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18.1	 �Introduction

The ability to innovate and the innovative 
activity of national economies are regarded 
as key success criteria for economic growth. 
Since innovations are usually associated 
with extensive investments, they have multi-
plier and (capital) accumulation effects. 
Consequently, innovations are considered to 
be the engine of economic development 
(Vahs & Brem, 2015). Therefore the word 
innovation cannot be missing in publica-
tions and discourses on the topic of future 
industries, key technologies and growth 
(European Commission, 1994). In this con-
text, it suffers a fate similar to that of the 
term sustainability, which since Brundlandt 
(1987) has developed into an arbitrary term 
that occurs everywhere, but whose actual 
meaning is increasingly fading into the 
background. It therefore makes sense to 
begin with a few definitions.

For example, the Enquete-Kommission 
(1998) states that

»» Innovations are processes of  renewal or 
process results, whereby these – depending 
on the level of  explanation – can consist in 
new products, processes and services, but 
also in the result of  social or organisa-
tional change. (Enquete-Kommission, 
1998, p. 194)

The National Science Foundation (NSF) 
emphasises the process, making it clear that 
innovation is not the same as Invention:

»» The innovation process encompasses the 
entire process from the creation of  an idea 
to its widespread application in society; 
the process begins with identifying the 
problem or finding an idea, extends 
through problem solving and creating 
production capacity, and ends with the 
dissemination of  the new product to the 
market. (following NSF, 2010, n.d.)

The OECD Oslo Manual (2005) states that 
innovation is the introduction of  a new or 
significantly improved product (good or 
service) or process, a new marketing 
method or a new organisational method in 
business/economic practices, workplace 
organisation or external relations. 
Innovation activities are all scientific, tech-
nological, organisational, financial and 
commercial activities that actually or inten-
tionally lead to the implementation of 
innovations. Some innovation activities 
being innovative in themselves, others 
being not new activities but necessary for 
the implementation of  innovations. 
Innovation activities also include research 
and development that are not directly 
related to the development of  a specific 
innovation (OECD, 2005). In publications 
on the topic of  innovation management, 
authors such as Vahs and Brem (2015) are 
often cited, who define innovation as the 
targeted implementation of  new technical, 
economic, organisational and social prob-
lem solutions that are aimed at achieving 
corporate goals in a novel way. They thus 
refer to the result-oriented view of  entre-
preneurial activity. They distinguish inno-
vation from technology. Technology is 
understood as collected expert knowledge 
that builds on a theoretical basis and 
attempts to develop it further. The focus is 
on the question of  the functional principle, 
its explanation and description. Only engi-
neering translates the knowledge gained 
from technology into concrete products 
and processes. Finally, the activities of 
research and development bring about 
changes in technology and engineering. 
Thomas and Ford (1995) already empha-
sise that innovation requires more than just 
knowledge: “not simply the possession of 
knowledge, but rather the ability to apply 
that knowledge to a particular problem” 
(p. 275).
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18.1.1	 �Invention and Innovation

The sustainable increase in corporate suc-
cess is the starting point, core and goal of 
any investment in innovation (Hauschildt 
et al., 2016); for national economies, analo-
gous considerations mean increasing com-
petitiveness through innovation. However, it 
is significant that the respective understand-
ing of innovation must always go beyond 
invention and that innovation management 
sees the shaping of the existing innovation 
system as its focus.

Invention (Latin invenire  =  to discover, 
to invent) refers to the results of research 
and development and is a necessary precur-
sor to innovation; it describes the process 
from the generation of ideas to the first 
implementation of a new idea.

In contrast, innovation (Latin innovare = to 
renew) basically refers to the first economic 
implementation of an idea (exploitation), i.e. 
it refers to the economic use of knowledge 
and thus to economic success. It encompasses 
the market launch (in the narrower sense) 
through to market diffusion or market proof 
in the broader sense.

18.2	 �Capital Market, Sustainability 
and Bioeconomy

The Austrian national economist Joseph 
Alois Schumpeter defined innovation as the 
implementation of new combinations with 
which companies leave the well-trodden 
paths of the static economy in the pursuit of 
profit (Röpke & Stiller, 2006). According to 
Schumpeter, the implementation of new 
combinations can be understood as the 
introduction of new production methods, 
the opening up of new sales markets or new 
sources of supply (for raw materials or semi-
finished products), the implementation of a 
reorganisation or the manufacturing of a 
new product.

Schumpeter is regarded as the originator 
of today’s understanding of the causes and 
effects of innovation through his explana-
tory approaches to the medium- to long-
term development of national economies – by 
linking technological, economical, psycho-
logical and sociological considerations. 
Schumpeter’s idea of the implementation of 
new combinations, which do not occur con-
tinuously but discontinuously, directs the 
point of view from a superficially technical 
or technological orientation to an economic 
one and at the same time organisational 
problem: innovation is thus not only a topic 
of natural science and engineering, but 
equally of economics and management the-
ory; markets and organisation are thus on 
an equal footing with engineering and pro-
duction:

Consequently, the three dimensions of 
“Integrated Innovation Management” 
include
	1.	 technical innovations (products, pro-

cesses, knowledge),
	2.	 organisational innovations (structures, 

cultures, systems, management) and
	3.	 business-related innovations (renewal of 

the business model, the industry struc-
ture, the market structure, its boundaries 
and the rules of the game) (Zahn & 
Weidler, 1995).

