fuels. Hence, deeper 
decarbonisation will likely require significant in-
novation-driven cost reductions, in particular for 

Figure 3-7: Comparison of the Eco-Innovation Index 2021 and the European 
Innovation Scoreboard 2021 (normalised scores)
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Figure 3-8: Evolution of global costs and production capacity of renewable energy, 
2010-2019

Science, Research and Innovation Performance of the EU 2022
Source : DG Research and Innovation – Common R&I Strategy and Foresight Service – Chief Economist Unit based on IRENA 
and Eurostat.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-8.xlsx
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energy storage technologies, which can provide 
the power system with the flexibility required 
when intermittent renewables are present in the 
electricity generation mix (Giarola et al., 2021; 
Stock, 2021).

The EU is the global leader in patenting 
activity in the climate action, environ-
ment and secure, clean and efficient 
energy sectors. However, there has been 
a global decline in clean and efficient 
energy patenting since the early 2010s, 
though more recently this trend has re-
versed (Probst et al., 2021; IEA, 2019; Fig-
ure 3.9). During the 2010s, patenting in the 
areas of clean and efficient energy has in-
deed dropped drastically in Japan (-41 % over 
2012-2017), the US (-36 % over 2013-2018), 
the EU (-29 % over 2012-2016), the UK (-24 % 
over 2011-2017) and South Korea (-15 % 
over 2012-2015). Conversely, China’s pat-
ent applications in secure, clean and efficient 
energy have more than tripled from 2012 to 
2018, even though the growth rate slowed 
down between 2013 and 2016. A detailed 
study of the IEA and EPO (2021) shows that, 
after a rapid rise in the period to 2013, 
patenting activity in low-carbon energy 
technologies slumped as well between 
2014 and 2016. Market prices have provided 
insufficient incentives for the development of 
innovations that lower emissions, in particular 
following the 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 (EIB, 2020). 
Some of the decline could also be explained 
by the increasing maturity of climate change 
mitigation technologies in these markets, re-
sulting in a lower propensity to patent. For 
example, many of the more recent develop-
ments that have brought down costs in the 
solar PV sector are likely to be related to im-
proved know-how in exploiting the innovations 
from previous years (IEA, 2021).

An acceleration in patenting activity 
on clean energy technologies, in particu-
lar in sectors with high potential such as 
hydrogen and geothermal, is needed. How-
ever, while solar and wind technologies have 
reached a certain maturity, it is not the case 
for other technologies, such as energy storage 
or hydrogen applications for transport, as well 
as hydropower energy sources and bioenergy 
(including geothermal), for which total installed 
costs have not significantly been brought down 
(Figure 3.9). Since 2017/2018, patenting 
activity in low-carbon technologies has 
been increasing again, but at a rate that 
remains below that witnessed before 
2013. An acceleration in activity would be 
needed to make up for the lost years (IEA, 
2021). Patents in fossil energy have experi-
enced a four-year decline starting in 2017, un-
precedented since the second World War. This 
decline can mean a more definite shift to clean 
energy sources.

Should we have a limited but targeted 
focus on some key industries and tech-
nologies to achieve the transition? Fig-
ure 3.10 demonstrates that over 80 % of the 
GHG emissions by European industry comes 
from three sectors: electricity, gas, steam 
and air conditioning supply (34 %), manu-
facturing (31 %), and transportation and 
storage (18 %). Besides, the manufactur-
ing of only four categories of products – 
non-metallic products (in particular cement), 
metals (in particular steel and aluminium), 
chemicals and coke and refined petroleum 
–, is responsible for about 27 % of all 
CO2 emissions in Europe. Large reductions 
in industrial GHG emissions would therefore 
seem possible by focusing on a limited set of 
product and process improvements (Risman 
et al., 2020). Furthermore, some scenarios to 
limit global warming foresee great efforts on 
a few key technologies, such as clean hydro-
gen, and innovative processes to achieve the 
transition to a net-zero world.



145
CH

A
PTER 3

Figure 3-9: Evolution of number of patent applications(1) filed under PCT  
in climate action, environment, resource efficiency, raw materials  

and clean energy, 2000-2018
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The industrial technology roadmaps for 
R&I under New ERA for Research and In-
novation’, map the investments needs 
and the conditions for some key products 
and processes to achieve the sustain-
able transitions in the EU. The European 

industrial alliances in hydrogen, batteries, and 
raw materials, involving public authorities and 
industries, provide open platforms to estab-
lish the coordination of research, development 
and innovation investment plans for these key 
technologies (See Chapter 2.1 – Zoom out).
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Figure 3-10: CO2 emissions in the EU in some key sectors, 2019
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The EU green transition and its pace rely 
heavily on geopolitical context. The EU 
Green Deal is expected to solve the EU’s energy 
security problems related to the highly depend-
ent relation between EU and its current main 
energy suppliers, notably Russia, but in the long 
run. Following the adoption of a new greenhouse 
gas emission target for 2030, the European 
Council concluded that EU member states were 
free ‘to decide on their energy mix and to choose 
the most appropriate technologies to achieve 
collectively the 2030 climate target, including 
transitional technologies such as gas’ . Esti-
mations by the European Commission (2020) 
using different scenarios foresee that most of 
the change for oil and gas will happen between 
2030 and 2050 and natural gas will contribute 
just a tenth of EU energy in 2050 (Leonard at 
al., 2021). However, it also shows that, between 
2030 and 2050, gas, mainly imported, will be 
a transitional source (Figure 3.11). Some uses, 
like high-temperature heat in industrial pro-

cesses, cannot indeed be easily replaced by 
green electricity. Only 40 % of Europe’s indus-
trial use of gas is in low-temperature applica-
tions that can be readily electrified. Hydrogen 
for powering vehicles, generating electricity or 
providing long-term energy storage could sup-
port such a transition but not in the short term. 
Furthermore, between 2010 and 2014, 60 % of 
imports of raw materials came from China.

Europe’s demand for raw materials is fore-
cast to double by 2050 (European Commis-
sion, 2020) and it has hardly any mining or 
processing activity for these primary minerals 
(see Chapter 2.1 – Zoom out). Substitution, the 
application of the circular economy principles 
with new business models for intensified use of 
products and components, along with the full 
use of secondary materials’ resources are im-
portant knowledge intensive innovation path-
ways that may require more attention in the 
future to overcome these issues.

Figure 3-11: EU energy mix evolution – target: -55 % lower emissions in 2030 
compared to 1990 and climate neutrality in 2050
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Box 3-2: Boosting R&I on strategic areas and 
technologies under the EU’s R&I framework programme: 
examples of R&I projects funded by Horizon 2020

Semiconductor: 

New-generation power semiconductors, made 
in Europe | Research and Innovation (europa.eu) 
An EU, industry, national and regional-funded 
research project has developed the next gen-
eration of energy-efficient power semiconduct-
ors using gallium nitride devices on innovative 
substrates. 

Novel silicon lasers promise semiconductor 
revolution | Research and Innovation (europa.
eu) An EU-funded project is enabling efficient 
intra-chip and chip-to-chip communication 
via a new type of silicon capable of emitting 
light. It is demonstrating a technological break-
through that could revolutionise the electron-
ics industry and make devices faster and much 
more energy efficient.

Batteries: 

Boosting battery power for electric vehicles | 
Research and Innovation (europa.eu) EU-fund-
ed researchers are developing a high-energy 
lithium-ion battery to power a range of electric 
vehicles. They aim to meet growing demand 
for greener transport and to help Europe es-
tablish a competitive advantage in battery cell 
production.

A tiny battery solution with huge potential for 
Europe | Research and Innovation (europa.eu) 
Pioneering EU-funded research on new sol-
id-state batteries is paving the way for tiny 
yet powerful batteries for safer and better 
space applications. Industry partners are ad-
vancing with plans to commercialise thin-film 
energy-storage technologies and processes at 
the heart of the project.

Technology:

Pioneering photolithography for 7 nm chips 
| Research and Innovation (europa.eu) Cut-
ting-edge photolithography technology de-
veloped by an EU-funded consortium has 
enabled the launch of a new generation 
of high-performance smartphones featur-
ing powerful and efficient 7 nm-node mobile 
processors

Cloud technology: 

Building a cloud-based hub for all things re-
search | Research and Innovation (europa.eu) 
The EU is developing a dedicated cloud re-
pository for all the scientific research hap-
pening in Europe. To ensure easy access to 
and reuse of this information, the EU-funded 
EOSC-hub project developed an intuitive user 
interface and other tools. Researchers can 
now take advantage of the wealth of infor-
mation already stored on the cloud, ultimately 
benefiting citizens as science becomes more 
open.

Sustainable technology:

Innovative metal recycling for sustainable tech 
| Research and Innovation (europa.eu) EU-fund-
ed researchers are developing low-polluting 
techniques for recovering valuable metals 
from communications and green technology 
waste. This urban mining could help to reduce 
pollution and ensure a secure supply of metals 
critical to a low-carbon, connected economy.

https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/new-generation-power-semiconductors-made-europe
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/new-generation-power-semiconductors-made-europe
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/novel-silicon-lasers-promise-semiconductor-revolution
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/novel-silicon-lasers-promise-semiconductor-revolution
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/novel-silicon-lasers-promise-semiconductor-revolution
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/boosting-battery-power-electric-vehicles
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/boosting-battery-power-electric-vehicles
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/tiny-battery-solution-huge-potential-europe
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/tiny-battery-solution-huge-potential-europe
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/pioneering-photolithography-7nm-chips
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/pioneering-photolithography-7nm-chips
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/building-cloud-based-hub-all-things-research
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/building-cloud-based-hub-all-things-research
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/innovative-metal-recycling-sustainable-tech
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/innovative-metal-recycling-sustainable-tech


149
CH

A
PTER 3

1.2  R&I is essential for adapting 
our territories, food, water 
systems, infrastructure, 
and our ways of producing 
and consuming

By providing us with real-time information 
and future scenarios, research can help 
us to foresee where and when populations 
could be affected by future shocks. Scien-
tists, including the wide research community 
involved in the drafting of the IPCC reports, rely 
on the latest state-of-the art technologies and 
techniques such as remote sensing, imagery 
processes, soil evolution and water-streams 
mapping and modelling to understand and 
predict nature-related hazards, reduce error 
estimation in scenarios for the future and pro-

vide accurate evidence for policy development. 
The volume of publications on food, water, in-
dustry and infrastructure, including sustainable 
cities and communities, as well as on respon-
sible consumption and production have sig-
nificantly increased over the past two decades 
(Figure 3.12). From 2014 to 2020, Europe was 
a leader in publications related to sustainable 
cities and communities (1), responsible con-
sumption and production (2), industry, innov-
ation and infrastructure (3), with the EU share 
being respectively 43 %, 40 % and 41 % of the 
global scientific output in these three fields. 
China has been catching up at a very high 
growth rate and has been in the lead in terms 
of number of publications related to clean 
water and sanitation in the 2014-2020 period 
and has overpassed the EU in terms of quality 
as well (Table 3-2).

