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V

Foreword

The new, old bioeconomy of today has, since its introduction as the Knowledge- 
Based Bio-Economy (KBBE) by the EU in September 2005, evolved politically from 
a research initiative, in preparation for the seventh1 Framework Programme, to a 
considerable, comprehensive economic strategy. Around 60 states and more and 
more regions worldwide have adopted corresponding supporting and promoting 
strategies, action plans, and roadmaps, which either carry the name “Bioeconomy” 
directly or represent initiatives with identical content. Some of them, such as the EU, 
Germany and Italy, have even produced an updated edition of such strategies! And 
the number of institutions calling for and promoting the bioeconomy system, that is, 
greater use of and knowledge about biological resources in the broadest sense, con-
tinues to grow. Their goal: to contribute to resource efficiency, to sustainability, to the 
circular economy, and to the achievement of climate goals. Biological resources and 
knowledge about them can also create or “trigger” products and processes with new, 
previously unknown properties, that is, deliver highly innovative results.

However, it is becoming increasingly clear that there is and will be not one but 
many bioeconomies in the world. It is therefore all the more necessary to identify and 
outline the cornerstones, the commonalities, and unique selling points of the 
extremely complex system of a bioeconomy and to agree on their significance and 
relevance: availability of biological resources with their elements of renewability, cli-
mate neutrality, circularity, innovation, and relevance of value chains and systems – 
with implications for collaboration, education, training, financing, and 
communication. The bioeconomy in the Faroe Islands is just different from that in 
Finland or South Africa, and the biobased activities of large German chemical com-
panies in the Ruhr region are not comparable to the practiced bioeconomy in the 
Argentinian pampas or the Austrian Alps.

Many different products are already being produced bio-based today because they 
have clear advantages in resource efficiency and quality, in cost, in terms of health 
and environmental impact, and indeed in sustainability. Industry will continue on 
this path, with or without strategies. Against this background, we need to respond to 
questions like: What is the changing role of the public sector in, for example, research, 
licensing, and regulation? Are consumers even aware yet of the benefits of bio-based 
products and services that are becoming clear? How does this gradually growing real-
ity of a biobased world affect our academic and general education and training sys-
tem, the so-called soft skills including the necessary funding? In view of the 
competition between the different uses of biological resources, biomass, its impact on 
the media of soil and water, will we be able to “afford” one or many bioeconomies on 
a large global scale at all, or will only waste remain as a resource in the end? What 
role can and will the digital transformation, of which the public is becoming increas-
ingly aware, play here, either on its own or in conjunction with a corresponding bio-
logical transformation?

1 7 See https://de.wikipedia.org/wiki/Forschungsrahmenprogramm as well as 7 https://www.horizont 
2020.de/.

https://de.wikipedia.org/wiki/Forschungsrahmenprogramm
https://www.horizont2020.de/
https://www.horizont2020.de/
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All these complex aspects are clearly evident in the approaches and essays of this 
book. The book differs from many other current contributions in Europe specifically 
by the following accents:

 5 The focus is on the bioeconomy SYSTEM with its many facets, not on individual 
modules (sub-areas), even though these are of course dealt with intensively.

 5 The differentiation of the individual actors in their roles and relevance, from agri-
culture to associations, as inventors or consumers, in their various functions and 
interests, is being scientifically reviewed for the first time , although there is still 
much research to be done.

 5 The differentiation according to the economic or instrumental form of bioecon-
omy applications, from the waste-based bioeconomy to the bioeconomy of micro-
organisms and fungi, also addresses the digital bioeconomy – a highly interesting 
attempt to update this topic in view of the increasingly strong debate, at least in 
Germany, on the biological and digital transformation.

 5 For the first time, the relevance of the term cluster, also in practical regional exam-
ples, is highlighted. This is very important work with regard to the importance of 
value creation for the bioeconomy, which science has hardly done so far, but which 
should have quite a few practical consequences for the success of bioeconomies.

 5 For the first time, new job profiles that are emerging as a result will also be cov-
ered.

 5 Last but not least, the book ventures into the question of the governance of the 
bioeconomy, a topic in which there is as yet very little that is scientifically robust, 
both in the German language and international literature. Thus, with regard to the 
diversity of organizational forms and business models of the bioeconomy, includ-
ing questions of delimitation, a great deal of work still needs to be done here.

All in all, this work can be described as ambitious, but also as courageous in its 
choice of topics. It is published at a time when the bioeconomy is approaching a 
further stage in its development in the competition of ideas, strategies, and concep-
tual designs for tackling the immense questions of the future on our planet, in our 
world today. Since its launch in Brussels in 2005 as a research initiative for the EU’s 
Seventh Framework Programme for Research, through its further development as a 
general economic model, as a “partner” for the achievement of sustainability goals 
and in the implementation of a circular economy, it now faces the challenge of mea-
suring itself  against and allying itself  with the potentials and characteristics of the 
digital world, the world of artificial intelligence, robotics, and automation.

To do this, it must reflect on its own unique qualities and advantages, make them 
clear, and, above all, make them understandable: this is an easier task for anyone who 
develops an iPhone or tablet, or who is concerned with autonomous driving. In my 
opinion, this book can make an important contribution to this.

Whether and how the bioeconomy gains and keeps its momentum does not only 
depend on the understanding of the bioeconomy as a system. The COVID pandemic 
has shown that the transformation into a bioeconomy is determined by far more 
influencing varying factors than presented in this book.

Christian Patermann
Bonn, Germany 
April 2020

 Foreword
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Preface

The bioeconomy aims to combine the tried and tested with the new. Since 2016, there 
has been international agreement that this should be done within the framework of 
the Sustainable Development Goals (SDGs) of the 2030 Agenda. This requires not 
only scientific knowledge and creative technical solutions but also a sustainable 
framework for action and comprehensive interaction between stakeholders. In addi-
tion, there are many and dynamic developments: Innovations in genome editing allow 
new insights and development and governance opportunities in the bioeconomy; 
future innovations in synthetic biology are likely to accelerate these opportunities. 
These developments are associated with great opportunities, but also risks, which 
must be weighed up not only from a scientific-technical but also from a social point 
of view.

On the other hand, the environmental situation is also deteriorating dynamically: 
climate change, degradation of agricultural land, and biodiversity loss are progress-
ing unabated so far and are fueled by the increasing demand for food, products, and 
energy. For the bioeconomy, this means on the one hand a clear limitation of its 
future development within the framework of the natural resource base, but on the 
other hand also a higher expectation for the future contribution of bio-based prod-
ucts in an economy increasingly based on renewable resources: for food, building 
materials, basic chemicals, specialty products, and energy. These expectations are 
linked to the great hope of being able to anchor the bioeconomy comprehensively in 
a circular way for the transformation into a new economic system, as well as the 
concern that the bioeconomy, as a supposedly greener economy, will further acceler-
ate the plundering of the planet. Many expectations and interactions – both positive 
and negative – must therefore be taken into account in order to embark on the path 
to a sustainable bioeconomy.

This is only possible with a system perspective that embeds the scientific-technical 
activities of the bioeconomy along the biogenic material flows in the societal context 
and takes into account future development opportunities and conflicting goals.

This book attempts to describe the bioeconomy system for Germany (and beyond) 
and to bring together the different levels of resource use, actors, and framework con-
ditions. Because the bioeconomy is inconceivable without plants, wood, microorgan-
isms, aquatic biomass, waste use, and data/information, we have chosen these as the 
starting point for describing the subsystems of the bioeconomy. In order to describe 
the concrete movers and shakers of the bioeconomy, individual perspectives are por-
trayed, and the networks and clusters are presented as nodes of joint action. The 
framework for action in which the bioeconomy is developing is also described. These 
include, for example, understandings of innovation, national and international gov-
ernance, scenarios and models, monitoring activities, professional fields, and bio-
economy discourses.

Finally, a look is taken at the bioeconomy as a whole and its future develop-
ments – both for Germany and beyond. The book does not provide contradiction- 
free perspectives or a unique understanding of the system but gives an insight into 
the often very dynamic contexts of action of current bioeconomy actors and their 
own understanding of how they define and shape “the bioeconomy system.” This 
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illustrates the diversity of the bioeconomy but also makes it possible to see where 
conflicting goals exist and how they can be overcome.

This book is aimed at actors from politics, administration, and civil society, entre-
preneurs, and communicators as well as students and young professionals. It pro-
vides them with a quick, comprehensible, and interdisciplinary overview of the most 
important interrelationships of the bioeconomy. It is intended as an “orientation in 
the bioeconomy” and thus as a helpful support for understanding and action. It 
complements the books Bioeconomy for Beginners by Joachim Pietzsch and Bioecon-
omy Shaping the Transition to a Sustainable, Biobased Economy by Iris Lewandowski, 
which focus primarily on the utilization of biomass. This book is being published to 
coincide with the launch of the “Bioeconomy Science Year 2020” – another mile-
stone in the German bioeconomy. We hope that in this context it will contribute not 
only to the scientific advancement but also to the practical introduction of the sus-
tainable bioeconomy. The bioeconomy has the potential to sustainably shape neces-
sary transformation processes. It is now also important to develop these more 
strongly in system contexts.

We would like to take this opportunity to thank the many people who have con-
tributed to the creation of this book. First and foremost, we thank the authors of this 
book, who have painstakingly attempted, in some cases for the first time, to present 
their interrelationships in a compact manner. The authors represented in this book 
were supported by numerous other persons: by ideas, contributions, references, and 
reviews. Even if  they are not mentioned here individually, they deserve special thanks. 
In addition, we would like to thank some people in particular. First and foremost, we 
thank Mr. von Braun, who has supported and accompanied this book in terms of 
content and concept from the very beginning. We also thank Dr. Eva Leiritz (PtJ) 
and Dr. Grit Zacharias (Freie Leiritz); Grit Zacharias (freelance editor and environ-
mental scientist), who provided the original impetus for this book; Ms Diana Pfeiffer 
(DBFZ), whose comments contributed to a significant sharpening of the book con-
cept and the quality of the content of the individual texts; and Mr Björn Schinkel 
(UFZ), whose graphic work created a coherent, overall visual image of the book and 
thus helped to illustrate the many ideas and concepts of the authors. Our special 
thanks also go to Ms. Maxie Wolf (UFZ), who checked all texts for their linguistic 
and formal consistency and correctness and also took over all accompanying work 
of the book production up to the handover to the publisher.

Finally, we would also like to thank our publisher, Springer, for making it possible 
for us to publish this book and always supporting us through Ms. Carola Lerch and 
Dr. Stephanie Preuss. Our thanks also go to you, for holding this book in your hands 
and having placed your interest and trust in us.

With our book, we would like to provide you with an introduction to the exciting 
world of the bioeconomy.

Daniela Thrän
Leipzig, Germany 

Urs Moesenfechtel
Leipzig, Germany  
January 2020
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1
1.1  The Challange of 

Transformation

Humans have been gathering and storing 
knowledge for millions of years, using it to 
improve their lives. Knowledge, wealth and 
also humanity have grown dramatically in 
the past. However, such growth as we know 
from the past is considered finite, especially 
by environmental scientists. Already in 1972, 
the Club of Rome pointed out in its paper 
“Limits to Growth” that unlimited growth 
was impossible in a world with limited 
resources (Meadows et al., 1972). Today, the 
various impacts of resource depletion have 
been demonstrated manifold (International 
Resource Panel, 2017). The most pressing 
global challenges that will arise for human-
ity in the future, or that already exist, are 
above all
 1. preserving of a diverse, efficient natural 

environment as a basis for life,
 2. overcoming the high dependence on fos-

sil raw materials and the associated cli-
mate change with its global consequences,

 3. the care of a growing world population 
with increasingly ageing societies and

 4. reducing the contradictions between eco-
nomic growth and sustainability (BMBF, 
2014).

The goal of using the earth in the future in 
such a way that all countries of the world 
receive equitable development opportunities 
and without thereby diminishing the devel-
opment opportunities of future generations 
(Vereinte Nationen, 2015a) was already 
adopted by the United Nations (UN) in the 
Declaration of Rio de Janeiro in 1992 
(Vereinte Nationen, 1992). As a result of 
this declaration – in response to increasingly 
complex global challenges – the Sustainable 
Development Goals (SDGs) were ratified in 
autumn 2015 (Vereinte Nationen, 2015b), 
which apply to all states and are to be imple-
mented by 2030. The 17 goals and 169 sub- 
goals underpin the guiding vision of 

sustainable development in a comprehensive 
way, even if  they have not yet been fully dif-
ferentiated and are sometimes contradictory 
(Pfau et  al., 2014). They form a globally 
agreed framework that includes the resource 
base as well as society and the economy in 
their development opportunities 
(. Fig. 1.1) Although the living conditions 
(life expectancy, water scarcity, economic 
growth, poverty, etc.) of many people have 
improved significantly globally in the last 
decade,1 the global challenges for a sustain-
able economy are more precarious than ever 
before. The Global Footprint Network cal-
culated that the time span in which globally 
available resources are consumed for the 
year has shortened by 1–6  days every year 
since 1987, and in 2018 fell on August 1 
(Mosbergen, 2016).

To overcome the challenges, the many 
smaller drivers must be turned – in the right 
direction and in a coordinated interplay. 
This requires both keeping an eye on the big 
picture and activating the right adjust key 
levers. To stay in the technical picture: The 
engine room of the transformation towards 
a sustainable society is a complex system 
that must be kept in view as a whole, but 
also adjusted in the right places. It is a space 
in motion, in which not only adjustments 
and controls are made, but in which the sys-
tem is also constantly being rebuilt so that 
something fundamentally new emerges.

This is our motivation for writing this 
book: We want to outline the bioeconomy as 
a system, using Germany as an example, in 
terms of its opportunities and risks for 
meeting the global challenge, but also to 
shed light on the subsystems that set the nec-
essary wheels in motion with their various 
achievements, and expectations. We want to 
organise the vast amount of information on 
bioeconomy, make it understandable for dif-

1 For more information see: 7 https://ourworldin-
data.org/
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ferent actors, and thus reduce the “impene-
trable” complexity so that development 
perspectives become clearer. System knowl-
edge is the crucial prerequisite for shaping a 
sustainable bioeconomy.

1.2  Bioeconomy 
as an Opportunity 
for the Future

The constant emergence of  new life, the 
interaction with nature and the balance of 
biological processes are the central basis 
for human existence. The natural balance 
has provided these over millions of  years. 
Using these principles of  living nature as a 
model for human economic activity is seen 
as an important approach to dealing with 
global challenges (Biodiversity in Good 
Company, 2016).

Looking at biological processes in detail, 
a comprehensively better understanding has 
also developed over the past centuries and 
especially in recent decades: Genetics, bio-
technology and material sciences now offer 
the possibility not only of replicating natu-

ral processes, but also of developing them 
further, thus opening up a wider view of the 
contribution that the natural balance can 
make to solving global challenges.

The idea of  the bioeconomy is located 
precisely in this area of  tension. Even if  the 
term “bioeconomy” is used in different 
ways (Infobox: What Is Bioeconomy?), at 
least the more comprehensive definitions 
include an important element of  social 
change towards a sustainable economy. The 
bioeconomy is generally based on natural 
cycles and the claim that these should be 
preserved in the interests of  environmental 
protection and resource conservation 
(Berger, 2018).

Accordingly, the bioeconomy should not 
be understood as a branch of industry, but 
rather as evidence of a rethinking process 
towards a “green economy”, which should 
be complemented by other important ele-
ments (Bioökonomierat, 2019): If  sustain-
able management of the natural resources 
water, air and soil, the protection of biodi-
versity and the consideration of social 
aspects are included, the bioeconomy can 
contribute to climate protection, resource 
conservation and global food security.

       . Fig. 1.1 The United Nations (UN) Sustainable Development Goals. (Source: Vereinte Nationen, 2015c)
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The opportunities arising from the con-
cept of the bioeconomy are aimed at differ-
ent fields of action (. Fig. 1.2):

 5 The secure nutrition of a growing world 
population requires both the continuous 
further development of existing agricul-
tural production and the development of 
new production systems, for example for 
the provision of proteins from aquacul-
tures, algae, insects and other raw mate-
rials or the establishment of production 
systems in growing cities (urban farm-
ing).

 5 The substitution of fossil raw materials is 
a central challenge for achieving the 
internationally agreed climate protection 
targets. Biological building materials, but 
also bio-based chemical products pro-
duced in biorefineries, are considered 
important fields of action here. Energy 
from biomass can substitute fossil fuels, 
but is limited by the amount of biomass 
available, so that widespread use will not 
be possible. Appropriate use of biomass 
as an energy source should therefore be 
targeted, for example to close material 
cycles or supply gaps in a sustainable 
energy system.

 5 New, smarter products and processes 
offer opportunities for innovation and 
competitiveness. Materials with 
improved properties compared to those 
made from petroleum or concrete can, 
for example, enable less material- 
intensive and at the same time more 
durable construction. In medicine and 

pharmacy, therapies and active ingredi-
ents that are individually tailored to the 
individual person achieve greater healing 
success than products that have been 
commonly used to date. However, much 
of the potential for innovation still lies in 
the dark: For example, only a very small 
proportion of the estimated several hun-
dred million species of microorganisms 
living on earth have been classified (Kall-
meyer et al., 2012).

 5 The sustainable production and process-
ing of biogenic resources also offers the 
opportunity to maintain jobs in rural 
areas or to create new decentralised value 
chains. As the past has shown, this 
requires not so much technical innova-
tions as new organisational and social 
concepts.

 5 The bioeconomy can serve as a building 
block for “green growth” if  the larger 
material cycles are designed accordingly. 
Recycling and circular economy form 
important elements here. The bioecon-
omy, which is oriented towards natural 
material budgets, also requires a reduc-
tion in consumption and a change in 
consumer behaviour (Grefe, 2016). This 
requires the necessary changes in the 
attitudes of each individual.

 5 The bioeconomy is particularly dynamic 
due to its speed of development  – cur-
rently in the field of industrial biotech-
nology and genetics. This can be 
illustrated, for example, by the develop-
ment of the cost of genome sequencing. 

Risks of genetic engineering

Con�icts over biomass and land

Economization of nature

Threat to individual fundamental 
rights

Secure world food supply

Substitution of fossil raw materials

Innovation and competitiveness

Jobs in rural areas

Building block for green growth

       . Fig. 1.2 Opportunities and risks of  the bioeconomy. (Source: Own representation)
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The increase in performance and reduc-
tion in costs is much faster than in the 
case of Moore’s Law, which described 
the speed of doubling of performance in 
the IT industry in its establishment phase 
(Schaller, 1997). In 2006, genome 
sequencing cost about US$14 million; in 
2015, it cost only US$1500 (Thrän & El- 
Chichakli, 2017). In the short term, a 
further reduction in cost to US$100 is 
expected (Ropers, 2018). It is widely 
assumed that with the help of biotech-
nology and information technology, 
technical developments will become pos-
sible in the coming years “that are 
beyond the imagination of previous gen-
erations” (Fritsche and Rösch 2017  in 
Berger, 2018, p.  7; Harari, 2018; MPG, 
2019).

In line with the potential and the challenges, 
bioeconomy strategies have been adopted 
not only in Germany (BMBF, 2010), but 
also in many countries in recent years 
(. Fig. 1.3).

While in many parts of the world the 
potential for innovation is seen as unreserv-

edly positive, not least because of these 
prospects for new markets (Zinke et  al., 
2016), there is also considerable criticism of 
the bioeconomy, particularly in Germany 
and the European Union, which addresses a 
whole range of risks:

 5 The use of plants and their products in a 
wide range of applications entails con-
flicts over biomass and the land needed 
to provide it. Species loss and soil degra-
dation are the consequences of intensive 
agricultural production worldwide.

 5 Restrictions on the distribution of and 
access to land and food also pose consid-
erable risks, as the so-called “plate-or-
tank” debate in the 2000s showed. At 
that time, political incentives in many 
countries simultaneously propagated 
and promoted the cultivation of energy 
crops, especially palm oil and maize, for 
biofuel production. Because there was a 
simultaneous increase in demand for 
food, world market prices for agricul-
tural products rose dramatically within a 
short period of time. Even if  the actual 
effects on food security are disputed, the 
image of starving people next to the fuel 

Dedicated bioeconomic 
strategy
Bioeconomic strategy
Bioeconomic strategy; 
speci�c strategy under
development (Costa Rica)

       . Fig. 1.3 Overview of  adopted bioeconomy strategies around the world. (Source: Own representation)
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cap of a high-priced car has consolidated 
the impression of ethically unjustifiable 
competing uses.

 5 The possibilities of targeted modifica-
tion of the genetic material of microor-
ganisms, plants and other organisms 
using molecular biological tools (genome 
editing2) have significantly changed the 
breeding of crops and the conversion of 
their products. Many biotechnology pro-
cesses were made possible in the first 
place. Newer techniques  – in particular 
CRISPR/Cas3  – have enormous poten-
tial for development and application, as 
they are less complex and more precise to 
use than previous methods, and their 
application is associated with consider-
able time and cost savings. It is foresee-
able that this technology will decisively 
shape, multiply and accelerate the trans-
formation process towards a bioecon-
omy. The central question of the 
twenty-first century will be how the 
economy and society can best face these 
developments regionally, when this tech-
nology will change our entire agricul-
tural and bioproduction systems (and 
possibly also ecosystems) worldwide and 
thus affect all areas of social life. Genome 
editing already triggers moral questions 
of great significance. For example, the 
use of the biological information of the 
individual person carries the risk of 
endangering individual fundamental 
rights. The question of how to deal with 
personal genetic information has not yet 
been decided in society.

2 We understand this term here as a collective term 
for the application of  new molecular biological 
tools (such as zinc finger nucleases, TALEN and 
CRISPR/Cas. See also: 7 https://www.dialog-
gea.de/de/themen/inhalte and 7 https://
de.wikipedia.org/wiki/Genome_Editing

3 For more information, see: 7 https://www.mpg.
de/11018867/crispr-cas9

 5 The consistent exploration and exploita-
tion of biological principles and pro-
cesses also harbours further social 
dangers of a comprehensive economisa-
tion of nature. The sequencing of genes 
as the basic building blocks of life and 
their release for commercialisation 
through patenting are described as a 
revaluation of all living things into the 
raw material “biomass”, which subjects 
life to short-term profit targets and thus 
represents a continuation and expansion 
of the system oriented towards quick 
profits (Gottwald & Krätzer, 2014).

Given the range of expectations, it is not 
surprising that extensive and contradictory 
interactions are seen between the SDGs and 
the bioeconomy. In Germany, stakeholders 
from science, business and civil society inter-
ested in the bioeconomy expect the bioecon-
omy to contribute above all to “No Hunger” 
(SDG 2), “Clean Water and Sanitation” 
(SDG 6), “Responsible Consumption & 
Production Patterns” (SDG 12), “Climate 
Protection Measures” (SDG 13) and 
“Sustainable Development” (SDG 13). 
“production patterns” (SDG 12), “Climate 
action” (SDG 13) and “Life under water 
and on land” (SDGs 14 and 15) are unani-
mously rated as very important, while opin-
ions differ significantly, for example, on “No 
poverty” (SDG 1), “Affordable and clean 
energy” (SDG 7) and “Industry, innovation 
and infrastructure (SDG 9)” (Zeug et  al., 
2019).

The diverse interactions with the SDGs 
also point to a central area of tension. 
Actors in the most diverse areas of life are 
involved with the bioeconomy: Bioeconomy 
is understood in the context of agriculture, 
forestry, microbiology, the marine economy 
and their respective products, but also as 
part of waste management, energy manage-
ment and digitalisation.

 D. Thrän
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In the system, different actors interact in 
the various economies or economic sectors. 
They base their actions on their respective 
achievements and expectations  – and this 
can lead to tensions, but it can also inspire 
them: In order to seize the future opportu-
nity of the bioeconomy, it is precisely these 
sectors and actors that must interact in an 
appropriate manner, i.e. turn the adjusting 
screws described in the previous chapter. 
The second part of this book is therefore 
devoted to a systemic view of the sub- sectors 
of the bioeconomy.

However, looking beyond the experts’ 
horizons also provides a very different pic-
ture: In the past, according to survey 
results from 2013 (IfD, 2013), the majority 
of  Germans were unaware of  the concept 
of  the bioeconomy (Bioökonomierat, 
2013). More recent surveys are not avail-
able, but there is little evidence that the pic-
ture has fundamentally changed. To date, 
there is a lack of  clear visions or guiding 
principles of  what a bioeconomic future 
should look like. For example, although 
the European Union’s 2018 revised strat-
egy aims to take a comprehensive view of 
the bioeconomy in a healthy environment 
and also to pay attention to urban and 
rural environments, it still does not include 
concrete targets or transformation path-
ways (EC, 2018). The new national bio-
economy strategy also has a similar tenor. 
Public dialogue and discourse events are 
rare and critics describe the bioeconomy as 
a smokescreen (denkhausbremen, 2018). 
Recent research among actors in the for-
estry and timber sector also found that 
there is a great deal of  uncertainty about 
what future developments will look like 
(Stein et al., 2018).

Nevertheless, the bioeconomy is devel-
oping  – driven by actors and in regional 
cooperations  – with different motivations 
and fields of action across the economies. 
We dedicate the third part of this book to 
these movers and organisational forms of 
the bioeconomy in Germany.

 z What Is Bioeconomy?
Bioeconomy is derived from the terms bios 
(life), oikos (house) and nomos (law). As a 
principle, the term was first used in the 1960s 
by Zeman (Bonaiuti, 2014), who used it to 
highlight the biological basis of almost all 
economic activities. Another genesis of the 
term is described in connection with the dis-
coveries of genetics in the late 1990s and the 
associated expectation of a comprehensive 
revolution in the industrial sector.

Today, the Bioeconomy Council of the 
German Federal Government defines the 
bioeconomy as the production and utilisa-
tion of biological resources (including 
knowledge) to provide products, processes 
and services in all sectors of trade and 
industry within the framework of a sustain-
able economy (Bioökonomierat, 2019). It 
identifies agriculture and forestry, the energy 
industry, fisheries and aquaculture, chemi-
cals and pharmaceuticals, the food industry, 
industrial biotechnology, the paper and tex-
tile industry, and environmental protection 
as important fields of application. In its eco-
nomic breadth, its consideration of the most 
diverse uses and future needs, this definition 
represents a comprehensive (systemic) 
claim. This is why we follow it in this book – 
both in the overall consideration of the bio-
economy in Germany and in the presentation 
of individual aspects.

In addition, there are many other defini-
tions that span between this broad definition 
and a much narrower understanding of the 
further development of industrial biotech-
nology. The term “bio-based economy” is 
often used synonymously.

The term “biological transformation” 
(biologisation) is a collective term for the 
increasing integration of principles of nature 
into modern economic sectors, or the devel-
opment of products or solutions to prob-
lems, driven by the knowledge gained in the 
life sciences and especially biotechnology. 
For example, there is talk of the biologisa-
tion of the economy, the biologisation of 
industry or the biologisation of technology.

Introduction to the Bioeconomy System
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1.3  The Resources 

of the Bioeconomy

Land, biomass, microorganisms, technolo-
gies, knowledge, etc. form the resources of 
the bioeconomy. They are provided by 
nature again and again or can be generated 
by closing the loop at the end of human use. 
Both elements together form the resource 
base.

Biomass is traded as a raw material in a 
wide variety of processing stages and is also 
frequently imported into Germany. A 
national consideration of raw materials 
always remains incomplete. . Figure  1.4 
therefore provides an overview of land use 
and global biomass flows utilised by humans. 

The data shown are from the year 2000, as 
no more recent consistent balances are avail-
able. The total amount of biomass harvested 
has increased since 2000; however, the over-
all picture, particularly with respect to land 
use and the magnitudes and relations of 
fluxes to each other, should still be essen-
tially valid (Angerer et al., 2016).

Three quarters of the global land area – 
with the exception of Greenland and 
Antarctica – is already used by humans (Erb 
et al., 2017). The still unused land areas con-
sist on the one hand of unproductive soils 
such as deserts, and on the other hand of the 
last untouched primeval forests. Additional 
land areas can and should therefore largely 
not be cultivated (Angerer et al., 2016).

 

Live-
stock

Bioenergy

Respiration

Energ

Chemicals 
& Materials

Industrial 
processing

Food 
Processing

Residual and waste materials

Coal 157 EJ

Oil 141 EJ

Natural gas 131 EJ

Chemistry 26 EJ (1)

Grasernte
Waldernte

Arable harvest
Recycling

Firewood from other land use
Residual and waste materials

End products
Animal products

Final consumption
Losses

1)  Fossil fuels as feedstock for chemicals. Source DOI: 10.1021/acs.est.7b04573

       . Fig. 1.4 Flow chart of  harvested global biomass 
fluxes in exajoules per year for the year 2000. The left 
column illustrates the use of  global land areas. 

(Source: Own representation, based on data from 
Angerer et al., 2016)
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A total of 235 EJ/year of biomass is har-
vested globally by humans (Zeddies & 
Schönleber, 2014). Half  of this amount con-
sists of crops grown on arable land, half  of 
which is used as livestock feed. The har-
vested biomass further includes one third 
grasses consumed by livestock and one sixth 
wood. Thus, a total of 135 EJ, i.e. more than 
half  of the total biomass used, is used to 
feed livestock. Of this, in turn, only 5 EJ 
(4%) enter the human diet in the form of 
animal products. The rest is consumed by 
the animals or ends up as a waste product 
(Angerer et al., 2016).

These figures show the strong influence 
of dietary habits on current and future land 
requirements for food production. For 
example, a purely plant-based diet could 
feed about twice as many people worldwide 
from the same amount of land as today.

Agricultural land would be freed up for 
bioenergy production or other uses. For 
example, if  meat consumption were halved, 
biofuel production could increase by 7.7 
times, which would curb 14% of greenhouse 
gases in the transport sector (Zech & 
Schneider, 2019). However, in light of popu-
lation growth and rising demand for animal 
foods in populous countries such as India 
and China, the Food and Agriculture 
Organisation of the United Nations (FAO) 
projects that global agricultural production 
will need to increase by 60% by 2050 com-
pared to 2005 levels (Alexandratos & 
Bruinsma, 2012).

. Figure  1.4 also shows that less than 
half  of the harvested biomass (86 EJ/year) 
reaches humans in the form of food, energy 
sources, chemicals and materials. Much of 
the residues from crop and wood harvesting 
remain in the field or forest and contribute, 
among other things, to the natural fertilisa-
tion of the soil, humus formation and the 
preservation of biodiversity (for example, 
deadwood beetles) (IEA, 2017). Usable resi-
dues and waste materials are generated dur-
ing harvesting and further processing of 
biomass, but also during or after use 

(Angerer et al., 2016). For example, consum-
ers in Germany throw away about 70–90 kg 
of food per inhabitant per year (Kranert 
et al., 2012). At the same time, a comparable 
amount of used and waste wood is produced 
at the end of the use phase, which can be 
reused in use cascades (Umweltbundesamt, 
2019).

The figures show impressively that bio-
mass use by humans in the big picture has 
so far been little cycle-oriented and 
resource- conserving. However, there are 
already successful niche products: 
Phosphorus is one of  those substances 
whose occurrence is very limited, but which 
is of  great importance for soil fertilisation 
and food production. Microorganisms 
enable the recovery of  phosphorus from 
sewage sludge. For example, in a waste 
water treatment plant operated by Berliner 
Wasserbetriebe, phosphorus compounds 
are biologically extracted from municipal 
wastewater with the help of  microorgan-
isms and then crystallised using a chemical-
physical process. The resulting recycling 
product is called magnesium ammonium 
phosphate (MAP).  Wasserbetriebe also 
sells it as a long-term mineral fertiliser at a 
low price to farmers or small customers 
under the brand name “Berliner Pflanze” 
(Berliner Wasserbetriebe n.d., in Thrän & 
El-Chichakli, 2017). To conserve resources, 
future approaches to develop nutritious, 
tasty and healthy food alternatives can 
make an important contribution. One 
example lies in the development of  other 
protein sources such as plant-based egg, 
milk and meat substitutes, foods made from 
fungal or insect proteins, or lab-grown meat 
(Bioökonomierat, 2015).

Also, the comparison of biomass and 
fossil material flows clearly shows that it is 
unsustainable to supply our current econ-
omy entirely with biomass: the total biomass 
harvest of 235 EJ/year contrasted with fossil 
fuel consumption of 440 EJ/year in 2000, 
which increased to 550 EJ/year by 2015 (Our 
Finite World, 2018).

Introduction to the Bioeconomy System
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The comparison of material flows pro-

vides an assessment of the resource avail-
ability, efficiency and substitution potential 
of the bioeconomy. However, material flow 
analyses have the representation problem 
that small material flows with a high value 
creation potential are difficult to identify, 
and thus the opportunities arising from a 
very raw material-efficient use of biomass 
are easily overlooked. Biological knowledge 
is naturally not included in the analyses.

A sustainable bioeconomy – so the con-
clusion – must therefore understand the lim-
ited resources as a starting point and push 
technical and social innovations with strong 
emphasis in order to conserve resources, 
close cycles and at the same time meet the 
needs of a growing world population. The 
description of possible innovations and 
their chances of realisation are therefore a 
central element in the coming chapters. The 
process principles on which they are based 
are presented in the following chapters.

1.4  Process Principles 
of a Knowledge-Based 
Bioeconomy

Metabolic activities of various organisms 
are the starting point for life on our planet, 
for microorganisms, plants, animals and 
humans. Natural photosynthesis represents a 
central metabolism: Plant cells use solar 
energy to convert CO2 from the air together 
with water into oxygen and hydrocarbons. 
The latter form the basis for plant growth: 
Roots, stems and stems, leaves, flowers and 
fruits are formed (biological synthesis) as 
well as the transport of nutrients, informa-
tion and defense substances is organised. 
Because the plant has to fulfil a wide variety 
of tasks, energy production from sunlight is 
only carried out to the extent necessary. The 
effectiveness of photosynthesis in relation to 
the total sunlight falling on the earth is less 
than 3%. More than 5.5% are never reached 

(Chemie Lexikon, n.d.). Photosynthesis 
forms a central basis for all process princi-
ples of the knowledge-based bioeconomy by 
providing plant-based hydrocarbons 
(. Fig. 1.4).

Humans, like many other living crea-
tures, use the hydrocarbons of plants for 
their own metabolism  – as an energy sup-
plier. Because sunlight only produces a good 
mood and/or possibly skin irritations. And 
humans are also choosy about plant bio-
mass: they can only digest and use fruits and 
seeds as well as selected leaves and roots. 
Straw, husks and wood are not usable energy 
suppliers. Unlike many other creatures, 
however, man has understood over thou-
sands of years how to cultivate plants and 
how to reproduce the desired characteristics 
in plants through breeding. The beginning of 
the cultivation of plants and thus also of 
plant breeding began about 12,000  years 
ago in Mesopotamia (today mostly Iraq) 
with barley (Pflanzenforschung Lexikon, 
n.d.). Einkorn, a type of primordial wheat, 
bears 500  g of grain on 1  kg of straw 
(Konvalina et al., 2014). Today’s wheat has 
more than 1.1 kg of grain on 1 kg of straw 
(Weiser et  al., 2014). And with the new 
methods of genome editing (7 Sect. 1.2), 
things may go much further: not only more 
grain to straw, but also more valuable ingre-
dients such as vitamins and trace elements 
in the grain, lower susceptibility to pests and 
rapid ripening could make plant biomass an 
even more affordable human food.

Biomass is also constantly transformed 
in the natural cycle, both in the individual 
cell and the individual organism, but also 
along food chains: Biomass is eaten by 
insects, for example, which then serve as 
food for snails, which are on the menu of 
rodents, for example, etc. Metabolism is 
complex, but there are always very special 
structures that ensure a survival advantage 
for the individual species, for example, 
defensive substances against pests, special 
enzymes for wood decomposition in the 
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digestive tracts of beavers or rubber-like 
substances in Caucasian dandelions that 
protect against frost damage (Global 
Bioeconomy Summit, 2018).

The list is arbitrarily long and much is 
still largely unexplored today. However, man 
began a very long time ago to extract, fer-
ment and preserve these special ingredients 
and to use them especially in the fields of 
art, culture and medicine. Frankincense, for 
example, the air-dried gum resin from the 
frankincense tree, is considered one of the 
oldest remedies in the world. References to 
the use of frankincense can be found in three 
and a half  thousand year old texts from the 
Nile Valley. The Egyptians used frankin-
cense for ointments and wound treatment, 
but also for the mummification of pharaohs 
(Pfeifer, 2018). The processing of food with 
the help of certain microorganisms and 
enzymes, such as those contained in yeasts, 
has also been known for thousands of years 
(Biotechnologie.de, 2019b). For example, 
the tradition of brewing beer has already 
been proven in the Mesopotamian culture 
6000  years ago (Hirschfelder & Trummer, 
2016), and viticulture in the comparable 
period in Georgia (McGovern et al., 2017).

Biotechnology has developed from these 
approaches, using enzymes, cells and whole 
organisms in technical applications. Since 
the nineteenth century, modern biotechnol-
ogy has increasingly drawn on microbiologi-
cal findings and methods and, since the 
middle of the twentieth century, increasingly 
on molecular biological, genetic and genetic 
engineering findings and methods (Biotech-
nologie.de, 2019a). This has made it possible 
to develop manufacturing processes for 
chemical compounds, for example as active 
pharmaceutical ingredients, basic chemical 
substances, biosensors, diagnostic methods 
or new plant varieties (Biotechnologie.de, 
2019b). Biotechnological processes can be 
applied in a variety of ways in different 
areas. In some cases, attempts are made to 
sort these processes according to areas of 
application, such as

 5 Medicine (Red Biotechnology),
 5 plants and agriculture respectively (green 

biotechnology) and
 5 industry (white biotechnology) (Kafar-

ski, 2012).

In some cases, a distinction is also made 
according to the living beings to which the 
methods are applied, such as in blue bio-
technology or yellow biotechnology, which 
refers to applications based on marine 
organisms or insects. The term brown bio-
technology, which is used primarily to refer 
to waste management, is also used (ibid.).

In the 1980s, the combination of an ever 
better understanding of molecular biology 
and biotechnology made genetic engineer-
ing possible as a new field of technology. Its 
aim is to specifically modify the properties 
of organisms by interfering with their 
genetic material in order to achieve desired 
properties or products in a targeted manner. 
To this end, methods have been developed to 
transfer individual genes from organism A 
to organism B, for example. The first genetic 
modifications were realised in the USA in 
1972 (Wu & Taylor, 1971). The cloned sheep 
Dolly was born in 1998 (Wilmut et al., 2001). 
With increasingly precise genetic engineer-
ing methods, tools for so-called genome edit-
ing have been available since the mid-2000s 
(Chandrasegaran & Carroll, 2015). With the 
aid of special enzymes (so-called designer 
nucleases), it is possible to open the DNA at 
specific target sequences and, for example, 
to remove, exchange or add gene sequences 
there. Applications of genetic engineering 
and genome editing are already being used in 
important areas of biotechnology (e.g. white 
biotechnology, green biotechnology, red 
biotechnology) (Sampson & Weiss, 2013; 
Voytas & Gao, 2014; Laible et al., 2015).

The synthetic biology approach uses the 
tools of genome editing, but goes beyond 
intervention in existing organisms. It is a 
field at the interface of molecular biology, 
organic chemistry, engineering, nanobio-
technology and information technology. 

Introduction to the Bioeconomy System
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The goal is to create biological systems at 
the level of molecules, cells and organisms 
that do not occur naturally and that possess 
novel properties (EC, 2005). Different strat-
egies are being pursued: On the one hand, 
artificial, biochemical systems are integrated 
into organisms, which thereby acquire new 
properties; on the other hand, chemical sys-
tems are gradually constructed in accor-
dance with biological models in such a way 
that they exhibit certain properties of living 
organisms (biomimetic chemistry). Other 
approaches aim to reduce organisms to the 
most essential system components (minimal 
genomes), which serve as a kind of “scaf-
folding” to create biological circuits by 
incorporating so-called bioparts (ibid.). 
What both approaches have in common is 
that they aim to create complete artificial 
biological systems  – an intervention in the 
natural system that clearly goes beyond the 
previous considerations of genetic engineer-
ing. Synthetic biology approaches are also 
used to develop mechanisms for artificial 
photosynthesis. This can significantly exceed 
the efficiency of natural photosynthesis and 
thus offers very high innovation potential 
for the production of hydrocarbons. 
However, their development is still at the 
basic research stage (Fischer, 2017).

Finally, the oldest cultural technique of 
man is biomass combustion for the genera-
tion of heat. Until about 200  years ago, it 
was the main source of energy for humans 
for millions of years (Goudsblom, 1992). 
However, it was  – and in some developing 
countries still is – not particularly effective 
in providing energy in open fireplaces: less 
than 10% of the heat from an open fire actu-
ally reaches the inside of the cooking pot. 
Process engineering developments have also 
made it possible to achieve better efficiencies 
in the bioenergy sector, to expand the prod-
ucts into electricity, heat and fuels and other 
products. Also, today, not only thermal pro-
cesses are used to convert biomass, but also 

fermentation and digestion processes as well 
as chemical processes. The principle of the 
biorefinery developed from this is compara-
ble to that of a petroleum refinery, in which 
the complexly composed raw material petro-
leum is separated and processed into indi-
vidual fractions (methane, petrol, diesel, 
kerosene, etc.), which can be used as fuel, 
energy or chemical raw materials (Grühling, 
2013). Depending on the regional boundary 
conditions and the biomasses used, very dif-
ferent biorefinery concepts can be realised 
(Lindorfer et  al., 2019). First biorefineries 
are based on the conversion of biomasses 
containing sugar, oil and starch into bioeth-
anol, among others. Lignocellulosic biore-
fineries that process straw and wood, green 
biorefineries and refinery concepts based on 
algae are still at the pilot stage (Lamers 
et al., 2016; Pietzsch, 2017).

After thermal conversion to heat and 
energy, the biomass is converted back into 
the initial product CO2. CO2 forms the basis 
for new photosynthesis. However, due to the 
additional emission of CO2 from the com-
bustion of fossil hydrocarbons, the natural 
system is disturbed. New considerations on 
the processes of the knowledge-based bio-
economy therefore go beyond the elements in 
. Fig. 1.5: permanently removing CO2 from 
photosynthesis from the atmosphere could 
help to keep global warming within the max-
imum two degrees Celsius agreed in Paris. 
One option is to capture carbon dioxide in 
bioenergy plants and store it permanently 
underground (BECCS) (Angerer et al., 2016).

The products of the bioeconomy fulfil a 
variety of functions in our society. On the 
one hand, they satisfy the basic needs of 
food, clothing, housing and communication 
and, on the other, they provide the basis for 
the further development of fundamental 
knowledge and increasingly existential 
options for shaping the environment. Under 
the claim of sustainability, however, the ben-
efits of the bioeconomy must go beyond 
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products and make contributions to the var-
ious areas of social responsibility. 
Technology falls short in this respect. A 
holistic, systemic view is necessary.

1.5  Bioeconomy from a Systemic 
Perspective

Thousands of individual parts are necessary 
to assemble a smartphone. Each part is 
important. A smartphone can only trans-
mit, receive, flicker and sound if  the individ-
ual parts work together as a whole in an 
organised and purposeful manner. The indi-
vidual components and their interconnec-
tion constitute a system. The term is derived 
from the ancient Greek word sýstēma 
(σύστημα), which means “whole composed 

of several individual parts”. In principle, the 
concept of system is applicable to a wide 
variety of phenomena – from a cell of the 
human body to humanity as a whole, but 
also to ant colonies, nations and galaxies. 
Systems theories have been developed since 
the 1950s. By system they mean the holistic 
interrelationship of entities (elements) 
whose relationships to each other differ 
quantitatively (greater number of interac-
tions) and qualitatively (greater yield of 
interactions) from their relationships to 
other entities. This difference in relation-
ships constitutes a system boundary through 
which the system distinguishes itself  from its 
environment (Gabler Wirtschaftslexikon, 
n.d.). Bioeconomy is characterised by differ-
ent fields of action, actors and relationships. 
It represents a complex system that 
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system with 
novel products
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Anthropogenic 
system with 
nature-like 
products
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       . Fig. 1.5 Development of  the knowledge-based bioeconomy. (Source: Own representation)
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interrelates resources, techniques and eco-
nomic sectors as well as areas of responsibil-
ity (. Fig. 1.6):

 5 Farmers, foresters and fishermen provide 
the biomass,

 5 Technicians from a wide variety of fields 
(bioengineers, food technicians, wood 
technicians, designers, pharmacists, etc.) 

process the biomass into a wide variety 
of products,

 5 brought to the market and traded by 
companies and used and consumed by 
consumers.

 5 The residual materials are reused or dis-
posed of in the energy industry and 
waste management.

Media Consumers NGOs
Organization 
(nat. and int.)

Science
Competence 
centres (reg.)

Politics, 
administration

Sponsors, 
investors

end-of-life-
Management

Resource 
Provider

Economy/
Industry

Markets, 
Products

create products

yield

become again

handled by

       . Fig. 1.6 System picture of  the elements. (Source: Own representation)
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 5 Researchers are looking for new compo-
nents, processes and products, but also for 
evaluation standards to determine which 
uses have which effects on the environ-
ment, the economy and society. Politi-
cians, under the critical eye of the 
electorate, are shaping the framework 
conditions, which requirements are to be 
placed on cultivation, production and use, 
and are attempting to control the material 
flows with certificates, taxes and levies.

 5 Associations and cooperations (of vari-
ous kinds) such as competence centres, 
associations, national and international 
organisations and NGOs serve the 
exchange, bundle interests and want to 
accelerate the respective system contri-
bution.

German policy is therefore attempting to 
“position the bioeconomy in the system” 
with the aim of developing integrated, sys-
temic and innovative solutions with a view 
to the entire value and process chains in 
order to optimally exploit the opportunities 
and potential of the bioeconomy.4 It is 
expected that the economic benefits of the 
bioeconomy will unfold primarily through 
complex substitution and synergy effects in 
the system, since not only innovative indi-
vidual value chains, but above all the linking 
of these chains in the system will represent a 
significant innovation contribution of bio-
economy research (Bioökonomierat, 2010).

A systemic view of the bioeconomy 
therefore encompasses at least four system 
levels:
 1. Discourse field level:

How is the bioeconomy defined, what 
is talked about, what is negotiated?

4 For more information, see: 7 https://www.baden-
wuerttemberg.de/fileadmin/redaktion/dateien/
PDF/Broschuere_Konzept-baden-wuerttember-
gische-Forschungsstrategie-Biooekonomie.pdf

 2. Actor level:
Who is part of the discourse field on 

the basis of self-attribution or attribu-
tion by others (or through a defined 
action within the discourse field)? A dis-
tinction can be made here between:
 – Bioeconomy circle actors defined by 

the concrete handling of biomass (the 
relevant material flows and the actors 
shaping them)

 – Framework actors who influence this 
system or are influenced by it (e.g. 
media, sponsors, science, NGOs, poli-
tics and administration, etc.).

 3. Action/interaction level:
How do these actors interact with 

and among each other and thereby define 
the bioeconomy system? What are the 
operating principles of this interaction?
 – the bioeconomy circles among them-

selves (for example, value chains, pro-
cess chains, material flows, coupling 
and cascade use, circular economy)

 – the framework in relation to the bio-
economy circle (critical monitoring, 
research, framework setting, etc.)

 4. General framework:
What frameworks are set or created 

by this interaction? (for example gover-
nance, innovation, training, communica-
tion?).

The following chapters provide examples of 
how these system levels are specifically 
designed and how they interact using 
Germany as an example. Part IV, for exam-
ple, is devoted to the framework conditions 
and companions of the bioeconomy. This 
includes the topics of steering the bioecon-
omy, national and international coopera-
tion, innovations, training, and 
communication and sustainability dis-
courses. These topics link the sub-areas of 
the bioeconomy  – or rather, they must be 
related to each other in order to understand 
the bioeconomy as an overall system.

Introduction to the Bioeconomy System
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The various system perspectives  – the 

subsectors of the bioeconomy in Part II, the 
doers in Part III and the trailblazers in Part 
IV – can be used to describe the bioeconomy 
system in the same way and perhaps also to 
clear the “smokescreen” of the bioeconomy 
a little.

This description and analysis of the bio-
economy system is intended for newcomers 
and friends to the bioeconomy who are 
interested in the system as well as for “old 
hands” in the respective sub- and subject 
areas.
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2.1  Introduction

The bioeconomy, in its property as an eco-
nomic sector, can be divided into individual 
industries. This is based on the idea that 
total economic production can be broken 
down into different economic sectors or 
industries, whereby the term sector can be 
used either in the sense of a high level of 
aggregation (agriculture and forestry  – 
industrial sector – service sector) or also at a 
low level of aggregation, where one also 
speaks of industries.

Sectors include those producers who 
produce largely similar products or services 
(e.g. automotive or insurance industries). In 
this context, official statistics use exact eco-
nomic activity classifications, such as the 
Classification of Economic Activities, 2008 
edition (last updated according to the cur-
rent status) of the Federal Statistical Office, 
in short WZ 2008, which distinguishes eco-
nomic activities according to five levels of 
classification: Sections, divisions, groups, 
classes and subclasses.

The special feature of the bioeconomy in 
this context is that it cannot be assigned in 
its entirety to a single section, division, 
group or class, but extends across official 
statistics. In addition, although there are 
areas of the bioeconomy that are identical 
with a single division, group or class, such as 
agriculture and forestry, there are also many 
other areas that, even at the lowest level of 
classification (subclasses), only constitute a 
sub-sector of the respective economic sector, 
for example bio-based plastics. The latter 
makes it particularly difficult to describe the 
bioeconomy in terms of determining eco-
nomic indicators such as turnover, value 
added or jobs. Therefore, it is advisable to 
start with an investigation of the sectoral 
structure of the bioeconomy at the national 
level before using international economic 
classifications.

From the specific economic perspective, 
the bioeconomy can be seen as a cross- 
cutting sector, a characteristic it shares with 
other modern economic sectors such as the 
environmental economy or the health indus-
try. This cross-sectional characteristic means 
that the bioeconomy, like the other eco-
nomic sectors mentioned above, cannot be 
clearly defined in official statistics and it is 
difficult to map and describe it completely 
on this basis. As in the environmental or 
health economy, attempts are therefore 
being made to achieve a holistic representa-
tion of this cross-sectional sector on the 
basis of research projects and market stud-
ies. There are still no uniform conventions 
and the results therefore depend strongly on 
the definitions and delimitations on which 
the various approaches are based.

Therefore, this section will describe 
which approaches to a sectoral view of the 
bioeconomy are already being pursued, on 
which assumptions they are based, what 
results are gained, and what advantages and 
disadvantages the various approaches bring 
with them or what gaps remain. The relevant 
studies that were available up to mid-2019 
are taken into account.

2.2  The European Commission’s 
Approach

In its 2017 publication “Bioeconomy devel-
opment in EU regions”, the European 
Commission describes the bioeconomy in 
terms of three sectors, which it calls “core 
bioeconomy”, “partial bioeconomy” and 
“indirect bioeconomy”. For this purpose, it 
lists the respective sectors. The core of the 
bioeconomy thus includes agriculture, for-
estry, fisheries and aquaculture, bioenergy 
and biofuels, food and beverages, the feed 
industry and bio-based products and pro-
cesses.

 J. Wackerbauer
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The chemical and plastics industry, con-
struction, paper and pulp industry, pharma-
ceutical industry, textile industry, waste 
management and biotechnology are listed 
under “partial bioeconomy”. According to 
this classification, technologies, machinery 
and equipment, services, water supply and 
wastewater treatment, energy, and retail 
trade belong indirectly to the bioeconomy 
(European Commission, 2017).

This classification makes it clear that the 
core bioeconomy includes those branches of 
the economy that are completely bio-based, 
whereas the branches of the partial bioecon-
omy are those that are only partially bio- 
based. Finally, in the indirect sector, these 
are industries that are not bio-based, but 
which could be partly related to bio-based 
products because they support them, such 
as machinery for agriculture and the food 
industry, water and energy consumption in 
the production of bio-based products, and 
the retail trade in bio-based products. On 
the other hand, some industries that pro-
duce at least a significant proportion of bio- 
based products are missing, such as the 
production of furniture, wood products and 
printed matter or ship and boat building. 
The description of the bioeconomy is there-
fore incomplete if  a holistic view of this 
cross-sectional industry is to be pursued. 
However, since the aim of this Commission 
study is to analyse the research and develop-
ment strategies for the promotion of the 

bioeconomy in the various regions of the 
European Union, the sectors, industries and 
product groups presented are in any case not 
quantified.

2.3  The Approach of the Federal 
Ministries of Education 
and Research and Food 
and Agriculture

In the publication “Bioeconomy in 
Germany”, published by the Federal 
Ministry of Education and Research 
(BMBF) and the Federal Ministry of Food 
and Agriculture (BMEL) in May 2014, ten 
economic sectors are named that are rele-
vant to the bioeconomy but cannot be fully 
attributed to it, in this order: automotive 
industry, construction, chemicals, energy, 
agriculture and forestry, mechanical engi-
neering, food industry, pharmaceutical 
industry, consumer goods and textiles and 
clothing. For the individual branches of the 
economy, examples are given of the respec-
tive products that are to be assigned to the 
bioeconomy, although the turnover or 
employment figures generated in this con-
text cannot be quantified in most cases 
(exceptions see . Fig.  2.1). Rather, the 
respective total number of companies, 
employees and total turnover in the individ-
ual economic sectors is given (BMBF and 

Biopharmaceuticals 3.9 4.2 4.7

Biogas plants1 6.6

1) Plant construction, operation and maintenance of biogas plants

Food industry 170

2010 2011 2012 2013

       . Fig. 2.1 Turnover in selected areas of  the bioecon-
omy according to BMBF and BMEL (2014) (billion 
€). (Sources: German Biogas Association; The Feder-

ation of  German Food and Drink Industries (BVE); 
cited after BMBF and BMEL, 2014)
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BMEL, 2014), which would thus only be 
attributable to the bioeconomy to an 
unknown extent.

This gives the impression that the overall 
figures are intended to describe the develop-
ment potential of the bioeconomy, which 
would only be exploited if  the relevant sec-
tors were to switch to bio-based products to 
a large extent or even completely. 
Furthermore, the impression is created that 
the order in which the economic sectors are 
listed implies a prioritisation, since this list is 
not based on the sequence of the economic 
sector classification. However, whether these 
economic sectors are actually important for 
the bioeconomy in the chosen order can 
clearly be questioned. In the field of mechan-
ical engineering, for example, agricultural 
engineering or agricultural machinery are 
given as examples, which indicates that the 
publication pursues the broadest definition 
of the bioeconomy, including the “indirect 
bioeconomy” as defined by the Commission. 
However, wholesale and retail trade in 
organic products and services related to the 
bioeconomy are excluded.

2.4  The Approach of the German 
Bioeconomy Council

In its report “Innovation Bioeconomy” of 
2010, the Bioeconomy Council describes the 
value chains from the production of bio-
mass in the sectors of agriculture and for-
estry, fisheries and aquaculture, culture 
media (microbial production) and waste 
management, which, via processing and 
refinement using biotechnology, chemistry, 
process engineering and biorefinery, leads to 
the production and marketing of food, feed, 
bio-based products and bioenergy sources 
(BioÖkonomieRat, 2010). This description 
of the value chains is accompanied by a list 
of sectors such as food and animal feed, 
beverages, leather, wood products, paper 
and pharmaceutical raw materials, which 

remains incomplete. This approach there-
fore also provides an indication of the diffi-
culties of describing the individual sectors 
of the bioeconomy in a differentiated but 
also complete manner. Accordingly, the 
Bioeconomy Council points out that the 
bioeconomy is currently not yet an eco-
nomic sector in the traditional sense, but for 
the time being a conglomerate of industries 
on the way to a new sector.

In another joint publication by the 
Bioeconomy Council and the Fraunhofer 
Institute for Systems and Innovation 
Research (ISI) entitled “Bioeconomy for the 
industrial nation  – Improving the starting 
position for bio-based innovations in 
Germany” from December 2016 (Zinke 
et al., 2016), a distinction is made between 
eight sectors, whereby their analysis is 
focused on the importance of innovation 
systems.

These are the pharmaceutical industry, 
the chemical industry, the energy industry, 
biotechnology, plant engineering, the auto-
motive industry, the construction industry 
and information and communication tech-
nologies. This list is reminiscent of the 
BMEL’s sectoral differentiation, although 
agriculture and forestry, the food industry, 
and the textile and clothing industry are 
missing. This is certainly due to the orienta-
tion towards the innovative potential of the 
sectors described. In addition, there are the 
information and communication technolo-
gies (ICT), by which bioinformatics is prob-
ably primarily meant. All in all, this sector is 
again rather broadly defined in the sense of 
the European Commission, but as with the 
BMEL, without including services, whole-
sale and retail trade. The study quotes some 
empirical sectoral figures for individual eco-
nomic sectors: According to these, biophar-
maceuticals generated around 6.5 billion € 
in 2013, one fifth of the turnover of the 
entire German pharmacy market. In 2011, 
the German chemical industry used around 
19 million tonnes of fossil raw materials for 
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material processing and around 2.7 million 
tonnes of renewable raw materials. The 
share of renewable raw materials was thus 
about 13% and is expected to grow in the 
future. In the European and American 
chemical industry, around 5% of products 
and processes are bio-based. By 2025, the 
proportion of bio-based products and pro-
cesses is expected to double or quadruple.

According to Zinke et  al. (2016), the 
number of employees in the bioenergy and 
biofuel sectors was 126,400  in 2013. More 
recent figures can be found at the German 
Bioenergy Association (BBE). The BBE 
reports around 105,600 employees in the 
German bioenergy sector for 2016. 
According to the BBE, the total bioenergy 
sector turnover in 2016 was 12.05 billion € – 
corresponding to 40% of the total turnover 
of all renewable energies of 29.6 billion €. 
Investments in bioenergy plants in 2016 
amounted to approx. 1.64 billion €.

These are mainly investments in new 
construction and, to a lesser extent, in the 
expansion or upgrading of facilities. In 
addition to investments by energy supply 
companies, investments from industry, com-
merce, wholesale and retail trade and private 
households are also included 
(Bundesverband Bioenergie, 2019).

Zinke et  al. (2016) gives a relatively 
 comprehensive and detailed description of 
biotechnology. It shows a high proportion 
of small and young companies. In Germany 
there are only about 30 companies with 
more than 100 employees. In contrast, 
almost every second biotech company is a 
micro company with fewer than ten employ-
ees. The average age of all 579 companies 
was 11 years in 2014. In 2014, they achieved 
a turnover of approximately 3 billion € with 
research and development (R&D) expendi-
tures of approximately 1 billion €. About 
half  of the dedicated biotechnology compa-
nies located in Germany focus on medical 
applications. One third of German biotech 
companies see themselves as service provid-

ers, for example as contract producers for 
other biotech companies. Only a few compa-
nies in Germany specialise in industrial 
(10%) or green biotechnology (4%).

Around 5% of companies have so far 
concentrated on the future field of “bioin-
formatics”. In addition to the dedicated bio-
tech companies, there are also companies in 
the sector whose business is only partly 
based on biotechnological methods. These 
include in particular groups from the phar-
maceutical, chemical and food industries. In 
total, around 37,000 jobs in Germany can be 
attributed to biotechnology (biotechnologie.
de, 2015).

A more recent study entitled “The 
German Biotechnology Sector” published 
by BIOCOM AG in 2017 estimates that in 
2016, 615 biotechnology companies gener-
ated revenues of 3.5 billion € with R&D 
expenditure of 1.1 billion € and 42,280 
employees. With a time series from 2008 to 
2016, biotechnology is thus the best docu-
mented sub-segment of the bio-based econ-
omy in Germany (BIOCOM AG, 2017).

2.5  The Approach of the Johann 
Heinrich von Thünen Institute

The Johann Heinrich von Thünen Institute 
has already pursued a comprehensive 
approach to quantifying the bio-based econ-
omy in a 2012 report entitled “Economic 
significance of the bio-based economy in 
Germany”. The authors determine the eco-
nomic importance of the bio-based econ-
omy in Germany in a cross-sectoral overall 
view, using the classification of economic 
sectors as a guide. In a first step, the eco-
nomic sectors or economic branches of the 
national accounts (VGR) are selected that 
have an obvious connection to the bio-based 
economy. In a further step, an attempt is 
made to identify and consider those eco-
nomic sectors that use bio-based inputs. For 
wholesale and retail trade, meaningful 
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quotients are formed to quantify the share 
of the bioeconomy, whereas the areas of 
research and governmental institutions are 
generally not taken into account. This 
approach generates empirical results for the 
indicators turnover, employment, number 
of companies and value added by tracking 
the material flows, whereby the authors 
point out that only rough estimates can be 
made (Efken et al., 2012).

Nevertheless, these estimates provide a 
comprehensive picture of the sectoral com-
position of the bioeconomy in 2007 
(. Fig. 2.2).

According to the calculated key figures, 
the bioeconomy had a share of 12.5% of 
total employment and 7.6% of total gross 
value added in Germany in 2007. The larg-
est sub-segment within the German bio-
economy was processing with a share of 
around 37% of the employees in the bio-
economy and almost 52% of the gross value 
added in the bioeconomy, followed by 
wholesale and retail trade with a share of 
27% and 26% respectively. The third largest 
segment was the production stage with 
almost 18% of the employees and almost 
12% of the gross value added. Thus, the bio- 
based services had the lowest share with 
18% and 10% respectively.

The presentation of the bioeconomy is 
comprehensive here. However, it would be 
of interest if  the figures determined for the 
“processing” sector could be shown in a 

more detailed differentiation according to 
the individual industrial and service sectors.

This was followed in 2016 by an updated 
article of the von Thünen Institute in the 
Wageningen Journal of Life Sciences 
(NJAS) entitled “Measuring the importance 
of the bioeconomy in Germany: Concept 
and illustration”. This is based on the defini-
tion of the Bioeconomy Council, according 
to which bioeconomy is defined as

 » all economic activities, including services, 
that produce, process or use biological 
resources in any way. (Efken et al., 2016, 
p. 10)

The supporting economic sectors (indirect 
bioeconomy as defined by the European 
Commission) are not included. To quantify 
the primary sector (agriculture, forestry, 
fisheries), statistics from the national 
accounts are used. For all other economic 
sectors, the European System of Accounts 
serves as a basis. Based on this, especially 
the value added tax statistics, various cost 
structure statistics and the material and 
goods receipt survey are used to quantify the 
bioeconomy. While the primary sector is 
completely attributed to the bioeconomy, 
the bioenergy sector is quantified with the 
help of publications of the Federal Ministry 
of Economics and supplementary calcula-
tions. For the other industrial sectors, the 
bioeconomy share is determined with the 
help of the material and goods receipt sur-

Generation stage 403,924 884,436 50.8 19.0

Processing 158,845 1,823,618 334.0 84.8

Wholesale and Retail Trade 127,677 1,359,574 333.9 43.6

Biobased services 130,005 889,983 34.8 17.1

Total 818,832 4,957,530 753.5 164.5

Companies
(number)

Employees
(number)

Turnover
(billion €)

Gross value 
added

(billion €)

       . Fig. 2.2 Key figures of  the bioeconomy in Germany by functional areas 2007. (Source: Own presentation, 
based on Efken et al., 2012)
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vey, which shows the extent to which bio-
genic resources are used as input in the 
various economic sectors. For food retailing, 
drugstores and DIY stores, relevant esti-
mates by various market research institutes 
are used and, in the absence of other infor-
mation, restaurants are fully attributed to 
the bioeconomy.In the overall result 
(. Fig.  2.3), around five million people 
were employed in the bioeconomy in 2010, 
which corresponds to 12.4% of all people 
employed in the economy as a whole, and 
the gross value added amounted to 140 bil-
lion € or 6% of the total economic value 
added.

Compared to 2002, the increase in the 
number of people in employment at +30% 
and in the value added at +22% was signifi-
cantly higher than the overall economic 
growth (+ 4% respectively +16%). With 
regard to the development of the individual 
sectors, it should be noted that the growth 
of the bioeconomy was based, among other 
things, on increases in wholesale and retail 

trade and services, whereas the production 
and processing of biological resources virtu-
ally stagnated.

According to Efken et al. (2016), sectoral 
differentiation is hardly advanced compared 
to Efken et al. (2012). The sector of agricul-
ture, forestry and fisheries corresponds to 
the production stage in the previous study; 
processing there is only differentiated into 
bioenergy and industry. Although the new 
study also reports results for individual sec-
tors, it does so exemplarily and not compre-
hensively for all sectors. The clearly different 
results for the year 2007  in the previous 
study and the year 2006 in the new study are 
also striking. These results represent the 
most comprehensive and up-to-date empiri-
cal approach for the analysis of the bioecon-
omy in Germany to date. However, here too, 
the results are already outdated and need to 
be updated.

In . Fig.  2.4 the described approaches 
are compared once again. It becomes clear 
from this that the various publications differ 

Employment in the bioeconomy
(in 1000 employed persons)

3,929 4,304 5,089

Share of total economy 9.9 % 10.9 % 12.4 %

Gross value added
(in € billion)

115 122 140

Share of total economy 5.7 % 5.6 % 6.0 %

2002 2006 2010

Sectoral breakdown of gross value 
added (in billion €)1 

18 15 17

2 6 6Bioenergy

47 48 45Industry

34 37 48Wholesale and retail trade

14 16 24Services

1) Shifts between the industrial sector on the one hand and the trade and services sectors on the other are partly due to changes in statistical
   classifications.

       . Fig. 2.3 Development of  the bioeconomy in Germany 2002–2010. (Source: Own representation, based on 
Efken et al., 2016)

Sectors of the Bioeconomy
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considerably in terms of sectoral differentia-
tion, as between three and ten different sec-
tors are considered. At the sector level, 
bioenergy and biotechnology are quantita-
tively covered to the greatest extent possible 
due to the policy attention they receive; this 
also applies to the food industry and bio-
pharmaceuticals with some exceptions.

In addition to the identification of mar-
ketable bioeconomic products on the basis 
of economic indicators such as turnover and 
employment, it must be taken into account 

that many innovations and concepts in the 
bioeconomy are still in the early stages of 
research and development and are therefore 
not yet widely used commercially. They are 
therefore characterised by individual exam-
ples of success with rather small production 
volumes. For example, in the segments of 
bioplastics, biofuel, bio-based chemicals or 
bio-based aroma and fragrances, the share 
of products whose production involves bio-
mass as a raw material and/or biotechno-
logical process steps is less than 5% of the 

Thünen Institute 2016 • Employees
• Gross value added

Five sectors:
• 
• Bioenergy
• Industry
• Wholesale and retail trade
• Services

European Commission 
2017

• Distinction between
• Core bioeconomy
• Partial bioeconomy
• Indirect bioeconomy

Presentation of regional and national 
bioeconomy strategies in the EU 
member states

Bioeconomy Council 
2010

Presentation of the value chains of 
the bioeconomy:
• Production of biomass 

• Production and marketing

Largely qualitative description of the 
value chains

Thünen Institute 2012 Four sectors:
• Generation
• Processing
• Wholesale and retail trade 
• Services

• Number of companies
• Employees
• Turnover
• Gross value added

Information or economic 
indicators

Author

BMBF/BMEL Ten bioeconomy-relevant economic 
sectors

• Number of companies, employees  
 and total turnover (= potential  
 of the bioeconomy)
• Sales for biopharmaceuticals, biogas
 plants and food industry

Bioeconomy Council/
Fraunhofer ISI 2016

Eight bioeconomy relevant economic 
sectors

• Biopharmaceuticals: Bioenergy  
 turnover: employees, turnover,  
 investments (BBE 2016)
• Biotechnology: number of compa- 
 nies, turnover, R&D expenditure 
 (also for BIOCOM AG 2017)

Sectoral di�erentiation

       . Fig. 2.4 Comparison of  the different approaches to capture the sectoral structure of  the bioeconomy. 
(Source: Own representation)
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respective total market (Wydra & Hüsing, 
2018). In these segments, the economic sig-
nificance of innovative bio-based products 
can therefore be assessed less by turnover 
and employment figures than by early indi-
cators such as patent applications and 
expenditure on research and development.

 Conclusion
In summary, it can be said that the sec-
toral delimitation in the various exist-
ing studies was often chosen ad hoc and 
with regard to the respective objectives 
of the respective study due to the lack 
of uniform conventions. For this reason, 
different approaches use different delimi-
tations of the bioeconomy and different 
definitions of the bioeconomy. Thus, 
the description of the bioeconomy lacks 
clarity, completeness and comparability 
and, where the criterion of completeness 
is fulfilled to the greatest extent possible, 
the timeliness of the results (as of mid- 
2019). It would therefore be necessary for 
the actors in German – and ideally also 
in European  – bioeconomy research to 
agree on common definitions and clas-
sifications and on a coherent description 
of the bioeconomy that encompasses all 
relevant economic sectors from the pro-
duction of biomass and its processing to 
the retail trade in bio-based products and 
the corresponding services. In order to 
ensure comparability with other sectors, 
the classification should be based on the 
classification of economic sectors – sup-
ported by production statistics when it 
is necessary to determine the bio-based 
share in the individual sectors. The sci-
entific foundations for this were laid in 
a research project commissioned by the 
Federal Ministry for Economic Affairs 
and Energy (Wackerbauer et al., 2019). In 
this project, methods were developed to 
determine the shares of the bioeconomy 
in the individual economic sectors on the 
basis of suitable indicators in order to be 

able to comprehensively and differentially 
map their development. The correspond-
ing results will make it possible to make 
statements about the sectoral importance 
of the bioeconomy in Germany using 
the proposed approach. In addition, 
the European Commission is funding a 
major research project under the acronym 
“BioMonitor”, which aims to quantify 
the bioeconomy and its economic, social 
and environmental effects in the member 
states of the European Union.

References

BIOCOM AG. (2017). The German biotechnology 
sector  – Facts & figures 2017. https://www. 
iwbio.  de/f i leadmin/Publikationen/IWBio- 
Publikationen/German- Biotech- Sector_2017. pdf. 
Accessed: 20.08.2019.

BioÖkonomieRat. (2010). Gutachten des 
Bioökonomierats 2010 – Innovation Bioökonomie. 
h t t p s : / / b i o o e ko n o m i e r a t .  d e / f i l e a d m i n /
Publikationen/gutachten/boer_Gutachten2010_
lang. pdf. Accessed: 20.08.2019.

biotechnologie.de. (2015). Die deutsche 
Biotechnologie- Branche – Daten & Fakten 2015. 
https://www. iwbio. de/fileadmin/Publikationen/
IWBio-  Publ ikat ionen /B io tech -  S tat i s t ik - 
Umfrage2015. pdf. Accessed: 20.08.2019.

BMBF (Bundesministerium für Bildung und 
Forschung) und BMEL (Bundesministerium für 
Ernährung und Landwirtschaft). (2014). 
Bioökonomie in Deutschland Chancen für eine 
biobasierte und nachhaltige Zukunft. https://
w w w.  b m b f .  d e / u p l o a d _ f i l e s t o r e / p u b /
Biooekonomie_in_Deutschland. pdf. Accessed: 
20.08.2019.

Bundesverband Bioenergie. (2019). Wirtschaft. 
https://www. bioenergie. de/themen/wirtschaft. 
Accessed: 20.08.2019.

Efken, J., Banse, M., Rothe, A., Dieter, M., 
Dirksmeyer, W., Ebeling, M., Fluck, K., Hansen, 
H., Kreins, P., Seintsch, B., Schweinle, J., Strohm, 
K., & Weimar, H. (2012). Volkswirtschaftliche 
Bedeutung der biobasierten Wirtschaft in 
Deutschland. Johann Heinrich von Thünen-
Institut, Arbeitsberichte aus der vTI-Agrarökon-
omie 07/2012. https://literatur. thuenen. de/
digbib_extern/dn051397. pdf. Accessed: 
20.08.2019.

Efken, J., Dirksmeyer, W., Kreins, P., & Knecht, M. 
(2016). Measuring the importance of  the bioecon-

Sectors of the Bioeconomy

https://www.iwbio.de/fileadmin/Publikationen/IWBio-Publikationen/German-Biotech-Sector_2017.pdf
https://www.iwbio.de/fileadmin/Publikationen/IWBio-Publikationen/German-Biotech-Sector_2017.pdf
https://www.iwbio.de/fileadmin/Publikationen/IWBio-Publikationen/German-Biotech-Sector_2017.pdf
https://biooekonomierat.de/fileadmin/Publikationen/gutachten/boer_Gutachten2010_lang.pdf
https://biooekonomierat.de/fileadmin/Publikationen/gutachten/boer_Gutachten2010_lang.pdf
https://biooekonomierat.de/fileadmin/Publikationen/gutachten/boer_Gutachten2010_lang.pdf
https://www.iwbio.de/fileadmin/Publikationen/IWBio-Publikationen/Biotech-Statistik-Umfrage2015.pdf
https://www.iwbio.de/fileadmin/Publikationen/IWBio-Publikationen/Biotech-Statistik-Umfrage2015.pdf
https://www.iwbio.de/fileadmin/Publikationen/IWBio-Publikationen/Biotech-Statistik-Umfrage2015.pdf
https://www.bmbf.de/upload_filestore/pub/Biooekonomie_in_Deutschland.pdf
https://www.bmbf.de/upload_filestore/pub/Biooekonomie_in_Deutschland.pdf
https://www.bmbf.de/upload_filestore/pub/Biooekonomie_in_Deutschland.pdf
https://www.bioenergie.de/themen/wirtschaft
https://literatur.thuenen.de/digbib_extern/dn051397.pdf
https://literatur.thuenen.de/digbib_extern/dn051397.pdf


32

2

omy in Germany: Concept and illustration. 
NJAS  – Wageningen Journal of Life Sciences. 
https://doi.org/10.1016/j.njas.2016.03.008

European Commission. (2017). The future of  food 
and farming. Communication from the commis-
sion to the European Parliament, the council, the 
European Economic and Social Committee and 
the Committee of  the Regions. https://ec. 
europa. eu/agriculture/sites/agriculture/files/
future- of- cap/future_of_food_and_farming_com-
munication_en. pdf. Accessed: 20.08.2019.

Wackerbauer, J., Rave, T., Dammer, L., Piotrowski, S., 
Jander, W., Grundmann, P., Wydra, S., & 
Schmoch, U. (2019). Ermittlung wirtschaftlicher 
Kennzahlen und Indikatoren für ein Monitoring 
des Voranschreitens der Bioökonomie. ifo 
Forschungsberichte 104. https://www. ifo. de/
DocDL/ifo_Forschungsberichte_104_2019_
Monitoring- Biooekonomie. pdf. Accessed: 
26.08.2019.

Wydra, S., & Hüsing, B. (2018). Von einer fossil 
basierten zu einer biobasierten Wirtschaft. 
Ökologisches Wirtschaften, 1(2018), 16–18.

Zinke, H., El-Chichakli, B., Dieckhoff, P., Wydra, S., 
& Hüsing, B (2016). Bioökonomie für die 

Industrienation  – Ausgangslage für biobasierte 
Innovationen in Deutschland verbessern. 
Bioökonomierat und Fraunhofer Institut für 
System- und Innovationsforschung. https://
biooekonomierat. de/fileadmin/Publikationen/
ber ichte /Hintergrundpapier_ISA_Vero__
ffentlichung_2. pdf. Accessed: 20.08.2019.

Dr. Johann Wackerbauer

(born 1957) studied economics at the Ludwig- 
Maximilians-Universität München (LMU), graduating 
with a diploma in economics in 1984 and receiving his 
doctorate in 1988. Since 1989 he has been working as a 
research associate at the ifo Institute in the field of envi-
ronmental economics and from 2010 to 2020 as deputy 
director of the Center for Energy, Climate and 
Resources. His research focuses on environmental eco-
nomics and environmental policy. He has been involved 
in many relevant research projects of the ifo Institute or 
has been project leader. He is also author or co-author 
of numerous scientific publications on the above- 
mentioned topics.

 J. Wackerbauer

https://doi.org/10.1016/j.njas.2016.03.008
https://ec.europa.eu/agriculture/sites/agriculture/files/future-of-cap/future_of_food_and_farming_communication_en.pdf
https://ec.europa.eu/agriculture/sites/agriculture/files/future-of-cap/future_of_food_and_farming_communication_en.pdf
https://ec.europa.eu/agriculture/sites/agriculture/files/future-of-cap/future_of_food_and_farming_communication_en.pdf
https://ec.europa.eu/agriculture/sites/agriculture/files/future-of-cap/future_of_food_and_farming_communication_en.pdf
https://www.ifo.de/DocDL/ifo_Forschungsberichte_104_2019_Monitoring-Biooekonomie.pdf
https://www.ifo.de/DocDL/ifo_Forschungsberichte_104_2019_Monitoring-Biooekonomie.pdf
https://www.ifo.de/DocDL/ifo_Forschungsberichte_104_2019_Monitoring-Biooekonomie.pdf
https://biooekonomierat.de/fileadmin/Publikationen/berichte/Hintergrundpapier_ISA_Vero__ffentlichung_2.pdf
https://biooekonomierat.de/fileadmin/Publikationen/berichte/Hintergrundpapier_ISA_Vero__ffentlichung_2.pdf
https://biooekonomierat.de/fileadmin/Publikationen/berichte/Hintergrundpapier_ISA_Vero__ffentlichung_2.pdf
https://biooekonomierat.de/fileadmin/Publikationen/berichte/Hintergrundpapier_ISA_Vero__ffentlichung_2.pdf


© The Author(s), under exclusive license to Springer-Verlag GmbH, DE, part of Springer Nature 2022
D. Thrän, U. Moesenfechtel (eds.), The bioeconomy system,  
https://doi.org/10.1007/978-3-662-64415-7_3

33

Plant-Based Bioeconomy
Klaus Pillen, Anne-Laure Tissier, and Ludger A. Wessjohann

Contents

3.1  Overview Graphic – 34

3.2  System Description – 36
3.2.1  Overview of Central Elements of the System – 36
3.2.2  The Main Elements in Detail – 36

3.3  Innovations – 39
3.3.1  Prioritisation Processes – 39
3.3.2  Biorefineries – 39
3.3.3  Innovative Bioeconomy Technologies – 39
3.3.4  Promoteing Innovation or Apply the Precautionary  

Principle? – 42

3.4  Images of the Future – 42
3.4.1  Plant Bioeconomy as a Circular Economy – 43
3.4.2  Short-Term Research Needs of the Plant Bioeconomy – 43
3.4.3  New Purposes of the Plant Bioeconomy – 43

3.5  Conflicting Objectives – 44
3.5.1  Food Vs. Fuel Dilemma – 44
3.5.2  Bringing Science and the Public Together – 45
3.5.3  Selecting the Right Procedures – 45
3.5.4  Putting Different Goals Together or Getting Different Actors 

to Agree on a Common Goal? – 45

 References – 45

3

https://doi.org/10.1007/978-3-662-64415-7_3
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-64415-7_3&domain=pdf


34

3

3.1  Overview Graphic
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Economy/Industry 
• Food, Fuels, Biogas, Oleochemicals, Chemicals, Pharmaceuticals, Cosmetics, Pulp & Paper,
 Packaging, Plastics, Resins & Adhesives, Lubricants, Paints & Varnishes, Textiles, Surfactants

End-of-life-Management
• Circular economy (bioreactors), recycling, degradability

Media
• Print and online publications of the stakeholders, BIOCOM AG

NGOs
• DECHEMA e.V, environmental and consumer protection associations

Politics, administration 
• Federal and state research institutes, federal and state ministries

Markets & Products 
• Food, energy, pharmaceuticals & cosmetics, papers, plastics, adhesives, lubricants, paints and
 varnishes, textiles, surfactants

Organizations (nat. and int.) 
• BIO Deutschland e. V., Bioeconomy Council

Consumers
• Population and special users as listed

Sponsors, investors 
• BMBF, BMEL, DFG, FNR, Horizon 2020, foundations

Resource Provider 
• Agriculture, forestry, aquaculture, medicinal and aromatic plant cultivation

Competence centres (reg.) 
• ScienceCampus Halle – Plant-based Bioeconomy, BioEconomy Cluster e.V., Bioeconomy
 Science Center, Cluster of Excellence on Plant Sciences, Campus Straubing for Bioeconomy
 and Sustainability, Research Center for Bioeconomy, Community for the Promotion of Plant
 Innovation, and others.

Science
• Martin Luther University Halle-Wittenberg, Technical University Munich, Research Centre
 Jülich, University of Düsseldorf, RWTH Aachen University, University of Hohenheim, Leibniz
 Institutes (for Plant Genetics and Crops, Agricultural Engineering and Bioeconomics, Plant 
 Biochemistry), Julius Kühn Institute, Helmholtz Centre for Environmental Research, German
 Biomass Research Centre, Nova Institute, etc.
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3.2  System Description

3.2.1  Overview of Central 
Elements of the System

The resources of  the plant-based bioecon-
omy are provided by agriculture, forestry 
and algae production, among others. 
Resource provisioning is typically ensured by 
genome-based plant breeding, high- 
throughput phenotyping, smart farming, 
biorefineries (sugar, starch, vegetable oil, 
algal lipid, lignocellulosic, gas refineries) 
and biotechnology. The main types of pro-
duction are primary crop production as well 
as conversion and processing of plant bio-
mass. Food, energy, pharmaceuticals and 
cosmetics, papers, plastics, adhesives and 
lubricants, paints and varnishes, textiles and 
surfactants are considered as the most 
important products of  the plant-based bio-
economy. The main markets and uses of  
plant-based bioeconomy products are food 
(human and animal), energy, chemical and 
health sectors, and material and construc-
tion sectors. Life cycle, circular economy, 
recycling and degradability are regarded as 
central overarching themes of the plant- 
based bioeconomy. Important system 
boundaries and frameworks for action are 
the food vs. fuel dilemma, conflict, the pro-
motion of innovation versus the precaution-
ary principle, and the adaptation to 
framework conditions versus the adaptation 
of framework conditions.

3.2.2  The Main Elements in Detail

3.2.2.1  Plants and Economy
Since time immemorial, and at the latest 
since the advent of agriculture, plants have 
not only been cultivated for the production 
of food, but have also been used as active 
ingredients and materials, for example in the 

production of medicines and clothing. The 
“plant-based bioeconomy” is thus not an 
invention of modern times. However, with 
the onset of industrialisation, petroleum has 
replaced previously plant-based products in 
a variety of ways. For a long time, the plant- 
based bioeconomy of recent decades was 
seen merely as a petroleum replacement 
strategy to forestall the so-called peak oil. 
The main focus here was on the use of plants 
for energy. In the meantime, however, the 
plant-based bioeconomy is rightly regarded 
as a driver of necessary innovation, sustain-
ability and social change. Nowadays, plant- 
based bioeconomy does not only mean 
finding biological alternatives to fossil-based 
resources from plant raw materials or from 
the components derived from the plant 
value chain. Plant-based bioeconomy 
includes complete material cycles from 
nature (circular bioeconomy) and to imitate 
and maintain them in all economic as well as 
social areas (WissenschaftsCampus Halle, 
2017).

Plant-based bioeconomy involves a 
trans- and interdisciplinary approach to 
economics, starting with the adaptation and 
production of primary resources, the pro-
cessing and conversion, enabling the pro-
duction of a finished product or service, and 
ensuring acceptance or support from politi-
cians and the public.

Especially for a high-wage country, for 
example Germany, plant-based biotechnol-
ogy can be particularly effective where the 
value chain produces high-quality and 
 high- priced products or services. Energy 
production, on the other hand, can only be 
an – albeit considerable – additional effect at 
the end of the value chain due to the limited 
availability of production area in Germany.

3.2.2.2  Origin and Use of Biomass
The first building block of the plant-based 
bioeconomy is the provision of renewable 
raw material, i.e. biomass.

 K. Pillen et al.



37 3

Biomass is defined as living and growing 
or already dead – but not fossil – matter and 
the resulting waste material (ÖNORM M 
7101 Bbl 2, 1996). Thus, plant primary bio-
mass corresponds to the totality of living 
plants and algae as well as the resulting dead 
material.

Plant-based biomass is produced and 
used in

 5 the agricultural industry (including in 
the food and animal feed industries, but 
increasingly also for so-called material 
recycling – for example as chemicals or 
as fibre composites  – and ultimately 
energy supply) (Destatis, 2019).

 5 forestry (including for the construction 
and furniture industries, pulp produc-
tion and energy. Secondary use is less 
pronounced than for agricultural prod-
ucts, but already established in some sec-
tors such as the food and flavour 
industry) (BMEL, 2018).

 5 algae production (inter alia as food and 
as components for biofuels).

Although wild species of plants can be used, 
the bioeconomy at the economic level 
mainly uses plant biomass cultivated by 
humans, such as cereals, rapeseed, potatoes, 
sugar beet, wood, algae and plants with spe-
cial properties, for example aromatic and 
medicinal plants (Pflanzenforschung.de, 
n.d.). Of the approximately 500,000 plant 
species that currently grow on earth, only 
4% are used in the food, chemical and phar-
maceutical industries or in the fields of 
material sciences and energy production 
(Pflanzenforschung.de, n.d.). And only a 
small part of  them is used in the secondary 
sector (industrial production). On the other 
hand, the secondary sector is characterised 
by high-quality and specialised products. It 
can thus be stated that for plant-based bio-
economy many raw material resources and 
opportunities are yet unused and underre-
searched.

3.2.2.3  Classes of Substances 
from the Plant Biomass

The bioeconomy considers the plant bio-
mass as a storage container of chemical sub-
stances which, according to their chemical 
composition, can be divided into the groups 
of carbohydrates, polyphenols with lignin, 
lipids (fats, oils, terpenoids), proteins and 
others. Here, for example, wheat and potato 
are not botanically categorised as Triticum 
aestivum and Solanum tuberosum, respec-
tively, but as starch-producing plants. 
Furthermore, plants are increasingly being 
used as producers of molecules with special 
characteristics. The specific capabilities of 
these plant compounds may be physical, 
chemical or pharmacological. These com-
plexly structured small molecules, the so-
called secondary or specialised plant 
constituents, are primarily high-value and 
high-priced ingredients. They include for 
example colorants, flavors, fragrances or 
even medicinally active ingredients. They dif-
fer from many biopolymers, which are link-
ages of simple building blocks (monomers) 
to chains or networks or even three-dimen-
sional structures (polymers and resins). The 
latter are responsible for energy content, 
structure and basic nutritional requirements.

3.2.2.4  Use of Herbal Substances
Plant biomass is used for dietary, chemical 
or material and energy purposes (. Fig. 3.1). 
The art of bioeconomy is to treat plants as 
suppliers of components and to regard the 
residues from the manufacture of one prod-
uct as raw materials for a second product, 
possibly for use in another industrial sector. 
In other words, one tries to achieve the 
 maximum of economically sensible utilisa-
tion with all plant parts. Any remaining resi-
dues can then be used for energy production 
and, subsequently, for fertilisation.