	4.	 A fourth dimension would have to be 
added, namely that of the social innova-
tion (political innovation, new lifestyles) 
(Zapf, 1994).

The current innovation discussions reflect 
these considerations, as they make it clear 
that innovation is by no means a privilege of 
(industrial) companies, but is also of consid-
erable importance for non-profit organisa-
tions and thus ultimately for society as a 
whole. These innovations are also referred 
to as “post-industrial innovations”.

Schumpeter identifies two central groups 
of actors for the basic phenomenon of eco-

Innovation and Bioeconomy



272

18

nomic development in his work “Theory of 
Economic Development” (1912), namely the 
(a) dynamic entrepreneurs and the (b) 
dynamic financiers: the former achieve a 
competitive advantage through the new 
combination of production factors and 
obtain a pioneering position, which helps an 
economy to achieve higher productivity and 
a higher level of welfare. The latter make the 
growth process possible through adequate 
financing, which makes the combination of 
the various factors feasible in the first place.

This insight, which is now more than 
100  years old, is more relevant than ever, 
given the continuing difficulties in accessing 
growth financing and venture capital, espe-
cially in Germany: Since 2014, a group of 
renowned entrepreneurs (CEOs and found-
ers of high-tech companies) has been advo-
cating catchy models with which to mobilise 
private capital (“1% for the future – making 
innovations succeed”) (E&Y Report, 2014 as 
well as Mietzsch, 2018) in order to bring 
about financing for the high-tech/high-risk 
businesses of biotech companies, as the edi-
tors explicitly put it. Thus, financiers of 
high-tech companies are rewarded for com-
mitting to a company for the long term by 
means of equity participation and also for 
taking loss risks by exempting income from 
taxation after a holding period of several 
years and by bearing losses themselves. This 
model is intended in particular to replace the 
federal government’s “expensive subsidy 
programs, which are unsuitable as an instru-
ment”. At the same time, incentives should 
be created to establish new equity funds, 
with which companies should escape the 
“financing trap” and innovations could be 
brought to market.

18.3	 �Innovation Approaches 
in the Bioeconomy

In the bioeconomy, various definitions and 
(self-)understandings of “innovation” are 
represented, overlap or go hand in hand. 

For a simplified description here, innovation 
is understood as processes of renewal, or 
process results consisting of new products, 
processes and services, or as results of social 
and organisational change (transforma-
tion). These take place systemically, i.e. 
through interplay between different actors 
or groups of actors who are structurally and 
procedurally interwoven and form an inno-
vation system through iterative interactions.

18.3.1	 �System Innovation

The bioeconomy as such is often also under-
stood as a “system innovation”, as it is 
linked to the idea of a profound change in a 
wide range of economic sectors and thus 
also in society. In various strategies, for 
example, it is often emphasised that bioeco-
nomic innovations should be set up “in the 
system”. The Institute for Innovation and 
Technology (IIT) at VDI/VDE Innovation 
+ Technik GmbH, for example, states 
accordingly that system innovations are 
technologically based innovations,

»» that can be transformed into economically 
viable and socially accepted products or 
services if  the necessary components and 
competencies can be integrated into func-
tioning system architectures. They over-
come organisational and technical 
boundaries, are characterised by a func-
tioning interaction of  different stakehold-
ers along value creation processes and 
enable business models that can only be 
led to success through the acceptance of 
the relevant actors. (IIT n.d.; o. S.)

System innovations are seen as a necessary 
response to the pressure of global environ-
mental change, such as climate change. In 
this context, there is also talk of “transitions 
to sustainable development” (Grin et  al., 
2010). On the one hand, these system inno-
vations are characterised by significantly dif-
ferent knowledge bases and technical 
capabilities (Blind & Quitzow, 2016; Geels, 
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2002, 2004, 2005, 2006). On the other hand, 
consumer behavior and markets are also 
changing. Finally, infrastructures, policies 
and cultures need to change to enable sys-
tem innovations. System innovations usually 
also require new research and development 
programs or innovation initiatives, but also 
legal and regulatory changes and improved 
governance mechanisms. The German 
“Energiewende” (energy transition) is often 
cited as an example of system innovation, 
which ultimately leads to comprehensive 
political, economic and social changes 
(SRU, 2013; WBGU, 2011). Finally, it is 
important to convince and involve all stake-
holders relevant for implementation (from 
entrepreneurs, service providers and train-
ers, but also users, consumers, NGOs, such 
as trade unions, environmental associations, 
etc.) through effective, new methods.

Life sciences and biotechnology are 
often described as the basis of “systems 
innovation”, which in turn can trigger a 
wave of invention (The Economist, 2015; 
Zinke et al., 2016).

18.3.2	 �Environmental/Ecological 
and Sustainability 
Innovations

The European Union (EU) defines eco-
innovation in its Action Plan for Eco-
Innovation as “any form of innovation that 
brings about or seeks to bring about sub-
stantial and demonstrable progress towards 
the goal of sustainable development by 
reducing environmental pressures, enhanc-
ing resilience to environmental pressures, or 
leading to more efficient and responsible use 
of natural resources” (Europäische 
Kommission, 2019, n.d.).

In their paper, Blind and Quitzow cite 
Rennings (2000), who defines environmental 
innovations as “actions taken by various 
actors, such as businesses and households, 

to develop, apply, or introduce new ideas, 
behaviors, products, and processes to reduce 
environmental impacts or contribute to 
other environmental sustainability goals” 
(Rennings, 2000 in Blind & Quitzow, 2016).