Hydrogen: 

Using hydrogen to reduce industry’s carbon 
footprint | Research and Innovation (europa.eu) 
The steel industry is one of the world’s biggest 
greenhouse gas emitters. To change this, the EU 
and industry-funded H2Future project is show-
ing how a steel production plant can operate 
using green hydrogen made from renewable 
electricity. Once finalised, this new technology 
could play a key role in helping Europe meet its 
goal of becoming climate-neutral by 2050. 

Pharmaceutical:

Replacing an enzyme to control a very rare di-
sease | Research and Innovation (europa.eu) 
Until recently, there was no treatment specific 
to alpha-mannosidosis, one of the many rare 
diseases that jointly affect some 30 million 
citizens in Europe alone. Today, there is as 
EU-funded research developed enzyme-re-
placement therapy to stop the illness in its 
tracks, and this medicine is on the market.

https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/using-hydrogen-reduce-industrys-carbon-footprint
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/using-hydrogen-reduce-industrys-carbon-footprint
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/replacing-enzyme-control-very-rare-disease
https://ec.europa.eu/research-and-innovation/en/projects/success-stories/all/replacing-enzyme-control-very-rare-disease
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Figure 3-12: Number of scientific publications (frac. count) in food, water 
systems, industry and infrastructure, sustainable cities and communities and 

responsible consumption and production
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Science, Research and Innovation Performance of the EU 2022
Source: DG Research and Innovation - Common R&I Strategy and Foresight Service - Chief Economist Unit based on Science-
Metrix using Scopus database. 

CN JP KR EU UK US

SDG 2 – Zero hunger 13.6 10.5 5.7 14.6 21.9 17.0

SDG 6 – Clean water and sanitation 16.6 9.0 13.0 12.5 15.4 13.0

SDG 9 – Industry, Innovation and 
Infrastructure 16.1 9.4 8.9 15.7 23.5 20.0

SDG 11 – Sustainable cities and 
communities 13.4 5.8 8.9 12.2 17.1 15.3

SDG 12 – Responsible consumption 
and production 15.3 7.2 8.8 13.6 20.7 15.0 

Table 3-2: Percentage of highly cited publications per SDG, per country/region, 2018
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Research and innovation can help to avoid 
a trade-off between human development 
and ecological preservation through the de-
velopment of innovative business models and 
sustainable and responsible ways of producing 
and consuming. In most countries there is in-
creased pressure on the ecological resources 
and pollution rates due to urban expansion, 
unsustainable pathways of consumption 
and production, globalisation and population 
growth (Kassouri and Altıntaş. 2020). This leads 
to a clear correlation between human develop-
ment and environmental footprint (Figure 3.13; 
UNDP, 2020), which may create a trade-off as 
both preserving our ecosystems and improving 
human well-being are at the centre of the SDG 
agenda. Technological progress can deliver 
solutions to this potential trade-off.

The circular economy, for example, pro-
poses an innovative model in which ma-
terials are circulated in closed-loop pro-

duction systems to reduce depletion and 
waste (Ellen MacArthur Foundation, 2012). 
In the EU, the circular material use rate went 
from 8.4 % in 2004 to 12.8 % in 2020, whereas 
the value-added and employment in recycling 
and secondary raw materials sectors, as de-
fined by Eurostat, remained almost unchanged 
between 2011 and 2018 (0.97 % of GDP and 
1.7 % of total employment) (Eurostat, 2021). 
Furthermore, some projects under the EU’s 
R&I framework programme aim at increasing 
knowledge on lifestyles compatible with the re-
spect for planetaries boundaries. For example 
the EU’s 1.5 Lifestyles project connects an an-
alysis of individual lifestyle perspectives with 
an investigation of structural influences on 
lifestyle choices and impacts. Transforming to-
wards global sustainability requires a dramatic 
acceleration of current progress. Hence, there 
is growing interest in finding positive tip-
ping points at which small interventions 
can trigger self-reinforcing feedbacks 

Figure 3-13: Relation between the Human Development Index and ecological 
footprint (2017)
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that accelerate systemic change (Lenton 
et al., 2021). A better understanding of tech-
nical/social tipping points will be essential also 
to enable the transition to a sustainable and 
circular bioeconomy and a building block of 
a 1.5 Lifestyle.

The EU’s share of patents related to 
recycling and secondary raw materials 
is only 7.5 %, while China has become 
the leader in patented innovations in 
these sectors within less than 15 years, 
reaching a 74 % share in 2016 (Fig-
ure 3.14). The adoption and deployment of 
circular solutions are often associated with 
deep process transformation and long-term 
investments, which may need public sup-
port. Digital solutions are also essential for 

13 Circular economy action plan (europa.eu)

providing the information necessary for the 
introduction of circular solutions. They have 
enabled more potential for resource effi-
ciency and productivity gains, such as smart 
grids to energy networks and automated 
manufacturing techniques (Stern and Valero, 
2021). Digital solutions are also critical for 
raw materials supply security and resilient 
value chains. At the European level, the cir-
cular economy is being promoted and facili-
tated through the Circular Economy Action 
Plan (CEAP)13, which was adopted by the 
European Commission in 2020 as one of the 
main building blocks of the European Green 
Deal and which introduces a set of legisla-
tive and non-legislative measures targeting 
areas where action at the EU level brings 
real added value.

Figure 3-14: Evolution number of the patents related to recycling and secondary 
raw materials, 2000-2016
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Despite the growing need for adaptation 
in our food and water systems, patenting 
activity in food security, sustainable 
agriculture, water and the bioeconomy 
has experienced lower growth rates over 
the past two decades compared to other 
areas. The overall volume of patents in food 
security, maritime and inland water and bio-
economy have increased from 2000 to 2018 
(Figure 3.15). The increase in the EU and US 
happened at a much slower pace than for areas 
such as smart transport or climate action. China 
and Japan have multiplied their volume of pat-
ents in these areas by respectively per 10 times 
and 7.5 times between 2000 and 2018 (Fig-
ure 3.15). But in the UK, the volume has stag-
nated. Besides, the shares of patents dedicated 
to these areas have decreased in every major 
region. Such declines may be linked with 
the stagnation of efforts towards adapta-
tion, which has been documented by a joint re-
port from the World Bank and the International 
Bank for Reconstruction and Development 
(2020). These tendencies stand in contrast with 
the trends for climate change and clean energy 

technologies, whose shares in total innovation 
nearly doubled from 2000 to 2011 (Figure 3.9), 
but then experienced a decline until 2015. Con-
sidering the growing adaptation needs in our 
food and water systems, as well as the import-
ance of the bioeconomy for the green transi-
tion, these tendencies raise concerns and jus-
tify more policy support.

Patenting activity in smart, green and inte-
grated transport has experienced an in-
crease in volume both worldwide and at 
country/regional level, even if the sector’s 
share in the total number of patents has 
remained almost constant. In these sectors, 
the deployment and adoption of innovative 
solutions should be a key focus. Horizon Eur-
ope integrated the need to transform our ways 
of consuming, and several projects, which will 
assess different lifestyle options, have already 
been launched. As an example, the EU-funded 
FULFILL project will explore the contribution of 
lifestyle changes and citizen engagement in 
decarbonising Europe and fulfilling the goals 
of the Paris Agreement.
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Figure 3-15: Evolution in the number of patent applications(1) filed under PCT 
in sustainable agriculture and forestry, marine and inland water research, 

bioeconomy and transportation, 2000-2018
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Science, Research and Innovation Performance of the EU 2022
Source: DG Research and Innovation - Common R&I Strategy and Foresight Service - Chief Economist Unit based on Science-
Metrix using EPO PATSTAT database.
Note: (1)Fractional counting used. 2020 Societal Grand Challenge (SGC) considered over the total patents applications filed for 
all the SCGs.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-15.xlsx
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Intermediaries and R&D organisations are 
critical in developing adaptation pathways 
fit to local specificities and for coping with 
the mismatch between territories’ adap-
tation needs and technological capacity. 
Collaborations between industry, public institu-
tions and R&D organisations are critical to get 
technical guidance and advice to adapt to the 
shocks to come (Huggel et al., 2015). Knowledge 
production needs to be done also at the local 
level. Besides, as value chains are now scattered 
worldwide, there is also a challenge to capture 

14 Defined using the Y02A category of the European Patent Office which identifies all patents in PATSTAT pertaining to ‘tech-
nologies for adaptation to climate change’.

the international spillovers of EU consumption 
and production, and technology transfer is critic-
al. Recent research has demonstrated a clear 
mismatch between adaptation needs, particu-
larly those linked to climate change, and the 
technological capacities of countries, regions 
and communities (Dechezlepretre et al., 2020).

Only 17 % of patented climate adaptation14 
inventions cross at least one border, which 
is significantly below the average for all technol-
ogies (24 %) and about half that of mitigation 

Figure 3-16: Technology transfer rate of adaptation technologies, 
cumulated volume 2010-2015
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technologies (31 %) (Figure 3.16). Besides, 
while 93 % of patented inventions in the 
field of climate adaptation originated 
from high income countries, only 27.5 % of 
patents are filed in middle-income countries 
and none in low-income countries (data refer to 
the 2010-2015 period). 

A similar distribution is observed for foreign 
direct investment related to climate adapta-
tion: 100 % originates from high income coun-
tries, 27 % involve a middle-income country 
and none involves a low-income country (Fig-
ure 3.16; Dechezlepretre et al., 2020). 

Finally, by matching technological capacities 
and risks as raised in the latest IPCC reports, it 
appears that countries with strong techno-
logical capacities typically face lower 
adaptation needs, and reversely countries 
where adaptation needs are high are less 
equipped. 