Numerous branches of industry are 
involved in the plant-based bioeconomy 
(e.g. in the biochemical industry cf. Infobox 

Plant-Based Bioeconomy
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“Use of Plant Based Materials in the poly-
mer Industry”), which produce a wide vari-
ety of products based on different feedstocks 
(. Fig. 3.1).

3.2.2.5  Use of Herbal Substances 
in the Polymer Industry

Almost 300 million tonnes of polymers 
(plastics and resins) are produced worldwide 
every year, 5% of which in Germany (Plastics 
Europe, 2015). But the production of plas-
tics is becoming more demanding: on the 
one hand, because special applications 
require so-called performance polymers, 
and on the other hand, because their use is 
considered a problem to the environment 
and is no longer considered sustainable and 

sufficiently ecocompatible including espe-
cially additives such as leaching plasticisers.

For some applications, therefore, degrad-
able plastics and those made from renewable 
raw materials are of increasing relevance. 
However, these two properties do not have 
to correlate. Plastics made from renewable 
raw materials may well be difficult to 
degrade, and this is often a deliberate advan-
tage of plastics  – as is also the case with 
some biopolymeric natural materials, for 
example various types of wood, which can 
easily last for centuries. On the other hand, 
petroleum-based plastics can also be chemi-
cally designed to be fully biodegradable, but 
they are expensive and mostly do not meet 
required property profiles yet.

Food, Flavours

Industry Sugar Starch Cellulose Lipids Proteins Fibers

Poly-
phenols 

(with 
lignin)

Pharmaceutical and 
cosmetic products

Fuels/Energy

Plastics

Lubricants

Adhesives

Paper

Varnishes and paints

Textiles

Surfactants/Detergents

High use Medium use No use

       . Fig. 3.1 The industrial use of  herbal substances
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In order to create new alternatives for 
plastics currently produced on the basis of 
petroleum, work has been going on for some 
years on the production of plastics from or 
partially in composite materials, using 
renewable raw materials. Bioplastics, which 
consist to a significant extent or exclusively 
of renewable raw materials such as carbohy-
drates (cellulose etc.), lignin, lipids and pro-
teins, are playing an increasing role in the 
plastics market for special applications 
(. Fig. 3.1).

3.3  Innovations

3.3.1  Prioritisation Processes

After primary use, for example in human 
nutrition, the ideal value chain and cycle use 
of plants envisages that the non-utilised 
parts are subsequently put to a specific use 
in the bioeconomy, from high-priced prod-
ucts to low-cost components. They finally 
end as material for energy production (incin-
eration, biogas, etc.), and the resulting resi-
dues can still be used as fertilisers. Some 
plants are also cultivated directly for bioeco-
nomic use, since utilisation as food or feed is 
not desired or not possible, for example, for 
quality reasons. Apart from the directly 
usable and extractable high-value compo-
nents, such as high-value secondary plant 
substances like colouring and flavouring 
agents as well as some lipids and monosac-
charides, the bulk components are difficult 
to use in current industrial processes  – for 
example, to serve the chemical industry as a 
basic supplier for feedstock for materials 
production.

3.3.2  Biorefineries

The use of  plant components such as sugar, 
starch, cellulose, lignocellulose, oil and 

fibres in classic industrial processes requires 
their conversion into substances that can be 
fed into previously established and licensed 
processes (drop in). For this purpose, the 
raw materials are separated from the rest of 
the biomass by primary refining and pre-
treated, for example, by mechanical or fer-
mentative processes. They are then 
processed and refined. This refining is car-
ried out by enzymatic or fermentative, ther-
mal or chemical processes. It breaks down 
plant biopolymers and converts them into 
industrially usable low-molecular weight 
substances. The by-products, so-called cou-
pled products, or residues are in the best 
case also used, e.g. for animal feed, energy 
production, or fertilisation. This overall 
concept is referred to as a biorefinery and 
aims to work with the fullest possible use of 
all plant raw material components. In terms 
of  secondary refining, a distinction is made 
between the sugar or starch biorefinery, the 
vegetable oil and fat biorefinery, the ligno-
cellulose biorefinery, and the gas biorefin-
ery (Bundesregierung, 2012) (. Fig. 3.2).

3.3.3  Innovative Bioeconomy 
Technologies

The development of innovative technologies 
will help to minimise the conversion effort in 
the future and to produce final products 
with the desired properties, although they 
have – compared to current petroleum based 
products – a higher degree of oxidation due 
to the natural raw materials used. This can 
be particularly advantageous for the long- 
term degradability of plastics.

Innovations that have emerged in the 
plant- based bioeconomy in recent years are 
numerous and can therefore only be pre-
sented here as examples. For a better over-
view, these are assigned here to the “classic” 
sectors of the bioeconomy.

Plant-Based Bioeconomy



40

3

3.3.3.1  Biotechnology
Biotechnology means the

 » Application of science and technology to 
living organisms, parts of them, their prod-
ucts or models of them for the purpose of 
modifying living or non-living matter to 
advance knowledge, produce goods and 
provide services. (OECD, n.d.)

Today, biotechnology is a highly developed 
cross-sectional technology that can be 
divided into different fields of application.

Plant Green Biotechnology 
(Agriculture and Plant Science)
Plant green biotechnology provides rapid 
and targeted ways to improve crop yield and 
sustainability (Lokko et al., 2018).
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 5 In molecular breeding, new plant types 
are developed more quickly into new 
varieties based on available genome 
sequence information, which is applied 
in marker-assisted selection (MAS) and 
genomic prediction (GP). This is referred 
to as “precision breeding” (Wang et al., 
2020; Hickey et al., 2019).

 5 Transgenic plants (first in 1995 with 
maize, then cotton, aubergines, beans, 
rice, sugar cane, poplars, etc.) are plants 
which have been endowed with addi-
tional or altered genes. For example, they 
are enabled to synthesise a toxin against 
insect pests (Bt toxin) and thus protect 
themselves without danger to humans 
and without the use of pesticides.

 5 Plants can also be enriched with micro-
nutrients to provide special additional 
health-promoting benefits on top of the 
normal nutrient supply (functional food).

 5 Components of plants can also be 
adapted to foster their industrial use. 
Thus, the content of lignin in forest crops 
and cereals can be reduced, with the pur-
pose of reducing waste and pollution 
during the production of paper and bio-
fuels.

Plant Red Biotechnology (Medical 
and Veterinary)
Medical biotechnology (red biotechnology) 
is concerned, among other things, with the 
development of new therapeutic and 
 diagnostic procedures.

 5 Using microbial factories the biosynthe-
sis of important and scarce plant con-
stituents can now take place in bacteria. 
For example, taxadiene, a precursor of 
the antitumor drug taxol, which was 
originally extracted from the bark of the 
endangered, slow growing Pacific yew 
tree, is now produced through red bio-
technology.

 5 Conversely, human proteins can also be 
produced in transgenic or transiently 
genetically modified plants. An example 
are monoclonal antibodies, also known 
as plantibodies, which are an alternative 
to classical vaccines. Working with plants 
has the advantage that the production of 
plantibodies is cheaper and more efficient 
(higher production volume in less time) 
than the classical production of antibod-
ies using mammalian cells. Most impor-
tantly, there are no plant viruses or other 
pathogens in plant cultures that could be 
dangerous to humans if  the product is 
contaminated. This means that, unlike 
antibody production in animals or in 
animal or human cells, there is an addi-
tional safeguard against contamination 
(Oluwayelu & Adebiyi, 2016).

Plant-Based White Biotechnology 
(Industry with Predominantly 
Microbial Processes)
Industrial biotechnology (white biotechnol-
ogy) is based on fermentation and other bio-
catalysis processes.

 5 Technical enzymes (such as cellulase, 
lipase, protease, amylase, phytase, xylase, 
etc.) contribute to the production of 
food as well as high-quality chemicals, 
pharmaceuticals, vitamins, detergents 
and cleaning agents. They are used, for 
example, in the processing of paper, 
leather and textiles. Plant enzymes are 
also playing an increasing role, in the 
production of fragrances or pharmaceu-
ticals or their precursors. For example, 
terpene cyclases can foster the produc-
tion of Taxol that is used against human 
breast cancer, or to produce artemisinin 
to fight malaria.

 5 Expression of technical enzymes in 
transgenic plants: An example is the 
enzyme α-amylase, which is used for the 
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conversion of starch into alcohol, or in 
the detergent industry. It has been trans-
planted from rice into tobacco (Kumagai 
et al., 2000) or from the bacterium Bacil-
lus licheniformis into pea (Biesgen et al., 
2002).

 5 Recombinant proteins with improved 
properties are produced. To this end, cer-
tain amino acids of the original protein 
or the whole proteins are omitted or 
replaced. In this way, either a new, more 
effective protein is formed and the prop-
erties of the recombinant enzymes are 
very precisely adapted to the desired 
needs, or the deletion of allergenic pro-
teins can render plants and their prod-
ucts acceptable to a larger set of 
consumers.

3.3.3.2  Plant Genome Editing
Plant genome editing provides the genera-
tion of recombinant, i.e. genetically adapted, 
proteins that can be used as a more advanta-
geous version of the original (native) pro-
tein. This is achieved by modifying DNA 
sequences of the gene that codes for the pro-
tein. Here, modern genome editing tech-
niques use specific gene scissors to allow 
DNA modifications without leaving any 
transgenic residue. This requires various 
enzymes that cut, possibly replace and repair 
a targeted DNA sequence (Wada et  al., 
2020; Gao, 2021).

The flagship of genome editing is the so- 
called CRISPR/Cas technology, which 
allows to edit the genetic material of cells as 
desired. In this way, individual genes are 
switched off  or targeted (foreign) DNA is 
integrated at specific sites in the genome. 
CRISPR/Cas is universal and works in 
humans, animals, plants and bacteria 
(Puchta, 2017). Plant breeding has been 
using CRISPR/Cas technology for several 
years (Kumlehn et al., 2018). For example, it 
was shown that genome editing of promot-
ers using CRISPR/Cas generated a series of 

edited alleles in tomato. Those alleles varied 
in their effects on regulating fruit size, plant 
inflorescence and growth in tomato. Fixation 
of new alleles in transgene-free tomato has 
allowed fine tuning of yield components of 
the plant (Rodriguez-Leal et al., 2017).

3.3.4  Promoteing Innovation or 
Apply the Precautionary 
Principle?

Research in the field of the plant-based bio-
economy and its resulting innovations 
should meet the needs of society. Public 
acceptance of a new, sustainable economic 
system does not come by itself, but is based 
on societal learning processes. This learning 
aims at re-orienting action and thinking 
(Pies et  al., 2017). The re-orientation of 
action is dedicated to the knowledge of new 
products and production processes of the 
plant-based bioeconomy as well as the cor-
responding framework conditions. It allows 
to align the supply and demand of plant- 
based bioeconomy innovations. But this 
requires the coordination of thinking, i.e. 
the “collective self-understanding of the 
interests and normative concerns of the 
population” as well as of intermediary insti-
tutions such as trade and commerce. For 
example, the misunderstanding of the pre-
cautionary principle in the field of innova-
tion needs to be corrected. In the 
bioeconomy, in order to avoid an obstacle to 
innovation, a potential hazard should not 
lead to bans from the outset. Instead, the 
risks of banning and not banning should be 
assessed in parallel and only then should a 
decision be made (Pies et al., 2017).

3.4  Images of the Future

How can, will and should the plant-based 
bioeconomy develop in the future?
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3.4.1  Plant Bioeconomy 
as a Circular Economy

The primary goal of the plant-based bio-
economy of the future is to secure food for 
people, achieve better nutrition, promote 
sustainable agriculture, ensure sustainable 
production methods and consumption, and 
use processes of minimal disturbance and 
maximal utilisation of resources and energy. 
Essential elements to achieve these objec-
tives are the establishment of a circular econ-
omy and the preservation of biodiversity.

 » It can be concluded that one of  the origi-
nal goals of  the bioeconomy must be to 
make the best possible use of  the potential 
of  renewable raw materials in cascades. 
Thus, the bioeconomy should be imple-
mented as an interconnected system. 
(Pietzsch, 2017, p. 140)

3.4.2  Short-Term Research Needs 
of the Plant Bioeconomy

In view of scarce resources and increased 
expectations of the plant-based bioecon-
omy, the principle applies that, above all, 
plants with a high content of a particular 
class of valuable substances (e.g. starch, 
sugar, oils and fats, and high value constitu-
ents) should be improved by classical or 
advanced breeding methods so that they 
gain “higher contents of value-giving ingre-
dients, lower contents of undesirable accom-
panying and residual substances and 
increased resistance to biotic and abiotic 
influences” (BMELV, 2012, p.  8). New 
 physical, chemical, enzymatic, fermentative 
or biotechnological processes for derivatis-
ing, modifying or using the substance classes 
should therefore be researched more intensly. 
Furthermore, new products based on indi-
vidual substance classes as well as new areas 
of application for the by-products and cou-

pled products should be developed. The fol-
lowing developments can therefore be 
expected in the individual refinery classes in 
the future (Fachagentur Nachwachsende 
Rohstoffe e. V., 2015):

 5 In the sugar sector: Existing processes 
should be optimised with regard to the 
reduction of synthesis efforts, the use of 
protective groups and the use of reagents 
and solvents that are hazardous to the 
environment and health of living organ-
isms including humans.

 5 In the starch sector: new starch qualities 
should be obtained under cost-effective 
and environmentally compatible condi-
tions. Moreover specific properties of the 
various starch qualities and their by- 
products should be elucidated.

 5 In the area of lipids: The range of appli-
cations for vegetable oils and fats should 
be expanded in the areas of lubricants, 
surfactants, additives, cosmetics, poly-
mers, adhesives, coatings and paints.

 5 In the area of proteins and protein prep-
arations: In relation to the requirements 
of the technical application areas, pro-
teins and protein preparations should be 
better characterised.

 5 Wild species of plants should be investi-
gated for special constituents in order to 
be used for breeding and agriculture. Solu-
tions should also be generated for specific 
cultivation problems of these plants (e.g. 
seed availability, fertilisation and plant 
protection strategies, resilience to biotic 
and abiotic stressors, optimisation of cul-
tivation and harvesting techniques).

3.4.3  New Purposes of the Plant 
Bioeconomy

In the coming years, applications in the 
plant bioeconomy will proliferate dramati-
cally, and some of today’s science fiction 
visions will become reality. A few decades 
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ago, we would not have thought of liquid 
wood, human antibodies produced in 
tobacco, or plants that report their pest 
infestations to drones?

The US Defense Advanced Research 
Projects Agency (DARPA), for example, is 
already preparing for future possibilities 
with its “Advanced Plant Technologies 
Program”. This involves the development of 
robust plant-based sensors that can register 
chemicals, harmful organisms, radiation 
and other electromagnetic signals in the 
environment and then transmit the corre-
sponding information via satellites.1

These examples show that plant bioecon-
omy can support or advance the economy 
and society in previously unexpected areas 
of application. The challenge is now to 
adapt the basic knowledge of plant organ-
isms, the molecular, cellular and systemic 
mechanisms of action and the technologies 
available to new purposes.

3.5  Conflicting Objectives

3.5.1  Food Vs. Fuel Dilemma

The primary objective of the bioeconomy 
concept is food security and safety. However, 
this in particular is likely to be difficult to 
achieved when faced with the other objec-
tives of bioeconomy. Indeed, for most fields 
of application of bioeconomy  – with the 
possible exception of high value products – 
it is necessary to produce as much biomass 
as possible, and as sustainably as possible. 
Thus, not only economic growth and the 
desired ecological sustainability confront 
each other here, but also the preferences for 
use play a role. Moreover, at least in 

1 For more information, see: 7 https://www.darpa.
mil/

Germany, there is a lack of arable land to 
ensure a sufficient supply of raw materials 
without fossil fuels. This is still the case even 
if  forestry and marine sectors could offer 
alternative biomass or vertical farming could 
save land.

What echos well in the press and social 
media often enough is not realistic a solu-
tion for mass demand. Vertical farming, for 
example, is limited by the amount of light 
and natural rainfall per unit of  land area, 
but both are crucial factors for productivity. 
It gets worse from a sustainability perspec-
tive when the lack of sun and water is offset 
by artificial lighting and irrigation. Land 
use conflicts in the production of biomass 
for the plate, trough, or tank have led to ris-
ing food prices and thus social unrest, espe-
cially in developing or emerging economies. 
One example is Mexico, where in 2007 the 
price per kilo for the staple food tortilla 
made from maize more than doubled 
because of the dual use of maize for food 
and as biofuel.

The first step to avoid the conflict 
between plate, trough and tank is to set pri-
orities for the use of renewable raw materi-
als: (1) food, (2) feed, (3) high value products 
(e.g. medicinal) (4) material use (carbon- 
containing chemicals), (5) energy use, (6) 
fertilisation with the residues. Thus, bio-
economy has taken up the goal of food first, 
so that the conflict of goals seems to be clar-
ified. Furthermore, agricultural production 
must reduce its climate-damaging emissions 
and cultivate plants more efficiently without 
endangering biodiversity through over- 
fertilisation or excessive land use. Improved 
methods of precision farming with biodiver-
sity areas, the use of new fertilisation meth-
ods and substances and new, more 
compatible plant protection products, and 
more efficient harvesting and processing 
technologies have to contribute to meet 
these goals.

 K. Pillen et al.
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3.5.2  Bringing Science 
and the Public Together

As early as 2010, the German Bioeconomy 
Council stated that the success of the bio-
economy would be “determined by the 
social [and political] acceptance of the tech-
niques and processes used” (Müller-Röber 
et al., 2010, p. 30). So far, despite numerous 
(political) initiatives, the concept of a plant- 
based bioeconomy has not reached the gen-
eral public yet. It is a largely unknown 
concept, especially since the diversity of 
terms like green economy, green growth, cir-
cular economy and sustainability can lead to 
irritations. In order to be able to master the 
transformation towards a biobased econ-
omy in view of the numerous challenges, 
bioeconomy must place particular emphasis 
on a dialogue with the general public. 
Opportunities and risks must be presented 
in a scientifically sound and transparent 
manner, without lapsing into a communica-
tion of fear that makes it impossible to dis-
tinguish between danger and risk.

3.5.3  Selecting the Right 
Procedures

Plant-based bioeconomy corresponds to a 
holistic approach. In this sense, it can only 
become successful when almost all mile-
stones of its value chain have been reached. 
This includes the factual conception, the 
implementation taking into account the cir-
cumstances, the clear communication as 
well as the support of involved stakeholders. 
In other words, to be successful, bioecon-
omy must be implemented as a concerted 
action. To this end, the cooperation of all 
actors, the information of future consumers 
and the adaptation of the policy strategies 
are urgently needed.

3.5.4  Putting Different Goals 
Together or Getting 
Different Actors to Agree 
on a Common Goal?

The notion of  a plant-based bioeconomy 
with a linear approach in which solutions 
from research are uniformly implemented 
among producers is deceptive. Instead, the 
bioeconomy needs tacit knowledge from 
farmers and entrepreneurs to enable co- 
creation (EC, 2016). This interactive model 
of  innovation relies on the skills and on the 
human and social capital of  farmers and 
citizens, and cannot successfully function 
without them. In this sense, in order to be 
successful, bioeconomy must not be con-
sidered as modules acting in parallel or in 
sequence, but as a complex intertwined 
system.
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4.1  Definitions of Wood-Based 
Bioeconomy

In addition to agriculture, the bio-based 
economy also affects forestry, the wood and 
paper industry, the chemical and, in particu-
lar, the plastics industry, the pharmaceutical 
industry and even the energy industry. 
Finally

 » Wood is by far the largest biobased source 
of raw materials for chemical and mechani-
cal use in a wide range of products outside 
the food and animal feed sectors. For the 
use of agricultural and forest biomass, new 
ways and technologies for resource-effi-
cient use and for new product lines are 
being sought within the framework of the 
bioeconomy, with chemistry and biotech-
nology playing an essential role. 
(Teischinger, 2016, p. 11)

The wood-based bioeconomy ideally uses 
the raw material wood (trunk wood, crown 
wood and, if  necessary, stock wood, waste 
wood from previous use) in a cascade. Here, 
the refinement steps are refined further and 
further (chemical decomposition and modi-
fication) and residual materials and by- 
products from the previous steps are used 
for the next stage. Only at the end of this 
process is it sensible to use the residual mate-
rials as an energy source. However, the pri-
mary goal is the material use of wood, for 
example for construction, housing or paper, 
and the associated CO2 storage and substi-
tution of fossil materials.

4.2  System Description

The raw material wood is the oldest building 
material and energy source of mankind. In 
recent years, however, the variety of uses has 
increased and global demand has risen. In 
addition to the more traditional processing 
and application areas of the sawmill indus-
try, the wood-based materials industry or 

the wood and pulp industry, the bioecon-
omy holds out the prospect of an expanded 
role for wood in the future supply of raw 
materials (Mantau, 2018). The reason for 
this shift (back) towards more wood use can 
be traced back to several points:

4.2.1  Change in Values 
and Awareness

The growing awareness of the dramatic 
impacts of human economic activity, with 
priority given to the exploitation of all 
resources, is increasingly challenging politi-
cal actors, the economy and social groups to 
develop new forms of economy. Thus, politi-
cal programmes of the German government 
and the EU define the bioeconomy as a path 
towards greater sustainability (BMEL, 2009, 
2014; EC, 2019). The “Charter for Wood 
2.0” of the German Federal Ministry of 
Food and Agriculture (BMEL) identifies 
several reasons for this.1 As the most wide-
spread and largest resource in terms of vol-
ume, wood is of particular importance.

4.2.2  Raw Material Availability

In the European economic area, there is an 
annual increase of approx. 403 million m3. 
This means that large quantities of wood are 
available. Of the total 35 billion m3 of wood 
in Europe’s forests (of which 26.5 billion m3 
in the EU28), 84% can be used for wood 
supply (Domínguez et  al., 2015). Conifers 
form 57% of the forest stock and hardwoods 
43%, the share of which is increasing due to 
the targeted forest conversion. Germany, 
Austria and Switzerland (DACH region), as 
part of Central-West Europe, is the region 
with the largest timber resources and tradi-

1 For more information, see 7 https://www.bmel.
de/DE/Wald-Fischerei/03_Holz/_texte/Charta-
Holz2017.html
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tionally has large quantities of timber 
(Domínguez et al., 2015) (7 Sect. 4.1).

Among the conifers, spruce accounts for 
the largest share of trees, while among the 
hardwoods it is beech. This also indicates 
that the largest proportion of roundwood in 
Central Europe is processed (. Fig. 4.1).

4.2.3  Stakeholders

The industry is divided into the following 
major groups:

 5 Silviculture and sawmilling
 5 Wood construction and carpentry
 5 Interior fittings and furniture production
 5 Wood-based panel industry
 5 Pulp and paper industry
 5 Nonwovens/textiles industry
 5 Chemical industry/pharmacy/medicine
 5 Recycling industry/energy industry

The sawmill industry and especially timber 
construction have always played a tradi-
tional and dominant pioneering role in the 
use of wood and its highest added value. A 
large number of high-performance sawmills 
with modern processing capacities, modern 

and flexible timber construction companies 
and carpentry firms, as well as large, well- 
known companies in the wood-based mate-
rials, pulp and paper industries have long 
been actively and successfully established in 
this economic sector (UNECE, 2018) 
(. Fig. 4.2a and b).

4.2.4  Areas of Application

In recent years, significant efforts have been 
made, especially in Scandinavia, South 
America and New Zealand, to either further 
develop the well-known areas of application 
for wood as a raw material or to develop 
completely new ones. Worthy of special 
mention are development work on the use 
of lignin for the production of carbon fibers 
or application research on nano- or microfi-
brillated cellulose (NFC/MFC)2 for barrier 

2 Nano-/microfibrillated cellulose: a substance 
formed by disintegration (fibrillation) of  cellulose, 
consisting of  largely isolated cellulose microfibrils 
stabilised by water and possibly functional groups, 
no longer containing any crystalline components 
and having the character of  a hydrogel.

Energetic use Sawing industryGroundwood & Pulp Wood materials

Switzerland 

5 %

50 %
40 %

5 %

5 million t
Wood consumption

11 million m³
Increase/year

0.44 Mrd. m³
Wood supply

(Data: 2017)
Austria

50 %

17 %

26 %

k.A.
18 million m³
Wood consumption

30 million m³
Increase/year

1.2 Mrd. m³
Wood supply

(Data: 2017)
Germany

26 %

9 %

11 %

54 %

67 million m³
Wood consumption

122 million m³
Increase/year

3.7 billion  m³
Wood supply

(Data: 2016)

       . Fig. 4.1 Timber harvest by wood use, wood supply and increment – DACH region. (Source: Own representa-
tion based on UNECE, 2018; FNR, 2018; BFS, 2018; BMNT, 2018)
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Resource Provider 

• Forestry in state, institutional or private ownership. According to the Federal Forest Inventory,   
 3.6% of Germany’s forests are owned by the federal government, 29% by the Länder, 19.4% by   
 corporations and 48% by private owners.

Economy/Industry 

 products, energy

• Forestry, sawmill industry, panel materials, furniture industry, interior design, pulp and paper   

 industry, chemical industry, automotive industry, shipbuilding industry

Markets, Products 

• Wood from cascading sustainable use yields potentially thousands of products. Depending on the  
 disintegration stage, these can be end products (e.g. sawn wood products, wood-based materials)  

 for example, construction, furniture, pulp and paper, textiles, chemicals, energy, and in the future  
 probably also automotive, architecture, health care, etc. This will be possible through increased   
 research and development in materials and material conversion.

End-of-life-Management

• The duration of the life cycle depends on the respective product segments (these can be very   

 (paper > 70%) to non-existent (durable products such as furniture). As a rule, thermal recycling is  
 the state of the art. This also applies to wood processing by-products from mechanical or   

 pulp process).

Bildlegende, einzeilig 4mm + 4mm Abstand

Bildlegende, zweizeilig 8mm + 4mm Abstand

Media

• Websites and reports of the above-mentioned actors

NGOs

• For example: FSC, PEFC, B.A.U.M., WWF, Greenpeace

Politics, administration 

• Federal and state research institutes, federal and state ministries, Charter for Wood 2.0, 
 Bioeconomy Council

Organizations (nat. and int.) 

• Forest based sector Technology Platform (FTP), DFWR, DHWR, Cluster Forst/Holz/Papier in various  
 German states

Consumers 

• Population and special users as listed

Sponsors, investors 

• Federal and state research institutes, federal and state ministries, Charter for Wood 2.0, 
 Bioeconomy Council

Competence centres (reg.)

• Thünen Institutes, Paper Technology Foundation (PTS), Institute of Wood Research Dresden (IHD),  
 Fraunhofer Institutes for Applied Polymer Research (IAP), Wood Research Braunschweig (WKI)

Science

• Universities, Research institutions

a

b

       . Fig. 4.2 a System graphic. Part 1. (Source: Own representation). b System graphic. Part 2 (continuation of 
part 1). (Source: Own representation)
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coatings and pharmaceutical applications, 
among others. The textile sector can also 
benefit sustainably from wood bioeconomy, 
as new cellulose spinning processes 
(Tencel™) with significantly improved prop-
erties and a high sustainability effect have 
taken hold and are successfully establishing 
themselves on the market.3 The develop-
ment activities are mainly geared towards a 
continuous increase in the efficiency of 
wood utilization as well as improved envi-
ronmental compatibility of the production 
processes.

4.2.5  Material Flows

The establishment of intelligent value chains 
and networks, including the associated main 
and side streams, is a major focus of research 
and development activities (see . Fig. 4.6 in 
Box “Wood Development Pathways for 
Chemical Products”).

4.2.6  Cascade Use

The aim of cascade use in the wood-based 
bioeconomy is to process the entire tree in 
effective, graduated disintegration steps. In 
contrast to all available fossil raw materials, 
wood is not only a raw material mass, but 
also has an intelligent inner structure that 
must be used. The wood-based bioeconomy 
therefore uses the raw material wood (trunk 
wood, crown wood, bark) ideally in a cas-
cade. In this process, the raw material or 
products made from it are used as long, as 
often and as efficiently as possible in succes-
sive steps, and only at the end of the product 
life cycle are they energetically recovered. 
The material structure is disintegrated step 
by step. In order to achieve the goal of high 

3 For more information, see 7 http://www.lenzing.
com

raw material productivity, i.e. to increase the 
total benefit per unit of raw material, the 
cascade use of wood should include at least 
two material uses, and only at the end of the 
overall cascade is the residual material used 
as an energy source. The primary focus of a 
bioeconomically oriented use of wood is 
thus the use of the same unit of wood in as 
many stages as possible, for example for 
construction, housing, transport or packag-
ing, as well as for heat generation. The cas-
cade use of biomass is far superior to direct 
energy use in terms of ecological aspects 
and also has strong economic advantages, 
because it creates five to ten times the gross 
value added and employment effects for the 
same amount of biomass (Sauerwein, 2016). 
Cascade use begins with the felling of the 
tree and leads via its cutting and processing 
of individual components to the target 
products: The trunk is considered the most 
valuable part and is processed into sawn 
timber. Crown and residual wood from 
trunk processing is used in the wood-based 
materials, pulp and paper industries. As a 
rule, particle materials, fibre-based materials 
are produced from it. Residual wood assort-
ments are mostly chemically decomposed 
for the fiber materials industry and for appli-
cations in chemistry and materials technol-
ogy (including Fehrenbach et al., 2017). In 
this process, the wood is broken down into 
its chemical components:

 5 Lignin: incrusting substance of wood, 
responsible for its high stability, espe-
cially for its pressure stability – irregular 
macromolecule of substituted phenyl-
propane units

 5 Cellulose: highly ordered, linear mole-
cule of ß-1,4-glycosidically linked glu-
cose units with a pronounced 
supermolecular structure, which deci-
sively determines the properties  – here 
above all the tensile strength,

 5 Hemicelluloses: Group of carbohydrate 
macromolecules consisting of various 
sugar components (hexoses, pentoses) 

Wood-Based Bioeconomy
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with different functionalities; in wood, 
they represent the intermediary element 
between the cellulose fibrils and the lig-
nin.

 5 accessory components such as terpenes 
(resin acids, turpentine oil), waxes and 
phytosterols, which form the basis for 
chemically modified, new materials and 
chemical products

Wood as semi-finished products in the form 
of sawn timber, wood-based panels, veneer 
and plywood, as well as wood pulp and cel-
lulose, have traditionally been extremely 
important for the production of finished 
goods in the paper, construction, furniture 
and packaging industries (FNR, 2018).

In the field of energy use, wood is also 
used to generate heat and electricity.

4.2.7  Procedure

The disintegration of the wood primarily 
serves to produce fibre material with favour-
able properties for processing. For this pur-
pose, processes with primarily mechanical, 
chemical-mechanical or chemical process 
steps are used:

 5 Mechanical pulping produces a still lig-
nified, i.e. lignin-containing, pulp by cut-
ting and crushing, which – depending on 
the fineness of the pulping  – is used in 
the production of fiberboards (medium- 
density fiberboard – MDF, high-density 
fiberboard  – HDF), molded fiberboard 
parts or paper and board. In addition to 
purely hydro-mechanical defibration, 
numerous process variants have been 
developed, relating to greater variability 
in the raw material (wood chips instead 
of logs), higher energy efficiency 
(thermo-mechanical pulp  – TMP) and/
or complementary improved fibre prop-
erties (chemical-thermo-mechanical 
pulp – CTMP with various technological 

variants, for example integrated bleach-
ing). Today, TMP and CTMP produc-
tion are of particular economic 
importance, as they have the best quality- 
efficiency ratio of all primarily mechani-
cal disintegration processes.

 5 In chemical pulping, the wood is not 
only disintegrated but also broken down 
into its main chemical components cel-
lulose, hemicelluloses, lignin and other 
accessory components (for more infor-
mation, see Fengel & Wegener, 2003, 
among others). It is thus primarily used 
to obtain delignified cellulose fibres for 
paper and regenerated fibre production.4

 5 Today, approx. 181 million tonnes of 
pulp are produced worldwide. Increas-
ingly, lignin extraction is (again) gaining 
importance for further chemical process-
ing. In addition, the use of terpenes, phy-
tosterols and waxes for chemical products 
and pharmaceuticals is playing an 
increasingly important role in research. 
From these substances, a whole range of 
chemical substances can be built up on a 
platform, from which, among other 
things, polymers can be produced. Fur-
thermore, the carbohydrate components 
can be chemically as well as biotechno-
logically degraded to monomeric sugars 
or other platform chemicals such as lac-
tic acid, succinic acid, glycols and other 
compounds. Thus, they potentially serve 
as raw materials for numerous products. 
Examples include polylactide for pack-
aging, monoethylene glycol for polyester, 
phenolic components for resins, or hemi-

4 Regenerated fiber: filament fiber produced from 
very pure cellulose via a chemical-physical dis-
solving process, which in turn consists of  pure cel-
lulose. In addition to the classic viscose fiber, very 
efficient textile fibers with a good environmental 
balance have been developed in recent years 
through new processes (TENCEL®, 
LYOCELL®).

 F. Miletzky et al.
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celluloses for polyester.5 Increasingly, the 
chemical decomposition of wood today 
is also aimed at recovering sugars and 
lignin for use in platform chemistry.

4.3  Degree of Organisation 
of the Sector

The forestry, wood and paper industries and 
other related sectors have efficient associa-
tion structures and supporting institutions 
that represent the interests of the forestry, 
wood, paper and other economic sectors. 
For about 15 years, a significant growth of 
industry associations and the intertwining 
of a wide variety of structures have been 
noticeable:

4.3.1  Central Nodes

The central business associations and organ-
isations (and their respective subdivisions) 
are the Association of German Chambers 
of Industry and Commerce (DIHK), the 
German Forestry Council (DFWR), the 
German Timber Industry Council (DHWR), 
the German Sawmill and Timber Industry 
Association (DeSH) and the German 
Chemical Industry Association (VCI). 
(DeSH), the Association of German Paper 
Mills (Verband Deutscher Papierfabriken e. 
V.) and the German Chemical Industry 
Association (Verband der Chemischen 
Industrie). Here, the interests of the respec-
tive industry are bundled – as well as con-
certedly on certain topics – and represented 
in the political and public arena. In addi-
tion, the timber industry is represented by 
numerous sector- related associations, such 
as those of carpenters and joiners, veneer 

5 For more information, see 7 www.upmpaper.com 
and 7 www.bioeconomy.de

manufacturers, furniture manufacturers, the 
wood-based materials industry, etc. On the 
initiative of the Federal Ministry of Food 
and Agriculture (BMEL), the “Charter for 
Wood 2.0” has been in force since 2018.6 It 
combines climate protection, value creation 
and resource efficiency targets. On its basis, 
diverse stakeholders are brought together in 
various formats. In this way, their political, 
economic and social actions are to be inter-
linked and coordinated in the sense of a 
holistic approach.

A central European (and also national) 
network node for the sector is the Forest- 
based sector Technology Platform (FTP) 
with its national support groups (NSG). In 
addition, there are various clusters in the 
federal states that focus primarily or pre-
dominantly on the topics of forestry, wood 
and paper (7 Chap. 13). Political, strategic 
issues from the sector to policy-makers and 
vice versa are communicated primarily 
through the Bioeconomy Council at federal 
level and bioeconomy councils in some of 
the German Länder.

4.3.2  Decentralized Nodes

Trade fairs such as LIGNA, Interzoom, 
ForumHolz, Holz-Handwerk or 
Zellcheming as important communication 
venues for the development of the 
industry(ies) are further, decentralised hubs 
of the industry.

4.3.3  Certifications

The degree of organisation in the sector can 
also be seen in the increase in certification 
systems. This is the result of society’s 

6 For more information, see 7 www.charta-fuer-
holz.de
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increased sensitivity regarding the treatment 
of forests as an economic and social asset. 
In recent years, several globally recognised 
certification systems have been introduced. 
Among others:

 5 Forest Stewardship Coucil (FSC): 
Founded in 1990 as an international 
NGO with the aim of identifying the sus-
tainability of forest management through 
appropriate certificates for wood. The 
certification process is based on the sus-
tainability concept of the “Brundtland 
Report” (UN-WCED, 1987) and includes 
economic, social and ecological criteria 
in the assessment. Today, products (chain 
of custody) are also increasingly included 
in the assessment. Among other things, 
recycling is also assessed.

 5 Programme for the Endorsement of For-
est Certification Schemes (PEFC): 
Founded in 1990 as a pan-European sys-
tem for the certification of forest man-
agement systems, including by the 
German Timber Council (DHWR). 
PEFC claims to be the largest institution 
for ensuring and marketing sustainable 
forest management through an indepen-
dent certification system. 68% of Ger-
many’s forest area, i.e. approx. 7.6 million 
ha and 7653 farms and associations in 
Germany, are PEFC-certified.7

 5 NGOs related to forestry: among others 
B.A.U.M., World Wildlife Fund WWF, 
Naturschutzbund Deutschland NABU.8

4.3.4  Education

In Germany, there are many academic train-
ing institutions for the various branches of 
the wood-based bioeconomy. Corresponding 
courses of study are currently offered at the 
University of Hohenheim as well as the 

7 For more information, see 7 www.pefc.de
8 For more information, see 7 www.baumev.de, 

7 www.wwf.de, 7 www.nabu.de

Straubing Campus of the Technical 
University of Munich.9 Forestry, partly in 
combination with wood economics and 
wood technology, can be studied in Germany 
today at the Universities of Hamburg, 
Göttingen, Dresden, Freiburg, Munich 
(Weihenstephan) as well as the Rosenheim 
University of Applied Sciences. Wood man-
agement is also offered at the University for 
Sustainable Development in Eberswalde 
and the Universities of Applied Sciences in 
Rottenburg (wood management) and Lemgo 
(wood technology). In addition, the pulp 
and paper industry can be studied at the 
Technical Universities of Darmstadt and 
Dresden and the Universities of Applied 
Sciences in Munich and Karlsruhe (Duale 
Hochschule). In addition, the growing 
importance of the bioeconomy over the past 
5  years has led to a change in academic 
training profiles, which is expected to result 
in new courses of study in the coming years.

4.3.5  Research

Research on the topic of wood in Germany 
is largely funded by the European research 
programme “Horizon 2020” and subse-
quently, from 2021, by “Horizon Europe”. 
Here, in the years 2015–2017 alone, around 
€460 million was made available for research 
and innovation projects in the forest-based 
sector (FTP, 2019). At the national level, the 
Agency for Renewable Resources (FNR) as 
a departmental body of the BMEL is pri-
marily responsible for research funding and 
coordination. In addition, the Project 
Management Organisation Jülich (PtJ) is 
important as a competent partner for the 
public sector in science, industry and poli-
tics.10 Within European funding, the BBI JU 
(Bio- Based Industry Joint Undertaking) 

9 For more information, see 7 www.uni-hohen-
heim.de, 7 www.tum.de

10 For more information, see 7 www.ptj.de
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plays an outstanding role for the circular 
bioeconomy. 3500 direct and 10,000 indirect 
jobs are expected only by the so-called flag-
ship projects; the funding from the BBI JU 
for this amounts to € 228 million with a pri-
vate investment volume of € 1.3 billion.11

4.4  Innovations

4.4.1  Requirements

As a rule, previous decisive waves of innova-
tion were always based on the availability of 
new resources such as steel or oil, among 
others, on which economic structures were 
built. Ultimately, the intensive exploitation 
of these resources under scale-economic 
aspects was the decisive innovation feature 
(Nefiodow, 2006) of industrial development 
since the middle of the nineteenth century. 
Thus, today’s class of materials, polymer 
materials, arose primarily from the inexpen-
sive and mass availability of coal products 
and later petroleum as a platform chemical.

However, an innovation push based on 
wood follows other basic requirements. 
Although large wood reserves are available 
worldwide and wood is a renewable resource, 
it is nevertheless limited and its cultivation 
as well as its use are linked to sustainability 
criteria. Value creation is therefore mainly 
triggered by innovations that reduce the use 
of resources or produce high-quality prod-
ucts (Radermacher, 2011).

In contrast to all resources exploited on 
an industrial scale to date, wood represents a 
special material whose properties are deter-
mined not only by its chemical composition 
but also by its hierarchical structural levels. 
Its inhomogeneous structure and anisotro-

11 Philippe Mengal, Executive Director, Bio-based 
Industries Joint Undertaking; World Bioeconomy 
Roundtables, 18.05.2021, 7 https://wcbef.com/
events/upcoming-events/world-bioeconomy-
roundtables/

pic behaviour with respect to12 the three 
main directions of wood13 make it an 
extremely complex material (Wagenführ & 
Scholz, 2018), whose structure and mor-
phology must be taken into account in 
exploitation strategies. Innovation based on 
wood is not primarily due to the availability 
of material in categories of quantity or 
mass. The special value results from the 
intelligent linking of structure and material 
in use, coupled with resource efficiency and 
circular economy. (For examples of innova-
tions, see Infoboxes “Paper-Like Valuable 
Materials for Folding and Honey Wagon 
Sandwich Cores” and “High-Strength 
Synthetic Fibre Made from Pure Cellulose”). 
The provision, extraction, processing, distri-
bution and recycling of resources must be as 
CO2-efficient as possible. With this in mind, 
modern and decentralised cultivation, 
extraction, production and recycling tech-
nologies and processes should be used. 
Innovations in the field of digitalisation can 
have a supporting effect here. The German 
government’s sustainability and high-tech 
strategy is based in part on similar consider-
ations (BMEL, 2009).

4.4.2  Current Developments 
and Potentials

Recent concrete developments show the as 
yet untapped potential of the renewable raw 
material wood as a heterogeneous, highly 

12 A material exhibits anisotropic behaviour if  its 
physical, mechanical and chemical properties are 
direction-dependent. For example, the material 
behaviour of  wood is anisotropic because its elon-
gation behaviour and strength are completely dif-
ferent parallel or transverse to the direction of  the 
fibres (7 https://baulexikon.beuth.de/ANISO-
TROPES.HTM).

13 The three main directions are: “longitudinal” 
along the axis of  the log (parallel to the grain), 
“radial” at 90 degrees to the growth ring position, 
and “tangential” as a tangent along the growth 
rings.
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complex polymer. In this respect, the main 
utilisation paths of the material are to be 
assigned or considered from a chemical 
point of view in a strongly structure-related 
manner. (Cf. Infobox “Development Paths 
from Wood for Chemical Products”).

In order to implement the example prod-
ucts shown in . Fig. 4.2a, many of which 
have yet to be researched, the main task is to 
develop and provide complex manufactur-
ing technologies, including biochemical 
ones. In this context, the wood components 
mentioned must be processed on an indus-
trial scale in order to later ensure the use of 
functionalised raw materials and materials 
on a large scale. This includes first and fore-
most efficient decomposition technologies 
as well as corresponding downstream pro-
cesses for the separation and extraction of 
necessary chemical semi-finished products 
and end products.

Assuming this is the case, materials 
development in the top segment is aimed at 
using native wood to develop and produce 
processing and finishing products for con-
struction and other areas. Harvesting and 
processing waste still offer the advantage 
that the complex wood structures can also 
be found in it, so that the fiber is available as 
a valuable material. This can be processed 
into fibre products such as papers, nonwo-
vens, boards or moulded parts and compos-
ites. Only the processing or recycling 
residues of  these products or assortments 
specially grown for this purpose on planta-
tions offer the sensible economic prerequi-
sites for producing simple platform 
chemicals, bioenergy sources or directly 
energy from them.

It can be deduced from this that innova-
tion processes based on the renewable raw 
material wood must focus on the value of 
structure formation in natural wood syn-
thesis and its use to the greatest possible 
extent if  an overall economic advantage is 

to arise. This utilisation concept, known as 
the utilisation cascade, represents the main 
innovation gain for society alongside the 
climate-relevant effects and should be 
understood as a context.

4.4.3  Innovations in the Individual 
Sub-sectors

4.4.3.1  Silviculture and Timber 
Construction

Through wood modifications, material 
combinations (mixed construction), inno-
vative structural solutions (for example 
bionically inspired) among others, an 
increase in wood use is seen in coordination 
with forestry (climate change, forest conver-
sion, increase in raw materials, among other 
things through short rotation plantations), 
but also the use of  wood in new fields of 
application is made possible (for example, 
energy industry: towers and rotor blades of 
wind turbines). Wood is not only an impor-
tant CO2 absorber in the growth phase, but 
also a significant CO2 store through mate-
rial recycling, especially in the construction 
industry. This will help to achieve the 
German and global climate protection tar-
gets by 2050.

4.4.3.2  Wood Materials
Here, the construction industry (for exam-
ple, fire protection panels based on wood or 
paper) can be positively influenced across all 
sectors. A new area of application, the use 
of wood/wood-based materials/wood com-
posites in mechanical and plant engineering, 
including vehicle and aircraft construction, 
can be developed on a new design basis. In 
addition to the lightweight construction 
aspect, the climate aspect in particular 
comes into play here (replacement of metals 
such as steel and aluminium by the  
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CO2- neutral renewable raw material wood). 
An important aspect here is an economically 
viable recycling economy (cascade use), 
which requires, among other things, the sep-
arability of the material composites in the 
recycling process.

4.4.3.3  Pulp/Paper/Nonwovens/
Textiles

Major innovation effects are seen in cellu-
lose and fiber-based new technologies and 
products with high value-added potential, 
for example in composite production for 
applications in lightweight construction, in 
the packaging industry and the like. In addi-
tion, applications are conceivable in fields 
such as architecture and construction, medi-
cal technology and health care, living and 
working, food production in urban areas, 
and energy storage technology. The paper 
industry’s future study “Fibre & Paper 2030” 
(PTS, 2015) provides a comprehensive 
approach.

4.4.3.4  General
Hybridisation, functionalisation and the 
lightweight construction approach have 
high value creation potential in the various 
construction and materials due to the inter-
disciplinary solution approaches, where 
wood in industrial processing or use is supe-
rior to other materials not only in terms of 
material properties over the CO2 emission 
life cycle, but also in terms of sustainability, 
CO2 balance and recyclability. Products that 
can be substituted by wood products with a 
long (construction sector) and medium ser-
vice life (wood-based materials, furniture) 
therefore have the greatest effect on achiev-
ing climate protection targets. This also 
applies to recycling.

This is complemented by other innova-
tions with high value-added potential:

 5 Material development in high-end appli-
cations

 5 Recycling

 5 Material development with focus on raw 
material separation at the end of the life 
cycle

 5 Concepts for material separation at the 
end of the material life cycle

 5 Use of hardwood in areas previously 
dominated by softwood or other materi-
als (e.g. glued laminated timber (glulam) 
made of beech or pipes made of wood).

 5 High degree of material utilisation, in 
particular by-product utilisation for 
chemical product development

The pharmaceutical and medical sectors see 
billions in potential in the bioeconomy by 
substituting limited raw materials with 
renewable ones (Organobalance GmbH, 
2015).

4.4.3.5  Paper-Like Materials 
for Folding and Honeycomb 
Sandwich Cores

In several research projects, adapted paper- 
like materials for folding and honeycomb 
cores in sandwich structures were developed 
for use in lightweight structures. This mate-
rial has a significantly expanded field of 
application and can be used in a variety of 
ways for innovative products in the field of 
lightweight sandwich structures or 3D form-
able structures. This core material can exper-
imentally and numerically demonstrably 
improve its weight-specific properties 
(. Figs. 4.3 and 4.4).

4.4.3.6  High Strength Synthetic 
Fibre Made from Pure 
Cellulose

The research group led by Daniel Söderberg 
(KTH Stockholm) has synthesised the 
strongest cellulose fiber ever produced. Its 
strength properties are similar to those of 
carbon fibres and it was synthesised by join-
ing individual cellulose chains from nanofi-
brillated cellulose (Mittal et  al., 2018) 
(. Fig. 4.5).

Wood-Based Bioeconomy



60

4

4.4.3.7  Development Paths 
from Wood for Chemical 
Products

The targeted product range for new chemi-
cals and materials fully includes the material 
basis of wood – cellulose, hemicellulose, lig-
nin and accessory components.

Thus, for cellulose-based developments, 
the already preformed linear structures are 
primarily used in order to be able to realise 
high tensile strengths. The field of develop-
ment begins with the direct use of cellulose 
from the native cell in the form of fibers for 
paper, nonwovens and composite materials 
that can be built from it. In addition, new 
filaments are developed through chemical- 
physical forming processes, which are used 

in the textile sector for clothing as well as in 
technical applications and processes.

Hemicelluloses are chemically more 
diverse and can be isolated in relatively pure 
form. Here, the focus of developments is pri-
marily on starting materials for bioplastics 
and food and feed supplements as well as 
cosmetics and pharmaceutical products. For 
example, the oil furfural, which is a by- 
product of some wood chemical processes, 
is an ideal platform chemical for biopolyes-
ters. All carbohydrate fractions of wood are 
also starting materials for the production of 
bioethanol or bioglycols as feedstock chemi-
cals or energy carriers.

Lignin as a natural source of aromatics 
offers a wide field of application for syn-
thetic resins and adhesives  – starting with 
phenolic resins and extending to polyure-
thanes. A particularly high added value 
would be achieved by the development of 
carbon fibers from lignin, which is being 
worked on intensively. In addition, lignin 
provides a good basis for carbon black and 
other technical products. The use of poly-
meric lignin with the incorporation of nitro-
gen as a soil conditioner and organic 
fertilizer without eutrophication potential is 
also interesting (. Fig. 4.6).

       . Fig. 4.3 Paper-like materials for folding and honeycomb sandwich cores. (Source: PTS, n.d., o. S.)

       . Fig. 4.4 3D honeycomb for furniture construc-
tion. (Source: Lippitsch et al., 2019)
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       . Fig. 4.5 High-strength fibers made from pure cellulose. (Source: Mittal et al., 2018, p. 6370 et seq.)
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4.5  Conflicting Objectives

In order to make the conflicting goals com-
prehensible and capable of  productive 
interpretation, let us first make a prelimi-
nary remark on the innovation approach: 
forests have at all times been a point of 
intersection of  the most diverse interests 
and uses, and this continues to this day. As 
an economic factor, the forest and its use 
are already exposed to numerous compet-
ing interests. Thus, timber extraction and 
productivity have long been at the centre of 
economic activity. Sustainable management 
under the conditions of  climate change are 
today’s important issues and pose enor-
mous challenges to forestry. In addition, 
the recreational and leisure value of  forests 
has increased, resulting in specific demands 
and conditions. Here, above all, the nature 
conservation role of  the forest has to be 
redeveloped under the aspect of  the preser-
vation of  biodiversity, water balance and 

air renewal in connection with responsible 
resource management. The clash between 
emotionally charged opinions and fact-
based facts requires productive moderation 
and explanation.

4.5.1  Competing Uses of Energy 
and Materials

According to the Federal Statistical Office 
(Destatis, 2019), consumption as energy 
wood increased from 13 to 19% of the 
timber harvest from 2006 to 2017, which 
corresponds to 9.9 million fm.14 This quan-
tity is withdrawn from valuable material use, 

14 fm = solid cubic metre. A spatial measure used in 
the forestry and timber industry for round timber. 
It corresponds to one cubic metre of  solid wood 
mass, i.e. it does not take into account the cavities 
between the logs.

Fibrils & 
Micro�brils

Lignin
(wood adhesives, synthetic resins, polyurethane,

functionalized bioaromatics)

Cellulose
(Pharmaceuticals & Cosmetics Production,

New Fibres (Textiles), New Material
Composites/Materials)

Hemicelluloses
(basic materials for plastics production, food &
feed supplements, pharmaceutical & cosmetic

products, (biofuel ethanol))

       . Fig. 4.6 Variety of  materials made of  wood. (Source: Own representation)
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among other things also under the aspect of 
the storage of fixed CO2.

Nevertheless, wood does not play a dom-
inant role in the area of energy generation. 
In the first half  of 2018, approximately 23 
TWh of electricity was generated from bio-
mass, which indicates a decline. By compari-
son, the figure for photovoltaics is 22.3 
TWh – with an upward trend. However, the 
energetic use of wood through combustion 
(domestic fire) is popular and at the same 
time problematic with regard to dust genera-
tion and sustainable energy efficiency: in 
2010, of 135.4 million fm of available wood 
raw material in Germany, 33.9 million fm 
were used for domestic fire alone, and in 
total 64.8 million fm were used for energy 
generation or energy products, which corre-
sponds to 50.5% of the volume (Mantau, 
2012). However, the environmental impact 
does not end with the energy use. For exam-
ple, it is predicted that domestic heating in 
Europe could contribute 41% of PM2.5 par-
ticulate matter emissions and 69% of soot 
emissions in 2030 (Clean Heat, 2018). 
Deutsche Umwelthilfe estimates that the 
short-term environmental damage from 
widespread and regional soot emissions 
could consume or even exceed the benefits 
of the sustainable fuel (DUH, 2019).

In order to be able to correctly assess the 
potential for conflict, however, the producer 
side, the forestry sector, must also be consid-
ered. It is precisely due to the demand for 
energy that timber prices have improved in 
recent years to such an extent that adequate 
forest management has become attractive 
again, not least because of the ranges that 
can now be sold and which are primarily 
used for pellet production. In this respect, it 
is not the use of wood for energy in general 
that is at issue, but rather its allocation to 
the appropriate assortment. In addition, 
growth in Germany is still greater than wood 
use, so that serious raw material bottlenecks 
have not yet occurred (BMEL, 2014).

4.5.2  Forest Restructuring

From the point of view of use, the so-called 
forest conversion underway away from 
coniferous wood monocultures towards 
more site-appropriate deciduous and mixed 
deciduous stands with a higher proportion 
of natural forest and corresponding man-
agement guidelines is also an area of conflict 
that primarily affects material and material 
recycling (BMEL, 2014). It is also important 
to understand here that forest conversion is 
by no means only a political demand, but 
derives primarily from the necessities of 
future forest stability (Bolte et  al., 2016). 
Under changed climatic conditions and the 
resulting stress caused by severe weather 
events, a tendency towards increasing 
drought, increased pest infestation and the 
loss of “hope tree species” due to insuffi-
cient robustness, the requirements are 
formulated. Thus, considerable stand losses 
of oak, ash and chestnut are expected. This 
is an economically and ecologically signifi-
cant problem of the highest complexity.

4.5.3  Wood Utilisation

There is still a considerable need for research 
in order to make the predicted future high 
proportion of beech wood accessible for 
sensible and high-quality use. For this rea-
son, among others, the establishment of a 
“Hardwood Technical Centre” is currently 
being pursued in Baden-Württemberg 
(Lehner, 2018), in addition to other activi-
ties in other federal states.

The key to conflict resolution lies in 
strengthening the options for utilisation: 
Only a secure demand for high-quality 
products by corresponding processing com-
panies ensures a sustainably maintained 
and productive forest. To this end, as well as 
to further develop cascade use under 
market- economy conditions  – i.e. also 
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without subsidising certain utilisation 
paths  – coordinated authoritative steps 
involving all potential and real partners are 
still required. Here, politics should take on 
a moderating role with the simultaneous 
use of  subsidies in order to be able to 
achieve the social goals.
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5.1  Introduction

As the world population continues to grow 
unabated, the demand for food will continue 
to rise (FAO, 2018; Searchinger et al., 2018; 
Smith, 2018). This also involves a massive 
increase in global demand for food of ani-
mal origin, especially meat, which is consid-
ered a “traditional symbol of prosperity”. 
On the other hand, there are already more 
than 800 million people (about 11% of the 
world’s population) suffering from chronic 
hunger, about 2 billion people have to live 
with food insecurity (FAO, 2019). According 
to FAO recommendations (FAO, 2013), 
adults should consume about 20  g of pro-
tein of animal origin per day to have a bal-
anced diet. This amount is reached as a 
global average (23.9  g/day), but it varies 
between 1.7 (Burundi) and 69  g (USA; 
Germany: 52.8  g/day). This comparison 
reveals the enormous inequality in the sup-
ply of the world’s population with quality 
food, which is likely to worsen in the future.

Moreover, livestock feeding takes up a 
significant proportion of agricultural land. 
While in 1970, about 0.38 ha were available 
per inhabitant at a global scale, the value 
had decreased to 0.24  ha in 2000, and in 
2050, it will probably have dropped to only 
about 0.15 ha. In Germany, currently about 
0.22 ha are available per inhabitant. Smith 
(2018) considers this to be one of the great-
est challenges facing humanity. Accordingly, 
the keeping of livestock for the purpose of 
producing high-quality food, especially food 
containing protein, is increasingly being dis-
cussed with view to the associated consump-
tion of resources (land, water, energy) and 
the accompanying emissions, particularly in 
the current “agrifood system” (Diaz, 2019; 
Flachowsky et  al., 2019, for example). On 
the other hand, livestock and the food of 
animal origin produced thereof are also an 
important economic factor, especially in 
industrialised countries. Germany, for 

example, has more livestock than people (12 
million cattle, 25 million pigs and almost 
180 million poultry alone). They generate 
about twice as much agricultural production 
value in the form of raw milk, eggs and live 
animals for slaughter than crop production 
(in Germany, 53 vs. 23 billion euros in 2018; 
Kohlmüller & Koch, 2019).

This chapter examines the agricultural 
background of current livestock farming. 
Special attention is paid to the intensive 
interconnectedness of the mass flows 
between livestock farming and the agricul-
tural production of plant biomass, includ-
ing the return of large quantities of 
by-products from the industrial processing 
of primary plant products to the agricul-
tural cycle of materials via livestock feeding. 
This leads to limitations, but also creates 
new opportunities regarding the ways agri-
cultural animal husbandry could respond to 
the current and future challenges in 
Germany in the context of livestock-based 
bioeconomy.

5.2  System Description

5.2.1  The Role of Livestock 
in the Agricultural Food 
Production System

In the system of agricultural food produc-
tion, livestock play a central role as biomass 
transformers. While fully maintaining the 
mass balances, the ingested biomass is trans-
formed, via digestion and metabolism, into 
excreta (faeces, urine), gases (CO2, with 
ruminants also CH4) as well as into an 
increase in body substance, milk or eggs  – 
i.e. mainly into the build-up of proteins, fats 
and carbohydrates.

As is shown in . Fig. 5.1, only a small 
part (approx. 10–20%) of the agrarian plant 
biomass reaches human consumption at all. 
The main reason for this is the fact that most 
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of the agricultural biomass is, in principle, 
unfit for human consumption, such as bio-
mass from grassland or from intermediate 
crops. This type of biomass is an inevitable 
part of the overall agricultural production 
of biomass, as the sustainable cultivation of 
food-supplying crops requires a crop rota-
tion that also includes non-edible intermedi-
ate crops. In addition, a significant share of 
agricultural land can only be used as grass 
land, for geographical or environmental rea-
sons (topography, remoteness, rainfall, tem-
perature, groundwater, proximity to water 
sources, etc.). But even with food-supplying 
plants (e.g. cereals), not even half  of the bio-
mass harvested is suitable for further use as 
food (e.g. grains versus straw). This biomass 
from grassland, intermediate crops and crop 
residues accounts for more than half  of the 
total agricultural biomass and serves as the 
primary feed basis for ruminants in particu-
lar. However, plant breeders have made little 
effort to develop the feed value of this type 
of biomass. Progress in this area will be of 
great importance for the livestock-based 
bioeconomy in the future. Great hopes are 

placed in modem breeding methods such as 
genome editing of feed value-determining 
traits of crops in particular (National 
Academy of Sciences Leopoldina et  al., 
2019).

The industrial processing of plant prod-
ucts into foodstuffs such as flour, sugar or 
cooking oil, or energy sources such as bio-
diesel and bioethanol, or into other valuable 
industrial materials, produces even more by- 
products in considerable quantities. Often, 
the by-products significantly exceed the 
quantity of the actual target product: for 
soy, for example, the ratio is 2:1, for rapeseed 
1.5:1. These residues from the industrial 
processing of plant products usually serve as 
high-quality feedstuffs that are not, or to a 
limited extent only, fit for human consump-
tion. They are mainly used for feeding poul-
try, pigs and high-yielding ruminants and 
account for almost half  of the compound 
feed traded globally. Thus, the “modern” 
production of food of animal origin is fun-
damentally based on the intensive intercon-
nectedness of the biomass processing 
industry with agriculture.

Sales products of 
food-supplying plants 
(grains, seeds, beets, ...)

Non-edible crop products
 from food-supplying plants 

(straw, etc.)

Non-edible biomass 
from grassland and intermediary 

(crop rotation)

Livestock
(e.g. cattle, pigs, 

poultry)

Mineral fertilizer

Extrements 
(slurry, manure)

Food of plant origin

Food of 
animal origin

By-products of the processing 
of grains, seeds, beets, ...

Cycle of materials, returning of 
plant nutrients (N, P, C, ...)

       . Fig. 5.1 Schematic flow of  biomass and the contained plant nutrients between agricultural crop and live-
stock production. (Source: authors’ own illustration)

Livestock-based Bioeconomy



70

5

The feeding of livestock generates excre-
ments which, in the form of manure, return 
a large proportion of the plant nutrients 
fixed in the biomass (nitrogen, phosphorus, 
etc.) to the agricultural land in a highly 
available form. Through this, livestock are 
fundamentally involved in maintaining the 
agricultural nutrient cycle and can replace 
mineral fertilizers to a considerable extent. 
Therefore, they need to be included in the 
bioeconomic assessment of the agricultural 
production of biomass as a general rule. 
Conversely, a livestock-based bioeconomy 
would be incomplete without considering its 
fundamental effects on the agricultural pro-
duction of plant biomass.

A prerequisite for the efficient transfor-
mation of biomass through livestock is that 
the feed is of high quality and fully balanced 
with regard to all essential nutrients. For this 
purpose, livestock farmers often purchase 
additional feedstuff, for example protein 
feeds such as soya and rapeseed meal or 
mineral feeds containing phosphorus, for 
example. These feedstuffs, too, are subse-
quently transformed into manure by the 
livestock. This indirect import of plant 
nutrients through purchased feed need not 
be viewed negatively per se, as it can com-
pensate for the export of plant nutrients 
through the sale of agricultural products.

Only when import rates are high the 
nutrient cycle between animal husbandry 
and primary plant production will become 
unbalanced. Where this threshold lies 
depends on the efficiency with which the 
plant nutrients bound in the feed biomass 
are transformed into sales products of ani-
mal origin. Apart from the quality of the 
biomass available as feed, this is also a ques-
tion of the livestock species, the kind of out-
put (meat, milk, eggs), the performance level 
and, in particular, the conceptual design of 
the livestock feeding regime which imple-
ments the current state of knowledge of ani-
mal nutrition.

5.2.2  Assessment 
of the Transformation 
of Biomass into Edible 
Protein

The assessment of  the consumption of 
resources by livestock and their environ-
mental impact is usually made in a gener-
alised manner in relation to a sales product 
(for example, one kilogram of  meat). 
However, this perspective severely limits 
the differentiated consideration of  the 
diverse livestock groups (e.g. poultry, fish, 
pigs, ruminants) and output categories 
(meat, milk, eggs) as well as the high vari-
ability of  output levels. For this reason, 
various authors (for example Flachowsky 
& Kamphues, 2012; Nijdam et  al., 2012) 
have attempted to compare the wide range 
of  production methods of  food of  animal 
origin by means of  objective parameters. 
The amount of  edible protein of  animal 
origin that ultimately reaches the consumer 
is particularly suitable as a common basis. 
Species, production specialisation, perfor-
mance level and other factors have a con-
siderable influence on the formulation of 
the ration and the feed intake of  livestock 
as well as the amount of  edible protein pro-
duced daily. Among other things, rumi-
nants (e.g. cattle, sheep, goats) are able to 
use cell wall-rich feedstuffs such as grass or 
straw for energy production with the aid of 
the microorganisms living in their fore-
stomach system (7 Sect. 5.2.1). Therefore, 
their rations contain far more non-edible 
biomass than those of  non-ruminants such 
as pigs or poultry (. Fig. 5.2). Besides, the 
microorganisms of  the forestomach system 
use non-protein nitrogen compounds (e.g. 
urea) to produce large quantities of  high-
quality protein. This means that ruminants 
are largely independent of  the supply of 
protein via the feed ration, or even com-
pletely independent at low performance 
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levels, and are therefore on principle no 
food competitors of  humans. Increased 
methane formation with a relatively high 
greenhouse gas factor (GHG; about 23 × 
CO2; IPCC, 2006) is one of  the negative 
effects of  this microbial colonisation of  the 
forestomachs.

High-yielding dairy cows produce the 
largest quantities of edible protein (approx. 
1 kg/day). However, in terms of live weight 
(LW), laying and growing poultry are clearly 
superior to dairy cows. The lowest protein 

yield per kg LW is produced by growing 
ruminants, followed by fattening pigs 
(. Fig.  5.2). For each kilogram of edible 
protein, the land, water and carbon foot-
prints (FP) become smaller at higher out-
puts (see also Niemann et al., 2011; Windisch 
et  al., 2013), while the amount of concen-
trates required increases (. Fig.  5.2). The 
high ranges of variation in the land FP 
result from different influencing factors in 
the corresponding calculations (see foot-
notes).

1) Roughage: fresh or preserved biomass from grassland and intermediary crops, rich in �ber, non-edible concentrates: high-quality
   mixtures of grains and by-products, low in �ber, partially edible
2) Live weight gain per day
3) Laying performance
4) Some authors calculated LFP without permanent grassland in non-ruminant feeding
5) High �uctuations due to di�erent yield levels (Flachowsky et al. 2017) and di�erent shares of by-products in the rations
6) Values can be massively in�uenced by reproductive performance, diseases, animal losses and other factors (Özkan et al. 2016)

Milk 5016.033 – 13516395/5105 kg

3010.922 – 8832390/101210 kg

1610.515 – 6864675/251620 kg

1212.315 – 701,29250/502540 kg

Beef 11034.072 – 2954895/56.5500 g LWG1

5524.741 –1809585/157.01000 g LWG

3524.535 – 15514370/307.51500 g LWG

Pork 1635.836 – 1764520/801.8500 g LWG

1231.330 – 1486310/9027

1026.124 – 120900/1002.210

Eggs 726.528 – 1223.420/800.1050 % LP2

522.526 – 1054.810/900.117

320.820 – 956.20/1000.129

Poultry 414.414 – 684.810/900.0740 g LWG

311.812 – 607.20/1000.0860 g LWG

Protein
source

Level of
performance
(per animal

per day)

Dry matter
intake
(kg per
animal

per day)

Ratio of
roughage1 to
concentrates1

(in % of DM)

Edible
protein (per

g/animal
per day)

Land
footprint

(m2/kg
edible

protein)4, 5, 6

Water
footprint

(m3/kg
edible

protein)6

Carbon
footprint

(kg
CO2equ/kg

edible
protein)6

       . Fig. 5.2 Feed intake, edible protein yield and foot-
prints (FP) per kilogram of  edible protein of  animal 
origin for different animal species/categories and dif-

ferent performance levels (data on feed in dry matter 
(DM)). (Source: Own representation based on Fla-
chowsky et al., 2017)
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With regard to water FP (WFP), there is 
currently a controversial debate. For the cal-
culations in . Fig.  5.2 only “blue” water 
was considered, i.e. water from reservoirs, 
lakes or rivers. It is the only water supplied 
to plants by human activity, and the con-
sumption is measurable (Tom et al., 2016). 
According to the data shown in . Fig. 5.2, 
beef production is particularly costly in 
terms of land and water FP. It also has by 
far the highest carbon FP per amount of 
protein produced. On the other hand, this is 
also the branch of production that can use 
the largest quantities of high-fibre, non- 
edible biomass.

Another topic to be critically discussed 
in connection with the production of food 
of animal origin is the competition for food 
between humans and animals. According to 
FAO statistics, about 85% of the world’s 
soya harvest and about one third of the 
world’s cereal harvest is used for animal 
feed. However, a high proportion of this 
biomass could also be consumed directly by 
humans. In view of the increasing limitation 
of arable land on which this biomass is pro-
duced and the rising world population, the 
competition for use between feed and food 
will increase sharply in the future. 
Particularly affected are those livestock that 
consume a lot of “concentrated feed” – for 
example, non-ruminants such as pigs, fat-
tening poultry and laying hens (. Fig. 5.2), 
i.e. precisely those production sectors that 
are characterised by a high transformation 
efficiency in the production of edible protein 
and comparatively low footprints. This 
reveals a fundamental dilemma of livestock 
feeding: high efficiencies and low environ-
mental impacts require predominantly high- 
quality feed, which in turn increases the 
food competition with humans. While non- 
edible biomass generates more emissions, 
limits the performance level of the animals 

due to the lower feed quality and is therefore 
less efficient overall, it can be transformed 
into edible protein without any food compe-
tition. Against this background, the often 
criticised production of beef and milk is cer-
tainly sustainable, especially since the foot-
prints of milk production hardly differ from 
those of monogastric livestock.

In the future, increasing food competi-
tion will promote livestock systems with a 
high potential for utilising non-edible bio-
mass. This includes ruminants, which can 
digest non-edible biomass by means of their 
forestomachs, but also monogastric live-
stock (pigs, poultry; see also Hendriks et al., 
2019), provided they are fed, for example, 
lower-quality by-products of the industrial 
processing of primary plant products (e.g. 
from the processing of cereals or rapeseed).

. Figure  5.3 shows the proportion in 
various feedstuffs that is edible for humans 
(human edible fraction, hef). The respective 
hef data are to be interpreted as ranges of 
values, since no clear boundary can be 
drawn between edible and non-edible bio-
mass. Many primary plant products such as 
cereals, maize, soya etc., which are often 
generally referred to as “foodstuffs”, con-
tain considerable amounts of components 
worth feeding.

Such data help to make the discussion 
about food competition between humans 
and animals more objective. Van Zantem 
et al. (2016) propose to specify the produc-
tion of edible animal protein per hectare of 
agricultural land, taking into account the 
use of by-products. Along similar lines, Nie 
et al. (2018) have developed a so-called food 
energy water-nexus for various feed or ani-
mal husbandry systems. Overall, the data 
show the great potential of by-products 
from the industrial processing of plant raw 
materials and their growing importance in 
the production of food of animal origin.
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5.3  Prospects for a More Efficient 
and Sustainable Production 
of Food of Animal Origin

Improving the transformation efficiency of 
biomass in the system of modern agricul-
tural livestock production has two main 
objectives:
 (a) Minimize the consumption of biomass 

for non-productive life processes in rela-
tion to total consumption (see also 
Niemann et al., 2011) and

 (b) optimize the efficiency of the transfor-
mation within the productive processes.

Even non-productive life processes, such as 
maintenance metabolism, consume energy 
and nutrients and cause emissions. Breeding 
animals for higher performance has consis-
tently reduced the share of  maintenance 
requirements in total nutrient require-
ments. However, the gain in efficiency fol-
lows a dilution function and is therefore 
degressive. In modern high-performance 
breeds, the increases in transformation effi-
ciency to be expected from simply breeding 

for even higher performance are relatively 
small. The situation is different when it 
comes to feed costs and the environmental 
impact of  maintaining the livestock sys-
tems. For example, a female bovine must be 
raised for 24–30 months before it can begin 
to produce milk. Given that the average 
number of  productive years of  dairy cows 
in Germany is less than four, optimising the 
rearing period and increasing the lifetime 
yield, for example by increasing longevity, 
has a significant impact on the transforma-
tion efficiency and environmental impact 
of  the entire production system. This prin-
ciple applies to all types of  livestock hus-
bandry.

Approaches to improve the utilisation of 
biomass for productive life processes 
(growth, production of eggs and milk) basi-
cally cover two areas,
 (a) the digestive tract and
 (b) the metabolism beyond the intestinal 

barrier.

As is shown in . Fig. 5.4, the ingested bio-
mass is broken down by the body’s own 
digestive enzymes and microorganisms into 

Barley 806540

Maize 908070

Wheat 1008060

Soya beans 939250

Rapeseed 875930

Wheat bran 20100

Maize silage 452919

Other1) 000

hef (%DM)

Low Medium High

1) Other by-products (e.g. dried pulp, brewer’s grains, distillers wash) and roughage (e.g. grass, silage from grass and legumes, hay, straw)

       . Fig. 5.3 Fraction edible by humans in different feeds (hef, in % of  DM). (Source: Own representation based 
on Ertl et al., 2015)
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low-molecular nutrients, which are supplied 
to the metabolism beyond the intestinal bar-
rier through absorption. The extent to which 
this is achieved depends on how well the 
composition of the feed biomass matches 
the digestive capacity of the livestock spe-
cies concerned. For example, ruminants can 
digest high-fibre, non-edible biomass well, 
whereas monogastrics can only do so to a 
limited extent (7 Sect. 5.2).

Beyond the intestinal barrier, the compo-
sition of the absorbed nutrients differs only 
marginally between the various livestock 
species and also humans. The subsequent 
metabolic processes are also very much evo-
lutionary conserved in their biochemical 
nature. It is certainly possible to shift the 
regulation of metabolism through breeding 
or pharmacological interventions – such as 
the application of growth hormone – and to 
steer the flow of absorbed nutrients in a cer-
tain performance direction. However, the 
efficiency of the processes involved is largely 
determined and will be achieved when all 
essential nutrients (limiting amino acids, for 
example) are available in the metabolism in 
an optimal ratio.

The actual efficiency of nutrient trans-
formation in the metabolism therefore 
depends primarily on the extent to which the 

optimal supply of the metabolism with the 
various nutrients is achieved by appropriate 
feeding. These interactions between the 
digestive tract and metabolism provide sev-
eral starting points for increasing the effi-
ciency and sustainability of the production 
of food of animal origin.

5.3.1  Increasing the Quantity 
and Quality of Forageable 
Biomass

A conservative approach to increasing the 
quantity of biomass aims to minimise losses 
along the route from the field through har-
vesting and preservation (drying, ensiling) 
to feeding. With regard to the quality of the 
biomass in terms of its suitability as animal 
feed, there are essentially three limiting 
aspects;
 (a) the presence of antinutritive or toxic 

ingredients,
 (b) high proportions of components with 

low digestibility and
 (c) the coupling of high and low feed value 

sub-fractions in the same feedstock.

Antinutritive or toxic ingredients in other-
wise high-quality biomass are very signifi-

Feed:
Highly complex

structures, largely
non-absorbable:
polysaccharides,

proteins, etc.

Outside body Inside body

Digestive tract:
Breaking down food 

into absorbable 
substances by the 

body’s own enzymes 
and microorganisms

Glucose and other monosaccharides

Triglycerides, fatty acids

Amino acids

Volatile fatty acids

Minerals, vitamins

Faeces

       . Fig. 5.4 Schematic of  the flow of  biomass from feed via the digestive tract into the metabolism. (Source: 
author’s own illustration)
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cant bottlenecks regarding its use as 
potential feed. For example, former  rapeseed 
varieties naturally contained such high lev-
els of toxic or highly antinutritive substances 
(erucic acid in the oil, glucosinolates in the 
water-soluble components of the dry mat-
ter) that it could not be used at all, or to a 
very limited extent only, both as food (edible 
oil) and as animal feed (e.g. by-products of 
the extraction of rapeseed oil). However, the 
massive reduction of these critical ingredi-
ents through plant breeding about two 
decades ago led to a triumphant success of 
the protein-rich by-products of oil extrac-
tion from rapeseed in livestock feeding and 
fundamentally changed the profile of circu-
lar economy of rapeseed. Cotton seed is 
another very interesting candidate in terms 
of quantity as regards the diminution of 
strongly antinutritive ingredients, especially 
the so-called gossypol. Significant breeding 
and genetic engineering successes have 
already been achieved in reducing the gos-
sypol content, which have considerably 
expanded the possible uses of cotton seed as 
a high-protein feedstuff  in livestock feeding 
(for example Sunikumar et al., 2006). These 
examples show the great potential of plant 
breeding and genetic engineering to improve 
feed quality and thus to specifically influ-
ence the bioeconomy of the connection 
between agricultural crop and livestock pro-
duction, including the by-products of the 
industrial processing of agricultural bio-
mass (see also Flachowsky, 2013; 
Flachowsky & Meyer, 2015; NASEM, 2016; 
7 Chap. 3).

Biomasses with very high contents of lig-
nocellulose such as straw are only suitable as 
animal feed, if  at all, for ruminants, because 
lignin can hardly be degraded in the fore-
stomachs and also strongly impedes the 
microbial digestion of the associated cellu-
lose structures. This caging effect of lignin is 
the reason why wood itself  is not suitable as 
feed for ruminants, even though the cellu-
lose per se would have a considerable nutri-

tional value. The degradation of lignin 
structures in biomass would thus massively 
expand the portfolio of potential feeds, both 
quantitatively and qualitatively (Blümmel 
et  al., 2018). The feasibility of such 
approaches was demonstrated decades ago 
(for example, Kerley et  al., 1985) and also 
temporarily implemented in practice with 
cereal straw, for example (Sundstol & Owen, 
1984; Flachowsky, 1987), although technical 
and economic difficulties at the time pre-
vented widespread use. However, with new 
developments in the circular economy of lig-
nocellulosic biomass such as wood, these 
largely forgotten approaches could become 
interesting again. Another approach would 
be to separate the valuable from the value- 
reducing sub-fractions of the biomass. 
Options range from the mechanical coarse 
separation of plant material (for example 
leaves versus stems) to the extraction of 
high-quality protein from press juices of 
green biomass or from residues of (bio-)
technological processes (for example from 
distillers grain solubles of bioethanol pro-
duction). In principle, this is nothing but the 
consistent extension of food and feed tech-
nology processes to non-edible biomass or 
by-products.

5.3.2  Expanding the Digestive 
Capacity of Livestock

Apart from the volume of the digestive tract, 
the limitation of the digestive capacity of 
humans and animals is based mainly on a 
limited endowment with endogenous diges-
tive enzymes. The supply of exogenous 
enzymes is an established method to widen 
this bottleneck. It can be used to strengthen 
existing capacities, with proteases support-
ing protein digestion, for example, or to 
introduce fundamentally new biological 
degradation capacities into the digestive 
tract (7 Chap. 6). A prominent example are 
phytases from biotechnological production 
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(usually based on genetically modified 
microorganisms). They compensate the 
inability of animals and humans to endow 
their body with digestive enzymes to release 
phosphorus from the phytic acid found in 
grains and seeds. However, the list of 
enzymes available so far is still very limited. 
This area holds an enormous potential for 
innovation, as it would be possible to adapt 
the digestive capacity of livestock to a vari-
able composition of biomass through the 
targeted supplementation of enzymes. Of 
particular interest would be additives that 
enable monogastric livestock to digest non- 
starch polysaccharides enzymatically. 
Overall, the development and large-scale 
production of enzymes as feed additives for 
livestock nutrition holds an enormous 
potential of expansion for the bioeconomy 
of microorganisms (7 Chap. 6).

An indirect improvement of the digestive 
capacity is achieved by all measures that 
improve gut health (application of organic 
acids, probiotics, phytogenic additives, exog-
enous enzymes to break down non- starch 
polysaccharides) (Gonzalez-Ortiz et  al., 
2019).

One of the visions for future ruminant 
husbandry is shifting the microbial degrada-
tion of cellulosic dietary fibre from acetic 
acid fermentation towards propionic acid. 
In addition to reducing the emission of 
climate- damaging methane, this would 
result in a massive increase in the yield of 
nutritional energy from a non-edible feed 
substrate, as the calorific value of methane 
remains chemically bound in the propionic 
acid and is available to the animal’s metabo-
lism as absorbable nutritional energy. 
However, microbial digestion of dietary 
fibre is closely linked to the formation of 
methane. Measures to reduce the formation 
of methane  – for example, by means of 
broadly acting feed additives (herbal 
extracts, antimicrobial substances, etc.)  – 
therefore often also inhibit fibre digestion 

and thus reduce the feed intake of the ani-
mals. Recently, however, additives have been 
developed that highly specifically block only 
the last enzymatic step of methane forma-
tion and therefore cause less collateral dam-
age to the fermentation ability of the 
forestomachs (Duin et al., 2016).

5.3.3  Optimising 
of the Metabolism

As has been described earlier, this aspect is 
not about increasing the efficiency of indi-
vidual metabolic processes, but about avoid-
ing an inadequate supply of nutrients, 
including both deficiencies and surpluses. 
This requires very precise concepts for deter-
mining the metabolic demand for nutritional 
energy and nutrients as well as the delivery 
capacity of biomass for the respective live-
stock species and categories. With regard to 
meeting the demand for essential ingredi-
ents, plant breeding can certainly make a 
contribution, for example by increasing the 
shares of limiting essential amino acids in 
plant protein (see also Flachowsky & Meyer, 
2015; NASEM, 2016). The targets for plant 
breeding can only be formulated relatively 
roughly, though, as the specific demand pat-
terns vary according to animal species, kind 
of output and performance level. Fine- 
tuning of the supply of limiting nutrients, 
on the other hand, is achieved by supple-
menting the feed with pure, synthetically or 
biotechnologically produced substances 
(e.g. crystalline amino acids, vitamins). They 
play a fundamental role in modern diet for-
mulation and are indispensable instruments 
for minimising environmentally relevant 
emissions from livestock farming. The con-
sistent supplementation of the feed of pigs 
and poultry with limiting amino acids, for 
example, allows for a reduction of the crude 
protein content of the feed by several per-
centage points and, as a consequence, lowers 
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nitrogen emissions by approximately one 
third compared to rations without amino 
acid supplementation (Flessa et  al., 2012; 
Sajeev et al., 2018).

5.3.4  Novel Biomasses 
and Livestock

New (bio-)technological processes will gen-
erate new types of residues, which may well 
be suitable as feed for livestock. With view 
to a cascading use, the nutritional potential 
of these by-products must always be taken 
into account and, if  necessary, already con-
sidered in the primary production process. 
In the future, more and more plants will be 
cultivated which have so far been hardly or 
not at all considered for livestock nutrition. 
Many plants from tropical and subtropical 
regions, for example opuntia, have high 
potentials for animal nutrition. In this con-
text, plant biomass of aquatic origin appears 
to be particularly interesting, as it does not 
compete with other terrestrial biomasses for 
limited agricultural land. Examples of such 
aquatic biomasses are macroalgae and 
microalgae. The latter are mainly discussed 
for the extraction of protein (partly also fat) 
and will be examined in detail in 7 Chap. 7. 
Macroalgae, on the other hand, provide car-
bohydrates, above all, and in a form that is 
largely enzymatically indigestible for terres-
trial livestock (Brugger et  al., 2019). Not 
even fish (for example in aquaculture) pos-
sess suitable endogenous digestive enzymes. 
In contrast, aquatic molluscs do possess 
digestive enzymes adapted to the specific 
carbohydrates from macroalgae (Michl 
et  al., 2014). This example shows that the 
use of novel types of biomass is often 
accompanied by the search for novel ani-
mals capable of digesting this biomass  – 
such as molluscs as potential transformers 
of macroalgae.

This basic principle of matching as 
closely as possible the characteristics of the 

biomass and the digestive capacity of the 
transformers in question also applies to the 
discussion of insects as a potential novel 
type of livestock. Many of the insects cur-
rently being considered for use are food 
competitors of both humans and conven-
tional livestock (EFSA, 2015). They gener-
ally require highly digestible biomass for 
efficient transformation, indicating a limited 
digestive capacity analogous to monogastric 
livestock. In fact, the digestive capacity of 
individual insect species remains largely 
unexplored, although this knowledge is 
essential for the sustainable use of insects as 
novel transformers of biomass.

In principle, even excrements can be con-
sidered potentially usable biomasses. The 
feeding of nitrogen-rich excrements, for 
example sterilised poultry manure, has a cer-
tain tradition as a source of crude protein 
for the microorganisms in the forestomachs 
of ruminants. Especially in regions with 
roughage low in crude protein (e.g. grass 
land in the tropics), these microorganisms 
benefit from the additional supply of nitro-
gen, which they can use to build up micro-
bial protein, which in turn serves the 
ruminant as an important source of protein. 
Another example is the use of manure to 
breed black soldier flies, which can then be 
used as protein feed for livestock. However, 
the use of excrements in animal feed is pro-
hibited in many regions for reasons of 
hygiene and food safety. In the European 
Union, for example, excrements in livestock 
feed are among the list of prohibited sub-
stances.

5.4  Conflicting Objectives

As outlined above, the global demand for 
food of animal origin is expected to increase 
massively. This will create an enormous 
future market for animal production – espe-
cially for production methods with a high 
transformation efficiency (for example 
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poultry meat). Associated relative advan-
tages regarding the environmental impact 
(. Fig. 5.2) will accelerate this trend. Thus, 
it is not surprising that the consumption of 
poultry meat has increased massively in 
recent decades and has almost overtaken 
pork as the global leader in meat consump-
tion (OECD/FAO, 2018). However, these 
highly efficient production methods are the 
ones causing the highest food competition. 
The core of the conflict of objectives 
between production efficiency, environmen-
tal impact and food competition lies primar-
ily in the shrinking availability of agricultural 
land (7 Sect. 5.1), which is used for the pro-
duction of food, feed, energy sources and 
other industrial valuable substances of plant 
origin. The circular economy of agricultural 
plant and animal production and the down-
stream industrial processing of the respec-
tive products are inextricably linked via the 
factor of agricultural land and thus enter 
into direct competition with each other. The 
production of animal feed is not fundamen-
tally at stake, though. In the future, consid-
erable amounts of non-edible biomass will 
continue to accrue from grass land and from 
co-products from cultivated plants, interme-
diary crops and as by-products of the indus-
trial processing of plant products, which can 
be transformed into high-quality foodstuffs 
by means of appropriate production sys-
tems (above all ruminants). The resulting 
manure supports the agricultural cycle of 
plant nutrients and thus indirectly promotes 
the production of food of plant origin. 
Alternatively, the non-edible biomass could 
also be utilised energetically in biogas plants 
and the residues returned to the cycle of 
plant nutrients in the same way as the excre-
ments of livestock. But apart from losing 
high-quality food, biogas plants work much 
more slowly than the forestomachs of rumi-
nants. The half-life of microbial degrada-
tion of organic matter in the forestomachs 
of ruminants is less than 1 day, but in biogas 
plants it takes about 5 days (ranging between 

3 days and 2 weeks, depending on the qual-
ity of the fermentation substrates (Dandikas 
et al., 2018)). The disadvantages of the tar-
geted use of non-edible biomass lie in the 
lower transformation efficiency and the 
associated higher emissions (e.g. methane). 
Other negative effects that are often men-
tioned, such as the consumption of land and 
water, do not have an impact here, as long as 
only the use of non-edible biomass accruing 
anyway is concerned and no additional agri-
cultural land (especially arable land) is used 
for the cultivation of animal feed. However, 
the quantities of food of animal origin that 
can be produced in this way lie significantly 
below the current and particularly the future 
demand and would require a massive change 
in dietary habits (for example, Schader et al., 
2015).