At the same time, policy papers like to 
express that the bioeconomy always goes 
hand in hand with ecological advantage, 
which is why it is often regarded as a “sus-
tainability innovation” (Zinke et al., 2016). 
According to this understanding, the aim of 
bioeconomic approaches should be to pro-
duce new, sustainably produced products 
and services using knowledge and biological 
resources, thus combining economic growth 
with ecological compatibility (German 
Presidency of the Council of the European 
Union, 2007; OECD 1998, 2009; European 
Commission, 2012). The future belongs to 
solutions with low CO2 impact: “The busi-
ness success of tomorrow is born to the low 
carbon opportunities of today” (Christiana 
Figueres, Executive Secretary UNFCCC at 
the CEO Sustainability Forum 2011, p. 3).

18.3.3	 �Digital Innovations

In recent years, particular attention has been 
drawn to the advantageous linking of bio-
economy and digitalisation as a new system 
innovation. The synergies expected from 
this have led leading German protagonists 
in the field of as sustainable understood bio-
technology to call for a linking of the 
approaches “biologisation” and “digitisa-
tion” at the political level as early as 2015. 
However, a linkage of these approaches on a 
political level is currently hardly the case, 
although recently (2019) some FhG insti-
tutes presented “biointelligent concepts” 
(Competence Center Biointelligence, 2019) 
in cooperation with with universities from 
Baden-Württemberg. More detailed infor-
mation on the topic of the digital bioecon-
omy can be found in 7  Chap. 9.
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18.3.4	 �Innovation Approaches 
in Bioeconomy Strategies

Bioeconomy strategies reflect different 
understandings of the bioeconomy. They 
thus also define the fields in which innova-
tions take place or should take place. 
Different groups of strategy and thus inno-
vation approaches can be identified:

Technology-Oriented Approaches
55 focus on the development and applica-

tion of modern biotechnology and 
knowledge from the life sciences and 
highlight their innovation potential 
(USA/OECD),

55 the uses of biotechnology in the health 
sector (such as individualised solutions 
in medicine and pharmaceuticals, so-
called red biotechnology) are part of the 
bioeconomy,

55 do not attach any outstanding impor-
tance to biomass as a raw material base 
and

55 understand the bioeconomy as the transfer 
of life sciences knowledge into new, sus-
tainable/ eco-efficient and competitive 
products (Europäische Kommission, 2005; 
German Presidency of the Council of the 
European Union, 2007).

Transformation-Oriented Approaches
55 focus on the replacement of 

petrochemical-based processes and 
products by biobased ones, and

55 include all sectors of the economy 
involved in the production, processing 
and use of biological resources.

Resource-Oriented Approaches
55 have been gaining acceptance in Europe 

since around 2010 and
55 describe a bio-based economy; they 

focus on the production of biological 
resources (plants, animals, micro-
organisms) and their conversion into 
bio-based products and bio-energy.

Business-Oriented Approaches
55 are closely linked to resource-oriented 

approaches/definitions and
55 in general, the bioeconomy includes agri-

culture and forestry as well as all manu-
facturing sectors and related services 
that develop, produce, process or in any 
way use biological resources (Bioecon-
omy Council, 2009a, b; Bioökonomie, 
2012; BMBF, 2010; BMEL, 2014).

Goal-Oriented Approaches
These approaches still contain a norma-

tive component, as can be seen in the defini-
tion of the bioeconomy by the German 
Bioeconomy Council (7  Chap. 1). All strat-
egies share, to a greater or lesser extent, the 
expectation that new findings, particularly 
in the life sciences, and the resulting innova-
tions will lead to economic growth, improved 
international competitiveness and new jobs. 
The expectations of the last decades for bio-
technology and the life sciences are therefore 
being continued in this context.

In the vast majority of strategies, bio-
technology is seen as a key technology. The 
aim is to integrate biotechnology across dif-
ferent sectors of the economy. In contrast to 
the past, the bioeconomy is also opening up 
to other fields of technology and innovation 
approaches.

In recent years, the integration of 
research and innovation has gained increas-
ing political importance (Aguilar et  al., 
2013). This is also reflected in bioeconomy 
strategies. With the increasing importance 
of the goal of promoting innovation, vari-
ous fields of action to improve the frame-
work conditions for innovation are 
integrated into the strategies beyond 
research policy approaches. The integration 
of different policy fields is most pronounced 
in the Federal Government’s interministe-
rial policy strategy for the bioeconomy 
(BMEL, 2014). It is embedded in other 
strategies ranging from the High-Tech 
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Strategy 2020 (HTS) to the National 
Sustainability Strategy in order to ensure 
that bioeconomy policy is both a consistent 
part of a comprehensive technology and 
innovation policy as well as a part of the 
sustainability policy. Thus, from the per-
spective of innovation research, a necessary 
embedding in a present dynamic and inno-
vative knowledge society takes place.