15 https://ec.europa.eu/info/publications/transformation-post-covid-future-european-universities_en

Universities and research centres could 
play a critical role in supporting the dif-
fusion of solutions for adapting our sys-
tems. Public policies can support collaboration 
and partnerships between research centres, 
industry and public authorities. Such an ap-
proach has been integrated in Horizon Europe’s 
strategic planning, which features both Euro-
pean Partnerships and Missions (see Part 3 of 
this chapter). Furthermore, universities should 
be supported in their independence and ability 
to experiment with new models of education 
and societal interaction, in order to foster both 
technological innovation and innovative policy 
ideas to emerge and be taken up15. The Euro-
pean Commission also adopted its new EU 
strategy on adaptation to climate change 
in 2021. It sets out how the European Union 
can adapt to the unavoidable impacts of cli-
mate change and become climate resilient by 
2050. The strategy has four principle object-
ives: to make adaptation smarter, swifter and 
more systemic, and to step up international 
action on adaptation to climate change.
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Box 3-3:  The contribution of the European framework 
programme for R&I to the knowledge base 
of recent IPPC reports16 

16 Source: Mugabushaka A.M., Rakonczay Z. The contribution of the European Framework Programme for R&I to IPPC reports. 
Working paper 2022/03. R&I paper series.

17 OpenAIRE Research Graph is an open resource that aggregates a collection of research data properties (metadata, links). 
OpenAIRE - Research Graph

18 The IPCC Working Group I (WGI) examines the physical science underpinning past, present, and future climate change.

To analyse the contribution of EU funding 
to the IPCC’s evidence base, the paper uses the 
references of published IPCC reports, cross-
checking them with databases containing pub-
lications originating from EU-funded research.

This analysis focuses on the reports of the 
IPCC’s 6th assessment cycle and process-
es the references of the reports published 
so far: three special reports (Global Warming 
at 1.5 °C, published in October 2018, Climate 
Change and Land from August 2019 and Ocean 
and Cryosphere in Changing Climate, published 
in September 2019) and the contribution of 
Working Group I to the Sixth Assessment Re-
port (AR6 Climate Change 2021: The Physical 
Science Basis, published in draft form in August 
2021). For publications from EU-funded pro-
jects, a dataset combining, on the one hand, 
publications reported by grant holders as con-
tained in the EU open data portal and, on the 
other hand, publications indexed in the OpenAire 
Research Graph17. Only data from the last two 
funding programmes: the 7th Framework Pro-
gramme (FP7, 2007-2012) and Horizon 2020 
(H2020, 2013-2020) are used.

Matching yielded over 2 500 unique publica-
tions to which FP7 or H2020 has contributed 
(Figure 3.17). Both the full set of references 
from IPCC reports and the subset which is 
linked to EU framework programme funding 
were matched to Microsoft Academic Graph 
(MAG). Overall, 87 % of all unique DOIs could be 
matched to MAG (and 99 % for those with EU 
funding). We further matched the publications 
to the country of affiliation of the authors. As 
a result, we got over 21 000 publications with 
a country affiliation (80 % of all records with 
DOIs and 92 % of records matched in MAG). 
This is the subset which will be used for most 
of this analysis. It includes over 2 400 publi-
cations linked to FP7 or H2020 funding (from 
over 640 projects).

The data shows that the weight of EU-fund-
ed results in IPCC references is fairly constant 
across all the reports – deviating slightly 
from the means for all reports of 11.5 % and 
21.4 % (for all references and for references 
from framework programme countries, re-
spectively). We notice, however, the higher 
share of EU-funded research in the refer-
ences of the most recent Working Group I18 
contribution to AR6. They make up 14 % of all 
references and a quarter of all references from 
framework programme countries.
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Figure 3-17: Linking IPCC publications to EU-funded projects and publications
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Figure 3-18: Evolution of the number of patents related to recycling and 
secondary raw materials, 2000-2016
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The sub-programme with the highest num-
ber of publications referenced in IPCC reports 
is environment (FP7-ENVIRONMENT), both in 
FP7 (over 1000 publications) and in H2020 
(over 300 publications). It is followed by the 
European Research Council (ERC) with about 

600 and 200  publications for FP7 and H2020 
respectively. Other sub-programmes with a high 
number of publications are Marie Skłodow-
ska-Curie Actions (PEOPLE/MSCA), Space (SPA, 
LEIT-SPACE), and Infrastructure (INFRA).

Figure 3-19: Publications referenced in IPCC reports by FP sub-programmes
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1.3  R&I driving the path from 
inequalities to inclusiveness?

The disruptive nature of technological 
change can generate challenges in terms 
of increased inequality through wage and 
income disparities, regional disparities, and 
‘winner takes most’ markets and industries. 
These can seriously affect people’s support 
for democracy (Milner, 2021). There is evi-
dence from the EU and the US about innov-
ation potentially leading to inequality, espe-
cially in terms of wages and earnings (Breau 
et al., 2014; Florida and Mellander, 2016; Lee 
and Rodriguez-Pose, 2013, 2016). While digi-
talisation has been accelerating over the past 
decades, aggregate productivity growth has 
been slowing down (also known as the produc-
tivity paradox) and income inequalities have 

been increasing. Technological change can 
affect inequalities through several channels 
(OECD, 2018). The persistent digital divide in 
Europe (See Chapter 5.3 – Investments in ICT 
and digital) limits the potential for less-skilled 
people, less-digitalised firms and less-connect-
ed regions to benefit from this change. At the 
same time, new technologies affect labour 
markets, can displace labour and create an up-
grading in skills requirements (See Chapter 4.3 
– Skills in the digital age) (Bessen, 2015; Ford, 
2015; World Economic Forum, 2016). There are 
also ‘winner takes most’ dynamics due to the 
nature of technological change, with firms in 
sectors characterised by network externalities 
benefiting from first-mover advantages, strong 
economies of scale and network effects, which 
has culminated in the rise of superstar firms 
(Autor, Dorn et al., 2020).

Figure 3-20: Eurobarometer on the impact of robotisation and artificial 
intelligence on jobs (2017)

Science, Research and Innovation Performance of the EU 2022
Source: Eurobarometer (2017).
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-20.xlsx

https://journals.sagepub.com/doi/full/10.1177/0010414021997175
https://www.oecd-ilibrary.org/economics/the-productivity-inclusiveness-nexus_9789264292932-en;jsessionid=3IB61cNbKnePPMYrAbSX_-rR.ip-10-240-5-142
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While the consequences of technological 
progress in the labour market are a con-
cern for Europeans, there are reasons to 
expect positive developments, as national 
industries with a higher adoption of ro-
bots tend to be more resilient in terms of 
employment than the rest. Technological 
change features a creative destruction process, 
implying that new jobs are created and old 
ones are destroyed, which can lead to anxiety 
among workers. Some 72 % of respondents to 
a Eurobarometer survey (Eurobarometer, 2017) 
agreed with the statement ‘robots and artificial 
intelligence steal peoples’ jobs’. With not all jobs 
being equally exposed to automation, these per-
ceptions can also create concerns in terms of in-
come inequality and social cohesion. It also ap-
pears that new technologies have been the main 
factor explaining the decline in labour’s share 
of national income and increasing inequality, 
as that income has instead gone to the owners 
of capital (IMF, 2017; EEA, 2019). However, the 
history of automation and technological change 
is not only about the displacement of human 
labour by automation technologies. 

New technologies counterbalance these dis-
placement effects by creating new tasks in 
which labour has a comparative advantage, re-
instating labour into a broader range of tasks 
and changing the task content of production 
in favour of labour (Acemoglu and Restrepo, 
2018). Recent evidence for Europe also shows 
that national industries with a higher robot 
adoption tend to be more resilient in terms of 
employment than the rest (Klenert et al, 2020).

19 https://www.biooekonomierevier.de/

The transition towards a climate-neutral 
and environmentally sustainably economy 
is also expected to significantly impact 
Europe’s labour markets (ESDE 2019). Tech-
nical progress and the intended transitions can 
lead to people losing their jobs in some indus-
tries, with heavy social consequences. Policies 
that aim at achieving a less polluting and more 
resource efficient economy can be expected to 
create structural changes in the nature of de-
mand and production processes, affecting busi-
nesses and regions, and creating and destroy-
ing jobs in different sectors of the economy 
(OECD, 2017). Hence, making the transition just 
requires support to affected sectors, adapted 
labour policies and the right educational frame-
works to close occupation shortages and skill 
gaps (European Commission, 2020). As a tool 
to ensure that the green transition happens in 
a fair way, the Just Transition Mechanism pro-
vides targeted support to help mobilise around 
EUR 55 billion over 2021-2027 in the most af-
fected regions to alleviate the socio-econom-
ic impact of the transition. Solutions such as 
those developed by BioeconomyRevier19 will 
provide insights to be replicated in other regions 
throughout Europe.

https://joint-research-centre.ec.europa.eu/publications/do-robots-really-destroy-jobs-evidence-europe_en#:~:text=Contrary%20to%20some%20previous%20studies,outside%20of%20the%20manufacturing%20context
https://www.oecd.org/environment/Employment-Implications-of-Green-Growth-OECD-Report-G7-Environment-Ministers.pdf
https://ec.europa.eu/environment/enveco/pdf/FACT_SHEET_ii_Green_Growth_Jobs_Social_Impacts.pdf
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Net-zero-aligned and circular economy in-
vestments can generate jobs quickly and 
encourage entrepreneurial activity (Uns-
worth et al., 2020) as they can lead to activ-
ities that are both labour-intensive and quick 
to implement (examples include retrofitting 
buildings, intensifying broadband and restoring 
degraded land). While the environmental econ-
omy20 is rather small in Europe (2.2 % of GDP), 
it has grown rapidly since 2000, outperforming 
the overall economy (Figure 3.21): the value 
added and employment of the green economy 
increased respectively by 80 % and 40 % be-
tween 2000 and 2018. 

20 Encompasses activities and products that serve either of two purposes: environmental protection – that is, preventing, re-
ducing and eliminating pollution or any other degradation of the environment, or resource management – that is, preserving 
natural resources and safeguarding them against depletion.

21 Jobs in the environmental economy sector, which encompasses activities and products that serve either of two purposes: 
environmental protection – that is, preventing, reducing and eliminating pollution or any other degradation of the environ-
ment, or resource management – that is, preserving natural resources and safeguarding them against depletion.