Apart from the limited availability of 
non-edible biomass, another factor limiting 
its transformation into food of animal ori-
gin are food safety aspects. In principle, this 
applies to waste of any kind. In contrast to 
by-products from the industrial processing 
of agricultural raw materials, waste materi-
als are indeterminate and uncontrolled in 
their origin. Accordingly, they hold the risk 
of entering undesirable substances into and 
threaten the hygienic standard of the food 
chain. A similar assessment can be made for 
excrements such as those considered for pro-
ducing insects (for example, black soldier fly 
on manure) (see also EFSA, 2015). As a 
matter of principle, non-edible biomass, 
too, should come exclusively from regular 
agricultural land or the controlled process-
ing of its products. This is the only way to 
guarantee a high level of food safety.

Another conflict of objectives touches 
on the ethical aspects of livestock produc-
tion. Livestock are increasingly perceived as 
fellow creatures, with people questioning the 
animals’ “exploitation” for their own nutri-
tion purposes. Accordingly, the discussion 
about artificial meat, among other things, 
has gained considerable momentum. No 
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livestock need to be killed for it, the cell cul-
tures grow very efficiently, there is no slaugh-
ter waste, and a very high level of hygiene 
can be obtained. However, the latter requires 
antibiotics, which again pose a risk to food 
safety. The real bottleneck in this produc-
tion of valuable food lies in the need for the 
highest quality nutrients to “feed” the cell 
cultures, though. These nutrients have to be 
generated through primary agricultural pro-
duction and/or costly industrial processing. 
This means that such production methods 
inevitably come into conflict with the objec-
tives of environmentally relevant emissions, 
consumption of agricultural land and com-
petition for food. The extent to which they 
actually promote circular economy in com-
parison to conventional livestock farming 
can only be determined by means of com-
prehensive live cycle assessments.

5.5  Images of the Future

Apart from a growing population and rising 
temperatures (IPCC, 2019), increasing 
urbanisation and growing global affluence 
are considered to be major changes that will 
strongly influence and, in part, challenge the 
current role of livestock in providing food to 
humans in the future (Mottet et al., 2017). 
The result is a call for more livestock prod-
ucts and an expansion of agricultural land, 
partly through irrigation using non- 
renewable water supplies and through defor-
estation. Further, the food competition 
between humans and livestock  – especially 
non-ruminants  – will continue to intensify 
(Bryan et  al., 2015) and climate-relevant 
greenhouse gases caused by livestock pro-
duction will continue to increase (Lesschen 
et  al., 2011). All these developments are 
heading in an unsustainable direction and 
require countermeasures. In essence, the aim 
is to produce the unavoidable additional 
demand for food associated with the grow-
ing number of people with fewer resources 

and emissions overall (“sustainable intensifi-
cation”) and, in addition, to search for alter-
natives to conventional food production. 
Plant breeding – in particular on the basis of 
genome editing – is of primary importance 
here (e.g. adaptation to higher temperatures, 
drought, higher atmospheric CO2- 
concentrations, salt water, etc.) (Weigel & 
Manderscheid, 2012; NASEM, 2016; 
Bailey- Serres et al., 2019; National Academy 
of Sciences Leopoldina et  al., 2019), fol-
lowed by innovative cultivation techniques, 
plant protection measures, as well as har-
vesting and preservation methods (HLPE, 
2019).

But the need for sustainable intensifica-
tion will also require considerable changes 
in the way livestock are kept. First and fore-
most is the avoidance of food competition 
between humans and livestock, and in two 
directions:

 5 it is necessary to map out the perspec-
tives and potentials of ruminants using 
grass land, co-products from cultivated 
plants and intermediary crops in the 
course of crop rotation as well as by- 
products. But monogastric livestock have 
considerable potential in the utilisation 
of non-edible biomass, too. Pigs, in par-
tiular, have been fed almost exclusively 
on non-edible biomass since their domes-
tication and have only recently become a 
food competitor to humans as a result of 
breeding for high performance. These 
“archaic” abilities of monogastric live-
stock need to be reactivated.

 5 Non-edible biomass from crop produc-
tion must be regarded as a valuable raw 
material to an even greater extent than in 
the past. As it will be the basis for the 
production of food of animal origin in 
the future, it must also be intensified in a 
sustainable manner as regards quantity 
and quality. Here, too, plant breeding 
and genetic engineering (e.g. with regard 
to antinutritive or toxic ingredients), cul-
tivation techniques and, in particular, 
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innovative harvesting and preservation 
methods are required to maintain the 
feed value of the usually perishable bio-
mass. In addition, the by-products of the 
processing of plant products must be 
consistently returned to the feeding cycle.

However, the demand for a strict avoidance 
of food competition between humans and 
livestock will only be implemented to a lim-
ited extent in the foreseeable future. This is 
due to the fact that the expected demand for 
food of animal origin can hardly be met on 
the basis of non-edible biomass alone. The 
price for this food would be very high and 
the supply of food to people would follow 
the global wealth gap even more than before. 
As is shown in . Fig.  5.5, these socio- 
economic conditions are just as important 
for the kind and scope of future animal pro-
duction as are resource consumption, envi-
ronmentally relevant emissions and, 
increasingly, ethical aspects. It is therefore to 
be hoped that people’s nutritional habits will 
change in the future and that a limited intake 
of food of animal origin will become gener-
ally accepted. In order to support this devel-
opment, a consistent further development 
of life cycle assessments, which allow for 
objective comparisons of the overall effects 
of measures and alternative proposals for 
the production of food, is required.

Finally, the question arises whether the 
future will bring a form of agriculture with-
out livestock. After all, farm animals are no 
longer needed in large numbers as working 
animals. Moreover, the complete renuncia-
tion of food of animal origin would elimi-
nate all ethically motivated reservations 
concerning livestock. For humans, this would 
not be a fundamental nutritional problem 
either, as long as other high-quality foods 
and, if  necessary, supplements such as amino 
acids or vitamins are always sufficiently avail-
able. With view to the enjoyment value, 
plant-based imitations already exist or have 
long had a firmly anchored cultural identity 
(for example, tofu versus cheese). They are 
complemented by products from new tech-
nological approaches, which are referred to 
collectively as cellular agriculture or meat 
alternatives and are already being discussed 
at scientific level (for examp le, Grieve et al., 
2019). However, such products tend to be rel-
evant for industrialised countries only, while 
the nutrition of underdeveloped regions will 
continue to depend largely on livestock. 
Herds of cattle and flocks of sheep, for exam-
ple, basically do not require any technical 
infrastructure such as roads, electricity, and 
so on. The question of the dispensability of 
livestock rather touches on the basic princi-
ple of primary agricultural production based 
on crops. In addition to the actual “food” 

Use of limited resources 
(land, water, energy, minerals, etc.) 

Emissions
(e.g. CO2 ..., N2 O, CH4)

Socio-economic
conditions

Ethical 
aspects

Sustainability 
of food production

       . Fig. 5.5 Sustainability in the production of  edible 
protein of  animal origin as a balance between limited 
available natural resources, emissions, socio- economic 

conditions and ethical aspects. (Source: authors’ own 
illustration)
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components, these always contain consider-
able amounts of non-edible biomass as well, 
which must be degraded to plant nutrients 
and returned to the agricultural land 
(. Fig. 5.1). Livestock perform this function 
in a way that has been established for thou-
sands of years, generating highest-quality 
food for humans (and they also used to serve 
as working animals). The abandonment of 
livestock without alternative would therefore 
not only result in an absolute loss of food but 
would also reduce the productivity of crop 
cultivation or require an increased use of 
mineral fertilizers.
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Competence centres (reg.)

• Cluster and technology transfer centres, business promotion institutions

Science

• Research Centre Jülich of the Helmholtz Society (FZ Jülich) (Jülich), Fraunhofer Institute for   
 Interfacial Engineering and Biotechnology IGB (Stuttgart), Leibniz Institute DSMZ-German   
 Collection of Microorganisms and Cell Cultures GmbH (DSMZ) (Braunschweig), Max Planck   
 Institute for Terrestrial Microbiology (Marburg), Phillips-Universität Marburg (Marburg), Technical  
 University of Munich (Munich and Straubing), University of Hohenheim (Hohenheim), University  
 of Applied Sciences Aachen (Jülich), Thünen Institute (Braunschweig), BioSC (Bioeconomy 
 Science Center) (Jülich)

Resource providers

Economy/Industry

•   AB-Enzymes (Darmstadt), BRAIN AG (Zwingenberg), c-LEcta GmbH (Leipzig), CropEnergies AG   
 (Zeitz), Covestro AG (Leverkusen), Evonik Industries AG (Essen), EW Biotech GmbH (Leuna),   
 Subitec (Stuttgart)

End-of-life-Management

• Private and municipal waste management companies

Media

• TV, newspaper, radio, social media, specialist literature

NGOs

• Greenpeace, Bund für Umwelt und Naturschutz Deutschland e.V. (BUND) - Friends of the Earth   
 Germany

Politics, administration

• Politics and administration at local, state, federal and EU level

Organization (-nat. and int.)

• BIO Deutschland e.V. (Berlin). BioBall e.V. (Bioeconomy in the metropolitan area e.V.) (Frankfurt 
 am Main), BioPro Baden-Württemberg GmbH (Stuttgart), CLIB-Cluster (Cluster industrial bio-
 technology) (Düsseldorf ), IBB Netzwerk GmbH (Industrielle Biotechnologie Bayern Netzwerk   
 GmbH) (Planegg), VAAM (Association for General and Applied Microbiology e.V.) (Münster),   
 EuropaBio (Brussels), Food and Agriculture Organization of the United Nations (FAO) (Rome)

Consumers

• 
 intermediate products), waste management (after-use products)

Funding institutions, investors

• Companies, venture capital banks, foundations, state and federal ministries, European 
 Commission
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6.2  System Description

6.2.1  Introduction

The term microorganisms covers (mostly) 
unicellular organisms, which microbiology 
divides into microalgae, bacteria, fungi, 
archaea, protozoa (and the cell-free viruses). 
They play a central role in the natural car-
bon cycle. Microalgae, like plants, photo-
synthetically sequester carbon from the 
atmosphere and build biomass. Bacteria, 
fungi, archaea and protozoa, on the other 
hand, convert biomass or degrade it and 
return the carbon bound in it to the atmo-
sphere. These microbial metabolic activities 
can also be used in technical processes for 
the production of commercial products. 
Microalgae, fungi and bacteria are mainly 
used in industry. This combination of 
microbiology and process engineering is 
known as biotechnology. It is involved in 
the production of biobased raw materials, 
but mainly in their conversion and the recy-
cling of  residual materials and waste. The 
result is an enormously diverse range of 
products for an equally broad spectrum of 
applications. Microbial products serve, 
among others, the large markets of  nutri-
tion, chemicals and pharmaceuticals, energy 
and fuels and, last but not least, waste recy-
cling. With these markets, the economy 
comes into play and the combination of 
biotechnology and economy leads to the 
bioeconomy.

6.2.2  Definition

Microorganisms are part of the production 
system based on renewable raw materials, 
produce intermediate and end products in 
technical processes for a variety of markets 
and contribute to recycling residual materi-
als and products after use. They therefore 
play a central role in the entire utilisation 

cascade of renewable raw materials and are 
therefore of systemic importance for the 
bioeconomy as a whole.

6.2.3  The Development 
of Biotechnology 
in the Bioeconomy

The power spectrum of microorganisms has 
been used by humans since time immemo-
rial: Soils are worked in such a way that the 
interaction of plants, animals and microor-
ganisms creates humus and thus fertile soils 
through biological weathering. Plant bio-
mass is microbially preserved and fermented 
into foodstuffs such as beer, sauerkraut and 
yoghurt. Microorganisms were unknow-
ingly used in this way for thousands of years. 
Only since the nineteenth century have they 
been recognised as biocatalysts and have 
been used specifically in technical processes 
since the middle of the twentieth century. 
Combined with the necessary process engi-
neering, this marked the birth of biotech-
nology, which has since established itself  as 
a basic technology of the bioeconomy.

An early milestone in biotechnology was 
the use of microorganisms as a so-called 
pure culture, because these unicellular 
organisms always occur in natural ecosys-
tems as a community of different species. 
Isolating one species from all others there-
fore requires a special effort. With the help 
of microbiological methods, this has now 
been achieved for numerous species of 
microorganisms. The German Collection of 
Microorganisms and Cell Cultures in 
Braunschweig (DSMZ), one of the world’s 
most important collections, stores around 
50,000 living microorganism strains from 
which scientists in research and industry can 
establish new  cultures.

These strains are both “wild types” iso-
lated from nature and mutants and geneti-
cally modified microorganisms. Mutants 
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have a randomly altered genome compared 
to the wild type, i.e. they have desirable 
changes and often additional secondary 
mutations. Until the 1980s of the twentieth 
century, the selection of mutants was the 
standard method of strain development 
used to modify microorganisms for a techni-
cal process. Since then, genetic engineering 
has established itself  as a significant proce-
dure. On the one hand, it enables targeted 
modifications while avoiding unintended 
side mutations, and on the other hand, it 
expands the possibility of exchanging genes 
across species. Since then, biotechnology 
has become increasingly important in the 
pharmaceutical industry because it enables 
microorganisms to produce human insulin, 
for example.

With the progressive development of 
DNA sequencing and processing, the origi-
nal genetic engineering has evolved into 
genome editing. Today, the microbial genome 
can be modified with pinpoint accuracy so 
that the modified cell produces a defined 
metabolic product. Furthermore, strain 

development combines methods of genetics 
with information technologies that enable 
the processing of the large data volume of 
the genetic material. In this way, biosyn-
thetic pathways can be planned for which, 
after translation into the genetic code, the 
corresponding DNA sequence is produced 
in the laboratory. In so-called “synthetic 
biology”, these gene building blocks are 
introduced into specially prepared cells. 
Such cells can carry out completely new syn-
theses or produce products that are unknown 
in nature. Microbial cells can thus be used 
technically as biocatalysts that carry out 
precisely planned reactions and are thus 
gaining importance in the chemical industry.

These advances in strain development 
are accompanied by methods of process 
engineering for the various microorganisms 
and applications (. Fig.  6.1). Microalgae 
can photosynthetically build up algal bio-
mass starting from carbon dioxide and sun-
light, which is further processed for a wide 
variety of purposes. If  perishable plant bio-
mass is assumed, it can be preserved, i.e. 
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       . Fig. 6.1 Raw materials and microbial products at different stages of  the bioeconomy value chain. (Source: 
Own representation)
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made storable, by microbial ensiling (acidifi-
cation). Alternatively, sugar is obtained 
from biomass, which can be stored well. It 
can be fermentatively converted into a 
diverse range of microbial products, mainly 
for the food, chemical and fuel industries. 
Especially in the chemical and pharmaceuti-
cal sectors, microorganisms are also offered 
biotechnological or synthetic product pre-
cursors for conversion. New processes are 
expanding the spectrum of possible raw 
materials beyond sugar, still the most impor-
tant carbon source, to include woody bio-
mass contained in agricultural and forestry 
residues and in industrial and municipal 
waste. Recently, processes that accept gas-
eous carbon sources such as carbon dioxide 
have also entered industrial practice. They 
require other energy sources instead of sun-
light and thus establish a link to the energy 
sector. Microorganisms are thus involved in 
all value creation stages of the bioeconomy, 
namely in the construction, conservation 
and conversion of biological raw materials 
and the recycling of waste.

All these services are based on the enor-
mous diversity of microorganisms. 
. Figure 6.2 provides an overview of pro-
cesses for microalgae, bacteria and fungi, as 
well as exemplary products and their mar-
kets. For the biosynthesis of these products, 
microorganisms need raw materials, both as 
a source of carbon and for the extraction of 
energy. Some obtain carbon and energy 
from the same raw material, others from dif-
ferent sources.

Microalgae utilise atmospheric carbon 
dioxide with light as an energy source. 
Depending on requirements, they are culti-
vated in translucent tube systems or also in 
open basins and used, for example, for the 
production of high-quality food and feed 
dyes (for example carotenoids). The algal 
biomass can be used as animal feed; this also 
applies to almost all other processes. Fungi 
include yeasts, as used in the production of 
wine and beer, but also bioethanol. They 
rely on sugars as a carbon and energy source, 

the decomposition of which in the absence 
of air (anaerobic) emits significant amounts 
of carbon dioxide. With very small excep-
tions (for example, carbon dioxide for the 
beverage industry), this emission is not used; 
it goes into the atmosphere. This also applies 
to fermentation under aeration (aerobic), 
with which, for example, Aspergillus fungi 
produce enzymes. In this case, genetically 
modified organisms (GMOs) are usually 
used. Their biomass is not permitted as ani-
mal feed and is disposed of.

Bacteria are mostly cultivated aerobi-
cally with sugar as a carbon source. However, 
some bacteria can also convert other carbon 
and energy sources such as methane (meth-
ane is the main component of biogas and 
natural gas). They produce food and feed 
additives as well as pharmaceutical and 
chemical products. Often, microbial prod-
ucts are further processed chemically, lead-
ing to biobased plastics, for example. One 
example is lactic acid, which is used both as 
a preservative for food and as a starting 
material for the biopolymer polylactide 
(PLA). Clostridia, which have the particular 
ability to metabolise carbon monoxide and 
carbon dioxide, have only recently come to 
the fore. While carbon monoxide can pro-
vide the necessary energy, the utilisation of 
carbon dioxide requires hydrogen as an 
energy source. This opens up the possibility 
of also utilising the by-product carbon diox-
ide with the help of microorganisms (Graf 
et al., 2014). Thus, certain microorganisms 
can produce methane from carbon dioxide 
and hydrogen. If  the anaerobic biogas fer-
mentation is followed by this step of biolog-
ical methanation, the methane yield can be 
increased and the carbon dioxide emission 
reduced. However, because the production 
of hydrogen is energy-intensive, the process 
is only viable if  surplus energy can be used.

In the industrial practice of fermenta-
tion, bacteria and fungi are usually culti-
vated in an aqueous nutrient solution called 
fermentation broth. Each cell has a surface 
area of about three millionths of a square 

 M. Kircher



91 6

       . Fig. 6.2 Biotechnological processes, target and by-products and markets. (Source: Own representation)
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meter to absorb nutrients and release car-
bon dioxide. Cultivation takes place in ves-
sels (fermenters) that can reach a volume of 
up to 800,000 litres. Around five trillion cells 
are then active in one litre, which together 
have an exchange surface area of 15,000 m2/l. 
In addition to the potential of microbial 
metabolism, it is this huge exchange area 
that makes microbial processes so powerful.

Mixed crops are used in the preservation 
of plant biomass (silage) and recycling. 
Important applications of silage are the 
storage of green fodder (grass, forage maize, 
beet leaves, etc.) for animal breeding and 
raw material for biogas fermentation 
(including energy maize). The mixed culture 
of biogas fermentation results in biogas, 
which consists of the energy source methane 
(60%) and carbon dioxide (40%). Wastewater 
treatment and landfilling also produce a 
similarly composed gas (sewage gas, landfill 
gas). The former two processes also produce 
microbial residues (digestate, sewage sludge) 

that can be spread as fertiliser. In Germany, 
the methane from both sources is used as an 
energy source. For the sake of completeness, 
it should be noted that composting is also a 
process essentially based on microorgan-
isms. Here, too, carbon dioxide is emitted.

Microbial conversion therefore always 
produces several products: the target prod-
uct, microbial biomass, carbon dioxide and 
by-products of microbial metabolism. It is 
therefore one of the economic and ecologi-
cal challenges for the bioeconomy to develop 
a value-added use for all process products.

6.2.4  The Main Commercial Goods 
of the Bioeconomy

. Figure 6.3 provides an overview of com-
mercially important microbial products, and 
it will be seen that microbial products con-
tribute to value creation in virtually all sec-
tors of the economy.
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       . Fig. 6.2 (continued)
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6.2.4.1  Food and Feed Additives
The alcoholic fermentation of wine and 
beer, the microbial acidification of yoghurt 
and sauerkraut, the leavening of dough by 
means of yeasts and starter cultures in meat 
processing are proof of the ancient role of 
microorganisms in food processing. In meat 
processing, for example, citric acid, which is 
purely accessible by fermentation, and vita-
min C, for the production of which bio- and 

chemocatalytic steps are combined. In order 
to compensate for the lack of certain amino 
acids in animal feed, these amino acids are 
produced fermentatively and added to the 
feed.

The main carbon source for the products 
listed here is sugar. The markets for food 
and feed additives are growing in line with 
the population and increasing prosperity in 
emerging countries.
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       . Fig. 6.3 Commercially important products and their carbon source. (Source: Own representation)

Bioeconomy of Microorganisms



94

6

6.2.4.2  Chemistry
The German chemical industry processes 
around 2.7 million t of renewable raw mate-
rials annually; this corresponds to a raw 
material share of 13%. Sugar (156,000  t) 
and starch (336,000 t), part of which is pro-
cessed microbially and enzymatically, still 
account for 18% among the biological raw 
materials (VCI, 2019). Microbial products 
are particularly relevant in the area of high- 
quality skin care and household chemicals 
(detergents). The most important carbon 
source here is agriculturally produced sugar; 
the use of wood residues, carbon monoxide 
and carbon dioxide is under development.

6.2.4.3  Pharmaceuticals
Among the top 100 pharmaceutical prod-
ucts, biopharmaceuticals account for 49% 
of global sales (Statista, 2018b). These 
include antibiotics produced by the fungi 
Penicillium and Cephalosporium. One exam-
ple of a transgenic product is microbially 
produced human insulin, for which Germany 
has one of the world’s most important pro-
duction sites in Frankfurt. The turnover for 
this product alone is €4.7 billion (2016) 
(FNP, 2016). Sugar is used as a carbon 
source.

6.2.4.4  Enzymes
The most economically important enzymes 
are carbohydrases, which break down starch 
into sugar for the beverage industry, and 
proteases, which can break down protein 
stains in detergents. Lipases (fat-splitting in 
detergents), polymerases (linking genetic 
building blocks, for example in diagnostics) 
and nucleases (DNA-degrading in research) 
are also relevant. An important application 
in animal nutrition is to increase the digest-
ibility of feed by adding enzymes. In the tex-
tile industry, wool is enzymatically modified 
to make textiles felt-free (FCI, 2007). A 
growing area is the digestion of woody bio-
mass for industrial use. Although this mate-
rial, known as lignocellulose, consists of 

around 70% sugar, it is bound in such a 
complex structure that it is not directly 
accessible for biotechnological processes. 
Enzymes can break down this structure and 
release the sugar.

The enzyme world market is around 
US$8 billion (Allied Market Research, 
2018), with around 64% of production in 
Europe, particularly Denmark, France and 
Germany (Biooekonomie.de, 2016). Due to 
the diversity of enzymes and their applica-
tions, a few large companies and numerous 
specialist suppliers have established them-
selves in the market worldwide.

6.2.4.5  Fuel
Microbially produced fuels contributed 
1.3% to German fuel consumption in 2017. 
This is mainly bioethanol with 1.2 million 
tonnes and with a small share also biometh-
ane (28,000 tonnes) (FNR, 2018). 64% of 
bioethanol is produced in Germany (BDB, 
2017) on the basis of sugar (sugar beet) and 
starch (cereals, maize) (FNR, 2016); the rest 
is imported. Worldwide, 79 million tonnes 
of bioethanol were produced in 2017 (Crop.
energies, 2017), mainly on the basis of sugar 
cane (Brazil) and corn (USA).

6.2.4.6  Biogas
In Germany, 9200 biogas plants were oper-
ated in 2018 (Statista, 2018a), producing 
around 9 billion m3 of biogas. In terms of 
the methane it contains, this corresponds to 
7% of natural gas and biogas consumption 
(Scarlat et  al., 2018). In addition to waste, 
energy maize is mainly fermented. Biogas is 
used to produce electricity, heat and bio-
methane.

In Germany, 51.4 TWh of electricity are 
generated from biomass, of which 34.3 TWh 
are generated after microbial conversion of 
biomass (95% biogas, 5% sewage and land-
fill gas). This corresponds to a share of 5.2% 
of Germany’s gross electricity generation 
(FNR, 2018). Overall, the share of renew-
able electricity in Germany in 2016 was 33% 
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of which 21% was bio-based (BMWi, 2019). 
Worldwide, biogas generates 353 TWh 
(Sapp, 2017).

Total heat consumption in Germany is 
around 2500 TWh (BDEW, 2017); of this, 
19.2 TWh (0.8%) is based on biogenic gases 
(70% biogas, biomethane 18%, 11% sewage 
gas, 1% landfill gas). Among the renewable 
heat sources, these gases have a share of 
11.2% (UBA, 2019).

In addition, biomethane from biogas is 
purified so that it can be fed into the natural 
gas grid. In 2016, almost 200 upgrading 
plants produced 9.4 TWh of biomethane 
(Neumann, 2018).

6.2.5  Framework for Action

How the economic importance of microbial 
processes will develop in the future depends 
not only on their performance, but also to a 
large extent on the general framework for 
action.

Politically, the industrial use of microor-
ganisms is supported. The relevant guide-
lines for innovation in the field of microbial 
processes and products are set out in the 
National Research Strategy BioEconomy 
2030 (BMBF, 2010) of the Federal Ministry 
of Education and Research (BMBF).

The economic framework conditions are 
set in particular by the Renewable Energy 
Sources Act (EEG), blending quotas for 
fuels, energy costs and indirectly also by the 
Emissions Trading Scheme (ETS). As a fuel, 
bioethanol is subject to the EU Renewable 
Energies Directive (EU, 2009). It defines the 
minimum target of 10% renewable energy to 
be achieved by 2020 as a share of the fuel 
market in all EU member states. Renewable 
electricity generated from biogas is (decreas-
ingly) subsidised, which increasingly chal-
lenges plant operators. Although ETS only 
affects fossil carbon dioxide emissions in 
defined sectors, it also determines competi-
tiveness with processes using renewable car-
bon sources. Unfortunately, ETS does not 

have an encouraging effect on the recycling 
of carbon dioxide because the emission is 
priced quite independently of the reuse. 
There are no supporting measures for bio- 
based products outside the energy sector.

6.2.6  System Boundaries

Achieving competitiveness with fossil-based 
products is fundamentally difficult  – espe-
cially in the current transition phase to the 
bioeconomy, in which fossil-based and bio- 
based raw materials are processed in parallel 
and are in direct competition. For products 
that are exclusively biotechnologically 
 accessible or are offered biobased due to 
consumer demand (pharmaceuticals, food 
and feed additives, skin care products), com-
petitiveness is given. However, these prod-
ucts are produced in comparatively small 
volumes, so they have little effect on the gen-
eral raw material change. By contrast, bio-
based alternatives cannot (yet) compete in 
terms of cost with fossil-based fuels and 
basic chemicals, which are produced in very 
large volumes. It remains to be seen whether 
it is sufficient to wait for competitiveness to 
emerge of its own accord as the extraction 
costs of fossil raw materials rise. At any rate, 
control instruments such as an expansion of 
the ETS system or the levying of a tax on 
fossil carbon dioxide emissions are currently 
being introduced.

A cost factor of microbial processes that 
has not yet been addressed is the limited car-
bon yield. It leads to the fact that only a part 
of the carbon from the raw material is bound 
in the target product. Thus, yeast can theo-
retically form a maximum of 51 kg ethanol 
and 49 kg carbon dioxide from 100 kg sugar 
(Sahm & Bringer-Meyer, 1987); in practice, 
the yield is usually lower. It could be 
increased by consistent use of all by- 
products.

The demand for renewable raw materials 
must also be viewed critically. In order to 
keep this and the associated land use change 
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in check, microbial processes must be con-
centrated on those product areas that are 
dependent on carbon. These are usefully 
products of organic chemistry (including 
food and feed additives and pharmaceutical 
products) and sub-sectors of the fuel market 
(heavy duty, shipping and aviation). The 
energy sector, on the other hand, should give 
preference to carbon-free alternatives.

The foreseeable rather decentralised pro-
duction infrastructure of microbial pro-
cesses has a further impact. Such plants have 
a much smaller capacity compared to fossil- 
based production plants. This is due on the 
one hand to the complex logistics of bio- 
based raw materials, which require short 
transport routes, and on the other hand to 
the technical limits of microbial processes. 
In such plants, the economically relevant 
scale effect on investment and running costs 
has less of a cost-dampening effect, which 
leads to fundamentally higher production 
costs.

The issue of employment addresses a sig-
nificant social implication of microbial pro-
cesses. As an export nation, Germany will 
also have a large demand for raw materials 
in the bioeconomy and will be dependent on 
raw material imports. Whether this will be 
unprocessed biomass or a biomass fraction 
(for example sugar) or an early processing 
stage (for example ethanol), or whether 
entire production chains will shift to global 
biomass regions, is an open question. In any 
case, the broad switch to microbial processes 
will also have an impact on local industrial 
centres, whether through partial relocation 
of production to biomass regions in 
Germany or to other parts of the world.

6.3  Innovations

The diversity of applications of microor-
ganisms corresponds to the innovation 
potential, which ranges from new processes 
and products to mechanical and plant engi-

neering and process organization. In the fol-
lowing, these fields of innovation will be 
explained and concrete examples will be 
used to show how innovations are realised 
by industry – and equally by young start-ups 
and established large companies. It should 
be emphasised that an economically impor-
tant innovation does not necessarily have to 
be scientifically sophisticated. Sometimes, 
even rather inconspicuous developments 
have a major impact.

Process innovations concern all process 
steps; starting, for example, with the enzy-
matic digestion of wood, the development 
and optimization of microbial strains and 
enzymes, microbial and enzymatic 
 conversion processes, and processing and 
product purification.

One example of an innovative strain 
development company is SenseUp. The 
start-up, spun off  from Jülich Research 
Centre in 2015, supports the development of 
microbial production strains. To select the 
best cells, millions of genetic variants may 
need to be tested. SenseUp has developed an 
automated process that tests up to 50,000 
cells per second (SenseUp Biotechnology, 
2019), reducing costs by speeding up testing. 
With this offering, SenseUp has successfully 
established itself  as a service provider in the 
market.

Covestro AG is a large-scale chemical 
company that is developing a microbial pro-
cess for the production of a biobased basic 
chemical product. An important raw mate-
rial used by Covestro is aniline, of which the 
company consumes more than one million 
tons per year for the production of poly-
mers. In fact, a process to bio-aniline linking 
microbial- and chemical catalysis is promis-
ing and currently under pilot (Jäger, 2018). 
The innovation here lies in the raw material 
and process change for a product that is 
known in itself.

Lanzatech (founded in New Zealand in 
2005; now USA) is currently scaling up the 
world’s first gas fermentation to production 
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level. The technology draws on the research 
work of Professor Peter Dürre (University 
of Ulm), among others, to establish a bio-
technological process that can utilise gas-
eous carbon sources. A carbon 
monoxide-based ethanol production plant is 
currently being built in Ghent (Belgium); it 
will use carbon monoxide from a steelworks 
as a feedstock (ArcelorMittal, 2018). The 
innovation here lies at three levels: in the fer-
mentation process, in the plant technology 
of the bioreactor and in the cross-sector cas-
cade use of the emission from a steelworks.

Product innovation can lie both in the 
novel use of a product that is known per se 
and in a new product for an application that 
is known per se. For example, the business 
potential of Ectoin, a protective molecule of 
microorganisms living under extreme condi-
tions, was recognized at the private 
University of Witten/Herdecke. In 1993, 
bitop AG (Dortmund) was founded and is 
now the only producer of Ectoin worldwide. 
Its protective effect can be transferred to 
many applications and is used for the relief  
of skin diseases, colds, allergies, lung dis-
eases and dry epithelia, in supportive care 
for cancer patients and in cosmetics as an 
anti-aging agent and in sun protection for-
mulations. The success of bitop is thus based 
on the commercial use of the natural trea-
sure trove of microorganisms. Recognizing 
the application potential of Ectoin and 
developing a microbial manufacturing pro-
cess for it is innovative.

c-LEcta, a company founded in Leipzig 
in 2004, focuses on the product field of 
enzymes. The company now generates more 
than 70% of its sales with self-developed 
enzymes (c-LEcta, 2019). The focus is on the 
food and pharmaceutical markets, which are 
considered particularly demanding due to 
the numerous regulations. The innovation 
here is to recognize the often very specific 
problems of such markets and to offer an 
economically viable solution.

With new processes, mechanical and 
plant engineering is also challenged. In gas 

fermentation, for example, it is necessary to 
overcome the low solubility of gaseous car-
bon sources in the aqueous nutrient solu-
tion. Innovative aeration equipment is 
therefore required here. One example is the 
already mentioned Lanzatech.

There is also potential for innovation in 
the organization of process flows. The aim is 
to coordinate plants and processes in such a 
way that the raw materials are utilized as 
completely as possible. The process organi-
zation required for this is the coupling of 
process flows, the cascade use of raw materi-
als, for example along the decreasing pro-
cessing capability, and recycling. This can 
apply to material flows both within an 
industrial site and between different 
 companies, and also across sectors.

For example, the medium-sized company 
BioWert Industrie GmbH in Brensbach 
(Hesse) operates a biorefinery that processes 
all components of meadow grass. The grass 
fibres are used to produce insulation and 
composite materials. Proteins, aromas and 
cosmetic active ingredients are extracted 
from the pressed juice produced during the 
processing of the grass. Materials that can 
no longer be used for other purposes serve 
as fertilizer or are microbially fermented 
into biogas (BioWert, 2019). The biogas is 
used to supply the plant with energy. The 
innovation here lies in an economically via-
ble coupling and cascade use of all compo-
nents of a raw material, in this case grass.

Infraserv GmbH & Co. Höchst KG, the 
operator of the Frankfurt Höchst industrial 
site, offers a similar example. One of 
Europe’s largest biogas plants is operated 
there as a central element of cascade utiliza-
tion. Annually, 500,000  t of waste can be 
fermented into 11 million m3 of biogas 
(Industriepark Höchst, 2019). Industrial by- 
products generated at the site and waste 
from the surrounding area are accepted as 
raw materials. The resulting biogas gener-
ates heat and electricity for the site on the 
one hand and is fed into the municipal natu-
ral gas grid on the other. What is innovative 
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here is the organization of the complex 
waste utilization from mutually independent 
sources.

6.4  Images of the Future

The fact that the raw material transition 
from fossil to biobased carbon sources is 
necessary and must be largely completed by 
2050 has been bindingly recognised by well 
over 50 countries in the Paris Climate 
Agreement. With their central position in 
the bioeconomy, microbial processes and 
products therefore have very good economic 
potential, depending on the framework con-
ditions.

 z Agriculture
The foreseeable increase in demand for bio- 
based raw materials with the bioeconomy 
opens up growing business areas for agricul-
ture and forestry – not only for established 
products such as sugar, but also for by- 
products such as straw and forestry waste. In 
Germany, energy and industrial crops were 
grown on 2.445 million ha in 2018. The fact 

that 66% of this area production is pro-
cessed with the participation of microorgan-
isms is evidence of the importance of 
microorganisms (. Fig. 6.4) (FNR, 2019).

 z Food Industry
Microbial processes and products are 
already well established in the food, bever-
age and feed sectors, and the economic 
potential is expected to grow with the mar-
ket. Above-average growth can be expected 
for global meat production – both for con-
ventional meat and for alternatives. For 
alternative meat products, this may result in 
increasingly valuable business options in the 
medium term. For example, the young com-
pany Impossible Food (USA) uses fermen-
tatively produced phytohemoglobin to give 
soy products meat flavor (Impossible Food, 
2019).

 z Chemical Industry
Biobased chemical products are already 
established on the market if  they can be pro-
duced exclusively by biotechnology or if  
they meet a particular customer demand. 
This applies in particular to the fine and spe-
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       . Fig. 6.4 Share of  biocatalysis in crop processing. (Source: Own representation, based on FNR, 2019)
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cialty chemicals segments. For basic chemi-
cal products that are produced in 
comparatively large volumes, bio-based 
alternatives are not yet competitive. 
Nevertheless, there is potential in the long 
term, because basic chemicals must also face 
up to the raw material change by 2050.

 z Pharmaceutical Industry
In 2017, for the first time, more biological 
active ingredients were approved in Germany 
than chemosynthetically produced ones, 
with 23 biopharmaceuticals. This demon-
strates the growing importance of bio-based 
pharmaceuticals, many of which are pro-
duced microbially. Overall, sales of biophar-
maceuticals by German companies reached 
€10.2 billion, a share of 26% among all 
pharmaceutical products (VFA, 2018).

 z Fuel Economy
Given the political pressure towards zero- 
emission mobility, the market for biofuels is 
expected to decline. For aircraft, ships and 
heavy-duty transport, it can be assumed that 
fuels of high energy density, as offered by 
carbon-based fuels, will continue to be 
needed. In these sub-sectors, long-term mar-
kets may develop for biofuels (Kircher, 
2015).

 z Construction Industry
Microbial products can also contribute to 
the construction industry. For example, 
microorganisms are used to bond rock par-
ticles by calcium carbonate precipitation to 
form road surfaces or dyke pavements 
(BioCement, 2016) and to repair cement 
damage to bridges, for example (Basilisk, 
2019). With the increasing need for low-
emission construction, the market for such 
technologies can be expected to grow.

 z Waste Management
Technically, biogas will be able to play an 
increasing role in waste management, 
because this methane-containing gas can be 
produced from biobased side streams from 

all production sectors, can be used in many 
ways to produce heat and electricity, as a 
fuel and as a basic chemical, and can use the 
existing infrastructure for natural gas.

In addition, a further source is available 
through the aforementioned methanation of 
carbon dioxide. When consuming excess 
electricity from volatile energies (wind, 
solar), the methane produced in this way 
would act as an electricity storage facility, 
for which an extensive infrastructure is 
already available in the form of the existing 
natural gas grid. Microorganisms catalysing 
methanation would thus contribute to the 
integration of the bioeconomy and the 
energy sector.

6.4.1  Possibility of Adding Value

. Figure 6.5 shows the relationship between 
functionality, value creation and market 
size. Value creation is crucially dependent on 
the functionality of a product. It is very high 
for pharmaceuticals that are expected to 
produce a highly specific response in a very 
specific indication. However, the market size 
of such a highly specific product is relatively 
limited. Products for nutrition (food and 
feed), are also value-added and are pro-
duced in larger volumes. They are partly 
identical to chemical products, which have a 
wide range. High-value cosmetic ingredients 
such as microbially or enzymatically pro-
duced emollients, with their relatively low 
production volume, are included in the fine 
chemicals market. Specialty chemicals 
include building blocks for plastics such as 
microbially produced polyhydroxyalkano-
ates (PHA). Biobased basic chemicals can 
be, for example, methanol and ethanol, i.e. 
molecules of low functionality but large 
production volume. These two products 
already indicate the overlap between basic 
chemicals and energy carriers, which is also 
expressed in terms of value. Naturally, raw 
materials have the largest production vol-
ume. However, their value is still greater 
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than that of residual materials, which in 
turn can be recycled at least in part as raw 
materials. This cascade of uses, from raw 
and residual materials to energy and phar-
maceuticals, also brings with it new options 
in the coupling of material flows, which are 
increasingly attracting research interest. 
This also includes the use of residual materi-
als such as municipal waste (brown bin), 
urban green waste, sewage sludge, carbon 
dioxide, etc. for materials, i.e. not almost 
exclusively for energy, as has been the case 
up to now. (Provadis University, 2019). New 
value-added options thus also reach the 
waste industry and, in the case of carbon 
dioxide recycling, the energy industry. 
Overall, this increases raw material effi-
ciency. That is, a higher proportion of raw 

material carbon is converted into value-
added products, or the loss in residual mate-
rials decreases (Kircher, 2018). However, 
this can only succeed if  consumers make 
their share of residual materials available in 
the “brown bin” in such a way that it remains 
recyclable. It is therefore important to con-
tinue to raise awareness of the fact that 
residual materials are valuable raw materi-
als.

6.5  Conflicting Objectives

From an economic point of view, the com-
petitiveness of biobased products is of pri-
mary importance. Compared to fossil fuels, 
bio-based raw materials are expensive and 
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their microbial processing is multi-step and 
complex. Biobased fuels and in particular 
large-volume base chemicals have therefore 
only become established in niches to date.

The ecological balance of biobased 
products is ecologically advantageous over 
the entire production and use cycle. 
Nevertheless, their ecological footprint 
should not be underestimated. The produc-
tion of the raw materials and their conver-
sion are accompanied by the emission of 
greenhouse gases. These must be reduced 
and, if  possible, also recycled.

Microbial conversion processes convert 
only part of the carbon of the raw materials 
into a target product. The remainder usually 
remains as residual material, the use of 
which would often be technically possible, 
but is omitted for economic reasons. The 
framework conditions should therefore sup-
port the complete utilisation of biomaterials 
through coupling and cascade utilisation or 
recycling.

A political conflict of  objectives arises 
from the focus of  the raw material change 
on renewable energies. Here, support mea-
sures have been taken that have led, for 
example, to the desired investments in bio-
gas plants, but also to considerable land 
use changes. The area of  bio-based chemi-
cals, on the other hand, remains without 
support.

Another political conflict of objectives is 
that the development and implementation 
of microbial processes is generally only sup-
ported if  biogenic raw materials are used. 
Research into the utilisation of carbon diox-
ide of fossil origin is only supported if  only 
renewable energies are used. However, in the 
current transitional phase of the raw mate-
rial change, fossil and biogenic carbon 
sources will continue to be processed in par-
allel for decades. The industrial optimisa-
tion of such processes would therefore be 
accelerated if  the framework conditions 
were to simplify the use of microbial pro-
cesses for fossil raw materials as well.

 Conclusion
Microorganisms have a central function 
in the bioeconomy; be it in the provi-
sion of raw materials, the conversion into 
products of all sectors of the bioeconomy 
and the recycling of residual materi-
als. The value spectrum of the products 
ranges from low-value raw materials to 
high-priced pharmaceuticals. The scien-
tific competence to develop microorgan-
isms into efficient biocatalysts and to 
develop and operate the corresponding 
technical processes and plants is crucial 
for the transition to the bioeconomy and 
is fundamentally available. In the transi-
tion to the bioeconomy, the economy 
should increasingly adapt to the process-
ing of diverse raw materials ranging from 
agricultural biomass to municipal waste 
and carbon-containing gases. Overall, it 
will be important to convert significant 
sectors of industries that are successful 
in Germany to microbial processes and to 
adapt regional, supraregional and inter-
national supply chains for biobased raw 
materials accordingly.
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Resource Provider 

• Aquaculture operators in Germany are mainly small and medium-sized enterprises. They produce  

 rates of approx. 6% for years.

• Bioreactor plants are operated by various biotechnology companies using both marine and other  
 microorganisms and therefore cannot be categorized.

Economy/industry (examples)

• Food: Deutsche See GmbH, Sylter Algenfarm GmbH & Co. KG, Viva Maris GmbH
• Medical products: aktivmed GmbH, IVF Hartmann AG, M+W Dental, Kerecis
• Cosmetics: oceanBasis GmbH, Biomaris GmbH & Co. KG

• Biomolecules: ALGOPACK, Queisser Pharma GmbH & Co. KG

Markets, products (examples)

• Medicine: wound dressings, dental impression compounds, medicines
• Cosmetics creams, oils, foams
• Consumer goods: fabrics, leather, plastics
• Environmental protection: e.g. the targeted cultivation of aquatic plants and articial reefs for   
 coastal protection and biodiversity preservation 

End-of-life-Management

The duration of the life cycle depends on the respective production systems:

• In aquaculture recirculation systems: stocking of the system � biomass propagation �
 harvesting, collection � processing to end product � end consumer � recirculation (biogas/
 organic nutrients).

• In bioreactors: Filling the reactor � biomass propagation � �   
� end user � return to the cycle (see above).

Media

• Print and online publications of the actors

NGOs

• e.g.: DECHEMA e. V., Life Science Nord, ScanBalt BioRegion, environmental and consumer   
 protection associations

Politics, administration 

• Federal and state research institutes, federal and state ministries

Organizations (nat. and int.) 

• e.g.: BIO Deutschland e. V., Bundesverband Aquakultur e. V., SUBMARINER Network for 
 Blue Growth EEIG

Consumers

• Population and special users as listed

Sponsors, investors 

• R&D funding (EU, German Federation and The Länder), foundations
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Competence centres (reg.) 

• e.g.: Fraunhofer-Einrichtung für Marine Biotechnologie und Zelltechnik (FhG-EMB, Lübeck),   
 mariCube - Kompetenzzentrum Blaue Biotechnologie

Science 

• Universities, research institutions

 

Alfred-Wegener-Institut, Helmholtz-Zentrum für Polar- und Meeresforschung (AWI), GEOMAR 
Helmholtz-Zentrum für Ozeanforschung Kiel, Helmholtz-Zentrum Geesthacht Zentrum für 
Material- und Küstenforschung GmbH, Helmholtz-Zentrum Potsdam Deutsches GeoFor-
schungsZentrum (GFZ)

Science:
Helmholtz 
Association

-
anstalt für Landwirtschaft und Fischerei Mecklenburg-Vorpommern, Common Wadden Sea 
Secretariat

Science: 
Federal and 
state institu-
tions

Fraunhofer-Einrichtung für Marine Biotechnologie und Zelltechnik (EMB), 

Fraunhofer-Institut für Molekularbiologie und Angewandte Oekologie (IME)

Science:
Fraunhofer
Society

Leibniz Institut DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH, 
Leibniz-Institut für Ostseeforschung Warnemünde, Leibniz-Zentrum für Marine Tropenfor-
schung (ZMT) GmbH, Senckenberg am Meer, Senckenberg Biodiversität und Klima 
Forschungszentrum

Science:
Leibniz 
Association

Ernst-Moritz-Arndt-Universität Greifswald, Forschungs- und Entwicklungszentrum Fachhoch-
schule Kiel GmbH, Hochschule für Technik und Wirtschaft des Saarlandes, Meeresbiologische 
Wattstation Carolinensiel der Universität Münster, Technische Universität Bergakademie 
Freiberg, Technische Universität Hamburg-Harburg, Universität Bremen, Universität Hamburg, 
Universität Oldenburg, Universität Rostock, Universität zu Kiel

Science: 
universities 
and universi-
ties of applied 
sciences

Deutsche Gesellschaft für Meeresforschung, Deutsche Hydrographische Gesellschaft e. V., 
Deutscher Wetterdienst, Deutsches Klimarechenzentrum GmbH, Institut für Marine Biotech-
nologie e. V., Deutsches Institut für Lebensmitteltechnik e. V., Gemeinschaft zur Förderung 

und Umwelt

Science: 
Other 
institutions

Max-Planck-Institut für Marine Mikrobiologie (MPI-MM), Max-Planck-Institut für Meteorologie 
(MPI-M)

Science:
Max-Planck- 
Society

Sylter Algenfarm GmbH & Co.KG, algova UG, Aquacopa GmbH, Aquazosta GmbH, BlueBioTech 
GmbH, BromMarin GmbH, CRM – Coastal Research & Management GbR, CrustaNova GmbH, 

Völklingen GmbH, Garnelen Farm Grevesmühlen GmbH & Co. KG, Garnelenhof Schäfer GmbH 
& Co. KG, Köster Marine Proteins GmbH, Marine Aquaculture Consulting, Microganic GmbH, 
neomar GmbH, oceanBASIS GmbH, Phytolutions GmbH, Polyplan GmbH Ingenieurbüro für 
Energie und Umwelttechnik, Ratz Aquakultur GmbH, Scherbrings Bio-Garnelen, Sea & Sun 
Technology GmbH, SeaKult - sustainable futures in the marine realm, SubCtech GmbH, 

AG, BIQ GbH, SSC GmbH, MINT-Engineering GmbH, Cara Royal,
Sylter Algenfarm GmbH & Co. KG

Industry – 
production

Type of 
institution

Institution

BIO Deutschland e. V., BioCon Valley GmbH, Bundesverband Aquakultur e.V., DECHEMA e. V., 
Kompetenznetzwerk Aquakultur (KNAQ), SUBMARINER Network for Blue Growth EEIG, Life 
Science Nord Management GmbH

Clusters and 
associations
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7.2  System Description

7.2.1  Overview of Central 
Elements of the System

The resource base consists of renewable raw 
materials of marine origin, essentially multi-
cellular organisms (fish, evertebrates, vascu-
lar plants, macroalgae), unicellular 
organisms and microorganisms. The 
resources are usually provided by the techni-
cal systems of aquaculture recirculation sys-
tems and bioreactors. The main products of 
the marine bioeconomy are food, medical 
products, ingredients for cosmetics, fibres 
(clothing and composite materials) and bio-
molecules, which are used in the following 
markets: Medicine (wound dressings, medi-
cines), food (fish, evertebrates (mussels, 
crabs, etc.)), algae, food ingredients, con-
sumer goods (detergents, alginate, agarose, 
etc.), and environmental protection (coastal 
protection, biodiversity conservation). The 
length of the life cycle depends on the prod-
ucts in question. In aquaculture recircula-
tion systems, a life cycle mainly consists of 
the elements stocking of the system – bio-
mass multiplication  – fishing, harvesting, 
collection  – processing into the final prod-
uct – end user – return to the cycle. In biore-
actors a life cycle is characterized by the 
elements filling of the reactor biomass mul-
tiplication  – purification, concentration  – 
processing to the final product  – end 
user  – return to the cycle. All biological 
residual waste, both from aquaculture recir-
culation systems and from bioreactors, can, 
provided they have not accumulated toxins, 
ultimately be returned to the biological cycle 
as fertilizer. The system boundaries that also 
determine the framework for action in the 
marine bioeconomy are, for example: the 
costs and technical challenges for land- 
based seawater plants, insufficient knowl-
edge of the physiology and ecology of 
marine organisms, the need to develop new 
processes, enabling the use of natural sys-

tems under ecological constraints, and gov-
ernment support for the development of the 
marine bioeconomy.

7.2.1.1  The Main Elements in Detail
The marine bioeconomy is based on the sus-
tainable use of marine biological resources 
and has developed noticeably over the past 
15  years. Currently, many economically 
important goods and raw materials are 
already being extracted from the sea, where 
they are increasingly harvested according to 
ecological principles. Their uses range from 
foodstuffs (fish, molluscs, crustaceans, algae, 
etc.) to medical products (wound dressings, 
medicines, excipients) and ingredients for 
cosmetics (algae ingredients, collagen) to 
raw materials for various branches of indus-
try (enzymes, fatty acids).

In addition, the marine ecosystem also 
provides us with services whose artificial 
replication would incur high costs (Gelpke, 
2017) and whose sustainable support must 
be part of the future bioeconomy. These are 
often services that are not directly perceived 
but have a monetary value and must there-
fore be taken into account for a marine bio-
economy. A distinction is made between 
supporting, regulating, providing and cul-
tural ecosystem services, the financial bene-
fits of which are very complex and difficult 
to capture in their entirety (ibid.). For exam-
ple, according to the Federal Ministry of 
Food and Agriculture, around €160 million 
has been spent annually on coastal protec-
tion alone. Without the support provided by 
biological processes (coastal and marine 
organisms), costs would continue to rise.

The production processes that currently 
still primarily consume resources are to be 
converted into cycles as part of the biologi-
sation of the economy. The German govern-
ment is currently working on a corresponding 
“bio-agenda”. Biotechnological processes 
are needed for this sparing use of the bio-
sphere (Zuber, 2009), as these are generally 
based on renewable raw materials, which are 
indispensable for a sustainable economy.
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The use of marine biotechnology for 
marine bioeconomic production processes 
is very diverse. The products manufactured 
using this technology can be found in vari-
ous sectors, which is why it is difficult to 
narrow down this area of the bioeconomy 
precisely. These industries include: Food 
industry, medicine, cosmetics industry, 
energy industry, material development, 
environmental protection, etc. At the same 
time, marine biotechnology is only just 
beginning to develop, so that its potential 
applications cannot yet be assessed. 
Although two-thirds of the earth’s surface is 
covered by water, this is much less researched 
than the terrestrial areas of our planet. 
Nevertheless, it is generally assumed that 
many marine resources will be available 
for new biotechnological processes in the 
future (Fraunhofer, 2017; Stieber, 2015; 
Vondracek, 2012). The ERA-NET Marine 
Biotechnology1 coordinates and promotes 
activities and developments in the field of 
marine biotechnology or bioeconomy at 
European level. Here, too, the focus is on 
the broad use of marine resources, from bio-
molecules of marine organisms to the com-
plete use of organisms.

The above-mentioned provision of 
resources can take place via various biologi-
cal agents (organisms, materials):

 5 multicellular organisms (fish, everte-
brates, vascular plants, macroalgae)

 5 unicellular organisms
 5 Microorganisms (especially cyanobacte-

ria)
 5 cell cultures isolated from the organisms
 5 biomolecules isolated from cells (for 

example enzymes with low temperature 
optima)

The multicellular organisms required are 
produced primarily in aquaculture facilities. 

1 For more information, see 7 http://www.
marinebiotech.eu

In 2016, there were already 80 million 
tonnes with a value of  US$ 232 billion, 
which corresponded to 47% of global fish 
production. These facilities can be located 
in open waters, in which case care must be 
taken to ensure that the surrounding eco-
system is not affected. The issue is thus the 
development of  zero-emission plants, as 
called for in various policy papers (Haas 
et al., 2015).

In Iceland, the entire marine manage-
ment system is being restructured according 
to bioeconomic principles. For example, 
before fishing, the stocks are assessed by 
independent institutes according to their 
resilience. Young fish are protected and 
algae are only harvested to the extent that 
they have regenerated by the next harvest. In 
addition, many initiatives are emerging that 
process the resulting waste into further 
products – such as the use of fish guts for oil 
and enzyme production, the production of 
chitosan from shrimp remains, or the use of 
algae fibers and ingredients for the clothing 
and cosmetics industries (BIOCOM AG, 
2018; Guðfinnsson et al., 2007).

An alternative to this is land-based aqua-
culture recirculation systems (ibid.). These 
can be controlled, they can be set up close to 
the processing industry and the products are 
not affected by external influences. For prof-
itable use of such plants, their products must 
be more widely used in the future. 
Possibilities for this are given in . Fig. 7.1.

Another possibility of providing multi-
cellular organisms is the targeted propaga-
tion and removal of algae from the 
environment. Especially in eutrophic waters, 
CO2 as well as excess plant nutrients could 
be removed from the system and thus con-
tribute to the health of the ecosystem. It 
goes without saying that these procedures 
are only possible under close observation of 
the respective ecosystem in order to prevent 
a negative influence.

Single-cell eukaryotic and prokaryotic 
organisms as well as cell cultures are mainly 

 C. Kruse
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used in bioreactors. Here they are 
propagated and the products they produce, 
such as fatty acids, enzymes and other bio-
molecules, are separated from the batches 
used in special technical processes. In par-
ticular, the use of  biomolecules from marine 
organisms suggests that there are still many 
possible applications. Currently, for exam-
ple, fluorescent or luminescent proteins are 
used to visualize cellular structures. A typi-
cal example is the green fluorescent protein 
(GFP) from the jellyfish Aequorea victoria. 
However, the search for pharmacologically 
useful natural substances from the sea is 
particularly intensive.

The use of microalgae in bioreactors is 
mainly with limnic algae, although systems 
with marine species are already being devel-
oped (Vondracek, 2012). The use of algae 
from these photobioreactors is still in its 
infancy, with the primary use being for the 
production of biofuels and omega-3 fatty 
acids. Furthermore, they are used for house 
facades as air purifiers (CO2 uptake) and 
subsequently fed to further recycling (for 
example BIQ GmbH, SSC GmbH, MINT- 
Engineering GmbH).

The use of both unicellular and multicel-
lular marine algae for biotechnology has 
many other advantages. For example, they 
produce many useful products for pharma-
ceutical, cosmetic or food products. A new 
development is investigating the production 

and use of fibres from marine macroalgae 
for the clothing industry (see smartfiber AG 
and SeaCell) and as a plastic substitute 
(Hermann, 2013).

The duration of the life cycle of the 
required feedstocks depends on the respec-
tive production processes and utilizations, as 
described for the example of aquaculture 
recirculation systems and bioreactors.

Ideally, the life cycle of the end products 
described above should be closed, as the 
required raw materials and products are per-
manently reproduced due to the intended 
circular economy. The resulting residual 
materials are further processed in a cascade 
or, for example, return to the biological cycle 
as nutrients. In this context, it is important 
to ensure that the life cycles and cycles of 
different products manufactured from the 
same resources (e.g. consumer goods and 
food from fish) are harmonised in order to 
avoid pure waste products.

The problem is briefly explained in 
. Fig.  7.2 using the example of a multi-
trophic plant containing fish, mussels, algae 
and microorganisms. An integrated multi-
trophic aquaculture system is described. 
The possible end products here are high-
lighted in grey in the lower white box. Since 
they all have different lifetimes, their pro-
duction must be continuously coordinated 
for an ideal circular economy so that no 
waste is produced.

Fish meat Seaweed dishes

Fish oil Agar

Fish leather Cosmetic ingredients

Fishmeal Alginate

Fish cell cultures Food colourings/antioxidants

Products from algae

       . Fig. 7.1 For improved added value, a greater variety of  products can be manufactured from aquaculture 
organisms through further processing
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So, for example, the fish produced can 
give rise to different products that have dif-
ferent life cycles. These are relatively short 
for food and collagen fleeces, while they are 
much longer for leather. For a perfect closed- 
loop system, these would have to be coordi-
nated with each other. For example, in order 
not to flood the market with leather, other 
products have to be produced, such as colla-
gen fleeces from the skin residues. On the 
other hand, more durable foodstuffs, such as 
canned fish, can ensure that the entire system 
is harmonised. This clearly shows how com-
plex the problem of production in cycles is.

The most important players in the 
marine bioeconomy are summarised in the 
table in 7 Sect. 7.1. Due to the explanation 
given that the area of the marine bioecon-
omy (biotechnology) is not reported sepa-
rately, especially in larger companies, this 
compilation does not claim to be complete.

The limits of the marine bioeconomy 
currently arise primarily from the technical 
replication of the marine environment for 
the propagation of the required organisms 
in land-based aquaculture or bioreactor 
facilities – especially in those areas where the 
use of metals cannot be dispensed with. This 

Water cycle
Transports organic matter & energy, 

determines ecological cycle 

End products 
of the water cycle

(These end products require their own material cycles. 

harmonised with each other).

microorganisms

Biogas
(technical gases in the future, if applicable)

Mussels

Algae Fish

Fibers

Textiles Cosmetics

Mother of pearl

CollagenLeather

EnzymesFish oil
Collagen 

BonesSkin

Jewellery

Pharma-
ceuticals

Lime

Biomolecules Clam meat Conch shell Fish meat Fish scraps

Food Food

Compo-
sites

„End product“

Materials cycle

       . Fig. 7.2 Bioeconomic harmonization of  the life cycles of  various products in a cascade of  production pro-
cesses. (Source: Own representation)
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primarily concerns measurement and con-
trol technology. Here, innovations must be 
supported that make it possible to operate 
these plants in the long term under salt 
water conditions without the instruments 
and equipment corroding. Plastics are 
increasingly being used instead of iron, with 
new biological plastics also being further 
developed in this area. The materials that 
are still required and are susceptible to cor-
rosion must be protected to such an extent 
that corrosion is largely prevented in order 
to keep the investment costs of these plants 
as low as possible.

For aquaculture in open waters, zero- 
emission facilities are not yet available, so 
that there is still a risk of environmental pol-
lution and damage to cultivated stocks. In 
some countries, however, intensive control 
and regulation measures have already 
brought them much closer to this goal. The 
main challenge is to prevent the input of 
nutrients into the environment and the 
exposure to pathogens from the existing 
environmental milieu. The second challenge 
is biofouling of the materials lying in the 
water. These have to be permanently cleaned, 
which leads to a burden on both the environ-
ment and the breeding organisms.

One of the greatest obstacles to the wide-
spread introduction of marine breeding 
facilities, apart from the intensive training 
of operators, is the high cost of such facili-
ties (Meyer et al., 2016), which is reflected in 
the products. This can be counteracted by 
reducing production costs on the one hand 
and increasing revenues on the other. To 
reduce costs, recirculation and aquaponics 
systems and, above all, integrated multi-
trophic aquaculture systems (IMTA) must 
be intensively further developed and 
expanded. They allow the water to be used 
several times, for example for the parallel 
production of fish, mussels and algae. In this 
process, the water body undergoes addi-
tional purification from compartment to 
compartment, which reduces water con-

sumption and lowers the water exchange 
rate. Aquaponics and recirculation systems 
are already being used commercially at pres-
ent, although these are mainly small and 
medium-sized enterprises. Currently, the 
disposal of residual water is another cost 
factor. New solutions must be found for this, 
especially for desalination, so that the biofil-
ter waste can then be disposed of in a con-
ventional way, for example in biogas plants 
or as garden fertiliser. For the monitoring 
and control of the condition of the organ-
isms used, more and more sensor-based 
automatic systems need to be developed and 
used in order to reduce costs due to losses 
and diseases also in this still very labour- 
intensive area (Stentiford et  al., 2017). 
Finally, it is also imperative, especially for 
fish farming, to push the development of 
feeds that can avoid fishmeal from wild- 
caught fish (Davidson et  al., 2016; Nagel 
et  al., 2016; Michl et  al. 2017). Plant pro-
teins or evertebrates in particular are being 
investigated as substitutes, but cell cultures 
such as those used for the development of in 
vitro meat could also be used for this pur-
pose.

The use of open waters, especially for 
algae harvesting, must be regulated and 
made possible under appropriate ecological 
precautions in order to remove excess bio-
mass from the mostly eutrophic waters of 
the German coasts. This is already being 
practised in Iceland in an exemplary man-
ner. To relieve the pressure on fish stocks in 
the open seas, it would also be necessary to 
designate defined areas for aquaculture. To 
this end, the development of integrated mul-
titrophic systems must be accelerated to 
enable meaningful risk assessment and, as 
far as possible, zero-emission systems.

A basic prerequisite for the further devel-
opment of the bioeconomy is government 
support for the development of appropriate 
production processes and for further 
research into marine organisms with a view 
to their biotechnological exploitation. After 
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all, we can only use systems that we 
 understand comprehensively  – both at the 
biochemical- physiological and at the ecosys-
tem level.

Furthermore, it is also a question of 
broad consumer education and information 
in order to reduce the scepticism that still 
exists in some cases about these new tech-
nologies and the products manufactured 
with them. To this end, a broad consensus 
should be established between producers 
and consumers in order to be able to react 
quickly to existing concerns, but also to 
needs.

7.3  Innovations

Crucial technical innovations in the marine 
bioeconomy are in the cultivation of aqua-
culture organisms from algae to fish. Only 
sustainable aquaculture can replace the 
removal of the requiredmarine organisms 
from the natural system. The development 
of land-based recirculating systems in par-
ticular is therefore making enormous prog-
ress. Fish, various evertebrates as well as 
macroalgae can now be produced in these. 
More and more development projects are 
being realized in which different organisms 
are kept together in IMTA facilities (Kleitou 
et al., 2018; Walker, 2016). In recent years, in 
addition to the expansion of offshore and 
nearshore aquaculture facilities, we have 
seen the development of autonomous, free- 
floating cage facilities that seek to circum-
vent the problem of localized concentration 
of organic matter and mimic the natural dis-
persal of organisms.2

The first bioreactors for the propagation 
of plant or animal single cells are also 
already being tested. These enable the pro-
duction of specific cell types and the desired 
biomolecules they produce.

2 For more information, see 7 https://www.innova-
sea.com/

Many new ideas have also been imple-
mented in the field of product development. 
For example, more and more algae are being 
used to produce fatty acids and oils, primar-
ily food additives such as alginate, agar-agar 
or carrageenan, but also biofuels (Puri, 
2017; Wibawa et  al., 2018). The cellulose 
fractions of algae are used to develop fibers 
that are already used for textiles with par-
ticularly good skin-compatible properties.3 
The use of such fibres for composite materi-
als is also currently being discussed.

At the Fraunhofer Research Institution 
for Marine Biotechnology and Cell 
Engineering, fish cells are being tested for 
their economic use (Rakers et  al., 2010, 
2011, 2014). A broad potential for the use of 
these cells is being tested. For example, fish 
cells can be used for the production of fish 
viruses such as the koi herpes virus and thus 
contribute to the production of vaccines. 
Furthermore, they can be used for the pro-
duction of high-quality biomolecules such 
as enzymes, fatty acids and proteins that are 
rich in essential amino acids. It is also con-
ceivable to use them for the production of 
fish cell meal as a substitute for fish meal or 
directly as food (for example finless foods). 
Further examples of the different uses of 
algae and fish are shown in . Fig.  7.1. In 
addition to new pharmaceuticals, cosmetics 
and foodstuffs, activatable biomolecules 
such as marine enzymes will also gain in 
importance in the future, as these generally 
have a lower temperature optimum than 
those of terrestrial organisms. This can 
reduce energy costs for many industrial pro-
cesses (Vondracek, 2012).

Marine molecules that are already being 
used include luminescent proteins or toxins 
from jellyfish and marine snails (Aequorea 
victoria and Conus magus, respectively), 
which have opened up completely new mar-
kets. Organisms in the sea have been able to 

3 For more information, see 7 http://www.smartfi-
ber.de/home/
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adapt to their ecological niches for many 
millions of years longer than terrestrial 
organisms, so that many new discoveries can 
be expected from marine research in the 
coming years. These could include, for 
example, biomolecules with technologically 
useful properties, the enrichment of rare 
substances in the sea by marine organisms, 
and the neutralization of harmful sub-
stances by marine microorganisms (Yakimov 
et al., 2007).

In the area of production process innova-
tion, it is expected that integrated multi-
trophic marine aquaculture facilities on land 
will be developed to the point where they are 
profitable to manage. New bioreactors for 
fish cells should make it possible to industri-
ally produce cell-based affordable food, so- 
called in vitro meat. This task will be solved 
in the next ten years, as the provision of 
high-quality protein will be essential for 
feeding humanity. Already, this develop-
ment is moving from academia to industry 
(for example, Finless Foods). Recent market 
analyses predict corresponding develop-
ments in this new segment of food produc-

tion, such as those by MarketsandMarkets.4 
Some of these innovations in the fish pro-
cessing industry are shown in . Fig. 7.3.

As a prerequisite for future innovations, 
it is necessary to conduct further and more 
in-depth research into the marine ecosys-
tem, particularly in order to better under-
stand the diverse ecological, physiological, 
molecular biological and biochemical pro-
cesses. This will make it possible to make 
new organisms or products from known 
organisms usable for industry. Innovations 
in the public sector are to be welcomed 
here. Both the German government and the 
European Union have created new funding 
opportunities specifically for the area of 
the marine bioeconomy, for example the 
programmes “New biotechnological pro-
cesses based on marine resources  – 
BioProMare” and the ERA-NET Marine 
Biotechnology.

4 For more information, see 7 https://www.market-
sandmarkets.com/Market-Reports/cultured-
meat-market-204524444.html

Carcasses

Leather

Collagen

Meat recovery

Fish cell Fishmeal

       . Fig. 7.3 Share Current innovations in fish production and processing. (Source: Own representation)
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7.4  Images of the Future

According to the Biotechnology Report 
2004 published by the auditing firm Ernst & 
Young, marine or blue biotechnology 
accounts for only 1% of the biotechnologies 
used to date, which is significantly underrep-
resented in relationto limnic and terrestrial 
species compared with marine biodiversity. 
It is therefore generally assumed that marine 
biotechnology will become considerably 
more important as the basis for a marine 
bioeconomy in the coming years.

7.4.1  Complex Aquaculture 
Facilities

The largest growth is likely to be in the food 
economy. The gap between the demand for 
marine food and the available resources is 
widening (Chomo & De Young, 2015). This 
is the reason why the development of aqua-

culture facilities is ever increasing. In this 
regard, facilities in open waters are con-
stantly faced with the challenge that they 
must not affect the ecosystem. Therefore, 
considerable efforts are being made to make 
land-based facilities more economically 
effective. In the limnic area, various pilot 
plants already exist that combine fish and 
plant cultivation, for example.5 In the future, 
it will make sense to combine these with ver-
tical/urban farming complexes (. Fig.  7.4). 
Something similar will also develop for 
marine facilities, as the demand for marine 
organisms is constantly growing (Richter & 
Betz, 2011). According to Wirtschaftswoche 
on 5 September 2018, in Germany alone, 
2.6% more was spent on fish and seafood at 
retail in 2017 compared to the previous year 

5 For more information, see 7 www.fish-for-life.
org; 7 http://bundesverband-aquaponik.de/; 
7 https://www.igb-berlin.de/kloas

Fish farm Fish farm Fish farm Fish farm

Water 
transport

       . Fig. 7.4 Schematic representation of  linking peri- urban vertical plant farms with recirculating aquaculture 
systems. (Source: Own representation)
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(€3.9 billion). The average retail price for 
fish and fish products increased by 3.8% 
overall. German retailers sold around 
413,500 t of fish and seafood in 2017, which 
was 0.7% more than in the previous year.

As shown in . Fig.  7.4, in a vertical 
plant and fish farm, the nutrient-rich water 
from the fish water is used to irrigate and 
fertilize the plants and can thus be pre- 
clarified again more easily for use in the fish 
tank. Through such plants, food production 
can be brought closer to the cities, which 
saves long transport distances. In addition, 
valuable arable land is not required.

Combined land-based systems must be 
developed to relieve the pressure on open 
waters. In addition to the production of 
food from the various trophic levels (fish, 
mussels, algae, etc.), other organisms can 
also be included in these cycles in the future, 
for example to produce industrially usable 
biomolecules. Here, too, a combination with 
vertical farming areas would be desirable. 
However, this would require the cultivation 
of salt-resistant plants or the development 
of new desalination plants. This will be an 
essential prerequisite for a broad, sustain-
able establishment of the marine bioecon-

omy. The economic sectors to be involved in 
this process are very diverse, ranging from 
materials development to plastics engineer-
ing, measurement and control technology, 
the food industry and medicine (. Fig. 7.5).

The still high costs are the decisive point 
of criticism of corresponding plants. 
Nevertheless, there are many efforts to make 
further progress in this field. Some success-
ful approaches are already being developed 
(Meeresfischzucht Völklingen, Cara Royal, 
Sylter Algenfarm GmbH & Co. KG etc.). In 
addition, there is criticism that there is still 
too little meaningful data on integrated mul-
titrophic aquaculture systems. Particularly 
in the area of studies of the species to be 
associated, little is known, although appro-
priate assumptions can be made for this 
from the known ecosystems.

7.4.2  Macroalgae Use

The use of macroalgae will also take on a 
new dimension. Ecologically accompanied 
cultivation of macroalgae in open waters 
can counteract the eutrophication of waters 
and the increase in CO2. This means that, on 
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       . Fig. 7.5 Opportunities for adding value to the production and operation of  modern aquaculture systems. 
(Source: Own representation)
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the one hand, excess plant nutrients such as 
phosphorus and nitrogen compounds as 
well as carbon dioxide are absorbed and, at 
the same time, important products are gen-
erated for various branches of industry 
(food industry, cosmetics, pharmacology, 
materials industry) (Walter o. D., 2018). 
This form of marine use still meets with 
resistance in some quarters, as there are 
fears that it will have an impact on the 
marine ecosystem. A social consensus must 
be achieved here by informing consumers 
about the ecological benefits of this type of 
marine management. This is the only way to 
generate broad acceptance for appropriately 
manufactured products, which is essential 
for their sale. In Iceland, this is already being 
practiced in an exemplary manner, as 
described, for example, for the production 
of SeaCell™MT fibre.

The marginal seas are already heavily 
influenced by humans, and the input of 
plant fertilizers from agriculture in particu-
lar will be unavoidable in the coming years. 
Every effort should therefore be made to 
keep lasting changes to a minimum. Careful 
surface harvesting of the algae would be the 
method of choice. Nevertheless, it is impera-
tive to carry out appropriate investigations 
beforehand with regard to possible negative 
effects on the environment.

One source of raw material that is still 
unexploited is the beach flotsam or drift-
wood that accumulates on the beaches every 
year. Various studies have already been car-
ried out on its use, either as insulation mate-
rial or as animal feed (see “POSIMA” 
project). Unfortunately, these studies have 
so far only been able to clarify partial aspects 
of the use. Further extensive research would 
also be necessary in this area. For example, 
large quantities of seaweed are washed up 
on the beaches, especially in autumn, and it 
has very good properties as an insulating 
material, as it burns poorly and is resistant 
to mould and vermin (see, for example, the 
seaweed trade).

7.4.3  Microalgae Use

In recent years, the use of microalgae for the 
production of biodiesel has also been dis-
cussed time and again (Irmer, 2015). Here, 
too, there are various efforts on the part of 
both industry and public agencies to iden-
tify new possibilities. As a rule, however, 
these are limnic algae species and only rarely 
marine species. For the latter case, the vari-
ous photobioreactors already available need 
to be adapted to marine systems, mainly in 
terms of material resistance and salt dis-
posal. The problem of fuel production from 
algae is discussed very controversially. On 
the one hand, propagation in photobioreac-
tors, which are relatively easy to produce, is 
an enormous advantage over the production 
of biodiesel via land plants. On the other 
hand, studies have been conducted that 
show useful fuel production for energy pur-
poses to be unfeasible at present (LaMonica, 
2014). Many more studies are certainly 
needed to enable the appropriate use of 
microalgae. Whether such a use of marine 
species as an alternative to limnic algae rep-
resents an advantage is rather questionable.

7.4.4  Further Research 
Approaches

Many new ideas deal with the possibility of 
using marine organisms for the concentra-
tion of rare substances in seawater. For 
example, snails (Chrysomallon squa-
miferum) from the deep sea are known to 
coat their feet with iron sulphite, or microor-
ganisms that can accumulate gold in them-
selves (Kashefi et  al., 2001). However, a 
great deal of basic research is still required 
before these properties can one day be used 
biotechnologically.

An essential prerequisite for this will be 
that the aquaculture or bioreactor systems 
required for this are marketable. But the 
more stringent the ecological requirements 
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for the operation of aquacultures in open 
waters become worldwide, the more attrac-
tive land-based systems become. The advan-
tage of these systems is that they are 
permanently and comprehensively moni-
tored. In addition, other organisms can be 
kept in the cycle, which produce highly com-
plex biomolecules, for example. These can 
be used in the pharmaceutical and cosmetics 
industries. The even greater use of polymeri-
sable molecules or plant fibres for clothing 
materials or composite materials is also cur-
rently being investigated (Redaktion 
Pflanzenforschung, 2010). In the future, the 
marine bioeconomy will take place both on 
land and in open waters. We will use the sea 
gently and sustainably, similar to what is 
currently being done in Iceland. But all pro-
duction processes that can be economically 
successful on land will also move there. 
Aquacultures in open waters will only have a 
future if  they can prevent the emission of 
substances and organisms and avoid expo-
sure to pathogens. In any case, they must fit 
into the surrounding system.

7.5  Conflicting Objectives

7.5.1  Economic Trade-Offs

As long as there is a market for cheap prod-
ucts that are not produced sustainably – i.e. 
not according to bioeconomic rules – a cir-
cular economy will not prevail in this sector 
either. In order to achieve this, (a) real alter-
natives to conventional products must be 
offered and (b) products must be available at 
competitive prices. To this end, the neces-
sary framework conditions are still lacking 
in some cases, such as the development of 
new production processes or tax relief  for 
such innovatively working companies. The 
new tax incentives for research, also for 
small and medium-sized enterprises, are in 
any case a step in the right direction.

7.5.2  Ecological Trade-Offs

Conservationist nature protection often pre-
vents the economic use of biological 
resources. Concepts are still lacking that 
allow areas to be managed in a sustainable 
manner while still preserving biodiversity. 
Possibilities for this were discussed in the 
previous chapters. At present, too many 
products are still being removed from the 
ecosystem without appropriate restocking 
measures. Compensation through sufficient 
land-based aquaculture facilities is also 
lacking. Another major challenge is to 
secure the already possible, gentle marine 
use in the area of algae harvesting by law 
and thus to enable this work to become 
attractive for operators of such facilities. 
This requires, on the one hand, a broad- 
based social education process about oppor-
tunities and risks, and, on the other hand, 
the creation of framework conditions that 
offer the highest possible security – both for 
the ecosystem and for the managers.

7.5.3  Technical Conflicts 
of Interest

The development of facilities for both dif-
ferent approaches to the economic produc-
tion of marine fish on land and zero-emission 
facilities in open waters is still at a relatively 
early stage, so that these do not yet represent 
a real alternative to the conventional pro-
duction of marine organisms.

The situation is similar with the develop-
ment of bioreactors for the propagation of 
animal and plant single cells. The existing 
approaches have so far been available mainly 
on a laboratory scale and some of them can-
not yet be used profitably. There is still a 
lack of corresponding economic commit-
ment to operate such facilities on a large 
scale. The greatest technical challenge will 
be the handling of saline water in land- based 
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aquaculture facilities. The solution to this 
lies in technically feasible and cost- effective 
recovery plants, so that recirculation plants 
are also the means of choice for this.

7.5.4  Conflicting Scientific 
Objectives

One of the main obstacles to the greater 
development of the marine bioeconomy is 
the still insufficient knowledge we have 
about the biological processes in the marine 
habitat. This ranges from ecological rela-
tionships to molecular and biochemical pro-
cesses. This requires broad-based basic 
research, flanked by parallel investigations 
into possible applications.

The companies interested in this are still 
not sufficiently networked with the corre-
sponding research institutions, which could 
be achieved, for example, through tax relief  
for the necessary research and development 
work. An effective innovation and funding 
framework designed for this purpose is cur-
rently still lacking.

7.5.5  Conflicting Objectives 
on the Consumer Side

On the consumer side, there is widespread 
scepticism towards biotechnological pro-
cesses and the products manufactured with 
them. There is a lack of broad-based educa-
tion here that explains the basics, possibili-
ties, but also risks of these technologies and 
thus increases consumer acceptance. A 
marine bioeconomy can only be successful 
if  it is of economic interest and can operate 
profitably.
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8.1  Introduction

 » The guiding principle of  the bioeconomy 
is the development of  a circular economy 
that enables the best possible recycling 
and multiple use of  raw materials and 
material flows – including across sectors – 
in the interests of  resource efficiency and 
sustainability (BMBF, 2014, p. 6).

Biogenic waste and residues do not compete 
with food or feed production. In addition, 
the risks to ecosystems and food security 
associated with their use are much lower 
than for forest wood residues and agricul-
tural biomass, which is why biogenic resi-
dues and waste materials in particular 
should be used to provide bioenergy 
(Acatech et  al., 2019).The use of biogenic 
wastes and residues is very important for a 
sustainable bioeconomy for the reasons 
mentioned above. The focus of this chapter 
is on the classification, current status and 
function of biogenic wastes and residues, as 
well as conflicting goals in their use.

8.2  System Description

In the waste- and residue-based bioecon-
omy, various groups of actors are interre-
lated. These are outlined in simplified form 
in . Fig. 8.1. In order to better understand 
the interrelationships, some important terms 
are defined below, actors and their responsi-
bilities are described, and the legal frame-
work is explained.

According to the legal definition, 
waste is any substance or object which its 
owner discards, intends to discard or is 
required to discard, cf. §3 section 1 of  the 
Circular Economy Act (KrWG, 2012). 
This also applies to biogenic waste. 
According to §3 Section 1 of  the KrWG, 
biogenic waste includes

 » biodegradable waste, animal or fungal 
garden and park waste, landscaping waste, 
food and kitchen waste from households, 
restaurants and catering, retail and simi-
lar waste from food processing plants, and 
waste from other sources […] insofar as it 
is comparable to the waste mentioned 
above.

The Biowaste Ordinance (BioAbfV, 1998) 
defines biogenic waste even more precisely 
by means of lists of substances and declara-
tions. According to this, biogenic waste is 
produced by consumers in households, in 
municipalities during the maintenance of 
green spaces, during the processing of bio-
mass in industry, but also on markets. Waste 
wood is also a biogenic waste insofar as it is 
subject to §3 Section 1 KrWG.  The Waste 
Wood Ordinance (AltholzV, 2002) distin-
guishes between industrial waste wood and 
used wood, whereby the latter must have a 
wood content of more than 50%.1 Industrial 
waste wood accumulates in wood processing 
companies, used wood is usually collected 
with the bulky waste collection in the munic-
ipalities. Another important biogenic waste 
is sewage sludge, which is produced in 
households and food processing and accu-
mulates in sewage treatment plants.
According to the legal definition, residues or 
by-products are not waste. So-called by-
products arise alongside the cultivation of 
biomass, for example straw in the produc-
tion of grain, residues alongside the main
products during production processes, for 
example sawdust in the production of wood 
products. If  a residual material or by-prod-
uct is reused, marketed (for example saw-
dust) or used for the production of other 
products, it is to be classified as a by-product 
(§4 KrWG). For example, residual wood 
that accumulates as a by-product is not 

1 In terms of  mass or weight.

 A. Schüch and C. Hennig
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waste wood. This applies, among other 
things, to uncontaminated residual wood or 
sawdust from wood processing or forest 
residual wood that accumulates during thin-
ning. According to the German Biowaste 
Ordinance (BioAbfV, 1998), plant residues 

that accumulate on forestry or agricultural 
land and remain on this land are not bio-
waste. This applies, for example, to sub-
stances such as straw, manure or slurry that 
are used to maintain the organic soil sub-
stance on the fields.

       . Fig. 8.1 Interaction of  the groups of  actors in a waste- and residue-based bioeconomy (highly simplified). 
(Source: Own representation)
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Politics, administration

 e.g. LUNG, StÄLU

Politik, Verwaltung

• Bundesministerien wie BMU, BMWi, BMEL, BMBF und Landesminsiterien und Ämter z. B. LUNG,   
 StÄLU

Resource provider

landscape management, etc., e.g.   
 manure and slurry, straw, forest residues, landscape management material

Economy/industry

• Food and wood processing industries, biofuel producers and others,e.g. Unilever, Danone,   
 Kellogg’s, Ecomotion, Verbio...

Markets, products

• Food, bio-based non-food products such as furniture, cosmetics, building materials, energy

End-of-life-Management

• Public waste management authorities, commercial waste collectors and recyclers, etc., takes place  
 e.g. in waste fermentation and composting plants, biomass cogeneration plants.

Media

• Advertising, news and reports on TV, internet, social media, daily newspapers; articles in trade   
 journals

NGOs

• e.g. Deutscher Naturschutzring (DNR) Umbrella organisation of German nature, animal and   
 environmental protection organisations, environmental and consumer protection associations

Organizations (nat. and int.)

• e.g. BBE, AEE, DGAW, Gütegemeinschaft Kompost, Bauernverband, Fachverband Biogas ...

Consumers

• are at the same time consumers of goods, waste producers and partly recyclers, are strongly   

Sponsors, investors

• Federal programmes e.g. ZIM State funding agencies, banks, project management agencies 
 e.g. FNR, PtJ

Competence centres (reg.)

• e.g. Biowaste Competence Centre of the Baden Württenberg State Institute for the Environment  
 or 3N Competence Centre e.V.

Science

• Universities, colleges, research institutions, research departments in business and industry

BMUV BMWK

       . Fig. 8.1 (continued)
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A substance is no longer to be classified 
as waste (end of waste status) as soon as it 
has been classified as it

 » has undergone recovery operations and is 
of  such a nature that it will be used for 
specified purposes, there is a market for it 
or demand for it, it meets all technical 
requirements applicable to its intended 
use and all legal requirements and appli-
cable standards for products, and its use, 
taken as a whole, does not give rise to 
harmful effects on human health or the 
environment.

This is relevant inasmuch as the bioeconomy 
is geared in particular to the extension of 
value chains through cascade use and the 
combined material and energy use of bio-
genic resources.. Figure  8.2 provides an 
overview of the types of biomass used to pro-
duce the energy products electricity, heat and 
fuels. It becomes clear that biogenic residues 
and waste materials are used in a very wide 
range of bioenergy technologies and can pro-
vide renewable energies in all sectors (waste 
and residues are mentioned as examples).

Residual and waste materials are subject 
to differentiated material flows during 
energy and material use. In a bioeconomi-
cally oriented economy, biomass flows that 
occur in large quantities, are single-variety 
and/or have value-giving properties and 
constituents, such as high contents of sugar, 
fat or lignin, are of particular importance. 
Currently, 10.3 million t of biowaste are col-
lected separately per year in Germany’s 
households, approximately half  of that is 
collected in the bio bin (Biogut) and collect 
systems for garden and park waste, so-called 
green waste (Destatis, 2018, reference year 
2017). Since 2015, this biowaste is to be col-
lected nationwide, on the one hand to reduce 
the organic content in residual waste, and on 
the other hand to make it usable as a valu-
able resource. The collected amount of bio-
waste increased slightly in recent years 
(Destatis, 2018; BMU, 2018). According to 
Brosowski et al. (2019), the technical poten-

tial of biogenic municipal waste (including, 
among others, the organic fraction of resid-
ual waste, market waste, commercial food 
waste, sewage sludge) is between 26 and 44 
million t dry matter. Due to the continued 
expansion of collection, the amount of bio-
waste is expected to continue to increase. 
Biowaste is treated in composting plants or 
combined with anaerobic digestion plants 
and used as compost or digestate mainly in 
agriculture (Schneider et  al., 2018; Ewens, 
2018). Sewage sludge, with 1.8 million t dry 
matter, is produced in smaller quantities 
compared to biowaste, but contains appre-
ciable amounts of limited available phos-
phorus, the recycling of which is becoming 
increasingly important for sustainable agri-
cultural production (Roskosch et al., 2018).

Industrial residues accrue with approx. 
15 million t dry matter (technical potential, 
Brosowski et  al., 2019) and are already 
largely used. However, there is potential for 
higher-value and/or more efficient use in the 
sense of the bioeconomy.

As can be seen in . Fig. 8.3, the amount 
of biogenic residues produced in agriculture, 
such as straw as a by-product, manure, 
slurry, etc., is very large at between 16 and 
almost 35 million t of dry matter per year 
(technical potential, Brosowski et al., 2019). 
These biomasses are currently used in ani-
mal husbandry (straw) and finally as organic 
fertilizers, although significant quantities 
are still available for energy and material 
related uses (up to 26 million t dry matter 
per year), taking into account nature con-
servation and sustainability aspects 
(Brosowski et al., 2019). Wood and forestry 
residues also have a large technical poten-
tial, with a maximum of 36.6 million t dry 
matter per year. Although the material and 
energy use of woody residues is very well 
developed, there is also significant untapped 
potential here (up to 10.9 million t dry mass 
or approx. 200 PJ2) (Brosowski et al., 2019).