18.4	 �Germany as a Location 
for Innovation

In 2016 no other European country spent as 
much money on innovation as Germany, as 
the EFI Report and the studies of the epony-
mous Expert Commission on Research and 
Innovation of the German Federal 
Government impressively confirm (EFI, 
2018 ff.). Innovation intensity measures the 
share of innovation expenditure by the 
German economy in relation to turnover. 
This was 3% in Germany in 2016, as much as 
in the previous year. According to the Centre 
for European Economic Research (ZEW), 
innovation expenditure by German compa-
nies amounted to €158.8 billion in 2016, of 
which over 75% was attributable to industry: 
Compared to the previous year, innovation 
expenditure increased by 2% (BMBF, 2018). 
The increase in innovation expenditure in 
2016 was not only driven by large compa-
nies, but also by small and medium-sized 
enterprises (SMEs). Since the late 1990s, a 
gap in innovation intensity has increasingly 
opened up between large companies and 
SMEs. While large companies allocate 3.8% 
of turnover to financing innovation activi-
ties, the figure for SMEs is only 1.4%.

The innovator rate measures the propor-
tion of companies that have introduced at 
least one product or process innovation 
within a 3-year period. Overall, around 36% 
of companies were innovators in 2016, com-
pared with 35% in 2015. This means that the 
decline in the innovator rate that has been 

observed for several years, which can also be 
seen in most other EU member states, did 
not continue in Germany for the time being.

The industry sectors electronics, metrol-
ogy and optics as well as pharmaceuticals, 
chemicals and other vehicle manufacturing 
have the highest innovator rates. In a 
European comparison, Germany continues 
to occupy a top position for this indicator. 
In 2016, the German economy achieved 
sales of €719 billion with product innova-
tions, around 3% more than in the previous 
year. The share of sales with new products 
in total sales was almost unchanged in 2016 
compared to the previous year at 13.6%. 
The share of sales generated with product 
innovations is above average, especially in 
industries that are intensively determined by 
research and development (R&D) (vehicle 
manufacturing, electrical industry and 
mechanical engineering).

The investments of science and industry 
in R&D are reflected in economic returns 
when inventions become innovations that 
reach the market and diffuse widely. Market 
novelties represent a higher degree of nov-
elty, as the corresponding innovation has 
not been offered on the market before. More 
than 8% of all German companies were the 
first to introduce market novelties in 2016. 
The sales generated with them amounted to 
around €154 billion. The share of market 
novelties in total sales was around 3% in 
2016.

The international competitiveness of 
knowledge-based economies is reflected in 
trade in research-intensive goods. In 2016, 
research-intensive products accounted for 
46% of total world industrial exports. Of 
these, 16.4% were advanced technologies 
and 29.6% were high-value technology. The 
share of research-intensive products in total 
industrial trade in goods has been increasing 
again since 2013. In 2016, Germany’s share 
of global trade in research-intensive goods 
was 11.6%. In a European comparison, 
Germany thus occupies a top position. 
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However, with a global share of 14.6%, 
China is now the largest exporter of 
research-intensive goods.

Germany is considered one of the most 
innovative economies in the world: this is 
reflected not only in the innovation ranking 
according to the European Innovation 
Scoreboard (EIS) of the European 
Commission (EC), but also in the two inter-
national innovation indices, the Global 
Innovation Index (GII, Cornell University) 
and the Global Competitiveness Index (GCI, 
INSEAD and WIPO), in which Germany is 
ranked between fifth and ninth place and is 
on a par with the USA, Japan and Sweden, 
and ahead of China and South Korea.

Germany’s particular strengths are high-
lighted as the high share in R&D expendi-
ture of private business enterprises and its 
patenting activities (.  Fig.  18.1). In addi-
tion, the work of clusters is viewed posi-
tively. Switzerland leads various innovation 
rankings (BMBF, 2018).

Against this background, reference 
should also be made to the results of the cur-
rent report of the EFI Commission 2019 
(EFI, 2018 et  seq.), which explicitly praises 
the High-Tech Strategy 2025 (Federal 

Government 2018; Bundesregierung (2018)) 
(adopted by the Federal Cabinet in 
September 2018): this formulates the goal of 
spending funds amounting to 3.5% of gross 
domestic product on R&D by 2025. It also 
refers to the importance of start-ups for the 
country’s innovation capability and competi-
tiveness: These pursue new business models, 
expand and modernise the range of products 
and services with their innovations. Start-
ups from science play an important role in 
the transfer of knowledge and technology 
into practice. According to EFI, start-ups 
are also considered trend scouts and impulse 
generators for established companies. As 
cooperation partners of established compa-
nies, they contribute to the joint develop-
ment and marketing of innovations.

Start-ups, and this is specifically empha-
sised in the EFI report, still have problems in 
Germany – especially in the growth phase – 
in obtaining venture capital. They also face 
specific challenges due to their size and their 
business models, which are partly set or 
influenced by legal framework conditions. 
Against this background, the Expert 
Commission makes the following recom-
mendations, among others:
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	 S. Heiden and H. Lucas



277 18

55 In order to promote start-ups from sci-
ence, the start-up culture at universities 
must be further strengthened.

55 Start-up education should be embedded 
in all degree programs.

55 Universities and non-university research 
institutions should develop standard 
licence agreements for the transfer of 
rights to spun-off  start-ups in order to 
enable start-ups to be licensed quickly.

55 The framework conditions for private 
investment in start-ups are to improve 
further. Since there is a lack of anchor 
investors in Germany, the Expert Com-
mission advocates providing incentives 
for institutional investors to invest more 
in venture capital. In addition, the VAT 
obligation for administrative services 
provided by fund managers should be 
abolished.