The number of green jobs21 in the EU was 
4.4 million in 2018. The largest increase in 
green jobs over 2000-2018 was in the do-
main of renewables and energy-efficiency, 
with a million full-time equivalent jobs created 
over the period (from 0.6 to 1.6 million). The 
second largest contribution to the increase in 
environmental employment came from waste 
management from 0.8 to 1.2 million). By 
contrast, employment related to wastewater 
management decreased from 0.7 million to 0.5 
million over the same period.

Figure 3-21: Evolution of employment and gross value added of the EU 
environmental economy, 2000-2019
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Note: The environmental economy encompasses activities and products that serve either of two purposes: environmental protection 
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(3) Million euro, chain-linked volumes, reference year 2010 (at 2010 exchange rates). (4) Thousands of persons.
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-21.xlsx
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At the same time, R&I is also a crucial fac-
tor in supporting the just transition and the 
social dimension of sustainable develop-
ment in general. R&I is needed to increase our 
knowledge about current developments in Euro-
pean societies, and to develop solutions for the 
future as a means of supporting and improving 
governance systems, modernising public author-
ities, reducing inequalities and promoting social 
justice. Increased R&I activity also goes hand 
in hand with upskilling and reskilling, and more 
widely with investments in education, in order to 
contribute best to a just transition. R&I is an in-
tegral part of the EU’s response to well-being-re-
lated challenges such as an ageing population 
and healthcare systems under pressure. While 

the US is a global leader in scientific publications 
on socially-related SDGs (Figure 3.22), the EU still 
shows a strong performance in this area, as well 
as registering steady growth since 2000.

The R&I agenda is becoming more human- 
centric. As the Lamy report (2015) pointed out, 
EU innovation policy must be based on a def-
inition of innovation that acknowledges and val-
ues all forms of new knowledge – technological, 
but also business models, financing, governance, 
regulatory and social – which help generate value 
for the economy and society and drive systemic 
transformation. Such considerations are also in 
line with unleashing the values and potential of 
the Industry 5.0 agenda, which is characterised 

Figure 3-22: Number of scientific publications(1) in socially-related SDGs  
(poverty, health and well-being, education, gender, decent work, inequality, peace, 

justice) – SDGs 1, 3, 4, 5, 8, 10, 16
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by a shift of focus from technology-driven prog-
ress to a thoroughly human-centric approach 
(Breque et al., 2021).

New technologies and market-based solu-
tions may not be sufficient in remedying 
major challenges like climate change, bio-
diversity loss or growing inequalities (IPCC 
et al., 2021; UNEP, 2021; EEA, 2021). Emerging 
technologies, nature-based solutions (EEA, 
2021), social innovations and broader shifts in 
cultural repertoires are highlighted as essential 
parts of transformative change towards sus-
tainable futures (Folke et al., 2021). 

Social innovation has appeared as a suc-
cessful approach for deep transformation 
of our systems and practices (EEA, 2021). 
According to the OECD (2015), social innova-
tion refers to the design and implementation of 
new solutions that imply conceptual, process, 

product, or organisational change, which ultim-
ately aim to improve the welfare and wellbe-
ing of individuals and communities. It has the 
potential to offer novel approaches to contem-
porary crises that differ from traditional tech-
nology-based solutions (Haskell and al., 2021), 
and would then be complementary to these in 
achieving the SDGs. Stakeholder engagement, 
citizen participation, citizen empowerment and 
cross-sectoral collaboration are key aspects of 
social innovation (Chatfield and Reddick, 2016). 
This human dimension is indeed seen as fun-
damental for transforming our society and for 
facilitating the design, adoption and diffusion 
of socially-responsible innovative solutions.

Social economy enterprises, partnerships, 
cooperatives, public-owned enterprises and 
associations have proven to be innovative 
in dealing with socio-economic and environ-
mental problems, while contributing to eco-

Science, Research and Innovation Performance of the EU 2022
Source: DG Research and Innovation - Common R&I Strategy and Foresight Service - Chief Economist Unit based on Science-
Metrix using Scopus database.

CN JP KR EU UK US

SDG 1 – No poverty 12.2 3.9 5.7 9.8 18.6 14.0

SDG 3 – Good health and well-being 13.0 6.9 9.5 11.5 16.0 15.7

SDG 4 – Quality education 10.2 4.2 5.1 10.3 14.8 11.8

SDG 5 – Gender equality 9.3 7.2 4.9 10.0 14.6 13.3

SDG 8 – Decent work and economic 
growth 16.3 6.4 7.2 12.9 19.9 16.2

SDG 17 – Peace, justice and strong 
institutions 11.8 3.7 6.4 10.8 13.9 13.2

SDG 10 – Reduced inequalities 12.1 7.1 7.2 9.8 17.4 14.1

Table 3-3: Percentage of highly cited publications per SDG, by country/region, 2018
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nomic development (OECD, 2015) and are 
often cited as key players for social innovation 
(European Commission, 2020). There are more 
than 1.9 million active partnerships, cooperatives 
and associations across the EU, employing more 
than 34.8 million persons, about 10.5 % of the 
total workforce in 2018 (Figure 3.23). These ac-
tors operate in all sectors of the economy. They 
are particularly active in education, health care 
and social work activities and employ 28 % of 
the persons working in those sectors. The Euro-
pean Commission has identified that 3.1 million 
firms in Europe, composed by 99.9 % of SMEs, 
operate within the proximity, social economy and 
civil security ecosystem. This ecosystem employs 
22.9 million persons across the EU and repre-
sents 6.54 % of EU value-added (EUR791 billion). 
As they listen to the motivations and requests 
of local actors, social economy organisations 

can indeed act as a catalyst for social creativ-
ity by developing innovative services and busi-
ness models (Social Economy Europe, 2015). At 
the European level, the European Pillar of Social 
Rights supports the development of such entities 
and several funding instruments at the EU level 
have been designed to target employment, social 
inclusion, social innovation and training. These 
include ESIF+ and ERDF e.g. urban innovative 
actions (URBACT) targeting housing and social 
infrastructure.

Financial resources are assumed to be 
critical in the start-up and scaling of so-
cial innovation, and often rely on diverse 
funding sources (Haskell et al., 2017). The 
lack of funds was described as a constraint 
for social innovation’s long-term success (Mc-
Carthy et al., 2014), but more generally for 

Figure 3-23: Share of partnerships, cooperatives and associations in the EU, 2018 
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Source: DG Research and Innovation - Common R&I Strategy and Foresight Service - Chief Economist Unit based on Eurostat 
(online data code: BD_9AC_L_FORM_R2).
Note: (1)Data on employees in Greece and Austria are provisional, data on the Netherlands, Portugal, Malta, Poland is not available 
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Data on number of active enterprises are not available in a few sectors (not showcased) – Arts, Education, ICT, Other service acts, 
human health & social works - //ec.europa.eu/eurostat/web/products-datasets/-/bd_9ac_l_form_r2
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-23.xlsx
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sustainable innovation. At the EU level, the 
InvestEU Social Window will reduce the 
risk of investments and improve the in-
stitutional capacity of financial inter-
mediaries with the objective to improve 
access to finance to social stakeholders 
via a guarantee and an equity instrument. 
The Council of Europe Development Bank also 
issued a EUR 500 million 7-year Social Inclu-
sion Bond in April 2021 (CEB, 2021). The New 
European Bauhaus, launched in 2020, also 
has a great potential to accelerate social in-
novation by creating communities, fora and 

platforms to discuss, exchange and establish 
synergies for driving our society towards more 
resilience and inclusiveness. Finally, through 
its co-creation process, Horizon Europe sup-
ports directly both collaboration on in-
novative activities and social innovation, 
such as for example the EU-funded PROSPERA 
project, which will explore new narratives for 
innovation that would accordingly change and 
increase the scope of the innovation concept it-
self in cultural and institutional transformation, 
and subsequently in social life and social order.

Box 3-4:  Does innovation support for the green transition 
require new action types?

22 https://ec.europa.eu/info/sites/default/files/srip/2020/rec-19-003_srip_chap-9.pdf

In the SRIP202022, Frank Geels described “trans-
formative innovation and socio-technical transi-
tions to address grand challenges”. In this more 
recent framing of innovation policy, the policy 
rationale is no longer correcting market failures 
or strengthening interaction between stake-
holders, but “promoting system transformation, 
which incumbent actors are slow or reluctant to 
do.” The key features of the approach are “nur-
turing radical innovation and new pathways & 
shaping the directionality of innovation”.

Large parts of the green transition are not hap-
pening in traditional product markets but in pub-
lic services (i.e. services provided by of entities 
owned by municipalities, regions or the nation 
state or by commercial service providers con-
tracted or licensed by authorities); or the tran-
sition affects the public good (infrastructure, 
ecosystems and ecosystem services). 

This engages quite different stakeholders in in-
novation processes than for habitual product or 
service innovation in B2B or B2C markets. 

Geels (2020) recognises that a multi-level per-
spective in socio-cultural transitions should en-
gage different stakeholder networks in different 
stages of the transition process and (implicit) at 
different geographic scales. The dimensions of 
locational and local stakeholder networks are 
discussed in the regional section (See Chapter 
2.2 – Zoom in). Further, the question arises if 
innovation policy and innovation support for 
system’s transformation requires additions to 
its policy toolbox. Notably, if the scaling of in-
novative solutions doesn’t happen in traditional 
B2B or B2C markets but realises in an enlarging 
physical space and geographic scale.
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Socio-technical
landscape
(exogenous
context)

Socio-
technical
system

Niche
innovations

Phase 1
(experimentation)

Phase 2
(stabilisation)

Phase 3
(diffusion, disruption)

Phase 4
(institutionalisation, anchoring)

Time

Landscape developments
put pressure on existing system,

which opens up,
creating windows

of opportunity for niche 
innovations.

Technology

Socio-technical system is locked in. 
System elements change
incrementally along trajectories.

Dimensions become aligned,
and stabilise in a dominant design.
Internal momentum increases because of
price/performance improvements, support
from powerful actors, shared visions.

New entrants pioneer radical innovations on fringe of existing system.
High degree of uncertainty, trial and error, entry and exit.
Learning processes occur on multiple dimensions (technology, markets,
consumer practices, cultural meaning, infrastructure requirements).

Radical innovation breaks through, taking
advantage of ‘windows of opportunity’. 
This triggers adjustments in socio-technical system.