2 PJ = Petajoule; measure for energy.
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       . Fig. 8.2 Overview of  biomasses and conversion pathways (biomasses highlighted in colour are to be assigned 
to wastes and residues). (Source: Own representation according to Acatech et al., 2019)
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In 2015, approximately 3.7% of final 
energy consumption was provided by waste3 
(UBA, 2019). Statistical data on the current 

3 Including non-biogenic waste; corresponds to 320 
PJ final energy (gross) (reference year 2015).

status of the share of biogenic waste and 
residues in final or primary energy consump-
tion in Germany are not available. If  the still 
untapped potential of biogenic waste and 
residues is used, 7–9% of the current pri-
mary energy consumption in Germany 
could be covered by waste biomass 

0 20,000 40,000 60,000 80,000 100,000 120,000

in 1,000 t TS

Residual material potentials and current use in Germany  (mean values, reference year 2015)

Technical potential

Theoretical potential

Material use

Energetic use

Material or energetic use

Agricultural 
by-products

1

Wood and 
forestry by-products

2

Municipal waste 
and sewage sludge

3

Industrial 
residues

4

Residues from 
other land

5

1 22 Individual biomasses: Digestate, vegetable crops, sugar beet leaves, potato haulm, cereal straw, rape 

pig slurry, pig manure, chicken liquid manure, cattle manure, pig manure, chicken dry manure, horse 
manure, sheep manure, goat manure, other poultry manure.

2 7 Individual biomasses: Forest residues (coniferous/leaved), bark, sawmill by-products and wood 
shavings, black liquor, other industrial residues, waste wood

3 14 Individual biomasses: Biowaste from private households, green waste, biog. proportion of used 
textiles, used paper, cooking oils/greases from private households, food waste from retail 
kitchen/canteen waste, leaves, biog. proportion of street sweepings, biog. proportion of sewerage, sludge 
from the food industry, sludge from the pulp/leather/textile industry, sewage sludge municipal wastewater 
treatment plants, biog. proportion of waste water for anaerobic treatment

4 23 Individual biomasses: 
from oil mills, starch production, bread/bakery production, breweries, malt houses, distilleries, wineries, 

5 11 Individual biomasses: Stalks and wood from landscape maintenance areas, roadside greenery/wood, 
railwayside greenery/wood, stalks/wood from orchards, stalks/wood from vineyards, driftwood/alluvial 
wood

       . Fig. 8.3 Biomass residue potentials and their current use. (Source: Own representation according to Bro-
sowski et al., 2019)
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(Brosowski et al., 2016). This share roughly 
corresponds to the current share of bioen-
ergy4 in final energy consumption (UBA, 
2019). If  primary energy consumption were 
halved, it would be5 possible to cover 
13–17% from biogenic waste and residual 
materials in the future (Klepper & Thrän, 
2019).

In Germany, biogenic residues and waste 
are already being used to generate renewable 
heat and electricity, but also to produce bio-
fuels (Naumann et al., 2019; Daniel-Gromke 
et al., 2017). In this context, the electricity is 
provided by cogeneration. For this purpose, 
the feed-in tariff  guaranteed for 20  years 
under the Renewable Energy Sources Act 
(EEG) or the current tender model for elec-
tricity from biomass is applied. Animal 
excrement, biowaste and commercial waste 
are used for the coupled generation of elec-
tricity and heat in biogas plants (Daniel- 
Gromke et  al., 2017). They account for a 
quarter of the total biogenic feedstock. 
Larger fermentation plants also feed in 
upgraded biogas into the natural gas grid in 
the form of biomethane.

The use of biogenic residues and waste 
materials in the fuel sector has gained in 
importance in recent years. Used cooking 
oils and fats, for example, represented the 
largest share of raw materials for biodiesel 
production in 2017. Biomethane used in the 
transport sector was produced from 100% 
waste and residual materials (Naumann 
et al., 2019). The increasing use of residues 
and waste materials in the biomethane sec-
tor since 2015 is particularly justified by the 
fact that production here is comparatively 
cheap and the potential greenhouse gas 

4 8.8% bioenergy share in 2018 results as follows: 
16.5% share of  renewable energy in final energy 
consumption; 53% of  the renewable energy pro-
vided was bioenergy.

5 The aim is to halve primary energy consumption 
by 2050 (Energy Concept 2050, Bundesregierung, 
2010).

(GHG) savings of up to 90% are very high. 
It thus represents a favourable option for 
meeting the greenhouse gas quota applica-
ble in Germany. In contrast, waste and 
residual materials have so far played a rather 
marginal role in the production of bioetha-
nol used in Germany, accounting for 0.2% 
of the raw material base (60 TJ6) (Naumann 
et al., 2019).

Waste and residue-based fuels can be 
counted among the so-called advanced 
renewable fuels, such as methane from bio-
waste (Meisel et al., 2019). With the amend-
ment of the Renewable Energy Directive, 
advanced biofuels based on waste and resi-
dues were given more relevance according to 
Annex IX, Part A (RED, 2018) with the 
establishment of a dedicated sub-quota of 
3.5% of the EU fuel mix by 2030. However, 
taking into account double counting, this 
target is not ambitious enough to achieve a 
more comprehensive use of residues and 
wastes in the fuel sector (Naumann et  al., 
2019). Assuming the current final energy 
consumption of 2755 PJ (in 2017, BMWi, 
2018a, b) in the German transport sector, 
this 3.5% share corresponds in real terms to 
only 1.75% or 48 PJ.

In addition to the legal framework con-
ditions, the technological development of 
digestion processes and the adaptation and 
optimisation of plant concepts, for example 
for using lignin-based biomass, represent a 
challenge. At the moment, the integration of 
these processes is at the demonstration stage. 
In addition, the costs of these production 
processes must be reduced so that they can 
become established compared to existing 
processes. A market launch would expand 
the range of residual materials that can be 
used, such as straw, and thus enable a more 
comprehensive energy use of these material 
flows (acatech et al., 2019).

6 TJ  =  terajoule, 1 TJ  ≈  278 MWh, measure of 
energy.
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8.2.1  Legal Framework 
for Biogenic Waste 
and Residues

The legal framework for biogenic waste and 
residues is defined by laws and directives at 
EU and implemented at federal and state 
level. For waste, the binding waste hierarchy 
specifies the order of priority for waste man-
agement measures: (1) prevention, (2) prepa-
ration for reuse, (3) recycling, (4) other 
recovery, in particular energy recovery, (5) 
disposal (KrWG §6). This also applies to bio-
genic waste. In the long term, disposal is to be 
largely avoided in the sense of cascading use 
without waste (zero waste). The waste- and 
residue-based bioeconomy focuses primarily 
on the areas of combined material and energy 
recovery and recycling. . Figure  8.4 pro-
vides an overview of the relevant legislation, 
although this is only a selection and should 
not be regarded as comprehensive.

In addition to current regulations and 
laws, federal policies and programmes also 
influence and thus support the waste- and 
residue-based bioeconomy:

 5 According to the Climate Protection 
Plan 2050

 » “the use of  bioenergy from residual and 
waste materials will make an important 
contribution to cross-sectoral energy 
supply[...] In this context, it is important 
to develop efficient strategies for the 
material use of  biogenic resources, in 
which energy recovery is only at the end 
of  a cascade (p. 35)”. Furthermore, the 
“[...] development towards advanced 
biofuels mainly based on residual and 
waste materials and with high GHG 
reduction values is expected (p. 51)”. “As 
an example, the resource biowaste must 
be used even more than before for energy 
and materials in cascades” (BMU, 2016, 
p. 58).

Circular Economy
Act

Management Act 
(KrWG)

(DepV)

Biowaste 
Ordinance 
(BioAbfV)

Federal 
Immission Control 

Act (BImSchG)

Animal 
By-products 
Disposal Act 
(TierNebG)

Combined 
Heat and Power 

Act (KWKG)

Biomass Sustaina-
bility Ordinance 

(BioStrNachV)

Biofuel 
Sustainability 

Ordinance 
(Biokraft-NachV)

Biofuel 
Quota Act 

(BioKRaftQuG)

Renewable 
Energies 
Act (EEG)

Renewable 
Energies
Heat Act 

(EEWärmeG)

Biomass 
Ordinance 

(BiomasseV)

Federal Soil 
Protection Act 

(BBodSchG)
Federal Soil 
Protection
Ordinance  

(BBodSchV)

Fertiliser Act 
(DüngG)

Ordinance on the
Application of

Fertilisers
(DÜMV)

Fertiliser 
Ordinance 

(DüV)

Farm Manure 
Ordinance 
(WDüngV)

Sewage Sludge 
Ordinance 
(AbfKlärV)

Waste Wood 
Ordinance 
(AltholzV)

       . Fig. 8.4 Legislation at national level with reference to bioenergy or biogenic waste and residues (selection). 
(Source: Own representation)
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 5 Among other things, the German sus-
tainability strategy calls for an increase 
in total raw material productivity of 
+1.5% per year (2030), which can only be 
achieved through waste prevention and 
an extension of useful life, for example 
through cascade use (Bundesregierung, 
2016).

 5 The German Resource Efficiency Pro-
gramme II (2016) also formulates an 
increase in total raw material productiv-
ity: by 30% by 2030 compared to 2010 
(BMUB, 2016).

Waste prevention, especially of food waste, 
is formulated as an important goal of all 
three programmes. Working groups such as 
the “Fundamental Issues in Waste 
Management” working group of the 
German Waste Management Association 
(Deutsche Gesellschaft für Abfallwirtschaft 
e. V.) deal intensively with criteria for high-
quality recycling. As a position paper, this 
provides impetus for policy and the design 
of legal framework conditions.

8.2.2  Responsibilities and Actors

Depending on their origin, there are differ-
ent responsibilities and actors for biogenic 
waste and residues. In Germany the state 
offices are responsible for compliance with 
waste legislation (e.g. control of evidence, 
operator reports, data collection) and 
immission control and are subordinate to 
the relevant ministries of the federal states. 
In the area of agricultural and forestry resi-
dues, the ministries of agriculture are 
responsible.

Waste from households and household- 
like commercial waste must be handed over 
to the municipalities and districts, which act 
as public waste management authorities 
(§17 KrWG). The public waste management 

authority is responsible for collection, dis-
posal and recycling. The quality and quan-
tity of municipal biowaste are influenced by 
many factors and actors: the fee structure, 
collection container size and collection 
intervals are determined by the local author-
ity. How much is actually collected and how 
sorted the biowaste or green waste depends 
not only on the collection system but also to 
a large extent on consumer behaviour, which 
in turn depends on the acceptance of sepa-
rate collection by the population. 
Information in the media or through tar-
geted public relations work on site about the 
usefulness of biowaste collection and its 
positive effect on the environment and cli-
mate can motivate citizens and thus posi-
tively influence the quantity and quality of 
the biowaste collected. Improved service, for 
example through shorter collection intervals 
in summer to prevent odour development, 
or the provision of suitable collection bags, 
help to improve acceptance (Kern et  al., 
2018). Offering larger collection containers 
usually leads to higher collection rates of 
garden waste (Kern et al., 2010).

The treatment and recycling of biowaste 
takes place in plants that can be operated by 
municipalities or also by private entrepre-
neurs. This operator is also responsible for 
the marketing of the recycled products 
(energy, if  applicable) and the disposal of 
non-recyclable fractions. If  the treatment of 
the waste is contracted out, the municipality 
can influence the type of treatment through 
the design of the tender and, for example, 
request the integration of an anaerobic 
digestion stage. Climate protection targets, 
legal requirements or favourable economic 
conditions (in the past the Renewable 
Energy Sources Act [EEG]) can be triggers 
for this. The recycled products, such as com-
posts or fermentation residues, are mainly 
used as fertiliser in agriculture or sold to 
small consumers, where they can be used 
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again to produce food, fodder or plant raw 
materials. Or they are marketed to soil man-
ufacturers, who then mostly produce prod-
ucts such as quality soils or organic fertilizers 
for the retail trade.

Biogenic waste from industry and com-
merce, such as catering, slaughterhouses, 
food manufacturers, etc., does not have to 
be handed over to the public waste manage-
ment authorities, but must be treated by a 
specialist disposal company. The waste man-
agement company is responsible for the col-
lection and treatment or recycling as well as 
for the marketing of the end products (mate-
rials, energy) and the disposal of non- 
recyclable fractions. In part, there is a market 
for non-toxic, easily fermentable waste for 
recycling in fermentation plants. Proper dis-
posal must be proven in all cases.

Sewage sludge is produced at wastewater 
treatment plants operated by special- 
purpose associations or municipalities. 
Treatment (fermentation, stabilisation, dry-
ing) can be carried out either there or at 
other facilities, including those operated by 
the private sector. Utilisation in agriculture 
is currently still possible  – but varies from 
place to place. Disposal in incineration 
plants, which are mostly privately owned, is 
steadily increasing.

For by-products, the responsibility is in 
private hands, but authorities have control 
tasks to ensure that the overall use does not 
lead to harmful effects on humans and/or 
the environment. There is a market for by- 
products such as uncontaminated wood, 
sawdust or straw. Other commercial play-
ers use by-products as a resource for exam-
ple to produce chipboard, insulation 
materials, building materials, chemicals 
etc. These facilities are also usually pri-
vately owned. Data on how many of  these 
by-products are generated and recycled is 
not available. According to research by 
Mantau et al. (2018), wood is already being 
used in a cascading manner. This can be 

deduced, among other things, from the fact 
that in Germany, approximately 127 mil-
lion m3 of  wood was put to use annually, 
but only 62.5 million m3 were removed 
from the forest (reference year 2016, data 
were adjusted for exports and imports, 
respectively) (Mantau et al., 2018).

Interest groups represent their respective 
industry, provide information about it and 
advocate for their own interests. They are 
also active in policy advice and engage in 
lobbying to strengthen their position and, 
for example, to influence political processes 
in their favour. In addition, they can also 
take on advisory and/or monitoring func-
tions, such as the Gütegemeinschaft 
Kompost (Compost Quality Association). 
This association awards and monitors a seal 
of quality which guarantees defined quali-
ties of composts and fermentation products. 
The quality association also issues recom-
mendations for manufacturers, plant opera-
tors and users.

8.3  Conflicting Targets

The waste- and residue-based bioeconomy 
gives rise to various conflicts of objectives, 
both today and in the future, which need to 
be resolved. These conflicts are caused by 
the different interests of the groups of 
actors, but also result from conflicting or 
competing overriding goals. As an approxi-
mation to a structuring of the conflicting 
goals, . Fig. 8.5 outlines selected goals of 
the groups of actors with regard to ecologi-
cal, economic aspects or other goals or 
wishes.

It is obvious that the goals of the various 
groups of actors differ considerably in some 
cases, which leads to conflicting goals. In the 
following, those conflicting goals that are 
particularly relevant for a waste- and 
residue- based bioeconomy will be addressed 
and explained in more detail.
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8.3.1  Conflicting Targets in the 
Generation, Collection 
and Processing of Biogenic 
Waste and Residual 
Materials

Biogenic waste and residual materials are 
limited. Although the amount of municipal 

biowaste collected can be increased by 
expanding collection, the general priority 
should be to avoid waste  – especially food 
waste. High-quality recycling is only possi-
ble with little decomposed “clean” biowaste 
at a reasonable cost. The effort for short 
emptying cycles leading to “fresh” biowaste 
is opposed to the economic efficiency of col-
lection, especially in sparsely populated 

Consumer / Citizen Uncontaminated, 
healthy food, jobs

High quality and 

energy; low waste 
management fees.

Intact clean environment

Private sector/
economy

Optimization of own 
processes/facilities 

possibly combined with 
expansion of capacities; 

market shares for 
products / technologies / 

Low emissions

Politics / 
administration

Cost recovery for waste 
treatment; regional 

added value

Compliance with 
regulations and 

legislation (e.g. develop-
ment towards a circular 

economy); infrastructure 
development

Climate protection 
targets, energy policy, 
environmental policy 

targets 

organisations 
(int. / nat.) / NGOs, 
clubs, associations

Recruit / 
retain members politics, economy, if 

necessary science, 
discussion/dialogue 
through information 

dissemination and
campaigns 

e.g. intact environment, 
protection of endangered 

species, consumer 
protection

Science Raise funds 
for research

Generating new 
knowledge, free research, 
accompanying research

Environmental and 
nature conservation, 

climate protection

Media (for private media also Dissemination of 
information, educational 

mission, consumer, 
political and economic 

attention

Banks / Investors Innovations with 
economic potential; 

Future-oriented, clean 
“green” technologies

Ecological aspects Economic aspects Other goals / wishes

       . Fig. 8.5 Goals of  stakeholder groups. (Source: Own representation)
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areas. In Germany, the separation of waste 
has been established for a long time, but mis-
directed waste still poses enormous prob-
lems for biowaste management. Although 
the inclusion of densely populated areas in 
biowaste collection leads to higher collec-
tion volumes of kitchen waste, it also leads 
to higher proportions of foreign and con-
taminated materials, which can only be con-
trolled to a limited extent from a technical 
point of view. Accompanying education can 
lead to improvements, among other things, 
in the acceptance of clean waste separation.

Operators of waste treatment plants cur-
rently have the goal of safe waste recovery at 
reasonable costs (resulting in waste fees) or 
yield optimisation (especially energy and/or 
high-quality compost) and not to provide a 
raw material or to produce new products. 
Currently, there is a problem to sell compost 
in agriculture in a cost-covering way, which 
is related to remaining foreign materials 
(plastic, glass), bureaucratic hurdles, the 
supply of alternative organic fertilizers and 
the requirements of the fertilizer ordinance 
(Kern et  al., 2018; Idelmann & Kleyboldt, 
2018; Block, 2018). This currently stands in 
the way of the recycling of biowaste and the 
demand-oriented use of composts and fer-
mentation products.

Although biodegradable packaging 
reduces the consumption of fossil raw 
 materials, it is difficult to recycle it in the 
established recycling systems and it also 
makes the recycling of conventional plastic 
more difficult.

There is a very large biomass potential in 
the area of agricultural residues. However, 
there are various hurdles in the way of 
exploiting this potential. For example, straw 
as a by-product of grain production is 
already used in agriculture for maintaining 
the organic soil substance or in animal hus-
bandry. For the farmer, straw has at least the 
value of the minerals it contains, which he 
must replace when it is removed. On the one 
hand, there is the challenge of logistics for a 

biomass with low energy density, and on the 
other hand, there is the connection between 
demand and supply, which affects the price. 
Business models for new uses in the sense of 
the bioeconomy are therefore difficult to 
develop. For the utilisation of liquid manure 
and dung, the low energy content reduces its 
transportability.

Other biomasses whose utilisation is 
associated with various difficulties are the 
landscape conservation materials. These can 
be stalk-like or woody, which require differ-
ent recovery routes. Furthermore, efficient 
and economic logistics for landscape conser-
vation materials are also difficult to realize, 
which is also impacted by the large number 
of actors involved and their responsibilities 
(for example farmers, local authorities, 
landscape management associations, soil 
and water associations, road construction 
authorities, etc.). The actors usually act in 
isolation. In addition, legal hurdles to use 
arise if  the material is classified as waste.

8.3.2  Conflicting Targets in the 
Use of Biogenic Waste 
and Residues for Energy 
and Material Purposes

Conflicting targets in the energy use of resi-
dues and waste materials arise from the pur-
suit of independent objectives in climate, 
energy and environmental policy. For exam-
ple, the goal that bioenergy from residual 
and waste materials should make an impor-
tant contribution to cross-sectoral energy 
supply can pose a challenge. Due to the lim-
ited supply of residual and waste materials, 
these material flows cannot serve all sectors 
equally in the long term. Their system con-
tribution must therefore be identified and 
developed. The decisive factor here is the use 
of biogenic residual and waste materials in 
places where other renewable energies can-
not make a contribution or can only do so at 
higher cost (acatech et al., 2019).
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In addition, policy instruments that 
incentivise increased use in energy supply 
can affect the material use of these material 
flows. A prominent example is the use of 
waste wood for electricity and heat genera-
tion. The ban of landfilling for this materials 
and the simultaneous introduction of subsi-
dies for the use of waste wood for energy 
purposes under the Renewable Energy 
Sources Act (EEG) have indeed resulted in 
that all waste wood streams are currently 
being tied up in recycling routes. However, 
the use of waste wood for energy and mate-
rial purposes compete with each other, 
which has led to an increase in prices with, 
in part, a higher willingness to pay when 
used for energy provision.

It should also be noted that the cascad-
ing of biomass carries the risk that contami-
nants can accumulate in a circular economy. 
It should also be noted that biobased mate-
rials degrade. In contrast to municipal bio-
waste, waste fermentation plants compete 
for industrial organic waste for which high 
disposal fees can be achieved or which has a 
high energy content and favourable fermen-
tation properties.

Biogenic waste and residues can often be 
used in different systems. As described, there 
is already competition between thermal and 
material use for waste wood residues. The 
use path is determined by cost factors, not 
by sustainability criteria.

Current responsibilities and the legal 
framework for biogenic waste and resi-
dues ensure compliance with environmen-
tally sound treatment and disposal or the 
protection of  agricultural land, but may 
at the same time hinder novel recovery 
pathways.

8.4  Innovations

The new aspect of  a future bioeconomy is, 
that biogenic waste and residues should 
build the basis for it. These biomasses 

should be raw materials that are utilised in 
cascades and not primarily be treated and 
disposed.However, this is only possible with 
fundamentally changed ways of  thinking, 
new business models and adapted frame-
work conditions. For example, the recycling- 
oriented design of  consumer goods 
improves their recycling possibilities enor-
mously or even makes recycling possible. In 
the future, bio-based products must also be 
recyclable. Processing methods must be 
adapted in such a way that, in addition to 
lower raw material and energy consump-
tion, waste streams can also be avoided or 
made usable. The potential of  biogenic 
waste and residual materials is limited. By 
optimising existing use and mobilising pre-
viously unused potential, a more efficient 
application can be implemented in the 
future.

The further development of new recy-
cling methods, products and processes to 
create and extend value chains is also already 
part of research and development today. 
Some examples are briefly described in this 
chapter. However, the innovations required 
for a waste- and residue-based bioeconomy 
must go far beyond this and include not only 
technical and economic aspects, but also 
social aspects.

In future, the conversion processes that 
convert biomass into chemicals, products, 
heat or energy will be more closely linked. In 
biorefinery concepts, for example, not only 
one main product as well as wastes and resi-
dues will then be provided, but several main 
and by-products and/or energy. In this way, 
the recycling of biogenic wastes and residues 
can generate not only energy and organic 
fertilizer, but also high-quality recycled 
products that serve as feedstock for further 
processing, such as organic acids, proteins, 
fibres, etc.

In future, carbon dioxide from biomass 
plants would no longer be released into the 
atmosphere as an emission, but would also 
be kept in circulation or stored and thus 
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withdrawn (BECCS7). The technologies 
required for this are already available today, 
such as biological or catalytic methanation, 
the production of methanol, etc. CO2 is a 
by-product of biogas upgrading and is 
rarely used as a material, especially in waste 
fermentation plants. By means of biological 
methanisation, the CO2 contained in the 
biogas can be used without capture. Together 
with electrolysis, which uses excess electric-
ity from fluctuating sources, biomass plants 
can thus make a valuable contribution to the 
energy transition and climate protection. 
There is a need for innovation in the devel-
opment of the BECCS plant technology 
itself  as well as in the design and construc-
tion of a transport and storage infrastruc-
ture for the carbon dioxide (Thrän, 2019).

. Figure 8.6 presents examples of  some 
innovative processes. Most of  these are still 
being developed or tested, but some have 
already been implemented in practice. The 
technical innovations can develop into 
economic ones, for example new business 
models.

Social innovations can increase the 
acceptance of new products or processes or, 
for example, lead to a higher quality and 
quantity of collected waste fractions. Waste 
management companies are working to 
make collection more consumer-friendly 
and to involve citizens in decision-making 
processes. New media are particularly suit-
able for this purpose, in addition to classic 
measures such as citizen surveys and the 
like. Positive experience has been gained in 
pilot projects in which apps were used to 
obtain citizen feedback on satisfaction with 
waste collection: Collection site clean, con-
tainers overfilled and the like. This feedback 
has been used to manage the routes of waste 
collection vehicles, resulting in cost savings 
(no empty trips) and more satisfied custom-

7 BECCS  – Bioenergy with Carbon Capture and 
Storage.

ers (demand is taken into account). Waste 
management apps and websites have been 
developed and continuously improved, for 
example to help with single-sort collection 
(what goes where, where to find suitable dis-
posers). Disposal calendar apps of the local 
authorities are already state of the art and 
remind of collection dates or inform about 
changes.

A wide variety of approaches to the 
waste- and residue-based bioeconomy can 
be found in international research. For 
example, the path from “classical” biorefin-
eries to a sustainable circular economy is 
intensively discussed (O’Callaghan, 2016; 
Venkata Mohan et  al., 2016; Maina et  al., 
2017; Nizami et al., 2017; Bell et al., 2018; 
Dahiy et al., 2018; Zabaniotou, 2018).

However, innovative processes and value 
chains can also give rise to new conflicts. For 
example, new recycling routes can jeopardise 
the economic viability of existing recycling 
plants (even if  they operate sustainably). In 
the area of industrial organic waste, there is 
already competition in which the lowest dis-
posal price rather than the most sustainable 
recycling is the deciding factor. New prod-
ucts can ultimately only become established 
if  they are accepted by society, i.e. by the 
consumer. However, the legislator can pro-
vide an adapted legal framework for innova-
tive processes and new value chains.

8.5  Images of the Future

What does a waste and residue-based bio-
economy of the future look like? The sce-
narios range from the “desirable” (ideal 
from the point of view of individual actors) 
to the “possible” (derived from a combina-
tion of non-contradictory development 
directions) and the “probable” (for example, 
based on expert forecasts) to the “sustain-
able” (evaluation of the development direc-
tions from the point of view of sustainability) 
(Schug et al., 2007, 2008).

Waste and Residue-Based Bioeconomy



138

8

A complete, environmentally compatible 
recycling of all municipal waste in the sense 
of a circular economy, which is intended to 
make waste disposal in landfills superfluous, 
will have a major influence on the German 
waste management industry. For the “econ-
omy without waste”, i.e. a “circular econ-

omy”, extensive recycling will be necessary, 
but also the acceptance of recycled products 
in the economy and society. In the project 
“KIDA  – Cooperation in Waste 
Management”, future scenarios of waste 
management were examined and discussed 
(time horizon 2007  +  ten to 15  years). 

Product

Silicate Silicate from biomass such as straw, sedges (ashes), etc. for the production of catalysts or for use 
as an additive in plastics and elastomers, paints and varnishes as well as glues and sealants.

Sugar Extraction of lignocellulose-based sugars as an industrially available base chemical for 
subsequent high-quality bioproducts (biochemicals, biopharmaceuticals, bioplastics, etc.) from 
agricultural residues such as straw, e.g. using the  LC2GreenSugar® process .

Chemicals
and auxiliary 
materials

Example leather industry: collagen-containing shavings and cuttings are used to produce and 
use “X-Biomer” retanning agents on site (LANXESS ).

: CapAcidy ): combined production of the fatty acids capric and 
caprylic acid and biogas from biomass, a project of the Helmholtz Centre for Environmental 
Research and the German Biomass Research Centre which received the Biogas Innovation 
Award in 2019. The developed process is based on an anaerobic fermentation process in which 
complex substrates can be used without cost-intensive pre-treatment. This is followed by a 

Biochar Thermochemical processes (pyrolytic or hydrothermal processes) can be used to produce 
biomass carbonisate (biochar) from biomass. These processes have been 
known for a long time such as for charcoal production. In the area of wet biogenic waste, 

is associated with challenges. The company TerraNova  has successfully developed an HTC plant 
for the treatment of sewage sludge and put it into practice. Biochar production can be coupled 
with phosphorus recovery. Processes from other companies are also ready for the market.

Biopolymer In the joint research project SYNPOL , research was conducted into the production of 
biopolymers through synthesis gas fermentation. Organic waste was used as the starting 
substrate.

Protein 
and fat

: In Austria, the company 

substitute for aquaculture, using the industrial by-product beer pomace as food source. In 
Saxony, the company “Bio S” has successfully produced larvae on a pilot scale.

Lignin Extraction from agricultural or woody residues or digestate.

Explanation

1) https://www.oav.de/iap-32017/artikel-417.html
2) http://www.synpol.org/Dissemination/
3) https://lanxess.de/de/corporate/corporate-responsibility/credentials/auszeichnungen/
4) https://biooekonomie.de/foerderprojekt/ibom02-capacidy-bio-basierte-capron-und-caprylsaure-herstellung-aufreinigung-0
5) 

  (Regulation (EU) 2017/893).
6) http://terranova-energy.com

       . Fig. 8.6 Examples of  new products, processes or applications using organic waste and residues or agricul-
tural residues. (Source: Own representation)
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Various scenarios were developed from the 
aforementioned project (Schug et al., 2007, 
2008):

 5 Scenario 1: ecologically oriented resource 
management from an energy point of 
view where the responsibility lies with 
the municipalities and at the same time 
an international orientation and a con-
centration of players

 5 Scenario 2: regional orientation of waste 
flows without integration of environ-
mental aspects at high costs

 5 Scenario 3: complete recycling of the 
decreasing quantities of waste in large- 
scale plants with sufficient availability of 
energy and raw materials, also due to 
energy recovery from waste

In order to describe the images of the future 
in more detail, a selection was made from 
possible development scenarios during 
workshops held by various groups of actors 
(KIDA project). Possible development direc-
tions of the key factor “waste as a resource” 
would be, for example (Schug et al., 2008):

 5 A worldwide shortage of raw materials 
causes the activation of all raw material 
resources in waste and leads to the use of 
every last gram.

 5 Scandals involving secondary raw mate-
rials have caused a complete collapse in 
acceptance among users and the general 
public. Everyone demands “primary 
goods”.

 5 High primary energy prices make the use 
of waste as a fuel economical. Even high 
costs for processing are accepted.

 5 The hunger for raw materials of the so- 
called emerging countries such as China 
or India is sucking the world market dry. 
The requirements for materials in these 
regions are significantly below the Euro-
pean standard  – the “co- incineration 
market” in Europe is collapsing.

A look at the future scenarios developed 
about twelve years ago (KIDA project) 

allows an assessment of whether the 
expected development has occurred. Some 
things have been regulated differently by 
legal frameworks, some global influencing 
factors are stronger or weaker – the develop-
ment of many of the key factors considered 
is still unclear and there is controversy 
among the groups of actors as to which 
should be the right direction.

In an ecologically oriented resource 
economy (scenario 1), it is assumed that 
waste will be recycled down to the last gram 
in future, whereas this is viewed critically in 
scenario 2. There, it is rather assumed that 
the acceptance of secondary raw materials 
will collapse due to quality deficiencies 
(Schug et al., 2008). This clearly shows that 
the success of what is “desirable” for 
resource and climate protection reasons  – 
the complete recycling of waste – is associ-
ated with hurdles, especially with regard to 
acceptance. The cascade use of waste as a 
resource is a central element in the waste- 
and residue-based bioeconomy. The exten-
sive utilisation of waste and residual material 
flows that have not yet been optimally uti-
lised is seen as feasible in the short and 
medium term in order to contribute to cli-
mate protection.

Very idealised images of  the future of 
the bioeconomy were developed in the proj-
ect “BioKompass  – Communication and 
Participation for the Societal 
Transformation to the Bioeconomy” 
(Kimpeler et al., 2018). Biogenic waste and 
residual materials are largely avoided, 
unavoidable waste is recycled and regional 
material cycles are promoted. Depending 
on the scenario, global material cycles are 
also considered. What all scenarios have in 
common, however, is the radical transfor-
mation of  lifestyles, including nutrition 
(massive reduction in meat consumption), 
through to consumer behaviour and waste 
avoidance  – especially of  food waste  – as 
well as a high level of  environmental aware-
ness among the population.

Waste and Residue-Based Bioeconomy
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In contrast to the use of energy crops, 
the energy recovery of residual and waste 
materials that are not suitable for material 
use or recycling is highly accepted. This is 
due in particular to the fact that the cultiva-
tion of primary raw materials for energy use 
in competition with food, animal feed or 
bio-based material production is seen as 
requiring a large amount of land or as an 
undesirable change to the landscape. A cur-
rent study on future fields of application of 
bioenergy shows that the raw material issue 
is the decisive component for generating 
social acceptance and thus a successful 
application of biomass in the energy system. 
Consequently, the evaluation of the role of 
bioenergy in the future energy system 
focuses on an increased use of residual and 
waste materials for the expansion of the 
resource base (Klepper & Thrän, 2019).

Key factors for the acceptance of energy 
infrastructures are

 5 the acknowledgment of the necessity,
 5 a perceived personal benefit,
 5 experienced self-efficacy and
 5 emotional identification (acatech et  al., 

2019).

These factors also influence the acceptance 
of a comprehensive material use of waste 
and residual materials in a future bioecon-
omy and especially the change of living hab-
its.

7 Section 8.2 has already partly 
explained the developments to which the 
waste and residual material flows described 
are subject to. Despite immigration, a slight 
population decline is still expected in 
Germany (Destatis, 2019), which, together 
with increasing waste avoidance, could lead 
to falling waste volumes in the long term. 
An economy without waste is an ambitious 
long-term goal which, in addition to the 
implementation of technical innovations, 
can only be achieved with social change and 
broad acceptance.

However, it is non-controversial among 
experts that thermal waste treatment will 

continue to be an important pillar of waste 
management in the future for reasons of 
environmental and health protection. The 
extent to which waste will become an inte-
gral part of the energy supply is difficult to 
estimate. Since many thermal power plants 
that were also involved in cogeneration will 
go offline in the next few years, waste-to-
energy plants could fill a gap in the heat sup-
ply (Flamme et  al., 2018). Optimised 
waste-to-energy use of the future could be 
characterised by the following keywords: 
integrated, decentralised and heat-led.

Waste should therefore be recycled where 
it is produced, which generally also enables 
effective heat utilisation. The integrated 
operation of various supply and disposal 
facilities can leverage synergies, thereby 
reducing costs and optimising ecological 
benefits (for example, the system of waste 
incineration – sewage treatment plant – bio-
waste treatment) (Flamme et al., 2018).

If  one follows the analyses of the 
Intergovernmental Panel on Climate Change 
(IPCC), bioenergy will most likely not only 
be CO2-neutral from the middle of the cen-
tury onwards, but will also contribute to 
removing CO2 from material cycles and 
being able to store it permanently through 
BECCS (Rogelj et al., 2018). Thus, different 
images exist for the future use for bioenergy. 
Depending on which developments are 
socially prioritised, accepted and promoted, 
different preferred biomass applications 
emerge. So-called switch points are (acatech 
et al., 2019):

 5 Heat network infrastructure: available or 
not?

 5 Liquid biofuel technologies based on lig-
nocellulose: ready for the market or not?

 5 CCS technology as a climate protection 
instrument: accepted or not?

If  a heat network infrastructure is main-
tained and expanded, the heat supply will be 
based on small and large combined heat and 
power (biomass) plants, depending on the 
urban structure. This will be combined with 
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a flexible electricity supply to support fluctu-
ating renewable energies. For this, ferment-
able biomass as well as straw and wood are 
used in different technologies. If  this path-
way is not prioritised, lignocellulosic bio-
mass will be increasingly used for heat in 
industrial processes and BECCS and possi-
bly on a larger scale for biofuels, so-called 
lignofuels. If  such lignocellulosic fuels 
become competitive, they could be produced 
in centralised large-scale biorefineries. Such 
very complex biorefineries can only work 
economically if  an industrial scale is 
achieved. The necessary preliminary stages, 
which focus on the feedstocks, must be pro-
duced decentrally in order to increase the 
transportability of the biogenic input mate-
rials. At the same time, a market for the new 
fuels and the by-products must also develop. 
The application of CCS technology as a cli-
mate protection instrument has a major 
influence on the bioenergy technologies that 
will be preferred in the future; for efficiency 
reasons, large biomass plants and biomass 
use in industrial processes will be prioritised. 
In addition to the market maturity of CO2 
capture from flue or exhaust gases, safe 
 transport and storage of the captured car-
bon dioxide are also necessary for wide-
spread implementation.

Decisions on the above three switching 
points will lead to clear preferences as to 
where the limited biomass should be used 
in the future. Regardless of  this, the cas-
cade use of  biogenic waste and residual 
materials helps to save energy and resources 
and, in addition, to temporarily store CO2 
in products.
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9.1  System Description

Everyone is talking about “digitalisation” – 
but those who talk about it do not always 
mean the same thing. Interpretations range 
from the expansion of the information 
superhighway, which is more a question of 
infrastructure, to artificial intelligence as a 
vision for a medium to distant future in 

which machines take over a large part of the 
work. The scope and time horizon of what is 
understood by digitalisation sometimes dif-
fer quite considerably.

In the context of the bioeconomy, too, 
“digitalisation” describes a whole range of 
different aspects. What they all have in com-
mon is that it is essentially about the collec-
tion, electronic processing and exchange of 
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data. For biotechnological research and 
development, the following definition can 
apply:

 » In this context, we understand the term 
‘digitalisation’ to mean the comprehensive 
virtualisation, i.e. the creation of  digital 
images, of  resources, workflows and pro-
cesses in the context of  the development 
of  products and production methods, 
right through to the operation of  biotech-
nological production processes 
(DECHEMA, 2018, p. 4).

New analytical methods (“Big Data”) and 
the linking of data from different sources 
allow new insights to be gained. 
Digitalisation also includes feedback: pro-
cesses can be automatically controlled and 
optimised at a wide variety of levels. As a 
rule, the goal can be considered to be to 
increase resource and product efficiency – at 
all stages of value creation from research 
and development to closing material cycles 
on a large scale (Klitkou et al., 2017). In the 
bioeconomy, this does not only concern the 
individual laboratory or company and its 
internal data flows, but encompasses differ-
ent sectors such as agriculture, logistics, pro-
cessing industry up to end users and 
authorities. At the same time, rules must be 
created for the exchange of data, for exam-
ple by setting standards that make data 
flows possible in the first place, or through 
governance that ensures data protection.

9.1.1  Data Sources

In view of the diversity of data generated in 
the context of the bioeconomy, this sector 
seems predestined for digitalisation. In the 
bioeconomy, digitalisation activities have 
been underway for some time at various 
points in the bioeconomy circle. They range 
from the molecular level to the systemic con-
sideration of the bioeconomy in all its 
dimensions, but have so far usually only cov-
ered a sub-area such as high-throughput 

technologies in research and development or 
the availability and plannability of resources 
from agriculture and forestry. The challenge 
lies in linking and interpreting these data, 
which describe a wide range of dimensions 
and are therefore available in a variety of 
formats, in a meaningful way.

Data is generated, for example, in plant 
breeding, from screening the ingredients of 
different plants for breeding selection to 
molecular biological methods that can be 
used to determine properties on the basis of 
the genome. In agriculture itself, data relat-
ing to the environment  – such as soil con-
stituents or moisture levels – play a role, as 
do weather data. And in both agriculture 
and forestry, remote sensing can be used to 
obtain data on the crop per area and the 
condition of the plants (maturity, diseases, 
pest infestation, etc.).

9.1.1.1  Research and Development
Biotechnological methods play an essential 
role in the use of renewable resources. 
Enzymes are able to precisely transform the 
complex components of biomass. In order 
to develop and use such methods in a tar-
geted manner, it is important to understand 
what is happening at the molecular level. 
Enzymatic processes have long been used in 
industry. In food production, they are 
almost as old as the processing of food 
itself – a frequently cited example of enzy-
matic fermentation with whole cells is beer 
brewing, which was already known to the 
Sumerians around 3000  BC.  Via the phar-
maceutical industry with its large and com-
plex molecules, often based on natural 
substances, biotechnology has now also 
found its way into the chemical industry. Its 
advantages for many applications are obvi-
ous: high selectivity under comparatively 
mild conditions and a very high efficiency, 
especially for targeted modifications of 
complex molecules. Enzymes are character-
ized by the fact that they function according 
to a “lock and key” principle: The molecule 
to be modified fits the enzyme in exactly one 

Digital Bioeconomy



148

9

specific way. This is made possible by the 
often very complicated structures of 
enzymes, which can also change in the 
course of reactions. It is only thanks to new 
possibilities in analytics that it has been pos-
sible in recent years not only to understand 
the mechanisms of action, but also to pre-
dict them. The considerable amounts of 
data generated in this process are not only 
stored in databases, but are also used for the 
targeted development of new enzymes (Sect. 
7 9.2.1.2).

In many biotechnological processes, dif-
ferent production organisms such as bacte-
ria, yeasts or fungi are used. Compared to 
cell-free systems, such processes are more 
complex in terms of processing, but can be 
significantly more robust. In order to better 
understand and use the systems, the cellular 
level is comprehensively analysed. In order 
to increase yields, it is not only necessary to 
find the appropriate organism, but also to 
optimise it as far as possible in terms of pro-
duction rates. In addition, the strains must 
be tolerant to the desired products and any 
by-products, and they must be able to toler-
ate fluctuations in process parameters such 
as pH or temperature so that the processes 
run as robustly as possible.

9.1.1.2  Process Development & 
Process Engineering

A single synthesis step does not constitute 
an entire process; most methods combine 
several conversion steps before the raw 
material has been transformed into the 
desired molecular structure. In recent years, 
there has been an increasing trend towards 
combining biotechnological and chemical 
reaction steps in order to use the alternative 
with the highest efficiency. However, this 
leads to new challenges – starting from the 
question of solvents (chemical reactions are 
usually carried out in organic solvents, 
whereas water is used in biotechnology), to 
the development of new process windows 
(temperature, pH, pressure, etc.) that enable 

a continuous process with few intermediate 
processing steps, to the very different 
requirements for the isolation of the prod-
ucts. Each individual reaction step is linked 
to a set of data that includes the reaction 
conditions, but also reaction rates, yields 
and much more.

An essential step in process development 
is upscaling, the transfer from laboratory 
scale to larger volumes. What works in a test 
tube cannot simply be reproduced 1:1  in a 
larger reactor. In the past, this usually 
required a step-by-step adaptation  – from 
the laboratory scale with a few 100  mL to 
the pilot plant to the hectoliter range to the 
large-scale industrial process  – which was 
essentially based on experiments. Today, 
researchers and developers are working on 
simulation and modeling methods that make 
it possible to directly calculate large-volume 
processes on the basis of existing data and 
models.

9.1.1.3  Process Control 
and Optimisation

Industrial processes are continuously moni-
tored and improved even after their intro-
duction. Process control and optimisation 
are based on the constant observation of 
processes with regard to process parameters 
such as temperature, pH or pressure as well 
as product control. Whereas in the past sam-
ples were taken for this purpose and brought 
to the laboratory, today as much as possible 
is measured in the running process (inline) 
in order to be able to react to deviations as 
quickly as possible. In addition, processes 
are continuously optimised to reduce energy 
and resource consumption, increase yields 
and cut costs.

9.1.2  Data Exchange

As a holistic approach, the bioeconomy is 
dependent on the interaction of a wide 
range of sectors. Accordingly, the exchange 
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of data between different sectors is impor-
tant, but so far this has mostly been unidi-
rectional and usually only takes place 
between two fields.

9.1.2.1  Material Flow Management
A major difference between the previous 
mainly fossil-based economy and the bio-
economy is the question of raw material 
supply and availability. While fossil resources 
generally come from point sources (oil fields, 
coal mines) and have very similar composi-
tions within a certain range of variation, the 
raw material sources for the bioeconomy are 
generally decentralised, vary seasonally, and 
the composition of biomasses can differ 
considerably. Therefore, material flow man-
agement has a crucial role to play. The ques-
tion of feedstock availability is already one 
of the key discussion points of the bioecon-
omy at the macro level. So far, correspond-
ing studies at the European Union level have 
focused mainly on biomass availability for 
bioenergy and on larger areas such as 
Germany or the European Union as a whole 
(BMU and BMELV, 2009; Elbersen et  al., 
2012; Europäische Kommission, 2019). For 
the individual plant, the regionally available 
quantities are the crucial issue (Verband 
Region Rhein-Neckar, 2010). Seasonal fluc-
tuations can lead to low plant utilisation 
rates or even plant shutdowns and thus have 
a negative impact on economic efficiency. 
Therefore, the question of which material 
flows are available and where they are 
directed is one of the key challenges for the 
implementation of the bioeconomy. This 
requires data on the composition, quantity 
and location of the biomass as well as the 
demand and processing options and possi-
ble transport routes.

9.1.2.2  Integration of the Supply 
Chain

Until now, the data integration of the supply 
chain in the process industry has played a 
rather subordinate role. Unlike consumer 
goods such as cars, clothes or food, mass 

products such as platform chemicals are far 
away from the end consumer and can hardly 
be differentiated. Only with the new trend 
towards smaller batches and new business 
models that offer customer-oriented solu-
tions instead of a bulk chemical product 
(Bjacek, 2014), does the backward integra-
tion of data across the value chain play a 
greater role: it enables companies to align 
their production more closely with customer 
needs. To do this, data such as specific cus-
tomer requirements, delivery quantities by 
time and place, and additional services must 
be bundled and fed back into production; 
from there, orders to suppliers are in turn 
controlled, in extreme cases all the way to 
the beginning of the value chain at the raw 
material producer.

9.1.3  Data Storage

In view of the enormous amounts of data 
that are already being generated every day on 
the Internet, in research or in industrial pro-
cess monitoring, the question of suitable 
storage methods arises. Conventional storage 
systems have limited capacities, require space 
and raw materials and, last but not least, 
energy – the CO2 footprint of the  digital soci-
ety is increasingly becoming an issue.

Instead of looking at new electronic stor-
age media, the focus is on biological systems. 
After all, DNA is nothing other than a very 
compact data storage medium. Up to 215 
petabytes (that is 215 million GB) of infor-
mation can be stored in one gram of 
DNA. If  properly stored, it can be preserved 
for centuries and millennia, and the “data 
format” is dictated by nature and thus read-
able by future generations regardless of 
technology (Service, 2017). Not only scien-
tific institutions, but also companies are 
already researching ways to make the pro-
cesses for storing data in DNA cheaper and 
faster (Pharmabiz, 2018). However, the 
method is still too expensive and too slow 
for everyday applications.
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9.1.4  Cross-Cutting Data Models

The vision of the bioeconomy includes sus-
tainability as a basic requirement. A 
biomass- based economic system can only be 
sustainable if  all stages from agriculture and 
forestry to logistics and processing to use 
and recycling are taken into account. This 
means that the data from each individual 
stage is given to the product as a “rucksack”. 
These include models ranging from the 
“footprint” (usually related to individual 
environmental parameters such as water 
consumption or CO2 emissions), methods 
for measuring the resource efficiency of pro-
cesses, through to life cycle assessment or 
life cycle analysis in its various variants 
(7 Chap. 20). What all these methods have 
in common is that they require an enormous 
amount of data to deliver meaningful results 
(O’Rourke, 2014; Saurat et al., 2015).

9.2  Innovations

The overview shows how much data can be 
of importance for the bioeconomy. While a 
wide variety of innovations based on digi-
tialisation are already in use today within 
the individual sectors or are about to be 
introduced in practice and significantly 
increase efficiency within the individual sec-
tors, digital models based on data exchange 
or describing entire systems are still rather in 
their infancy. However, it is precisely here 
that the potential for innovation is likely to 
be greatest.

9.2.1  Digitalisation of Individual 
Areas

9.2.1.1  Resources
Digitalisation can make significant contri-
butions to more efficient land use. This starts 
with the plant: Modern analysis and high- 
throughput methods make it possible to sig-

nificantly accelerate the breeding of plants 
with certain characteristics (Koch, 2014; 
Spektrum, 2018). This involves, among 
other things, analysing and selecting the 
desired breeding traits already in the 
genome. High-throughput analysis tech-
niques make it possible to simultaneously 
record the metabolic products of the plants. 
One example of the use of such methods is 
the breeding of the Russian dandelion for 
the production of natural rubber (FNR, 
2011). Thanks to the new techniques, suit-
able plants could be selected and optimised 
starting from a project in 2011, and seven 
years later car tyres made from the dande-
lion rubber are being tested (Continental, 
2016)  – an enormously short development 
time for such a process. However, the market 
launch has so far been hindered by the (still) 
uncompetitive costs.

But the digitalisation of agriculture does 
not end with the plant. Precision farming is 
the locally differentiated and targeted culti-
vation of agricultural land. The differences 
within a field are taken into account on a 
small scale. Remote sensing data can provide 
information on moisture or chlorophyll con-
tent, for example, while sensors on agricul-
tural machinery determine parameters such 
as nitrogen content while driving across the 
field. This data can then be used to supply 
small units of land with fertiliser, pesticides 
or water with pinpoint accuracy (Pößnek, 
2011). Digitalisation has also already found 
its way into forestry: With the help of drones, 
forest stands can be mapped from the air 
and checked for damage. Modern forestry 
machines can use sensors to record timber 
harvesting volumes and optimise sales 
assortments (Forstpraxis, 2017).

Comprehensive data on the available 
resources should be incorporated into mate-
rial flow management in the future. Efforts 
are being made to develop integrated models 
in which the raw materials are analysed and 
the analytical data on their composition and 
material contents are fed into material flow 
exchanges together with information on the 
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quantity of raw materials and the place of 
origin or storage. In such exchanges, avail-
ability and demand could then be brought 
together and, at the same time, optimal 
transport routes determined in order to 
bring the biomass from the supplier to the 
consumer with as little effort as possible.

For other resources such as sponges or 
microalgae, systematic recording of poten-
tials is still in its infancy; for example, of an 
estimated more than 100,000 algal species, 
fewer than 10,000 have been classified to 
date (Bippes et al., 2016).

9.2.1.2  Industrial Processes
kResearch and Development
Plausible estimates say that not even 1% of 
microorganisms can be cultivated in the lab-
oratory. For this reason, new microbial 
enzymes are usually first discovered in silico, 
i.e. by computer analysis of the genome data 
of very diverse microbial communities, for 
example from soils or wastewater. The 
amount of data and the computational 
effort required for metagenome analysis are 
gigantic, because the data sets from the 
sequencing, which are several gigabases in 
size, have to be assembled into overlapping 
genome sequences in the computer and 
searched for protein-typical sequence pat-
terns. Due to the enormous progress made 
in bioinformatics and chemical biology, 
which would not have been possible without 
appropriate data processing capabilities, the 
understanding of how biomolecules func-
tion has deepened enormously in recent 
years. As a result, “tailor-made” enzymes 
can now be developed. For example, the 
Braunschweig database BrEnDa contains 
data on more than 84,000 enzymes 
(BRENDA, 2019). In total, more than 20 
million protein sequences, “enzyme blue-
prints”, are now stored in scientific data-
bases. Much smaller is the number of known 
three-dimensional protein structures, of 
which about 140,000 are currently archived 
in the Protein Data Bank. This information 
is important for the targeted in silico design 

of new enzymes with precisely predeter-
mined functions (Bornscheuer et al., 2012). 
To generate them, one uses directed molecu-
lar evolution of those regions of an enzyme 
that are relevant to the functions to be opti-
mised. Modern, data-intensive, high- 
throughput methods make it possible to 
apply the mechanisms of evolution in the 
test tube (in vitro) and to “fish out” the 
desired enzymes from libraries of 109 to 1010 
molecular variants.

However, digitalisation opens up new 
avenues not only at the molecular level, but 
also at the cellular level:

 » Tomorrow’s bioeconomy relies on emerg-
ing technologies such as synthetic biology 
(the direct engineering of  microbes and 
plants), proteomics (the large-scale study 
and manipulation of  proteins in an organ-
ism), and bioinformatics (computational 
tools for expanding the use of  biological 
and related data), as well as new technolo-
gies as yet unimagined (US Government, 
2012, S. 1).

All these methods are based on obtaining 
and processing very large amounts of data: 
Complete genetic information (genome), 
the entire protein inventory of a cell (pro-
teome) or all metabolic products (metabo-
lome) are analysed and evaluated, for 
example, to open up new production possi-
bilities. Through so-called pathway engi-
neering, the metabolism of the cell is 
“modified” in such a way that secondary 
metabolites are produced in much higher 
quantities, i.e. by- products of the cellular 
metabolism. Modern methods of genome 
editing such as CRISPR/Cas enable the tar-
geted exchange of individual genes. 
Synthetic biology aims to use “bio-bricks”, 
i.e. biological building blocks, to assemble 
metabolic pathways or organisms that opti-
mally fulfil certain tasks (Becker et  al., 
2016). In addition to the development of 
evaluation methods, the prerequisite for the 
use of all these processes and their further 
development is a high- performance IT 
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infrastructure (Deutsche Akademie der 
Naturforscher Leopoldina e. V., 2014).

kProcess Development and Process 
Engineering

An essential prerequisite for the develop-
ment of biotechnological process steps is 
strain development, i.e. the targeted selec-
tion and cultivation of microorganisms that 
have proven to be particularly suitable for a 
specific production task. For this purpose, 
many test approaches are nowadays carried 
out in a largely automated way within the 
framework of high-throughput procedures: 
Cultures are prepared in tiny reaction ves-
sels, and machines are used to screen and 
select strains for further development. More 
than 10,000 strains can be tested per week in 
this way.

High-throughput methods in minia-
turised reactors are also used for process 
development. Analysis and evaluation are 
automated. This means that reaction condi-
tions can be optimised within a very short 
time. With the help of modern simulation 
and modelling methods, not only individual 
steps can be calculated in advance, but also 
entire synthesis paths. Particularly when 
integrating chemical and biotechnological 
processes that follow completely different 
prerequisites, the use of algorithms to deter-
mine the “lowest common denominator” is 
an essential aid in process development.

For biotechnological processes, upscal-
ing is generally more complex than for clas-
sical chemical processes. Biotechnology is 
subject to many more factors and interac-
tions, and inhomogeneities in the reactor 
can lead to populations developing quite 
differently in some areas than is actually 
desired. This step, too, is now often carried 
out with the help of modelling calcula-
tions – or it is dispensed with altogether and 
approaches of up-numbering are followed 
instead: instead of one large reactor, many 
small reactors are used. At the same time, 
this allows production quantities to be 
adjusted extremely flexibly.

kProcess Control and Optimisation
Even if the process then runs on an indus-
trial scale, the influence of digitalisation does 
not stop – quite the opposite. Processes are 
becoming increasingly automated. This is 
possible thanks to new sensors that record a 
variety of process data in real time and as 
non-invasively as possible and report it to the 
controller, which processes the data immedi-
ately. This can go as far as the sensor itself  
intervening in the process in a controlling 
manner, thus creating an independent local 
control loop. In this process, the “intelli-
gence” increasingly migrates from a central 
control station to the individual sensors 
themselves. This partially circumvents the 
problem of the huge volumes of data that 
need to be transported and reduces response 
times (DECHEMA, 2017). New optical sen-
sors allow the parallel measurement of mul-
tiple parameters. Such devices can perform a 
complete spectral analysis and thus deter-
mine, for example, nitrogen compounds, 
organic compounds and other measurands 
simultaneously and in real time – important 
for environmental monitoring, but also bio-
gas plants or fermentative processes. At the 
same time, it has become clear that biotech-
nological processes, with their high complex-
ity and inherent dynamics, cannot be fully 
modelled from a scientific point of view. 
Various relevant parameters, such as bio-
mass concentration, are very difficult or 
impossible to determine directly in situ, 
which leads to high inaccuracies. Therefore, 
scientists are developing process monitoring 
systems based on fuzzy logic (Birle, 2017). 
Such systems are intended to represent what 
a human plant operator incorporates into 
decisions as experiential knowledge or “gut 
feeling”. They can carry out process optimi-
sations despite inaccuracies or incomplete 
information and thus control fermentations 
in the food industry, for example. So far, 
however, many of these innovations have 
been hampered by the lack of common data 
standards and permeability within the pro-
duction plant.
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9.2.1.3  Material Flow Management
A whole series of projects at national and 
EU level are currently addressing the ques-
tion of how material flows can not only be 
recorded, but also how the availability of a 
wide variety of biomasses can be reconciled 
with the needs of processors depending on 
location and time and actively managed. 
The EU’s DataBio project, for example, 
aims to use big data methods to optimally 
match the cultivation portfolio to the needs 
of the processing industries (DataBio, 2018).

9.2.1.4  Supply Chain Integration
The integration of the supply chain from the 
raw material supplier via the processor to 
the end customer is at the heart of the 
“Industry 4.0” concept. This does not stop 
at the bioeconomy. In medicine, in the form 
of personalised medicines, or in consumer 
products such as muesli or clothing, the 
individualised product is already estab-
lished. Particularly in the case of consumer- 
oriented products, such as cosmetics or 
food, such approaches are also easily con-
ceivable in the context of the bioeconomy. 
They appear somewhat further away in the 
production of chemicals or plastics, which 
are then further processed. Turning cus-
tomer demands into products quickly 
requires a data stream running along the 
entire value chain. So far, it is not only tech-
nical hurdles such as different data formats 
that stand in the way, but also concerns 
regarding the protection of trade secrets.

9.2.2  Systemic Approaches

In order to assess the bioeconomy from a 
systemic perspective, not only data but also 
corresponding data models are lacking. 
With the “Bioeconomy Monitoring” proj-
ect, the German government has provided 
an impetus to create the corresponding 
foundations. Based on three pillars  – raw 
material availability (Thünen-Institute, 

2018), economic aspects (Fraunhofer ISI, 
2018) and sustainability as well as an inte-
grated modelling tool (UFZ, 2017) – a com-
prehensive systemic monitoring is to be 
established that can provide the basis for 
more far-reaching decisions.

9.2.3  New Business Models

Digitalisation also opens up opportunities 
for new business models. Who carries out 
measurements? Or – especially in the case of 
data integration across several companies – 
who acts as a neutral “data broker” and 
ensures that critical data does not fall into 
unauthorised hands? In precision farming, 
for example, farming service providers very 
often take over the geocoded soil sampling, 
the planning of fertiliser use and the cre-
ation of corresponding maps (Pößnek, 
2011). There are already approaches for 
start-up companies to establish themselves 
as service providers for data storage and 
exchange.

9.3  Images of the Future

The greatest potential of digitalisation for 
the bioeconomy lies in the convergence of 
the individual innovations mentioned. The 
combination of the different technologies in 
interaction with other trends such as minia-
turisation can lead to the implementation of 
completely new approaches for the bioecon-
omy that would not be conceivable without 
digitalisation.

9.3.1  Vision: Industrial 
Development Pipeline

Numerous new methods have already found 
their way into research and development 
laboratories. The consistent combination of 
these methods, which are largely based on 
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miniaturisation, automation and/or digitali-
sation, has the potential to make industrial 
development processes completely different 
in the future than they are today and lead to 
new business models and markets. The first 
companies are already largely relying on the 
generation and evaluation of large biotech-
nological data volumes for the development 
of antibody or gene databases that are built 
and evaluated on behalf  of other compa-
nies. The working world for scientists will 
also change fundamentally if  work processes 
are systematically made more flexible and 
digitally supported.

 » The industrial development pipeline of 
the future will thus resemble an auto-
mated production line in the automotive 
industry more than a classic laboratory 
operation. The employees of  correspond-
ing companies will be able to concentrate 
on the essentials in the laboratory thanks 
to assistance systems and will work pre-
dominantly at the computer, where they 
will design biological systems and pro-
cesses on the drawing board, commission 
experiments using distributed resources 
and monitor automated, modular produc-
tion processes with intelligent sensor net-
works (DECHEMA, 2018, p. 9).

Such concepts are particularly interesting in 
the field of process development, where it is 
a matter of selecting suitable molecular 
structures or organisms from a large number 
of possibilities. They have already been 
implemented to some extent in the develop-
ment of biopharmaceuticals, for example in 
antibodies or in personalised medicine. 
However, the prerequisites for a comprehen-
sive and cross-company implementation 
also for industrial biotechnology are, among 
other things, the creation of interfaces and 
data standards and the targeted combina-
tion of different technologies into a strin-
gent overall concept.

9.3.2  Vision: Integrated Flexible 
Biorefinery

A central concept of the bioeconomy is the 
integrated biorefinery. Similar to the way in 
which petrochemical refineries today pro-
duce a range of platform chemicals, which 
are then used to manufacture the entire vari-
ety of chemical products, a biorefinery aims 
to produce a large product portfolio from 
biomass. Existing plants are based on a sin-
gle feedstock, usually sugar, starch or vege-
table oil. Some visions go a big step further: 
the flexible biorefinery could process a wide 
variety of raw materials, from green waste to 
straw and food processing residues, thus 
largely solving the problem of local and sea-
sonal raw material availability. Such a highly 
flexible plant would have to be modular in 
design so that, depending on the raw mate-
rial and product range, the individual plant 
components could be combined and 
exchanged, from raw material feed through 
pretreatment and processing to product 
preparation. Initial approaches to this exist 
in the field of flexible lignocellulosic biore-
fineries, which can be adapted to different 
raw materials such as sawdust or different 
types of straw. The prerequisite for this are 
“intelligent” components: Modules that per-
form a specific function communicate with 
each other, automatically adapt to each 
other and control each other. This requires 
ubiquitous interfaces and data standards 
that cover almost any combination of mod-
ules. The chemical industry is already devel-
oping such modular concepts. For a flexible 
biorefinery, which would have to cover a 
much wider range of raw materials, the 
number of possible modules would be much 
higher again and the variety  – from bulk 
material hoppers to drying facilities and 
grinding plants, to consider only the step of 
raw material feeding and processing – much 
greater.
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9.3.3  Vision: Decentralised 
Bioeconomy

One of the key differences between the 
fossil- based economy and the bioeconomy 
is, as mentioned, that the resources occur 
decentrally. In addition to the approach of 
optimising logistics, there is another school 
of thought: why should further processing 
not take place where the biomass is pro-
duced? Models for this range from mobile 
plants in containers for the extraction of 
phytoextracts to 3-D printers (BioPro, 2018) 
in every household that obtain their plastic 
granulate from the nearest farm. In order to 
implement this vision, completely new oper-
ator models would have to be developed in 
addition to the appropriate technological 
requirements, or the plants would have to be 
so highly automated and operate autono-
mously that even someone without specific 
process engineering training could use them. 
Depending on the amount of raw material, 
plants could be transported to the respective 
site on a mobile basis and would process the 
raw material into a saleable product, for 
example plastic granulate.

9.3.4  Vision: Maximum 
Sustainability and Value 
Creation from Field 
to Recycling

One of the key questions on the way to a 
sustainable bioeconomy is which raw mate-
rial should be used to manufacture which 
product. In forestry, models already exist in 
which the parameters of a tree (circumfer-
ence, rounding, etc.) are used to determine 
the recovery with the maximum added value. 
In the process industry, such models are still 
in their infancy. The vision: Available raw 
materials and desired products are fed into 
an algorithm that determines which raw 
material is converted into which product 
using which processes in order to achieve 

maximum value creation while at the same 
time maximising sustainability across the 
entire portfolio.

A large number of different synthesis 
routes based on different raw materials often 
exist for the manufacture of specific prod-
ucts. The increasing integration of 
 biotechnological and chemical processes, in 
which one process step is carried out enzy-
matically and another “classically- 
chemically”, increases the number of 
possibilities even further. However, this 
means that for each possible synthesis route 
or each individual synthesis step and each 
raw material, all the data on energy require-
ments, efficiency, by-products and their 
recycling, data on the ecological footprint 
and much more must be available. In addi-
tion, decisions often include parameters that 
cannot be represented in the form of “objec-
tive” data. One of the best known examples 
is vanilla, which can be produced both natu-
rally and biotechnologically as well as syn-
thetically. Beyond the available “bare 
figures”, value standards for production (for 
example, livelihood security for farmers ver-
sus land consumption or “natural” versus 
“chemical-synthetic”) are individual and 
can be in conflict with objectives.

9.3.5  Vision: Biological 
Transformation of Value 
Creation

The concept of the “biological transforma-
tion of value creation”, which is currently 
being discussed, goes one step further. It is 
no longer limited to considering the bio-
economy as an economic system, but also 
includes the integration of the digital and 
technological spheres.

 » Last but not least, the comprehensive 
interaction of  technical, informational 
and biological systems is leading to the 
creation of  completely new, autonomous 
production technologies and structures, 

Digital Bioeconomy



156

9

so-called biointelligent value creation sys-
tems. In essence, the transformation is 
taking place towards personalised health 
care, intelligent transport organisations, 
and decentralised production of  consumer 
goods and food with the help of  smart 
biomanufacturing devices (intelligent 
decentralised production cells). From the 
technical renewal of  industrial value cre-
ation, an advanced form of  economy is 
developing: the technology-based demand 
economy (Fraunhofer IPA, 2019, p. 9).

9.4  Conflicting Goals and Hurdles

Today, practical hurdles to digitalisation 
exist primarily in the area of non-uniform 
data standards. The permeability of data 
exchange often already fails within one sec-
tor due to missing interfaces and different 
data formats. Although work is currently 
being done on cross-manufacturer stan-
dards in certain fields such as the laboratory, 
biobanks or the process industry, implemen-
tation will still take some time.

In addition, questions of data protection 
and ownership play a role. With regard to 
companies, it is about business-critical data 
that should be kept within one’s own com-
pany. With regard to the individual, this 
mainly concerns consumer behavior, which 
is, however, an essential factor for an inte-
gration of the value chain and the develop-
ment of customer-specific products.

Both partial aspects and the bioeconomy 
as a whole are the subject of critical public 
debate. Questions relate primarily to the use 
of modern breeding methods and genome 
editing. The question of the legal classifica-
tion of genome editing is still open; the 
strong rejection of genetic engineering in 
Germany and Europe means that some of 
the theoretically available methods cannot 
be used. If  these restrictions are extended 
further, there is a danger that research in this 
area will continue to lose ground in a global 
comparison.

The second, more fundamental point 
concerns the bioeconomy as a whole: to 
what extent are we subjecting the biosphere 
to a purely economic view and subjecting 
nature to maximum efficiency thinking? 
Most of the effects of digitalisation are 
aimed at increasing efficiency; this is opposed 
by demands, especially from environmental 
associations, to fundamentally rethink cur-
rent consumer behaviour. On the other 
hand, the digitalisation of the bioeconomy 
can be used to keep resource consumption – 
including land use – as low as possible and 
to open up new space for biodiversity.

Warning voices go even further, seeing 
digitalisation as a way to “hack the human 
being”. If  biology can be completely cap-
tured, described and controlled by data, why 
should this not also apply to the individual? 
The ethical debate about human dignity in 
the context of such biologistic approaches is 
already underway. Examples of an emerging 
debate about the social and ethical conse-
quences of linking digitalisation and biolo-
gisation are the handling of genome data of 
individual human beings as a “logical” con-
tinuation of the collection of health data or 
the calculation and manipulation not only 
of purchasing decisions but also of political 
decision-making processes (Harari, 2018).

The structural consequences of a decen-
tralised bioeconomy in particular have been 
less discussed to date. The consequences of a 
complete shift away from fossil-based indus-
try towards a bioeconomy that is decentral-
ised rather than taking place in large 
interconnected plants would be serious and 
probably only comparable to the regional 
consequences of the coal phase- out.

Finally, questions about the impact of 
digitalisation on the world of work also 
affect the bioeconomy. This becomes obvi-
ous when discussing modern research meth-
ods and “smart laboratories”, which 
fundamentally change the role of those 
working there  – in the worst case to an 
“executive organ” controlled by artificial 
intelligence, in the best case to a scientist 
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who uses the automated and “intelligent” 
tools to support him and can contribute his 
creativity to a much greater extent than 
today.
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10.1  Introduction

The bioeconomy is supported, shaped and 
questioned by actors from industry, research 
and society. They are involved in numerous 
fields of action. This chapter presents some 
of these actors from a wide range of fields. 
Both individual portraits of “bioeconomy 
makers”, and presentations of networks, 
clusters or platforms provide an overview of 
the organisers and organisational forms of 
the bioeconomy. The focus is on the clusters 
that are widely spread in Germany, in which 
several bioeconomy actors come together, 
primarily regionally and usually mainly ori-
ented towards a specific biomass resource. 
In addition to all that, the reader is given an 
outlook on the European forms of organisa-
tion of the bioeconomy is given.

Despite clusters, networks and plat-
forms, many actors are not centrally organ-
ised and only interact with those actors that 
fit their individual needs. Nevertheless, the 
presentation of the clusters active in 
Germany is particularly suitable for illus-
trating the bioeconomic specificity of the 
interaction. This specificity lies in their 
inter- and transsectoral networking, which 
takes place due to the competition with 
existing industries and alliances of conven-
tional economic forms. Their strength lies in 
the claim to build up sustainable coupling 
and cascading uses, circular economy and 
science integration.

This book attempts to narrow down the 
list of actors and to provide an insight into 
the actors and their associations. It is pro-
posed to divide the landscape of actors into 
two or three main groups:

 5 “Bioeconomy circle actors”, defined by 
the concrete handling of biomass along 
the bioeconomy-relevant material flows, 
such as biomass resource producers, bio-
mass resource processors, market distrib-
utors, recyclers etc.,

 5 “bioeconomy framework actors”, that 
have an impact on this system or are 

influenced by it. These would be, for 
example, the media, funding agencies, 
science, NGOs, politics and administra-
tion, etc., as well as

 5 Actors that can be considered as “net-
workers”, such as logistics providers, IT 
service providers or even cluster  organisers.

This rough subdivision structures the fol-
lowing presentations. It was not possible to 
draw on numerous research studies, and 
there was no existing overall view. This is 
due to the complexity of the bioeconomy 
system and the fact that the bioeconomy can 
be regarded as an economic and social sys-
tem that is still being developed. Nevertheless, 
an initial overview of the landscape of 
actors is provided below in the form of self- 
portraits.

10.2  Christian Schiffner – Forest 
Engineer

 

Source: Private

My name is Christian Schiffner and I 
have been a qualified forest engineer since 
2008. As a freelance forester and managing 
director of holzimpuls Service u. G., which 

 U. Moesenfechtel
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emerged from the Holzimpulszentrum 
Rottleberode in 2017, I deal with almost all 
aspects of forest management, wood use 
and associated nature conservation and 
environmental protection issues. The 
holzimpulszentrum sees itself  as an impor-
tant component of a wood-based bioecon-
omy. My activities as a scientific assistant at 
the Rosenheim University of Applied 
Sciences underline this self-image. There, I 
devote myself  to scientific questions con-
cerning sustainability or innovation issues in 
the wood industry. This includes, for exam-
ple, the development of strategies for the 
economic use and silvicultural treatment of 
heavily peeled hardwood stands.

As a forester, I am at the beginning of 
the wood raw material chain and at the same 
time bear the responsibility for preserving 
the forest, wood and nature for future gen-
erations. With the knowledge of climatic 
changes and site conditions, I make, for 
example, precise decisions about the care 
and preservation of a particular section of 
forest. We plant new trees and remove tim-
ber, taking into account the protection and 
recreational needs of the forest.

However, the forest is not only a 
“resource provider”. It provides a unique 
habitat for animals and plants. It is also a 
recreational area for us human. It is impor-
tant for the climate, it stores and filters water 
and cleans our air. Although forests are 
always managed by specific owners, we and 
society as a whole as a society make use of 
the “ecosystem services”, provided by the 
forest, e.g. water filtration. Thus the forest is 
always a “public good”, and its manage-
ment is therefore not only subject to private-
sector interests. Most certainly, forest 
management is subject to numerous inter-
ests and requirements that must be recon-
ciled. This can only succeed if  forests are 
managed and cared for in such a way that 
both their protective and public services and 

their timber products are simultaneously 
and permanently safeguarded over the entire 
area. We foresters speak here of sustainable 
management strategies implemented 
through compliance with professional qual-
ity standards.

Energy recovery should therefore always 
come at the end of a raw material’s use. In 
view of the many possible uses of wood, the 
timber industry is one of the mainstays of 
the bioeconomy. However, the work of the 
forestry industry is coming under increasing 
criticism because many work processes are 
not sufficiently well known to the general 
public and therefore lead to misunderstand-
ings. One reason for this is probably the 
increasing urbanisation and thus alienation 
of society from nature. Due to the lack of 
contact with nature  – by which I do not 
mean urban parks, but rather extensive for-
est areas – nature is romanticized. “Managed 
nature”, cannot be reconciled with this ideal 
image.

Thus, protests against necessary forest 
protection measures are increasing. Even if, 
for example, paths are kept clear, specific 
forest habitat types are preserved or restored, 
or natural regeneration is secured. Of 
course, a harvesting machine in the forest is 
a major intervention, but it is also necessary 
if  the raw material wood is to be obtained. 
In addition, it is often kinder to the forest 
and also more economical to carry out 
short, targeted interventions with harvesting 
machines instead of working in the forest 
over a longer period of time with smaller 
machines (e.g. chainsaws).

I am convinced that modern forestry, 
which provides wood as a raw material in a 
measured and targeted manner, can be easily 
combined with nature conservation require-
ments. After all, compared with conven-
tional forestry, but also with other 
ecosystems or previous technical solutions, 
sustainably managed forests in particular 
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effectively make the greatest contribution to 
long-term CO2 sequestration – and thus also 
to climate protection.

My task as a forester is to preserve the 
forest as an ecosystem and economic fac-
tor for future generations. An essential 
part of  this is not only the concrete work in 
the forest, but also networking in the econ-
omy, science and society. Thus, public rela-
tions work has also become an important 
part of  a forester’s work. The fact that so 
many different groups claim “the forest”, 
from naturally leads to the fact that all 
“forest topics”, are discussed very contro-
versially. This will not diminish with a 
developing bioeconomy; after all, the bio-
economy will increase the demand for 
wood. The existing and future increasing 
controversies also have the advantage that 
we as foresters can inform about the forest 
ecosystem, the timber industry and the 
wood-based bioeconomy.

I advocate a curious, respectful, appre-
ciative, but also demystified view of the for-
est and its management. To this end, I offer, 
for example, interactive forest tours, provide 
information  – not only on the Internet  – 
about wood-based products, advocate for 
sustainable forestry in committees, and 
much more. Together with our network 
partners and competent professional col-
leagues, I would like to interest a younger 
generation in particular in the forest, so that 
they become involved in the preservation of 
this important cornerstone of our nature 
and our economy.

For the bioeconomy, I would like to see 
research into this raw material being driven 
forward and more products becoming mar-
ketable that can be found not only in DIY 
stores but also, for example, in pharmacies, 
supermarkets or car dealerships.

Yes, I am on the wood path. And it leads 
me and the bioeconomy into a sustainable, 
innovative and renewable future!

10.3  Daniela Pufky-Heinrich – 
Scientist

 

Source: Private

My name is Daniela Pufky-Heinrich. I 
am a qualified chemist in the field of techni-
cal chemistry. For 7 years, I have headed the 
Chemical Processes Group at the Fraunhofer 
Center for Chemical- Biotechnological 
Processes CBP.

The Fraunhofer Society focuses on 
applied research and the creation of innova-
tion in an industrial environment. Together 
with the state of Saxony- Anhalt and the fed-
eral government, the centre was founded in 
2009 at the chemical site in Leuna and has 
since concentrated on sustainable processes 
for the use of biomass in the chemical and 
process industries. The mission of the 
Fraunhofer-Society and the funding agen-
cies was to create a basis for an innovation 
centre that addresses and promotes the 
knowledge-based bioeconomy.

As a group leader, I built up the depart-
ment of chemistry and processing technology. 
My goal as a scientist was and is to assess 
future research perspectives and priorities 

 U. Moesenfechtel



165 10

and evaluate its market potential in order to 
set-up the appropriate infrastructure within 
the centre. My work as a group leader meant 
a great challenge, which provided an exciting 
opportunity to carry out my work with fore-
sight and determination. It required strategi-
cally sound decisions as well as a fair amount 
of enthusiasm and stamina. After completing 
the set-up phase, I was appointed deputy head 
of the centre and have since been in charge of 
the strategic and scientific orientation of the 
work area as well as the entire centre.

The research and policy strategies of 
Germany and Europe have a significant 
influence on our activities. The development 
of production routes for bio-based fine and 
platform chemicals, bioactive agents, poly-
mer building blocks or fuels are examples of 
our research. Sugars, lignocelluloses, oilseeds 
or even microalgae are pulped, chemically or 
biotechnologically converted and processed 
for industrial use. The focus here is on replac-
ing petroleum-based products and thus, pro-
cess development is mainly product-driven. 
In recent years, we have developed processes 
for the production of olefins from wood for 
use as polyethylene and polypropylene. Fuels 
such as isooctane or ETBE have been 
obtained from sugar solution and beta-caro-
tene from the microalgae Dunaliella salina.

A very current research topic is the mate-
rial use of carbon dioxide as an alternative 
carbon source, which is currently the focus of 
federal funding measures. Our task is to eval-
uate and phase technologies within the frame-
work of the idea of sector coupling. Here, we 
demonstrate the entire process and value 
chain from carbon dioxide to the use of 
renewable energy and the production of green 
gases to the purified chemical. An essential 
component is the provision of sample quanti-
ties for application tests, for example as liquid 
fuel. This enables us to prepare and accelerate 
the transfer to industrial implementation.

Biomass utilisation generates large quan-
tities of residual and waste materials. As an 
additional aspect, this results in recycling 
strategies for the use of waste or by- products, 

e.g., from the oilseed industry or wood and 
pulp production. In this way, novel products 
such as bio-aromatics or pharmaceutically 
active substances can be obtained. These 
recycling pathways offer industries the 
opportunity to increase the added value 
from their material flows and are an exem-
pal for cascading use in accordance with a 
biorefinery concept. However, unlike drop-in 
chemicals, the market potential for the new 
products has to be developed first, which 
can delay and additionally challenge their 
industrial implementation.

A particular fascination for me is the 
interdisciplinary and cross-sector collabora-
tion. Innovation and development take place 
at interfaces: In the future, forest farmers 
will supply adhesive manufacturers, the pulp 
industry will become a chemical manufac-
turer and oil mills will produce products for 
the pharmaceutical industry. It is challeng-
ing to unite the different interests, to develop 
ideas and to bring in new things. Initiating 
interdisciplinary projects on research topics, 
together with other scientists, is enormously 
important for this. In recent years, I have 
built up and intensified collaborations with 
colleges, universities and other research 
institutions. Open discussions and the unbi-
ased exchange of knowledge and know-how 
across disciplinary boundaries are essential.

Germany has been driving the bioecon-
omy forward for years and should continue to 
be a technology pioneer. The development of 
innovative and novel processes is important 
in order to evaluate and implement the con-
cepts. This requires a willingness to take risks 
and staying power on the part of politicians 
and, above all, industry. The latter still has 
potential, especially in Germany with regard 
to the chemical industry. Long depreciation 
periods for industrial plants and the large 
amount of energy required for production, 
coupled with dependence on energy prices, 
dampen the drive for innovation. Precisely for 
this reason, the technology transfer from sci-
ence to industrial implementation should be 
further accelerated and actively supported.
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Within the framework of publicly funded 
projects, we have the opportunity to push 
strategic developments for the sustainable 
utilization of biogenic material flows. The 
targeted development of research priorities 
for medium- and long-term industrial imple-
mentation is an important aspect. The focus 
here is not only on technical feasibility, but 
also on issues relating to the sustainable pro-
duction of biomass, environmental protec-
tion and global food security. Life cycle 
analyses should therefore be just as much a 
part of development projects as technology 
analyses and techno-economic assessments.

The transfer of knowledge and the pub-
lication of our research activities is an 
important part of our work at Fraunhofer 
CBP.  The findings therefore are also inte-
grated into the teaching and training of stu-
dents. For me, it is an incentive and a matter 
of the heart to pass on my knowledge and 
experience on bioeconomy topics. This is a 
contribution to social acceptance and open-
ness to innovation and further development.

10.4  Holger Zinke – 
Biotechnologist

 

Source: Kristian Barthen, Archive BRAIN 
AG

My name is Holger Zinke, I am 55 years 
old. I see the “biologization”, of the econ-
omy as an opportunity to master the crucial 
challenges of the future. Whether climate 
change, resource consumption or the con-
sumption needs of a growing population are 
concerned  – the idea of integrating princi-
ples from nature into business and industry 
could provide crucial solutions.

As a micro- and molecular biologist, I 
have dedicated my working life to the real-
ization of this vision. To this end, we 
founded the company “BRAIN”, in 1993 – 
a technology company specialising in white/
industrial biotechnology and the bioecon-
omy. In the meantime, Brain is a publicly 
listed company and employs about 230 
mainly scientific staff. BRAIN now has six 
subsidiaries and maintains over 100 collabo-
rations with numerous companies in the 
chemical and consumer goods industries. 
From 1993 to 2015, I worked for BRAIN as 
Managing Director and Chairman of the 
Executive Board then until 2017 as Deputy 
Chairman of the Supervisory Board, and 
since 2011 I have also been running an 
investment and management company and 
building an academy and business incubator 
on the subject.

BRAIN has built up a very extensive col-
lection of microorganisms over many years. 
On this basis, enzymes, biocatalysts and bio-
active natural substances are developed for 
industrial applications using classical micro-
biological, molecular biological and molec-
ular genetic methods. In essence, the aim is 
always to unlock the secrets of microorgan-
isms: How and why do they work in this or 
that application? How can their properties 
be identified, improved, isolated and used? 
How do their active substances interact with 
other substances? How can products be 
developed from this knowledge?

Let’s take sweating after physical exer-
tion as an example. We ask ourselves: How 
does sweating actually occur? How does the 
unpleasant odor develop? Can we add 
microorganisms to deodorants that prevent 
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this odour formation? Aluminium salts are 
used in many deodorants for this purpose. 
However, these are not only harmful to the 
body because they clog the sweat pores, but 
also to the environment. We have therefore 
“reconstructed”, a sweat cell and tested 
thousands of plant substances and metabo-
lites on it. In the end, we were able to isolate 
substances that reduce the formation of 
sweat and others that influence the micro-
bial growth of odour-causing bacteria.

Another example: a bacterium is cur-
rently being genetically modified in such a 
way that it metabolises CO2 on a relevant 
scale and uses lactic acid to produce a pre-
cursor for bioplastics. If  this not only works 
in the lab but becomes applicable in large- 
scale plants, it will be an immense contribu-
tion to solving the climate change and 
resource scarcity problem. Our products 
have implications for major industries and 
certainly for the sustainability of our exist-
ing or future economy. A scientific study 
conducted about 15 years ago marked a 
major breakthrough in our efforts to reduce 
CO2 emissions. It showed that a “washing 
enzyme”, could be used to wash clothes at 
40° just as cleanly as at 60° – and reduce CO2 
emissions at the same time. In 2006, the 
reduction already amounted to an extrapo-
lated 1.4 million tons of CO2 in Germany – 
not as “potential”, but as real savings.

When we were founded 25  years ago, 
such “bioeconomic ideas”, mostly caused us 
to shake our heads. There was no social will 
for change, let alone a political one. The 
general optimism for the future at that time 
was still so strong that sustainability consid-
erations only played a subordinate role. 
However, the “consequential damage”, of 
this economic system has meanwhile become 
part of the general consciousness. The pes-
simism about the future that goes hand in 
hand with this leads on the one hand to 
many concerns that are connected with 
innovations, see “genetic engineering 
debate”,; but it also leads to the fact that we 
are even thinking about restructuring our 

economic system on the basis of biobased 
resources, possibly even rebuilding it.

“We biotechnologists”, want to contrib-
ute to this transformation, this “biologisa-
tion”, with our ideas, methods, processes 
and products – even if  our innovations are 
perhaps not as “obvious”, as, for example, 
the car tyre made of dandelion or a bicycle 
made of bamboo exhibited at trade fairs.

Despite all the changes that have already 
taken place: The big “narrative”, of the bio-
economy, the contribution of biology to sus-
tainability, is not enough to trigger further 
changes. Large, established companies in 
particular do not tend to adopt or advance 
global policy guidelines. Rather, it is the lat-
eral thinkers and company founders who 
develop and implement new economic ideas 
and force old industries to change. They 
need to be supported – and this is happening 
in some places. Through government fund-
ing programmes, initiatives, clusters. None 
of this is completely wrong, but it is also 
very formalized. However, “transforma-
tion”, cannot be organized “on the drawing 
board”. Above all, young companies need a 
functioning capital market ecosystem with 
venture capital investors who believe in their 
idea and want to earn money with it. 
However, there are far too few of these sup-
porters in Germany, unlike in the USA, 
Israel and Canada, for example. In this 
country, people approach innovations with 
too much caution, trusting in the state to 
sort everything out. I miss a pronounced 
“opportunity culture”.

The government measures taken so far 
are not strong enough to change this. It 
would be much easier to promote a culture 
of opportunity: I advocate that tax incen-
tives mobilize at least 1% of investment- 
seeking, private capital to flow into 
technology companies. At the moment, 
however, capital flows are either used to bol-
ster existing industries  – or flow abroad. 
Germany is good at providing initial, struc-
tural support for start-ups, but they don’t 
then stay here? That has to change.
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A rule of thumb says: We need to create 
at least 20% additional economy every 
10 years, with new products and new busi-
ness models. This is how an economy renews 
itself, not only to be fit for the future, but 
also to be able to meet the major challenges. 
The bioeconomy can provide this renewal. 
Here we have the “knowledge explosion”, 
that goes hand in hand with a change in 
social awareness. Hopefully in 20  years we 
will have built up these new industries that 
can replace the fossil economy.

10.5  Steffi Ober – Networker 
of an NGO

 

Source: Daniel Flaschar

My name is Steffi Ober, I have a PhD in 
veterinary medicine and a Master’s degree in 
Public Policy from the Humboldt-Viadrina 
School of Governance in Berlin. With this 
background in both the natural sciences and 
the humanities, I work for the Nature and 
Biodiversity Conservation Union Germany 
(NABU) as a team leader in the area of eco-
nomics and research policy. This also 
includes the bioeconomy.

When the establishment of a German 
bioeconomy began with the founding of the 

first Bioeconomy Council in 2009, NABU 
participated in the discussions right from the 
start – and was the first nature conservation 
organization ever to do so. Prior to this, it 
was primarily the topics of biodiversity and 
genetic engineering on which NABU con-
tributed its positions and expertise, which 
was mainly due to the strong biotechnology 
orientation of research policy. However, 
with the Bioeconomy Council in 2009, the 
topic of the bioeconomy also became an 
important field of action for NABU under 
this name. However, a comprehensive under-
standing of the bioeconomy only developed 
over time among all those involved – and has 
not yet been completed.