In countries such as the USA, Canada and 
Israel, functioning capital markets (pri-
vate equity markets) for innovative compa-
nies have developed over decades. The 
success of  these economic areas, especially 
in the pharmaceutical sector, but also in 
software/IT and the Internet, is largely due 
to these groups of  actors. Interestingly, 
direct state intervention, subsidies or 
research funding in favour of  new compa-
nies are of  rather little importance in these 
economic areas. Instead, tax incentives on 
the investor side or the adaptation of  capi-
tal market regulations to the needs of 
small and medium-sized enterprises (such 
as JOBSAct USA 2014) are used as instru-
ments that can bring about enormous 
momentum.

The consideration of the EFI recom-
mendations as well as the analogous adapta-
tion of these exemplary, functioning 
innovation systems to the specific German 
and/or European conditions in each case are 
of decisive importance for the full exploita-
tion of the potentials resulting from the life 
sciences for the bioeconomy.

18.5	 �Sustainable Finance

18.5.1	 �The Capital Market 
as a Driver of Sustainable 
Development

The publications of Sir Nicholas Stern, 
Chief Economist of the European Bank for 
Reconstruction and Development from 
1994 to 1999 and Chief Economist and 
Vice-President of the World Bank from 2000 
to 2003, in 2006 and 2009, which did noth-
ing more than reverse the prevailing benefit-
cost analyses of climate change mitigation, 
clearly made an impression on the financial 
community (Stern, 2006, 2009). Stern, for 
example, called for sustainability-oriented 
economics and posits that “greenhouse gas 
emissions represent the greatest market fail-
ure in the history of the world.” The global 
economic costs of climate change without 
further climate protection measures, accord-
ing to one result, will burden global eco-
nomic output by around 5–20% by 2050.

The most important catalysts for sustain-
able finance development are therefore the 
Paris Climate Change Conference in 
December 2015, at which the 2-degree target 
for limiting global warming was agreed, and 
the international agreement on the 17 
Sustainable Development Goals (SDGs). In 
the context of these two initiatives, numer-
ous new developments have also been initi-
ated in the financial market. For example, at 
the beginning of 2016, the G20 states estab-
lished a Green Finance Study Group (since 
renamed the Sustainable Finance Study 
Group) to address environmental aspects in 
the financial sector. Decisive impetus also 
came from the Task Force on Climate-
related Financial Disclosures (TCFD), 
based at the Financial Stability Board, 
which has been working intensively on the 
development of voluntary and uniform dis-
closures on climate-related financial risks. 
The debate was further intensified by the 
establishment of the High-Level Expert 
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Group on Sustainable Finance (HLEG) by 
the European Commission at the end of 
2016 (see also European Commission, 2012, 
2013, 2014, 2015). The recommendations of 
these groups and bodies included the follow-
ing

55 the introduction of a sustainable finance 
classification framework,

55 the revision of publication requirements,
55 more transparent information for retail 

investors,
55 the development of official European 

sustainability standards (e.g. for green 
bonds), and

55 the stronger anchoring of sustainability 
aspects in the governance of financial 
institutions as well as in financial super-
vision.

Following on from this preparatory work, in 
2018 the EC finally presented the EU Action 
Plan “Financing Sustainable Growth”, 
which aims to direct capital flows towards 
sustainable investments in order to achieve 
sustainable and inclusive growth (European 
Commission, 2018) (.  Fig.  18.2). It also 
aims to be able to manage the financial risks 
arising from climate change, resource deple-
tion and environmental degradation, and 
social problems. Furthermore, the aspects 
of transparency and long-termism in finan-
cial and economic activities should be sup-
ported. The EU resolution on Sustainable 

Finance also commits the financial world to 
sustainability. It was adopted in the EU 
Parliament on 29 May 2018 by 455 votes 
(with 87 against and 92 abstentions). The 
report itself  states that it is particularly 
important to have a policy framework that 
guides investments towards decarbonised, 
disaster-resilient and resource-efficient eco-
nomic activities.

18.5.2	 �Sustainable Bioeconomy 
as an Investment 
Opportunity

A sustainable bioeconomy is seen as a prom-
ising investment opportunity by global 
financial markets: Private and institutional 
investors are increasingly interested in 
socially responsible forms of investment, 
also known as SRI (sustainable and respon-
sible investment) or ESG-led investments, 
where ESG stands for environmental-social-
and-governance criteria, i.e.: environmental, 
social and good corporate governance crite-
ria. The focus is no longer solely on the 
desire for a clear conscience, which favors 
this investment segment. Rather, numerous 
investors are increasingly using the method-
ology of sustainability funds for the man-
agement of traditional investment funds: for 
example, sustainability criteria are also used 
as early warning systems by many fund com-

Investors Capital Sustainable 
investments

Healthy 
planet

Reduction of climate 
change-related economic damages

Greater interest in 
sustainability-oriented investments

.      . Fig. 18.2  EU Sustainable growth action plan – investing in a sustainable future for our planet. (Source: 
Illustration according to European Commission, 2018)
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panies such as DWS or Invesco Ltd. among 
others, in order to identify risks in good time 
before they are reflected in the quarterly 
reports of companies and thus in the share 
price (FNG, Berlin, n.d.).