Market, user
preferences

Industry
Science

Policy

Culture

External
influences
on niche
dynamics.

New system
influences landscape

Figure 3-24: Multi-level perspective on socio-technical transitions

Science, Research and Innovation Performance of the EU 2022
Source: Substantially adapted from Geels, 2002: 1263
Stat. link: https://ec.europa.eu/assets/rtd/srip/2022/figure-3-24.xlsx
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Niche creation and ‘experimentation’ with new 
approaches will happen locally supported of 
local authorities that see opportunities. The 
‘stabilisation’ of an innovation will also happen 
on local scale if the novelty has proven add-
ed value and no strong voice speaks against 
it. Latest in the diffusion and disruption phase 
that happens in a larger physical space an 
arising dominant design encounters resistance 
from incumbent stakeholders. This will delay 
institutionalisation of the innovation. This hap-
pens in B2B and B2C markets as much as in 
public services. But the administrations’ regu-
latory power is much stronger related to public 
goods and services as they act not only as con-
tractor (‘procurement of innovation’) but often 
as service provider through own economic ac-
tivities and / or local regulator through by-laws. 

In order to foster product and service innovation 
on established markets, public support should 
not be provided beyond ‘technology readiness 
level 8’ (TRL8), as support at a later stage 
would distort the market, which would not be 
in the public interest. But, does this argument 
of supremacy of non-distorted markets over 
aspect of public interest still apply if innova-
tion policy asked to provide directionality to 
future development? Miedzinski et al. (2019)23 
describe this phenomenon as ‘tilting the playing 
field’, which aims to create ‘targeted demand’. 

Research in transitions and their governance 
goes a step further and emphasises the need 
for ‘innovation arenas’ in niche and transition 
management (Köhler et al, 2019)24. These en-
gage in “bringing together actors from science, 
policy, civil society and businesses and develop 
cooperative rather than competitive relation-
ships between them”. 

23 Microsoft Word - SDG policy roadmapping framework (final draft 19 June).docx (ucl.ac.uk)
24 Köhler et al, 2019 - An agenda for sustainability transitions research: State of the art and future directions

Innovation policy framed in this way would re-
quire a portfolio of action types much broader 
than what is needed for “bringing research re-
sults to the market”. An innovation arena could 
include for example a negotiation to aban-
don technologies, tilt markets accordingly or 
it could link innovation policy much closer to 
legislative activities. 

In practice first steps in this direction are hap-
pening: ‘Regulatory testbeds’ and ‘innovation 
deals’ are policy instruments which can be 
launched at European level in specific contexts. 
However, they have not yet been translated 
into project types for the research and innova-
tion framework programme or used in the con-
text of Horizon missions. They could contribute 
to innovation in the governance of transition 
processes be creating ‘legislative experimenta-
tion grounds’ and create the above mentioned 
‘innovation arenas’. 

In the context of Horizon Europe internal guid-
ance to topic drafters has been developed on 
phrasing expectations with respect to ‘societal 
readiness’. The guidance does not follow the 
same logic as ‘technological readiness levels’ 
with respect to market introduction of tech-
nologies, but ‘societal readiness’ shall trigger 
a reflexion on the phasing of a topic during 
a socio-technological transition process and on 
the societal issues at stake during this phase. 

‘Regulatory testbeds’, ‘innovation deals’ and 
‘societal readiness’ are three novelties that 
could develop into new action types for Re-
search and innovation support in a green tran-
sition as they can engage diverse stakehold-
ers across the physical space from European 
down to local.
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2. A systemic approach for transformative R&I policies

2.1 Policy context

The adoption of the Sustainable De-
velopment Agenda, its 17 SDGs and 169 
targets (UN, 2015) has emphasised the 
necessity to include social justice and 
human welfare implications in system-
ic transformation. The problems we face 
today are complex and interconnected, thus 
requiring solutions from multiple perspec-
tives. Therefore, R&I policies are increasingly 
expected to provide novel instruments and 
solutions to interrelated but, often times, 
conflicting goals (Kanger et al., 2020), im-
plicating different policy domains and levels 
of governance (regional, national, and Euro-
pean). Under these circumstances, in-
novation experts and scholars have put 
forward a strong claim for policymakers 
to provide the directionality of change. 
Namely, policymakers have been strongly 
encouraged to put forward a harmonised 
package of policy and regulatory measures 
tailored specifically to stimulate innovation 
and focus on well-defined objectives, as well 
to promote responsible research and innov-
ation (RRI) and adaptive governance (EEA, 
2019) to tackle specific societal challenges 
in a defined timeframe.

R&I policies follow several objectives, 
such as the twin transitions, which can 
be compatible or even mutually reinfor-
cing. However, this is not automatic. Evi-
dence at the regional level shows that the 
digital and green technological transitions are 
not always mutually compatible in decreasing 
GHG emissions. 

The overall impact of digital technologies is 
beneficial only for regions above a certain 
endowment/strength of environmental tech-
nologies (Bianchini et al., 2020). There is also 
evidence of digitalisation being a driver for 
energy consumption, as it is the case with 
data hubs) and critical raw materials extrac-
tion (EEA, 2019). Besides, while many sus-
tainability driven technologies promise 
positive outcomes, technological innova-
tions may have unintended consequences 
when scaled up to the system level (e.g. 
indirect land use change, loss of biodiversity 
and increased competition for land resulting 
from bioenergy production or from the use of 
biomass for contributing to climate mitigation 
through sustainable bio-based products) (EEA, 
2019). The EEA’s reports (2001, 2013) give 
examples of innovations’ negative side ef-
fects. For example, biofuels during the 1990s 
and 2000s created competition with food 
production for land and resulted in land-use 
change, affecting ecosystems and biodivers-
ity, for example through deforestation or the 
widespread uptake of bisphenol a with endo-
crine-disrupting properties without under-
standing its health implications. Green/cli-
mate policies and industrial transition policies 
need to be coordinated and tailored to specific 
conditions, including across countries.

The 2021-2027 EU R&I framework programme, 
Horizon Europe, has taken some further steps 
towards achieving the Green Deal. It will sup-
port research and innovation activities that 
fully respect climate and environment-
al standards and priorities of the EU and 
cause no significant harm to any of them. 
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The adoption of the EU’s Sustainable Finance 
Taxonomy Regulation 2020/852 creates 
a common science-based classification sys-
tem defining which economic activities can be 
considered as environmentally sustainable. 
Research and innovation activities’ compliance 
with the ‘do no significant harm’ (DNSH) 
principle25 will ensure consistency with the 
European Green Deal objectives and promote 
the transition to a safe, climate-neutral, cli-
mate-resilient, more resource-efficient and 
circular economy. At the programming stage, 
work programme preparation guidance and 
topic screening has been introduced to en-
sure that the Horizon Europe Work Programme 
aligns with the European Green Deal’s object-
ives and the DNSH principle. Additionally, while 
DNSH consideration remains voluntary at the 
project level, references to the DNSH principle 
in the work programme and the grant applica-
tion forms aims to raise researchers’ aware-
ness about the environmental risks linked to 
their research. It is intended as an encourage-
ment for them to design their projects in a way 
that does not significantly harm environmental 
objectives and to identify and mitigate poten-
tial environmental harms from the outset.

Horizon Europe also includes a new im-
pact-oriented framework programme 
strengthening evidence informed R&I 
policymaking. The new data-driven analytic-
al and monitoring systems aims to go beyond 
tracking input and outputs towards measuring 
impact, with the introduction of Key Impact 
Pathways to provide deeper analytical insights 
for medium- and long-term impacts, in addi-
tion to the dissemination and exploitation tools 
(CORDIS26 and the Horizon Results Platform27). 

25 As defined in Articles 17 of Regulation (EU) 2020/852 of the European Parliament and of the Council of 18 June 2020 on 
the establishment of a framework to facilitate sustainable investment, and amending Regulation (EU) 2019/2088

26 CORDIS | European Commission (europa.eu)
27 Funding & tenders (europa.eu)

Similarly, the evaluation of the framework 
programme is being conducted in a holistic 
approach which does not focus on single in-
struments or sub-parts of the programmes 
but looks at the impacts in different the-
matic areas across the whole framework 
programme, areas based on Horizon 2020 
and Horizon Europe’s strategic objectives. 
Among other dimensions, the analysis will 
look into the degree to which the framework 
programme has contributed to a resilient and 
innovative Europe and the green, digital and 
industrial transitions, using for instance 
relevant data from technology roadmaps and 
other efforts in this field.

In the light of these developments, how 
to determine the right policy mix to in-
duce a deep transformation of our soci-
ety? The SRIP report 2020 pointed out that 
sustainability transitions are directed towards 
solving specific problems and meeting specif-
ic goals. Therefore, a truly transformative 
R&I policy is about directionality. Recent 
debates about mission-oriented innovation 
policy emphasise the importance of inspiring 
visions which provide long-term directionality. 
Challenging, yet doable, missions with more 
specific targets (which enable accountability) 
are accompanied by financial instruments to 
enable concrete action (Mazzucato, 2018) 
(SRIP, 2020: 578). EU Missions under Hori-
zon Europe aim to give direction to the EU’s 
R&I policy and support the European Com-
mission’s priorities, e.g. the EU Green Deal, 
by providing concrete and cross-cutting solu-
tions to the most pressing challenges, such as 
health and climate change. 
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Missions operate across multiple policy domains 
(e.g. environment, agriculture, health and R&I) 
seeking to link and coordinate different policy 
tools, regulations, and funding programmes, 
while mobilising private and public stakeholders, 
which includes citizens and public authorities at 
different levels of government. Missions pro-
vide concrete instruments for European society, 
Member States and regions to navigate the way 
forward to sustainability and succeed.