I was allowed to drive this process for-
ward for NABU in terms of content and 
strategy. First of all, the topic had to be 
made known within the association scene 
and a joint commitment had to be pro-
moted  – and then ultimately organised. 
Initially, the bioeconomy was not a term or 
a topic on which people would have commit-
ted themselves. At the time, many NGO 
actors were wondering whether the 
 bioeconomy was just a new buzzword, 
whether the concept was viable, whether it 
made sense to get involved under this 
umbrella term. The work of environmental 
associations is usually focused on single 
issues, be it agriculture, plant breeding, food 
or oceans (and many others). Complex 
problem contexts encounter obstacles both 
internally and externally. Cross-cutting 
issues have a correspondingly difficult time 
in environmental associations, as the work 
in the organisations tends to be sectoral. 
Nevertheless: it has been possible to estab-
lish the topic of the bioeconomy within the 
association scene, even if  the degree of 
engagement within the associations varies 
greatly and ranges from mere discussion 
groups and informal exchange opportuni-
ties to concrete political action strategies. 
Often, existing thematic complexes such as 
“bioenergy”, or “biodiversity”, have also 
been expanded to include bioeconomy top-
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ics. However, many of the activities do not 
take place at the member level, but at the 
association level. For example, several envi-
ronmental organisations became involved at 
European level in connection with the EU’s 
BioEconomy Stakeholders Panel and drew 
up a BioEconomy Manifesto. In the mean-
time, with the support of the BMU, a dia-
logue between associations has been 
established which supports joint exchange 
and political visibility.

For many years, it has been a matter of 
concern to me to bring science policy 
together with the work of NGOs, so that a 
strategic orientation of the bioeconomy can 
be discussed and shaped together. Much has 
been achieved in this area in recent years. In 
the early years, environmental associations 
played virtually no political role. The first 
calls for proposals on bioeconomy topics 
reflect this: in the funding programmes, some 
of which ran until 2016, social issues were 
only taken up at a very late stage. Today, 
social discourse is being taken into account 
and calls for proposals are being launched 
that explicitly address socio- political issues. 
My point is that the bioeconomy is not an 
exclusive topic for business or politics. 
However, politics could play a much greater 
role in promoting and supporting the 
exchange between organised civil society, sci-
ence and industry and strategic integration.

I see both the term and what has now 
developed under it as an enormous opportu-
nity. Here, different and often competing 
claims – whether these are resources, market 
shares, political spheres of influence or 
something else – are thought together. The 
example of “land”, is a good illustration of 
this: For a long time, one could observe how 
a wide variety of actors, whether in the fields 
of agriculture, energy, material production, 
infrastructure or nature conservation, 
asserted claims to use without mutual agree-
ment and planned and acted as if  each had 
sole rights of access. Each tried to optimise 
its own system at the expense of the other – 
and that simply could not and cannot work. 

The bioeconomy offers the possibility of 
breaking down the individual user groups, 
making them transparent and identifying 
trade-offs. Competing groups can be 
brought together through the bioeconomy. 
Spaces can be created in which it is possible 
to negotiate conflicts together.

This systemic approach is the great advan-
tage of the bioeconomy over other, previous 
approaches to thinking and acting. 
Accordingly, I am also strongly committed 
within the associations’ scene to understand-
ing the bioeconomy as an opportunity for sys-
temically acting nature conservation. In this 
context, the bioeconomy is an additional area 
that can be used by us. Especially when it 
comes to discussing how we want to use our 
land in the future – whether for food, energy, 
recreation, materials, etc. The bioeconomy 
offers both solutions and opportunities. The 
bioeconomy in particular offers both solu-
tions on how to alleviate the enormous pres-
sure on land – and equally, the bioeconomy 
solves or will trigger further, additional land 
use pressure. It is therefore both a solution and 
a problem. For nature conservation associa-
tions, this also opens up new opportunities to 
rethink previously divergent convictions and 
concepts. The fact is that we cannot maintain 
the level at which we currently produce and 
consume. Our world has already reached the 
limits of what is ecologically feasible. Through 
the concept of the bioeconomy, these causes 
and effects can be better and more clearly 
seen, and solutions can be sought.

In the next few years, I see my main task 
as driving social discourse “on the street”. 
The energy turnaround is well known to 
large parts of the population. But the neces-
sity of a “material turnaround”, a “defossil-
isation”, is not. Crude oil is in many everyday 
products, in every mobile phone cover, every 
subway seat and also in my bicycle. It is not 
enough just to make our electricity needs 
new and independent of petroleum. In order 
for this social discourse to begin and lead to 
a social transformation as soon as possible, 
the topic must also – and much more deci-
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sively than before – be anchored in the polit-
ical decision-making structures.

In addition, the transformation process 
must also be supported economically. 
Subsidies for environmentally harmful, oil-
based production must be redirected. For 
example, land/resource use and social 
impacts in production should be taken into 
account in company balance sheets to a 
much greater extent than has been the case 
to date. We need new economic instruments 
so that externalities can be priced. This 
applies to both petroleum-based and bio-
based products. Only in this way the bio-
economy can become competitive in the 
market economy without repeating old mis-
takes and making new ones. The challenge is 
to develop bioeconomy products that are 
ecologically and socially sustainable. This is 
no easy task! We environmental associations 
can contribute our expertise here via the 
bioeconomy discourse space.

It is a personal concern of mine to par-
ticipate in this.

10.6  Viola Bronsema – CEO 
of a Trade Association

 

Source: BIO Deutschland e. V.

My name is Viola Bronsema; I have a doc-
torate in biology and I am the managing 
director of the Biotechnology Industry 
Organisation Germany e. V.  – BIO 
Deutschland for short. Eleven entrepreneurs 
founded BIO Deutschland in 2004. The asso-
ciation has currently more than 350 corporate 
members and member organizations. It sup-
ports the development of the modern life sci-
ences sector as an innovative and financially 
strong industry within the German economy.

We see biotechnology as a central ele-
ment of  the knowledge-based bioeconomy. 
Thus, we are committed to opening up a 
new scope for action in the production of 
goods, the development of  innovative prod-
ucts, the establishment of  progressive value 
chains and, ultimately, the formation of 
new customer groups and markets for tradi-
tional industry sectors on the basis of  the 
life sciences.

As Secretary General and CEO, I am the 
special envoy of the Association (German 
Civil Code § 30 BGB) appointed by the Board 
of Directors. I am responsible for the execu-
tive management of the association, in par-
ticular for personnel matters and the ongoing 
business of the administration. My activities 
include coordinating with the association’s 
Board (e. g. on budget planning and control-
ling), creating concepts for the development 
of the association, networking activities to 
achieve the association’s goals, member sup-
port and recruitment, communication with 
politics and the media and staff management.

Research and policy strategies for a bio-
based economy, a bioeconomy, have been in 
place in Germany since 2010. Germany is 
thus one of the industry strategy’s pioneers 
for this global topic. Accordingly, the coali-
tion agreement of the Federal Government 
(2018 to 2021) stipulated that the 
 transformation to an economy based on 
renewable resources will be further advanced 
with the help of the bioeconomy. This could 
be supported by an agenda “From Biology 
to Innovation” across relevant governmen-
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tal departments, a “Biotech Agenda”, so to 
speak, which is to be developed jointly by 
industry, science and civil society. Similar 
efforts can be found at the European level. A 
bioeconomy strategy has existed since 2012, 
which was evaluated as of November 2017 
and was updated in 2018. BIO Deutschland 
accompanies these processes on behalf  of 
the German biotechnology industry. For 
example, we have been a member of the 
Federation of German Industries (BDI) 
since the beginning of 2017.

Biotechnology is becoming increasingly 
important in areas that go beyond nutrition. 
Examples can be found in medicine (diabe-
tes, cancer and rheumatism drugs), the envi-
ronment (sewage treatment plants, 
detergents and care products), with regard 
to climate (CO2-neutral production), raw 
materials ((degradable) bioplastics) and 
energy (biokerosene). The sustainability of 
the technology is often based on the biologi-
cal production processes and the CO2- 
neutral extraction and conversion of 
renewable raw materials. The biotechnology 
industry, the chemical and pharmaceutical 
industry, but also other sectors are already 
using bio-based raw materials, processes and 
products in their business models.

I believe that Germany offers very good 
conditions for establishing a bioeconomy as 
another pillar of industry. And it should do 
so now. The pandemic has shown an unprec-
edented demand for vaccines and basic bio-
logic materials to make vaccines. Similarly, 
the demand for medicines, seeds, food, etc. 
could increase. As early as 2009, the OECD 
formulated:

 » With appropriate policy and good leader-
ship, the bioeconomy of  2030 should pro-
vide a higher quality of  life and a more 
prosperous and environmentally sustain-
able future for all of  the world’s citizens.

These challenges are the incentive for our 
work as an association and my work for it. 
The fact that I can work on these exciting 
future issues together with our full-time and 

voluntary staff, with entrepreneurial 
researchers, science-driven entrepreneurs, 
and with courageous and far-sighted politi-
cians fills me with joy, respect and curiosity 
about what is to come.

10.7  Anne-Christin 
Bansleben – Company 
Founder

 

Source: Andreas Troitsch

My name is Anne-Christin Bansleben, I 
originally studied nutritional sciences at the 
Anhalt University of Applied Sciences in 
Bernburg and specialized in biochemistry 
and plant analytics. Looking “inside”, plants 
and finding out what kind of products can 
be developed from them fascinated me early 
on. Therefore, after graduation, I took over 
the management of a research project at the 
university as a research assistant.

The group’s projects aimed at a close link 
between science and industry. Several proj-
ects focused on the research of rhubarb, as 
the university has the possibility to access 
different species. There are about 40 varieties 
of rhubarb, and the university has done a lot 
of research on them. Our group found that 
there are ingredients in the roots of certain 
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rhubarb species that can preserve leather. 
We isolated these substances and, in coop-
eration with a company, developed a rhu-
barb extract that can be used for tanning.

However, tanneries do not want to build 
new plants for a new type of tanning pro-
cess, but use existing systems. The conver-
sion of the tanning process to plant-based 
should also be economically feasible. No 
one invests in a new plant if  it is not yet cer-
tain how a new product will establish itself  
on the market.

In order to incorporate rhubarb extract 
into existing tanning systems and processes, 
much detailed knowledge of the physiologi-
cal and physical properties of the substance 
was necessary. The first tanning results 
looked very promising. We were able to show 
that the replacement of chromium salts or 
other heavy metals previously used for tan-
ning is possible with our plant extract. 
Approximately 80% of all leather produced 
worldwide is tanned with chemicals that pose 
high environmental risks. For about 6 m2 of 
hide we only need the extract of a 3–4 year 
old rhubarb root. This extract is safe for 
humans and the environment. The next chal-
lenge was an upscale: both the extract pro-
duction and the leather tanning itself had to 
be successful on an industrial scale.

We were successful here too, so in 2010 
we founded the company “rhubarb technol-
ogy”, and the leather fashion label deepm-
ello, based in Leipzig. We had already 
immersed ourselves so much in the rhubarb 
theme that we wanted to continue on the 
path we had taken. We were able to win over 
numerous supporters who, like us, recog-
nised the potential of vegetable tanning. 
However, the transition from a pure research 
activity to the founding of a company was 
anything but easy. A lot of time and energy 
went into building the company. Traditional 
financiers could not do anything with our 
innovative idea and we also did not have 
access to research funds. So we financed the 
company almost exclusively with private 
capital. All funds flowed into the develop-

ment of the product, there was no thought 
of employees.

Our product “rhubarb leather”, is now 
mature. Since we cultivate several fields on 
which the plants are in different stages of 
growth, we can harvest permanently and all 
year round using the cycle method. Large 
quantities of the raw material can be pro-
duced on a relatively small area. We sell the 
stalks of the edible rhubarb varieties we use 
to the food trade. From the stalks and leaves 
of the non-edible varieties, we develop ingre-
dients for our cosmetics line, as they have 
antioxidant activity. All non-edible compo-
nents remain in the soil and serve as fertilizer.

At present, we are mainly concerned with 
sales and market establishment. In addition, 
we continue to research alternative leather 
tanning processes and develop new products 
in the background. There is a clear need for 
further, sustainable tanning technologies, 
and the possibilities for innovation in this 
area are far from exhausted. We use our 
“outside view”, when developing new prod-
ucts. We do not come from the traditional, 
centuries-old tanning trade, we do not con-
tinue established processes as others do. This 
is the only way we can develop new ideas that 
were previously irrelevant in this industry.

The cooperations with “bioeconomy 
players”, already existing at the university 
were and are a decisive key to success for our 
company on the market. Above all, we 
receive tips on how to improve our product 
and company ideas. However, when it comes 
to specific business management issues or 
questions about the fashion market, which is 
new to us, we have specifically called in 
external consultants.

The “leather market”, in the areas of 
production, trade and distribution, is a 
long-established market. Most tanners do 
not see the use of chrome – despite all the 
known environmental dangers – as problem-
atic and stick to it. They are sceptical about 
new processes. In order to be able to score 
with new ideas, it is therefore necessary to 
have a great deal of knowledge about exist-
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ing processes and their possibilities for 
change. It also requires a high degree of per-
suasiveness, which is only possible through 
exceptional product quality.

Our products – from handbags to car seat 
covers – are now produced on a large scale. 
But not only our rhubarb extract, but also 
our skins are produced ecologically 
 sustainable and regionally in Germany. 
Furthermore, we are the sole distributor of 
our products. These aspects are a significant 
purchase argument for our customers. 
However, the establishment of an innovative 
product requires additional and direct cus-
tomer communication. Only in this way can 
we present ourselves as reliable, long-term 
business partners. Almost all companies 
(more than 100) dealing with sustainable 
products in the leather sector know us, are 
interested in our products or already work 
together with us. Our business activities are 
aimed at getting even more large, visible 
brands in the commercial sector interested in 
our product. This can be all companies that 
use leather, not only in the fashion sector.

10.8  Kai Hempel – Company 
Founder

 

Source: Christoph Bockisch

My name is Kai Hempel and I live in 
Leipzig. During my business studies, the plan 
to start my own company matured. Then, 
about 4 years ago, I heard that more licenses 
for fish farming would be issued in Leipzig. 
Up to that point, I had no idea whatsoever 
about fish farming. But curiosity prevailed – 
and so my first business plan was born.

However, this could not be achieved with 
conventional farmed fish. The financial 
investment for the required infrastructure, 
feed and medicines was too high. 
Sustainability also fell by the wayside. So I 
needed a less demanding farmed fish that 
could cope better with the limited space of 
an aquaculture. During my research, I finally 
came across the African predatory catfish, 
which fulfilled this requirement. It also 
requires much less antibiotics than other 
farmed fish. The problem with the high feed 
costs remained.

Fishmeal is still partly used for fish farm-
ing of predatory fish. In the meantime, soy, 
algae or peas are often used instead of fish 
meal – but vegetable proteins do not cover 
the entire protein spectrum required by fish. 
The predatory catfish is basically an omni-
vore, but it also needs animal proteins for its 
growth. However, these are very expensive, 
so that my business plan no longer worked. 
Therefore, I looked for alternative sources 
of protein to use as feed. One solution is the 
production of insects as an alternative ani-
mal protein source.

So we founded madebymade GmbH, of 
which I have been managing director 
together with Dr. Jonas Finck since 2017. 
Our founding team consists of two business 
economists and a biologist. My tasks include 
public relations, the sale of our products 
and communication with donors. The core 
idea of madebymade is: “110%”, circular 
economy. A system in which no residual 
materials are left over that cannot be recy-
cled. To this end, we have so far only col-
lected plant-based residues from the food 
industry or the retail trade. We could also 
use animal products as feed, e.g. meat and 
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milk, but we do not do this yet due to the 
high legal hurdles.

These residual materials are shredded 
and fed to our insect larvae. Possible false 
substances in the feed, such as glass or plas-
tic, are sorted out beforehand. Theoretically, 
foreign matter could also remain in the feed. 
Our larvae feed exclusively on the organic 
matter and practically eat around it. The 
excrements of the larvae, the larval sub-
strate, are sieved, thus separated from false 
matter and finally processed into organic 
fertilizer. The larvae are first dried and then 
pressed. In this way, apart from the press 
cake, we still obtain animal fats and oils. The 
press cake itself  is processed into flour. This 
“protein meal” can be used, for example, as 
an ingredient in animal feed. A large part of 
the production runs automatically. Nothing 
has to be sorted by hand. Likewise, nothing 
is left over in the form of residual materials. 
We are a zero-waste company.

The idea of producing proteins from 
insects is not entirely new. There is another 
large company in Germany as well as vari-
ous international market players, for exam-
ple in Canada or the Netherlands. However, 
I do not see a big problem for us due to the 
competitors, because the demand for alter-
native protein sources is far from being cov-
ered worldwide. So far, Germany imports 
about 200,000  t of fishmeal for industrial 
animal breeding per year. Currently, we have 
already completed the first industrial plant 
near Leipzig. At present, we are mainly con-
cerned with the first expansion stage of our 
production plant near Leipzig. Our medium- 
term goal is to process up to 205 t of resid-
ual materials from the food industry or retail 
trade per day. In future, we will be supplied, 
for example, by a Leipzig company that pro-
cesses fruit and vegetables. They produce up 
to 10 t of residual materials per day – taking 
into account that they are not even a partic-
ulary large company. The potential of pos-
sible residual materials is therefore 
enormous. We can produce about 1  kg of 
insects from 2 kg of residual material. Our 

current plant can produce up to 3 tonnes of 
live larvae per day with 20 tonnes of input. 
The plant is designed for about 400 tonnes 
of protein meal per year. The initial plan is 
to produce up to 250 t of protein meal per 
year and, of course, to sell it. We only need a 
fraction of the area of a soy farm for the 
same amount of protein. And: We only use 
raw materials which are no longer suitable 
for human or other animal consumption.

Our production facility has a modular 
structure and functions like a system con-
struction kit. Our goal is not only to sell the 
end products by mid-2020, but also to be 
able to offer system solutions for other pos-
sible producers worldwide. We only need the 
existing residual input quantity in order to 
be able to design and supply a custom-fit 
system solution, e.g. as a medium technol-
ogy or downgrade model. We currently have 
interested parties from Poland, Spain and 
the Dominican Republic, among others.

We started with not much more than an 
idea and the resulting business plan, which 
was supported by the start-up initiative 
Smile from Leipzig. Through them and a 
great deal of personal effort, we established 
contacts with potential investors. Finally, we 
received “early bird financing”, from a 
Saxon investor from Golzern Holding and 
were able to start building our first plant.

The biggest challenge for our company is 
scaling. We have to increase production as 
quickly as possible. This is the only way to 
achieve marketability. If  we don’t manage 
that, we won’t survive in the future. But we 
know: Our end products are well received 
and our modular system in particular sets us 
apart from other companies. As far as we 
know, they operate immobile large-scale 
plants. Our modular system, on the other 
hand, is planned in such a way that it can be 
quickly deployed all over the world. This 
allows us to produce sustainably in larger 
quantities, on site.

Another challenge is the administration. 
Whether it is animal feed, food or similar – 
until recently there were no legal regulations 
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for “insects”. Accordingly, we often had to 
struggle with difficulties of understanding 
and comprehension on the part of those 
responsible. We see ourselves as feed pro-
ducers  – but do we also have to meet the 
same or even more requirements as others? 
Diseases, emissions, killing … as far as 
insects are concerned, this is all new terri-
tory. Are insects, for example, subject to 
slaughter regulations? According to the defi-
nition, blood must be shed during slaughter. 
But insects don’t have blood. And an animal 
feed production plant must, by definition, 
be insect-free. Of course, this is not so easy 
to implement in our country. Many such 
issues have been resolved in recent months, 
including at European level, but the future 
certainly remains exciting.

But one thing is certain: We at madeby-
made like to get to the bottom of things and 
are persistent. It takes this urge to keep at it. 
Otherwise you can’t start a company.

10.9  Andrea Noske – Head 
of Division at the BMBF

 

Source: BMBF/Hans-Joachim Rickel

My name is Andrea Noske and I am a 
graduate engineer in materials science in 

metallurgy. In my first 3 years of work, I was 
involved in the research funding of projects 
for the bacterial leaching of ore tailings. A 
process that was then discontinued in the 
early 1990s because the raw material prices 
did not justify the expense. Today, these pro-
cesses are experiencing a renaissance under 
the heading of “biomining”, and are consid-
ered to be part of the bioeconomy. Since 
1988, I have not only been active in federal 
project funding – I also spent 4 years as sci-
ence attaché at the German Embassy in 
Washington, DC, USA.  I have been a fed-
eral civil servant at the BMBF since 1993 
and am currently head of the “Sustainable 
Management; Bioeconomy”, unit.

In this responsibility, my department 
funds research and development projects 
(R&D) in the field of the bioeconomy with 
more than €130 million annually – from the 
acquisition of biological knowledge to 
methods and technologies to application 
orientation on a laboratory scale. Through 
our funding measures, we seek to fill the 
“innovation pipeline”, on the way to more 
bio-based products, processes and services. 
In addition, we are in active dialogue with 
all stakeholders from science, industry and 
society and are driving forward the develop-
ment of a bioeconomy monitoring system.

For me as a “trained”, engineer, it is fas-
cinating to experience how life sciences are 
combined with technical sciences in the bio-
economy. Here, doors can be opened into 
completely new dimensions. For this to hap-
pen, however, science must have the freedom 
to take unfamiliar paths and take risks. This 
is the only way to find the best solutions for 
a biobased future. It is not only a matter of 
continuously developing technologies, but 
also of working on holistic solutions. These 
can originate from a single technology as 
well as from cross-technology approaches or 
social innovations. In particular, however, 
we need research that is open to new tech-
nologies, without blinkers or prohibitions.

In addition, questions about the value of 
ecosystem services and nature, about access 
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to resources, about distributive justice and 
about sufficiency are also important. In the 
end, there are transformation processes of a 
magnitude that reach far beyond individual 
technologies, disciplines and topics. They 
will have an impact on the way we produce, 
work and live. We must therefore intensify 
citizen-oriented technical communication 
and participation so that the special features 
of the biobased economy become tangible 
for people.

The dual finding that there is an urgent 
need to act and that the bioeconomy opens 
up new opportunities to do so will shape the 
new National Bioeconomy Strategy. 
Building on previous experience and suc-
cess, the strategy sets new priorities in order 
to tap the potential of the bioeconomy even 
better and more quickly. Above all, sustain-
able solutions are needed that offer real 
alternatives to traditional forms of produc-
tion by taking into account the systemic 
interrelationships between biological sys-
tems and their environment, rather than 
selectively replacing one problem with 
another. Different perspectives must be 
linked and interactions at all levels must be 
taken into account. It is precisely the combi-
nation of biological knowledge with eco-
nomic thinking – the art of managing under 
conditions of scarcity – that can lead to new 
breakthroughs.

The topic of the bioeconomy has also 
gained considerable global importance in 
recent years. There are now around 50 coun-
tries worldwide that have developed bio-
economy strategies. These programmes 
depend on the biogenic resources available 
in each case and on the political, social and 
technological framework conditions, thus 
illustrating the wide range of the 
 bioeconomy. The trend shows that more and 
more countries are placing great hopes in 
the potential of bioeconomic solutions. 
However, it also shows that the development 
of the bioeconomy is dependent on interna-
tional cooperation in order to achieve the 

ambitious overarching goals. This opens up 
a wide range of opportunities for exchange.

Cooperation with European partners, in 
particular, is an important key element with 
the tried and tested instruments of research, 
development and innovation cooperation. 
Overall, we will actively accompany the 
development of the bioeconomy at EU level 
in constructive dialogue with partners, 
because this is also the instrument where 
innovative regions can establish themselves 
across borders. The exchange of knowledge 
across national borders releases synergy 
effects, both for the cooperation partners 
involved and for the bioeconomy as a whole. 
The action plan presented in October by the 
EU Commissioners for Research, Agriculture 
and Environment on the road to a strong 
European bioeconomy is a major step.

10.10  Hans-Jürgen Froese – Head 
of Division at the BMEL

 

Source: Private

My name is Dr. Hans-Jürgen Froese. I 
am Head of Division 525 “Bioeconomy, 
Material Biomass Use”, at the Federal 
Ministry of Food and Agriculture (BMEL). 
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From 1983 to 1988 I studied geography with 
the subsidiary subjects agricultural econom-
ics and economics at the Justus Liebig 
University in Gießen and subsequently 
worked on a research project on agricultural 
trade policy issues of the EC southern 
enlargement.

I have been employed at the BMEL since 
January 1992. In addition to various officer 
functions, I worked as agricultural attaché 
at the German embassies in Madrid (1997–
2000) and Buenos Aires (2003–2008). 
Subsequently, I moved to the Department 
for Bioenergy at the BMEL, where I was 
particularly involved with international 
issues and the development of sustainability 
regulations for biofuels. Since November 
2010 – with an interruption for work abroad 
from August 2013 to December 2014  – I 
have been head of Unit 525, where I am 
responsible for issues relating to the National 
Policy Strategy for the Bioeconomy and for 
the BMEL’s funding programme for renew-
able raw materials.

My day-to-day business is very much 
determined by organisational issues relating 
to project funding, technical supervision of 
the project management agency Fachagentur 
Nachwachsende Rohstoffe e. V. (FNR), and 
various enquiries on topics relevant to the 
bioeconomy. (FNR), and by various inqui-
ries on bioeconomy-relevant topics. Longer-
term activities include considerations on 
new concepts for the funding programme 
for renewable raw materials, the bioeconomy 
strategies, the further design of bioeconomy 
monitoring and the bioeconomy dialogue 
with society.

For me, bioeconomy means – in short – 
using our biogenic resources responsibly. In 
particular, the principles of sustainability 
and efficiency must be observed at all stages 
of the value chain and in all areas of value 
creation, whether in the food or non-food 
sector. The use of biological resources 
behind the term “bioeconomy”, will play an 
increasingly important role in view of the 
coming challenges in the areas of food secu-

rity, the supply of energy and raw materials 
to a world population that continues to 
grow, and with regard to climate protection 
and nature conservation. Whether the bio-
economy in the form of strategic approaches 
or as an economic concept “runs with”, this 
trend will depend in particular on whether 
political bioeconomy strategies become 
established and convincing in terms of their 
implementation and visibility, or whether 
greater emphasis is placed on sector-specific 
individual strategies, such as biotechnology, 
digitisation, biodiversity, arable farming, 
grassland, animal welfare, forests, etc.

What fascinates me most about the bio-
economy is its breadth. It is a comprehen-
sive subject area that encompasses many 
sectors and activities. Under the umbrella of 
the bioeconomy, one can deal with forward- 
looking innovative biotechnological pro-
cesses as well as with questions of land use 
competition and forms of sustainable raw 
material provision. For me, it is particularly 
important that we follow a sustainable bio-
economy path that always keeps in mind the 
conservation of our natural resources for 
future generations.

I see the greatest advantage and thus also 
a certain success of the bioeconomy policy 
strategy as such in the holistic approach, 
which encompasses all biogenic raw mate-
rial uses for all areas of application and with 
which future questions – such as the future 
availability of usable biomass – can tend to 
be answered better than would be possible 
via partial, sectoral considerations (example 
of bioenergy). I see future challenges for 
strategy implementation in particular in the 
concretisation and evaluation of policy 
measures to the greatest possible extent. 
This is because national measures will not 
only have to be evaluated on a national scale, 
but also with regard to their effects in other 
countries/regions.

With the Bioeconomy 2030 Research 
Strategy and the National Bioeconomy 
Policy Strategy, policymakers have created 
the initial framework conditions for sustain-
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able bioeconomy development. However, 
various sector-specific individual strategies 
and action plans of the Federal Government 
also contribute to this. They must be 
reviewed in the light of further develop-
ments and adapted if  necessary.

The United Nations Global Development 
Goals (SDGs) and the National Sustainability 
Strategy represent the highest frame of refer-
ence for the bioeconomy strategy. In this 
respect, the bioeconomy strategy is oriented 
in particular towards the sustainability and 
efficiency targets specified in this framework.

The first step towards establishing such a 
Community policy for the bioeconomy is to 
discuss whether such an EU bioeconomy 
policy is at all desirable and necessary as a 
complement to existing Community policies 
(e.g. whether it contains policy measures that 
cannot or cannot adequately be addressed in 
existing Community policies) and whether it 
is supported by the EU Member States. 
Furthermore, the question of departmental 
responsibilities is unlikely to be easy to 
resolve either at the level of the European 
Commission or in the Member States, since 
bioeconomy policy affects at least the sec-
toral policies of the agricultural, economic, 
scientific and environmental ministries.

In view of the limited availability of bio-
logical resources and dwindling fossil raw 
materials, research activities to increase the 
efficiency of resource use, including the 
broad field of breeding research, but also 
innovations in biomass digestion processes, 
in recycling processes and in the more effi-
cient use of residual and waste materials, are 
particularly important. Research efforts to 
reduce greenhouse gas emissions must also 
be stepped up – across all stages of the value 
chain. Agricultural raw materials from agri-
culture have to play a special role here, as 
they can be used both for food and for 
numerous other uses in the non-food sector, 
whether in the material or energy sector.

The federal ministries have set up an 
Interministerial Working Group (IMAG) to 
deal with all issues relating to the implemen-

tation of the bioeconomy policy strategy. 
The IMAG meets as required, but usually at 
least twice a year. Among other things, it 
provides information on the various bio-
economy activities of the ministries and  – 
where possible  – coordinates individual 
measures.

The term “bioeconomy”, has a very 
broad definition and is therefore not easy to 
communicate to citizens. In my opinion, 
problems of understanding and acceptance 
can only be overcome by means of  long- 
term, target-group-specific information and 
dialogue measures. Sustainable bioeconomy 
development can only succeed if, in addi-
tion to politics and science, economic actors 
also support this process with appropriate 
investment decisions and consumers with 
targeted purchasing decisions. Without 
their willingness to produce new bio-based 
products in a sustainable manner or to con-
sume sustainably produced products, it will 
not work.

10.11  Isabella Plimon – Active 
for the Bioeconomy 
in Austria

 

Source: BMNT/Paul Gruber
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My name is Isabella Plimon and I am 
Head of Department for Innovative Climate- 
and Energy-Technologies and Bioeconomy 
at the Austrian Federal Ministry for Climate 
Action. I also represent Austria in the 
Strategic Energy Technology Plan (SET-
Plan) and the EU-Innovationfons. Before 
joining the Ministry, I was an advisor on 
international energy policy and environmen-
tal policy for a former Minister of Science, 
Research and Economy in Austria. Before 
that, I represented the interests of Austrian 
companies at national, EU and international 
level in energy and climate policy for almost 
ten years. My degrees from the Vienna 
University of Economics and Business 
Administration and the Technical University 
of Berlin also help me to view the topic of 
the bioeconomy in a cross-cutting way with 
a view to the associated value chains. This 
experience in the field of energy and climate 
policy as well as in representing companies 
helps me to focus on the contribution to 
long-term decarbonisation of innovative, 
bio-based ideas and the opportunities for 
the business location. Together with my 
team, developing and now implementing the 
first cross-sectoral, holistic bioeconomy 
strategy for Austria was and is a very excit-
ing task. At this point I would also like to 
thank Gottfried Lamers and Bernhard Zenz, 
the bioeconomy experts in my team! With 
their knowledge, heart and soul and enthusi-
asm, they have played a major role in ensur-
ing that the Austrian bioeconomy strategy 
was adopted by the federal government in 
March 2019 and is now implemented.

Bioeconomy stands for an economic 
concept that aims to replace fossil resources 
(raw materials and energy sources) with 
renewable raw materials in as many areas 
and applications as possible. It encompasses 
all industrial and economic sectors that pro-
duce, process or use biological resources. 
The bioeconomy thus offers a great oppor-
tunity to meet global challenges such as cli-
mate change, food and water shortages or 

environmental pollution, while at the same 
time strengthening economic development. In 
order to take the step towards implementing 
the hitherto knowledge-based bioeconomy – 
involving the relevant stakeholders and 
making use of all political instruments – the 
federal government set out in its government 
programme and in Austria’s climate and 
energy strategy, to draw up a strategy for the 
bioeconomy in Austria. This Austrian bio-
economy strategy was adopted on 13 March 
2019. It represents an essential cornerstone 
of the climate and energy strategy and sup-
ports the decarbonisation of the economic 
system. However, the focus on climate action 
naturally builds on the sectoral strengths in 
agriculture, forestry and waste management 
as well as the manufacturing companies and 
research in Austria. Building on this, a bio-
economy action plan with concrete imple-
mentation measures will be drawn up by the 
end of the year 2021.

We have also drawn up guidelines for the 
Austrian bioeconomy strategy in line with 
the Sustainable Development Goals (SDGs), 
which on the one hand have a positive impact 
on the bioeconomy in terms of their objec-
tives, but also highlight the limiting factors. 
The bioeconomy can be a viable and sustain-
able form of economy  – but it must move 
along the lines outlined above. Simply 
increasing efficiency, for example, carries the 
risk that any gains made will be wiped out by 
rebound effects. Therefore, changes in behav-
iour and values are also needed, both among 
producers and consumers, in order to achieve 
the goals of the bioeconomy strategy. For 
this reason, we believe that, in addition to 
efficiency measures, sufficiency measures, 
circularity concepts and the inclusion of 
individual consumption behaviour are essen-
tial pillars of a sustainable bioeconomy.

Due to the complex characteristics of 
biogenic feedstocks, the industrial process-
ing of biogenic raw materials into high- 
quality products requires sophisticated 
technologies and processes. Integrated con-
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cepts for the material and energetic use of 
these raw materials therefore also represent 
a central topic of the bioeconomy.

The German bioeconomy strategy, like 
other strategies, was a source of inspiration 
for the Austrian strategy. The latter has 
highlighted some aspects in particular, e.g. 
the reference to the SDGs and addressing 
the aspects of efficiency, sufficiency and 
individual consumption. Based on the ongo-
ing discussions, I assume that these aspects 
will also be included in the revision of the 
German strategy. In our analysis of differ-
ent bioeconomy strategies, we perceived 
Germany to be very user and industry ori-
ented, whereas the Finnish strategy is more 
commodity-centric. Austria’s approach of 
working across sectors to focus on climate 
actions is somewhat different. The Austrian 
bioeconomy strategy therefore covers 
research, resources, technologies and prod-
ucts in equal measure. The political fields of 
action of the strategy address all sectors.

What both strategies certainly have in 
common is that they see the bioeconomy as 
an opportunity for the business location. I 
hope that this will also lead to joint activities 
in the future. Unlike Germany, Austria does 
not have access to the sea, so the potential of 
a “blue bioeconomy”, is naturally more 

important in Germany. Just as Austria has a 
number of areas of strength on which the 
bioeconomy is based, such as the pulp and 
paper industry or the timber industry, 
Germany also has globally relevant areas of 
strength. Germany’s technological leader-
ship in the chemical sector, for example, is 
therefore certainly an exciting opportunity 
for the bioeconomy.

Urs Moesenfechtel
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11.1  Introduction

Almost all economic sectors are affected by 
this transformation process. For this rea-
son, the adoption of  a “National 
Bioeconomy Policy Strategy” in Germany 
in 2013 called on all actors in business, poli-
tics and society to take up these challenges 
(BMEL, 2014). Accordingly, the bioecon-
omy can be seen as a prime example of  the 
use of  network- based organisational prin-
ciples, because it
 1. transforms traditional value chains by 

involving new actors and raw materials 
at all stages.

 2. forms new value chains with new as well 
as established company players in order 
to develop bio-based innovations and 
bring them to market maturity.

 3. follows the principles of cascade and 
linkage use and circular economy 
through smart linkages within bio-based 
value chains to increase resource effi-
ciency in the use of biomass (BMEL, 
2014; Leal Filho, 2018).

The transformation to a bioeconomy 
requires “close cooperation between politi-
cal, economic, scientific, ecological and 
social actors” (BMEL, 2014, p. 21). In this 
context, it is necessary to organise decentral-
ised and regionally anchored material and 
energy cycles of bio-based products and 
also to link these with national and global 
markets. In view of this requirement, the 
transformation process towards a bioecon-
omy represents a field of application in 
which network-based forms of organisation 
are used.

11.2  Forms of Organisation 
of the Bioeconomy

In view of the emerging ecological chal-
lenges (e.g. climate change, CO2 emissions, 
plastic waste in oceans), the necessary learn-

ing, innovation, implementation and accep-
tance processes must be accelerated on the 
transformation path. Thus, the question of 
efficient forms of organisation for such com-
plex and cross-stakeholder transformation 
processes is of particular importance.

Against this backdrop, cluster concepts 
have gained particular attention in both poli-
tics and business since the early 1990s (e.g. 
Porter, 1990, 2008a; Delgado et  al., 2012). 
This approach has also been professionalised, 
for example, in the “Bioeconomy Cluster 
Central Germany” through a systematic clus-
ter management process (7 Sect. 11.3).

With the advance of digitalisation, so- 
called platform strategies for the coordina-
tion of interactions and market transactions 
have gained in importance worldwide. A 
variety of examples ranging from search 
engine providers to BtoB and BtoC market-
ing platforms underline this development. In 
business research, more and more papers 
address the special features and forms of the 
platform economy, which are spread increas-
ingly and therefore can cause a fundamental 
change in almost all industries. This raises 
the question of what similarities and differ-
ences exist between cluster and platform con-
cepts (Cooke, 2012), also with regard to the 
transformation process to the bioeconomy.

11.2.1  Conceptual 
Understanding: Clusters 
and Networks

The discussion of clusters and cluster pro-
cesses requires an understanding of the con-
cept of cluster used. According to the 
conceptual definition of clusters by Michael 
Porter (2008a, 2008b), clusters are a geo-
graphical concentration of companies 
 (specialised suppliers, companies in comple-
mentary, related industries and associated 
institutions such as universities, research 
institutes, trade associations) that cooperate 
with each other in certain fields of their 
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value chain or on the basis of common 
interests, even if  they act as competitors in 
the market.

A cluster can only be said to exist if  there 
is a sufficient number of companies (critical 
mass) in spatial proximity whose activities 
complement or are related to each other 
along a value chain. As a result, cross- 
company synergies and local externalities 
can be created or exploited (Brenner & 
Fornahl, 2003). Joint problems and projects 
can ultimately result in competitive advan-
tages for all actors involved through an inten-
sified exchange of experience, a more efficient 
division of labour and improved access to 
critical resources. In detail, efficiency advan-
tages (money, time, human resources), image 
advantages, innovation advantages as well as 
higher start-up and relocation rates can be 
achieved through cluster processes.

No general benchmarks can be given for 
determining critical mass. The following 
indicators are frequently used to determine 
critical masses (Brenner & Fornahl, 2003; 
EC, 2016): the number and size of compa-
nies within a region, environmental condi-
tions specified by research institutions, 
educational institutions, infrastructures, 
human capital, availability of natural 
resources. Ultimately, the emergence and 
development dynamics of a cluster depend 
on many influencing factors, which must be 
recorded and evaluated as part of an initial 
analysis using the so-called diamond model 
(7 Sect. 11.2.4).

Confusion often exists regarding the 
similarities and differences between the net-
work and cluster concepts. Basically, the fol-
lowing statement applies:

 5 Each cluster is a network,
 5 but not every network is a cluster.

Networks can be understood as an over-
arching concept. They are characterised as a 
network of interactions between individuals 

or organisations. Compared to networks, 
clusters differ in that the actors

 5 must have a link to the value chain, i.e. 
there are actors performing different or 
the same functions within the value 
chain, as well as actors performing 
related value chain functions or support-
ing functions,

 5 have a physical proximity and
 5 exceed a critical mass.

The discussion about the effect and success 
of cluster processes is controversial in prac-
tice as well as in science. In many cases, a 
negative attitude towards the cluster concept 
has emerged because numerous efforts in the 
past did not show the desired success. 
However, this was often due more to poor 
implementation than to the basic idea of the 
cluster approach (e.g. Fromhold-Eisebith & 
Eisebith, 2008; Porter, 2008b; Thomi & 
Sternberg, 2008; Azúa Mendia, 2009; Sövell, 
2009; Sövell et  al., 2009). Due to the large 
number of actors and influencing factors to 
be considered, there is undivided agreement 
that systematic cluster management (see 
also . Fig.  11.2) is a key prerequisite for 
success in developing and profiling a cluster 
(Porter, 1990, 2008a, 2008b).

Clusters should have an flexibility to 
change, and it depends on the design of the 
cluster management as well as the cluster 
actors involved how adaptation processes 
are taken up in value chains. Especially in 
change processes, an advantage can lie in the 
use of the “collective intelligence” of all 
cluster actors compared to isolated strategy 
concepts. In particular, the exchange of 
experience between different clusters  – e.g. 
between the automotive cluster and the 
chemical cluster for the development of bio- 
based insulation and plastics – can lead to 
new fields of innovation such as the bio-
economy, which can be quickly addressed 
through existing cluster processes.

Cluster, Network, Platform: Organisational Forms of the Bioeconomy
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11.2.2  Cluster Definition 
and Cluster Identification

A controversial question also relates to the 
issue of whether clusters can be defined top- 
down or whether clusters can be identified 
quasi-empirically from the bottom-up per-
spective on the basis of existing agglomera-
tions (. Fig. 11.1) (Porter, 1990; Mueller & 
Jungwirth, 2014). The latter approach 
assumes that the nucleus for the cluster pro-
cess already lies in an existing agglomeration. 
Empirically, clusters can be identified by the 
existence of a spatial agglomeration of com-
panies that are located horizontally (at the 
same stage of the value chain) or vertically 
(linked by supplier and customer relation-
ships) in a value chain and can be identified 
by certain agglomeration effects. Furthermore, 
a cluster is characterised by a certain degree 
of interconnectedness of the companies. The 
latter can be measured by the intensity of 
information exchange, the existence of joint 
projects or economic relationships, such as 
supplier or customer relationships.

The top-down approach is based on the 
expectation that agglomerations and thus 
agglomeration effects can be planned and 

realised within the value chain, even without a 
sufficient critical mass of actors in the initial 
phase. Targeted settlement policy is under-
stood here as an instrument for achieving the 
critical mass of actors over time for a cluster 
process. The top-down approach thus focuses 
more on the design of cluster processes and 
cluster-specific framework conditions.

Basically, neither a pure top-down 
approach nor a bottom-up approach proves 
to be effective. While the top-down approach 
may not sufficiently take into account the 
perspective and potential of the cluster 
stakeholders and require considerable 
resources and time for the development of a 
cluster, the bottom-up approach may not suf-
ficiently exploit opportunities for shaping 
framework conditions that promote clusters 
because only existing agglomerations form 
the starting point for a cluster process. If, for 
example, funding and cluster organisations 
are provided without ensuring sufficient 
participation of the actors of the value cre-
ation stages, a cluster development will not 
continue if  funding is no longer available.

A combination of top-down and bottom-
up approach proves to be the best. Particularly 
in the intense competition between regions 

Basic understanding: cluster management

Cluster 
stakeholders

Intelligent 
linking

pull strategy

Cluster 
stakeholders

bottom-up
(Cluster support strategy)

push strategy

top-down
(Cluster support strategy)

Cluster
stakeholders

       . Fig. 11.1 Intelligent combination of  top-down and bottom-up approach to initiate cluster processes. (Source: 
Own representation according to Porter, 1990; Mueller & Jungwirth, 2014)
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and business locations, targeted reflections 
must be made how to combine both 
approaches and therefore identify the 
strengths and existing infrastructure for 
cluster processes, to improve cluster-specific 
framework conditions and to delegate clus-
ter actors a leading role in the cluster pro-
cess.

11.2.3  Cluster Management 
as a Success Factor 
for Cluster Development

In modern approaches to cluster develop-
ment, the function of cluster management is 
classified as an essential success factor. 
Following a management process, the tasks 
and planning stages shown in . Fig. 11.2 can 
also be highlighted for cluster management.
 1. Situation analysis: The cluster manage-

ment can only obtain a picture of the 
location factors and the cluster actors on 
the basis of a careful and regular situa-
tion analysis in order to be able to derive 
goals and visions for the cluster process.

 2. Based on the situation analysis, a cluster 
vision can be defined under which the 
cluster stakeholders want to advance the 
cluster process. The vision, e.g. “to estab-
lish a leading biotechnology location in 
Europe”, should then be backed by con-

crete goals for the cluster process, which 
should be specified and updated in terms 
of content, scope and time reference. To 
achieve the goals, strategies or long-term 
behavioural plans and fields of action 
should be defined with the participation 
of the cluster stakeholders, which are to 
be adjusted depending on the respective 
cluster situation (strengths, weaknesses, 
opportunities, risks).

 3. Certain basic organisational structures 
and responsibilities must be defined for 
the implementation of the strategies. The 
form of institutionalisation (e.g. associa-
tion, limited liability company) also 
plays a decisive role here.

 4. Cluster projects then represent those con-
crete activities that are realised through 
cooperation of cluster actors. Both for 
the definition of the strategic focus and 
for the successful implementation of the 
projects, human resources have to be 
allocated. The more complex and hetero-
geneous the clusters are, the more diffi-
cult it is to define common fields of 
action and projects.

 5. In the final step, cluster monitoring must 
be used to ensure that the degree to 
which the activities have achieved their 
objectives is continuously monitored and 
that adjustments are made if  necessary.

Worldwide analyses of cluster processes 
prove that without certain organisational 
structures, professionalisation and accelera-
tion of a cluster development cannot be 
achieved (see, for example, the documented 
cluster projects on the internet platform of 
the MOC network, MOC, 2019).

11.2.4  Influencing Factors 
and Development 
Dynamics of Clusters

Whether cluster processes are successful and 
whether the actors involved and the region 
can increase their competitiveness as a result 

Information basis1

Visions, goals and strategies2

Cluster organisation3

Cluster projects4

Cluster monitoring5

       . Fig. 11.2 Planning steps and tasks of  cluster man-
agement. (Source: Own representation)
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depends on many influencing factors. 
Competitive factors such as access to raw 
materials, labor costs or economies of scale, 
which were often considered decisive in the 
past, are becoming less important in today’s 
economic environment. The reasons for this 
can be seen in the disruptive changes trig-
gered by digitalisation, which increasingly 
requires the bundling of innovation compe-
tencies even across industry boundaries. In 
this context, cooperative approaches such as 
alliances, strategic partnerships and net-
works are gaining in importance.

According to Porter, regional and 
national competitive advantages are based 
on four decisive determinants, which he 
depicts in a strategic diamond as shown in 
. Fig. 11.3 (Porter, 1990). Accordingly, it is 
important to shape the regional economic 
environment as positively as possible in 
order to create the conditions for local com-
panies to develop competitive advantages. 
Ultimately, the factors of regional competi-
tiveness influence the innovative strength 
and thus the competitiveness of the compa-
nies belonging to a cluster. Finally, competi-
tiveness also promotes the quality of life 
within a region. The decisive factors accord-
ing to the diamond model are:

 5 Factor endowment: Although the classic 
factors of production such as labour, 
land, natural resources and capital are 
also meant here, this approach is not 
complete. In modern economies, the 
decisive factors of production  – e.g. 
skilled labour, knowledge or infrastruc-
ture – are not inherited, but deliberately 
generated and developed.

 5 Demand situation: Here it is not the size of 
the home market that matters, but rather 
the composition and nature of demand. 
On the one hand, competitive advantages 
arise when the demanders of a region pro-
vide entrepreneurs with an earlier or clearer 
picture of future needs. On the other hand, 
particularly demanding demanders lead to 
companies being forced to innovate more 
quickly than competitors.

 5 Related and supporting industries: Inter-
nationally competitive local suppliers 
deliver inputs quickly and cost- effectively. 
Even more important than the availabil-
ity of parts, system components and 
machines, however, is the role of suppli-
ers in innovations and product improve-
ments that result from the close working 
relationships between the various part-
ners in the value chain.

the regional success

Quality of life 
and economic strength

Competitiveness 
(productivity)

Innovative strength

Determinants of 
regional competitiveness

Firm straegy, structure, 
and rivalry

Related and 
supporting industries

Demand
conditions

Factor 
conditions

Chance

Govern-
ment 

       . Fig. 11.3 Determinants of  regional competitiveness according to Porter. (Source: Own representation 
according to Porter, 1990)
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 5 Corporate strategy, structure and compe-
tition: In principle, according to Porter, 
there is no specific successful strategy or 
structure. Instead, it is crucial that cor-
porate goals, strategy and structure are 
aligned with each other and with the cor-
porate environment.

In addition, other issues also play a role in 
cluster development. There are different 
opinions on whether the public administra-
tion (federal government, states, cities and 
municipalities) should play an active part in 
promoting cluster processes or whether as 
little public and state intervention as possi-
ble leads to better results. In this context, it 
becomes apparent that an intelligent inter-
action of public and private actors creates 
the best conditions for success. In addition 
to the determinants of regional competitive 
advantage already mentioned, Porter also 
mentions chance as an influencing factor. 
These are events that are related to the situ-
ation of a region, but which neither the 
companies involved nor the public sector 
can influence.

Depending on the constellation of influ-
encing factors as well as the professionalism 
of the cluster management and the cluster 
organisation, a more or less dynamic devel-

opment of the cluster process may result. 
Cluster life cycle considerations can be used 
to illustrate cluster dynamics (e.g. Kirchgeorg 
& Fiedler, 2004). . Figure 11.4 shows typi-
cal life cycle phases of a cluster development 
process. In certain regions, historically 
grown interdependencies between regional 
actors may already exist that were not initi-
ated and established by a targeted cluster 
development process.

The deliberate development of a cluster 
organisation is often initiated by clusterpre-
neurs, which may include leading company 
representatives, scientists as well as repre-
sentatives of business development or 
regional marketing initiatives. If  the idea of 
cluster development finds sufficient accep-
tance, especially among the central actors of 
an industry, an initiative group is often 
formed which examines essential infrastruc-
ture requirements and organisational struc-
tures for the cluster development process 
and initiates first steps for the establishment 
of a targeted cluster formation process.

In the establishment phase, the initiative 
group then integrates further actors from 
the fields of business, science, administra-
tion and politics in order to force the degree 
of networking to generate agglomeration 
effects. In case of a successful cluster devel-

t

Cross-linking intensity / 

high

low

Growth Maturity DegenerationIntialization Establishment

PHASE I PHASE II PHASE III

       . Fig. 11.4 Life cycle phases of  a cluster development process. (Source: Own representation according to 
Kirchgeorg & Fiedler, 2004)
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opment, further vertical, horizontal and lat-
eral cooperations between the actors are 
formed, so that the endogenous develop-
ment process continues with disproportion-
ate growth rates (phase II). After the growth 
phase, clusters can also be characterised by 
maturity and degeneration phases (phase III). 
These can be caused by industry cycles as 
well as industry changes or by the fact that 
more attractive and competitive cluster 
structures have emerged in global competi-
tion. This leads to companies relocating, 
which results in a degeneration of agglom-
eration effects.

11.2.5  Basic Approaches 
and Tools for Cluster 
Analysis

In the context of the analysis of cluster pro-
cesses and their effects, two basic approaches 
can be distinguished: On the one hand, there 
is the collection and analysis of objectively 
ascertainable data to describe and analyse 
the effects of the cluster process. On the 
other hand, it is possible to analyse the 
 cluster process on the basis of the subjective 
assessments of the cluster actors involved.

Especially in the first phase of cluster 
development, suitable cluster monitoring 
proves to be particularly important in order 
to be able to successfully set up the steps of 
cluster formation. Since the effects of cluster 
processes only become apparent in the 
medium and long term in the form of objec-
tively measurable agglomeration effects, the 
satisfaction of the cluster actors with the 
process plays an important role as a success 
indicator in the short term. In the long term, 
high satisfaction rates can only be achieved 
with quantifiable effects for the cluster 
actors, but especially in the initial phase of 
cluster development, subjective assessments 
are an important point of orientation.

11.3  Challenges 
of the Bioeconomy Cluster 
in Central Germany

The implementation of a bioeconomy and 
the innovative integration, processing and 
marketing of renewable raw materials 
require an interdisciplinary linkage of dif-
ferent economic and research areas along 
different material flow and value chains. 
This creates both a considerable need for 
cooperation and a coordination effort 
between the various partners in the newly 
forming material flow and value chains 
(European Association for Bioindustries, 
2005; Kircher, 2012), so that particular 
importance must be attached to the cluster 
approach in the bioeconomy. Due to the 
interdisciplinary links, however, a suffi-
ciently large number and variety of suitable 
partners are required for regional agglom-
eration and cluster processes within the bio-
economy (Bioökonomierat, 2010).

Experience shows that such an interna-
tionally competitive cluster – a geographical 
agglomeration of connected and related 
enterprises and accompanying institutions – 
must develop over a longer period of time 
and can only emerge from nowhere under 
special funding conditions (or coincidences).

The region of the federal states of 
Saxony, Saxony-Anhalt and Thuringia, 
known as “Central Germany”, has cluster 
potential in the distinctive forestry and agri-
cultural industries, the equally traditional 
mechanical and plant engineering sector 
and the modern energy industry with a focus 
on renewable energies (including Solar 
Valley Central Germany). It has several 
modern biotechnology locations (including 
in Dresden, Jena, Leipzig and Halle/Saale) 
and also has a broad-based manufacturing 
sector (Kirchgeorg & Wurpts, 2011).

As . Fig.  11.5 illustrates, a novel link-
age between these previously only partially 
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connected sectors and clusters has been 
established in the bioeconomy cluster in the 
sense of a “smart specialization” (EC, 2016; 
David et al., 2009).

In view of the special features of the bio-
economy transformation process high-
lighted in the introduction, bioeconomy 
clusters also have special features in com-
parison to “conventional” clusters, such as 
those that have so far been promoted and 
scientifically investigated predominantly in 
the fields of information technology, the 
automotive industry or biotechnology and 
other “classic” and “modern” industries. 
The intended link between the companies 
and research institutions does not consist of 
one or a few value chains with one or a few 
export-oriented end products. It rather con-
sists of several new material flow chains that 
are subordinate to the sustainability princi-
ple, from which a large number of very dif-
ferent and new, in part completely foreign 
value chains – and thus end products – can 
be derived.

The new value chains of the bioeconomy 
which are aimed in the course of the cluster 
process are to be developed on the one hand 

in the materials sector and on the other hand 
in the biochemical sector through innovative 
conversion processes. Depending on the 
optimum degree of utilisation, the by- 
products produced in the process are to be 
reused either for energy or, if  necessary, as 
nutrients, in order to comply with the prin-
ciples of cascade and coupled utilisation 
(BMEL, 2014).

Considerable professionalisation poten-
tial can be tapped in specific phases and situ-
ations with the help of the management 
methods transferred to clusters. 
. Figure 11.6 provides an overview of the 
instruments that the “Bioeconomy Cluster 
Central Germany” has developed and used. 
They form an important information basis 
for the professionalisation of cluster man-
agement.

Through the use of various instruments 
within the cluster management, the follow-
ing results were achieved:
 1. National and international benchmark-

ing provided a central information basis 
for the profiling of bioeconomy clusters 
in international competition. This also 
made it possible to identify clusters with 
which collaborations were established to 
form a metacluster as part of the inter-
nationalisation of the Bioeconomy 
Cluster Central Germany.

 2. Agglomeration analyses provided infor-
mation on the extent to which companies 
from cluster-affine industries are repre-
sented in a region and the extent to which 
above-average agglomeration effects can 
be achieved in a federal state comparison.

 3. Satisfaction analyses among the cluster 
stakeholders provided the cluster man-
agement, as a central control instrument, 
with information on the extent to which 
the expectations of the stakeholders were 
fulfilled in the early phase of cluster 
development or where gaps in expecta-
tions had to be closed.

 4. Based on satisfaction and expectation 
analysis of the cluster stakeholders, a 
comprehensive service portfolio was devel-
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       . Fig. 11.5 “Smart specialization” of the Bioecon-
omy Cluster Central Germany. (Source: Own presen-
tation based on information from the Bioeconomy 
Cluster homepage, 7 www. bioeconomy. de)

Cluster, Network, Platform: Organisational Forms of the Bioeconomy

http://www.bioeconomy.de


190

11

oped by the cluster management to offer 
specific support services to stakeholders.

 5. Particularly in the growth phase of the 
Bioeconomy Cluster Central Germany, a 
professional business development pro-
cess  – initiated by the cluster manage-
ment  – was of particular relevance in 
order to be able to efficiently allocate 
resources on the basis of project priori-
ties. For this purpose, the scoring models 
developed for the Bioeconomy Cluster 
Central Germany could be used for proj-
ect evaluation and the creation of a proj-
ect portfolio.

 6. The product innovations developed in 
the bioeconomy cluster were systemati-
cally recorded and, based on an added 
value catalogue, the advantages and dis-
advantages (compared to classic product 
variants that were not bio- based) were 
compared with each other in order to 
identify market potentials and indica-
tions for the positioning of bio-based 
product innovations.

 7. The internationalisation of the 
Bioeconomy Cluster Central represents 
a logical development step within the 

growth phase. On the way to designing a 
metacluster, findings on internationalisa-
tion strategies of networks and companies 
can be transferred to cluster contexts.

11.4  Outlook: Linking Cluster 
and Platform Strategies

Digital platform strategies have gained 
importance over the last decade as a result 
of digitalisation. In view of the special fea-
tures that distinguish digital platforms, the 
term “platform economy” is also increas-
ingly being used.

The principle of the platform economy is 
characterised by the fact that a large number 
of suppliers with their product and service 
offerings are brought together with demand-
ers on a platform. The German Federal 
Ministry for Economic Affairs and Energy 
defines digital platforms as “internet-based 
forums for digital interaction and transac-
tion” (BMWi, 2017, p. 21). Such platforms 
include search engines, comparison and rat-
ing portals, marketplaces, trading platforms 
and social networks.

-
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Comparative analysis of industry clusters based on selected success 
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       . Fig. 11.6 Overview of  the analysis instruments used by the cluster management
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The platform economy consists of at 
least three groups of actors: The platform 
operator, a large number of suppliers and a 
large number of consumers (two-sided mar-
kets). As a rule, two effects can be achieved 
with the help of digital platforms (Tiwana, 
2014; BMWi, 2017):
 1. Network effects: They describe the ben-

efits (network externalities) that suppli-
ers and/or customers receive on platforms 
as a result of more and more players 
being active on a platform. More provid-
ers lead to a larger offer, which in turn 
attracts more demanders. Network 
effects can exist between both the supply 
and demand sides or on only one side of 
the market. For example, xustomers/
buyers can also interact with each other 
and thereby obtain greater benefits. This 
can, for example, lie in a higher number 
of customer ratings, which reduce the 

perceived purchase risk of an individual 
buyer.

 2. Scaling effects: Digital platforms are 
also used to justify zero marginal cost 
economics, i.e. additional transactions 
between suppliers and buyers generate 
hardly any additional costs for the plat-
form operator (marginal costs). Thus, 
while platform operators often have 
high fixed costs due to the hardware/
software infrastructures, this may be 
accompanied by low marginal costs. 
This leads to platforms following scaling 
strategies, because no or low marginal 
costs are associated with additional 
transactions.

. Figure 11.7 compares selected character-
istics of cluster and platform concepts. Both 
concepts can be classified as network-ori-
ented forms of coordination or organisation 

Physical infrastructures, if necessary also use 
of digital forms of communication

Digital platform (hardware and software)Infrastructure

Online / digitalO�ine / personal and online / digital

Local network e�ects Local and global network e�ects, scaling
e�ects (due to low marginal costs or zero
marginal cost economics)
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membership in cluster initiatives

Open platforms: free access 

Closed platforms: Operator de�nes access
authorization
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Cluster management Platform operatorCoordinator

Regionally limited Regionally unlimitedDemander

Regionally limited Regionally unlimitedProvider

Regionally limited networks of companies, 
research institutions, service providers and 
other related institutions that are created 
through joint exchange relationships along a 
value chain and through which local 
externalities can be used to achieve 
competitive advantages.

Digital platforms are internet-based forums 
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Platforms include search engines, compari-
son and rating portals, marketplaces, trading 
platforms, social networks, among others.

Criteria Cluster Platforms

       . Fig. 11.7 Overview of characteristics of different cluster and platform concepts. (Source: Own representation)
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that ultimately generate network effects 
through the mutual exchange of actors 
(Asheim et al., 2011). It is striking that via 
the cluster definition the regional delimita-
tion of actors takes place and local exter-
nalities or network effects play a role. Digital 
platforms, on the other hand, have no local 
limitation, i.e. they can, if  necessary, drive 
the networking of actors globally. 
Specifically via the phenomenon of zero 
marginal cost economics, certain digital 
platform concepts can even scale globally, 
i.e., connect additional suppliers and 
demanders without additional marginal 
costs. While in a regional cluster actors can 
already participate in network effects 
through local presence, actors have to 
actively choose to be present on digital plat-
forms. In this context, access can be regu-
lated by the platform operator (open vs. 
closed platforms). While open platforms use 
the creativity of the masses, e.g. in the con-
text of innovation processes, closed plat-
forms can offer a security advantage and 
greater control of the transaction processes.

Compared to open, globally accessible 
platforms, the networking radius and network 
effects of classic clusters are regionally limited 
because special importance is attached to 
physical exchange relationships and offline 
communication. In turn, the emergence of 
metaclusters – i.e. clusters network with other 
clusters across regional or national borders – 
also offers the possibility of exploiting supra-
regional networking effects.

If  we dare to look ahead, a combination 
of cluster and platform strategies (Cooke, 
2012) seems to be an interesting approach to 
combine the advantages of both forms of 
organisation.
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12.1  Cluster Partners 
and Contributions

The Bioeconomy Science Center (BioSC) is 
a research network for sustainable bioecon-
omy in North Rhine-Westphalia, which was 
founded in 2010 by the Forschungszentrum 
Jülich, the RWTH Aachen University, the 
Heinrich Heine University Düsseldorf and 
the Friedrich Wilhelms University Bonn. 
The current 68 member institutes with 
around 1900 employees from the four BioSC 
partner institutions form the scientific core 
of the research cluster (BioSC, 2020a). They 
conduct research in four main research 
areas: “Sustainable plant production and 
resource stewardship”, “Microbial and 
moleculartransformation”, “Chemical engi-
neering of renewable resources”, and 
“Economy and societal implications of the 
bioeconomy” (ibid.). The mission and essen-
tial feature of the BioSC (. Fig. 12.4) is to 
conduct research across disciplinary bound-
aries in holistic, integrated projects and to 
provide contributions to the development of 
a sustainable bioeconomy at regional, 
national, European and global level. These 
range from the sustainable production of 
plants as food and feed as well as renewable 
raw materials in integrated biorefinery con-
cepts, in which (bio)chemical, biotechnolog-
ical and process engineering processes are 
used to produce biobased valuable materials 
(platform and fine chemicals, pharmaceuti-
cals, functionalised materials) and energy 
sources. The focus is on the most holistic 
possible use of the biobased raw material 
and its side streams in stages (cascade use) 
and the closing of (regional) nutrient cycles 
(circular economy) in innovative, sustainable 
processes. Thematically, research at the 
BioSC focuses on three focus topic 
areas(BioSC, 2020b):

 5 smart management for plant performance,
 5 integrated biorefineries for sustain-

ableprocesses and products,

 5 modular biotransformations for high- 
value compounds and

 5 Technological and institutional innova-
tions as drivers of bio-based social trans-
formations.

The focus topic areas have so far been imple-
mented e.g. through multi-disciplinary, 
cross-location collaborative projects, the so- 
called FocusLabs,1 with funding of €2.4 mil-
lion for three years per project.

In addition to the broad disciplinary sci-
entific expertise of the partners, state-of-the- 
art, unique scientific infrastructures at the 
BioSC partner institutions are essential pil-
lars for the joint research of the BioSC:

 5 the pilot biorefinery NGP2 at RWTH 
Aachen University (2018),

 5 the agricultural experimental site Cam-
pus Klein-Altendorf of the University 
of Bonn (2010),

 5 the Jülich Plant Phenotyping Centre  – 
JPPC at the FZJ (n.d.-b),

 5 the Jülich Microbial Phenotyping Centre 
at the FZJ (n.d.-a),

 5 technology platforms for molecular ana-
lytics at the University of Düsseldorf, as 
well as

 5 the German Crop BioGreenFormatics 
Network (GCBN) performance centre 
(de.NBI, 2018).

The scientific infrastructures are developed 
and shared by the partners. In addition, they 
form an important basis for technology trans-
fer in cooperation with industrial partners 
(chemical, pharmaceutical, food and feed 
industries, plant breeders, energy industry). 
The development of sustainable biobased 
products and processes for various value cre-
ation networks and cross-industry coopera-
tion with small and large commercial 

1 For further information see: 7 https://www.biosc.
de/researching
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enterprises and associations in the region are 
special features and important drivers of the 
BioSC. The inclusion of existing infrastruc-
tures operated by companies or public insti-
tutions also plays a significant role here, in 
order to bundle and exploit existing technol-
ogy potential in the region. BioSC member 
institutes (Core Groups) are active in various 
Clusters of Excellence in North Rhine-
Westphalia in the bioeconomy environment 
(e.g. Cluster for Industrial Biotechnology  – 
CLIB2021, the Geoverbund ABCJ and the 

DFG Clusters of Excellence CEPLAS,2 
PHENOROB,3 Fuel Science Center4) and are 
closely networked (see also . Figs. 12.1 and 
12.2). In many cases, the scientific directors 
of the BioSC member institutes also hold 
leading positions in the clusters. At national 

2 For more information, see: 7 https://www.ceplas.
eu/de/home/

3 For more information, see: 7 http://www.phe-
norob.de/

4 For more information, see: 7 https://www.fuelcen-
ter.rwth-aachen.de/cms/~siul/Fuelcenter/?lidx=1

Universities, universities of applied sciences, 
non-university research institutions

University of applied sciences Aachen, Campus Jülich 15

University of Cologne 16

University of Muenster 17

Fraunhofer Institute UMSICHT (Oberhausen) 19

Max Planck Institute for Plant Breeding Research 
(Cologne) 18

Fraunhofer Institute for Molecular Biology and 
Applied Ecology (Aachen) 20

Research infrastructures

University of Bonn 8

German Plant Phenotyping Network (DPPN) (Jülich) 7

6

BioSC partner institutions

RWTH Aachen University 5

University of Düsseldorf 4

University of Bonn 3

Forschungszentrum Jülich GmbH 2

1

Cooperation networks and alliances

Cluster industrial biotechnology - CLIB (Düsseldorf ) 9

Geoverbund Aachen-Bonn-Cologne-Jülich 10

Forschungsnetzwerk NRW Agrar (Bonn) 11

Cluster of Excellence

PHENOROB - Robotics and Phenotyping for
Sustainable Crop Production (Bonn) 13

CEPLAS - Cluster of Excellence on Plant Sciences
(Düsseldorf ) 12

FSC - Fuel Science Center (Aachen) 14

Center for Next Generation Processes and 
Products (NGP2) (Aachen)

       . Fig. 12.1 Illustration of  the regional networking of  the Bioeconomy Science Center (BioSC) in North 
Rhine-Westphalia and throughout Germany. (Source: Own representation)
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level, the BioSC is integrated via the 
Forschungszentrum Jülich as a member of 
the Helmholtz Association into the Helmholtz 
Cross-Sectional Network for Sustainable 
Bioeconomy, which is coordinated by the 
FZJ (. Fig. 12.2). As a scientific competence 
centre for bioeconomy research, the BioSC 
plays an essential role in the network of actors 
for the development of a model region 
BioökonomieRevier in the Rhineland 
(Modellregion BioökonomieRevier, 2019).

In addition to innovation in all sectors 
involved and the development and establish-
ment of state-of-the-art infrastructures and 
demonstration plants, the transformation 
from an economy based on fossil raw mate-
rials to one based on renewable raw materi-
als requires well-trained specialists who have 
a holistic understanding of the requirements 
of the bioeconomy and can work on these 
across disciplines with various stakeholders. 
To this end, the BioSC offers inter- and 

Integrated 
bioeconomy

BioSC – Bioeconomy 
Science Center

Helmholtz-Gemeinschaft 
Deutscher

Forschungszentren e. V.

Technology 
leadership

Digital Technologies:

Sensors, digital systems
• IPPN – International Plant
 Phenotyping Network

• EPPN2020 – European Plant
 Phenotyping Network 2020

• ESFRI EMPHASIS – European
 Infrastructure for Multi-scale
 Plant Phenomics and
 Simulation

Bioinformatics 
& modelling
• de.NBI – German Network
 for Bioinformatics
 Infrastructure
• 13C FLUX2

Digital agriculture

quality

Clusters of Excellence:

PhenoRob
• Robotics, Big Data
• Digital agriculture

CEPLAS
• Plant breeding, 
 optimization, 
 plant-microbe interaction

Fuel Science Center
• Adaptive conversion  
 systems for renewable  
 energy and carbon sources

Regional 
cooperation

• BioSC

• Geoverbund ABC/J

• CLIB

Shared 
infrastructures:

• 
 Campus Klein-Altendorf
 (University of Bonn)

• NGP2

 (RWTH Aachen University)

• DPPN –

 Phänotypisierungs
 Netzwerk

• JMPC – Juelich Microbial  
 Phenotyping Center

excellence
Universities 
in the region

National research 
institutions

       . Fig. 12.2 Between scientific excellence and inte-
grated bioeconomy – illustration of  the embedding of 
the Bioeconomy Science Center (BioSC) in the 

regional, national and international research land-
scape on the bioeconomy (examples). (Source: Own 
representation)
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transdisciplinary training modules in the 
various topics of the bioeconomy for all 
educational and career levels (pupils, stu-
dents, graduates5,6 life-long learning). 
Dialogue with society is also an important 
field of activity for the association.

12.2  Management of the Cluster

The BioSC is a research network that was 
founded in 2010 on the basis of a long-term 
cooperation agreement between the four 
institutions mentioned in 7 Sect. 12.1. The 
core is formed by the member institutes 
from the four partner institutions, whose 
heads form the directorate. The Directorate 
elects the Executive Board from its born 
members: four scientific directors, for each 
of whom a deputy is also elected. The 
Executive Board coordinates and imple-
ments the concrete measures for the sub-
stantive and strategic development of the 
BioSC with the support of the Managing 
Director, who heads the BioSC Office and 
coordinates and manages the day-to-day 
business (BioSC, 2020d). Among other 
things, the BioSC Office handles the scien-
tific-administrative implementation and the 
public relations work of the BioSC.  The 
Executive Board and the Managing Director 
coordinate and meet at regular intervals. 
The heads of the four partner institutions, 
the chairman and deputy chairman of the 
FZJ, and the rectors and chancellors of the 
universities form the Assembly of 
Contractual Partners, which decides on mat-
ters of fundamental importance to the 
BioSC.  The overarching strategic develop-
ment of the BioSC is supported by a 

5 E.g. Summer Schools, NRW-PhD Day “Future 
Bioeconomy”.

6 E.g. establishment of  the certificate course “Bio-
economy” at the FH Aachen, Campus Jülich in 
cooperation with Springer Verlag.

Scientific Advisory Board, in which national 
and international personalities from science, 
industry and other areas of society are 
appointed to advise the Executive Board 
and the contract partners (ibid.) 
(. Fig. 12.3). The Assembly of Contracting 
Parties and the Advisory Board meet in ple-
nary session at least once a year. In addition, 
working meetings with advisory board 
members on various topics (e.g. training, 
cooperation with industry) are held several 
times a year. The scientific heads of the core 
institutes of the BioSC (Directorate) and 
their staff  meet regularly once a year in the 
BioSC Forum for an internal retreat. In 
addition, numerous topic-oriented BioSC 
events are held in various formats (integra-
tion forums, thematic workshops, BioSC 
spotlights, trade fair presentations) for inter-
nal and external networking and interdisci-
plinary scientific cooperation, most of which 
are also open to external participants. Since 
2016, the BioSC has hosted the International 
BioSC Symposium “Towards an integrated 
bioeconomy” once a year in late autumn, 
where international experts from science 
and industry present and discuss current 

Assembly of 
Contractual Partners

(BioSC partner institutions)

Scienti�c
Advisory 

Board

Managing 
Director

Executive 
Board

(8 elected representatives)

Directorate
(BioSC member institutes)

       . Fig. 12.3 Organisational structure of  the Bio-
economy Science Center (BioSC). (Source: Own rep-
resentation)
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research results for inventions and applica-
tions in the bio-based economy.

The BioSC represents a cooperation 
platform for various stakeholders in the bio-
economy at national and international level. 
Networking with other clusters, networks 
and different stakeholders in the bioecon-
omy is a core element of the BioSC concept. 
External cooperation partners from science, 
industry and society can be integrated into 
the BioSC as associated members. These are 
partly involved in BioSC research projects as 
cooperation partners or in an advisory role 
and actively contribute to BioSC events (e.g. 
International BioSC Symposium, topic- 
specific workshops, BioSC Spotlights). Vice 
versa, the member institutes of the BioSC 
act as cooperation partners so that synergies 
between the different research landscapes in 
Germany and internationally can be 
strengthened.

The BioSC sees itself  as a cluster for 
research, innovation and education for a 
sustainable bioeconomy that pursues inte-
grated approaches in all four fields of action, 
networks and implements them regionally 
and acts internationally. This understanding 
is also reflected in the external communica-
tion of the BioSC concept.

12.3  Vision and Mission

The aim of founding the BioSC was to bring 
together the complementary competences 
and infrastructures in research and teaching 
available at the four institutions in a joint 
scientific research cluster in order to develop 
integrated approaches in line with the vision 
of a knowledge-based, sustainable bioecon-
omy. The spatial proximity of the four insti-
tutions, the long-standing bi- and trilateral 
cooperation between the four partners, a 
joint strategy geared towards long-term 
cooperation, and the fact that the BioSC is 
embedded in an environment characterised 
by primary agricultural and forestry pro-

duction on the one hand and one of the 
largest energy and chemical locations in 
Germany on the other formed a profound 
basis for the establishment of the BioSC. In 
addition to the development of integrated 
and holistic approaches between natural sci-
ences, engineering, economics and social sci-
ences in research, inter- and transdisciplinary 
education in the sense of the bioeconomy 
should also be implemented in the medium 
term. With the BioSC, the partners, in coop-
eration with industry, politics and society, 
aim to make significant contributions to the 
knowledge base, to the training of a quali-
fied workforce and to the development and 
implementation of bioeconomic production 
processes and concepts in North Rhine- 
Westphalia and beyond. These are in line 
with the National Bioeconomy Strategy 
(BMBF, BMEL, 2020) as well as the policy 
strategies on the “Sustainable Bioeconomy 
in Europe” (EC, 2018) and the “European 
Green Deal” (EC, 2019) of the European 
Union. The importance of the major global 
challenges, but also the potentials of a sus-
tainable bioeconomy and its implementa-
tion at regional levels have also been 
incorporated into the recommendations for 
action of the Global Bioeconomy Summit 
2018 (GBS, 2018).

North Rhine-Westphalia also recognised 
the potential of the bioeconomy at an early 
stage and in 2010 drew up a potential study 
on the knowledge-based bioeconomy in 
NRW, on the basis of which various mea-
sures and initiatives for the further develop-
ment of the bioeconomy were subsequently 
developed and supported. One example is 
the funding of the development of the 
BioSC as a strategic research infrastructure 
in NRW within the framework of the NRW 
BioSC Strategy Project (hereinafter referred 
to as the BioSC Strategy Project) as part of 
long-term project funding of at least ten 
years, which is divided into three funding 
phases. The first phase of the project was 
launched in 2013, the second at the begin-
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ning of 2017. In 2014, North Rhine- 
Westphalia then implemented the “NRW 
Regional Innovation Strategy” (MWIDE, 
2014), which provides funding for science 
and industry. This defines lead markets that 
address a wide range of bioeconomy topics 
and technologies relevant to them.

12.4  Benchmark and Success 
Criteria

The objective of  the research cluster is to 
develop biobased products, processes and 
bioeconomy concepts in integrated, inter-
disciplinary research projects and coopera-
tions by networking the four research areas 
of  the BioSC and to bring them into appli-
cation.

In the first funding phase of the BioSC 
strategy project funded by the state of NRW, 
the focus was on networking and integrating 
the approximately 50 member institutes at 
that time into the BioSC concept and initiat-
ing cross-disciplinary research projects of 
varying degrees of exploration. One mea-
sure of the progressive integration of the 
four different BioSC research areas 
(. Fig. 12.4) and scientific disciplines is the 
participation of scientists from at least two 
research areas in the project consortia. In 
the more than 60 projects that have been 
carried out or are underway since 2013, 
there has been an increase in the number of 
BioSC projects that include all four of the 
BioSC’s research areas – from plant produc-
tion, biotechnology and process engineering 
for renewable raw materials to (socio-)eco-
nomic implications. The successful integra-
tion of BioSC members can also be 
demonstrated by joint publications and pat-
ents that have resulted from the projects 
(BioSC, 2020c). Likewise, the demand from 
science and industry for cooperation oppor-
tunities in the multidisciplinary BioSC 
research collaborations and an increasing 

involvement of companies from different 
sectors (e.g. chemical companies, enzyme 
manufacturers, fertiliser manufacturers for 
horticulture and agriculture) show the suc-
cess of the concept pursued. In addition, the 
number of continuing interdisciplinary and 
multidisciplinary projects (BMBF 
Maßgeschneiderte Inhaltsstoffe or 
Bioeconomy International) funded by other 
funding bodies is increasing. At the end of 
the first funding phase, a strategy process 
took place with the aim of focusing the the-
matic breadth in the initiation phase in order 
to strengthen the scientific profile and poten-
tial of the BioSC. The results of this process 
are the four focus topic areas, to which 
research in the subsequent funding phases 
has been directed.

The objective for the coming years and 
the third funding phase of the BioSC strat-
egy project will be to further develop prod-
ucts, processes and concepts developed in 
the BioSC for their application (Science- 2- 
Business) and to generate new ones. A par-
ticular focus will be on implementation in 
the region.
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Economy 
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molecular 
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engineering of 
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       . Fig. 12.4 Overview and interaction of  the four 
research areas of  the Bioeconomy Science Center 
(BioSC). (Source: Own representation)
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12.5  Experience

With the establishment of the BioSC, an 
internationally recognised cluster and a 
partner for research, innovation and educa-
tion for a sustainable bioeconomy has devel-
oped in the Rhineland. Bringing together 
the various disciplines and research cultures 
from more than 65 institutes and achieving a 
common understanding of the respective 
challenges for the bioeconomy in the differ-
ent research fields has taken time. In addi-
tion to the time factor, long-term financial 
support is an essential prerequisite for 
achieving this objective. The state of North 
Rhine-Westphalia has recognised this neces-
sity and, with its long-term funding strategy, 
has provided significant support for the 
establishment and content-related profiling 
of the BioSC. The first results for medium- 
term implementation are emerging. To this 
end, it is necessary to network the various 
stakeholders and actors, knowledge and 
innovations, technological competencies 
and infrastructures in science and industry 
even more closely in the future, to support 
spin-offs, to strengthen the dialogue between 
industry, science and society and to address 
global challenges by expanding interna-
tional cooperation. The BioSC’s goal is to 
continue the developments that have been 
initiated in this direction.
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13.1   Vision and Mission

The BioEconomy Cluster came together in 
2011 as a regional network (BioEconomy 
e. V.) with 23 members in Saxony-Anhalt. 
The original idea was to form a cross-indus-
try cluster (“wood meets chemistry”) from 
the existing regional strengths such as the 
chemical potential in the chemical triangle 
Leuna  – Schkopau  – Bitterfeld-Wolfen, 
but also Zeitz and the resource availability 
of wood  – especially beech wood within a 
radius of 150 km around the location.

Founded in 2012, the BioEconomy 
Cluster was one of the winners of the 
third round of the Leading-Edge Cluster 
Competition of the Federal Ministry of 
Economics and Education (BMBF). From 
2012 to 2017 alone, €80 million (of which 
50% was contributed by industry) was 
invested in researching and implementing 
the bioeconomy. The BioEconomy Cluster 
supports the national research strategy 
BioEconomy 2030 of the federal govern-
ment and aims at thematic and spatial net-
working with overlapping value creation 
stages (Hüsing et al., 2017).

The state of Saxony-Anhalt is fund-
ing the BioEconomy e. V. as an innova-
tion cluster until 2026. Saxony-Anhalt has 
designed the Regional Innovation Strategy 
Saxony- Anhalt (RIS) 2014–2020, which 
is intended to concentrate on the existing 
economic strengths and research focuses in 
the state and further expand their poten-
tial. The special profile of Saxony-Anhalt, 
with its specialisation in e.g. agrochemicals, 
fine chemicals and specialty chemicals, but 
also with new fields of application such as 
automotive lightweight construction with 
composites, will also be further promoted 
by the BioEconomy Cluster. The bioecon-
omy combines research-intensive economic 
activities in agriculture, forestry and the 
food industry with the material and ener-
getic use of renewable raw materials. The 

transformation of the petroleum-based 
chemical industry into a more sustainable, 
resource- and energy-efficient, and more 
bio-based economy is considered to be of 
great importance worldwide. This lead mar-
ket “Chemistry and Bioeconomy” is also 
significantly shaped by the BioEconomy 
Cluster (MW Sachsen-Anhalt, 2014).

13.2   Mission (Cluster Strategy)

Through the implementation of the coordi-
nated project portfolio in the BioEconomy 
Cluster, the vision of a globally unique reali-
sation of the bioeconomy is to be achieved 
by linking the areas of wood, agriculture, 
chemicals and energy and in an entire 
region. The following goals are derived 
from this: maximisation of value creation 
through coupling and cascade use for the 
production of chemicals, materials, new 
materials and energy as well as the accel-
eration of innovation processes through 
integrated and spatially coordinated scaling 
of processes and plants from laboratory to 
demonstration scale. Ideally, material flows 
are linked to form new types of value chains 
and networks, and new processes and prod-
uct prototypes are developed. The technical 
prerequisites required for this (results of the 
original technology-push-oriented process 
developments) enabled the construction 
and commissioning of new laboratory, pilot 
and demonstration plants (strategy of the 
BioEconomy Cluster).

With the production of the first biobased 
products, this mission shifted to a market- 
pull strategy. This led to a realignment of 
the overarching strategic goals at the end 
of 2016. These include the market intro-
duction of biobased products in as many 
sectors as possible and the promotion of 
social acceptance of the bioeconomy. The 
creation of Europe’s densest network of 
pilot, demonstration and production plants 
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along the value chains of the primarily 
wood-based bioeconomy is being pursued 
in the  BioEconomy Cluster. The overriding 
long-term goal is to create and secure jobs 
in the bioeconomy and the chemical indus-
try. An important goal adjustment is the 
strategic focus on high-value products in the 
automotive (e.g. composite materials, lubri-
cants, fuels and additives), building materi-
als industry (“green” building materials and 
finishing products), packaging (films), fine 
and specialty chemicals (e.g. adhesives, fra-
grances, flavours and additives), consumer 
and lifestyle products (e.g. sports equip-
ment, toys, food supplements) or paints and 
coatings (e.g. surface coatings) markets. The 
BioEconomy Cluster succeeded in involv-
ing its members through regular strategy 
workshops and adapting the project port-
folio accordingly (BioEconomy Cluster 
Management GmbH, 2018).

The further direction and vision of the 
BioEconomy Cluster is:

 5 The use of the infrastructure in Central 
Germany, which is unique in Germany, 
by the chemical industry (chemical tri-
angle the forestry and timber industry, 
the agricultural industry (e.g. sugar) and 
the energy sector. In addition, there is a 
high level of acceptance of chemical/
technological plants in the Leuna- 
Schkopau- Bitterfeld region. This must 
be used and expanded (IHK Halle- 
Dessau, 2017).

 5 Better integration of local and supra- 
regional partners (companies/institutes) 
from different and hitherto largely sepa-
rate economic spheres (interdisciplinar-
ity in the bioeconomy – across sectors). 
These need to be brought together in the 
network  – the aim is to accelerate the 
development of the bioeconomy.

 5 The creation and safeguarding of jobs in 
Central Germany.

 5 Establishing long-term leadership in the 
bioeconomy.

13.3   Cluster Partners and Their 
Contributions to the Cluster

The cluster work of BioEconomy e. V. 
focuses on the use of renewable raw mate-
rials for applications in innovative timber 
construction, lightweight automotive con-
struction, as bio-based composites, pack-
aging, biopolymers and fine and specialty 
chemical components, wood materials, but 
also in biotechnology, e.g. as food and feed 
additives, fertilisers or cosmetics. At the 
end of 2017, 80 members were active in the 
BioEconomy Cluster. The network extends 
from the core area of Saxony-Anhalt and 
Saxony to Thuringia, Brandenburg and 
Lower Saxony. The cluster is now active 
throughout Germany (. Fig. 13.1).

The networking of different economic 
sectors (e.g. forestry and timber industry, 
chemistry, mechanical and plant engineer-
ing, plastics and packaging industry, pulp 
and paper industry, etc.) as well as the cen-
tral approach to process scaling ensure an 
accelerated development of processes and 
products from laboratory/pilot to demon-
stration/industrial scale. Through its mem-
bers, the BioEconomy Cluster bundles a 
large portfolio of infrastructure for research 
and development (R&D) from the first 
laboratory test to pilot plants and demon-
strators. In addition, there are numerous 
services as a service for the cluster partners 
from the initiation of projects to the grant 
notification as well as access to expert know-
how and funding opportunities.

One example of such a successful trans-
fer in the BioEconomy Cluster is Global 
Bioenergies GmbH.  Isobutene is one of 
the key molecules in the chemical industry 
and an important starting material for vari-
ous intermediate and end products (e.g. fuel 
additives, polymers, vitamins or fragrances). 
Up to now, isobutene has been commercially 
extracted exclusively from fossil sources 
such as crude oil. Initiated in the Leading- 

Bioeconomy in Central Germany



208

13

14 37

11

1 41

1 211

221

1

21

518 36

1 1 3

31 1

1221

Core area
Partner regions

Project partners
LOI partner

Research/training
Company

       . Fig. 13.1 Overview of  regional networking of  the BioEconomy Cluster throughout Germany. (Source: Own 
representation)

Edge Cluster, Global Bioenergies GmbH, 
the Fraunhofer Center for Chemical- 
Biotechnological Processes (CBP) and Audi 
AG set out together in a joint project and 
developed a process to produce gaseous 
isobutene from sugars directly by fermenta-
tion, i.e. with the aid of genetically modi-
fied microorganisms. This bio- isobutene 
development process, which was successful 
in the laboratory, was transferred to a pre- 
industrial scale in Leuna. For this purpose, a 
demonstration plant with a capacity of 100 
tonnes per year was built and inaugurated 
in May 2017 (BioEconomy Cluster, n.d.-b).

In addition to such exciting tech-
nological innovations and upscalings, a 
new international master’s degree pro-
gram was introduced in the BioEconomy 
Leading- Edge Cluster at Martin Luther 
University Halle-Wittenberg in the winter 
semester of 2017 to secure a skilled work-

force. The Pharmaceutical and Industrial 
Biotechnology course was established at the 
chair of Professor Dr. Markus Pietzsch. In 
terms of training and further education, a 
new biotechnology laboratory was success-
fully inaugurated at the Bildungsakademie 
Leuna GmbH (BAL) at the beginning 
of 2018, which promotes better practice- 
oriented training of chemical technicians 
and thus also process engineering under-
standing in the bioeconomy environment 
(BioEconomy Cluster, n.d.-c).