In return for these investing strategies, 
securities of companies without correspond-
ing sustainability efforts are restricted or 
sold off. Capital investments in the area of 
sustainable impact investing are growing 
steadily. According to the Forum for 
Sustainable and Responsible Investment 
(US SIF), at the end of 2017, approximately 
US$12 trillion in assets in the US were 
invested in SRI strategies. Numerous exam-
ples of this trend exist. For example, the 
World Bank announced at the end of 2017 
that it would no longer invest in oil produc-
tion projects or coal mining from 2019 
onwards; only in exceptional cases to pre-
vent social problems in poorer countries will 
this still be done in the future. The Norwegian 
parliament had already decided in mid-2015 
to withdraw the sovereign wealth fund  – 
with a volume of the equivalent of more 
than €800 billion one of the largest and 
most successful funds of its kind  – from 
companies where climate-damaging coal 
transactions generate more than 30% of the 
business. At the same time, Allianz SE in 
Germany made the same strategic shift. In 
May 2018, Allianz followed suit and since 
then has refrained from individual insurance 
of coal-fired power plants and coal mining 
projects; by 2040, the company says it wants 
to have completely withdrawn from the coal 
business.

18.5.3	 �Significant Growth 
Potential of Sustainable 
Solutions

As early as 2010, Roland Berger estimated 
that the lead markets for environmental 
technology (including renewable energies, 
raw-material-efficient and energy-efficient 

products and processes, recycling and water 
treatment technologies) had a global sales 
volume of around US$ 1.7 trillion. By 2020, 
this figure is expected to reach around US$ 
3.2 trillion, which would correspond to an 
average growth of 6.5%. In view of these tar-
gets, there are already numerous biobased 
solutions that make a sustainable bioecon-
omy an interesting investment with high 
returns. Analyses by the DIW, the 
Fraunhofer Institute for Innovation and 
Systems Research ISI and the strategy and 
management consultancy Roland Berger, 
commissioned by the Federal Ministry of 
Economics and Technology, show that from 
2020 onwards environmental technologies 
will be more important in Germany than the 
entire automotive industry. These analyses 
once again demonstrate the effectiveness of 
“creative destruction” in Schumpeter’s 
sense.

18.6	 �Biotechnology – Driver 
of Sustainable Problem 
Solutions

One of the key disciplines underpinning a 
new economic cycle is biotechnology, which 
is highly innovative. Due to its broad posi-
tioning, its numerous fields of application 
and methods, and its consideration of the 
findings of millions of years of evolution, it 
offers a promising problem-solving poten-
tial based on resource optimisation and 
cycle management (Heiden & Zinke, 2006). 
In this context, biotechnology itself  repre-
sents the integration of many disciplines 
and in turn interacts with many areas of sci-
ence and technology. It represents a cross-
sectional discipline that has long since 
transcended the classical disciplinary 
boundaries (see 7  Chap. 9). By integrating 
proteomics, metabolomics, transcriptomics, 
genomics, genetic engineering, biochemistry, 
microbiology, bioinformatics and digitalisa-
tion, it stands as a pars pro toto for living 
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open innovation (Heiden et al., 2001). On the 
one hand, it deals with questions of basic 
research, and on the other hand with very 
concrete questions of industrial practice or 
societal needs in a changing world. Broad 
penetration in the sense of a sustainable 
transformation of society as a whole will 
only be achieved if  it is possible to involve 
all relevant stakeholders at an early stage 
focusing on all their needs. The normative 
analogies between the risk assessment of 
civilian use of nuclear energy on the one 
hand and the use of biotechnology/genetic 
engineering on the other can be attributed to 
some extend to the failure to involve all 
stakeholders and represents an obstacle to 
innovation today.

Even today, sustainability is not only 
seen in a positive light, but is always associ-
ated with “cost driving”: This was already 
noted by Dyllick et  al. (1997): in 1995, 
around 77% of all companies surveyed on 
behalf  of the European Commission stated 
that the legally induced environmental pro-
tection measures they had implemented had 
a cost-increasing effect. In ecologically par-
ticularly important industries the share of 
environmental protection investments of 
total investments ranged from 15% to 30%. 
As the Federal Statistical Office pointed out 
in 1996, current environmental protection 
expenditure in these sectors amounted to up 
to 5% of turnover. At the same time, how-
ever, 82% of all environmental protection 
investments in Germany in 1989 were still 
attributable to end-of-pipe measures. On the 
one hand, it is therefore not surprising that 
environmental protection measures are per-
ceived by companies as a cost factor; on the 
other hand, however, this also disproves the 
frequently expressed prejudice that the pre-
sentation of the cost-increasing effect of 
environmental protection measures is purely 
a business defence strategy. In summary, 
additive responses (end-of-pipe or add-on 
technologies) to environmental protection 
requirements will probably always be a cost 
factor, but never a productivity factor.

By contrast, the situation is quite differ-
ent with production-integrated environmen-
tal protection measures (PIUS), which 
reduce the use of raw materials and energy 
and, once implemented, cause lower run-
ning costs than end-of-pipe technologies 
(energy, material and personnel input). 
Production-integrated environmental pro-
tection measures can create both strategic 
and concrete competitive advantages. 
Environmental protection thus becomes a 
productivity factor (Bringezu, 1997).

However, this means for the understand-
ing of integrated or white biotechnology that 
it can also be used in all other fields of appli-
cation and contribute to sustainable devel-
opment – for the company concerned as well 
as for society as a whole. And it is precisely 
this understanding that is reflected in the 
BIOECONOMY programs, which are being 
pursued with great verve by politicians and 
innovative companies worldwide.