At the same time, the European Commis-
sion has called for transformative R&I 
policy to deliver technological and societ-
al change while ensuring sustainable de-
velopment for all (ERA SWD, European Com-
mission, 2020). ‘Tackling the grand challenges 
of our time requires a clear “design” process de-
veloped in the public sector, aimed at translat-
ing ambitions and aspirations in clear missions 
and pathways that will channel the allocation 
of resources.’ (p. 22). The emphasis on ‘a clear 
design process’ is in line with scholars’ advice 
to leverage change through policy intervention 
along the transition processes to enable deep 
transformations. Deep transformations re-
quire not only R&I policy support to dis-
ruptive innovations but also and, most 
importantly, to diffusion, upscaling and 
replication, i.e. when radical innovations are 
adopted and diffused into markets, businesses, 
society and the policy environment (SRIP, 2020). 
In addition, deep transformation requires the 
understanding the limits and potential in local 
natural and human capital, and the deploy-
ment of tailored transition pathways. In con-
crete terms, this would first translate into two 
directions. First, ex-ante policy experimen-
tation could be more widely incorporated 
into policymaking processes (Von Wirth et al. 
2019). Second, policy instruments could be 
gradually introduced to support the differ-
ent stages of the change (from niche adop-
tion of innovations through uptake, upscaling 
and outscaling), while those that are not needed 
anymore should be phased out.

Given the complexity of transition and 
transformation processes (i.e. complex and 
interrelated socio-technical systems, goals 
and interests involved), the structures gov-
erning R&I policy processes could be de-
signed for mobilising and supporting such 
deep transformations across societal 
and economic systems. Therefore, a whole 
government approach is needed to ensure 
coordination and integration among different 
stakeholders and levels of government, as well 
as different policy domains. The SRIP report 
2020 called for a horizontal policy coordination 
to better align R&I policies with sector-specific 
policies (e.g. energy, transport) that are key to 
provide focus, vision and ad-hoc instruments 
for deployment and diffusion of innovations 
(e.g. wind and solar PV, combined heat and 
power (CHP)). This is also referred to as ‘sus-
tainability transitions governance’ (Fagerberg, 
2018; Turnheim et al., 2020). Some countries, 
e.g. Finland (Innovation Council) and Norway 
(i.e. Innovation Norway), have established in-
novation bodies that involve both public and 
private actors in setting up the goals and dir-
ection of the green and sustainable transitions 
(Fagerberg, 2018).

Beyond R&I policies, other policies aim at 
boosting the shift towards more sustain-
able and resilient systems. Western coun-
tries have put in place strict environmental 
regulations to fulfil such objectives. Such ap-
proaches may create incentives for businesses 
to implement structural changes and upgrade 
global value chains. But they may also have 
some side effects. Ben-David et al. (2021), using 
data on 1970 multinational firms headquar-
tered in 48 countries and their CO2 emissions 
in 218 countries during the 2008–2015 period, 
found that tightening environmental policies in 
home countries incentivise multinational firms 
to shift polluting activities abroad (Figure 3.25). 
At the same time, they discovered that higher 
foreign emissions levels do not completely out-
weigh the reduction at home, as they emit less 
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overall CO2 globally. Both the US and the EU 
produce more CO2 if one also considers the 
CO2 production of goods made abroad and 
then imported to be consumed locally. How-
ever, both the US and the EU have made sig-
nificant progress, reducing their production- 

and consumption-based CO2 emissions in the 
last fifteen years. Such outcomes, likely the 
result of both political will and technological/
economic capacity, testify that it is not ne-
cessary the case that countries pollute more 
as they get richer (EEA, 2020b).

Figure 3-25: Evolution of EU and US production- and consumption-based  
CO2 emissions, 1990-2020
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Besides, directed R&I policies towards the 
green transition are more widely accepted 
politically than environmental regula-
tions. As an example, policy attempts to in-
crease fuel prices have been met sometimes 
with fierce opposition by civil society. A key 
example is the “Gilets Jaunes” movement in 
France, where an often-cited quote from a pro-
tester (‘The elites are talking about the end of 
the world, while we are talking about the end 
of the month28.’ a growing literature demon-
strates that, in the context of inequalities and 
the feeling of neglect, tackling climate change 
is not a priority for many. 

28 Rérolle, 2018. Gilets Jaunes Les élites parlent De Fin Du monde, Quand Nous On Parle De Fin Du Mois(2018)Le Monde

Carbon pricing policies could gain 
stronger popular support if revenues 
were distributed across society in ways 
that are equitable and perceived to be 
so (Stern and Valero, 2021). It also calls 
for social policies in the EU and anticipa-
tion of the distribution of taxes and transfers 
resulting from environmental measures.

Read more in Chapter 10 – Part 2 on Research and Innovation Policies for the 
Green Transition 

(Eugénie Dugoua, LSE)

This chapter presents a deeper look into the arguments of a long-standing debate. 
Should we put research and innovation at the centre of the green transition, or, on the 
contrary, rely on a cultural shift that changes consumption patterns rather than finding 
cleaner means of production?

It investigates selected R&I policies that can help foster a transition towards green 
technologies, considering both supply-side policies, such as R&D funding, and de-
mand-side policies, such as carbon pricing and clean technology standards, explores 
their complementarities and proposes a few key take-aways: the urgency to invest in 
the deployment of green technologies, the critical role of both investments in R&D and 
carbon pricing.
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Box 3-5: Transformative R&I for sustainable 
development: Analysis of SRIP 2020 principles in practice

Andrea Ferrannini, Roberto Martino

The ambition for European R&I policy is 
to act as a leverage for transformation 
in the transition towards sustainable 
development, empowering individuals, com-
munities and Member States to meet societal 
needs and build sustainable and inclusive so-
cieties. To realise this ambition, European R&I 
policy needs to fully embrace the principles 
underpinning transformative change towards 
sustainable development – transformation, 
directionality, co-creation, diffusion, and 
uptake (SRIP, 2020) – and make them oper-
ational, going beyond a consolidated narrative.

The following analysis explores how these 
principles are reflected and embedded in 
the design and implementation of EU poli-
cies across different domains, thus contributing 
to understand how current and future European 
R&I policy effectively contributes to the sustain-
ability agenda.

This research combines a state-of-the-art 
review of the literature and policy discussions 
in Europe on transformative R&I with the an-
alysis of five selected case-studies of cur-
rent EU policy interventions. These case-stud-
ies were purposively selected – among others 
– due to their focus on innovation processes 
and practices across different dimensions of 
sustainable development. The investigation 
of each intervention is based on the combin-
ation of extensive desk-based analysis of 
available public documentation (e.g., work 
programmes, regulations, evaluations and 
assessments, reports and publications, bro-
chures, websites, promotional materials) with 

the collection of direct in-depth insights 
through semi-structured interviews to 
key informants, namely internal staff (heads of 
units and officers) within related European Com-
mission’s DGs and Agencies.

The following matrix reports the main findings. 
The analysis demonstrates innovation pro-
cesses are at core of a transformative 
change towards sustainable development 
across different EU policy domains. In particu-
lar, the analysed policies promote a combin-
ation of radical and incremental innovative 
solutions to transform production process-
es, behaviours, and business/institutional 
models. Furthermore, they provide a clear 
direction for the transformative process, 
bringing together bottom-up solutions with 
overall priorities while enabling collective 
action for a better society involving a wider 
set of actors, governance levels and countries. 
The policies aim at advancing and dissemin-
ating knowledge across European economies 
and societies, pushing for market, institu-
tional and societal uptake of sustainable 
solutions, their scale-up and replication.

Notwithstanding relevant spaces for improve-
ment, especially in terms of directionality and 
uptake, the analysis of these policies shows 
that R&I objectives, stakeholders, action, re-
sources, and processes contribute to empow-
ering European individuals, communities, 
and societies with innovative solutions, 
expanding knowledge and information, raising 
awareness and enhanced capacities to pursue 
sustainable human development today and in 
the upcoming future.
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Case-study 
European 

Innovation Eco-
systems (EIE)

European 
Digital 

Innovation 
Hubs (EDIHs)

LIFE 
Programme

European 
Urban  

Initiative (EUI)

EU  
Programme for 

Employment and 
Social Innovation 

(EaSI)

Main conclusion: 
how does each 
intervention 
embrace the 
transformative R&I 
principles

It promotes the 
development of 
good practices 

within and 
between 

ecosystems, 
favouring the flow 

of knowledge 
and ideas with 
transformation 

potential.

It enables the 
uptake of digital 

technologies 
at the frontier, 

involving regional 
stakeholders in 
the innovation 

ecosystem, 
facilitating the 

connection of EU-
wide actors and 
the deployment 
of specialisation 

strategies.

It directs 
innovation efforts 
in market-based 

solutions, policies 
and public 

attitudes towards 
the transition 
to a carbon-

neutral, circular 
and sustainable 

economy.

It fosters the 
transformation of 

policy design in 
local institutions 

towards 
innovative and 

integrated 
urban solutions, 

leveraging 
knowledge sharing 

and uptake.

It enhances 
an enabling 
environment 

for social policy 
innovation to 

foster a just and 
socially inclusive 

transition.

TRANSFORMATION It sits in the general 
sustainability 
framework of 

Horizon Europe 
and the Green 

Deal. 
It promotes mutual 

learning and 
linkages between 
public authorities, 

start-ups, and 
funding bodies. 
It promotes the 

embedment 
of innovation 

procurement in 
national and local 

strategies.

It aims at 
transforming 
private and 

public entities 
by identifying, 
diffusing, and 
uptaking the 

technologies of 
the Digital Europe 
Programme (DEP).
It contributes to 
the twin digital 

and transitions to 
make Europe more 

competitive and 
just.

It operates to 
transform local 

economies, public 
governance, and 

the general public’s 
acceptance 

and behaviours 
towards green 
economy and 
sustainable 

development.
LIFE projects focus 

on incremental 
innovations and 
close-to-market 

processes in local 
contexts. 

It enables 
transformation in 
local institutions 
by expanding in-

house capabilities 
and a shared 

knowledge base 
for integrated 

sustainable urban 
development.

It promotes new 
radical innovative 

proposals 
and targets 

incremental 
solutions fitting 

the specificities of 
local contexts.

It promotes 
experimentation 

and the upscaling 
of social 

innovation 
to transform 
policies and 

institutions so 
they can address 

societal challenges. 
It fosters the 

development of 
microfinance for 

micro-enterprises 
in support of 
a sustainable 
and inclusive 

transformation of 
businesses. 

DIRECTIONALITY Thematic lines are 
consistent with 

the framework 
provided by the 

Green Deal.
The priority setting 

brings together 
a top-down 

(Pillar 3 of Horizon 
Europe) and a bot-
tom-up (stakehold-
ers’ engagement) 

approach.
The definition of 
measurable indi-

cators on impact is 
ongoing.

It complements 
the actions carried 
out by the Euro-
pean Innovation 
Council (EIC) and 

the European 
Institute of Tech-

nology (EIT).