13.4   Management of the Cluster

The BioEconomy Cluster was founded in 
2011 as an association by 23 initiators. The 
cluster is managed by an association board 
and, as a subcontractor, by the cluster man-
agement (. Fig. 13.2).
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       . Fig. 13.2 Organisational structure of  the BioEconomy Cluster Central Germany. (Source: Own representa-
tion)

Since then, the board of the e. V. has 
included and continues to include represen-
tatives of the members who perform this 
activity on a voluntary basis. Thus, the mini-
mum seven maximum nine board members 
include representatives from science and 
industry. For successful project coordina-
tion, a subsidiary was founded to act as the 
executing project company, since the asso-
ciation itself  can hardly be represented in 
project consortia. In addition to the board 
of directors, which meets regularly and 
makes decisions, there is also an association 
advisory board, which advises and supports 
the cluster.1

1 For the structure of  the association, see also: 
7 http://www.bioeconomy.de/bioeconomy-e-v/.

The members themselves meet regularly 
at least twice a year at the general meetings. 
In addition, there are numerous networking 
opportunities, such as business meetings, 
matchmakings, joint trade fair appearances 
or conferences, which provide topic-specific 
but also interdisciplinary networking. In 
addition to members and partners, inter-
ested parties can also participate in the offi-
cial cluster events, such as the BioEconomy 
BusinessTreffs. Furthermore, the cluster 
organises the International Bioeconomy 
Conference in Halle together with the 
WissenschaftsCampus Halle (WCH). This 
conference takes place every year in spring 
and is dedicated to networking between sci-
ence and industry. Current research results, 
applications, markets and companies in the 
bio- based economy are presented. Each 
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year, the main focus and the conference 
partner region vary. In addition to the suc-
cess models and experiences of the respec-
tive partner region, the region of Central 
Germany/Germany presents itself  in paral-
lel with its innovations.

Another important participation oppor-
tunity is the ongoing, planned and announced 
projects. The BioEconomy Cluster acts as 
an interface, brings together the right proj-
ect partners (regional, national and inter-
national), sets up project consortia, is itself  
involved in some of the coordination and also 
makes suggestions for project developments 
and topics. This networking work is a great 
added value for all  participants.

13.5   Benchmark and Success 
Criteria

The focus on beech wood alone was good and 
right for the beginnings of the BioEconomy 
Leading-Edge Cluster. In the meantime, 
the resource base has been expanded from 
beech wood to include all lignocellulosic raw 
materials. In addition, the raw material side 

has also been opened up to agricultural raw 
materials and residues, e.g. from sugar beet 
processing, but also algae, waste wood or 
vegetable oils are included in the input side 
(. Fig. 13.3).

In addition to the biomass expansion, 
another success criterion and thus also a 
unique selling point of  the BioEconomy 
Cluster is the network of pilot and demon-
stration plants, with which well over €120 
million have been implemented through 
cluster activities alone since 2012. The tar-
geted combination of actors, technologies, 
knowledge and material flows from the 
economically important sectors of  forestry, 
wood, chemicals, construction, automo-
tive, energy and packaging has led to the 
development and demonstration of innova-
tive value chains, processes and products in 
146 individual projects organised in 44 net-
works (BioEconomy Cluster Management 
GmbH, 2018).

As the most important asset in the 
research competition, the Leading-Edge 
Cluster bundles a unique portfolio of R&D 
infrastructures from laboratory, pilot and 
demonstration plant scale. The network 

General meeting
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Project Manager/
Business Development
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BioEconomy

Cluster
Management GmbH

BioEconomy e. V.

Advisory Board

Board of Directors

Communication/
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Association O�ce
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       . Fig. 13.3 Process for the application of  bio-based raw materials for specific target markets. (Source: Own 
representation)
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includes facilities operated by research 
institutions (specific Fraunhofer societies, 
BMEL departmental research, Helmholtz 
Association, universities of applied sciences, 
universities) and structures operated or 
financed by industry (EW Biotech, formerly 
thyssenkrupp Industrial Solutions, Linde, 
Institut für Holztechnologie Dresden IHD, 
Global Bioenergies GBE, etc.): Pressure- 
guided biomass digestion processes 
(Organosolv, Fraunhofer CBP), fully inte-
grated fermentation plants e.g. for isobutene 
(Global Bioenergies at CBP), fermenters 
for fine chemicals (EW Biotech) and agri-
cultural input materials (German Biomass 
Research Center Leipzig DBFZ), a variety 
of plants for biopolymer production and 
processing (Fraunhofer Pilot Plant Center 
PAZ, Fraunhofer IMWS), separation tech-
nology, fiber and building product produc-
tion up to harvesting technology or residue 
processing are linked via the cluster. They 
enable the establishment and demonstration 
of cross-industry value chains (. Figs. 13.1 
and 13.4).

In addition, from the end of 2015 to 
the end of 2017, the BioEconomy Cluster 
Management was able to successfully 

implement the topic “Gründungen In 
die Spitzencluster BioEconomy Region 
Transportieren” (GISBERT) and thus estab-
lish a start-up culture (BioEconomy Cluster, 
n.d.-a). The GISBERT project supported 
the establishment of start-up promotion 
activities by dovetailing the start-up and 
innovation structures in the BioEconomy 
Cluster region, as well as identifying and 
raising awareness among potential founders 
in the bioeconomy sector and supporting 
them in developing suitable business mod-
els and start-ups. The project was funded 
by the BMBF and coordinated by the HHL 
Leipzig Graduate School of Management 
and BioEconomy Cluster Management 
GmbH.  In the project, start-up and spin-
off  projects with bio-based business models 
were supported by a wide range of services 
and an extensive partner network.

This topic must now be continued – and, 
in addition, the network that has been cre-
ated must also be used for established small 
and medium-sized enterprises (SMEs) and 
their innovation processes. In order to fur-
ther expand the existing structures and to 
establish a separate and, above all, more 
agile space for innovation, start-up and 
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Project networks
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Industry
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Production 
Plant engineering

Markets
Processors
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R&D, scale-up
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Cluster management
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Successful projects
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Process demonstration
Wealth of experience
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Investors, capital
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       . Fig. 13.4 Strong basis from the BioEconomy Leading- Edge Cluster. (Source: Own representation)
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growth in the bioeconomy, there are vari-
ous approaches and considerations in the 
BioEconomy cluster.

The networks BIOPRO from Baden- 
Württemberg or CLIB from North Rhine- 
Westphalia are both role models and 
partners, with each cluster having its own 
focus.

13.6   Experiences

The BMBF’s BioEconomy cluster of excel-
lence has developed into a powerful and 
internationally recognised innovation sys-
tem for the primarily lignocellulose-based 
bioeconomy in Europe. The cluster links 
public and industry-operated R&D infra-
structures to form a technology competence 
that is unique in Europe and enables accel-
erated research, development and scaling of 
bioeconomic processes. Here in particular, 
the network has decisively improved inter-
disciplinary cooperation between the partic-
ipants as well as beyond their own horizons. 
The Leading-Edge Cluster, which was ini-
tially strongly dominated by institutes and 
universities (technology-push focus) with few 
ideas directly from industry, has now been 
broken up and transformed into a healthy 
mix of innovative market- driven ideas and 
target-oriented research results.

In 2015, the steadily advanced interna-
tionalisation of cluster activities led to the 
founding of the European “Intercluster 3BI” 
with Biobased Delta (NL), IAR (F), BioVale 
(UK) as well as CLIC (FIN) and to the 
development of further internationalisation 
concepts, such as the BMBF-funded project 
for the internationalisation of leading- edge 
clusters “Beechwood International”.

As a subsidiary of the cluster, BioEconomy 
Management GmbH (BCM) represents 
the SME members of BioEconomy e. V. in 
the BioBased Industries Consortium (BIC) 
and the private part of the PPP “Bio-based 
Industries Joint Undertaking” (BBI JU). 

This is a great added value, especially for 
small companies that could not afford mem-
bership and thus still participate.

With the implementation of the cluster 
strategy, the aim was to establish a cross- 
sector bioeconomy region based on the 
regionally available raw material beech 
wood, which has since been extended to 
available biomass in general (raw material 
openness). The integration of important 
chemical-industrial production sites led to 
the development of an integrated coupling 
and cascade production of timber construc-
tion systems, chemical base and intermedi-
ate materials, biopolymers, new materials 
and composites, components for the auto-
motive industry and energy sources.

Existing innovation structures in the 
start-up sector have been successfully inte-
grated and an initial start-up and innova-
tion culture has been established, which has 
led to a number of spin-offs and start-ups 
as well as the establishment of R&D-driven 
companies. This will become even more of a 
focus in the future.

By establishing an international master’s 
degree course at Martin Luther University 
Halle-Wittenberg, the BioEconomy Cluster 
is helping to secure a skilled workforce. 
The network was also able to support the 
Bildungsakademie Leuna (BAL) with vari-
ous equipment and technology donations to 
set up a biotechnological and bioeconomic 
cabinet necessary for the training and fur-
ther education of technical personnel.

The low oil price leads to a low motiva-
tion of the petroleum processing industry, 
with its infrastructural path dependency 
and mostly large industry dominated actor 
world, to invest in the R&D segment of 
bio- based alternatives. The cluster therefore 
aims to develop high-value products, such as 
fine and specialty chemicals. The focus is on 
agile small and medium-sized companies for 
which targeted research, development and 
innovation (R&D&I) projects appear much 
more attractive. They have the ability and 
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motivation to develop niche markets much 
faster (adapted from BioEconomy Cluster 
Management GmbH, 2018).

Since mid-2017, the cluster has suc-
ceeded in better integrating the previously 
too few drivers of the bioeconomy from 
industry (members who themselves had lit-
tle or hardly any contact with the topic of 
the bioeconomy) and also in winning large 
companies or hidden champions from the 
sector as committed members (e.g. UPM, 
Papiertechnische Stiftungen [PTS]) in order 
to establish more sustainable processes 
and create jobs in the future. This devel-
opment must be continued. The already 
well- functioning network structure, the 
BioEconomy Cluster, which is now interna-
tionally respected and in demand, and the 
first examples of success are an incentive 
to bring more biobased innovations to the 
market with the network and thus save time, 
costs and resources in the development pro-
cess, especially for the members.

The construction of large demonstration 
plants, for example, is very cost-intensive 
and time-consuming. Alternative concepts 
are to be applied in the BioEconomy Cluster 
through suitable infrastructure utilisation 
concepts. In this way, partners can first use 
existing infrastructures without expensive 
new acquisitions and risks and scale up their 
own R&D developments. The BioEconomy 
Cluster aims to use the approach of a shar-
ing economy (shared use of fully or partially 
unused resources) and to make its scaling 
and research capacities quickly and easily 
accessible worldwide. It aims to initiate and 
implement R&D&I projects quickly and effi-
ciently.
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14.1  Cluster Partners and Their 
Contributions

14.1.1  Initiators and Partners 
of the Bioeconomy 
Research Program

In 2012, Baden-Württemberg was one of the 
first federal states in Germany to decide to 
develop its own bioeconomy strategy. 
Realizing that research and development are 
the basis for the desired structural change, 
the Ministry of Science, Research and the 
Arts (MWK) initially convened a strategy 
committee composed of experts from all rel-
evant disciplines to develop a research strat-
egy among the state’s universities and 
research institutes. A detailed analysis of the 
Baden- Württemberg research landscape 
with regard to the bioeconomy was pub-
lished together with a strategy paper “Setting 
up the bioeconomy in a systemic approach” 
(MWK, 2013). This strategy was imple-
mented in 2014 and has been financed to 
date by €14 million funding from the 
Bioeconomy Research Program. 
(. Fig.  14.1). From the research program 
arose the initiative to establish the “Baden-

Württemberg Bioeconomy Research, 
Innovation and Training Cluster” which has 
the aim of continuing and expanding the 
network already established. This initiative 
is supported as part of the new state strategy 
“Sustainable Bioeconomy for Baden-
Württemberg” (UM and MLR, 2019). The 
partners in the Baden- Württemberg research 
program are primarily those institutions 
involved in the project funding (. Fig. 14.2). 
These are eight universities, each with its 
own research focus, and eight non-university 
research institutions from Baden-
Württemberg.

The research program has succeeded in 
pooling interdisciplinary expertise on the 
topic of the bioeconomy from within the 
state of Baden-Württemberg in the fields of 
agricultural and forestry sciences, environ-
mental sciences, natural sciences and engi-
neering, food technology, nutritional 
medicine, economics, and social sciences 
(. Fig.  14.3). This results in 46 institutes 
from 16 institutions working together within 
the research program. The networking was 
necessary to implement the research strate-
gy’s systemic approach and promote inter-
disciplinary collaboration on value chains in 
the various focus areas.

Steering Committee

BBW ForWerts Graduate Program

Accompanying social science research, Competence network „Modeling“

LIGNOCELLULOSE

Research network

BIOGAS

Research network

MICROALGAE

Research network

Coordination o�ce

       . Fig. 14.1 Structure of  the Baden-Württemberg Bioeconomy Research Program. (Source: Authors’ own rep-
resentation)
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14.1.2  Funding Priorities 
in the First Funding Round 
of the Bioeconomy 
Research Program

The MWK’s first funding round prioritized 
research activities that were thematically 
focused and where a number of sub-projects 
were brought together to form a research 

network for collaboration initiation or 
expansion. The selection of these funding 
priorities was based on recommendations 
from the strategy committee. Research fields 
were selected that had the greatest potential 
for innovation, unique selling proposition, 
as well as implementation in Baden- 
Württemberg. A further requirement was 
that they cover the areas of energy, materials 
and nutrition and have different time per-

Universities and colleges

Karlsruhe Institute of Technology (KIT) 3

University of  Freiburg 4

University of  Heidelberg 5

University of  Hohenheim 6

University of  Stuttgart 7

University of  Tübingen 8

University of  Ulm 9

University of Applied Forest Sciences Rottenburg 10

Non-university partners 
and research institutions

DVGW-Research Centre at 
Engler-Bunte-Institute of KIT 13

Forstliche Versuchs- und Forschungsanstalt
Baden-Württemberg 14

Fraunhofer Institute for Chemical 
Technology ICT 15

State Research Centre for Viticulture and 
Fruit Growing in Weinsberg (LVWO) 17

Research facilities

Bioliq pilot plant at Karlsruhe Institute of 
Technology (KIT) 20

ZEW – Leibniz Centre for European 
Economic Research 18

Fraunhofer Institute for Interfacial Engineering 
and Biotechnology IGB 19

Dialogik gGmbH 12

Max Rubner Institute (MRI) 16

BIOPRO Baden-Württemberg GmbH 11

BBW ForWerts (Bioeconomy Baden-Württemberg
– Research into Innovative Value Chains) 2

Bioeconomy Research Program Coordination 
Office 1

Unterer Lindenhof – Experimental station for 

sciences of the University of Hohenheim
21

University of Stuttgart - Institute for Sanitary 
Engineering, Water Quality and Solid Waste 
Management, Teaching and research sewage 
treatment plant (LFKW)

22

       . Fig. 14.2 Map showing locations of  partners in the Baden-Württemberg Bioeconomy Research Program. 
(Source: Authors’ own representation)

Bioeconomy in Baden-Württemberg



218

14 spectives for implementation. The following 
fields were selected:

 5 Sustainable and flexible value chains for 
biogas in Baden-Württemberg (Biogas),

 5 Lignocellulose – transition to an alterna-
tive raw material platform for new mate-
rials and products (Lignocellulose),

 5 Integrated use of microalgae for nutri-
tion (Microalgae),

 5 Competence network “Modeling the 
Bioeconomy”.

In the research network “Biogas”, the focus 
was placed on optimizing and evaluating 
technologies in which Baden-Württemberg 
has taken on a pioneering role, but which due 

to changes in the Renewable Energy Sources 
Act (EEG) no longer receive the same sup-
port (Bahrs & Angenendt, 2018). The net-
work investigates how biogas production can 
be further developed through technical inno-
vations (e.g. the integration of power-to-gas 
concepts) and how residual materials (e.g. 
biowaste from municipal collections, sewage 
sludge) can be put to better use. In addition, 
the scientists are developing business models 
to integrate biogas as a flexible component in 
a future energy system based on renewable 
energies. Baden-Württemberg has a particu-
larly well-developed biogas research infra-
structure with the research biogas plant 
operated by the University of Hohenheim at 
Unterer Lindenhof (electrical output 
355  kW) as well as special laboratories in 
Hohenheim and at the Karlsruhe Institute of 
Technology (KIT). Technical expertise and 
know-how in the evaluation of waste poten-
tials and energy systems is contributed 
through the Fuel Technology Division of the 
Engler Bunte Institute at KIT and the 
University of Stuttgart’s Institute of Energy 
Economics and Rational Energy Use, 
Institute for Sanitary Engineering, Water 
Quality and Solid Waste Management, and 
Institute of Interfacial Process Engineering 
and Plasma Technology. The University of 
Hohenheim is responsible for the agro- 
economic evaluation of the potential of bio-
gas technology. The International Center for 
Ethics in the Sciences and Humanities 
(IZEW) at the University of Tübingen con-
tributes to the normative evaluation and 
development of sustainability indicators, and 
the company Dialogik is responsible for the 
establishment of good governance concepts.

The largest of the three research net-
works, “Lignocellulose”, investigates 
approaches that contribute to the develop-
ment of sustainable value chains for the use 
of lignocellulose in new materials. Research 
into the provision of biomass (cultivation, 
potential analyses, ecological assessment) is 
carried out by leading faculties in the field 

scale-up

Economy,
ecology,

ethics 
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Biomass
production
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Product
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       . Fig. 14.3 Interdisciplinary exploration of  value 
chains. (Source: Authors’ own representation)
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of forestry (University of Freiburg) and 
agricultural sciences (University of 
Hohenheim) in their respective research 
infrastructures and experimental facilities. 
In addition, the state’s Forest Research 
Institute (Forstliche Versuchs- und 
Forschungsanstalt) is involved, as is the 
University of Heidelberg for basic plant sci-
ence research. The research on biomass sup-
ply focuses on forest wood, wood from short 
rotation coppice and miscanthus. An impor-
tant partner in this field is KIT, with its 
bioliq® pilot plant for the processing of 
straw and other lignocellulose-based bio-
mass into synthesis gas, which is unique in 
Germany. Important expertise and process-
ing plants for the chemical, biochemical and 
microbiological conversion of biomass into 
products such as biobased platform chemi-
cals, surfactants and polymers are located at 
the participating Fraunhofer Institutes 
(Fraunhofer Institute for Chemical 
Technology (ICT), Fraunhofer Institute for 
Interfacial Engineering and Biotechnology 
(IGB)) as well as the Universities of 
Freiburg, Karlsruhe, Hohenheim, Stuttgart 
and Ulm. This collaborative effort has suc-
ceeded in integrating research on biomass 
production with research on different con-
version technology approaches in order to 
link optimal combinations of technologies 
and develop concepts for co-utilization in 
which all components of lignocellulose are 
optimally exploited (Dahmen et  al., 2018). 
These investigations are complemented by 
research on the economic evaluation of 
these concepts and sustainability analyses at 
the University of Hohenheim and the 
University of Stuttgart.

The third research network, 
“Microalgae”, is investigating the possibili-
ties of using microalgae to produce valuable 
raw materials for the feed and food industry, 
such as proteins, lipids and carotenoids. 
Facilities for the production of microalgae 
are available in Baden-Württemberg at KIT 
as well as the University of Stuttgart and 

Fraunhofer Institute IGB.  As part of the 
research program, cooperations have been 
established with food technology, nutrition 
research and animal nutrition institutes at 
the University of Hohenheim and the Max 
Rubner Institute. The Universities of 
Freiburg and Tübingen cover basic research 
tasks. The cooperation between experts 
from biotechnology, food technology, nutri-
tion physiology and consumer research has 
led to the development of promising new 
product ideas. In addition, concepts have 
been developed with which microalgae pro-
duction can be specifically directed towards 
the production of certain ingredients. 
Cooperation with nutrition research is 
important in order to investigate the bio-
availability and qualitative assessment of 
the ingredients depending on the production 
steps. The Institute for Technology 
Assessment and Systems Analysis at KIT 
undertakes sustainability assessment and 
consumer acceptance studies (Rösch et  al., 
2018). The results of these are in turn used 
for process and product development for the 
selection of sustainable and marketable 
implementation approaches.

The competence network “Modeling the 
Bioeconomy” deals with the impacts of 
increased biomass use on the economy and 
the environment and investigates competing 
uses between the four key areas. The compe-
tence network spans a range of fields of 
activity in order to develop a number of bio-
economy scenarios. By combining simula-
tion models already established by the 
participating institutes, a system is created 
which can be used for the holistic mapping 
of the effects of a change in biomass use. To 
this end, expertise is incorporated from mac-
roeconomic assessment (Centre for 
European Economic Research), agricultural 
economics and agricultural policy 
(University of Hohenheim), energy system 
modelling (University of Stuttgart and KIT) 
and sustainability assessment (University of 
Stuttgart and University of Freiburg).

Bioeconomy in Baden-Württemberg
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14.1.3  Funding Priorities 
in the Second Funding 
Round of the Bioeconomy 
Research Program

In the second funding round up to 2020, 
application-oriented basic research projects 
continued to be supported in the funding line 
“Technological and methodological innova-
tions for new processes in the bioeconomy”.

The new funding line “Bioeconomic pro-
cess and product innovations with a concrete 
transfer perspective (regional best practice 
examples)” aims to advance the transfer of 
developed ideas and technologies into appli-
cation. In the consortium project 
“Lignocellulose biorefinery for the bioecon-
omy in Baden-Württemberg (B4B)”, for 
example, results from lignocellulose network 
subprojects financed in the first funding 
round are used to establish a lignocellulose 
biorefinery capable of continuous processing 
at pilot-plant scale (. Figs. 14.4 and 14.5). 
Another transfer project is concerned with 
various microalgae applications as food 
products with health benefits and as plant 
strengthening agents in viticulture, and 
builds on the results of the microalgae net-
work.

 A. Lignocellulosic Biorefinery for the 
Bioeconomy in Baden-Württemberg 
(B4B)

The aim of the consortium project is 
to set up and operate a complete utiliza-
tion chain for lignocellulose in the biore-
finery pilot plant. The lignocellulose 
biorefinery implements innovations from 
various research projects in a modular 
test facility. In addition, it serves as a 
platform for process and product devel-
opment, also in the context of new proj-
ects and cooperations.

Its location at the University of 
Hohenheim’s agricultural experimental 
station “Unterer Lindenhof” reflects the 
close coupling of biomass production, 
processing and conversion for the 
regional utilization of biomass poten-
tials in integrated process chains.

Partners:
 5 University of Hohenheim
 5 Karlsruhe Institute of Technology (KIT)
 5 BIOPRO Baden-Württemberg GmbH

 B. Microalgae Value Chains for the 
Bioeconomy in Baden-Württemberg 
(MIATEST)

The aim of the consortium project is 
to optimize the production of microal-

       . Fig. 14.4 Lignocellulosic biorefinery at the “Unterer Lindenhof”. (Source: University of  Hohenheim)
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gae  biomass with regard to specific 
applications and to validate two new 
possible uses. At the University of 
Stuttgart, the production and processing 
of microalgae for the production of 
enriched product samples is being car-
ried out. At the University of 
Hohenheim, an initial human subject 
study is investigating whether and to 
what extent the nutrients from selected 
microalgae are bioavailable and safe for 
consumption, and whether they have 
health-promoting properties. In the con-
sortium’s third subproject, the Staatliche 
Lehr- und Versuchsanstalt für Wein- und 
Obstbau Weinsberg (English: State 
Research Center for Viticulture and 
Fruit Growing Weinsberg) (LVWO) is 
investigating whether the use of microal-
gae or laminarin in viticulture induces 
plant defense mechanisms that protect 
the plants from fungal infections. This 
could reduce the use of environmentally 
harmful fungicides in the cultivation of 
wine grapes.

Partners:
 5 University of Stuttgart
 5 University of Hohenheim
 5 Staatliche Lehr- und Versuchsanstalt für 

Wein- und Obstbau Weinsberg (LVWO)
 5 BIOPRO Baden-Württemberg GmbH

14.1.4  Training Concept 
in the Bioeconomy 
Research Program

In order to train university graduates from 
different disciplines for the changing require-
ments in research and on the job market, the 
collaborative graduate program BBW 
ForWerts (Bioeconomy Baden-
Württemberg  – Research into Innovative 
Value Chains) was established between sev-
eral universities in Baden-Württemberg as 
an integral part of the research strategy. 
Here, the young scientists working in the 
research projects funded by the program 
gain insights into the diverse fields of work 
in the bioeconomy beyond their own scien-
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       . Fig. 14.5 Utilization of  biomass potentials in integrated process chains. (Source: Nicolaus Dahmen)
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tific work. As they are aiming for a doctor-
ate in various disciplines, they benefit from 
the different disciplinary orientations of the 
participating universities and the opportuni-
ties for interdisciplinary networking.

The young scientists on the program are 
awarded a doctorate in their subject from 
their home institution. The graduate pro-
gram awards a certificate for the additional 
work performed within the framework of 
BBW ForWerts, such as participation in 
methods courses, excursions and interdisci-
plinary summer schools.

The graduate program supports the 
overarching goal of networking between the 
institutions by providing a number of target- 
group- oriented events for young researchers. 
The personal contacts established in the pro-
gram often lead to further collaborations. In 
addition, the graduate program offers a 
platform for networking with international 
partners, who are regularly invited to the 
events.

14.2  Management of the Cluster

The Coordination Office, which was estab-
lished at the University of Hohenheim to 
manage the research program and the  cluster 
initiative, coordinates the interdisciplinary 
cooperation between the participating sub-
projects, organizes annual status seminars 
and carries out public relations work on the 
activities of the partners. In this way, it 
assumes important tasks with regard to the 
overarching goals, the support of regional 
and supra-regional networking and increas-
ing the visibility of Baden- Württemberg’s 
bioeconomy research. The coordination 
office represents the cluster initiative to 
external audiences, for example at trade fairs 
and conferences, and supports the partners 
in initiating cooperations and follow-up 
projects and in joint publications.

The organization of regular scientific 
events promotes discourse with stakeholders 

outside the program and increases the visi-
bility of Baden-Württemberg as an innova-
tive bioeconomy region. The international 
bioeconomy congresses (2014, 2017, 2020), 
which were each attended by around 350 
participants, demonstrate the breadth of 
bioeconomy topics and contribute to an 
active communication strategy. Current top-
ics are addressed in smaller event.

A steering committee consisting of rep-
resentatives of the member organizations 
from different disciplines has been estab-
lished to manage the Baden-Württemberg 
bioeconomy research program.

14.3  Vision and Mission

The background to Baden-Württemberg’s 
funding of bioeconomy research since 2013 
was, on the one hand, the political will to pro-
mote structural change and, on the other 
hand, the recommendation of the strategy 
committee that top-ranking research institu-
tions can complement each other very well in 
the field of the bioeconomy and that their 
strengths and potentials can be expanded 
through appropriate funding and cooperation.

In order to build up a Baden-
Württemberg bioeconomy profile and at the 
same time establish concrete cooperations 
through consolidation in strategically 
selected research areas, topics were identified 
that have the greatest possible potential for 
innovation and unique selling proposition as 
well as high potential for implementation of 
the results in the Baden-Württemberg econ-
omy. The aim of the cooperation is the inter-
disciplinary and transdisciplinary analysis 
of exemplary bioeconomy systems, i.e. value 
chains starting from raw materials, through 
conversion and utilization, to products, 
including economic, social and ecological 
aspects, and taking into account the effects 
on the environment and society. Using 
examples from the fields of food, animal 
feed, materials and energy, the research net-
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works demonstrate the possibilities of a bio-
economy and integrate different perspectives 
and disciplines, including societal challenges 
and sustainability assessment. A similar 
focus on approaches to solving societal chal-
lenges can also be found in the national 
research strategy (BMBF, 2010).

Through the funding of the research net-
works, Baden-Württemberg has set up its 
profile in the areas of microalgae, lignocel-
lulose and biogas. With the second round of 
funding and a continuation of the research, 
innovation and education cluster, this profile 
will be extended to new areas of research in 
future.

Each of the research networks displays a 
systemic approach with close links between 
all disciplines involved in the value chains 
and also the close integration of accompa-
nying social science research. In addition, 
Baden-Württemberg institutions were quick 
to promote the combination of bioeconomy 
with information technology, modeling and 
simulation. This focus contributed, among 
other things, to the establishment of a com-
petence center for biointelligence with the 
goal of linking bioeconomy and smart- 
manufacturing approaches (Bauernhansl 
et al., 2019).

The cluster initiative, which is composed 
of universities and research institutes, is 
characterized by a distinct strategy for pro-
moting young scientists. This strategy is 
shaped not only by the joint graduate pro-
gram, but also by corresponding master’s 
degree courses as well as programs and sup-
port schemes for young founders at the 
member universities.

Since the transformation to a bioecon-
omy as a sustainable form of economy can 
only succeed if  all sectors involved follow a 
joint strategy including the integration of 
economic, ecological and social issues, the 
program involved stakeholders from indus-
try and society already at the conception 
stage. This interactive process is now being 
continued in the discussion of the results.

In addition, the cluster initiative partici-
pates in interregional exchange for the fur-
ther development of the bioeconomy, in 
particular with regard to interdisciplinary 
research, education and training concepts, 
and arranges cooperation partners for 
regional, supraregional and international 
projects.

14.4  Benchmarking and Success 
Criteria

The Baden-Württemberg research strategy 
“Positioning the bioeconomy in the system” 
was developed by a group of experts on 
behalf  of the Ministry of Science, Research 
and the Arts (MWK). It is based on a SWOT 
analysis which first identified the strengths 
of research institutions in Baden- 
Württemberg in order to identify unique 
selling points and future potential.

The aim of project funding within the 
framework of the Baden- Württemberg bio-
economy research program was initially the 
development of scientific know-how. This 
know-how is exploited in the form of publi-
cations and patents, as well as in proposals 
for follow-up projects. More than 120 scien-
tific publications have already resulted from 
the research program (as review articles, see 
also Bahrs & Angenendt, 2018; Dahmen 
et  al., 2018; Rösch et  al., 2018). Another 
important success criterion for the program 
is the future transfer of research results into 
practice. For this reason, transfer measures 
were specifically supported in the second 
funding round of the research program 
launched in December 2017.

In addition to project funding, the 
research strategy had, from the outset, a 
structure-building component at its fore-
front, which aims to initiate cooperation 
and regional networking between actors 
along the value chain. The complexity of 
interdisciplinary value chains requires active 
interface management. For this reason, net-
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working measures are recommended as high 
priority in current bioeconomy strategies 
(e.g. Hüsing et  al., 2017; EC, 2017, 2018), 
and this has proved very successful in the 
Baden-Württemberg research program.

The report by Spatial Foresight et  al. 
(2017) lists Baden-Württemberg as one of 
the bioeconomy regions with the largest 
“Bioeconomy Research and Innovation 
Maturity Index”. The Bioeconomy Maturity 
Index assesses regions with respect to their 
bioeconomy research and innovation activi-
ties, structural and strategic measures, and 
also innovation capacity.

Since 2017, Baden-Württemberg has 
been advancing the development of the state 
strategy “Sustainable Bioeconomy for 
Baden-Württemberg” to promote the imple-
mentation of a sustainable bioeconomy in 
practice (UM, 2016; MLR, 2017; UM and 
MLR, 2019).

14.5  Experience to Date

The Baden-Württemberg bioeconomy 
research program has succeeded in bringing 
together scientists from the disciplines of 
agricultural and plant sciences, forestry, 
environmental and engineering sciences, 
social and economic sciences, and biodiver-
sity research, who  - despite their regional 
proximity - were previously not so well con-
nected. This led to the expansion of poten-
tial synergies through cooperation between 
Baden-Württemberg’s universities, colleges 
and non-university research institutions. 
New interdisciplinary research collabora-
tions and training formats in the field of the 
bioeconomy have also been developed.

The consistently interdisciplinary 
approach encompassing the entire biobased 
value network has proven to be very produc-
tive for the further development of the bio-
economy, but at the same time also a great 
challenge. Bringing experts together in inter-
disciplinary research and training networks 

requires mutual understanding, the develop-
ment of a common technical language and a 
cross- disciplinary mindset. This necessitates 
the development of respect for the different 
methodological approaches and perspec-
tives of other disciplines. Opportunities have 
been created for regular personal exchange 
between researchers. The exchange within 
the network has been promoted through the 
organization of regular strategy and steer-
ing committee meetings, annual status semi-
nars, meetings of the interdisciplinary 
research networks and also of the young sci-
entists within the framework of the graduate 
program BBW ForWerts. In addition, the 
cluster initiative is actively involved in exter-
nal communication, promoting interdisci-
plinary exchange and discourse on new 
research results by organizing scientific 
events and initiating joint publications.

In the field of education, the BBW 
ForWerts bioeconomy graduate program has 
produced scientists with a broad range of 
interests, high potential for an innovation 
mindset and capacity for interdisciplinary 
and systems-based thinking and working. In 
addition, cross-institutional exchange on 
training concepts has emerged and teaching 
collaborations in Master’s programs have 
been developed, resulting in, for example, the 
textbook “Bioeconomy  – Shaping the 
Transition to a Sustainable, Biobased 
Economy”, written with the participation of 
several research partners from the bioecon-
omy research program (Lewandowski, 2017). 
The training of young professionals for the 
bioeconomy is assigned increasing impor-
tance in current strategy papers (European 
Bioeconomy Stakeholders Manifesto, 2017; 
EC, 2017; Bioökonomierat, 2018). Through 
cooperation and exchange on bioeconomy 
training concepts, Baden-Württemberg has 
created an excellent starting position for the 
establishment of bioeconomy modules in 
other courses of study.

Following the successful establishment 
of the Baden-Württemberg research pro-
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gram supported by MWK funding, the big-
gest challenge will now be to keep the cluster 
initiative active in the long term. The initia-
tive is currently being expanded into a bio-
economy research, innovation and education 
cluster. A lasting continuation of the net-
work will require the installation of a coor-
dination office and an administration office 
for graduate training, the long-term funding 
of which still needs to be secured. Thanks to 
the strong networking within the research 
program, Baden-Württemberg universities 
and research institutions are now attracting 
more national and European funding for 
joint bioeconomy projects. In addition, 
greater use is being made of existing struc-
tures for technology transfer and start-ups.

In order to increase the transfer of gen-
erated knowledge into application, in June 
2019, the Baden-Württemberg state govern-
ment adopted the state strategy “Sustainable 
Bioeconomy for Baden-Württemberg” (UM 
and MLR, 2019). The declared goal is to set 
Baden-Württemberg up as a model state for 
a sustainable and circular economy. The 
strategy was developed in dialogue with 
stakeholders from science, business, politics 
and society for implementation from 2020 
onwards.
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Hohenheim and is currently scientific spokesperson for 
the European Bioeconomy University.
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Economy/Industry

• Clusters (belonging to Cluster Initative Bavaria): Cluster Forestry and Wood in Bavaria, Chemie-   
 Cluster Bayern GmbH, Umwelt Cluster Bayern, Cluster Neue Werksto_e), Cluster Industrial   
 Biotechnology, Regional Clusters (e.g. BioCampus GmbH incl. Gründerzentrum, BioPark   
 Regensburg, IZB – Innovation and Start-Up Centers for Biotechnology in Planegg-Martinsried 
 and Freising-Weihenstephan

• Innovation networks (e.g. IBB Netzwerk GmbH, Bayern Innovativ GmbH)

• Industry associations (e.g. The Bavarian Chemical Associations -VCI Bavaria, Verband der   
 Bayerischen Textil- und Bekleidungsindustrie e. V.) 

Resource Provider

• Agriculture and forestry, Bavarian Farmers Association, Competence Center for Nutrition,   
 Associations for promoting the production and sale of agricultural products, e.g. Verein zur   

 Medicinal and Aromatic Plants in Bavaria)

Organizations (nat. and int.)

Media

 schaftliches Wochenblatt (Bavarian Agricultural Weekly)

Consumers

• Bavarian Consumer Advice Centre

NGOs

• Civil society, Association for Nature Conservation in Bavaria e. V., State Association for the   
 Protection of Birds, Working Group for Rural Agriculture

Sponsors, investors

• Bayerische Forschungsallianz GmbH (BayFor), Bayerische Forschungsstiftung, Invest in Bavaria   
 (Settlement Agency of the Free State of Bavaria), Bio-based Industries Consortium (not   

 Förderbank Bayern, Bayern Kapital

Politics, administration

 Ministry of Food, Agriculture and Forestry (StMELF), Bavarian State Ministry for the Environment  
 and Consumer Protection (StMUV), Interministerial Working Group on Renewable Resources and  

 Environment (LfU)

Markets, Products

• Food, wood construction, bio-based materials (e.g. WPC, _lms, varnishes, oils, paints), detergents  
 and cleaning agents, cosmetics, medicine, basic chemicals, consumer products, automotive,   
 energy (both solid and gaseous energy sources) 

End-of-life-Management

• Municipal waste management companies (e.g. ZAW Straubing), Gütegemeinschaft Kompost   
 Region Bayern e. V., OmniCert Umweltgutachter GmbH
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Competence centres (reg.)

• Competence Centre for Renewable Resources (KoNaRo): C.A.R.M.E.N. e. V., Technologie- &
  Förderzentrum, TUM Campus Straubing for Biotechnology and Sustainability, Expert Council   
 Bioeconomy Bavaria; Extended: Straubing Region of Renewable Resources (incl. BioCampus,   
 Zweckverband Hafen Straubing-Sand)

• Munich Planegg/Martinsried: concentrated settlement of biotechnology companies (incl.   
 innovations)

Science

• Universities, research institutions, e.g. Technical University of Munich (esp. TUM Campus Straubing  
 for Biotechnology und Sustainability), Ludwig-Maximilians-Universität München, Friedrich–
 Alexander University Erlangen–Nürnberg, Weihenstephan-Triesdorf University of Applied   
 Sciences, Rosenheim Technical University of Applied Sciences, Fraunhofer IGB Straubing,   
 Fraunhofer UMSICHT Sulzbach-Rosenberg, Ifo – Innovation and Start-Up Centers for Biotech-
 nology in Planegg-Martinsried and Freising-Weihenstephan)

 

The development of the bioeconomy in 
Bavaria is taking place with a systemic 
framework for action provided by the 
Bavarian Ministry of Economyic Affairs, 
Regional Devlopment and Energy1 and ded-
icated “bioeconomy cluster”. A wide variety 
of actors make a significant contribution to 
the development of the bioeconomy in 
Bavaria. They shape this process by

 5 influence the shaping of political frame-
work conditions,

 5 promote innovation in science and indus-
try on the basis of research and develop-
ment,

 5 networking bioeconomy actors with 
each other, and

 5 lead the social discourse on bioeconomy 
issues.

In 2015, the Bavarian State Ministry of 
Food, Agriculture and Forestry (StMELF) 
started the development of an overarching 
policy framework with the initiative 
“Bioeconomy for Bavaria!” (StMELF, 
2018b). As part of this initiative, the 
Bioeconomy Council Bavaria (SVB) was 
convened. Since the beginning of 2019, the 
Bavarian Ministry of Economy Affairs, 

1 7 Bioökonomiestrategie Bayern: Wirtschaftsmin-
isterium Bayern

Regional Devlopment and Energy (StMWi) 
has been in charge of the bioeconomy. 
Accordingly, the SVB, as an independent 
advisory body, develops and formulates rec-
ommendations for action for the develop-
ment of a bioeconomy strategy, political 
framework conditions and for the promo-
tion of social dialogue to the StMWi and 
other departments of the Bavarian state 
government, which are also concerned with 
the further development of the bioeconomy. 
The StMWi supports the bioeconomy in 
particular through funding measures in the 
areas of research and development, up- 
scaling and company establishment, as well 
as funding measures for the further develop-
ment of bioenergy (StMWi, 2018b). Equally 
noteworthy is the technology support pro-
vided by the StMWi, in particular the 
planned construction of a multi-purpose 
demonstration plant in Straubing. This is 
intended to offer science and industry the 
opportunity to develop products and pro-
cesses from laboratory scale to market 
maturity (StMWi, 2016). In the budget of 
the Free State of Bavaria for 2019/2020, the 
state parliament allocated €40 million for 
the construction of the facility (StMWi, 
2019a). The Bavarian State Ministry for the 
Environment and Consumer Protection 
(StMUV) promotes the protection of natu-
ral resources and the increase of resource 
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efficiency as well as the associated develop-
ment of a Bavarian resource strategy (e.g. 
research project BayBioTech) (StMUV, 
2016). In addition, bioeconomy was 
included in the Bavarian Sustainability 
Strategy (StMUV, 2017). Furthermore, an 
interministerial working group facilitates 
intensive topic-specific coordination 
between the departments of the Bavarian 
state government (Bioökonomierat, 2017).

Against the background of the mega-
trends of sustainability and climate protec-
tion, the industrial use of renewable raw 
materials is gaining importance. However, 
regulations that have already been imple-
mented in the course of EU climate policy 
and EU bioeconomy strategy are also 
increasing attention to this topic at company 
level. Thus, in addition to top-down control 
by the responsible state ministries, the shap-
ing of the bioeconomy is also based on sec-
tor- and company-specific initiatives. In 
particular, economic interests such as cost 
and resource efficiency, the reduction of 
dependence on raw material imports 
through regionally produced raw materials, 
and the prospect of sustainable economic 
growth represent a motivation for company- 
and actor-specific projects for the further 
development of the bioeconomy (SVB, 
2015). Furthermore, in the course of sus-
tainability initiatives, many economic sec-
tors are striving to create value chain 
networks in order to tap into by-product 
streams arising in existing production pro-
cesses for additional innovative value cre-
ation (SVB, 2015). The “Forestry and Wood 
Cluster”, “Biotechnology Cluster” (focus on 
health), “Chemistry Cluster”, “Industrial 
Biotechnology Cluster” and the “New 
Materials Cluster” – funded as part of the 
Bavarian Cluster Offensive – play an impor-
tant role. This funding is already being con-
tinued in the fourth period (2020–2023) 
(StMWi, 2019b). The task of clusters is to 
network companies or companies and 
research institutions. Accordingly, a large 
number of bioeconomy activities are pri-

marily based on sector- and company- 
specific, economically motivated initiatives 
by industry or trade associations and clus-
ters already mentioned (SVB, 2015).

The aim is to strengthen entire value 
chains from research to the final product 
through cooperation and to support the 
practical transfer of research results into 
new products and services (StMWi, 2017). 
In addition, cross-cluster projects increas-
ingly create space for new cross-sector col-
laborations and technology transfer (e.g. 
Cluster Forst und Holz in Bayern, 2017). 
Other sector-specific networks provide plat-
forms for knowledge and practice transfer 
of research results into industrial applica-
tions (e.g. IBB Netzwerk GmbH, 2018; 
Bayern Innovativ GmbH, 2018b) or for alli-
ances to market and promote the use of 
renewable raw materials (e.g. proHolz 
Bayern, 2018a). Furthermore, regional clus-
ters (e.g. BioCampus GmbH, BioPark 
Regensburg, Innovations- und 
Gründerzentrum Biotechnologie (IZB) in 
Martinsried and Freising) support economic 
development and networking and create 
synergies between established companies in 
the field of renewable raw materials.

The three pillars of the Competence 
Centre for Renewable Resources (KoNaRo) 
in Straubing play an equally central role: 
C.A.R.M.E.N. e. V., the Technologie- und 
Förderzentrum (TFZ) and the TUM 
Campus for Biotechnology and 
Sustainability (TUMCS) advise, promote 
and conduct research there to increase mate-
rial and energy use (KoNaRo, 2018). As a 
supra- regional contact point, C.A.R.M.E.N. 
e. V. advises business, science and consumers 
on industrial and energetic biomass use as 
well as renewable energies and resource effi-
ciency. The association combines science 
with practice by communicating research 
and development needs and initiating and 
supporting demonstration projects 
(C.A.R.M.E.N. e. V., 2018). As an institu-
tion directly assigned to the StMELF, the 
TFZ develops and supervises funding 
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programmes and conducts applied research 
on the cultivation and use of renewable raw 
materials. In this function, the TFZ is a 
cooperation partner of numerous universi-
ties, research institutes and companies as 
well as a supporter of knowledge transfer in 
industry, politics and society (TFZ, 2018). 
The TUMCS conducts basic research in the 
energetic and material use of renewable raw 
materials and their economics (TUMCS, 
2018a). The “Bio-, Electro- and 
Chemocatalysis BioCat” branch of the 
Fraunhofer Institute for Interfacial 
Engineering and Biotechnology (IGB) is 
also located at KoNaRo. There, the focus is 
on the development of new chemical cata-
lysts and biocatalysts and their application 
in technical synthetic and electrochemical 
processes (Fraunhofer IGB, 2018).

The development of  the bioeconomy 
also benefits from a broad-based research 
landscape that varies from region to region. 
For example, around 270 biotechnology 
and pharmaceutical companies are active 
in the Greater Munich area (in particular 
Martinsried/Planegg), which develop inno-
vations in industrial and medical biotech-
nology, supported by the Innovation 
Network Industrial Biotechnology Bavaria 
GmbH and the Biotechnology Innovation 
and Start-up Centre (BioM, 2018). While 
in the region around Freising there is a par-
ticular focus on agriculture and forestry as 
well as the food industry (e.g. TU München, 
Weihenstephan-Triesdorf  University of 
Applied Sciences, Fraunhofer IVV  – 
Institute for Process Engineering and 
Packaging), the focus in Straubing is on 
research in the field of  sustainable material 
and energy use of  renewable raw materials 
as well as economic aspects of  production 
and marketing (TUMCS, 2018b). The 
future expansion of  the TUMCS will pro-
vide further research, education and train-
ing in the field of  bioeconomy. The range 
of  courses already includes bachelor’s and 
master’s degree programmes on topics 
related to renewable raw materials, the 

chemistry of  biogenic raw materials, bion-
ics and business administration with a 
focus on renewable raw materials. With the 
start of  the winter semester 2018/2019, an 
interdisciplinary course of  study will be 
established specifically on the topic com-
plex of  bioeconomy (TUMCS, 2018c). In 
addition, a new centre for natural materials 
and innovative substances will be estab-
lished in Waldkraiburg (Bayerische 
Staatsregierung, 2018). Interdisciplinary 
cooperation projects between universities 
and research institutions also contribute, 
for example, to the promotion of  resource-
conserving biotechnology (BayBiotech), to 
the harmonisation of  assessment methods 
for biomass energy use (ExpRessBio) and 
to the promotion of  the circular  economy 
on the basis of  a Bavarian resource strategy 
(FORCycle).

This diversity of actors in Bavaria offers 
a great framework for action. An analysis by 
the SVB describes the good availability of 
raw materials from agriculture and forestry 
as well as the diversity of companies located 
in different sectors as an opportunity for the 
development of the bioeconomy. Networks 
enabling the use of renewable raw materials 
can be established and optimised. Existing 
centres of competence offer the opportunity 
to establish material cycles and ensure effi-
cient recycling and full utilisation of existing 
resources (SVB, 2015). In this context, the 
demonstration plant of Clariant AG in 
Straubing should be highlighted as a pilot 
project: In Germany’s largest demonstration 
plant of this kind, the operators developed a 
process for the production of ethanol based 
on agricultural residues to market maturity. 
Up to 1000 t of cellulosic ethanol are pro-
duced there annually from around 4500 t of 
raw material (Clariant, 2018b; SVB, 2017f). 
In September 2018, Clariant started con-
struction of its first own commercial plant 
in Craiova, Romania. The plant is expected 
to come on stream in 2020 and to produce 
50,000 t of ethanol per year from grain 
straw. The plant will employ approximately 
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120 people from the region, who will be 
trained for this purpose at Clariant’s bio-
technology center in Planegg and at the 
demonstration plant in Straubing (Clariant, 
2018a) (. Fig. 15.1).

15.2  Vision and Mission

Based on their individual and sector-specific 
objectives, many actors from politics, busi-
ness, science and civil society are pursuing 
the vision of a transformation to a sustain-
able economy and way of life based on 
renewable raw materials within the frame-
work of various forms of organisation.

Since 2015, the Bioeconomy Council 
Bavaria has been working as an independent 
advisory body to develop impulses for a sus-
tainable bioeconomy in Bavaria. The SVB 
first formulated principles for the develop-
ment of a sustainable bioeconomy. The 
vision of the SVB expressed therein, based 
on a systematic understanding of the bio-
economy, can provide a framework for the 
activities of the actors mentioned at the 
beginning. It clarifies the claim to shape the 
bioeconomy within the framework of recon-

ciling climate protection, biodiversity, 
resource efficiency, securing prosperity and 
global justice as well as the interconnection 
of scientific-technical, economic and social 
innovation in a post-fossil society (SVB, 
2017a):

 » In Bavaria, the bioeconomy is the guiding 
principle for the development and imple-
mentation of  sustainable and biobased 
ways of  living and doing business. Through 
the provision and use of  renewable 
resources as well as the development and 
linking of  knowledge, it significantly con-
tributes to the sustainable development of 
Bavaria. Its aim is to protect the ecosystem 
as the basis of  life and to achieve a climate-
neutral society by reducing the consump-
tion of  fossil resources as far as possible. It 
puts economic and technical innovation at 
the service of  responsible use of  natural 
resources (SVB, 2017a, p. 3).

In addition, the departments of the Bavarian 
state government responsible for the subject 
have begun developing a bioeconomy strat-
egy (StMELF, 2018b). As early as 2015, the 
Bavarian State Ministry of Food, 
Agriculture and Forestry launched the 

       . Fig. 15.1 Demonstration plant of  Clariant AG in Straubing. (Source: Clariant AG (Photo Rötzer))
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initiative “Bioeconomy for Bavaria”. Its 
focus is on the identification of challenges 
for the development of the bioeconomy as 
well as the concretisation of fields of action 
for the design of policy measures (StMELF, 
2015). The development of an overarching 
policy framework, adapted to the regional 
conditions in Bavaria, is intended to support 
a change in values in favour of a handling of 
natural resources geared towards conserva-
tion and optimum quality. This includes, 
inter alia, the sustainable use of the resources 
soil and water as well as the synthesis of 
modern technology and traditional manage-
ment methods in agriculture and forestry 
(SVB, 2015).In addition, the interdisciplin-
ary, cross-sectoral use of expertise can 
strengthen innovation processes within the 
bioeconomy (proHolz Bayern, 2018b). 
These cooperations are particularly trig-
gered by business associations and clusters 
as well as political support. Sector-specific 
clusters and associations as well as initia-
tives of individual companies promote both 
the intra-sectoral and cross-sectoral devel-
opment of (research) cooperations for the 
development of innovative applications of 
renewable raw materials. The sectors of the 
forestry and timber industry, agriculture, the 
food industry, chemistry and biotechnology 
are the main focus areas of the bioeconomy 
in Bavaria. The existing clusters and regional 
associations enable strong networks of 
Bavarian companies and also create a link 
between industry and science to promote 
knowledge transfer. For example, Chemie 
Cluster Bayern GmbH pursues the vision of 
being a “market developer” (Chemie Cluster 
Bayern GmbH, 2018) with the “Value 
Creation Pact for Chemistry” to identify 
new markets for existing products, technolo-
gies and services while promoting innova-
tions in the sector. The Cluster Forst und 
Holz in Bayern gGmbH also aims to be at 
the forefront of the European forestry and 
timber industry in terms of innovation, for-
est management, technology and wood use 

(Cluster Forst und Holz in Bayern, 2018). In 
addition to these sector-specific clusters, 
Bayern Innovativ GmbH acts at interfaces 
between a wide variety of sectors and tech-
nologies with the aim of increasing innova-
tion dynamics and technology and 
knowledge transfer in Bavaria by imple-
menting own clusters such asEnergy 
Technology, Automotive and New Materials 
clusters as well as “cross-clustering” with 
other Bavarian clusters (Bayern Innovativ 
GmbH, 2018a).

The research landscape covers central 
areas of the bioeconomy. The high density 
of universities, research institutes and edu-
cational institutions offers cutting-edge 
research in the field of basic and application- 
oriented research as well as the training of 
qualified specialists. In some regions, centres 
of excellence have emerged in specific areas 
of the bioeconomy (e.g. Martinsried, 
Freising, Straubing, Munich) (SVB, 2015).

The multitude of actors and their net-
working described above is a characteristic 
feature of the bioeconomy development 
process in Bavaria. In addition, Bavaria 
offers attractive conditions as a business and 
high-tech location alongside a 
 high- performance agricultural and forestry 
sector. The availability of raw materials and 
the variety of companies from different sec-
tors located here represent an opportunity 
for the development of the bioeconomy with 
regard to the networking and optimisation 
of innovative value chains (ibid.).

15.3  Management of the Cluster

As explained above, there is no centrally 
developed framework for action of a sepa-
rately created “bioeconomy cluster”. The 
activities presented show a distinctive struc-
ture of independent actors that can address 
the broad spectrum of the bioeconomy con-
cept due to their diversity. This includes a 
combination of bottom-up initiatives 
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(networking, research and cooperation proj-
ects) of Bavaria-based companies and 
research institutions as well as a supporting 
role of political framework conditions (top-
down). The close “internal” networking of 
economic sectors through clustering and 
innovation platforms strengthen research 
and development activities and the develop-
ment of new value creation opportunities.

As outlined in the previous sections, 
many independent actors are driving the 
development of the bioeconomy in a wide 
range of economic sectors. For example, 
cluster organisations, companies, associa-
tions and members of civil society are devel-
oping sector-specific bioeconomy 
agendas – the area of the wood-based bio-
economy serves as an example here  – or 
individual projects based on the objectives 
and business models of individual compa-
nies. Thus, depending on the need for coop-
eration and research, research alliances are 
established or cross-industry cooperation 
takes place. Both are supported by the 
industry-specific clusters promoted within 
the framework of the Bavarian Cluster 
Offensive. Increasingly, cross-industry activ-
ities can be noted with regard to the devel-
opment of innovative materials, methods 
and processes. The joint projects of the 
Cluster Forst und Holz in Bayern gGmbH, 
Chemie Cluster Bayern GmbH and Bayern 
Innovativ GmbH illustrate this.

Individual regions distinguish them-
selves by naming themselves on the basis of 
their areas of competence. Straubing, for 
example, chose the name “Straubing  – 
Region of Renewable Resources”. The name 
refers, among other things, to the broad 
expertise of the institutions of the 
Competence Centre for Renewable 
Resources, the research institutes located 
there, and the companies located in the 
industrial park, including the port specialis-
ing in biomass logistics and the start-up cen-
tre (Straubing Region Nawaro, 2018). In 
addition, four regions hold the title 

“Bioenergy Region” as winners of a nation-
wide competition (Archental, Straubing-
Bogen, Bayreuth, Oberland). The aim of the 
competition, which was carried out by the 
Federal Ministry of Food, Agriculture and 
Consumer Protection (BMELV), was to 
promote innovative concepts for exploiting 
bioenergy development opportunities and 
to create model regions for the communica-
tion and sustainable use of bioenergy (FNR, 
2018).

To promote social discourse on the use 
of biogenic raw materials, many institutions 
already provide information, often in the 
form of specialist events  – although not 
always explicitly under the name “bioecon-
omy”. Examples include specialist confer-
ences within the framework of research 
cooperations or cluster and innovation plat-
forms (e.g. Bayern Innovativ, IBB Netzwerk 
GmbH, Cluster Forst und Holz) and the 
Bavarian State Ministries. In the context of 
the event “Opportunities for a sustainable 
bioeconomy in Bavaria” organised by the 
SVB, an impetus was given in 2017 to the 
debate on the necessary framework condi-
tions for shaping a sustainable bioeconomy. 
This discourse continues to take place pri-
marily in specialist circles. In order to pro-
vide information about the advantages of 
the energetic and material use of renewable 
raw materials for the general public, 
C.A.R.M.E.N. e. V., the TFZ or the 
Ökoenergie- Institut Bayern, for example, 
develop information materials and appear at 
trade and consumer fairs. Core topics 
include materials, building with renewable 
raw materials, biofuels, heat and power gen-
eration from renewable raw materials and 
renewable energies.

Despite the diverse activities discussed, 
both the awareness of the concept of bio-
economy and the availability of information 
on areas of application and handling of the 
use or possibilities of use of renewable raw 
materials in Bavaria vary. A cross-sectoral 
exchange of information and knowledge 
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could further strengthen this knowledge and 
the use of renewable raw materials (SVB, 
2015). 

15.4  Benchmark and Success 
Criteria

As explained at the outset, in 2017 the 
Bioeconomy Council Bavaria formulated a 
vision for shaping the bioeconomy as a con-
tribution to sustainable development. This 
vision contributes to a discourse on general 
objectives of  the bioeconomy and enables a 
formulation of  goals against which the 
Bavarian partners can examine their mea-
sures to promote the production, process-
ing and use of  biogenic raw materials in the 
future. In its policy paper, the SVB discusses 
fields of  action and necessary conditions 
which, as “ethical guidelines” (Vogt, 2016), 
should ensure the design of  a sustainable 
bio-based economy and way of  life. 
Through its impulses for shaping regional 
and supra- regional, consistent policy 
frameworks, the SVB aims to support the 
transformation of  existing production and 
consumption patterns in favour of  a sus-
tainable, post-fossil society (SVB, 2017f). 
Accordingly, the SVB promotes the devel-
opment of  a Bavarian policy strategy 
through its advisory activities, which is to 
be adapted to regional conditions in a tar-
geted manner (SVB, 2017f). In the brochure 
“Bioeconomy for Bavaria!”, the StMELF 
provides for a specifically Bavarian accent 
in the understanding and strategic orienta-
tion of  the bioeconomy. Thus, in contrast 
to other bioeconomy strategies, which focus 
exclusively on residual and waste materials, 
the StMELF focuses on the inclusion of  the 
targeted cultivation of  renewable raw mate-
rials. In addition, the StMELF pursues a 
technology-open approach without specify-
ing the raw materials or processing methods 
used and the development of  a comprehen-
sive research and development framework 

to support application-oriented projects 
(StMELF, 2015). Furthermore, the 
StMELF formulates the goal of  increas-
ingly orienting economic activity towards 
natural material cycles and increasing 
resource efficiency by expanding cascade 
and combined use. In order to ensure the 
transformation to a sustainable biobased 
economy, the StMELF relies on domestic 
biomass cultivation based on clear sustain-
ability criteria to avoid potential restric-
tions on food security or the impairment of 
natural livelihoods. These criteria must also 
apply to imported biomass. In addition, the 
ministry aims to remove any market barri-
ers for biobased products, strengthen net-
works for horizontal and vertical 
cooperation and provide start-up assistance 
for young companies. The advantages of  a 
bio-based economy and lifestyle are to be 
actively communicated in order to increase 
the acceptance of  the desired transforma-
tion through transparency and participa-
tion (StMELF, 2015). In the context of  this 
development, the SRP emphasises the need 
to guarantee standards for environmental 
and social compatibility and to ensure a 
participatory design of  the bioeconomy by 
intensifying the dialogue with all societal 
stakeholders, including business, consumer 
and environmental associations, civil soci-
ety associations (NGOs), churches as well 
as representatives of  science. This requires 
communication formats that inform and 
involve stakeholders in the development of 
the bioeconomy on the opportunities, but 
also in a forward-looking way on possible 
critical issues (SVB, 2017e).

Biotechnology is considered a key tech-
nology for this transformation. Bavaria is 
the leading biotechnology location in 
Germany, with around 25% of companies, 
around 30% of employees and around 25% 
of sales (StMWi, 2018a). The Bavarian state 
government is pursuing the goal of making 
Bavaria the leading biotechnology location 
in Europe as well, not only in terms of the 
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number of companies, but also in terms of 
sales and employment figures. Over the past 
ten years, the State of Bavaria has invested 
some €600 million in biotechnology. In addi-
tion to the expansion of research at universi-
ties and non-university research institutions, 
this funding also flows primarily into the 
support of industry networks and the estab-
lishment and expansion of technology- 
oriented start-up centers (ibid.).

The actors listed have formulated objec-
tives in their agendas. A central benchmark-
ing to check the measures for their 
implementation is not yet planned.

15.5  Experiences

Bavarian forestry and agriculture provide a 
large number of high-quality biogenic raw 
materials. In addition to the food industry, 
the products provided are used as renewable 
raw materials in material and energy appli-
cations. In total, raw materials for non-food 
use were cultivated on around 490,000 ha of 
agricultural land in Bavaria in 2016. Thereby, 
the energetic use is very pronounced 
(451,000 ha for energy production compared 
to 39,000 ha for a material use) (StMELF, 
2018a). Moreover, according to the Federal 
Forest Inventory, an average of 22 million 
fm of2 raw wood was harvested annually in 
Bavaria between 2003 and 2012. Energy use 
also currently predominates in forestry: 60% 
of the wood was used for energy (Cluster 
Forst und Holz in Bayern, 2016).

Favoured by small-scale agriculture and 
the associated large number of farms, as 
well as corresponding support measures 
under the Renewable Energy Sources Act 
(EEG), Bavaria has the most biogas on-site 
electricity generation plants (2017: 2493) 
and the highest installed electrical rated out-
put (1025 MWel) in a federal state compari-

2 cubic meters of  raw wood.

son. This is distributed among many smaller 
plants (average electrical plant capacity: 284 
kWel) (LfL, 2017). This strong expansion of 
renewable energies based on biogenic raw 
materials was promoted by the presence of 
active knowledge and consulting networks 
(e.g. C.A.R.M.E.N. e. V., TFZ, Öko- 
Energie- Institut).

The good availability of raw materials 
and the potential of the business location, 
where the production and use of biogenic 
raw materials is of important economic and 
social significance, enable an expansion of 
biomass utilisation, particularly in the area 
of industrial use. In this area, few cross- 
sectoral value chains have been established 
so far due to unfavourable framework con-
ditions – especially price competitiveness in 
direct competition with fossil-based prod-
ucts. However, in the area of advanced bio-
fuels, the establishment of new value chains 
and the use of synergy effects are already 
evident and need to be further developed 
(SVB, 2015). With regard to the develop-
ment of biomass value chains, it is impor-
tant to note that feedstock use can be 
complementary in different use cases. For 
this purpose, material use should be treated 
equally to energy use and the efficiency of 
the entire value chain should be considered 
(SVB, 2017a).

Against this background, the high level 
of competence and networking within the 
economic sectors and scientific disciplines is 
to be seen as positive. Cross-sectoral net-
working is being increasingly intensified, 
and regional competence centres are being 
created or have been created for focus areas 
in research and development and for the use 
of biogenic raw materials. Industry and 
innovation networks promote the transfer 
of research results into practice. However, 
small and medium-sized enterprises (SMEs) 
in particular still face the challenge of devot-
ing sufficient resources to the economic 
implementation of product and process 
innovations. In order to take this into 
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account, a multi-purpose demonstration 
facility for testing and scaling biotechnolog-
ical processes is to be built in Straubing.

Since industry cooperations sometimes 
do not come about because in funded proj-
ects the protection of  intellectual property, 
which is important for industrial compa-
nies, and their later use is often difficult to 
manage, the SVB also recommends, in 
addition to research funding at universities 
and colleges, to expand funding pro-
grammes for application-oriented research 
in SMEs and industry and, against this 
background, to pay special attention to the 
handling of  intellectual property. This 
applies in particular to projects where the 
funded work takes place within networks 
(SVB, 2017d).

In addition, many materials and prod-
ucts containing renewable raw materials 
compete directly with conventional prod-
ucts made from fossil raw materials. Since 
their success also depends on the price of 
oil, they cannot always exploit their advan-
tages  – both ecological and technical. In 
order to promote products derived from the 
bioeconomy, policymakers should adapt or 
avoid laws and regulations that hinder their 
sale. For example, innovative products 
should already be considered in current leg-
islation, such as the Packaging Act (SVB, 
2017c). At the same time, direct incentives 
should be introduced to strengthen the 
demand for bio-based products. These steps 
are not to be carried out exclusively at the 
state level. The federal and European level 
should also be addressed for the above- 
mentioned objectives. In addition, the inten-
sification of measures in the field of public 
relations is necessary in order to strengthen 
consumer awareness for sustainable con-
sumption and to increase the acceptance of 
product innovations. The public should be 
made aware of the necessity and opportuni-
ties of the bioeconomy through appropriate 
information, and given the opportunity to 
play a responsible role in shaping the desired 
transformation. Small, possibly even decen-

tralised exhibitions, events, teaching content 
at schools, training centres and also univer-
sities could enable broad-based knowledge 
transfer (SVB, 2017b).
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16.1  Introduction

In 2012, the European Commission (EC) 
adopted and launched the EU Bioeconomy 
Strategy “Innovating for sustainable 
Growth: a Bioeconomy for Europe” to 
address current and future environmental 
challenges and to initiate a shift towards a 
non-fossil fuel European economy. The 
overarching goals are:

 » Ensuring food security, managing natural 
resources sustainably, reducing depen-
dence on non-renewable resources, miti-
gating and adapting to climate change, 
transforming production, promoting sus-
tainable production of  renewable 
resources from agriculture, fisheries and 
aquaculture and their transformation into 
food, feed, fibre, bio-based products and 
bioenergy, while creating jobs and main-
taining European competitiveness. (EC, 
2018b, n.d.)

The EU approach is being taken forward in 
most EU Member States through the devel-
opment of national and regional bioecon-
omy strategies – already 19 Member States 
have or are preparing a bioeconomy strat-
egy – or similar strategic document (Spatial 
Foresight, 2017).

In 2013, the European Bioeconomy 
Stakeholder Panel was established to assem-
ble a pool of experts from a wide range of 
stakeholders. It includes large and small 
industrial companies, governmental and non-
governmental organisations, associations, 
biomass producers and regions, and research 
institutions, each active in different sectors 
of the bioeconomy. The Stakeholder Panel 
strengthens collaboration across Europe, 
was involved in the EU Bioeconomy Strategy 
review process and published the European 
Bioeconomy Stakeholders Manifesto in 2017 
(Bioeconomy Stakeholders Panel, 2017). The 
Manifesto aims to highlight the challenges 
and opportunities in developing bioecon-
omy strategies in European countries and to 

increase stakeholders’ motivation to invest 
in the bioeconomy transformation. A key 
objective of the Manifesto is to initiate and 
promote stakeholder collaboration across 
sectors, along and across value chains, and 
to facilitate scale-up and market uptake pro-
cesses. The Manifesto recommends actions 
to expand interregional and transnational 
collaboration and to build regional coop-
eration, infrastructure and clusters. Both 
regional and cross-regional clusters are cru-
cial for strengthening regional competences 
and supporting knowledge exchange in the 
context of the European Union bioeconomy 
(Bioeconomy Stakeholders Panel, 2017).

The following chapter provides an over-
view of the status of regional, national and 
transnational bioeconomy clusters in the 
EU-28. In a first step, the different defini-
tions of the terms “cluster” and “bioecon-
omy” are elaborated in order to outline 
the respective self-image of the European 
bioeconomy clusters. In a second step, 32 
bioeconomy clusters are analysed and the 
respective approaches and developments are 
described and compared.

16.2  Cluster Definitions in Europe

The most commonly used cluster definition 
comes from Porter, who defines a cluster as 
“a geographic group of interconnected firms 
and related institutions in a particular field” 
that are “linked by commonalities and exter-
nalities” (Porter, 2008). Clusters may include 
downstream, product or service firms, various 
suppliers with specialized inputs and services, 
financial institutions, institutions for special-
ized training, research and technical assis-
tance, and standardization bodies (ibid.).

The EC defines clusters more broadly as

 » a group of  firms, related economic actors, 
and institutions that are located near each 
other and have reached a sufficient scale 
to develop specialised expertise, services, 
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resources, suppliers and skills. (EC, 2008, 
p. 2).

The Federal Ministry of Education and 
Research (BMBF) describes clusters as the 
bringing together of research, industry, pub-
lic authorities and other organisations 
within a thematic field of activity. The geo-
graphical and thematic proximity creates a 
platform for information, communication, 
cooperation and exchange (BMBF, 2018).

Depending on the respective national 
framework and cluster policy, the defini-
tions and legal forms of clusters are very 
diverse throughout Europe. For example, 
in Hungary there is no legal definition or 
defined organisational form of a cluster. 
However, when a cluster is established, 
information on the common objective, man-
agement and budget should be provided by 
the body initiating the cluster (European 
Cluster Collaboration Platform (ECCP).1 
Especially in Central and Eastern Europe, 
the development and policy of clusters does 
not have as a long history as in Western 
and Northern Europe. Denmark, France, 
Germany, Italy, Ireland, the Netherlands, 
Portugal, Spain and the United Kingdom 
have already implemented national or 
regional cluster strategies and/or mecha-
nisms to support cluster development in the 
1990s. In particular, the Nordic countries 
(Finland, Sweden, Norway) have created 
strong national cluster institutions under 
the umbrella of the national government to 
support their development (Ketels, 2004).

The creation and further development 
of clusters and cluster services is supported 
by several regional, national and EU poli-
cies (Sölvell et  al., 2003). In Germany, the 
Federal Ministry for Economic Affairs and 

1 For more information, see: 7 https://www.clus-
terplattform.de/CLUSTER/Navigation/DE/
Home/home.html, 7 http://www.spitzencluster.
de/ and 7 http://ec.europa.eu/growth/industry/
policy/cluster_en

Energy (BMWi) and the Federal Ministry 
of Education and Research (BMBF) sup-
port the development of efficient and highly 
innovative clusters. Successful examples are 
the “go-cluster” programme (which supports 
the improvement of cluster management 
and international competitiveness) and the 
“Leading-Edge Cluster Competition” for 
the creation of cluster strategies and their 
implementation in the area of the German 
New High-Tech Strategy. The BMBF’s 
“Entrepreneurial Regions” programme fam-
ily supports the development of innovation 
alliances in the new Länder with the aim of 
promoting structural change. In addition to 
national initiatives, several German federal 
states  – particularly Bavaria and Baden-
Württemberg  – have launched numerous 
measures to support cluster development 
based on the regions’ individual strengths 
and structures.

Norway, Finland and Sweden also 
have specific cluster programmes to imple-
ment national strategies. In Norway, the 
Norwegian Innovation Cluster Programme 
(a joint initiative of the Industrial 
Development Corporation of Norway and 
the Norwegian Research Council) aims to 
initiate and strengthen cooperative devel-
opment activities in clusters of different 
maturity (Norwegian Innovation Clusters, 
2018). Finland launched the OSKE expert 
programme in the early 1990s, which led to 
the establishment of 13 competence cen-
tres bringing together research, industry, 
technology parks and regional authorities 
(Synocus Group, 2009). The flagship proj-
ect of Swedish cluster policy is “Vinnväxt – 
Regional Growth through Dynamic 
Innovation Systems”, a programme imple-
mented since 2001 by VINNOVA, the 
Swedish Innovation Agency. Through a 
competitive process, regional clusters are 
selected for a 10-year programme with up 
to €one million in funding per year and 
parallel process support for growth (Ketels, 
2009; Vinnova, 2016). At the European 
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level, funding schemes for cluster creation 
and development, cross-clustering and clus-
ter internationalisation are available under 
COSME and Horizon2020 (EC, 2014). 
Through the extensive cluster funding pro-
grammes, clusters have become a model 
of success in industrial cooperation across 
Europe. The Cluster Panorama counts 
over 3000 “strong clusters” across Europe.2 
Among the top 20% of European clusters, 
103 are world leaders (across all measured 
performance dimensions) (Ketels & Protsiv, 
2016). The European Cluster Panorama 
shows several hotspots in the Benelux, the 
Baltic Sea Region, France, Germany, Ireland 
and the United Kingdom (EC, 2018a).

Despite the different definitions of a 
cluster and among the national or regional 
cluster policy approaches, some common 
features of clusters can be identified:

 5 They are characterised by geographical 
proximity and significant thematic/sec-
toral overlap.

 5 They are considered to be an important 
tool for increasing industrial competi-
tiveness and innovation in enterprises.

 5 They integrate research institutions, 
public institutions, funding bodies and 
other relevant stakeholders.

 5 They facilitate technology and knowl-
edge transfer between research and 
industry as well as scale-up and market 
uptake.

 5 They are seen as drivers of regional 
development and job creation by sup-
porting the implementation of regional 
and/or national development strategies 
or smart specialisation strategies.

 5 They tend to focus on innovative and 
high-tech sectors.

2 The strength of  a cluster captures the overall size, 
specialisation, productivity and dynamism. 
“Strong clusters” they are defined as capturing the 
top 20% of  regions by specialization in each clus-
ter category.

16.3  Definitions and Strategies 
of the Bioeconomy

In contrast to the concept of clusters and 
cluster policy, the conceptualisation of the 
bioeconomy and its strategic implementa-
tion is a relatively new approach in the 
European Union  – and beyond. Germany 
was among the first countries worldwide to 
publish strategies for the bioeconomy: in 
2010 a “National Research Strategy 
Bioeconomy 2030” (BMBF, 2010) and in 
2013 a holistic and comprehensive “National 
Policy Strategy on Bioeconomy” (BMEL, 
2014). Since then  – and in line with the 
European Union’s ambitions to implement 
the EU Bioeconomy Strategy – 19 countries 
have produced or are preparing specific 
national and/or regional bioeconomy strate-
gies or similar documents.

The German strategy defines bioecon-
omy as

 » the knowledge-based production and use 
of  renewable resources, in order to pro-
vide products, processes and services in all 
areas of  the economy, within the frame-
work of  an economic system that is viable 
for the future 1. The concept of  the bio-
economy encompasses all economic sec-
tors and their associated commercial 
services, involved in producing, working 
or processing, using or trading with 
renewable resources – such as plants, ani-
mals and micro-organisms and products 
made from them. (BMEL, 2014).

According to the German Bioeconomy 
Council, bioeconomy is defined as “the 
production and use of  biological resources 
(including knowledge) to provide products, 
processes and services in all sectors of  the 
economy within the framework of  a sus-
tainable economy” (Bioökonomierat, 
2018).

The EU Bioeconomy Strategy defines 
the bioeconomy as
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 » it encompasses the production of 
renewable biological resources and the 
conversion of  these resources and waste 
streams into value added products, such 
as food, feed, bio-based products and bio-
energy. (EC, 2014, p. 3).

In other words, “[t]he bioeconomy encom-
passes those parts of the economy that use 
renewable biological resources from land 
and sea – such as crops, forests, fish, animals 
and microorganisms  – to produce food, 
materials and energy” (EC, 2018b, n.d.).

The definitions and concepts of the bio-
economy vary across Europe. This results 
from different strategic goals and technol-
ogy priorities as well as the diversity of 
natural endowments and the geographical 
location of the respective countries.

In Belgium

 » the bioeconomy encompasses both the 
production of  renewable biological 
resources and the use of  these resources 
and residual flows. Specifically, the bio-
economy includes, among others, the fol-
lowing sectors: agriculture, forestry, 
fisheries, agri-food, wood processing, pulp 
and paper, environmental engineering, 
construction, energy and industries such 
as textiles, chemicals and biotechnology, 
end-user/consumer and logistics sectors. 
(Flanders Biobased Valley, 2018, n.d.)

The United Kingdom defines bioeconomy as

 » “The bioeconomy is the economic oppor-
tunity of  using biology to help solve chal-
lenges we face in agriculture, energy, 
health and more, which has the potential 
to deliver economic, environmental and 
social benefits to the UK.  The bioecon-
omy includes all economic activity derived 
from bio-based products and processes. 
These have the potential to contribute to 
sustainable and resource efficient solu-
tions to the challenges we face in food, 

chemicals, materials, energy production, 
health and environmental protection.” 
(Department for Business, Energy, & 
Industrial Strategy, 2016, p. 3)

Finland

 » refers to an economy that relies on renew-
able natural resources to produce food, 
energy, products and services. The bio-
economy will reduce our dependence on 
fossil natural resources, prevent biodiver-
sity loss and create new economic growth 
and jobs in line with the principles of  sus-
tainable development. . (Bioeconomy 
Finland, 2018, n.d.)

In France, bioeconomy is understood as 
“the photosynthesis economy and, more 
generally, the living world economy”.

 » The bioeconomy encompasses the whole 
range of  activities linked to bioresource 
production, use and processing. The pur-
pose of  bioresources is to provide a sus-
tainable response to the need for food and 
to part of  society’s requirements for mate-
rials and energy, as well as providing soci-
ety with ecosystem services. (République 
Française, 2017, n.d.)

In Slovenia, the bioeconomy

 » “can be described in terms of  an economy 
that ‘encompasses the production of 
renewable biological resources and their 
conversion into food, feed, bio-based 
products and bioenergy.” (BERST, 2015, 
p. 3).

Although all countries define the bioecon-
omy as the production and conversion of 
biomass into value-added products, the 
focus and objectives differ. For example, in 
Germany the main areas are agriculture, 
health, food and energy, while in Finland 
the focus is on efficient resource use, 
forest- based biomass upgrading and green 
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chemistry (Staffas et al., 2013). Portugal and 
Iceland focus heavily on oceans and blue 
growth in their strategic approach to the 
bioeconomy. Thus, the national focus of the 
bioeconomy varies by sector (e.g. wood sec-
tor, biopharmaceuticals and biotechnology, 
food and feed, biofuels, green chemistry). In 
some countries (such as Bulgaria, the Czech 
Republic, Hungary and Croatia), on the 
other hand, the bioeconomy is mostly lim-
ited to traditional individual bioeconomy 
sectors such as the wood industry, agricul-
ture and biofuels.

16.4  Criteria for the Analysis 
of Bioeconomy Clusters

Both terms, cluster and bioeconomy, are 
very heterogeneous in the countries of the 
European Union in their concrete defini-
tion, in what is understood by them and 
which areas they cover in each case. There is 
therefore no blueprint for the “bioeconomy 
cluster” as such. A bioeconomy cluster is 
defined more by its actual coverage of sec-
tors and activities than by the mere name 
“bioeconomy”. For a status quo analysis of 
bioeconomy clusters in Europe, some mini-
mum criteria are used to select suitable 
 clusters for analysis.

Definition/Sector Coverage The cluster 
should include at least two target sectors 
and industries that ideally combine cascad-
ing/coupling of material and energy use in 
cross-value chains. Clusters focusing exclu-
sively on biotech and biopharmaceuticals, 
agri-food production or traditional wood 
industries are not included.

Size/Composition of Stakeholders The 
cluster should have a minimum size of 30 
participants. They should represent at least 
two different stakeholder groups (small and 
large industries, research, governmental and 

non-governmental organisations). Ideally, 
the cluster covers all relevant stakeholders. 
For newly established clusters (initiatives), 
an exception regarding the minimum size 
will be applied.

Excellence/Certification The cluster 
should have been assessed for its manage-
ment quality and hold a Certificate of 
Cluster Management Excellence issued by 
the European Cluster Excellence Initiative 
(ECEI), or alternatively a similar certificate.

In order to identify and select relevant 
clusters based on the defined criteria, the 
European Cluster Collaboration Platform 
(ECCP) was analysed as a first step (DG 
GROW & EC, 2018). The ECCP contains 
information profiles of  over 795 cluster 
organisations in Europe. Of  these 795 clus-
ters, 519 clusters have more than 51 mem-
bers and 276 consist of  50 or less members. 
The search engine does not offer a sectoral 
industry “bioeconomy”, so the search was 
conducted by independently selecting all 
relevant sectoral bioeconomy industries  – 
i.e. downstream chemical products, food 
processing and manufacturing, wood 
products and forestry. Hundred clusters 
were identified when applying the defined 
selection criteria. The results were reviewed 
individually to select only the clusters 
combining at least two sectoral industries. 
In a second step, a literature and desk-
top analysis was conducted to also cover 
new cluster initiatives and to add relevant 
information.

The selection process yielded a total of 
32 valid “bioeconomy clusters”, which were 
further characterised and analysed. The 
overview map in . Fig. 16.1 contains some 
main characteristics such as name, country, 
year of foundation, number of members, 
biomass types (input), sectoral and indus-
trial focus (output) and maturity (megaclus-
ter, cluster initiative, cluster,).
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16.5  Analysis of Bioeconomy 
Clusters in Europe

Bioeconomy clusters are active and develop-
ing across Europe. A “bioeconomy cluster 
triangle” between Germany (with three bio-
economy clusters), France, the Baltic Sea 
region (Denmark, Sweden, Poland) and 
Belgium and the Netherlands in the centre 
forms the most developed area of cluster 
development and activity. Western European 

clusters in particular form transnational 
mega-clusters such as 3Bi  – European 
Bioeconomy Intercluster (DE, NL, FR, 
UK) or BIG-C  – Bio Innovation Growth 
Mega Cluster (DE, NL, BE) in order to bet-
ter connect regions, sectors, value chains as 
well as technology transfer and investments 
in terms of infrastructure.

The majority of clusters have a regional 
focus. Croatia, Denmark, Finland, France, 
Greece, Italy, the Netherlands, Norway, 
Romania, Slovenia and the UK are active 

       . Fig. 16.1 Overview map of  the selected bioeconomy clusters in Europe. (Source: Own representation)
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AgroBioCluster 2014 47

Arctic Smart Rural Community 2016 60

Arena Heidner 2012 43

Association BLC3 – Technology and Innovation Campus 2010 21 -

Bio Innovation Growth mega Cluster BIG-C Flanders 2004 3

BIODANUBIUS 2014 28

BioEconomy Cluster Central Germany 2011 109

Bioeconomy Cluster Nitra 2015 16

biomastec 2011 31

2003 36

Biorizon 2010 -

BioVale 2014 40

Cluster Lucano di Bioeconomia 2016 52

Cluster of Bioenergy & Environment of W. Macedonia 2014 34

Croatian Wood Cluster 2013 77

2010 17

Finnish Bioeconomy Cluster FIBIC 2007 19 - -

Green Chemistry Cluster 2007 60

GREEN ENERGY Romanian Innovative Biomass Cluster 2011 70

Green Synergy Cluster 2011 34

3Bi 2015 4**

Flander biobased valley 2005 20

IAR – The French Bioeconomy Cluster 2005 380

Irish Bioeconomy Foundation 2016 6

MATIKEM 2008 87

North East of England Process Industry Cluster (NEPIC) 2002 410

Parco Agroalimentare FVG - Agrifood & BioEc. Clus. Agcy. 2006 21 -

SPRING – Italian Cluster of Green Chemistry 2014 105

The Lombardy Green Chemistry cluster 2013 46

The Paper Province ekonomisk förening 1999 115

Wood Industry Cluster 2000 105

Input* Output*Cluster name **

Plastics

Environmental Services Biogas and anaerobic digestionEducation and knowledge

Animal husbandry

Power generation and transmission

Forestry

Agricultural inputs and services Business Services

Forest/wood Agriculture/livestock Algae WasteInput:

Founded MembersMegacluster Cluster Cluster initiativeCluster:

Wood products

Downstream chemical products Production engineering and heavy mechanical engineering

Upstream chemical productsBiopharmaceutical Paper and packagingOutput:

* the data are based on a literature search ** the cluster members are clusters

       . Fig. 16.1 (continued)
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across the bioeconomy. In addition to the 
national cluster, for example in Finland, 
France, Italy, Romania and the UK, there 
are also regional clusters.

Most of the 32 clusters analysed were 
founded from 2005 onwards. From this 
year onwards, a slight upward dynamic in 
start- up activities can be observed. Only 
five clusters started operations in the years 
1999–2004 (. Fig. 16.2). The first operable 
clusters are mainly located in Northern and 
Western Europe (e.g. Sweden, Great Britain, 
Finland, Norway). In recent years, Eastern 
European clusters have also increased sig-
nificantly (e.g. Romania, Slovakia).

Some clusters started with a focus on 
green energy (e.g. Flanders Biobased Valley 
as Ghent Bio-Energy Valley) or focused on 
the forest sector, which turned to bioecon-
omy themes for the first time in recent years 
(e.g. Finish Forest Cluster, reorganised as 
Finish Bioeconomy Cluster in 2012). This 
development seems to be happening again 
in Eastern Europe, where existing clusters 
(wood, green electricity) are expanding cov-
erage to other sectors and becoming a “bio-
economy cluster”.

In France, Germany, Italy and Sweden, 
bioeconomy clusters have been newly cre-
ated to better link different sectors and value 
chains. In these countries, such clustering 

has also been supported by national policies 
and public funding.

With regard to the size of 32 clusters anal-
ysed, the picture is very diverse and there is no 
obvious correlation between the number of 
members and the national or regional focus. 
The number of participants ranges from 16 
to 913 cluster members. The smallest cluster is 
the recently established regional bioeconomy 
cluster Nitra (Slovakia) with 16 participants, 
while the regional North East of England 
Process Industry Cluster (UK) has 420 par-
ticipants. Among the national clusters, the 
number of participants varies just as signifi-
cantly, with the Danish Biomass Innovation 
Network (INBIOM) having 913 members 
and the Finnish National Bioeconomy 
Cluster (FIBIC) having 17 members.

For 32 clusters, it was possible to obtain 
detailed information on the cluster composi-
tion. The industrial partners have the highest 
share among them (. Fig.  16.3). On aver-
age, 65% of the cluster members are small 
and medium-sized enterprises (SMEs) and 
another 10% belong to large industry. There 
are some minor deviations from these aver-
ages: for example, the Danish INBIOM net-
work with 74% SMEs and the UK BioVale 
cluster with only 40% of SME members.

With one exception, partners from 
research and industry are represented in 
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       . Fig. 16.2 Development of  (analysed) cluster foundations in Europe. (Source: Own representation)
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all clusters. More than half  of the analysed 
group also engages other partners and insti-
tutions (triple helix approach3). Research 
and large companies account for an averag 
of 10% of all participants.

Looking at sectoral coverage, agricultural 
inputs and services are covered by 13 clus-
ters and food processing and manufacturing 
by 12 clusters. These two represent the most 
important sectors. In addition, wood prod-
ucts and downstream chemical products are 
the second most covered sectors with six to 
seven clusters each. Interestingly, the educa-
tion and knowledge sector is the third most 
covered sector (. Fig.  16.4). This appears 
to be an important sector, especially in the 
case of the bioeconomy, which is a relatively 
new concept for businesses, consumers and 
also educational institutions.

16.6  Conclusion and Outlook

Bioeconomy clusters are at odds with the 
“typical” cluster definition, which refers 
(among other things) to an entity with the-
matic proximity of its members. The chal-

3 In the triple helix approach of  a knowledge econ-
omy, university, industry and government were 
initially defined as the main institutions (Leydes-
dorff, 2010).

lenge for bioeconomy (clusters) is to 
overcome this “silo thinking” and attract 
members from different sectors in order to 
achieve cross-sectoral and previously uncon-
nected cooperation.

The establishment of a cluster, be it 
regional or national, does not follow one 
specific concept. Some clusters were newly 
established and other clusters extended 
their scope towards the bioeconomy, start-
ing from a specialisation in, for example, 
green energy or wood. Bioeconomy clus-
ters are more advanced in Western and 
Northern Europe, due to earlier cluster 
policies and the availability of public fund-
ing to support cluster formation. Southern 
and Eastern European countries are on the 
way to closing this gap, partly due to avail-
able EU funds. As in Western and Northern 
Europe, there are two lines of development. 
On the one hand, new bioeconomy clusters 
are being created (Poland and Slovakia), 
and on the other hand, existing clusters are 
being reorganised or thematically expanded 
(Romania, Slovenia).