The fascination and enormous potential 
of this technology can be seen in the inter-
disciplinary approach inherent in 
biotechnology, which has long since over-
come the conventional boundaries of classi-
cal scientific fields. With its approaches, it 
will be possible to develop and establish 
energy- and resource-efficient processes and 
products on the market and to promote the 
change towards a sustainable society. 
Biotechnology is and will continue to be a 
driving force of a new, sustainability-
oriented Kondratieff  wave. This means that 
biotechnology is of a similar importance as 
it is currently attributed to digitalisation by 
some analysts and researchers. Perhaps we 
should even go as far as to describe this age 
as an era of digitalisation and biologisation.1

The success of  the bioeconomy will be 
closely linked to innovations and research 
and development approaches in the field of 
digitalisation: On the one hand, this stands 

1	 Acatec prefers the concept of  biological transfor-
mation.
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for a comprehensive, currently only rudi-
mentary, social change, on the other hand, 
for an industrial, in part quite revolutionary 
change. New digital technologies, such as 
cloud computing or big data, can realise a 
rapid networking of  different industrial sec-
tors and companies (SMEs, large compa-
nies and service providers): Material, 
machines and plants begin to communicate 
with each other in real time via the Internet 
in so-called smart production facilities 
(smart factories), exchanging information 
and even coordinating complete manufac-
turing processes independently. At the same 
time, production and logistics can be linked 
along the entire industrial value chain. 
More resource- and energy-efficient pro-
duction, process intensification, flexibility 
and individualisation (in manufacturing) 
will become possible, and this will signifi-
cantly strengthen the competitiveness of 
companies (Fischer-Kowalski et  al., 2014; 
Heiden & Zinke, 2006). Such objectives 
were already called for and published by the 
Enquete Commission “Protection of People 
and the Environment” of  the 12th German 
Bundestag (1994): “Shaping the Industrial 
Society  – Perspectives for a Sustainable 
Handling of  Material and Substance 
Flows”.

In such a networked world of business, 
new business models are also emerging at an 
enormous speed. Existing industry bound-
aries are being broken down, digital compa-
nies are conquering new markets and 
start-ups are challenging long-established 
market players in competition. In order to 
continue to survive in the market, it is par-
ticularly important for established compa-
nies to review the existing business model for 
possible potential for integrating these new 
technologies, to buy out start-ups if  neces-
sary and to develop completely new business 
models.

Schumpeter describes innovation as the 
creative destruction of what already exists 
(Schumpeter, 2006, 2008); and since all 

change brings with it resistance, for all the 
lip service paid to innovation in general, one 
should be prepared for the fact that innova-
tions are not welcome in case of doubt. 
Thus, it is not surprising that D’Este et al. 
(2012) find that across industries, a strong 
relationship has been empirically established 
between the level of innovation activity and 
the extent of relevant financial, knowledge, 
market and regulatory barriers. For exam-
ple, Hauschildt et  al. (2016) in their book 
Innovation Management hold that the “his-
tory of innovation is a never-ending story of 
resistance to” the same (Hauschildt et  al., 
2016, p.  31). The authors sharpen their 
description of resistance to innovations in 
the following statement: “Resistance to 
innovations arises from the fact that the 
individual concerned is actually or suppos-
edly unable to cope with these intellectual 
demands” (ibid., p. 40).

18.7	 �Will the New Kondratieff 
Wave Be a “Green” Wave?

The social insight into the urgency and 
necessity of transformation, as well as the 
availability and development of new key 
technologies (digitalisation, biologisation, 
environmental protection technologies …) 
will trigger a historically exemplary mega-
trend, which some authors already call a 
new, “green” (or sustainable) Kondratieff  
wave:

Five long growth waves can be identified 
since the Industrial Revolution at the end of 
the eighteenth century (see .  Figs. 18.3 and 
18.4): the wave triggered by the steam 
engine, followed by the new wave triggered 
by the innovations of steel and railways. 
They were succeeded by chemistry and elec-
tricity, before petrochemistry and the auto-
mobile became established. The last wave so 
far was characterised by information and 
communication technologies.
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18.7.1	 �Departure through Crises

Common to all emerging waves of growth is 
the crisis that precedes each one and leads to 
the breaking of the old cycle (see 
.  Fig. 18.4); from each crisis a new upswing 
emerges: be it the Panic of 1837, the 
Founders’ Crisis of the late nineteenth cen-
tury, the Great Depression of the 1930s, or 
even the two oil price crises of the 1970s of 
the twentieth century. The “creative destruc-
tion”, as the Austrian economist Joseph 
Schumpeter put it, was always at the begin-
ning of the new. Yet Nikolai Kondratieff  
already noted that a long cycle of growth, 
which permeates and transforms the econ-
omy and society, passes through a matura-
tion phase, loses strength and finally ends in 
crisis. The newly created infrastructure 
remains and with the upswing of the next 
cycle the crisis is passed and survived.

The prerequisite for any new upswing are 
new underlying innovations and key tech-
nologies, which are carried across the board 
by growing demand. Demand, in turn, is 
driven by the productivity bottleneck factor. 
Only when this bottleneck factor has been 

overcome can new productivity gains be 
unleashed.