Hubs’ trajectories 
depend on general 
priorities (e.g. DEP) 

and regional 
specificities (e.g. 

smart specialisation 
strategies), 

contributing to 
the RRF, Cohesion 
Policy and sectoral 

policies.
It foresees 

a detailed set of 
targets, in terms 
of inputs, outputs 

and impacts.
Hubs are expected to 
support companies 

by helping them 
with contacts and 

access to financial 
institutions and 
intermediaries, 
filling information 

gaps.

It develops 
a comprehen-

sive response to 
environment-, 
energy- and 

climate-related 
global challenges, 
contributing also to 

the SDGs and to 
Horizon Europe’s 

Missions.
It combines local 

specific priorities 
with objectives 

and targets 
stated in supra-
national policy 
frameworks.

Its implementation 
strongly relies on 
synergies and 

complementar-
ities with other 

EU funding 
programmes

It contributes to 
Cohesion Policy’s 

vision of an 
(urban) Europe that 
is smarter, greener, 

more connected, 
more social and 
closer to citizens. 

A set of potential 
indicators of 

outcomes is under 
scrutiny for both 

the overall objective 
and for each group 

of actions. 
Specific goals are 
set to maximise 
complementar-

ities with actions 
under URBACT IV 
and the European 

Regional De-
velopment Fund 

(ERDF).

Its priorities are 
based on strong 

contextual 
evidence referring 

to weakened 
economic and 
employment 
performances, 

enhanced risks of 
social exclusion 
resulting from the 

COVID-19 outbreak.
It foresees 

indicators to 
monitor the 

achievement of 
its operational 

objectives.
The focus on 

societal challenges 
is the link with 

other ESF+ funding 
instruments, 

InvestEU, 
Erasmus+, and 
Horizon Europe.

Table 3-4: EU policies and transformative principles in practice
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CO-CREATION It complements the 
top-down strategy 

with bottom-up 
contributions. 

Stakeholders were 
involved in an 

extensive consul-
tation process at 
different stages of 
the policy design, 
whose outcomes 

strongly contributed 
to the definition 

of the Work 
Programme.

The EIC Forum 
brings together 

public representa-
tives, experts, and 
stakeholders, and 
it contributes to 

the evolution of its 
priorities. 

Policy implemen-
tation embraces 
a co-creation 

and participatory 
approach, involving 
both local and inter-

national partners. 
The hubs’ embed-

dedness in the 
regional ecosystem, 
the capacity-build-
ing approach, and 

the co-funding 
mechanisms place 
the policy at the 
crossroads of 

different policy 
domains.

Cooperation 
among hubs lo-

cated in different 
EU regions is en-
couraged to benefit 

from external 
knowledge.

The 2021-2027 pro-
gramme is based on 
both stakeholders’ 
consultation and 
the participatory 
assessment of the 
2014-2020 period.

A whole-of-society 
approach is ensured 
by engaging multiple 
actors within local 

communities in 
each project. 

The success of 
Strategic Integrated 

Projects and 
Strategic Nature 

Projects depends on 
close cooperation 
between national, 
regional, and local 

authorities and 
the non-state 

actors.

Its design 
benefitted from 
an extensive 
consultation 

process, 
including a public 
consultation, the 

appointment of an 
external expert and 
an Expert Working 

Group, also drawing 
from the impact 

assessment of the 
predecessor Urban 
Innovative Action.

The policy 
benefits from the 
established use 
of interactive 

methods and an 
online platform 
where interested 
stakeholders may 
contribute to the 
working groups. 

The annual work 
programme is 
informed by 

consultation with 
Member States, 

a Technical 
Working Group, 
and strategic 
dialogues with 

key EU-level 
organisations.

The implementation 
builds on a shared 

commitment 
and the strategic 
composition of 
partnerships.

Networking and 
capacity-building 
activities across 
countries are key 
for developing an 
integrated EU 
labour market.

DIFFUSION The policy is about 
the exchange of 
talents, compe-

tence, knowledge, 
and technology 

(soft side), address-
ing the bottlenecks 
in the implementa-
tion of R&I policy 
through the cre-
ation of networks 

among ecosystems 
and using the EIC 

Forum.
Expected outcomes 
include improved 
flows of innov-
ation resources, 
knowledge, and 
talent between 

innovation 
ecosystems at 

various levels of 
development.

The European 
network of 

EDIHs allows local 
stakeholders to 

access knowledge, 
funds, expertise, 
and innovation 
opportunities, 

integrating them in 
global value chains. 

Knowledge 
spill-overs across 

countries are 
expected to 

reinforce the Single 
Market and reduce 
the digital divide in 

the EU.
The hubs support 

local public 
authorities in the 
digital transition. 

Projects help 
businesses testing 

small-scale solutions 
and supports the 

sharing of best prac-
tices, paving the way 

for a large-scale 
deployment.

The dissemination 
strategy at European 

level ensures 
open-access to 
knowledge and 
practices relying 

on a wide and con-
sistent set of tools.

Dissemination strat-
egies are also carried 

out by Member 
States and regions, 
along with a con-
tinued monitoring, 

even after a project’s 
life cycle.

It foresees sharing 
mechanisms 

to provide local 
stakeholders with 
open access to the 
created knowledge 

and practices.
It enables and 
encourages the 

‘reuse of public 
sector infor-

mation and the 
promotion of big, 
linked and open 
data’ stemming 
from the three 

strands of actions.
A single network 

of contact points 
favours dissemin-
ation in Member 

States and ensures 
policy support.

Communication 
and dissemination 

activities are 
fundamental 

to assist in the 
upscaling, 

replicating and/or 
mainstreaming of 
results achieved by 

projects.
Strong efforts 
are devoted to 

make all produced 
knowledge and best 
practices (including 

all analytical 
activities) open 
and accessible 

to institutional and 
societal actors.

UPTAKE Dedicated funding 
is allocated to en-

sure that outcomes 
from projects are 

assimilated. 
The EIC Forum is 
defined as a place 
to collect feedback 
from stakeholders 
concerning uptake 
and implemen-
tation and to 

transform the 
policy priorities 

according to 
stakeholders 

needs.

The European 
network of EDIHs is 
itself facilitating 
and fostering the 
uptake of digital 
technologies by 

companies.
The activities 

foreseen in the 
hubs – including 

the creation of the 
European network 
– are also meant 
to contribute 

to building the 
digital capacity 
of public bodies.

The focus on ready-
to-be imple-

mented solutions 
favours market 

uptake. 
Institutional uptake 
of relevant policy 
actions is fostered 

by a national, 
regional, and local 
policy framework 
on environmental 

issues.
The focus on 

awareness and ac-
ceptance, consum-

er engagement 
and behavioural 
change fosters 
societal uptake.

It aims at enabling 
and nurturing 

the systematic 
uptake of tested 

innovative solutions, 
good practices, 

and toolkits, using 
projects’ outputs as 

inputs in the learning 
and disseminating 

process.
The implemen-
tation rate of 

sustainable urban 
development 

strategies in cities is 
among the outputs 
indicators proposed 
for quantifying the 

impacts of the policy.

It aims at trans-
lating stronger 

evidence in 
policymaking 
and upscaling, 

while replicating 
and/or main-

streaming social 
experimentation.
Social and institu-
tional uptakes are 

pursed through 
a robust communi-

cation and dis-
semination strat-
egy and assessed 
using outcome 

indicators.

Science, Research and Innovation Performance of the EU 2022
Source : Authors’ elaboration
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2.2  What is needed to enable 
transformative R&I for 
sustainability ?

European Missions are an example of R&I 
policy innovation and hold the potential of 
enabling deep societal transformations. 
However, if the sustainable transformation is 
to be achieved, the policymaking process and 
policy instruments have to be adapted to the 
goal. Systems thinking is advocated from mul-
tiple sides but putting it into practice is more 
complicated (e.g. Mazzucato 2018, 2019; ESIR 
policy brief 2022). Donella Meadows, who was 
a member of the Club of Rome and a sys-
tems thinking apprentice, formalised a list of 
leverage points to intervene in a system 
and provoke change29. Meadows’ work can 
be a guideline for policymakers to navigate 
and implement change in the policymaking 
processes. Meadows’ leverage points start 
with the easiest to implement ‘constants, 
parameters and numbers’ (e.g. taxes, sub-
sidies and standards), to end with the three 
most difficult ones to fulfil, but that also hold 
the greatest potential for transformation. The 
three deepest leverage points are changes 
in goals, mindset and power to tran-
scend the dominant or established para-
digms within a system. Paradigms are the 
sources of a system’s core features, such as 
goals, mindsets and beliefs, policy instruments, 
regulatory measures, stakeholders involved and 
resources employed, market dynamics and so on 
(Meadows, 1999). These three deepest, leverage 
points can be exploited by, for instance, introdu-
cing formerly excluded stakeholders and visions 
within policymaking, but also by adopting meth-
ods that allow for better understanding complex-
ity and operating in highly complex contexts, and 
experimenting with new tools and practices. 

29 Leverage Points: Places to Intervene in a System - The Donella Meadows Project
30 Nesta | The Innovation Foundation; Research, Consultancy & Education for Transition - DRIFT (eur.nl); Homepage - APRE
31 ULL represent sites in cities that allow stakeholders to design, test and learn from socio-technical innovations in real time. 

Participation, experimentation and learning are put centre stage.

So how do you change paradigms? […] In a nut-
shell, you keep pointing at the anomalies and 
failures in the old paradigm […]. […] you work 
with active change agents and with the vast 
middle ground of people who are open-mind-
ed. Systems folks would say you change para-
digms by modelling a system, which takes 
you outside the system and forces you to see 
it whole. We say that because our own para-
digms have been changed that way.

(Meadows, 1999: 18).