In most cases, the clusters were estab-
lished with the support of national or 
regional cluster policies. In some countries, 
the clusters were established before an offi-
cial bioeconomy strategy was launched (e.g. 
Finland, France, Italy, Poland, Slovakia, 
UK).

Strong political support through a 
national bioeconomy strategy and an asso-
ciated funding mechanism is certainly the 
driver for strong clustering in Belgium, 
Germany and the Netherlands, as well as a 
stimulating factor for the further develop-
ment of existing clusters in all European 
countries. The possibility to apply for pub-
lic funding in addition to membership fees 
stimulates the growth of clusters.

The majority of clusters have a regional 
focus  – in some countries national and 
regional clusters also coexist. Regionalism 
is in line with the concept of the bioecon-
omy, which focuses on regionally available 
biomass and more regionally closed circular 

Research

SME

Others 
(governmental 
and non-
governmental 
organisations)

Large-scale 
industry

65 %

15 %

10 %

10 %

       . Fig. 16.3 Composition of  the analyzed clusters. 
(Source: Own representation)
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bioeconomies. Nevertheless, the tendency to 
form megaclusters shows that transnational 
and cross-national cooperation is becom-
ing increasingly important. This may be 
the case for better sourcing of biomass in 
adjacent regions and marketing of interme-
diate products across regions and borders. 
Moreover, the bioeconomy requires high 
investments in infrastructure and technol-
ogy research (especially related to biorefin-
eries). Therefore, cooperation is needed with 
the aim of joint infrastructure and invest-
ment as well as research and technology 
transfer.

In terms of sectoral coverage, there 
seems to be a strong focus on four indus-
tries, namely agriculture, food produc-
tion, wood and chemicals. The focus is on 
sourcing biomass for the chemical industry 
and future biorefineries. This bioeconomy 
approach, targeting green chemistry and 
high-value products, is found in most of 
the advanced clusters of the “Bioeconomy 
Cluster Triangle”. A broader connection to 
other sectors such as construction and plas-
tics could further increase synergies. The 

majority of the clusters work with biomass 
resources from forestry and agriculture. The 
use of biowaste and residual streams is lim-
ited to a few Western European countries.

From the analysis of clusters in Europe, 
insights can be gained regarding their defini-
tion, trends or their role:

 5 According to the classical understanding 
of clusters, clusters concentrate on one 
or two sectors (e.g. the chemical industry, 
food and luxury food industry, automo-
tive industry, agriculture and forestry, 
etc.).

 5 To enable cross-innovation, cross-cluster 
initiatives are increasingly emerging, 
although their main focus is still strongly 
sectoral. In contrast, the bioeconomy 
spans multiple industries and sectors.

 5 A cluster is usually strongly industry- 
driven, whereas the bioeconomy  – 
depending on the country  – is strongly 
policy- and industry-driven and is 
intended to increasingly involve society 
in the transformation processes.

 5 Clusters are an important pillar of the 
bioeconomy transformation (technology 
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       . Fig. 16.4 Sectoral industries covered by the clusters. (Source: Own representation)
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and product development etc.) to make 
this possible on the part of the industry 
as well.

 5 In order to be able to accompany this 
transformation politically, scientifically 
and socially, overarching platforms are 
emerging in which associations, NGOs, 
the media, etc. are also involved.

It should be noted that further developments 
have taken place in this topic area since this 
chapter was drafted, but these could not be 
presented here. In the meantime, for exam-
ple, a new EU bioeconomy strategy has been 
published, the German bioeconomy strategy 
has been newly published and new clusters 
and hubs have been established (such as in 
the EU project Power4Bio).4
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17.1  Introduction

The political shaping and formability of an 
issue area depends to a significant degree on 
how societal actors  – business, organized 
civil society, the media, the general public, 
etc. – perceive this issue area: Is it perceived 
as an opportunity, as a risk, as unavoidable, 
stoppable or shapeable? Where exactly are 
problems, problem causes and responsibili-
ties identified, which approaches to solu-
tions appear as thinkable, sayable and 
feasible? Language and discourse play a cen-
tral role here: they frame content, assign 
meaning, guide associations and interpreta-
tions, shape notions and ideas, and thus ulti-
mately construct “reality” (Berger & 
Luckmann, 1967) and public order (Majone, 
1989). Language is said to have the ability to 
“make policy, creating signs and symbols 
that can shift power balances and influence 
institutions and policy content” (Hajer, 
2008, p. 213).

Accordingly, discourses play a role in the 
political shaping of the bioeconomy. 
Whether and how policy-makers attempt to 
steer developments in biomass production, 
transformation and use depends, among 
other things, on whether central social forces 
are united in their perception, interpretation 
and assessment of the concept, or whether 
the discourse is marked by major differences 
and dissent. In this context, discourses and 
(material) interests are not independent of 
each other, but are interwoven (Blyth, 2003).

The discourse around the bioeconomy 
has some precursors and rivals. It overlaps 
with the broader sustainability discourse 
and with the discourses on a “green” or “cir-
cular” economy. It also builds on older 
strands of discourse, such as those on green 
genetic engineering, agrofuels, material bio-
mass use, the commodification of nature 
and ‘biopiracy’. Sectoral sub-discourses on 
the bioeconomy can also be observed in for-
estry (e.g. Kleinschmit et al., 2017), agricul-
ture (e.g. Schmidt et al., 2012) or the health 

sector (e.g. Pavone & Goven, 2017). While 
analyses of these sub-discourses are already 
available, the author is not aware of any 
study of the German bioeconomy discourse 
in its breadth  – i.e. across different sectors 
and stages of the value chain. Cross-sectoral 
studies such as those by Hausknost et  al. 
(2017) or Birch and Tyfield (2012) refer to 
the European or international, not the 
German discourse.

Against this background, an argumenta-
tive discourse analysis of the bioeconomy dis-
course in Germany was conducted on behalf  
of the Federal Environment Agency (UBA)1 
in the research project “Sustainable Resource 
Use  – Requirements for a Sustainable 
Bioeconomy from the 2030 Agenda/SDG 
Implementation”. This chapter presents an 
overview of its method and results.

17.2  Method

Argumentative discourse analysis is a 
branch of discourse-analytical policy 
research that focuses on the argumentative 
structure of discourses and on the role of 
discourse coalitions supporting such argu-
mentations. Discourses themselves are 
understood as an “ensembles of ideas, con-
cepts, and categories” that give meaning to a 
phenomenon and are produced through spe-
cific practices (Hajer, 1995). The approach is 
complemented by elements of frame analy-
sis. “Frames” are understood as interpretive 
frameworks that structure knowledge, assign 
meaning to information, and are at the same 
time normative and emotionally charged 
(Lakoff, 2010; Snow & Benford, 1988).

A total of 148 (almost exclusively 
German) texts by government, business and 
civil society actors and a number of media 
contributions were examined. The discourse 
arena of science was not considered, with 

1 Research Code 3717 31,103 0. See Wolff  (2019).
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the exception of position papers of scientific 
advisory boards of the government.2 In 
principle, texts relating to bioeconomy in 
different sectors and stages of the value 
chain were considered. The analysis spans a 
period from 2007 to the end of 2018. In 
order to identify the argumentative struc-
tures in the discourse field “bioeconomy”, 
the basic understanding and framing of bio-
economy in the respective sub-discourse was 
first worked out, including benefits and limi-
tations attributed to the bioeconomy, the 
human-nature relationship that emerges in 
the sub-discourse, the justice references and 
the actors considered relevant. In addition, 
the identified needs for regulation and 
approaches to regulation were examined, as 
well as the discursive strategies with which 
the respective discourse coalition seeks to 
strengthen its discourse.

17.3  Results

On the basis of the study, three sub- 
discourses and the discourse coalitions that 
support them are delineated from one 
another: an “affirmative”, a “pragmatic” 
and a “critical” bioeconomy discourse. This 
division is not always clear-cut and should 
be understood primarily as a heuristic  – a 
tool to structure the data. The affirmative 
bioeconomy discourse is the dominant sub- 
discourse.

17.3.1  The Affirmative Bioeconomy 
Discourse

The affirmative bioeconomy discourse 
emphasises the opportunities of the bio-

2 The background to this is that the argumentations 
of  scientific actors are rather indirectly relevant 
for the analysis of  social discourse, i.e. to the 
extent that they are taken up by the participants in 
the discourse.

economy. It is supported by a number of 
state actors (including the German Federal 
Ministry of Agriculture, the Federal 
Ministry of Research, the Agency for 
Renewable Resources), the Bioeconomy 
Council as a scientific advisory body, and 
economic actors: “conventional” actors 
from agriculture and forestry as producers 
of biomass, as well as processors and users 
of biobased (intermediate) products. These 
include the biotechnology sector and the 
chemical industry, the bioenergy sector, the 
biofuel sector, the food industry and the 
automotive industry. The European Union’s 
Bioeconomy Stakeholders Panel is also 
behind the affirmative discourse.

The sub-discourse frames bioeconomy 
as a global sustainability project with eco-
logical benefits:

 » Scarce resources, a growing world popula-
tion and advancing climate change pose 
major challenges for industry and society. 
[…] The bioeconomy can help to find 
answers to this question. (BMBF and 
BMEL, 2014, foreword)

In this context, the bioeconomy is presented 
as virtually without alternative: “In view of 
the negative trends associated with the pop-
ulation explosion, the concept of the bio-
economy has become a necessary vision” 
(Scheper & Wagemann, 2012, p.  42). 
Bioeconomy is simultaneously pursued as 
an innovation and technology project that 
can strengthen economic growth and com-
petitiveness at sectoral and national (or EU, 
OECD) level. A prominent role is attributed 
to research and development (R&D), in par-
ticular to the life and technical sciences with 
biotechnology as a “key technology”. In 
some cases, the goal of overcoming sustain-
ability challenges through the bioeconomy 
is supplemented by the goal of opening up 
growth opportunities: “Bioeconomy there-
fore also and especially stands for strength-
ening competitiveness as well as for growth 
and employment” (BMBF, 2010, p.  5). 
Basically, the affirmative bioeconomy dis-

The German Bioeconomy Discourse



262

17

course argues within a market-based, 
growth- oriented paradigm of socio- 
economic development.The central risk in 
the context of the bioeconomy is seen in the 
physical limits of resource availability: “In 
order to meet this demand, the supply of 
biomass must develop faster than in the 
past” (DIB, 2013, p. 1).

Explicit references to justice are rarely 
found in the documents of economic actors, 
whereas state sponsors of the discourse at 
least mention the problem of competition 
for land and food security (hunger) in pro-
ducing countries and also the North-South 
prosperity gap. In principle, they thus 
address aspects of distributive justice in the 
distribution of economic and social impacts 
of a bioeconomy, with a focus on emerging 
and developing countries. However, the 
impacts are framed as quantity problems, 
resource problems or pollution problems, 
rather than as distributional, equity or social 
problems. It is assumed that they can be 
solved technically – through the use of bio-
technology or the digitalisation and auto-
mation of agriculture, etc.  – through more 
efficient resource provision and use. The 
bioeconomy is thus presented as a techno-
logical fix.

A broad spectrum of primary produc-
tion, industry and science are named as “rel-
evant” actors in the bioeconomy, with the 
biotechnology sector and the life sciences 
being assigned a key function as mentioned.

The human-nature relationship in the 
affirmative bioeconomy discourse is strongly 
anthropocentric with a utilitarian bias. 
Nature is framed as a “resource” or a “source 
of raw materials” – that is, as things defined 
via their usefulness for humans. Intensive 
use of biological resources, including their 
biotechnological modifiability and patent-
ability, are considered unproblematic.

As far as political strategies for promot-
ing the bioeconomy are concerned, the affir-
mative discourse on the one hand calls for 
restraint on the part of the state (‘no red 
tape’), on the other for industrial policies 

securing and expanding biomass availability 
and increasing efficiency in biomass produc-
tion and use. In addition, demands for eco-
logical and social sustainability are made to 
varying degrees and in varying concreteness. 
In terms of language and rhetoric, the affir-
mative bioeconomy discourse attempts to 
convince through, among other things, a 
win-win-win argumentation. It also aims to 
convince by addressing certain trade-offs 
(including land use competition, food secu-
rity), while largely ignoring others (includ-
ing nature conservation, justice issues).

The discourse draws on terms and argu-
ments from established environmental dis-
courses and narratives, especially the 
sustainability and planetary boundaries 
discourses. It formulates some strong claims 
(“great challenges” of  the global future, 
“great opportunities” through the bioecon-
omy) in strong language and occasionally 
also uses polarizing formulations and attri-
butions for possible skeptics of  the 
 bioeconomy.

One of the contradictions of the affirma-
tive bioeconomy discourse is that it pays lit-
tle attention to the causes of the 
sustainability problems that the bioeconomy 
is supposed to “solve”, and therefore does 
not benchmark the bioeconomy’s opportu-
nities and risks against alternative or com-
plementary approaches to solving these 
original problems. Moreover, it appears 
uncertain whether the predicted ecological, 
economic and social benefits of the bioecon-
omy can be realised in view of intensifying 
land competition, new import dependencies 
and a global expansion of intensive biomass 
cultivation. It also seems contradictory that 
industrial bioeconomy protagonists are will-
ing to receive billions in public subsidies, call 
on the government to promote societal 
acceptance of bioeconomic technologies 
and products and simultaneously urge for 
regulatory restraint. Finally, civic participa-
tion and social dialoguelag behind the 
announcements made by representatives of 
the affirmative discourse.

 F. Wolff
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17.3.2  The Pragmatic Bioeconomy 
Discourse

The pragmatic bioeconomy discourse weighs 
up the opportunities and risks of the bio-
economy and proposes stringent sustain-
ability standards. The mainstays of this 
discourse are environmentally oriented state 
actors (German Federal Ministry for the 
Environment, German Environment 
Agency) including scientific advisory boards 
(German Advisory Council on the 
Environment, German Advisory Council on 
Global Change, in some cases the German 
Advisory Council on Agricultural Policy) as 
well as a few civil societal actors and compa-
nies or business associations beyond the bio-
economy sectors proper (e.g. the water 
management sector).

Similar to the affirmative discourse, the 
pragmatic bioeconomy discourse sees the 
bioeconomy as an opportunity for sustain-
ability in the global North and South. 
However, it rejects an undifferentiated clas-
sification of its sustainability potential. In 
the context of bioenergy, the WBGU justi-
fies this as follows: ‘On account of the many 
possible bioenergy pathways, their different 
characteristics, and the global linkages 
among their effects, it is not possible to 
arrive at a single sweeping assessment of 
bioenergy.’ (WBGU, 2009, p. 2).

The discourse identifies as central limits 
of a bioeconomy the availability of sustain-
ably produced or provided biomass  – and 
thus possible impacts on climate protection, 
biodiversity, soils, water, etc.. Land use com-
petition also represents such a limit for the 
discourse coalition because of its impact on 
food security. Among others, the role of 
indirect land use change (iLUC) is brought 
into play. The pragmatic discourse, there-
fore, formulates more clearly than the affir-
mative discourse that a bioeconomy should 
only be developed within global sustainabil-
ity guard rails  – economic motives for an 

expansion of the bioeconomy are put on the 
back burner.

The risks of the bioeconomy are 
weighted more heavily and more attention is 
paid to possible consequences for the coun-
tries of the Global South. The benefits of 
the bioeconomy as an innovation and tech-
nology project occupy a significantly weaker 
position. Expectations regarding growth 
and employment effects in the context of 
biomass and bioenergy are rather muted 
compared to those in the affirmative dis-
course; possible negative effects on land, 
food and feed prices are expected.

The pragmatic bioeconomy discourse 
addresses distributive justice with regard to 
ecological, economic and social impacts of 
the bioeconomy both in the Global South 
and in Germany, although social impacts 
are less considered at the national level.

In terms of “relevant” actors, farmers 
(especially in the Global South) occupy a 
more important position, and the research 
and biotechnology sector a less central posi-
tion than in the affirmative discourse.

In the pragmatic bioeconomy discourse, 
the human-nature relationship is essentially 
anthropocentric, albeit with a ‘protectionist’ 
bias. The biotechnological alterability and 
designability of living things and the patent-
ability of biological “innovation” are viewed 
cautiously to sceptically. No statements 
could be found on industrial biotechnology 
in the analysed texts.

As far as policy strategies are concerned, 
the disourse calls for a policy framework 
with strong environmental limits in subsidy 
programmes and regulation so as to ensure 
that the expansion of biomass use contrib-
utes to climate protection, does not restrict 
food security and does not degrade biodi-
versity. In addition, it is seen as important to 
combine biomass uses intelligently. The use 
of biomass should be weighed up against 
the use of other renewable energy sources 
(e.g., wind, sun) which collide less with food 
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production, but also against the use of alter-
native technologies (such as electric mobil-
ity) or strategies (e.g. energy efficiency) with 
regard to the greatest climate mitigation 
potential. In addition to alternative funding 
policies and new regulatory standards for 
greater sustainability, approaches are pro-
posed to scale back or end existing policies 
or to phase out certain non-sustainable 
technologies, biomass uses or practices. 
Finally, an international regulatory 
 framework for the bioeconomy is called for, 
based on existing policy regimes (including 
on climate, biodiversity, desertification and 
in the context of the UN Food and 
Agriculture Organisation).

On a linguistic-rhetorical level, the prag-
matic discourse seeks to gain support by 
openly discussing trade-offs, by seeking con-
nectivity with the broader environmental 
and economic policy discourse of “ecologi-
cal modernisation”, and by remaining bal-
anced in terms of both argumentation and 
language.

17.3.3  The Critical Bioeconomy 
Discourse

The critical bioeconomy discourse associates 
the “dominant” concept of the bioeconomy 
(shaped by the affirmative partial discourse) 
with more ecological and social risks than 
opportunities and calls for more fundamen-
tal change. The protagonists of the critical 
bioeconomy discourse are civil society 
organisations from environmental and 
nature conservation, development policy, 
the critical forest and agricultural communi-
ties, associations critical of genetic engineer-
ing in agriculture and the food industry, but 
also representatives of the German Green 
Party (Bündnis 90/Die Grünen) and the 
Greens-affiliated Böll Foundation.

The sub-discourse evaluates the concept 
of the bioeconomy as a “grand narrative”. It 
raises the question of whether (and to what 

extent) it is a marketing concept to increase 
the legitimacy of less sustainable (partly 
explicitly controversial) industries. At the 
same time, however, the critical bioeconomy 
discourse questions the bioeconomy’s claim 
to be a “big deal”: “Can bioeconomy really 
save the world?” (Forum Umwelt und 
Entwicklung, 2018, p. 1). Discourse partici-
pants point out that the term “bioeconomy” 
would be a “neologism” and used in a decep-
tive way:

 » The actors of  the bioeconomy also make 
use of  these rhetorical devices. This begins 
with the misleading term ‘bioeconomy’ 
itself: This term, which is reminiscent of 
eco-labels, creates the impression that this 
is about a reorientation of  the economy 
according to ecological principles, whereas 
the combination of  ‘bio’ with ‘economy’ 
actually means nothing other than the 
complete commercial use and exploitation 
of  nature. (Gottwald & Krätzer, 2014, 
p. 111)

The focus of the critical bioeconomy dis-
course is not on the opportunities, but on 
the ecological risks of the bioeconomy in the 
Global South as well as in the North. The 
issues addressed include increasing pressure 
on forests and sensitive ecosystems, the 
expansion of agro-industrial practices 
(monocultures, low crop rotations, high fer-
tilizer and pesticide use), the “maizeifica-
tion” of landscapes, greenhouse gas 
emissions from the conversion of arable 
land and its agro-industrial cultivation  – 
which the bioeconomy is originally con-
cerned with avoiding – as well as the risks of 
green genetic engineering and new breeding 
techniques. Threats to food security, local 
conflicts and expulsions as a result of land 
grabbing by foreign investors, job losses and 
increasing dependencies in agriculture are 
addressed as social consequences of land- 
use competition and the further diffusion of 
intensive agriculture.The sub-discourse crit-
icises the dominant understanding of the 
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bioeconomy as industry-driven, undemo-
cratic and power-blind. Instead of a 
technology- centred substitution of fossil 
energies and raw materials, the bioeconomy 
must more comprehensively solve the socio- 
economic and socio-ecological challenges of 
climate mitigation, resource conservation 
and food security.

The critical bioeconomy discourse 
addresses questions of  procedural justice 
and distributive justice (with regard to the 
ecological, social, economic) effects of  the 
bioeconomy for Germany as well as for bio-
mass exporting countries. To a greater 
extent than in the other sub-discourses, ref-
erences to justice are also made to future 
generations.

The human-nature relationship of the 
partial discourse is partly anthropocentric 
(with a ‘protectionist’ character), partly bio-
centric. Nature is indeed understood as a 
resource, but as one that must be treated 
with care and precaution. Beyond its eco-
nomic significance and ecological services, 
nature is also seen as having cultural or spir-
itual values. It is not only a “storehouse of 
raw materials” from which one may freely 
help oneself; the ever more efficient use of 
nature, its commercial exploitation and val-
orisation as well as the biotechnological 
modification of nature are problematised. 
On the one hand, this is justified by the fact 
that the exploitation of nature degrades eco-
systems and the basis of human life. On the 
other hand, reference is made to an intrinsic 
value of nature – which is seen as “under-
mined” in the affirmative discourse. 
Implicitly, reference is made here to the 
value of a “respectful relationship with the 
environment”. In bioethical terms, the dis-
course questions whether humans have the 
right at all to intervene biotechnologically in 
other living beings in order to satisfy their 
needs.

With regard to the need for political reg-
ulation and strategies, there is an overarch-
ing call for the bioeconomy to be embedded 
in a socio-ecological transformation:

 » Prosperity and quality of life in a world 
with finite resources must be redefined. 
Simply changing the resource base is not an 
option, and it must not be solely a matter of 
ensuring continued growth for the industri-
alised nations with a clear conscience. 
(NABU, 2018, n. p.) (own translation)

In addition, the representatives of the criti-
cal discourse are concerned with the democ-
ratisation of the bioeconomy (through civil/
societal participation) and with strong guard 
rails for its sustainability here and in pro-
ducer countries. In this respect, the critical 
discourse is characterised by a rights-based 
approach, a model of food sovereignty that 
goes beyond the primacy of food security, 
and a clear commitment to agro-ecological, 
GMO-free and (small-) farmer-based 
approaches to biomass production.
Linguistically and rhetorically, the critical 
sub-discourse seeks to mobilise support by 
exposing material interests and rhetorical 
strategies of the affirmative bioeconomy dis-
course, pointing to trade-offs as well as ethi-
cal and justice implications, referring to 
politically-set sustainability goals (including 
the UN Sustainable Development Goals), 
“naming” problematic actors and “shaming” 
harmful practices at the local level (e.g. land 
grabbing, maize cultivation). The discourse 
coalition also uses irony and explicitly 
expresses concern and outrage.

17.4  Discussion and Conclusions

Of the three sub-discourses described, the 
affirmative bioeconomy discourse has estab-
lished itself  as the “dominant” sub- 
discourse. It shapes the understanding of 
the bioeconomy in government strategy 
documents and policies.

It should be noted that the three dis-
courses on the bioeconomy are not static but 
have changed over time: For example, the 
affirmative bioeconomy discourse has 
opened up to ecological and social goals 
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after the initial years, and the critical dis-
course, which was initially more focused on 
partial aspects such as the use of biomass 
for energy, industrial agriculture and genetic 
engineering, has increasingly turned to the 
overarching concept of the bioeconomy.

Although all three sub-discourses on the 
bioeconomy are based on a sustainability 
argumentation, a polarisation can be 
observed between them. It can be found in 
particular with regard to the overarching 
goals pursued with the bioeconomy, the 
implicit human-nature relationship and 
questions of distributive justice. The 
 language used in the analysed documents is 
in part conducive to reinforcing this polari-
sation. Because polarisation reflects con-
flicts of goals and values, rather than 
“merely” conflicts of interest or means, aim-
ing to straightforwardly negotiate a compro-
mise position between antagonists has little 
prospect of success. This difficult situation 
could be addressed in (at least) two ways: On 
the one hand, the different goals and values 
could be made transparent and discussed 
between the carriers of the sub-discourses. 
On the other hand, an open, socio-political 
debate on the bioeconomy could be initi-
ated. The prerequisite for both approaches 
would be a credibly strong role for civil soci-
ety organisations and/or citizens in the defi-
nition, further development and 
implementation of the government’s bio-
economy strategy and in its monitoring by 
the Bioeconomy Council.
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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-
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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, 

 S. Heiden and H. Lucas



273 18

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
 5 focus on the development and applica-

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

 5 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,

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

 5 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
 5 focus on the replacement of 

petrochemical- based processes and 
products by biobased ones, and

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

Resource- Oriented Approaches
 5 have been gaining acceptance in Europe 

since around 2010 and
 5 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
 5 are closely linked to resource- oriented 

approaches/definitions and
 5 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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 5 In order to promote start-ups from sci-
ence, the start-up culture at universities 
must be further strengthened.

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

 5 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.

 5 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

 5 the introduction of a sustainable finance 
classification framework,

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

investors,
 5 the development of official European 

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

 5 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-
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       . 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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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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19.1  Introduction

Scenarios are stories about the future that 
are intended to help us make current deci-
sions. They pose hypothetical conse-
quences of  developments and events in 
order to draw attention to causal pro-
cesses and decision- making moments. 
Stories of  the future, by their very nature, 
handle many unknowns and their interac-
tions. Moreover, various interactions can 
cancel each other out or reinforce each 
other: a defining example for Germany is 
the developments that ultimately led to 
the opening of  the inner- German border. 
These were driven by mutually reinforcing 
political, economic, but also ecological, 
social and other factors. The effect – the 
opening of  the border – was nevertheless 
very unexpected for almost all decision-
makers.

In order to obtain an idea of the future – 
desired or also undesired – bioeconomy sys-
tem, it is therefore necessary not only to 
have stories about the future, but also to 
underpin them with as precise a description 
as possible of the elements determining the 
system and their interactions. In the past, 
various system descriptions and system 
models have been developed based on this 
insight. Today, for example, processes in the 
Earth’s climate system can be reproduced 
and better understood using highly complex 
mathematical Earth system models (Hurrell 
et al., 2013).

This chapter provides an overview of 
how the scenario technique can be applied 
to the bioeconomy system (7 Sect. 19.2) 
and which models are available for describ-
ing the bioeconomy in order to specify the 
images of the future (7 Sect. 19.3). In con-
clusion, the contribution that scenarios and 
models can make to supporting the sustain-
able design of the bioeconomy is classified 
(7 Sect. 19.4).

19.2  Bioeconomy Scenarios

19.2.1  Basic Ideas of Scenario 
Development

Originally developed in military technology, 
scenario technology is a method of strategic 
planning, forecasting, but also impact assess-
ment used in politics, science and business 
(Kosow & Gaßner, 2008). The aim is to anal-
yse possible developments of the future and 
to present them in a coherent way. Alternative 
future situations are described, as well as 
paths leading to these future situations. In 
addition to showing how a hypothetical situ-
ation can come about in the future, variants 
and alternatives are presented and the 
options available at each stage for different 
actors to control the process going forward 
are shown. In this framework, the scenario 
technique aims in particular at

 5 the analysis of extreme future develop-
ments (positive or negative extreme sce-
narios)

 5 or particularly relevant images of the 
future or images that reflect current 
trends (trend scenario).

The type of scenario depends on the ques-
tion to be answered.

In national and international policy, 
both types of scenarios have become estab-
lished in recent years. In the field of climate 
and energy scenarios, for example, trend and 
target scenarios are contrasted: The former 
examine, for example, climate gas emissions 
if  society would just continue its current 
activities regarding their (non-)reduction 
(business as usual), while target scenarios 
attempt to show ways in which, for example, 
Germany could operate in a climate-neutral 
manner by 2050. From this, concrete politi-
cal recommendations for action can be 
derived that are necessary to achieve these 
goals.
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For the bioeconomy, where the goals are 
still much more vaguely defined, what is 
needed are more explorative scenarios that 
first describe the possible impacts of certain 
developments and events. Political recom-
mendations for action can also be derived 
from explorative scenarios, e.g. for dealing 
with biomasses that will be in particular 
demand in the future, but also for support-
ing the market entry of new products and 
services. Such scenarios are available, for 
example, for bioenergy policy in Germany 
(Thrän et al., 2017).

To arrive at scenarios, the first step is to 
roughly outline future development paths. 
In a second step, the factors that will have a 
central influence on the future are identified. 
These are, for example, population develop-
ment, dietary habits, changes in land use or 
internet access in the population. For more 
complex, longer-term scenarios, the factors 
are often derived from background stories 
(so-called storylines), such as: “The role of 
the state is decreasing, there is a rapid glo-
balization of the economy.” Subsequently, 
the development or development possibili-
ties of these factors are projected in order to 
create future scenarios combinatorially from 
the possible development lines of the fac-
tors.

In order to pay sufficient attention to the 
main scenarios, inconsistent combinations 
are excluded (e.g. increasing drought and at 
the same time strongly increasing biomass 
production), similar scenarios are combined 
and the influencing variables that shape the 
future most strongly because they are very 
weighty and/or very uncertain are systemati-
cally derived (Jordan et al., 2019). The result 
is a set of development possibilities that fun-
nel a kind of future space and do not reflect 
an exact picture of the future (. Fig. 19.1). 
In some cases, these are still classified and 
evaluated.

19.2.2  What Scenarios Are 
Conceivable 
for the Bioeconomy?

Bioeconomy scenarios can be used to 
explore the future and to bundle the many 
uncertainties into larger pictures of the 
future. These uncertainties include, for 
example, the availability of land, the usabil-
ity for biomass production, the demand for 
food and especially meat, the demand for 
substitute products of the petrochemical 
and energy industries. Furthermore, future 
technological progress plays a central role, 
both for efficiency improvements along the 
chain (biomass production, processing and 
use) and for the market establishment of 
new products of biotechnology and syn-
thetic biology. Finally, a more sustainable 
approach to nature and the implementation 
of the Sustainable Development Goals 
(SDGs), which include, for example, changes 
in human behaviour and consumption, can 
have a strong impact on the future (Nilsson 
& Costanza, 2015).

The factors influencing the development 
of tomorrow’s world are also referred to as 
drivers. They are wide-ranging for the bio-
economy and can differ depending on the 
issue. . Figure  19.2 provides an overview 
of selected important drivers. For scenarios 
on further development in Germany, major 
global developments are usually adopted as 
boundary conditions. Established assump-
tions are also used for economic perfor-
mance. For the bioeconomy-specific scenario 
assumptions, it is possible on the one hand 
to derive concrete developments for various 
scenarios (e.g. agricultural developments), 
but on the other hand integrated models are 
required (7 Sect. 19.3) in order to arrive at 
estimates here. Even if  scenarios claim to 
represent the range of future developments 
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in their possible breadth, extreme individual 
events (e.g. nuclear accidents), but also cul-
tural changes (e.g. a move away from the 
knowledge society) and the associated 
impacts on the development of all other 
drivers are generally not taken into account, 
or only incompletely, because they are less 
easy to describe in terms of their causal rela-
tionships and dynamics and their impacts 
are hardly quantifiable.

19.2.3  Development of Sorylines 
as an Element of Scenario 
Design

The 15 drivers shown in . Fig. 19.2 cannot 
all be displayed (third column of the table). 
However, the number of options becomes 
immeasurable even with far fewer drivers: If, 
for example, one alternative of two possible 
developments is assumed for each of ten 
drivers, this would result in 210, i.e. 512 pos-
sible scenarios. This not only involves a con-

siderable amount of analysis and calculation, 
but is also beyond our imagination. In addi-
tion, the “haphazard” combination of devel-
opment options also generates highly 
improbable scenarios (e.g. high demand for 
food due to meat consumption, low increases 
in agricultural yields and a high proportion 
of protected areas).

One way to create a manageable number 
of scenarios without reducing the number 
of drivers from the outset is to design narra-
tives (“storylines”). One conceives a story of 
the future and modifies the drivers to fit this 
story. Narratives for the bioeconomy might 
be, for example, “The world is generally 
changing little, and the bioeconomy is mak-
ing slow progress.” Or, “Through very rapid 
and large technological advances, innova-
tion richness, and rapid investment, society 
also provides very good development condi-
tions for bioeconomy progress.” Or: “Due to 
fragmentation and less democratic develop-
ments in many countries, a decentralized 
bioeconomy focused on domestic needs is 
developing in particular.”

Wild Card

Probably

Scenarios

Preferred

Plausible

Possible

Past Present Future

Knowledge Knowledge 
& Decisions

Options / 

       . Fig. 19.1 The “future cone”. There could be four 
different types of  alternative futures: possible, plausi-
ble, probable and preferred  – also called “the 4Ps”. 

(Source: Own representation according to Kosow & 
Gaßner, 2008, p. 133)
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Population Population and age distribution trends due to births, 
deaths and migration.

Is usually taken from large 
(international) scenarios (e.g. 
climate scenarios).

Climate 
change measures for climate protection.

Usually taken from large 
international scenarios (e.g. 
climate 

Energy 
demand

How will the energy transition develop? Is energy 
generation decentralized or centralized? How much energy 
comes from biomass?

bioeconomy necessary on the 
basis of the energy scenarios

Agriculture How is biomass produced (intensively or extensively) and 
for bioeconomy

Land use How much land is available for biomass production? Which 
types of biomass cultivation are preferred?

Only displayable via integrated 
models

Culture and 
values

What values determine people’s behavior? Usually not taken into account

Goods 
consumption 
& recycling

and extent of the consumption of goods? Where are 
recycled materials used?

for bioeconomy

Protected 
areas

To what extent will land and water areas be protected?
for bioeconomy

World 
Politics

Development of democratic systems, international 
exchange, competition and peacekeeping.

Usually taken from large 
international scenarios (e.g. 
climate scenarios).

Economic 
performance

Development of the gross domestic product or comparab-
le parameters.

Usually adopted from large 
national scenarios (e.g. Dellink 
et al. 2017).

Forestry How is forest management developing and what timber 
yields are associated with it? for bioeconomy

Nutrition Which foods are consumed and to what extent? What is 
the range of dietary patterns? for bioeconomy

Trade
third countries are caused by imports?

Only displayable via integrated 
models

Water How much water is available for the production of Only displayable via integrated 
models

Technology 
development

How will the energy transition develop? Is energy 
generation decentralized or centralized? How much energy 
comes from biomass?

bioeconomy necessary on the 
basis of the energy scenarios

       . Fig. 19.2 Factors influencing bioeconomy scenarios. (Source: Own representation)
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19.2.4  Bioeconomy Scenarios 
for Germany and Europe

Bioeconomy scenarios were developed at 
European level to align the research and 
innovation agenda of the bioeconomy in 
Europe until 2050 with the key challenges 
(Mathijs et al., 2015). Future biomass sup-
ply growth and biomass demand growth for 
materials and energy were identified as par-
ticularly large uncertainties. For a growing 
biomass supply, the introduction of new 
technologies and the intensification of pro-
duction were seen as key influencing factors. 
The growing demand for biomass for mate-
rials and energy was driven by general eco-
nomic developments, but also by alternative 
options, i.e. the persistence of fossil raw 
materials and the availability of alternative 
renewable energies such as wind and photo-
voltaics.

Three different scenarios were defined in 
which the influencing variables develop dif-
ferently and which are associated with dif-
ferent supply and demand quantities and 
qualities: a scenario with modest biomass 
supply and moderate biomass demand 
(“modest biomass supply”), a scenario in 
which supply and demand increase strongly 
(“bio-boom”), and a scenario in which 
demand increases but supply does not 
increase because new technologies do not 
develop to the necessary extent (“bio- 
scarcity”). Key parameters and characteris-
tics of the three scenarios are summarized in 
. Fig. 19.3. The scenario results show, for 
example, that if  the supply of biomass 
increases slightly and demand increases 
strongly at the same time, on the one hand 
the demand cannot be met due to the high 
raw material prices and that additional pol-
icy measures are necessary to reduce nega-
tive side effects on land use (ibid.).

Comparable bioeconomy scenarios are 
not yet available for Germany. However, 
they are being developed from different 
perspectives. The most prominent German 
projects for the development of  bioecon-
omy scenarios in recent times were 
“Scenarios of  a Bioeconomy 2050  – 
Potentials, Conflicts of  Objectives, Solution 
Strategies”, which was led by the Thünen 
Institute for Market Analysis,1and “Future 
Pictures from the Life of  a Bioeconomy 
(BioKompass)”, which was led by 
Fraunhofer ISI.2 First results were pub-
lished by 2020 (e.g. Banse et al., 2020).

In the future, bioeconomy scenarios will 
increasingly have to be measured by the 
extent to which they have taken into 
account the expectations and preferences 
of  the various bioeconomy actors in sce-
nario development, and the extent to which 
they are also able to map the interactions 
and conflicting goals that will arise in the 
future in such a way that action knowledge 
can be derived from them. A central ques-
tion here is how to deal with globally lim-
ited land and the biomasses produced on it, 
and what influence these limits should have 
or will have on national bioeconomy devel-
opment strategies (Bringezu et  al., 2021; 
Egenolf  & Bringezu, 2019; O’Brien et  al., 
2015). For this purpose, integrated model-
ling in particular represent a promising 
tool.

1 For more information see 7 https://www.thuenen.
de/de/institutsuebergreifende-projekte/szenarien-
einer-biooekonomie-2050-potenziale-zielkon-
flikte-loesungsstrategien/

2 For more information see 7 https://www.isi.
fraunhofer.de/content/dam/isi/dokumente/
ccv/2018/Zukunftsbilder_BioKompass_Langfas-
sung.pdf
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19.3  Models 
for the Representation 
of the Bioeconomy

19.3.1  Basic Ideas of System 
Models

In systems science, a system is defined in sim-
plified terms as an object in the real world 
that fulfils a specific purpose (Bossel, 1994). 
It is thus determined by a number of system 
elements that define its structure and its 
behaviour, which results from the interac-

tions between these elements and the influ-
ences of external factors. With reference to 
the “bioeconomy circle”, which describes the 
bioeconomy system in simplified form, the 
central system elements are markets, busi-
ness/industry, resource providers and end-of-
life management. These interact with each 
other and with the various framework actors. 
Models are simplified representations of a 
section of the real world. In this chapter, we 
understand “model” to mean the mathemat-
ical description of the structure and function 
of the “bioeconomy” system or of partial 
aspects of this system. Analogous to labora-

Biomass supply 
(in billion t/year)

Low
(13) 

Medium
(18)

Large 
(24)

Demand for 
food and feed

According to FAO  
(plus 19 %)

According to FAO  
(plus 19 %)

According to FAO 
(plus 19 %)

Energy supply/
materials production

Still heavy use of fossil 
fuels; bio-based industries 

are established

More extensive use of 
solar & wind energy and 
other clean energy types

Biowaste is, among other 
things used for the 

production of bioenergy, 
fuels and materials

Demand for 
materials and energy

Strong
(plus 100 %)

Low
(plus 50 %)

Strong
(plus 100 %)

R&D investment Low 
(linked e.g. to public 

resistance to novel foods)

Necessary 
(associated with e.g. 

relatively low pressure 
to use bio-based 

innovations)

High 
(linked e.g. to public 
acceptance of novel 

foods)

More land is being used 
for biomass production 

and high prices for 
agricultural commodities, 

combined with land 
grabbing and geopolitical 

tensions

Materials and energy can 
be produced sustainably

Breakthrough innova-
tions, such as the use of 
new sources of biomass, 

e.g. insects and the 
marine environment, 

enable the sustainable 
provision of all biomasses.

Scene title Organic shortage Modest Organic Boom

       . Fig. 19.3 Scenarios to guide the research and 
innovation agenda of  the bioeconomy in Europe 
2050. Quantities refer to the year 2050; changes to the 
development 2015 to 2050. The biomass supply in 

2015 was estimated to be about 12 billion t. (Source: 
Presentation of  selected aspects based on: Mathijs 
et al., 2015)
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tory experiments in the natural sciences, 
mathematical models enable experiments (= 
calculations or simulations) to be carried 
out, for example on the behaviour of the 
modelled system under changing boundary 
conditions, without changing or even dam-
aging the real system. A prominent example 
is the use of Earth system models to analyse 
the extent to which man-made greenhouse 
gas emissions influence the global climate 
(Anderson et al., 2016).

The question therefore arises as to how 
the bioeconomy system – in its current form 
but also in its various future images (scenar-
ios)  – can be modelled. The Bioeconomy 
Circle shows that a model-based representa-
tion of the structure and function of the 
bioeconomy system requires an overarching 
view of social, economic, political, technical 
and ecological processes, actors and their 
interactions. A model approach that repre-
sents this system in its entirety does not yet 
exist, but there are very mature models for 
individual areas and aspects that can be 
combined in different ways to answer spe-
cific questions in the context of the bioecon-
omy (O’Brien et  al., 2017). The following 
sections first focus on modelling approaches 
for the domains of economy (markets and 
business/industry), land use and environ-
ment (resource providers) and for integrated 
modelling and analysis of interactions 
between these domains. Subsequently, mod-
els for the analysis of material flows between 
the central system elements of the bioecon-
omy and the resulting environmental 
impacts are presented.

19.3.1.1  Economic Models
Econometric models can be divided into 
macroeconomic and microeconomic 
approaches. The former describe the inter-
play of supply and demand at the level of 
national economies and aim at the global 
analysis of the effects of events, e.g. in the 
form of tariffs or a change in demand for 
goods, on the development of markets and 
trade flows. The most important representa-

tives are computable numerical equilibrium 
models, which either cover the entire econ-
omy (CGE  =  Computable General 
Equilibrium Models) or only individual eco-
nomic sectors.

Overall economic models have the 
advantage that interactions between differ-
ent economic sectors can be mapped. 
Possible applications in relation to the use 
of biomass in the context of the bioecon-
omy can be found in market analyses of the 
food and bioenergy sectors, among others. 
A critical aspect of the application for map-
ping biomass flows is the comparatively 
coarse aggregation of products and raw 
materials (e.g. wood, agricultural goods). At 
the core of many CGE models is the Global 
Trade Analysis Project (GTAP) modeling 
approach (Aguiar et al., 2016). Models such 
as MAGNET (Woltjer & Kuiper, 2014) and 
MIRAGE (Bchir et  al., 2002) extend this 
core with specific components, for example 
to analyze the environmental impacts of 
biofuels (Laborde & Valin, 2012).

In the area of  sector-specific models, 
approaches for agriculture, forestry and 
energy are of  particular interest for the bio-
economy. The level of  detail of  the products 
and sub-markets considered is in many 
cases much higher than in the overall eco-
nomic models; precisely with the problem 
that there is no link to other sectors, which 
is problematic for the consideration of a 
bioeconomy, as strong linkages can arise in 
this case in particular, e.g. between agricul-
ture, the energy industry and the chemical 
industry.

Microeconomic models represent deci-
sions at the level of individuals, such as a 
person, a household, a company or a farm, 
often according to the premise of utility 
maximization. Agent-based modelling 
approaches are often used here, which enable 
simulation of the interactions between the 
individual and the resulting dynamic devel-
opment, such as land use within a region 
(Matthews et al., 2007). Numerous publica-
tions document examples of the combina-
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tion of these models with environmental 
models (An, 2012). Applications with rele-
vance for the bioeconomy range from ques-
tions on technology and innovation diffusion 
to the analysis of the development of rural 
areas under changed political and economic 
conditions.

19.3.1.2  Land Use Models
Spatial allocation models for calculating 
land use changes play an important role in 
linking macroeconomic models and envi-
ronmental models (Schaldach & Priess, 
2008). They place agricultural and forestry 
production on a spatial grid and thus enable 
a detailed analysis of possible environmen-
tal impacts or the influence of environmen-
tal changes on market prices of agricultural 
goods, for example through negative impacts 
of climate change on crop yields. Examples 
of global models are ClueMondo (van 
Asselen & Verburg, 2013) and LandSHIFT 
(Schaldach et al., 2011).

19.3.1.3  Environmental Models
In the field of environmental models, a vari-
ety of different approaches can be found. 
Empirical environmental models are data- 
driven and mathematically establish a func-
tional relationship between input and output 
data. Examples include approaches to 
 calculate biological carbon storage as a 
function of climate, soil and management 
(Eggleston et  al., 2006) and to determine 
biodiversity loss through land use (Alkemade 
et al., 2009; Newbold et al., 2015). In con-
trast, process-oriented models aim to simu-
late processes within real environmental 
systems (e.g. Rosenzweig et  al., 2014). 
Compared to empirical approaches, they are 
much more data-intensive and their devel-
opment and operation require considerably 
more effort. Process-oriented models cover a 
broad thematic spectrum, from soil-water-
plant interactions in natural and managed 
ecosystems (e.g. Bondeau et  al., 2007) to 
water fluxes (Arnold et al., 2012) to regional 
and global weather and climate patterns 

(McGuffie & Henderson-Sellers, 2005). 
Both types of environmental models are 
also used in combination with economic 
models. In relation to the bioeconomy sys-
tem, environmental models are particularly 
relevant for describing crop yields under 
changing climate conditions and environ-
mental impacts, such as deforestation for the 
establishment of new agricultural land or 
the discharge of nutrients and pollutants 
into water bodies by industrial processes or 
agriculture (business/industry, resource pro-
viders).

19.3.1.4  Integrated Models
The aim of integrated models is to represent 
economic processes, technical processes and 
environmental processes and their interac-
tions on different spatial and temporal scales 
(Rotmans & van Asselt, 2001). An overview 
of existing integrated models is given by 
Stanton et al. (2009). At the technical level, 
this integration can be achieved by formu-
lating the entire model using a unified math-
ematical approach or by coupling existing 
models (Hamilton et al., 2015). In the latter 
case, a key challenge is to provide a consis-
tent database for all models involved as well 
as to implement appropriate communica-
tion channels between the models. An 
important representative for the second 
group of integrated models is the IMAGE 
model (Stehfest et al., 2014), which couples 
process-based environmental models on cli-
mate and plant growth, among others, with 
econometric model approaches for the 
energy and agricultural sectors. IMAGE 
aims at global analyses, with calculations at 
the level of world regions as well as on a geo-
graphical grid. The model is used in the field 
of policy advice, for example in the analysis 
of the consequences of anthropogenic cli-
mate change and the calculation of scenar-
ios of future greenhouse gas emissions.

In the context of the bioeconomy, fur-
ther examples are the global models 
GLOBIOM (Havlík et al., 2011) and MagPie 
(Lotze-Campen et al., 2008). Both couple an 
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economic model for the agricultural sector 
with plant growth models, among other 
things, in order to simulate the influences of 
climate change on crop yields as well as the 
effects of a change in biomass demand on 
land use and the resulting environmental 
changes on a geographical grid.

19.3.1.5  Life Cycle Assessment 
Models

Life cycle assessments aim to analyse the 
environmental impacts along the entire life 
cycle of a product or service; from raw mate-
rial extraction through production and use 
to disposal or recycling. They are usually 
based on a material and energy flow model 
that describes the individual processes 
involved in terms of their input and output 
variables. In the context of the bioeconomy 
system, these can play an important role, for 
example, in the certification of products, or 
the sustainable design of supply chains 
(O’Brien et  al., 2017). Examples include 
studies on the sustainability of biofuels or 
of bio-based lubricants (e.g. Miller et  al., 
2007; Zah et al., 2009).

19.3.2  What Can Models Achieve 
in the Context 
of the Bioeconomy?

The model approaches presented are in their 
essence scientific instruments that enable 
researchers to formalise their knowledge of 
the bioeconomy system and to verify and 
expand it through experiments. Furthermore, 
models can play a central role in establishing 
a sustainable bioeconomy by providing 
valuable information to support decision-
making processes for actors in politics and 
business, but also for consumers. Using 
examples from the fields of economics and 
the environment, it was possible to demon-
strate that it is already possible with existing 
models to make well-founded statements on 
various sub-aspects of the bioeconomy sys-

tem, for example on the development and 
associated environmental impacts of agri-
culture and forestry at national and interna-
tional level, which can then be incorporated 
into the evaluation and design of policies. A 
very interesting example in this respect is the 
debate on indirect land use change and its 
impact on the greenhouse gas balance of 
biofuels through the cultivation of energy 
crops, which has been largely driven and 
supported by the results of modelling stud-
ies (Laborde & Valin, 2012; Lapola et  al., 
2010). In particular, integrated models can 
make an important contribution to the 
development of a deeper cross-disciplinary 
understanding of how different processes 
interact. The successful use of integrated 
models at the level of international climate 
policy indicates a high potential as an ana-
lytical tool also in the bioeconomy context. 
At the level of companies or products, life 
cycle assessments can provide valuable 
information for the sustainable design of 
supply and value chains. It should be noted 
at all levels that, particularly in the case of 
complex models, transparent documenta-
tion of the results and how they were 
obtained must be provided in order to ensure 
acceptance of the results by users (Uusitalo 
et al., 2015). In order to be able to evaluate 
the robustness of the model results, exten-
sive tests on uncertainties due to the data 
basis used and the model structure are there-
fore necessary.

An important field of application for 
models are the scenario analyses already dis-
cussed in this chapter, which can be used to 
examine future development paths and their 
effects on society and the environment. 
These scenarios can include assumptions on 
policies, consumption patterns and frame-
work conditions of international trade as 
well as assumptions on climate change. 
Examples range from analyses of the devel-
opment potential of an agriculturally domi-
nated region to future development paths of 
biomass requirements of an economy and 
the environmental impacts associated with 
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its production, to support for the develop-
ment of national and international strate-
gies for a sustainable design of the 
bioeconomy in the context of a societal 
transformation process. There are a number 
of mature approaches to developing scenar-
ios in the sense of co-design, i.e. through the 
collaboration of scientists, actors and stake-
holders, initially in the form of narratives 
and then underpinning them with numerical 
model results or testing their plausibility 
(Alcamo, 2008).

The use of models within the framework 
of a system for monitoring the sustainability 
of the German bioeconomy promises 
another interesting contribution to the sus-
tainable design of the bioeconomy at 
national level (O’Brien et al., 2017). In this 
framework, the calculation of so-called 
resource footprints can play a central role 
for the assessment of environmental impacts 
(Bringezu et  al., 2021; Tukker et  al., 2016) 
These describe the local and global environ-
mental impacts of the consumption of a 
household, a region or, in this case, a nation. 
In these analyses, databases on trade flows 
of biomass and intermediate products, 
which are used in a similar form in macro-
economic models, are linked with land use 
and environmental models for the detailed 
location and quantification of the use of 
land and water resources in the regions of 
origin of the biogenic raw materials 
(Mekonnen & Hoekstra, 2011; O’Brien 
et al., 2015).

There is currently still a considerable 
need for research and development in order 
to integrate all aspects relevant to the bio-
economy into models. For example, factors 
such as technological change, a changing 
demand for biomass or aspects of the circu-
lar economy are not represented in eco-
nomic and integrated models to a sufficiently 
detailed degree. Social aspects such as 
acceptance of technologies or demographic 
change are given as exogenous variables, e.g. 
in the form of scenario assumptions, and are 
not explicitly modelled. In particular, when 

mapping biomass flows in technical pro-
cesses, there is a large gap between the very 
detailed methods of life cycle assessment 
and their representation in economic or 
integrated models. On the other hand, the 
increasing availability of high-resolution 
remote sensing and other environmental 
data, for example on biodiversity (Hudson 
et  al., 2014), offers great potential for fur-
ther developments, especially for environ-
mental and land use modelling, which can 
be applied in the context of the bioeconomy.

 Conclusion
The above examples have shown that 
scenarios and models can be valuable 
instruments for generating knowledge 
and supporting decision-making pro-
cesses aimed at sustainable development 
of the bioeconomy. While in the case of 
the model approaches the bioeconomy 
system can be mapped in increasing detail 
through the gradual expansion of existing 
models, scenario development requires 
above all the social debate on future 
images of the bioeconomy. They provide 
orientation in shaping the paths to the 
future, for example which resources can 
be expected to be available and to what 
extent, or what efforts are necessary for a 
climate-neutral bioeconomy.

Scenarios and models geared to the 
bioeconomy system can provide basic 
decision-making support. In addition, 
they can also be used to regularly describe 
the impacts of developments in the bio-
economy and to put them to the test, e.g. 
in the context of monitoring (7 Chap. 20).
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20.1  Introduction

Decision making requires appropriate infor-
mation: for the analysis of a situation, for 
the development of goals, for the planning 
and implementation of action steps and for 
their control. Information-based decisions 
ideally ensure the commitment of the per-
sons dependent on a decision to the respec-
tive decision through their validity, reliability 
and objectivity. Information can be qualita-
tive or quantitative. In order to collect, orga-
nise, correlate and prepare this information 
in such a way that it can be used for decision- 
making, systematic and established record-
ing and evaluation is required, which is also 
referred to as a monitoring system. 
Monitoring systems ideally provide infor-
mation that enables retrospectives and from 
which future expectations can be developed.

In times of digitalisation, the collection, 
processing and use of information is becom-
ing increasingly powerful. However, the for-
mulation of targeted questions and the 
organisation of information into indicators 
that specifically and comprehensively reflect 
the questions are crucial. In addition, moni-
toring must be “manageable”, meet user- 
specific requirements and be designed for 
the long term so that information can be 
compared over a long period of time. Only 
in this way can strategies be developed on 
the basis of monitoring.

Monitoring systems exist in all conceiv-
able areas of application. However, moni-
toring the bioeconomy system is associated 
with challenges that are described below:

20.2  Monitoring Systems 
for the Bioeconomy

The bioeconomy is highly complex due to its 
intersectoral processing and decision- 
making levels. If  we want to make statements 
about the bioeconomy and use them as a 
basis for decision-making, we need a moni-

toring approach that can be used to generate 
reliable, transparent, supra-individual and 
data-based statements. However, to design 
and orgnise thoae monitoring approaches, 
attention needs to given to some basis ques-
tions: Who wants to measure something? 
Why should something be measured? How 
and what should be measured? And what 
statements should and want to be made on 
the basis of these measurements? These core 
questions are challenging in accordance with 
the diversity of the bioeconomy.

Monitoring a bioeconomy in Germany 
has aready established in certain sub-sectors, 
e.g. the monitoring of the energy transition 
provides information on the development of 
electricity generation from biomass (BMWi, 
2018), biodiversity monitoring provides 
comparable data on the status of and 
changes in biodiversity in order to carry out 
analyses of the causes of changes (Krüß, 
2017), and in the economy, for example, the 
value added by the bioeconomy is reported 
(Ronzon & M’Barek, 2018). Various guide-
lines have also been formulated in the eco-
nomic sector, the tracking of which can 
provide information on the development of 
the bioeconomy, such as the sustainability 
initiative of the chemical industry.1

However, if  the bioeconomy is to be 
developed and managed as a system, these 
information systems are inadequate: the 
large number of actors and material flows 
and their effects in the most diverse sub- 
areas of economy, ecology and society (and 
their interdependencies), as well as the high 
dynamics in development, require a more 
far-reaching information base in order to 
manage the bioeconomy as a whole, but also 
to identify and reduce conflicts of objectives 
at an early stage. The requirements for such 
a system include the following five aspects:
 1. System definition: Who defines the bio-

economy and how? Who and what 
“belongs” to it, who and what does not? 

1 7 https://www.chemiehoch3.de/home.html.
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Which areas, sectors and actors are 
understood to belong to the bioecon-
omy? On the basis of this definition(s), 
what should be the object of investiga-
tion for monitoring?

 2. Goal definition: What are the clear, over-
arching (political, economic, scientific 
and societal) goals of the bioeconomy 
that underlie monitoring? Who makes 
what demands and expectations of the 
bioeconomy and should therefore be 
involved accordingly when defining the 
objectives of monitoring systems? Who/
what body decides who is included?

 3. Indicator development: How and by 
whom should these goals be underpinned 
with which indicators and measured in 
the long term? What are the implications 
for monitoring due to different target 
definitions?

 4. Networking with other indicator systems 
: Which existing information and moni-
toring systems can be used and which 
need to be newly established specifically 
for the bioeconomy?

 5. Implementation and continuous further 
development: How can it be ensured that 
the monitoring system is constantly 
adapted to new goals, agreements and 
findings in the bioeconomy?

The system definition determines what is 
attributed to the bioeconomy. It was shown 
in 7 Chap. 2 that this is already defined dif-
ferently within the economy, and that this 
has a direct impact on the indicator “value 
added by the bioeconomy”. A system defini-
tion that tracks the development of the bio-
economy as a system is referred to as systemic 
monitoring. It must include both the differ-
ent subsystems of the bioeconomy and:

 5 include the entire value and process 
chains and describe them with material 
flow and life cycle analyses,

 5 consider import and export of biomass 
as well as intermediate and final prod-
ucts, including an assessment of the 
respective local production conditions,

 5 include the different spatial resolutions 
in order to describe the development on 
a global scale as an aggregated measure 
as well as to provide disaggregated infor-
mation on a local or regional level, and

 5 include key impacts such as wealth cre-
ation, value creation, innovation dynam-
ics, land use, sustainability, and 
environmental and social effects.

The effects of  the bioeconomy are intended 
effects, i.e. contributions to goals, or unin-
tended effects, i.e. conflicts of  goals. The 
more concretely the goals are defined, the 
easier it is to design monitoring systems. 
The objectives in the current bioeconomy 
strategies have so far been very broad. In its 
policy strategy, the German government 
has only set very general goals, such as 
“secure supply of  the population in 
Germany with food of  high quality and 
beyond, within the scope of  possibilities, 
performance of  the contribution to secur-
ing the world’s food supply” (BMEL, 2014, 
p. 20), “strengthening the change from an 
economy based predominantly on fossil 
raw materials to a raw material-efficient 
economy increasingly based on renewable 
resources” (ibid.), etc., and has not quanti-
fied these. A monitoring system for these 
goals is thus also more difficult to develop 
than a monitoring system for achieving the 
energy transition or the Paris climate goals. 
Even if  the bioeconomy goals are still 
vague, the Sustainable Development Goals 
(SDGs) provide a comprehensive starting 
point for the derivation of  indicators that 
needs to be sharpened – taking into account 
the priorities of  the various actors 
(Bogdanski, 2019; Zeug et al., 2019).

There is a strong need for representative 
and consistent data and indicators on the 
bioeconomy in Germany among stakehold-
ers from politics, business, science and civil 
society, as well as other actors such as the 
media, financiers, etc., who are either 
directly involved in the bioeconomy or 
whose fields of action are affected by the 
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bioeconomy. Of particular interest is infor-
mation on the economic development of the 
bioeconomy, the availability and potential 
uses of resources, the ecological sustainabil-
ity effects of the bioeconomy and the pro-
cesses of social change associated with the 
bioeconomy (7 Chap. 1 and 7 Sect. 20.4). 
If  the bioeconomy is understood as a 
dynamic system that exhibits a large number 
of interdependencies, then the aim of sys-
temic monitoring should be explanatory 
models, i.e. causal analyses based on solid 
data. Such monitoring does not yet exist for 
the bioeconomy.

Nevertheless, it is not necessary to 
build up such a monitoring system from 
scratch. It can – and should – be linked to 
various indicators and models: For exam-
ple, established measures of  economic 
development can be used to classify the 
economic significance of  the bioeconomy 
(7 Chap. 2). Similarly, the resource rele-
vance of  the consumption of  biobased 
products can be classified using, for exam-
ple, climate footprints, land use per prod-
uct or the water footprint, as described by 
Egenolf  and Bringezu (Egenolf  & 
Bringezu, 2018). The list can be continued 
and leads to the conclusion that systemic 
monitoring must ensure that the priorities 
and targets for the bioeconomy are appro-
priately mapped.

However, the priorities, objectives and 
impacts of the bioeconomy are not set in 
stone, but are subject to change over time: 
Today we see different opportunities and 
risks for the bioeconomy than, for example, 
ten years ago, when biomass seemed to be 
available in abundance and, on the other 
hand, the possibilities of biotechnology 
were much more limited. The regular review 
of the system description is therefore 
another important building block for sys-
temic monitoring. It must be capable of 
learning and reacting to the diverse stake-
holder expectations.

20.3  Stakeholder Expectations

The diversity of stakeholders runs like a 
thread through the bioeconomy. They act in 
many different ways and determine the bio-
economy system. A monitoring system must 
therefore provide substantial information 
for as many stakeholders as possible. A 
monitoring system oriented towards stake-
holder needs must, on the one hand, concen-
trate on relevant parameters and indicators 
(key factors), and on the other hand, embed 
these in overarching narratives and scenar-
ios that are coherent for the majority of 
stakeholders and thus meet with their 
approval.

As part of the BMBF’s SYMOBIO 
monitoring project (Dimension 2, 7 Sect. 
20.4), an attempt was made to record and 
discuss the stakeholder priorities for bio-
economy monitoring. This was done as part 
of a series of workshops lasting several days, 
at which representatives from industry, sci-
ence and civil society were invited. The 64 
participants assessed the contribution of the 
bioeconomy to the achievement of the 169 
sub-goals of the SDGs on the one hand and 
formulated their expectations of bioecon-
omy monitoring on the other. As the work-
shops took place within the various social 
groups, they primarily served to identify the 
location of the stakeholders involved. The 
resulting priorities were summarised for the 
17 SDGs (Zeug et al., 2019) and, as expected, 
provided a heterogeneous picture 
(. Fig. 20.1).

This shows that all stakeholders rate the 
contribution of the bioeconomy to Goal 2 
(No Hunger), Goal 12 (Sustainable 
Consumption and Production), Goal 13 
(Climate Protection Measures), Goal 14 
(Life under Water) and Goal 15 (Life on 
Land) very highly. A monitoring system 
must cover these areas accordingly well. 
However, the contribution to Goal 1 (No 
Poverty), Goal 7 (Affordable and Clean 
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Stakeholder group science

Stakeholder group economy

Stakeholder group society

Average of all stakeholder groups

       . Fig. 20.1 Analysis of  the perspectives and inter-
ests of  German stakeholder groups on the SDGs in 
the field of  the bioeconomy. Relevances of  the SDGs 
based on the relevance of  the corresponding sub- goals 

of  the stakeholder groups. The order of  preference is 
determined by mean values of  the relevance (Ø) of  an 
SDG of  all stakeholder groups. (Source: Own repre-
sentation according to Zeug et al., 2019)

Monitoring the Bioeconomy



308

20

Energy) and Goal 8 (Decent Work and 
Economic Growth) is rated very differently. 
This heterogeneity can be taken as an indi-
cation for upcoming discourses and 
debates – for these, too, a good information 
basis is necessary and the monitoring system 
must be developed accordingly.

The following positions can also be iden-
tified from the discussion processes of the 
stakeholder workshop:

Stakeholders from the “Science” group 
emphasised that not only national but also 
global effects of  a German, European or 
transnational bioeconomy must be taken 
into account in order to identify trade-offs, 
leakage effects and re- and backfire effects 
and to be able to avoid them in the future. 
The requirement for supra-regional balanc-
ing limits can be derived from this. 
Stakeholders in the business community 
were particularly interested in the legisla-
tive framework conditions for bioeconomic 
activities  – especially at the international 
level  – i.e. market access, raw material 
restrictions, trade restrictions, subsidies 
and financing options. In addition, price 
indicators for products and raw materials 
as well as political-economic instruments 
are relevant for them, e.g. the internalisa-
tion of  externalities or physical material 
flows – ultimately information for strategic 
economic decisions in bioeconomy compa-
nies.

For the stakeholders in the “Society” 
group, the focus was on answering the 
question of  the extent to which the bio-
economy merely represents a substitution 
of  the resource base of  the established eco-
nomic system or represents an actual social 
change towards a more sustainable world. 
With regard to the identification of  land 
conflicts, the effects on food prices and thus 
the nutritional situation of  a growing pop-
ulation, as well as the ecological impacts, 
aspects that can provide data on these con-
flicting goals are of  particular interest 
(Zeug et al., 2019).

20.4  Monitoring Activities 
in Germany 
and Internationally

Various monitoring concepts for the bio-
economy are currently being described and 
tested in Germany.

Wessler and von Braun (2017) generally 
advocate interlinking process monitoring of 
the two large areas of  “resources and inno-
vations” and “policy and governance” with 
results monitoring of  the respective and 
prospective impacts of  the bioeconomy. 
O’Brien et al. (2015) recommend the mate-
rial flow- based representation of develop-
ments in the form of a large dashboard in 
which all major developments and control 
variables are plotted (dashboard). Adler 
et al. (2015) suggest deriving easily measur-
able control indicators (e.g. value added 
achieved per unit of  biomass used) based on 
key target indicators such as “increasing 
value added per unit of  land used” and 
“increasing contribution to climate gas 
reduction through the bioeconomy” and 
complementing these with conservation 
indicators from environmental reporting. 
All of  these approaches follow a systemic 
approach as described in 7 Sect. 20.2, but 
choose different focal points.

Germany is currently working exten-
sively on the establishment of a bioeconomy 
monitoring system. This is being promoted 
by three ministries and divided into “dimen-
sions” (. Fig. 20.2). The Federal Ministry 
of Food and Agriculture (BMEL) 
(Dimension 1) is focusing on the provision 
of comprehensive data on biogenic raw 
materials and residues and their fate, the 
Federal Ministry for Economic Affairs and 
Energy (BMWi) (Dimension 2) on the provi-
sion of meaningful economic indicators and 
the development of bioeconomy-specific 
indicators, and the Federal Ministry of 
Education and Research (BMBF) 
(Dimension 3) on the systematic observa-
tion and modelling of the bioeconomy. The 
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various planned contributions to systematic 
monitoring in detail:

 z Dimension 1
The foundations are being developed for a 
Germany-wide bioeconomy monitoring sys-
tem of current and future biomass flows and 
their evaluation. Accordingly, data on the 
resource base (biomass use/biomass poten-
tial) will be collected and processed and it 
will be analysed how much biomass is avail-
able for end users. Changes in the value 
chain as a result of future developments are 
taken into account. The focus of the activi-
ties is on the development of a solid data 
basis on factual developments, the develop-
ment of summary balances and indicators, 
the bundling of data into meaningful key 
figures, and the development of an inte-
grated concept for energy- and material 
flow-based, cross-sectoral macroeconomic 
sustainability accounting of the bioecon-
omy.

 z Dimension 2
Economic key figures and indicators will be 
developed to monitor the progress of the bio-
economy and to make progress, obstacles and 
conflicting goals visible. In this way, all eco-
nomic dimensions of the bioeconomy are to be 
made measurable. The focal points are the 

investigation of biomass flows and the use of 
by-products, the development of an indicator 
system for the investigation of the bioeconomy 
in its economic dimensions/NACE classifica-
tions (NACE = Nomenclature statistique des 
activités economiques dans la Communauté 
européene/Statistical Classification of 
Economic Activities in the European 
Community), analyses on the topics of innova-
tions, patents and education, the provision of 
economic key figures and ecological balances 
as well as a detailed examination of the chemi-
cal and plastics industries.

 z Dimension 3
The scientific basis for systemic monitoring 
and integrated modelling of the bioeconomy 
in Germany will be developed, taking into 
account key drivers for the transformation 
of the bioeconomy, the modelling of trends 
and their environmental and socio- economic 
impacts. The focus is on sustainability 
aspects at national and international level.

These three monitoring processes and 
approaches should ultimately be brought 
together. Regular status conferences are 
already taking place, at which information is 
provided on the respective project statuses 
and where an exchange of content takes place. 
The first pilot reports of the merged monitor-
ing system have been released in 2020/2021.

Scale:
How can drivers, 
impacts and potentials 
be considered across 

(local to global)?

Dimension 1:
Sustainability 
& Resources

Dimension 2:
Economic 

Dimension 3:
Systemic view/

modeling

       . Fig. 20.2 Institutional division of  tasks of  the bioeconomy monitoring for Germany. (Source: Own 
 representation based on O’Brien et al., 2015)
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Internationally, activities to monitor the 
bioeconomy exist at the level of the 
European Union and the FAO, among oth-
ers (EC, 2018; Bogdanski, 2019). These proj-
ects are still at a comparatively early stage of 
development. For example, initial evalua-
tions between European member states on 
socio-economic indicators show a strong 
relationship between per capita gross 
national product and the maturity of the 
bioeconomy (Ronzon & M’Barek, 2018).

20.5  Outlook

The depiction of  the bioeconomy as a sys-
tem forms the basis for its targeted devel-
opment and management. The need to 
develop systemic monitoring has been rec-
ognised at various political levels and sup-
ported by research and development 
activities. The ideal of  bioeconomy moni-
toring is associated with both descriptive 
and prospective informative value, which 
outlines the progress and impacts of  deci-
sions for action or provides the basis for 
management activities in this area. 
Similarly, the SDGs are increasingly seen 
as the basis for systemic  monitoring of  the 
bioeconomy. However, these can only pro-
vide the framework. Political and societal 
priorities and concrete visions of  the future 
of  the bioeconomy form another impor-
tant basis for monitoring. They, too, still 
need to be further developed and negoti-
ated (7 Chap. 19).

In addition, it is also necessary to pro-
vide up-to-date and comprehensive data so 
that the monitoring of the bioeconomy is 
successful. Here too, the clearer the expecta-
tions of the bioeconomy are translated into 
monitoring systems and indicators, the more 
efficiently the monioring data can be pro-
vided and used.
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21.1  Introduction

The bioeconomy requires a comprehensive 
rethinking process that leads to the sustain-
able use of biogenic resources for a sustain-
able economic system oriented towards 
natural material cycles. A bio-based value 
chain comprises the primary production of 
bio-based resources, their conversion into 
higher-value goods through processing and 
their marketing on the market. It thus 
requires not only a new basis of biogenic 
resources but also technological, economic 
and social change. Education should be 
strongly multi- and transdisciplinary as well 
as practice-oriented (Lask et  al., 2018). 
Trained bioeconomy professionals are 
expected to be specialised in one field on the 
one hand, but on the other hand also able to 
understand the scientific jargon of related 
disciplines.

21.2  What Makes 
a “Bioeconomist”?

The competences of a “bioeconomy gradu-
ate” ideally result from the professional 
environment of the emerging bioeconomy 
(Lask et  al., 2018). Here, “bioeconomy” is 
understood as a rethinking process that 
leads to the sustainable use of biogenic 
resources for a sustainable economic system 
oriented towards natural material cycles. 
However, the bioeconomy is also often used 
synonymously with a biobased economy. It 
encompasses the production of bio-based 
resources and their conversion into food, 
animal feed, bioenergy, bio-based materials, 
chemicals, biopharmaceuticals and also 
data or knowledge about bio-economic pro-
cesses. A bio-based value chain includes the 
primary production of bio-based resources, 
their conversion into higher value goods 
through processing and marketing. It thus 
requires not only a new basis of biogenic 
resources but also technological, economic 
and social change. However, the bioecon-

omy is not a new branch of industry or a 
new discipline.

In the agricultural, forestry and food 
industries, the sustainable use of biogenic 
resources has already been recognised as a 
necessity and is being pursued in a variety of 
ways. This traditional sector can also be 
referred to as the resource-based bioecon-
omy. In particular, the food sector as well as 
the biopharmaceutical industry comprise 
the majority of the current bioeconomy in 
Germany. However, the structural change 
towards a sustainable economy also in all 
other sectors requires new technologies and 
the replacement of fossil carbon sources, 
both for material production and as energy 
sources. The use of biogenic resources is 
therefore closely linked to the use of renew-
able energy sources. These changes are asso-
ciated with great opportunities for growth 
and employment for the companies and 
individuals active in this field, but at the 
same time require intensive efforts in 
research and innovation. To be successful in 
the bioeconomy therefore requires a diverse, 
multidisciplinary understanding and the 
ability to think systemically. Education 
should be strongly multi- and transdisci-
plinary as well as practice-oriented. The 
combination of an overarching understand-
ing of the economic system and natural 
material cycles, as well as specialist skills 
from the fields of process engineering, agri-
cultural and forestry sciences, food technol-
ogy and chemistry, biotechnology, medicine, 
pharmaceuticals, materials sciences, eco-
nomics or business administration, distin-
guish bioeconomy graduates.

21.3  How Does One Become or 
Train to Become 
a Bioeconomist?

The need for specially trained professionals 
with inter- and transdisciplinary compe-
tences in the bioeconomy is steadily increas-
ing as more and more companies promote 
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sustainable production and consumption. In 
contrast, most college and university curri-
cula develop profound knowledge in one 
discipline, often with additional specializa-
tions offered. In contrast, the supply of 
degree programmes, which focus on broad, 
multidisciplinary education, is rather low. 
The bioeconomy is an excellent example of 
multidisciplinary education (Bioökonomie.
de, 2018; Lask et al., 2018).

The majority of interdisciplinary pro-
grammes already established internationally 
in the field of the bioeconomy are Master’s 
programmes. For a few years now, degree 
programmes specifically for the bioeconomy 
have been offered. Common elements of the 
curricula are bio-based value chains and the 
focus on the ecological, social and economic 
impacts of bioeconomic developments. The 
general goal is to train professionals who are 
able to deal with very complex interdisci-
plinary problems concerning the sustainable 
use of biogenic resources. To this end, inte-
gration and cooperation skills are important 
prerequisites that must be learned in prac-
tice in bioeconomy education.

As a foundation for the bioeconomy, a 
solid prior knowledge in the basic natural 
science subjects of physics, chemistry, biol-
ogy and mathematics as well as in the social, 
economic, forestry and agricultural sciences 
is required. Obvious and useful specialisa-
tion subjects are organic chemistry, bio-
chemistry, microbiology, food and 
biotechnology, business and economics, 
production and use of biogenic resources, 
statistics, computer science, medicine, phar-
maceutics, materials science, energy technol-
ogy, environmental technology, chemical, 
biological and thermal process engineering 
or methods of life cycle assessment. The 
bioeconomy concept can be built on the 
foundation of the basic subjects and the spe-
cialisation as a cross-sectional discipline. 
The life sciences and biotechnology play a 
key role in this. The targeted use of molecu-
lar biological processes marks the beginning 
of a potentially revolutionary development 

in the knowledge-based bioeconomy and 
has the potential to trigger a profound 
change in all areas of society and industry.

The aim of bioeconomy education is to 
teach the interrelationships between the nat-
ural material cycles of the existing economy 
and to enable bioeconomy graduates to 
shape an innovation-driven, knowledge- 
based and sustainable economy.

Many representatives of the bioeconomy 
particularly emphasise the aspect of innova-
tion orientation. In order to substitute pre-
vious climate and environmentally harmful 
manufacturing processes, new products 
must be produced from renewable biomass 
or carbon dioxide. To this end, bioeconomic 
innovations must, on the one hand, produce 
resource-efficient technologies to increase 
productivity in agriculture, forestry and 
aquaculture and, on the other hand, make 
new biogenic products and consumer goods 
available. This will enable the introduction 
of innovative and resource-efficient produc-
tion technologies and the transition to a sus-
tainable society. This means not only using 
biogenic resources, but also conserving them 
in the sense of environmental and biodiver-
sity protection. The ecological, economic 
and social dimensions of the societal 
rethinking process are strongly interwoven 
and require a complex societal problem- 
solving process. In order to make an impor-
tant contribution with the acquired 
transdisciplinary competencies, bioecono-
mists should be able to learn how to com-
municate with societal stakeholders in 
practice at an early stage.

21.4  What Training Is Already 
Available?

The spectrum of possible educational paths 
is just as broad as the research activities on 
the bioeconomy. One path is classical 
degrees in agricultural sciences, biotechnol-
ogy, chemistry, food technology, economics 
or social sciences. In addition, more and 
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more universities and colleges are setting up 
specialised courses and degrees on the topic 
of the bioeconomy (Bioökonomie.de, 2018).

In Germany, transdisciplinary bioecon-
omy courses are offered at the Technical 
University of Munich (B.Sc. Bioeconomy), 
the University of Hohenheim (M.Sc. 
Bioeconomy) and the Martin Luther 
University Halle-Wittenberg (B.Sc. and 
M.Sc. Management of Natural Resources).

Across Europe, there are degree pro-
grammes focusing on the bioeconomy at the 
universities of Wageningen (M.Sc. Biobased 
Sciences) and Maastricht (M.Sc. Biobased 
Materials), both in the Netherlands, at the 
four universities of Bologna, Milan-Bicocca, 
Naples and Turin (M.Sc. Biocircle 
(Bioeconomy in the Circular Economy)) 
and also at the University of Edinburgh 
(M.Sc. Management of Bioeconomy, 
Innovation and Governance). In addition, 
the Master’s programme “Biorefinery 
Engineering” at Graz University of 
Technology is a bioeconomy programme 
with a strong engineering focus.

All of the above-mentioned courses of 
study have been established in response to 
the growth of the global bioeconomy and 
the associated increasing demand for quali-
fied specialists who have the necessary basic 
knowledge and skills. A few study pro-
grammes are now presented here as exam-
ples.

The B.Sc. programme “Bioeconomy” at 
the TU Munich teaches mathematical, sci-
entific, environmental-economic and eco-
nomic basics as well as in-depth knowledge 
in chemistry, physics, biology and business 
and economics.

The English-language international 
M.Sc. programme “Bioeconomy” at the 
University of Hohenheim has the motto 
“Change the system. Shape the future”. The 
interdisciplinary M.Sc. programme looks at 
the entire bio-based value chain and net-
works. Students learn to take into account 
the ecological, social and economic dimen-
sions of the bioeconomy at micro and macro 

level as well as the requirements for innova-
tions and the corresponding political frame-
work conditions. There is a strong focus on 
the international perspectives of the bio-
economy.

The B.Sc. and M.Sc. degree programme 
“Management of Natural Resources” at the 
Martin Luther University Halle-Wittenberg 
combines the subject areas “Water – Soil – 
Plant”. In addition to the scientific process 
understanding of the three environmental 
compartments, the sustainable management 
of these natural resources is dealt with.

The M.Sc. “Biobased Sciences” at 
Wageningen University focuses on the tran-
sition from a petrochemical-based to a bio-
based society. The programme covers the 
multidisciplinary design of production 
chains including biomass production, bio-
conversion, biorefinery and societal, logisti-
cal and economic transformation processes.

The M.Sc. “Biobased Materials” at 
Maastricht University provides the knowl-
edge and skills to develop, produce and 
apply sustainable materials from biological 
resources.

The M.Sc. “Biocircle”, offered by the 
four universities of Bologna, Milan-Bicocca, 
Naples and Turin, provides a combination 
of theoretical knowledge in life sciences 
with a practical focus on the bioeconomy 
and its value chains from different perspec-
tives.

The M.Sc. “Management of 
Bioeconomy”, Innovation and Governance 
at the University of Edinburgh focuses on 
responsible development of sustainable 
innovations. The spectrum ranges from 
innovations in the field of life sciences to 
corporate  strategies and politics.

In the Master’s programme “Biorefinery 
Engineering” at Graz University of 
Technology, graduates acquire technical 
knowledge in the fields of process engineer-
ing, chemistry, biotechnology as well as 
energy technology and environmental engi-
neering for the economic and sustainable 
use of biogenic resources.
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In addition to these transdisciplinary 
courses, there are numerous other Bachelor’s 
and Master’s courses that have a more or 
less specific reference to a bioscientific sub-
ject. A presentation of these study courses, 
which are offered in Germany, Austria and 
Switzerland, would go beyond the scope of 
this book. Therefore, reference should be 
made at this point to the Conference of 
Biological Faculties (KBF), which repre-
sents the biological departments and facul-
ties of German universities. For those 
interested in studying, it has produced a 
guide to Bachelor’s degree courses in the 
biological sciences.1 As part of a project 
funded by the BMBF, all relevant master’s 
courses have also been collected.2 The 
courses on offer range from A for 
“Agricultural and Horticultural Sciences/
Agriculture or Horticulture” (Bachelor’s 
course at Humboldt University Berlin) to Ö 
for “Ecotrophology” (Bachelor’s course at 
Kiel University) and include both natural 
science and engineering courses as well as 
teacher training courses, borderline areas to 
medicine (e.g. medical technology), process 
engineering (bioengineering) and economics 
(e.g. agricultural management, entrepre-
neurship renewable energy).

Of the 519 (788) bachelor’s (master’s) 
degree programmes listed in a life sciences 
subject, 44 (81) bear the designation “bio-
technology”. 13 Master’s degree pro-
grammes in biotechnology are offered in 
English. Of these, six are offered by univer-
sities of applied sciences and seven by (tech-
nical) universities.

A good insight into the bioscientific pro-
fessions is provided by more than 70 scien-
tists in the book “Perspektiven – Berufsbilder 
von und für Biologen, Biowissenschaftler 

1 For more information, see 7 https://www.bache-
lor-bio.de/.

2 For more information, see 7 https://www.master-
bio.de/.

und andere Naturwissenschaftler” (VBio, 
2015).

Due to the large number of bioeconomic 
“starting points”, the bioeconomy is increas-
ingly being systematised, i.e. attempts are 
being made to categorise the courses offered 
under different headings or in “drawers” 
(e.g. subdivision into courses in bioecon-
omy, industrial biotechnology or sustain-
ability and resource management) 
(Bioökonomie.de, 2018). Since the headings 
are no more meaningful in themselves than 
the names of the study programmes, it is rec-
ommended that those interested in studying 
take a (time-consuming) look at the specific 
module handbooks.

21.5  What Does the Bioeconomist 
Need in Addition?

The bioeconomy’s goal of achieving a sus-
tainable society is a highly complex task. 
The willingness of all social groups, espe-
cially companies and consumers, to contrib-
ute to social change depends not only on the 
current bioeconomic framework conditions, 
but also on the future acceptance of modern 
technologies. Modern methods of gene edit-
ing in crop plants can be mentioned here as 
an example. The current discussion in 
Europe and worldwide about the legal status 
of gene-edited organisms clearly reveals the 
need for bioeconomic innovation and inter-
face management (Lask et  al., 2018). This 
innovation and interface management 
requires actors to have the ability to com-
municate with a wide range of disciplines 
and societal groups. The transdisciplinary 
communication skills of bioeconomists are 
a prerequisite for this. In some areas of the 
bioeconomy, remarkable progress can 
already be observed today. In addition, 
knowledge of political decision-making pro-
cesses and start-up skills can be relevant for 
bioeconomists to drive innovation.

Occupational Fields of the Bioeconomy
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21.6  So Should There Be More 

“Bioeconomy” Courses?

It is to be expected that the bioeconomic 
sector of the economy will expand signifi-
cantly in the future and thus create numer-
ous new employment opportunities. This is 
suggested by various national and interna-
tional studies. With a focus on high value 
creation and the creation of new economic 
activities, the knowledge-based bioeconomy 
will require skilled professionals. In the area 
of resource-based bioeconomy along bio- 
based value chains, further decentralized 
employment opportunities can be expected 
in agriculture and forestry. Here, bioecono-
mists will be required for the establishment 
and organization of value chains. 
Accordingly, it can be assumed that there 
will be a long-term increase in the demand 
for bioeconomists, both nationally and 
internationally. Even if  no empirical studies 
on the labour market situation of bioecon-
omy graduates are yet available, heuristically 
a rising demand for study offers and courses 
in the field of bioeconomy appears to be 
extremely reasonable.
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22.1  Governance 
of the Bioeconomy

The term “governance” describes in general 
terms a system of control and regulation 
that includes state intervention, but also the 
rules governing the interaction of private 
actors (markets, associations, actor net-
works such as clusters; . Fig.  22.1) 
(7 Chap. 23) The wood-based bioeconomy 
is regarded as an important application of 
the economy with renewable resources. For 
this purpose, various forms of governance 
can be found in Germany that structure the 
interactions of the actors  – in addition to 
direct state regulations (e.g. the Forest Act), 
of course, markets for primary and second-
ary raw materials, interest groups and com-
pany clusters, as well as negotiation 
processes for informal rules. Governance 
has two important functionsfor a sustain-
able bioeconomy.

 5 Safeguarding function: On the one hand, 
there is a need for explicit safeguards of 
economic, social and ecological sustain-

ability through appropriate governance 
approaches. The bioeconomy must be 
more than just the management of bio-
genic resources. It must be a sustainable 
form of economy based on cycle- 
managed bio-based raw materials 
(Bioökonomierat, 2018). It can be 
assumed that such a sustainable, bio-
based and cycle-managed form of econ-
omy will enable a more efficient and 
environmentally compatible use of raw 
materials overall than is the case today, 
and should therefore also be aimed for in 
economic terms. In order to initiate and 
appropriately steer this path transition, 
however, an effective governance frame-
work is essential that consistently guides 
the political and economic actors 
(. Fig.  22.2). Bioeconomy concepts 
must therefore be equipped with sustain-
ability guard rails for a comprehensive 
path transition from the current 
“throughput and sink economy” based 
predominantly on fossil raw materials to 
a circular economy oriented towards 
renewable resources (BMBF, 2010; 
Staffas et  al., 2013; Richardson, 2012; 
BMEL, 2013; Pannicke et al., 2015).

 5 Enabling function: In addition to ensur-
ing sustainability, the governance frame-
work also has the task of ensuring fair 
competitive conditions for bioeconomy 
processes and products in the first place, 
thus enabling efficient decisions between 
alternative technologies and biogenic 
and non-biogenic resources on markets 
(enabling function of governance for the 
bioeconomy). The creation of incentives 
for innovation efforts in the area of 
resource use and closure of material 
flows is also particularly important in 
this context in order to limit the pressure 
that an expansion of the bioeconomy 
exerts on natural ecosystems (BMEL, 
2013; Carus et al., 2014).
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       . Fig. 22.1 Objects of  bioeconomy governance. 
(Source: Own representation)
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22.2  The Role of Policy in Pathway 
Transition

The complex transition to a sustainable bio-
economy requires a wide range of technical, 
market and social innovations  – but above 
all it will not succeed without appropriate 
state control (Hagemann et  al., 2016; 
7 Chap. 23). This is because existing distor-
tions of competition to the detriment of 
biobased products and closed-loop systems 
favour the persistence of markets and insti-
tutional structures in the previous fossil- 
based and flow-oriented economic form. In 
the case of fossil-based processes, for exam-
ple, companies can draw on an existing 
infrastructure as well as experience and net-
works that are not yet established in the case 
of biobased processes. Changes in produc-
tion and innovations, on the other hand, are 
associated with conversion costs and 
 considerable market and legal uncertainties. 
In addition, the market price of fossil-based 
products does not reflect their full economic 
costs, e.g. with regard to environmental and 

climate damage or due to non-closed cycles 
(Lahl, 2014). These so-called externalities 
and technological and institutional path 
dependencies currently still favour fossil 
over renewable raw materials and sink econ-
omies over circular economies. Fair compe-
tition is thus not yet possible.