Clearly, crises are indispensable elements 
of our economic history: each of the 
Kondratieff  cycles observed since the dis-
covery of the steam engine at the end of the 
eighteenth century has ended in a crisis, fol-
lowed by a long upswing. The resulting pros-
perity of a broad population over the past 
200 years or so – especially in the industri-
alised countries – is probably unique in his-
torical terms. Thus, one could agree with the 
statement of the Allianz Global Investors 
analysts (AGI, 2010) that the history of our 
prosperity is also the history of the associ-
ated crises.

The cycles described are thus always 
characterised by periods of technological 
upheaval and are similar in their conse-
quences: old industries are being displaced 
by new ones; corporate cultures and pro-
cesses change, new occupational fields are 
emerging and phases of long-term growth in 
prosperity lasting several years go hand in 
hand. In the past, these were always associ-
ated with rising CO2 emissions, which will be 
different in the new cycle, as these develop-

Period 1780 - 1830 1830 - 1880 1880 - 1930 1930 - 1970 1970 till present

Demand Textile industry Mass transport Mass production
Individual 

mobility

Information,
communication,-

networking

Epoch Early to late industrialization Service 
economy

Knowledge 
society,

Society of health 
and life sciences

Basis
innovation Steam engine Railway, steel Electricity, 

chemistry
Automotive, 

petrochemistry

Information and 
communication 

technology, 
digitalization

waves 1st wave 2nd wave 3rd wave 4th wave 5th wave

.      . Fig. 18.3  Kondratieff  cycles. (Source: Own representation based on Bullinger, FhG)
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ments focus on sustainable solutions and 
thus on decoupling prosperity and green-
house gas emissions.

In the present and near future, we are 
experiencing changes in our knowledge-
based society through innovations in the 
fields of communication technology, digi-
talisation, artificial intelligence and “biolo-
gisation” (biotechnology, bioeconomy), 
among others, which have already greatly 
changed our lives and will continue to do so 
in the future (see also Geels, 2005).

Moreover, we can attribute an important 
role of financial markets and their develop-
ments to each of the structural cycles con-
sidered: For example, high levels of debt, 
excessive speculation and inflated asset price 
bubbles played an important role, ultimately 

contributing to the termination of the 
respective cycles. Financial analysts even go 
so far as to attribute the decisive role in this 
downturn to them: At the same time, they 
also attribute to financial markets the role of 
accelerator of a new recovery2: after the cri-
sis, entrepreneurs need a lot of money to 
spread and penetrate the more productive 
techniques in the market. Once the markets 
are developed, the demand for credit falls, 
real interest rates fall towards zero, and the 
process repeats itself. These cyclical pro-
cesses with their different consequences are 

2	 For more information, see 7  https://ch.allianzgi.
com/en-gb/en-insights/market-updates/capital-
markets-m-..onthly
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.      . Fig. 18.4  Historical view of  Kondratieff  cycles: history of  prosperity prosperity and associated crises. 
(Source: Illustration according to AGI, 2010)
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now also the subject of popular business 
magazines and newspapers, such as 
Wirtschaftswoche or Handelsblatt (see, for 
example, Hanke, 2012 or Müller, 2010), 
whereby it is also emphasised that the view 
of economists on seemingly obvious analo-
gies is quite differentiated.

18.8	 �Outlook

While in the previous economic cycles of the 
past 200 years the factor labour was the pri-
mary economic bottleneck factor, this role 
in the twenty-first century will be attributed 
to the bottleneck factors energy and raw 
material resources with their implicit envi-
ronmental effects. This means that the focus 
is no longer on increasing labour productiv-
ity in order to secure our prosperity, but on 
increasing resource and energy productivity 
as a driver for securing quality of life, pros-
perity and peace.

Under the changed conditions of glo-
balisation, demographic development, cli-
mate change and resource scarcity, as well as 
a growing sense of responsibility for the one 
world, growth will be generated in the future 
by sustainable solutions/innovations that 
contribute to the decoupling of quality of 
life (economic growth) and nature consump-
tion (see Hennicke, 2010; Stern, 2006, 2009). 
This is precisely where biotechnology makes 
important contributions.

Bioeconomy and digitisation address all 
relevant megatrends through meaningful 
linkages, i.e. globalisation, urbanisation, 
demographic change, energy and resources, 
environmental and climate protection, 
health, mobility, knowledge-based society, 
and living and working (see Federal 
Government, 2018).

The success of this approach will essen-
tially result from the successful participation 
of actors from the most diverse courses of 
life in society, thus addressing needs that 
exist not only at present but also in the long 

term and are also subject to enormous 
change in view of the global challenges fac-
ing society.

In order to fill such a far-reaching link-
age with life in the long term, however, a 
courageous and formative policy is required 
that sets out to champion the issue, includ-
ing through legislative, fiscal and interde-
partmental  – at both national and 
international level. The necessary instru-
ments are well known. The urgency of such 
a call becomes apparent not only when look-
ing at the distribution of R&D funds in the 
BMBF Report 2018, but especially when 
considering the situation of life science com-
panies in comparison with the USA or other 
European countries.

Always keep in mind what Privy 
Councillor Johann Wolfgang von Goethe 
urged in his time: “It is not enough to know, 
one must also apply; it is not enough to 
want, one must also do.”

A sustainable bioeconomy and its under-
lying technologies will play the role of pace-
maker and engine for establishing a major 
transformation. Digitalisation and biologi-
sation, and especially their interconnection, 
are the drivers of a new dynamic of sustain-
ably oriented growth, a “green” Kondratieff  
wave.
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