Future foresight, experimentation, systems 
methodologies (e.g. system dynamics, Life 
Cycle Assessment) and co-creation par-
ticipatory exercises can bring novel ideas 
into the policymaking and challenge dom-
inant visions. Experimentation, both in the 
form of co-creation (e.g. niche development, 
living labs, stakeholders engagement plat-
forms) and ex-ante policy instruments and 
designs evaluation (test new ideas, see what 
works and evaluate impacts) is becoming more 
widely used30. Scholars call for governance that 
is built around ‘provisional, flexible, revisable, 
dynamic and open approaches that include ex-
perimentation, learning, reflexivity and revers-
ibility (Kuhlmann & Rip, 2014)’ (p. 230). Ex-
periments can support upscaling, through 
testing and embedding novel technologies 
in mainstream ways of doing, thinking 
and organising (Laakso et al., 2021). Living 
Labs are an example of these experimental 
interventions. Living Labs are widely used in 
urban contexts but there is also an increasing 
number in rural areas that deal with bioecon-
omy-related innovations31. The Living Labs are 
sites where a variety of stakeholders come 
together and design, test, and learn about ac-
tual innovations and transition processes. 
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For example, Maere Living Lab (green sector 
– agriculture) and Val Living Lab (blue sec-
tor) in Mid-Norway (Trøndelag) are a network 
of established farms combined with a unique 
educational arena where students, research-
ers, innovators, industrial partners, and farmers 
participate and find innovative solutions to 
produce bioproducts and reuse materials in 
a circular economy approach. Sustainability 
transitions practitioners suggest six policy 
intervention points to support the deep 
transformation process, from niche de-
velopment to incumbent structures (Euro-
pean Commission, 2020). Depending on the 
directionality and goals of R&I policy design, 
instruments are best adapted to potential chal-
lenges (e.g. strong discontent and resistance 
from stakeholders, conflicting interests) to miti-
gate uncertainty while boosting the transition 
process. The six policy intervention points and 
examples of related measures are:

 ȧ Stimulate different niches to allow for 
different alternatives of systemic change 
(e.g. R&D investments, public procurement, 
foresight and future visions, regulatory 
shielding, demand-pull subsidies in China);

 ȧ Accelerate the niches to support innovations 
to enter into the market (e.g. creation of 
innovation platforms, market-based policy 
instruments, advice systems for small and 
medium enterprises, provision of venture 
capital funds);

 ȧ Transform the regime, namely incumbent 
institutional and technological structures, 
social practices and culture (e.g. taxes, 
mandatory requirement to replace fossil-
fuel energy infrastructure in public buildings 
in Norway, removing subsidies for certain 
industries);

 ȧ Address the broader repercussions of 
regime transformation on multiple scales 
(regional, societal, global) such as economic 
repercussions on existing industry, adverse 
environmental effects (e.g. biodiversity 
degradation), and social conflicts. Responsible 
Research and Innovation, embedded in 
the precautionary principle, could prevent 
unintended consequences of innovation. 
Examples of measures are information 
campaigns, financial support to help the 
industry phasing out older technologies, 
policies to tackle structural unemployment;

 ȧ Provide coordination to multiple regime 
interaction implies that different but 
interrelated socio-technical systems in 
transition mutually influence each other. 
For example, privately owned gasoline cars 
and the fossil-based energy infrastructure 
mutually reinforce CO2 emissions and 
over reliance on few sources of energy, 
thus affecting energy security and societal 
resilience. Re-balancing this dynamic would 
entail diversifying the energy technology 
portfolio (see measures suggested before) 
and e.g. support car sharing, improve public 
transport networks, or link the conversion of 
gasoline to renewable energy.

 ȧ Tilt the landscape means to influence global 
frameworks and agreements towards more 
sustainable clauses to trigger positive 
effects on sustainable innovations uptake 
and upscaling. Examples of such global 
efforts are the Paris Agreement and the 
banning of chlorofluorocarbons (CFCs).
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Box 3-6. A virtual case study: The transformation from 
Industry 4.0 to Industry 5.0 as a potential case of 
transformative R&I policy

32 https://ec.europa.eu/info/publications/industry-50-transformative-vision-europe_en 

The expert group on the economic and societal 
impact of research and innovation (ESIR) has 
extensively accompanied the efforts of DG R&I 
the during the COVID-19 crisis, outlined as an 
opportunity for change at the economic, societ-
al and policymaking level. With the Policy Brief 
Industry 5.0: a Transformative Vision for Eur-
ope32, ESIR sets up a strong case for R&I policy 
to accompany the evolution of the European 
industrial landscape towards sustainability, 
productivity and well-being. 

Industry 5.0 demarcates itself from Industry 4.0 in 
its paradigm by putting sustainability at the cen-
tre as opposed to a focus on enhanced productiv-
ity through dematerialisation for the former. From 
the points outlined in this chapter, ESIR experts 
drew several policy recommendations illustrating 
the paradigm shifts upcoming or necessary for 
the transition from Industry 4.0 to 5.0, as illus-
trated in the table below. These policy recommen-
dations relate to systemic change. As such, only 
a partial uptake of these policies is likely to hin-
der the transition, as mutual interaction across 
systems is a key aspect of systemic change. 

Table 3-5: ESIR policy recommendations illustrating the paradigm shifts upcoming 
or necessary for the transition from Industry 4.0 to 5.0

Stimulate different niches to allow for 
different alternatives of systemic change

 ȧ Make a green and social industrial strategy the corner-
stone of the Green Deal to address the challenges of the 
twin green and digital transitions.

 ȧ Rethink the role of the public sector in enabling the 
transition to Industry 5.0 (objectives, instruments, policy 
coherence, partnerships, interactions).

 ȧ Encourage a deep transformation of business models 
where sustainability is a natural component and driver of 
international competitiveness.

Accelerate the niches to support 
innovations to enter into the market 

 ȧ A regulatory system that effectively guides accelerated 
compliance, adoption and best practice. 

 ȧ Create a one-stop shop for companies to interact with 
the public sector on industrial transformation (streamline 
and expedite processes, facilitate interaction with 
different agencies and public sectors.

 ȧ Encourage more flexible, genuinely experimental and 
risk-embracing approaches to innovation development 
and deployment in partnership with industry.

 ȧ Reduce bureaucracy for SMEs seeking access to R&D 
support. 

 ȧ Greater incentives for cross-pollination across research 
and innovation stages and across sectors.
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Transform the regime, namely incumbent 
institutional and technological structures, 
social practices and culture 

 ȧ Full re-orientation of the Better Regulation agenda 
towards a post-GDP paradigm.

Address the broader repercussions 
of regime transformation on multiple 
scales (regional, societal, global) such 
as economic repercussions on existing 
industry, other forms of adverse 
environmental effects, and social conflicts. 

 ȧ Reduced labour taxation (particularly for lower income 
workers), internalising pollution costs through environmental 
fiscal reform, considering the role of higher corporate and 
digital taxation; and discussing the application of a universal 
basic dividend or income logic.

Provide coordination to multiple regime 
interaction, as different but interrelated 
socio-technical systems in transition will 
mutually influence each other. 

 ȧ A system of due diligence for all value chains that bring 
their products into the EU Single Market.

 ȧ Redesign other EU policies on the basis of resiliency 
principles which could bring mutual influence from 
agricultural and industrial systems for example.

 ȧ Put in place a coherent approach between policies 
covering industrial installations (IED), assets (taxonomy), 
supply chains (due diligence), products (product policy), 
materials (CEAP), pricing (ETS, CBAM, environmental fiscal 
reform), sectors and systems (agriculture, energy, forestry, 
nutrition, mobility, healthcare and housing and trade).

Tilt the landscape: to influence global 
frameworks and agreements 

 ȧ Adoption of metrics and indicators that allow for the 
measurement of progress towards the vision.

 ȧ Change regulatory frameworks covering eco-design and 
BREFs (Best Available Technique Reference Documents).

Science, Research and Innovation Performance of the EU 2022
Source : Authors’ elaboration
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3. Conclusions: for a deep transformation of our systems

The European Green Deal calls for the 
transformation of entire support systems 
for human and planet welfare in food, housing, 
manufacturing, energy infrastructure and trans-
port. It also calls for a much more central role 
for innovation policy in orchestrating the trans-
formation. Realising this promise requires not 
only more intensified innovation efforts, but also 
more extensive actions on innovation that trans-
verse policy portfolios and levels of governance. 

The market for nature investment and 
therefore demand for financing products 
will remain limited without regulation 
that obliges investment and/or creates 
reasonably predictable revenue streams. 
Natural capital is far from being an established 
asset class in the sense of depth of market and 
track-record. For the foreseeable future there 
will also not be uniformity among end bene-
ficiaries and intermediaries. The Transition Per-
formance Index demonstrates that efforts still 
need to be made at all levels of governance 
and across the globe.

In this chapter, we bring insights on the role, 
the state of play and trends of research 
and innovation to preserve natural capital, 
transit to clean and circular production 
and consumption systems and adapt them 
to climate change, and to also achieve 
inclusiveness and fight inequalities. The 
EU leads or is amongst the top international 
players in both scientific knowledge production 
and patenting activity related to sustainable 
development goals, such as biodiversity pro-
tection, sustainable cities and communities, 
responsible consumption and production, clean 
and smart energy, infrastructures, transport, 
water, food systems, education, good health 
and decent work. However, some international 
trends are worrying, such as the net decline 

of patenting activity in clean energy from 
the mid-to-end of the 2010s, or the low rate 
of circular economy solutions uptake and of 
technology transfer, most particularly climate 
change adaptation technologies.

A truly transformative R&I policy is about 
directionality, which is intended to pro-
vide a shared vision. The European Mis-
sions under Horizon Europe are an example 
of directed R&I policy innovation which hold 
the potential of enabling deep societal 
transformations and ensuring prosper-
ity within the planet’s boundaries. Emer-
ging technologies, social innovations as well 
as a diverse portfolio of active stewardships 
of human actions in support of a resilient bio-
sphere are highlighted as essential parts of 
such transformations” (Folke et al., 2021). Fu-
ture foresight, experimentation, systems 
methodologies (e.g. system dynamics, LCA) 
and co-creation participatory exercises are 
critical as they bring novel ideas into policy-
making and challenge dominant perceptions. 
Climate and biodiversity policies, inclusive poli-
cies and industrial transition policies need to 
be coordinated, including across countries, and 
tailored to specific conditions.

The integration of the ‘do no significant harm’ 
(DNSH) principle in the EU’s R&I framework 
programme will ensure its consistency with 
European Green Deal objectives and promote 
the transition to a safe, climate-neutral, cli-
mate-resilient, biodiversity-positive, more re-
source-efficient and circular economy. Finally, 
the new impact-oriented framework pro-
gramme, which introduces Key Impact Path-
ways in the monitoring and evaluation frame-
work will provide deeper analytical insights for 
medium- and long-term impacts and facili-
tate evidence informed R&I policymaking.
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