These distorting effects are exacerbated 
by a co-evolutionary development of fossil- 
based infrastructures and networks, interde-
pendent industries, established consumption 
patterns, and existing formal and informal 
rules, leading to an inertia in favour of the 
fossil-based economy that is difficult to 
overcome (carbon lock-in). These and other 
so-called market failures require the politi-
cal design of an actively corrective regula-
tory structure that enables a shift to a 
bioeconomy via fair competitive conditions 
(Pannicke et al., 2015).

However, governmental governance 
interventions also face significant challenges 
in adequately promoting the pathway transi-
tion to a circular bioeconomy while provid-
ing effective sustainability assurance. One 
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       . Fig. 22.2 On the role of  bioeconomy governance. (Source: Gawel et al., 2016, p. 4)
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important reason for this is information 
problems arising from uncertainties about 
economic, environmental and social impacts 
of multiple and diverse bioeconomy value 
chains (McCormick & Kautto, 2013).

Particularly in the case of the introduc-
tion of innovations, for example, long-term 
and complex environmental impacts or the 
development of costs and technology over 
time can hardly be reliably estimated by 
political decision-makers. When selecting 
bioeconomy applications “worthy of sup-
port”, political decision-makers thus run the 
risk of promoting options that in retrospect 
prove to be too expensive or not in line with 
the objectives. At the same time, it is difficult 
to determine an appropriate level or scope 
of funding, as shown, for example, by the 
critical debate on biofuels with compara-
tively high greenhouse gas abatement costs 
(WBGU, 2008). There is a risk here of over- 
and mis-subsidization.

Problems in securing the sustainability 
of ambitious biofuel quotas also indicate 
that the expansion of niche applications (the 
so-called scaling problem) can reveal new 
difficulties that were not even foreseeable 
when the application was on a “small scale”. 
It is therefore all the more important to keep 
an eye on the costs, benefits and sustainabil-
ity risks of bioeconomy promotion in 
policy- making, and to avoid “promotion at 
any price”. This includes openness to alter-
native target achievement options, for exam-
ple in the area of non-biogenic renewable 
resources.

In order to avoid such mismanagement, 
it is therefore advisable to make use, as far as 
possible, of decentrally available cost and 
benefit knowledge about resource use and 
its effects. This means that markets must be 
activated and used for resource decisions. 
This can be done by shaping the regulatory 
framework to steer the decisions of market 
actors in a targeted manner towards 
sustainability- compliant behaviour. 
However, this presupposes clarity about the 
prioritisation of political goals associated 

with the bioeconomy. Potential for misguid-
ance arises in particular from unresolved 
conflicts of objectives, for example between 
the goals of environmental protection, eco-
nomic growth and rural value creation pur-
sued with the bioeconomy, which each imply 
completely different funding strategies. For 
the establishment of a sustainable bioecon-
omy, it is important to disclose conflicting 
goals and to discuss prioritisation. Different 
policy recommendations would result if, for 
example, the goal of climate protection were 
to be consistently prioritised, because then 
not all biobased material flows would be 
socially beneficial (see Gawel, 2011 for the 
example of bioenergy). From the perspec-
tive of political actors, however, this is not 
always expedient, for example in order not 
to lose certain groups of voters (Kay & 
 Ackrill, 2012).

22.3  Governance 
of the Wood-Based 
Bioeconomy in Germany

22.3.1  Overview

In a case study on the wood-based bioecon-
omy in Germany (Gawel et  al., 2016), the 
Helmholtz Centre for Environmental 
Research  – UFZ examined current gover-
nance approaches in Germany to determine 
whether and to what extent they currently 
already fulfil the “enabling and safeguarding 
functions” (see 7 Sect. 22.1 above) and can 
thus support the desired path transition to a 
sustainable wood bioeconomy in Germany.

The wood-based bioeconomy is a sub- 
sector of the bioeconomy and comprises the 
material and/or energetic use of lignin- 
containing and thus solid parts of plants 
(e.g. trees and shrubs) in a variety of appli-
cation areas. This includes wood from for-
ests (such as logs, pulpwood and forest 
residues), wood from short rotation cop-
pices and residues from landscape manage-

 E. Gawel



323 22

ment, as well as by-products, wood 
processing residues and recycled wood. As a 
case study, the wood-based bioeconomy is 
particularly promising because it is not in 
direct competition with food production, at 
least at the product level. In view of the 
tank-or-dish debate on energy crops, interest 
in non-food raw materials has increased sig-
nificantly in recent years.

The wood-based bioeconomy is charac-
terised by a large number of relevant actors 
and interests (Pannicke et al., 2015). On the 
producer side, both forestry and agricultural 
actors play a role. They align their produc-
tion primarily with market criteria. As there 
is already a high demand for wood in the 
processing sector as well as in the energy sec-
tor in Germany, there is currently little 
incentive for them to actively support the 
increasing material use of wood. The pro-
cessing sector as a second large group of 
actors includes companies such as sawmills, 
chemical groups, construction companies as 
well as the paper industry. These have so far 
shown no significant interest in a stringent 
path change (Bioökonomierat, 2015).

Consumers are also proving reluctant to 
demand biobased products. It is proving 
problematic that bio-based products usually 
have at best similar properties to products 
based on fossil raw materials, but are often 
more expensive (Vandermeulen et al., 2012). 
In addition, sustainability or functionality 
concerns may arise (Pfau et al., 2014).

In the political sphere, the attitude of the 
public (public opinion, voters) is relevant for 
the decisive actors. Voters generally prefer 
sustainability and environmental policies 
without high additional costs. Interest 
groups such as environmental associations 
as well as green parties could indeed support 
a change of path by raising public awareness 
and political demand for a sustainable bio-
economy. However, the associations are still 
in the process of positioning themselves 
with regard to the topic.

In the following, mainly state governance 
approaches are considered, which currently 

shape the wood-based bioeconomy in 
Germany. A distinction is made here 
(. Fig. 22.3):

 5 Rules affecting the resource base of the 
bioeconomy,

 5 rules concerning bio-based processes 
and products, and finally

 5 rules aimed at reducing the use of fossil 
resources as competing raw materials 
(indirect bioeconomy policy).

In the case of state-designed rules, the first 
two points correspond to a “direct” bio-
economy policy, as here either the supply of 
biobased resources and technologies is 
directly promoted (technology-push) or a 
demand for biobased processes or products 
is directly created (demand-pull). Measures 
that make the use of fossil-based competing 
options more expensive or restrict them, on 
the other hand, represent an “indirect” bio-
economy policy that indirectly improves the 
competitiveness of biobased products and 
processes. Here, the search for substitutes 
indirectly stimulates a demand pull for bio-
based products, but also for other options 
(e.g. increasing resource use efficiency).

22.3.2  Wood Production

There are currently numerous government 
regulations for timber production in 
Germany that can be assigned to the safe-
guarding function of bioeconomy gover-
nance. Legal regulations such as the Federal 
Forest Act, the forest laws of the federal 
states and the Timber Trade Security Act 
(HolzSiG) anchor sustainability as a crite-
rion for conventional timber production. 
For innovative timber production in short-
rotation plantations, on the other hand, 
agricultural law is relevant. The “Circular 
Economy and Safeguard the 
Environmentally Compatible Management 
of Waste Circular Economy Act” (KrWG) 
in turn regulates the resource flow of used 
wood. Overall, the legal framework for the 
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wood-based bioeconomy in Germany is 
highly fragmented and not yet consistently 
oriented towards a path change. Effective 
incentives for cascade use concepts are likely 
to require, for example, an adjustment of the 
current recycling regulation (Ludwig et al., 
2014, 2015).

Within the barriers set by forestry and 
timber trade law, decisions in conventional 
timber production are mainly coordinated 
through markets. For networks such as 
associations of  forest enterprises and forest 
owners, reducing production and transac-
tion costs is a priority. Policy instruments 
that promote the supply of  wood contribute 
to a path change (see explanation on 
“enabling function” in 7 Sect. 22.1). These 
include financial support for short-rotation 
plantations or afforestation. However, such 
instruments only partially impose sustain-
ability conditions. Research and develop-
ment (R&D) measures in this area also 
directly promote supply (Purkus et  al., 
2018).

22.3.3  Innovative Material 
Products and Processes

The relevant control framework differs 
according to whether wood-based resources 
are used as inputs for material value-added 
purposes or are used for energy production.

In the case of material use, above all a 
greater willingness to pay on the part of 
consumers for biobased products would 
enable a change of path via the market 
mechanism. Voluntary certifications, e.g. the 
Blue Angel for sustainable wood products 
(“restriction function”), are aids to market-
ing these products. In addition, some inter-
national standards are used for the labelling 
of biobased products in the wood sector 
(e.g. EN 15440). The latter do not contain 
any comprehensive sustainability require-
ments, but contribute to the “enabling func-
tion” of bioeconomy governance through 
standardisation and the provision of infor-
mation. However, demand on the consumer 
side has so far been low, as has the willing-

Direct bioeconomy policy Indirect bioeconomy policy
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resource base

Promotion of bio-based 
products and processes

Reduction in the use 
of fossil resources

Waste
 and 

recycling 
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(e.g. creation 
of niches)

Support 
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(e.g. R&D)

Supply-
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(e.g. R&D)
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& environ-

mental policy
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       . Fig. 22.3 The three pillars of  wood-related bioeconomy policy. (Source: Own representation according to 
Pannicke et al., 2015, p. 226)
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ness to pay significant price premiums for 
“green” product characteristics. 
Internalisation of external environmental 
costs via the market thus only takes place for 
niche products.

State funding for material biobased pro-
cesses and products focuses on research and 
development and on supporting clusters and 
innovation networks (e.g. the1 BMBF’s 
Bioeconomy Cluster of Excellence or the 
“Forestry and Wood” cluster initiatives of 
the German Länder2). This is supplemented 
by the selective promotion of niche applica-
tions. Demand for biobased products is pro-
moted, for example, if  environmental 
criteria such as sustainable wood manage-
ment are taken into account in public pro-
curement. In practice, however, this proves 
difficult due to information deficits in the 
administration and complex tendering pro-
cedures (Ludwig et al., 2014).

22.3.4  State Support for the Use 
of Wood for Energy 
Purposes

In the area of wood energy use, on the other 
hand, there are a number of government 
support instruments that have proven very 
effective in the past (Ludwig et  al., 2015). 
These include regulations in the electricity 
and heating sectors that target the use of 
renewable energies (e.g. feed-in premiums in 
the electricity sector or investment grants for 
the installation of heating systems that use 
renewable energies). However, sustainability 
criteria for the use of wood for energy are 
not yet anchored here. In addition, the pro-
motion of the use of wood for energy 
through renewable energy law has led to dis-
tortions in the competitive relationship with 

1 See 7 http://www.bioeconomy.de/.
2 See 7 https://www.forstwirtschaft-in-deutsch-

land.de/forstwirtschaft/forstwirtschaft-in-
deutschland/cluster-forst-holz/.

material uses. This is likely to result in a 
single- and multi-stage cascade use of wood 
that is probably too low in economic terms 
(Bioökonomierat, 2016; Ludwig et  al., 
2016a, b – see also . Fig. 22.4).

22.3.5  Reducing the Use of Fossil 
Fuels: Environmental 
and Economic Cost Realism

Policy instruments that – at least in part – 
adequately reflect the environmental effects 
of the use of fossil resources in the price 
(“internalize”) play an important role in set-
ting incentives for a change of path. 
However, the existing instruments of climate 
policy – such as European emissions trading 
and taxes on electricity, energy sources and 
motor vehicles  – have so far concentrated 
mainly on the energy sector and not equally 
on material applications. Moreover, the 
incentive effect of emissions trading has 
remained extremely limited in recent years 
due to the low and fluctuating prices for CO2 
certificates. At the same time, neither emis-
sions trading nor tax regulations specify sus-
tainability requirements for wood products, 
which could prove problematic if  these 
instruments were to actually trigger 
increased demand for wood resources at 
some point (e.g. in the context of co-firing 
wood in coal-fired power plants).

In the area of material use, European 
chemicals regulation (REACH) and the 
German Closed Substance Cycle Waste 
Management Act could indirectly help to 
promote the development of a wood-based 
bioeconomy by reducing the consumption 
of fossil raw materials (Ludwig et al., 2014). 
However, chemical regulation does not put 
bio-based substances in a better position 
than those derived from fossil resources, nor 
does it include specific sustainability require-
ments. The effectiveness of the KrWG as an 
instrument to promote waste prevention 
and used wood recycling is also currently 
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limited, as recycling requirements are linked 
to “economic proportionality”, which leaves 
considerable room for interpretation 
(Ludwig et al., 2015).

In the area of the ecological and eco-
nomic cost truth of fossil inputs, products 
and processes – in the sense of an indirect 
bioeconomy policy – considerable steps are 
therefore still necessary.

22.4  Prospects for an Active 
Bioeconomy Policy

The case study on the wood-based bioecon-
omy in Germany shows that price develop-
ments on markets to date or even private 
governance initiatives such as voluntary sus-
tainability certificates are not sufficient to 
fulfil the “enabling function” of bioeconomy 
governance for more than narrowly defined 
niche applications (Gawel et  al., 2016). In 
order to comprehensively address environ-
mental externalities, path dependencies and 
other so-called market failures that cur-
rently still distort allocation decisions to the 
detriment of bio-based products and pro-

cesses, more far-reaching policy measures 
are therefore necessary. The same applies to 
the “constraining function” of bioeconomy 
governance to ensure the comprehensive 
sustainability of innovative processes and 
products.

However, the case study also makes clear 
that the current policy mix (. Fig.  22.5) 
and the associated legal framework (see 
. Fig.  22.6) for the bioeconomy are still 
very fragmented (Ludwig et  al., 2015; 
Pannicke et al., 2015) and are not sufficient 
either in terms of their approach, their 
strength or their overall composition to trig-
ger a consistent pathway transition. The 
challenge here is to improve coordination 
between different areas of law and systems 
of actors (state, markets, associations) and 
to combine policy instruments geared to 
materials or energy into a coherent mix of 
instruments. In the “direct” promotion of 
material bioeconomy value chains, the focus 
to date has been on measures that increase 
the supply of technologies (via cluster and 
R&D promotion) and wood resources. 
Direct demand promotion, on the other 
hand, is only effective for energy-related 
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production)
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       . Fig. 22.4 Material and energy use of  forest and 
waste wood in Germany 2001 to 2013. (Source: Own 
representation. Data basis: Weimar & Mantau, 2006; 
Mantau et  al., 2007; Mantau, 2012, 2013; Weimar 
et al., 2012; Weimar, 2015. Individual years were partly 

interpolated. Forest wood includes industrial wood, 
forest residues, bark and landscape wood. Industrial 
waste wood also includes sawmill by- products and pel-
lets. Other material recovery processes for waste wood 
and forest wood were not recorded)
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wood uses. And “indirect” bioeconomy pol-
icy measures (e.g. European emissions trad-
ing, KrWG) are still far from the goal of 
establishing fair competitive conditions 
between bio-based and fossil processes and 
products. At the same time, there has been 
little demand for a comprehensive transfor-
mation policy mix in so-called “policy mar-

kets”, where the supply and demand for 
policy solutions meet (Pannicke et al., 2015).

In order to achieve a change of path, the 
impact of existing instruments should first 
be increased. Acute improvements are 
needed, for example, in policy measures that 
make the use of fossil resources appropri-
ately more expensive (e.g. material, but also 
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       . Fig. 22.5 Policy measures in the wood-based bioeconomy. (Source: Own representation, based on Pannicke 
et al., 2015; Gawel et al., 2016)
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energy-related climate policy, the “Circular 
Economy and Safeguard the 
Environmentally Compatible Management 
of Waste Circular Economy Act”). At the 
same time, politicians should communicate 
a clear long-term commitment to a path 
transition towards a sustainable bioecon-
omy – analogous to the “energy transition”.

In addition, existing R&D funding 
should be combined with targeted support 
for niches. This includes, for example, 
improved “green” procurement, campaigns 
to improve consumer acceptance of bio-
based products, as well as support for net-
works and knowledge transfer on the 
producer and consumer side. What is needed 
is a bioeconomy innovation system with a 
mix of technology-push and direct and indi-
rect demand-pull measures.

As the example of bioenergy has shown, 
it is advisable to implement transformation 
policies only gradually in order to enable 
learning processes as well as corrections 
should problems arise with regard to sus-
tainability assurance, among other things 

(Gawel et al., 2016). On the other hand, pol-
icies that create extensive demand pull for 
specific timber uses should be avoided. On 
the one hand, political decision-makers 
would need a high degree of information 
about uncertain facts and developments in 
order to plan such measures, and on the 
other hand, this could also be associated 
with considerable distortions of wood mate-
rial flows.

The implementation of the “enabling 
function” of bioeconomy governance rather 
requires the creation of a selection environ-
ment that guides decentralized search pro-
cesses towards sustainable wood resources, 
processes and products, e.g. supply chains 
based on recycled material and waste wood. 
Concrete proposals include, for example, 
scaling back the promotion of energy recov-
ery from primary and waste wood (Ludwig 
et  al., 2016a, b). In order to promote cas-
cades of use for biobased raw materials, 
adjustments are required to the circular 
economy legislation, for example in the form 
of a revision of the Waste Wood Ordinance 
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       . Fig. 22.6 The legal framework of  the wood-based bioeconomy. (Source: Own representation)
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or the establishment of separation obliga-
tions, sorting quotas and recycling quotas 
(Ludwig et al., 2016a, b).

Furthermore, policy should specifically 
promote sustainability-enhancing innova-
tions in waste wood use and recycling. It is 
also necessary to review existing forestry, 
agricultural, environmental and trade poli-
cies in terms of their ability to ensure sus-
tainability even in the event of a sharp 
increase in biomass demand. Over time, 
these first steps of “constraining” and 
“enabling” bioeconomy governance can 
help build a “coalition of proponents” that 
supports a more comprehensive transforma-
tion policy mix.

 5 In the long term, the aim should be a 
self-sustaining transformation process 
that sees the advantages of a sustainable 
bioeconomy rewarded on the market 
itself  and meets with sufficient “politi-
cal” and economic demand. Substantial 
steps towards a change of path from a 
fossil-based economy to a sustainable, 
bio-based circular economy require a 
number of important governance condi-
tions:

 5 The state creates stable long-term frame-
work conditions for the development of 
a wood-based bioeconomy. These 
include both the direct promotion of 
innovative applications and technologies 
and the consistent increase in the price 
of fossil competition. In this context, 
coordination with global economic 
developments is just as necessary as 
securing lasting political approval for the 
sustainability transformation.

 5 A learning bioeconomy policy is being 
pursued that specifically takes into 
account the uncertainties of increased 
demand for biomass for energy and 
material uses and attaches great impor-
tance to ensuring the sustainability of 
biobased economic activity (no funding 
“at any price”).

 5 To this end, a clearly contoured, genuine 
policy field of the bioeconomy and a 

consistently developed, corresponding 
bioeconomy law are emerging.

 5 Consumers recognise social added value 
in sustainable bio-based products, artic-
ulate an increased willingness to pay for 
corresponding products and are open to 
innovations. A consistent sustainability- 
related pricing policy, but also communi-
cation and information on the part of 
politicians and companies active in the 
bioeconomy can contribute to this.

 5 Companies seek long-term development 
opportunities, are innovation- and 
quality- oriented, and form political 
coalitions that confront the advocates of 
maintaining “fossil development paths” 
in the political arena as well (and not 
only in markets). In doing so, they focus 
on economic added values that “offer” 
something to society as a “sustainability 
service” rather than “demand” some-
thing from it. Companies integrate value 
chains, in particular by linking material 
and energy uses, for example through the 
cascade principle, and pursue a consis-
tently transparent and active communi-
cation of both risks and consumer 
benefits.
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23.1  Introduction

The bioeconomy is based on the idea of 
applying biological principles and processes 
in all sectors of the economy and to increas-
ingly replace fossil-based raw materials in 
the economy with bio-based resources and 
principles. An innovative and sustainable 
use of bio-based resources in different sec-
tors of the economy (i.e., a bio-based trans-
formation) provides opportunities for 
achieving a number of different Sustainable 
Development Goals (SDGs), which have 
been designed to improve social, economic, 
and ecological living conditions. Particularly, 
this applies to sustainable solutions to cur-
rent climate change risks (De Besi & 
McCormick, 2015). However, recent studies 
emphasize the dependence of a sustainable 
bioeconomy on technical, economic, and 
social prerequisites that the bioeconomy 
itself  cannot create (Pfau et  al., 2014). 
Experts, therefore, increasingly demand the 
development of a comprehensive gover-
nance framework for the bioeconomy to 
ensure the emergence of sustainable bio- 
based transformations (Von Braun & Birner, 
2016; El-Chickakli et al., 2017; 7 Chap. 22).

Previous research on this topic is mostly 
organized around case studies, which focus 
on the governance of selected segments of 
the bioeconomy in individual countries or in 
small samples of countries (Bosman & 
Rotmans, 2016; Purkus et  al., 2015). The 
detailed contribution by Pannicke et al. on 
the governance of the German wood indus-
try may serve as an example (Pannicke et al., 
2015; 7 Chap. 22). However, a broader per-
spective that provides a comparative global 
overview about national bioeconomy poli-
tics is still missing.Overall, we found 41 
states worldwide that currently pursue 
explicit political strategies to expand and 
promote their bioeconomies. In this chapter, 
a systematic overview of 41 of these national 
bioeconomy strategies in existence at the 

time of this research is provided. What types 
of bioeconomies are individual states striv-
ing for? Why does the development of a sus-
tainable bioeconomy require an effective 
governance framework?

Which political means are available to 
states to promote transformations towards 
sustainable bioeconomies, and how do indi-
vidual states design their national bioecon-
omy strategies in order to meet this demand 
for a sustainable governance framework? In 
the following sections, we will address these 
research questions. In doing so, we aim to 
not only develop an overview of national 
bioeconomy policies, but also to develop an 
information tool that enables national and 
international policy makers to learn from 
other countries’ bioeconomic strategies. Our 
considerations rest on a comprehensive 
understanding of the bioeconomy. We dis-
tinguish between four bio-based transfor-
mation paths:
 1. substitution of fossil fuels with bio-based 

raw materials,
 2. productivity increase in bio-based pri-

mary sectors,
 3. increasing efficiency in biomass utiliza-

tion and
 4. value creation and addition through the 

application of biological principles and 
processes separate from large- scale bio-
mass production.

Whether or not the bioeconomic develop-
ment along these four pathways will have a 
positive impact on the achievement of SDGs 
is uncertain. One key challenge is that bio-
based transformations may involve high con-
version costs (Bröring et  al., 2017). Path 
dependencies and economic incentive sys-
tems that stem from the fossil fuel era and 
pre-biotechnological production processes 
might hamper investments in a progressive 
bioeconomy. The question of how politics 
can support the rise of the bioeconomy 
through appropriate political means 
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(enabling governance), therefore, presents 
the first key challenge for the development 
of a sustainable bioeconomy. In principle, 
states have a wide range of different 
 mechanisms at their disposal to promote 
their bioeconomies. These mechanisms may 
include a bio-based research and develop-
ment strategy, enhancing the competitive-
ness of bio- based products through subsidies, 
or implementing awareness- raising cam-
paigns to increase societal participation in 
bio- based transformation including more 
responsible and sustainable consumption.

However, technical progress rarely offers 
only positive opportunities, but usually also 
leads to new risks. This is also the case for 
the bioeconomy. Scholars interested in 
studying the bioeconomy point to goal con-
flicts between SDGs that can result from 
bio-based transformations. Today, the dis-
cussion about conflicting goals goes far 
beyond the original “food versus fuel” 
debate in the field of bioenergy development 
and includes issues such as global equity 
concerns, water scarcity, land degradation 
and land use change. The identification and 
effective political management of conflict-
ing goals, therefore, represents the second 
major challenge for the development of a 
sustainable governance framework for the 
bioeconomy. To address this, a number of 
different public and private governance 
tools exist that states can use to minimize 
tradeoffs and promote synergies in bio- 
based transformation processes (constrain-
ing governance).

However, how do individual states really 
react to these two fundamental governance 
challenges, and which means do they con-
cretely employ to make their bioeconomies 
sustainable? Our results suggest the follow-
ing: today a great number of states have set 
the goal of developing and expanding their 
bioeconomies. Further, states are willing to 
provide comprehensive political support to 

their bioeconomies to achieve this goal. 
Currently, states are highly active in address-
ing the first abovementioned governance 
challenge (enabling governance). On the 
other hand, our results show that the politi-
cal management of conflicting goals has not 
yet reached the same level of attention. Only 
a minority of national bioeconomy strate-
gies even mention the potentially negative 
consequences of bio-based transformations 
for sustainable development, and those 
states that are pursuing a more sustainable 
strategy mostly opt for soft political 
approaches to manage these conflicts. 
Overall, states address the second funda-
mental challenge of developing a sustain-
able bioeconomy (constraining governance) 
to a considerably lesser degree than the first 
challenge (enabling governance).

The chapter consists of two sections: the 
first section lays out the conceptual founda-
tions for our empirical study. We begin with 
a brief  note on the concept of governance. 
Subsequently, we characterize the four dif-
ferent transformation paths along which 
bio-based transformations are likely to pro-
ceed. We then discuss the two key gover-
nance challenges for a sustainable bio-based 
transformation and present a set of key gov-
ernance mechanisms that governments can 
use to support the development of a sustain-
able bioeconomy. Based on this theoretical 
framework, the second section presents our 
empirical analysis of a total of 41 national 
bioeconomy strategies. Here, we show which 
bio-based transformation path (or which 
combination of transformation paths) the 
states follow strategically, which of the gov-
ernance mechanisms specified in the first 
section the states apply to promote their bio-
economies, which goal conflicts they iden-
tify, and how they attempt to regulate them. 
Finally, we summarize the results of the 
study and present perspectives for further 
research.
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336

23

23.2  Coneptual Foundations

23.2.1  A Short Note 
on the Concept 
of Governance

Governance can be understood as the pro-
cess by which societies adapt their rules to 
new challenges (Stone-Sweet, 1999). 
Governance has a substantial dimension 
(what are the rules?), a procedural dimen-
sion (how are the rules developed?) and, 
finally, a structural dimension (the proce-
dural rules and institutions that determine 
rule-making, how the rules are implemented 
and enforced, and how conflicts over rules 
are resolved). Societal adaption of rules to 
new challenges can be spontaneous and 
informal at the level of social relationships 
and networks. However, modern societies 
also delegate governance functions to spe-
cialized institutions, which set and enforce 
the rules in formally organized procedures. 
Such institutions first and foremost include 
the state at local, regional, and national 
level, but may also include inter- and supra-
national organizations, as well as private 
standard setters, which together build an 
interacting and overlapping governance sys-
tem of plural authorities. In this sense, the 
UN Commission has defined the term gov-
ernance as

 » […] the sum of  the many ways individuals 
and institutions, public and private, man-
age their common affairs. It is a continu-
ing process through which conflicting or 
diverse interests may be accommodated 
and co- operative action may be taken. It 
includes formal institutions and regimes 
empowered to enforce compliance, as well 
as informal arrangements that people and 
institutions either have agreed to or per-
ceive to be in their interest […] 
(Commission on Global Governance, 
1995).

23.2.2  The Concept of Four 
Bio-Based Transformation 
Paths

The course and effects of bioeconomic 
transformation processes depend, among 
other aspects, on the development level, 
resources and political system of a given 
state (see . Fig. 23.1).

Transformation processes can be trig-
gered by the interaction of driving forces, 
such as population growth and technologi-
cal innovation, or by political or social 
action. Depending on the country context 
and its interaction with other economies, for 
example in the form of trade and knowledge 
transfer, bioeconomic transformation can 
proceed along one or more of the four paths 
depicted in . Fig. 23.1 with different possi-
ble effects.

 z Transformation Path 1 (TP1)
In the past, this rather intensely researched 
TP has often been triggered by temporarily 
increased oil prices, subsidies, and environ-
mental policies. For example, biofuel poli-
cies in the EU and US have led to increased 
demand for bioenergy, with direct and indi-
rect effects on land use worldwide depend-
ing on land availability and the effectiveness 
of environmental and economic governance 
systems (Ceddia et  al., 2013, 2014; 
Searchinger et al., 2015).

 z Transformation Path 2 (TP2)
If  technological innovation increases pro-
ductivity in agriculture, forestry, or even 
fishing, it can release transformative forces 
that open up new production methods or 
locations. In the past, and globally, accord-
ing to the so-called Borlaug hypothesis, this 
has repeatedly led to an easing in food mar-
kets despite increasing population growth 
(Lobell et al., 2013). However, regional and 
local boosts in agricultural productivity 
have also been shown to increase demand 
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for land in ecological sensitive biomes, 
 leading to losses in globally valued ecosys-
tem services (Ceddia et al., 2014; Angelsen 
& Kaimowitz, 2001).

 z Transformation Pathway 3 (TP3)
Innovation in downstream sectors often 
aims to increase the efficiency of biomass 
use and waste stream recycling. Such inno-
vation can be associated with “rebound 
effects”, i.e., increased demand due to 
improved provision. In the long term, how-
ever, the impact depends on supply dynam-
ics, consumer behavior and the regulatory 
environment (Herring & Roy, 2007; Smeets 
et al., 2014).

 z Transformation Pathway 4 (TP4)
Biological principles and processes can be 
used largely independently of biomass 

streams’ industrial applications, such as in 
the case of enzymatic synthesis and “bio-
mimicry”. Many countries with bioeco-
nomic ambitions have high expectations for 
this knowledge and technology-intensive TP 
(see 7 Sect. 23.2). Corresponding transfor-
mative processes result, inter alia, from pro-
viding cheaper and more environmentally 
friendly production methods or completely 
new products.

The above-mentioned transformation 
pathways can be driven by both production 
(supply) and consumption (demand) 
dynamics. We focus primarily on supply 
side dynamics in this chapter. However, it is 
noteworthy that promoting sustainable 
consumption through regulations and 
incentive systems is one among many of  the 
governance challenges of  the sustainable 
bioeconomy.

Time

Mediators

• Markets and trade
• Knowledge and innovation transfer

Bioeconomy

Economy

Drivers

Underlying:
• Population and   
 economic growth
• Consumer preferences
• Climate change

Proximate:
• Technological   
 innovation
• Policies

Outcomes

Context

• Natural resource endowment
• Infrastructure
• Science and education system

TP1: Fossil fuel substitution

TP2: Boosting primary sector productivity

TP4: Low-bulk & high-value applications

Constraining governance

Enabling governance

       . Fig. 23.1 Conceptual diagram of  transformative pathways in the bioeconomy (developed by the authors)
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23.3  Governing the Bioeconomy: 
Theoretical Framework

23.3.1  Governance to Promote 
Sustainable Bioeconomic 
Dynamics

The four paths of bio-based transformation 
presented in the last section offer opportuni-
ties as well as risks for a sustainable trans-
formation of our existing economic and 
social systems. As shown above, one of the 
major opportunities of a comprehensive 
bio-based transformation is the possibility 
of promoting sustainable growth across eco-
nomic sectors. However, a sustainable bio- 
based transformation cannot be taken for 
granted.

Current literature on bioeconomy repeat-
edly emphasizes the great potential of the 
bioeconomy for sustainable developments 
towards SDG achievement, but simultane-
ously points out that the realization of these 
potentials is facing considerable hurdles. 
Some researchers argue that the path depen-
dence of economic and political develop-
ment is the root cause of the problem (Gawel 
et al., 2016). This means that previous deci-
sions in politics, economics, and society—
taken before the bio-based transformation 
paradigm emerged—have shaped the eco-
nomic system in a way that today hampers 
the development of a bio-based economy 
even though it may bring about significant 
sustainability gains.

First, problems of path dependencies 
may arise from a lack of adaptation of exist-
ing institutional frameworks to the specific 
needs of the bioeconomy. Indeed, the politi-
cal and legal institutions (such as intellec-
tual property rights, consumer protection, 
environmental rights), which govern our 
current economic systems, have developed 
over long periods, during which the techno-
logical possibilities of the current bioecon-
omy were unknown. Given this, the chances 
are high that existing institutions are poorly 

aligned to the institutional demands of a 
rapidly developing and innovative bioecon-
omy. Institutional path dependencies might 
thus lead to a situation in which the bio-
economy faces high regulatory and transac-
tion costs, which, in turn, may prevent the 
transformative dynamics of the bioeconomy 
from unfolding.

Further, problems of path dependency 
occur at the level of industrial organization 
and production. Many existing value chains 
are specialized in an efficient use of fossil- 
based resources and pre-biotechnological 
production processes. The same applies to 
existing infrastructure (transport systems), 
on which these economic activities are 
based. Naturally, this leads to lock-in effects 
(Unruh 2002a, b). Even if  bio-based trans-
formations promise long-term sustainability 
gains for both individual companies and 
society as a whole, companies currently 
avoid incurring the costs of changing their 
organizational structures and methods of 
production towards bio-based processes, 
since under the given conditions such 
changes would still compromise their com-
petiveness. To conclude, it seems that cur-
rent economic systems that have been 
shaped through the utilization of fossil- 
based resources and pre-bioeconomy pro-
duction techniques are not yet able to 
provide the necessary incentives to leverage 
comprehensive bio-based transformations.

Both points have in common that they 
conceptualize path dependency problems as 
problems of economic incentives that ill- 
inform individual economic decisions. From 
these rational choice-based approaches, a 
structural approach can be distinguished. 
From a sociological perspective, both our 
identity and knowledge about the world is 
defined by culture, social norms, and ideol-
ogy and, ultimately, these social structures 
also determine our economic conduct 
(Finnemore, 1996).

Obviously, normative and cognitive 
structures that incrementally manifest in a 
given society are even harder to change than 
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economic incentives. At the level of social 
structures, path-dependency problems limit-
ing bioeconomic dynamics may, therefore, be 
even stronger than at the level of economic 
institutions, organizations and production 
techniques. Misinformation, including lim-
ited knowledge, about the properties of bio-
based products or a conceptual reduction of 
the bioeconomy to risk technologies can 
undermine consumer confidence (a phenom-
enon well known from the debate around 
genetically modified organisms). The bio-
economy has an influence on almost all areas 
of social life. It changes what we eat, how we 
live, how we move, how we dress, and much 
more. Consumption patterns in all these 
areas are deeply rooted in the cultural habits 
of societies and, therefore, extremely difficult 
to change (Bröring et al., 2017).

In conclusion, it can be said that not only 
the economic institutions, organizations, 
and production techniques that evolved in 
the era of fossil resource utilization but also 
the societal structures that developed during 
this period may hamper the emergence of a 
dynamic bioeconomy. Against this back-
ground, it is not surprising that scholars 
interested in bioeconomy research currently 
regard the creation of an appropriate gover-
nance framework that is capable of over-
coming the various path-dependency 
problems as one of the most pressing politi-
cal challenges in the development of a sus-
tainable bioeconomy.

However, which specific governance 
mechanisms can governments use to address 
this challenge? One governance tool, often 
discussed in this context, presents the imple-
mentation of a comprehensive research and 
development strategy to promote invest-
ments in technological innovations whose 
costs and risks private actors are not willing 
to incur under the given conditions (Bosman 
& Rotmans, 2016). Further, political sup-
port measures can aim at increasing the 
competitiveness of bio-based products 
through subsidies, thereby creating markets 
for the bio-economy that do not indepen-

dently develop in the economy (Dabbert 
et al., 2017). Industrial location policies may 
have similar effects (Cooke, 2007). Political 
support measures such as the creation of 
favorable legal frameworks, state-supported 
training of the labor force or the promotion 
of industry clusters are all intended to make 
it more attractive for companies to invest in 
the bioeconomy. This form of political sup-
port for the bioeconomy also includes mea-
sures for strategic international research 
collaborations and foreign direct invest-
ment. Finally, states can promote bio-based 
transformation at a societal level through 
deliberate political campaigns to increase 
the legitimacy and acceptance of the bio-
economy (Bröring et al., 2017).

7 Box 23.1 provides an overview of such 
governance mechanisms that states can use to 
promote bio-based transformative processes. 
In the following empirical section of this 
chapter, this serves as a typology for the pol-
icy instruments that states actually intend to 
use to promote their respective bioeconomies.

Box 23.1 Overview of the means 
for enabling governance
 (I) Promoting research and develop-

ment for a bio-based transforma-
tion

 5 Funding of  research projects
 5 Establishment of  specific 

research facilities
 5 Promotion of  research net-

works and strategic partner-
ships

 5 Promotion of  knowledge and 
technology transfer (science-
praxis-nexus)

 (II) Improving the competitiveness of 
the bioeconomy through subsidies

 5 Quotas for the bioeconomy
 5 Promotion of  bio-based public 

procurement
 5 Promotion of  sustainable con-

sumption behavior
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 5 Tax benefits
 5 Specific credit programs

 (III) Industrial location policies for bio-
based industries

 5 Promotion of  industry clusters 
in the field of  bioeconomy

 5 Promotion of  knowledge and 
technology transfer between 
research and industry

 5 Promotion of  labor education 
in the field

 5 Creation of  appropriate intel-
lectual property rights

 5 Promotion of  foreign direct 
investment (FDI) in the field

 (IV) Political support for bio- based 
social change

 5 Promote public dialogues to 
increase understanding of  the 
functioning of  the bioeconomy

 5 Promote public dialogues on 
technological risks in the field 
of  bio-economics

23.3.2  Governance of Risks 
and Goal Conflicts

The creation of a favorable political frame-
work within which the bioeconomy can 
thrive presents one major governance chal-

lenge. However, political support measures 
alone will not suffice to ensure the develop-
ment of a sustainable bioeconomy. The 
problem is that, as much as the bioeconomy 
can contribute to the achievement of a range 
of different SDGs, it can also undermine the 
achievement of SDGs (Kleinschmit et  al., 
2017; Fritsche & Rösch, 2017). An effective 
political regulation of these conflicting 
objectives presents the second major chal-
lenge for a sustainable governance of the 
bioeconomy.

The concept of bioeconomy rests on the 
idea of applying biological principles and 
processes in all sectors of the economy and 
to increasingly replace fossil-based raw 
materials in the economy with biogenic 
resources. However, the question whether or 
not bioeconomic transformations will either 
lead to more sustainability or produce new 
sustainability risks remains debated. The 
following table (. Fig.  23.2) provides an 
overview of some common aspects of this 
debate.

Both the above-mentioned optimistic 
and critical views on the impact of bioeco-
nomic transformation on SDGs achieve-
ments (. Fig.  23.2) depend strongly on 
assumptions about how and in which con-
texts new bio-based technologies and prin-
ciples will be used. We illustrate this point in 
the following examples.

Poverty/inequality 
(SDG 1, 10)

Increase via higher yields and new 
production methods

Reduction due to food price 
increases

Conserve by improving 
production methods production and overuse

Climate change
(SDG 13)

Mitigate through emissions 
reductions

Exacerbate through direct and 
indirect land use change

Poverty/inequality 
(SDG 1, 10)

Reduce via transfer of 
technology and leapfrogging

Increase via exclusion from 
technical progress

Food security 
(SDG 2)

Health
(SDG 3)

Improve through new and retined 
torms of therapy

Risk/damage through improver 
use of risky technologies

Sustainability Dimension (SDG) Opportunities Risks

Natural resources 
(SDG 7, 14, 15)

       . Fig. 23.2 Frequently mentioned opportunities and risks of  bioeconomic transformation
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 7 Example 1

The EU promotes biofuels with the aim of 
reducing emissions (SDG 13). This can lead 
to a global loss of tropical forests through 
direct and indirect land use change, but also 
to the spread of environmentally hazardous 
and health-threatening production methods 
(which conflicts with SDGs 3, 14, 15). Both 
technological innovation (e.g., improving 
production of biomass at marginal sites with 
higher yields) and governance mechanisms 
(e.g., implementing existing legislation to pre-
vent illegal deforestation or misuse of agro-
chemicals or incentive systems for sustainable 
production) can help alleviate this conflict. 9

 7 Example 2

Developed countries promote bio-based 
applications in chemical or pharmaceutical 
sectors (SDG 3). Due to restrictive patent 
rights and often lengthy and costly licensing 
procedures, the associated benefits accrue 
only to the affluent segment of the world’s 
population. This might create a conflict with 
SDG 10. This conflict could be mitigated by 
innovation transfer, more efficient adminis-
trative structures and a more inclusive patent 
system.

These two examples show how narra-
tives of the bioeconomy that highlight the 
potentially associated risks often assume that 
regulations constraining the bioeconomy are 
ineffective, or that existing technologies and 
processes that might be able to increase the 
efficiency of the bioeconomy remain inac-
cessible. On the other hand, perspectives 
that highlight the opportunities inherent in 
bioeconomic developments assume that effi-
cient biotechnologies will evolve and diffuse 
and that appropriate governance frameworks 
can be set up to regulate the remaining poten-
tially negative effects of the bioeconomy.

The political support measures that 
enable the evolution and diffusion of efficient 
biotechnologies have been discussed above 
(enabling governance). In the following, we 
focus on the question of what states can do 

to constrain economic activities related to the 
bioeconomy where necessary (constraining 
governance). Looking into this issue of regu-
lating the bioeconomy, it strikes us that vari-
ous governments and non-government actors 
have already developed a variety of rules to 
govern bioeconomic activities in different 
areas of the bioeconomy. For example, multi- 
stakeholder initiatives such as the Global 
Bioenergy Partnership or the United Nations 
Voluntary Guidelines on the Responsible 
Governance of Tenure, Land, Fisheries, and 
Forests in the Context of National Food 
Security both aim to ensure the priority of 
the right to food in the bioeconomy to pre-
vent land grabbing. Other examples include 
the International Draft Standard DIN EN 
ISO 14046: 2015–11, which sets out guide-
lines for determining the water footprint of 
products based on a life cycle assessment, or 
the United Nations Convention on Biological 
Diversity, which aims to connect the bioecon-
omy to conservation initiatives.

Given this relatively well-developed 
normative basis, the central challenges in 
developing an effective regulatory frame-
work for the bioeconomy clearly emerge in 
the later stages of the governance cycle, i.e., 
in the implementation and enforcement of 
the existing rules (Förster et  al., 2017). The 
 adoption of regulations into state legisla-
tion is one possibility, but it presupposes 
the existence of functioning state enforce-
ment mechanisms, which do not exist in 
many emerging and developing countries. 
In addition, state regulations operate only 
within the territory of a state, but they have 
no reach to regulate cross-border economic 
processes, and they have less influence again 
on global economic dynamics, both of which 
are becoming increasingly important in the 
global bioeconomy. An expansion of inter-
national law might provide a solution, but is 
itself  subject to major compliance problems 
due to the absence of an authority beyond 
the individual states that could enforce com-
pliance with international law (Dietz, 2014). 
Of course, states can refrain from a pure legal 
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enforcement logic and create positive incen-
tives to regulate a global bioeconomy (e.g., 
payment for ecosystem services (Börner et al., 
2017)), and support softer instruments, such 
as private standards and certification systems 
along global value chains (Auld et al., 2009).

Ultimately, an effective form of regula-
tion for the bioeconomy can only be created 
through the use of a combination of different 
public and private mechanisms. We summa-
rize the individual regulatory approaches that 
states may support to achieve this goal in 
7 Box 23.2 below. 9

Box 23.2 Overview of regulatory 
mechanisms
 (I) State regulation of  the bioeconomy
 (II) Governmental development of 

positive incentives (e.g., payments 
for environmental services)

 (III) Government support for private 
standards and certifications

 (IV) International cooperation (through 
international organizations and 
regimes)

23.4  Methods

We conducted a qualitative document anal-
ysis (Mayring, 1991) of national bioecon-
omy strategy documents using ATLAS.TI 
software. We provide an overview of the 
countries and documents analyzed in 
Appendix A at the end of this article. The 
tables above (7 Boxes 23.1 and 23.2; 
. Figs. 23.1 and 23.2) served as a codebook 
guiding the systematic coding of the strat-
egy documents. We have used 7 Box 23.1 as 
providing the themes to analyze the enabling 
governance means for achieving national 
development goals as well as contributing to 
addressing selected global sustainability 
goals contained in . Fig. 23.2. 7 Box 23.2 
serves as a heuristic conceptual overview of 
possible regulatory mechanisms grouped 

into four (I–IV) dimensions. The methods 
used draw mainly upon techniques of quali-
tative content analysis (Labuschagne, 2003). 
The analytic procedure entailed selecting 
and appraising passages contained within 
the policy documents with regard to the 
themes of the codebook and connecting 
them to other lines, quotations about politi-
cal means chosen to address a certain issue. 
This, for example, is related to the finding of 
anticipated negative impacts of implement-
ing the bioeconomy policy on land and 
water resources and the governance means 
chosen to address them. Such document 
analysis yielded data in the form of excerpts, 
quotations, or entire passages chosen 
according to the major themes and catego-
ries from the codebook (Wild et al., 2009).

23.5  Results

Having laid out our preferred indicators to 
distinguish and classify national strategies, 
in this section we now discuss our findings 
from the empirical analysis of national bio-
economy strategies. Specifically, our empiri-
cal analysis of 41 different national 
bioeconomy strategies aims to contribute to 
answering the following three questions:
 1. Type of bioeconomy: Which of the four 

bio-based transformation pathways or 
combinations of transformation paths 
are individual countries pursuing in their 
strategies?

 2. Enabling governance: Which means of 
governance do countries employ in their 
political strategies to overcome problems 
of path dependencies in the development 
of a sustainable bioeconomy?

 3. Constraining governance: Which goal 
conflicts in the development of a sustain-
able bioeconomy have the individual 
countries identified in their strategies, 
and which political means have the indi-
vidual strategies used to regulate these 
goal conflicts and reduce resulting risks?
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23.5.1  Type of Bioeconomy

Practically all countries with explicit bio-
economy strategies aim to foster transfor-
mation processes along at least two of the 
pathways outlined in . Fig. 23.3. In coun-
tries that explicitly envision only two trans-
formation pathways, particular emphasis is 
often placed on the efficient provision of 
biomass for TP1, both domestically and for 
trading partners, as in the case of Brazil.

By contrast, the majority of industrial 
nations, as well as some emerging econo-
mies, envisage or currently implement more 
diversified strategies along all four TPs. In 
the majority of cases, the selection of and 
focus on individual TPs in the examined 
strategies reflects three aspects: the respec-
tive resource availability of the countries 
(e.g., availability or scarcity of agricultural 
area); historically developed pioneering 
roles in special technology and research 
areas (e.g., biotechnology); or country- 
specific development deficits to be overcome. 
For example, the German bioeconomy strat-
egy specifically focuses on applications in 
the field of recycling waste streams and the 

more efficient or cascading use of biomass 
(TP2). In turn, China’s bioeconomy strategy 
relies strongly on bio-based substitution of 
fuels and materials (TP1).

23.5.2  Strategies to Enable 
the Bioeconomy

How do the individual states intend to pro-
mote their bioeconomies politically, and 
what concrete political means do they use 
to do so? In this context, . Fig. 23.4 below 
shows the intentions of  the individual states 
to provide political support to their bio-
economies. In . Fig.  23.2 of  our concep-
tual framework, we distinguished between 
four political support measures that states 
can draw upon in promoting their bioecon-
omies. Our analysis of  these national strat-
egies is based on those categories, and 
reveals that the individual states are indeed 
intensively using all these means to strategi-
cally promote the development of  their 
 bioeconomies.

It becomes clear that almost all states 
with an explicit bioeconomy strategy rely on 

TwoTP
No strategy

Three TP
Four TP

       . Fig. 23.3 Transformative pathways by country
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at least three of the political support 
 measures identified, and the majority of 
states even deploy all four measures men-
tioned above. In other words, they pursue a 
targeted research and development strategy 
for bio-based transformation and want to 
improve the competitiveness of their bio-
economy through subsidies. In addition, 
many countries pursue active industry loca-
tion policies aimed at improving the overall 
conditions for bio-based industries, and 
plan to improve the acceptance of the bio-
economy through education and other 
capacity-building and awareness-raising 
campaigns. Thus far, we can state that many 
countries with bioeconomic ambitions 
declare comprehensive bioeconomies as a 
strategic political goal (see . Fig. 23.2) and 
are prepared to intensively promote this 
development politically (see . Fig.  23.3). 
Overall, this suggests that the bio-based 
transformation may gain momentum in the 
coming years.

23.5.3  How Do States Regulate 
Their Bioeconomies?

The complex task of creating expedient regu-
latory measures for managing conflicting 
interests throughout the development of a 
bioeconomy is the second governance chal-
lenge. . Figure  23.5 shows the extent to 
which national bioeconomy strategies give 
political answers to the risks and potentially 
related goal conflicts mentioned in . Fig. 23.2 
above.

Most national strategies pay little or no 
attention to risks and goal conflicts (26 out 
of 41 states). This includes countries with 
potentially large bioeconomies, such as the 
USA, Russia, Brazil, and Argentina. In con-
trast, China and a few African states explic-
itly recognize the need to manage risks as a 
crucial political challenge in shaping a sus-
tainable bioeconomy. Overall, European 
states show the highest political sensitivity 
to potential risks and goal conflicts.

Two support mechanisms
No strategy

Three support mechanisms
Four support mechanisms

       . Fig. 23.4 Enabling policy means in national bioeconomy strategies
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. Figure  23.6 compares the identifica-
tion of conflicting goals in national strate-
gies. It shows that states are particularly 
concerned with negative impacts of the bio-

economy on land and water resources, as 
well as on global food security. This reflects 
the discourses about the sustainability risks 
associated with the first generation of biofu-

No strategy

       . Fig. 23.5 Anticipated risks in national strategy documents of  41 countries

       . Fig. 23.6 Overview of  conflicting goals and associated risks identified in national bioeconomy strategies
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els. Other negative effects potentially associ-
ated with the bioeconomy, such as inequality 
and poverty, climate, or health risks, have 
only played a minor role in national strate-
gies so far.

Our content analysis also shows that 
states rely heavily on soft regulatory means, 
such as self-regulation of global value chains 
through private standards and certification 
regimes, to manage bioeconomy-related 
risks. In addition, most states advocating 
more comprehensive regulation to avoid 
conflicting goals (as in the case of Germany) 
aim to intensify international cooperation in 
this field. Despite this, the need to react to 
bioeconomic conflicts of interest by means 
of concrete legislative amendments was not 
a central focus of the national bioeconomy 
strategies examined. Our analysis also does 
not reveal a broad willingness of countries 
with bioeconomy strategies to safeguard the 
protection of natural resources through the 
development of positive incentives, such as 
the widely discussed instrument of pay-
ments for ecosystem services (Labuschagne, 
2003).

23.5.4  Regional Developments

The last sections have provided a global 
overview of national bioeconomy strategies. 
In the following, we complement this view 
by a short regional assessment. In doing so, 
it becomes clear from the various figures 
and maps presented above, that European 
states have developed the most advanced 
sustainable bioeconomy strategies, notably 
the UK and Germany. These results reflect 
the role of the European Union as an active 
partner in promoting bioeconomic transfor-
mations. It strikes us that most Eastern 
European Countries are, so far, absent from 
these developments. Despite the fact that 
compared to other regions European coun-
tries have developed the most advanced bio-
economy strategies, in Europe a substantial 

governance gap still exists between promot-
ing and regulating the bioeconomy.

The Western Hemisphere presents a fur-
ther world region in which most individual 
states are currently advancing comprehen-
sive bioeconomy strategies. Different from 
the European bioeconomy strategies, which 
have at least partly integrated some mea-
sures to regulate the bioeconomy, regulatory 
aspects that deal with potential sustainabil-
ity risks associated with the rise of the bio-
economy are almost completely absent in 
the strategies drafted by countries located in 
the Western Hemisphere. The gap between 
promoting and regulating the bioeconomy 
is, therefore, even greater here than in 
Europe. Overall, our results make clear that 
both North and South American countries 
are currently undertaking significant efforts 
to enhance their bioeconomic sectors.

Again, a different picture emerges in 
Asia and Australia. In this region, we find 
many states—especially major states such as 
China, India, Russia, and Australia—that 
have adopted advanced bioeconomy strate-
gies. However, we also find a significant 
number of states without explicit bioecon-
omy strategies. Different from the states 
located in the Western Hemisphere, among 
the Asian states at least two states (China 
and Thailand) pay some attention to the 
sustainability risks associated with a rise of 
the bioeconomy.

In Africa, we find the smallest share of 
countries with bioeconomy strategies. 
Nevertheless, the countries located in the 
southern parts of Africa show with their 
strategies that they see very large potential 
in the bioeconomy to foster their economic 
developments in a sustainable way. Among 
these countries, South Africa and 
Mozambique stand out in having developed 
the most advanced bioeconomy strategies. 
They also include some regulatory aspects. 
Overall, there is still very large potential for 
African states to develop more explicit bio-
economy strategies.
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23.6  Perspectives

Summarizing the results of our analysis, it is 
evident that many countries seek to develop 
and expand their bioeconomies. In order to 
achieve this, states are willing to support 
their bioeconomies through comprehensive 
political means. It is also clear that countries 
around the world have embraced the first 
major governance challenge of enabling bio- 
based transformation. However, the second 
challenge of deploying political means to 
address the potential risks and goal conflicts 
of bio-based transformation does not 
appear to be wholeheartedly addressed. 
Only a minority of states even mentioned 
the potentially negative implications of bio- 
based transformation for sustainable devel-
opment. Those states pursuing 
comprehensive strategies rely largely on soft 
political means of risk mitigation and con-
flict management.

The notion of governance includes the 
process of how societies adapt their rules to 
new challenges (Stone-Sweet, 1999). In this 
article, we explored the question of how 
nation- states globally aim to adapt their rule 
systems to the governance challenges associ-
ated with an emerging bioeconomy. This 
raises further questions: why are the respec-
tive national strategies different? How effec-
tively do individual states implement their 
strategies? What are the real impacts on 
SDG achievement that follow when states 
implement their bioeconomy strategies? In 
conclusion, it can be said that national gov-
ernments widely regard the development of 
a modern bioeconomy as a central strategy 
to promote their economies and to ensure 
sustainable development worldwide. 
However, to achieve these goals, national 
bioeconomies need an effective and globally 
coordinated governance framework. Future 
research should contribute to identifying 
key ingredients of such a framework and 
support their effective implementation, for 
example by documenting implementation 

processes and outcomes in all relevant sus-
tainability dimensions.

A prerequisite for creating effective gov-
ernance arrangements is the development of 
comprehensive approaches for measuring 
and assessing the bioeconomy (Wesseler & 
von Braun, 2017). Inadequate monitoring 
and a lack of impact assessment could oth-
erwise lead to over- or under-regulation of 
the bioeconomy. The risks associated with 
the business-as-usual scenario of a fossil- 
fuel- based future global economy must be 
confronted with the bioeconomy-specific 
risks in order to comprehensively assess 
risks and conflicting goals (Wild et  al., 
2009). This exceeds the scope of this chap-
ter, but we strongly emphasize the need to 
investigate these issues in future research.
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24.1  Introduction

With the publication of the study “The 
Limits to Growth” (Meadows et  al., 1972) 
by the Club of Rome in 1972, the finiteness 
of fossil and other non-renewable resources 
was brought to public attention. The study 
played a major role in the strengthening of 
the environmental movement in Germany 
and worldwide. The discussion about the 
finiteness of resources was taken up in the 
1980s in the so-called Brundtland Report of 
the UN Commission on Environment and 
Development, which impressively formu-
lated the goal of sustainable development 
(WCED, 1987): The possibilities of future 
generations to satisfy their needs must not 
be restricted by the present generation. At 
the 1992 UN Conference in Rio, sustainabil-
ity was recognised as a political goal by 
almost all the countries of the world, and at 
the follow-up conference Rio+20 it was 
underpinned by concrete sustainability 
goals, the Sustainable Development Goals 
(SDGs). An economy based essentially on 
fossil raw materials and other non- renewable 
resources  – as is currently still the case 
worldwide – is not sustainable because there 
is no guarantee that future generations will 
have sufficient resources at their disposal.

The vision of the bioeconomy is to trans-
form the economy, which up to now has 
been based to a large extent on fossil raw 
materials, into a market economy in which 
fossil resources are replaced by renewable 
raw materials. Other non-renewable 
resources are also to give way to renewable 
resources as far as possible. In this respect, a 
bioeconomy is the necessary prerequisite 
and basis for any economy oriented towards 
the goal of sustainability (7 Chap. 1) or, to 
put it bluntly: a sustainable economy is 
forced to become a bioeconomy. At the same 
time, there is a risk that biomass cultivation 
in its practical implementation will have 
negative side-effects, for example with 
regard to ecology or the food security of the 
population.

In view of the promises, but also the 
practical difficulties and problems of a bio-
economy, this chapter takes a closer look at 
the relationship between sustainability and 
the bioeconomy. To this end, the often inad-
equately specified concept of sustainability 
is first explained in more detail (7 Sect. 
24.2). The idea of sustainability is then 
placed in relation to the concept of the bio-
economy and core ideas of sustainable man-
agement using biogenic resources are 
outlined (7 Sect. 24.3). Selected UN 
Sustainable Development Goals are then 
used to highlight key points of contact 
between the bioeconomy and the concept of 
sustainability (7 Sect. 24.4) and, on this 
basis, to outline key challenges for a sustain-
able bioeconomy (7 Sect. 24.5). The chap-
ter concludes with a brief  outlook on the 
necessary steps towards a transformation to 
a bioeconomy and the roles of the various 
relevant actors (7 Sect. 24.6).

24.2  What Is Meant by 
Sustainability?

The concept of sustainability originally 
comes from forestry. In 1713, Hans-Carl von 
Carlowitz formulated the principle of sus-
tainability for the first time in his book 
“Sylvicultura oeconomica – Anweisung zur 
wilden Baumzucht” (“Sylvicultura oeco-
nomica – Instructions for wild tree cultiva-
tion”), stating that no more of a renewable 
resource may be harvested than will grow 
back in order to be able to use it in the long 
term (Grober, 2012). This principle of 
Carlowitz can be transferred to the entire 
biomass production. The basic idea is imme-
diately obvious and can be substantiated by 
resource economic considerations and mod-
els (e.g. Fisher, 1981).

The principle is generally accepted. If it is 
taken into account, renewable resources can 
be used indefinitely. This is why it is stated in 
the Federal Government’s sustainability 
strategy under the heading “Preserving the 
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natural foundations of life” (Bundesregierung, 
2018, p. 51):

 » Non-renewable natural resources (such as 
mineral resources or fossil fuels) shall be 
used as sparingly as possible. Renewable 
resources shall replace the use of  non- 
renewable resources to the extent that this 
reduces the environmental impact and this 
use is also sustainable in all aspects.

This could be understood as a programme 
for a bioeconomy. However, it also suggests 
that there are probably other aspects of  sus-
tainability that also need to be taken into 
account.In fact, in the current discussion 
the term sustainability is used in a much 
broader meaning compared to Carlowitz’s 
formulation. In the aforementioned final 
report of  the World Commission for 
Environment and Development (WCED) 
(WCED, 1987), sustainability  – or as it is 
called there “sustainable development” – is 
formulated as a principle of  justice (WCED, 
1987, p. 43):

 » Sustainable development is development 
that meets the needs of  the present with-
out risking that future generations will not 
be able to meet their own needs. Two key 
concepts are important:  – the notion of 
‘needs’, especially the basic needs of  the 
world’s poorest, which should have the 
overwhelming priority; and  – the notion 
of  the constraint that the state of  technol-
ogy and social organisation places on the 
ability of  the environment to meet present 
and future needs.

There are many other attempts to clarify 
and define the concept of sustainability, 
which we will not go into here (but cf. 
Klauer, 1999). They certainly differ in detail, 
but agree on some central aspects (Klauer 
et al., 2017). These include in particular
 1. the understanding of sustainability that 

our way of doing business must not be at 
the expense of future generations and at 
the expense of the global South (sustain-

ability as a principle of “intra- and inter-
generational justice”) and

 2. the conviction that sustainability requires 
us to take a long-term perspective and to 
include effects of our current actions 
that will only have an impact far into the 
future.

24.3  Bioeconomy as a Building 
Block for Sustainability

Every economy is based on resources: with 
the help of labour and capital, raw materials 
are transformed into goods that serve to sat-
isfy people’s needs. How can we manage to 
operate today in such a way that future gen-
erations also have the opportunity to satisfy 
their needs, as called for in the Brundtland 
Report’s definition of sustainability? Three 
answers: First, nature and the environment 
must not be destroyed. Second, the produc-
tive forces must be preserved. And thirdly, 
resources  – mineral resources and natural 
capital – must be used in such a way that it is 
possible to continue doing so in the long 
term. The demand for a sustainable bio-
economy focuses on this third demand with-
out, of course, ignoring the other two.

An obvious, promising and yet at the 
same time utopian idea is to reuse the mate-
rials in the economy again and again, to lead 
them in a circle. Raw materials become 
goods that become waste after use, but can 
then be reused after processing if  necessary. 
Such an ideal circular economy needs no 
new raw materials and produces no waste. It 
is driven solely by the energy of the sun and 
the ideas of people.

In the practice of a circular economy, 
however, numerous problems and difficulties 
arise. Waste can hardly be 100% recycled. In 
fact, goods wear out and materials mix 
inseparably. 100% recycling is often not only 
economically challenging, but also techni-
cally unfeasible in many cases. Non- 
renewable resources such as some minerals, 
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metals or rare earths etc. must – at least at 
present – be added to our economic system, 
even with the most advanced technology.

If  new resources are always needed – to a 
certain extent – a sustainable economic sys-
tem is only possible if  the resources used are 
renewable. This idea can be seen as the start-
ing point of the bioeconomy concept. In 
contrast to the circular economy, the bio-
economy focuses on a comparatively simple, 
manageable aspect  – although this too 
involves a radical transformation of the 
existing economic system: the replacement 
of non-renewable resources, and in particu-
lar fossil resources, with biomass. Biomass is 
a renewable resource because it can be con-
stantly recreated with solar energy through 
photosynthesis. It serves as a resource in 
many ways – on the one hand as a supplier 
of energy, where combustion produces as 
much CO2 as was bound from the atmo-
sphere when it was created, and on the other 
hand as a diverse supplier of raw materials 
in the form of food, wood and other fibrous 
materials, basic material for the chemical 
industry, to name just a few of the most 
important uses.

24.4  Key Sustainability Dimension 
of the Bioeconomy

It is certainly true for a sustainable bioecon-
omy that Carlowitz’s principle of sustain-
ability must be observed, namely that no 
more biomass may be consumed than will 
grow back again. However, this alone does 
not guarantee a sustainable bioeconomy. It 
is true that a bioeconomy understood in this 
way could, under certain circumstances, 
trigger positive distribution effects globally 
(and thus contribute to intragenerational 
justice; Foust et  al., 2015) and create a 
resource base that would not be limited by 
the finite nature of fossil resources. However, 
this would ignore ecological and social risks 
associated with biomass production and 

desires to use ecosystems that do not make 
substantial contributions to the bioeconomy 
but nevertheless provide important ecosys-
tem services.

In order to get a comprehensive idea of 
the various intersections of the concepts of 
bioeconomy and sustainability, a rough 
sorting of these reference points along the 
UN Sustainable Development Goals is help-
ful (El-Chichakli et  al., 2016; Issa et  al., 
2019; Zeug et al., 2019). These goals can be 
understood as a concretisation of the afore-
mentioned abstract sustainability definition 
of the Brundtland Report, which were elab-
orated and adopted by the international 
community in the context of the Rio 
Conference on Environment and 
Development in 1992 and the subsequent 
process that continues to this day. According 
to Zeug et al. (2019), the following SDGs in 
particular refer to relevant sustainability 
dimensions of the bioeconomy:

 5 SDG 2 – Food security: In the context of 
the “food vs. fuel” debate, there is con-
troversy about the extent to which the 
increased cultivation of biomass for 
(among other things) the production of 
bio-based fuels is causing a shortage of 
land for food production. The resulting 
increases in food prices could pose an 
existential threat to low-income house-
holds. On the other hand, opportunities 
arise for improving food security in 
developing countries, among other 
things because rising agricultural prices 
enable income growth for agricultural 
producers, or because the development 
and distribution of modern bioenergy 
technologies open up possibilities for 
cooling food or improving irrigation 
(Lynd & Woods, 2011; Foust et al., 2015). 
Biotechnological processes can also help 
to substantially increase the efficiency of 
crop growth and thus provide additional 
food without increasing land use (South 
et al., 2019). The trade-off addressed here 
is complicated by the fact that positive 
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impacts on food security observed on a 
global average (Bureau & Swinnen, 2018) 
do not preclude serious local deteriora-
tions in this regard. This is particularly 
the case in urban contexts, where people 
face rising food prices but at the same 
time do not experience income improve-
ments if  they do not produce and sell 
food themselves (Osseweijer et al., 2015).

 5 SDG 3 – Healthy Living: The expansion 
of bioenergy sources and technologies is 
associated with the hope of replacing 
traditional forms of biomass use, which 
are associated with significant indoor 
pollution and consequent ill health 
(burning wood, coal or dung in open 
fires) (Pratiti et  al., 2020). Significant 
health opportunities are also attributed 
to increasing opportunities for parental 
care of infants and young children when 
the requirement for time-consuming col-
lection of traditional fuels is eliminated 
(Foust et  al., 2015). In addition, health 
opportunities from the development of 
new medicines and therapies based on 
biotechnological processes are high-
lighted as potentials of the bioeconomy 
(Larroche et  al., 2016). The spread of 
multi-resistant bacteria, for example, can 
be contained much more effectively than 
in the past with the aid of genome 
sequencing (Marks, 2017).

 5 SDG 7 – Energy for all: The substitution 
of traditional forms of bioenergy use is 
also a goal in itself  if  it can improve the 
security of supply and affordability of 
energy. The achievement of this goal in 
turn has a positive impact on other sus-
tainability goals. For example, the 
reduced need to collect traditional bio-
energy sources can expand educational 
opportunities and increase the security 
of children and young women who often 
carry this responsibility (Sudhakara 
Reddy & Nathan, 2013). Also mentioned 
earlier are potential improvements in 
food security through energy-based food 

refrigeration or expanded irrigation 
opportunities.

 5 SDG 8/9 – Growth, industry, innovation: 
In addition to the circular economy and 
green economy approaches, the bioecon-
omy is equally understood as a concep-
tual framework for an economic system 
that is not limited to ecological sustain-
ability through sufficiency (D’Amato 
et al., 2017). To the extent that biological 
innovations not only enable more 
resource-efficient economic activities but 
also generate additional income, they 
also tend to have a positive impact on a 
range of social sustainability aspects 
(health/life expectancy, education) (e.g. 
Ulas & Keskin, 2017; Bechtel, 2018). 
Biological innovations can also be an 
important component in shaping a sus-
tainable industry that is resource- efficient 
as well as based on renewable resources 
and provides high-quality employment 
opportunities (e.g. Pätäri et  al., 2016; 
Pyka, 2017).

 5 SDG 13  – Climate change: From an 
environmental perspective, the substitu-
tion of fossil energy sources is particu-
larly relevant with regard to the 
associated opportunities for reducing 
greenhouse gas emissions. In the petro-
chemical industry, for example, a sub-
stantial reduction in energy consumption 
is possible through the substitution of 
fossil oil with biological raw materials, 
because on this basis certain chemical 
conversion processes are easier to man-
age, and further processing often requires 
lower temperatures and pressures (Burk 
& van Dien, 2016). In addition to con-
serving fossil greenhouse gas sinks, the 
cultivation of biomass in combination 
with CCS technologies can contribute to 
the reduction of greenhouse gases in the 
atmosphere (Fridahl & Lehtveer, 2018). 
On the other hand, expanding biomass 
production to areas with high GHG 
stocks (e.g. peatlands or forests) comes 
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with the risk of increasing emissions, at 
least in the short and medium term 
(Searchinger et al., 2018; Norton et al., 
2019). The use of energy-intensive 
 mineral fertilisers for the cultivation of 
bioenergy crops can also affect the green-
house gas balance of bioenergy.

 5 SDG 14, 15  – Aquatic and terrestrial 
ecosystems: Increased cultivation of bio-
mass in the form of intensive agricul-
ture  – i.e. using monocultures, heavy 
machinery, mineral fertilisers, pesti-
cides – threatens to increase the associ-
ated risks to soils and water bodies. 
These include soil degradation including 
compaction, erosion, reduction of biodi-
versity, local aggravations of water scar-
city, among others, through further 
pollution of ground, surface, coastal and 
marine waters (Karp et al., 2017; Kluts 
et al., 2017). On the other hand, exten-
sive land management with selected bio-
energy crops (e.g. permanent grass) 
enables qualitative improvements of eco-
systems, for example by absorbing salts 
and heavy metals from degraded soils 
(Osseweijer et  al., 2015). In addition, 
biotechnological innovations can help to 
reduce the need for synthetic fertilisers 
and pesticides, which contributes to the 
reduction of fugitive emissions into 
water bodies. For example, plants can be 
modified to absorb more nitrogen from 
the air, which can reduce the application 
of additional fertilisers (Oldroyd & 
Dixon, 2014).

Beyond the sustainability dimensions of the 
bioeconomy presented here in rudimentary 
form, broader sustainability references can 
be made (Issa et al., 2019; Zeug et al., 2019). 
Given the fundamental importance of the 
concept for the transformation of the eco-
nomic system, this is not surprising. 
Assessing the relationship between the bio-
economy and sustainability thus poses a 
multi-layered challenge and implies an anal-
ysis based on a variety of social, economic 

and environmental criteria that go far 
beyond the principle of limiting biomass 
consumption to the renewable potential.

24.5  Discourses and Challenges 
for a Sustainable 
Bioeconomy

The complex relationships between the con-
cept of the bioeconomy and sustainable 
development described above are probably 
one reason why there are competing dis-
courses on the sustainability contribution of 
“the” bioeconomy (Pfau et al., 2014; Bugge 
et  al., 2016; Hausknost et  al., 2017; 
Ramcilovic- Suominen & Pülzl, 2018). An 
extreme point here is the view that a bio-
economy is per se more sustainable than a 
business-as-usual scenario due to the substi-
tution of non-renewable resources. This per-
spective primarily focuses on the lack of 
intergenerational equity of the overuse of 
fossil energy sources, including the associ-
ated climate impacts. At the other extreme is 
the position that the bioeconomy merely 
serves as an ecological façade for the con-
ventional logic of growth and competition, 
and also promotes unsustainable lifestyles 
and consumption patterns by exacerbating 
the overexploitation of nature. It is often 
assumed here that a massive expansion of 
biomass production comes at the expense of 
species- and carbon-rich land and forest 
areas.

A mediating perspective on the bioecon-
omy is provided by approaches that grant 
the concept extensive opportunities in terms 
of a more resource-efficient way of doing 
business, but address the associated risks and 
then attempt to minimise them. In this con-
text, the bioeconomy has no fixed contours, 
but rather takes shape through the process 
of balancing opportunities and risks.

What a sustainable bioeconomy looks 
like in concrete terms is therefore not easy to 
answer. The high complexity of the subject 
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matter and the aforementioned interactions 
between the various dimensions of sustain-
ability pose a major challenge in the selec-
tion and design of concrete measures. The 
fact that the bioeconomy has an impact on 
numerous different sustainability dimen-
sions entails the risk of conflicting goals. In 
other words, it is possible that progress in 
one sustainability dimension is bought by 
shifting (unsustainable) resource use to 
another sustainability dimension (Purkus, 
2016). A prominent example of this is the 
potential climate change mitigation contri-
bution from fossil fuel substitution, which, 
however, comes at the risk of consuming 
other types of non-renewable resources, 
such as the reduction of biodiversity due to 
increased land use by energy crops 
(Immerzeel et al., 2014; Hof et al., 2018).

Secondly, the design of a sustainable bio-
economy is confronted with the challenge 
that sustainability-related conflicts of objec-
tives often occur at different scales and, 
moreover, affect non-substitutable goods. 
For example, it is difficult to answer the 
question which greenhouse gas savings from 
the increased cultivation of biomass out-
weigh a certain loss of biodiversity.

Thirdly, bioeconomy policies face the 
challenge of high uncertainties with regard 
to the consequences of the chosen measures. 
In many cases, it is not possible to determine 
with sufficient certainty or at reasonable 
cost, let alone predict, what effects an 
increased demand for biogenic resources 
will have on food prices or indirect land use, 
for example.

24.6  Outlook

As a building block of sustainability trans-
formation, a bioeconomy policy should 
therefore first identify and implement no- 
and low-regret measures whose consequences 
are manageable and justifiable. These 
include, in particular, the use of biological 

waste and residues and the exploitation of 
efficiency potentials in the economic sectors 
concerned. If  the use of biomass for materi-
als or energy is to be expanded beyond this, 
cross-sectoral and, if  necessary, cross- 
national ecological and social guard rails are 
required to ensure positive contributions to 
sustainability (Gawel et  al., 2019). Due to 
the uncertainties mentioned, a step-by-step 
approach is recommended, in which the 
consequences of policy actions are regularly 
reviewed and the corresponding regulations 
are readjusted if  necessary (Purkus, 2016).

The key actors for establishing a sustain-
able bioeconomy are companies, politics 
and civil society: companies must expand 
their research and development efforts in 
order to make cost-effective biobased sub-
stitutes available and to close resource cycles 
(use of production waste or recyclates). This 
applies in particular to resource-intensive 
sectors such as energy production, construc-
tion, chemicals, transport and agriculture. It 
is the task of policy-makers to ensure that 
bio-based products also reflect the environ-
mental and social costs of their production. 
The same applies, of course, to fossil-based 
alternatives, as otherwise bio-based prod-
ucts will be even less competitive in the mar-
kets than they have been to date. In addition, 
politicians  – together with NGOs  – are 
called upon to embed the concept of the 
bioeconomy more firmly in society and to 
promote acceptance of the transformation. 
Finally, civil society has the task of develop-
ing and expressing “demand” for a sustain-
able bioeconomy policy and for ecologically 
and socially “true prices”. Changing con-
sumer behaviour alone, on the other hand, 
will have only limited effect, since in the 
absence of comprehensive social and eco-
logical product standards the choice of sus-
tainable products is hampered by the 
complexity of environmental and social 
impacts. At the same time, the additional 
costs of such individual consumption behav-
iour would burden the part of society that 
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participates voluntarily, whereas the remain-
ing consumers would be spared (free-rider 
problem). Overall, therefore, there is a need 
for comprehensive participation and coop-
eration between a large number of social 
actors. Approaches to formulating joint 
positions in the form of the European 
Bioeconomy Stakeholders Manifesto there-
fore point in the right direction.

From a structural point of view, it should 
be noted that contributions of the bioecon-
omy to sustainability – just like other econom-
ically relevant sustainability efforts – require 
an efficient and internationally coordinated 
approach. Inefficient transformation strate-
gies, particularly on the basis of regulatory 
measures such as quotas for bio-based raw 
materials or products, can significantly 
increase the costs of bioeconomy policy and 
thus jeopardise the acceptance of potential 
sustainability contributions in society. Instead, 
there is a need for efficient control with the aid 
of directly price-controlling instruments 
(tradable usage rights, levies) that ensure a 
cost-minimising adaptation path. Ensuring 
acceptance also requires the international 
competitiveness of the economy to be taken 
into account. An internationally coordinated 
approach offers, among other things, oppor-
tunities for a broader and thus more rapid 
innovation process, through which the costs 
of the transformation towards a sustainable 
bioeconomy can be reduced.

Finally, with regard to the relationship 
between the bioeconomy and sustainability, 
it should also be noted that certain technol-
ogies or principles of the bioeconomy 
(genetic engineering, synthetic biology) raise 
ethical questions that may refer to sustain-
ability aspects beyond the SDGs. For exam-
ple, one can ask to what extent the 
implementation of the SDGs constitute 
progress in terms of sustainability (or guar-
antee sustainability) if  it is not foreseeable 
whether fundamental risks to the preserva-
tion of human life arise from the methods 
used in the process (Hoffmann, 2019). A fre-
quently cited example of this is the possible 

lowering of the threshold for producing bio-
logical weapons (Bennett et  al., 2009; 
DiEuliis & Giordano, 2018). Furthermore, 
it can be debated whether a world in which 
the boundary between nature and technol-
ogy is increasingly blurred and humans 
emerge as ‘creators’ is equally worth living in 
(Carroll & Charo, 2015; Wang & Zhang, 
2019). Together with the aforementioned 
potentially contradictory impacts of a bio-
economy within and between different sus-
tainability dimensions, this results in a 
highly complex web of relationships between 
the two concepts. A holistic consideration 
and evaluation of measures to shape a sus-
tainable bioeconomy therefore represents a 
considerable challenge that requires further 
research beyond disciplinary boundaries 
and, if  necessary, a new (scientific) ethical 
foundation.
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25.1  Introduction

In this book, we have described the bioecon-
omy in Germany on the basis of a systems 
perspective. To this end, the bioeconomy has 
been subdivided into subsectors for a better 
representation of the overall system. This 
subdivision was based on the respective 
resources that are primarily used. 
Admittedly, this division is not entirely 
clear-cut, since, for example, “trees” (wood-
based bioeconomy) are of course also 
plants, or the process technologies in the 
bioeconomy of plants and microorganisms 
and fungi overlap. However, because these 
resource-based views of the bioeconomy are 
often considered specifically and negotiated 
independently in business, academia, poli-
tics and civil society, they provide key 
insights into the bioeconomy system. In 
addition to the resource-based sub-areas, 
concrete actors within their networking 
structures were also presented, as well as the 
framework for action in which the bioecon-
omy in Germany (and Europe) can be 
shaped and developed.

Despite the differences in the subsystems 
and partial views, which will be discussed in 
more detail below, there is a broad common 
understanding of the bioeconomy as an 
opportunity to transform the economy and 
society. This can be seen in the general spirit 
of optimism and the accompanying inven-
tiveness that characterises the subsystems 
and also the fields of action – even 15 years 
after their initial beginnings – in Germany 
and Europe. The actors not only see them-
selves as belonging to the system on a dis-
cursive meta-level, they also form real 
cooperation structures among themselves 
and thus invest in the future of a larger bio-
economy picture. They also describe similar 
conflicting goals and name identical hopes 
and desires in their visions, which can only 
be achieved through greater integration of 
their own respective aspirations with those 
of other bioeconomy actors.

In the following, individual central 
points of these conflicting goals and visions 
of the bioeconomy system in Germany are 
brought together, and a classification in the 
international and future developments and 
an outlook on the bioeconomy system in 
Germany are made.

25.2  Resources for Tomorrow’s 
Bioeconomy

Whether in Germany or globally, biomass 
has always been used to meet different 
needs for food, housing, mobility, informa-
tion, etc. The “bioeconomy” is therefore 
“per se” not an invention of  the modern 
era. What is new, however, is that the bio-
economy is developing new methods, prod-
ucts and processes that are intended to 
make this use more ecological and econom-
ical – and above all to open up new possi-
bilities for use. However, how different 
subsystems of  the bioeconomy define the 
(future) potential uses of  biomass and what 
conflicts of  interest they see in this context 
is diverse.

Thus, the plant-based bioeconomy 
understands its fundamental objective to be 
to produce as much biomass as possible and 
as sustainably as possible (above all, while 
preserving biodiversity) in order both to 
secure food and to be able to replace a fossil- 
based economy with a biobased economy. It 
also highlights the potential of its research, 
products and processes to increase or 
improve the quality of the resource base. 
However, it is confronted with social contro-
versy with regard to certain processes and 
products, so that the possible potentials have 
not yet been fully exploited; this applies pri-
marily to genome editing and synthetic biol-
ogy processes.

The wood-based bioeconomy focuses 
primarily on the forestry resource base in 
Germany and describes this as stable, 
 provided that the climate adaptation mea-
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sures already initiated are continued. 
However, future wood use should not only 
meet the known raw material requirements, 
but also supply new products and, at the 
same time, invest more in forest mainte-
nance and forest conversion. The expecta-
tion is that only a demand for high-quality 
products by appropriate processing compa-
nies will ensure a durable, sustainably main-
tained and productive forest.

The animal-based bioeconomy particu-
larly highlights the challenges of global world 
nutrition, resource scarcity and upcoming 
competitions for plant-based biomass. In 
conclusion, the innovation understanding of 
the animal-based bioeconomy lies in a com-
prehensive interplay of efficiency improve-
ments in the field of plants, microorganisms, 
fungi and animals. In particular, the ability of 
monogastric livestock to utilise non-edible 
biomass is to be reactivated, and for this pur-
pose improvements in plant breeding, culti-
vation techniques, and harvesting and 
preservation methods are to be made to pre-
serve the feed value of the mostly perishable 
biomass. At the same time, by-products 
resulting from the processing of plants into 
food, feed and materials must be consistently 
returned to the feed cycle, thereby reducing 
the demand for cultivated feed.

The marine bioeconomy also addresses 
the resource issue and sees itself  as a way of 
reducing the pressure of use, especially on 
agricultural land. For example, food pro-
duction should be brought closer to cities 
again, thus avoiding long transport routes. 
Aquaponics systems, for example, are 
described as a possible solution to relieve the 
pressure on agricultural land.

Similarly, the microbial bioeconomy sees 
itself as having a duty to keep the demand for 
renewable raw materials and the associated 
land-use change in check. It wants to concen-
trate microbial processes on those product 
areas that depend on carbon. These are 
organic chemical products (including food 
and feed additives and pharmaceutical prod-
ucts) and sub-sectors of the fuel market (heavy 

duty, marine and aviation). Great innovation 
potential is seen in the diversity of applica-
tions of microorganisms, ranging from new 
processes and products to mechanical and 
plant engineering and process organisation. 
Process innovations concern all process steps, 
starting, for example, with the enzymatic 
digestion of wood, the development and opti-
misation of microbial strains and enzymes, 
microbial and enzymatic conversion processes 
and processing and product purification.

The waste-based bioeconomy shows 
that, on the one hand, there is already con-
siderable use of biogenic residues and waste 
materials, but on the other hand, there is still 
a need to develop unused residue flows in 
order to further reduce the pressure on land 
use. To this end, the waste-based bioecon-
omy calls for the further development of 
existing plant and waste legislation towards 
a comprehensive circular economy.

The digital bioeconomy shows the oppor-
tunities that can arise, for example, through 
the use of Big Data to conserve resources in 
all other subsectors. The resource base of the 
digital bioeconomy is the operation of data 
systems which need eectricity, but on the other 
hand also in new data stroage systems. It is the 
sub-sector that is still at an early stage – the 
players are still poorly networked, the mate-
rial and energy flows are not clearly outlined.

It can be seen that there is an awareness 
that a transformation of the economy and 
society can only succeed if  there is a prudent 
and healthy use of limited resources and that 
this guides action in all subsystems  – not 
only in Germany, but worldwide. However, 
the expectation of limited biomass resources 
and the extensive replacement of fossil-
based products (at least at the current level 
of consumption) are not postulated in any 
subsystem. Nonetheless, the bioeconomy 
wants to and can replace the fossil- based 
economy at least in some areas of applica-
tion – with a particular focus on high-value 
products. This is to be achieved by realising 
a wide range of potentials for better use of 
biomass as a raw material: by making exist-
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ing biomass material flows more sustainable 
or by developing new material flows. In par-
ticular, unused resources are mentioned; the 
expectation of increasing biomass imports 
plays a subordinate role.

In summary, three main elements can be 
identified as to how the actors would like to 
realise a sustainable, efficient use of biomass, 
or already implicitly assume this in their own 
processes. Basically, the actors expect to be 
able to increase their already used resource 
base through these measures. However, this 
is also associated with challenges:
 1. Access to new resources outside estab-

lished land uses

Relevant 
for

Sub-areas of marine bioeconomy, 
plant-based bioeconomy and 
microbial bioeconomy

Chal-
lenges

The potential resources outside 
established land use can only be 
estimated with great uncertainty. In 
addition, land-based systems of the 
marine bioeconomy (aquaponics 
systems) may lead to further 
land-use conflicts or a higher use of 
energy or other inputs (such as 
nutrients), as is the case with vertical 
farming (see also point 2).

 2. Increasing yields through better informa-
tion and new manufacturing technologies

Relevant 
for

All sub-sectors of the bioeconomy

Chal-
lenges

Better information and production 
processes are generally associated 
with additional energy expenditure. 
However, the provision of energy is 
not described as a limited produc-
tion element in any sub-sector of the 
bioeconomy – with the exception of 
the low added value of the high 
emissions from the direct use of 
wood for energy. Accordingly, the 
challenges and environmental effects 
of an increased energy demand of 
an innovative bioeconomy are not 
problematised.

 3. Extension of the value chain through 
multi-stage usage cascades

Relevant 
for

In particular the sub-areas of 
wood-based bioeconomy, micro- 
organism bioeconomy and 
waste-based bioeconomy

Chal-
lenges

The focus of combined and cascade 
use is on the provision of high-
quality products. However, this 
requires the merging of material 
flows across the individual 
sub-sectors, which is currently 
hampered by a variety of restric-
tions. One fundamental problem, for 
example, is the inadequate 
cooperation between the actors in 
the sectors, which leads to informa-
tion deficits. Also, requirements for 
cascades are differently well 
established: While energy use can 
make use of a wide range of 
materials, material recycling is often 
difficult. Designing for recycling 
would increase recycling opportuni-
ties, but corresponding concepts are 
not yet an integral part of the 
bioeconomy.

There are contradictory expectations as 
to whether the more efficient and more cas-
caded use of raw materials will also have an 
impact on the size and location of produc-
tion structures: The marine bioeconomy, for 
example, points to the possibilities of sig-
nificantly reducing food transport distances 
through aquaponics systems close to cities. 
The microorganism bioeconomy addresses 
the impact of a broad shift to microbial pro-
cesses on local industrial centres. It is 
expected that previous, traditional (agricul-
tural, forestry and marine-based) biomass 
production sites will disappear or agglomer-
ate as they are replaced by new, industrial 
forms of biomass production, or move 
entirely to other parts of the world where 
the necessary infrastructures already exist or 
are established more rapidly. This may lead 
to a complete reorganisation of regional, 
supraregional and international supply 
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chains for biobased raw materials, the con-
crete form of which, however, is not yet fore-
seeable.

Common to all sub-areas and actors is 
that they mention biodiversity as an impor-
tant action concept in the context of their 
own sustainability claims. Specifically, bio-
diversity conservation is mentioned as a 
goal for action in the areas of wood-based, 
plant-based and marine bioeconomy. In the 
case of the marine bioeconomy, the claim to 
combine ecology and economy is given con-
crete form. However, biodiversity is expected 
as a framework for action rather than being 
shaped in the subsystems themselves: How 
exactly “biodiversity” is preserved, pro-
tected or increased by bioeconomy has not 
yet been elaborated (in detail). Unlike the 
considerations on resource efficiency, the 
question of biodiversity thus remains pro-
grammatic.

25.3  Innovation Expectations 
and Target Images

Many actors, especially the regions with a 
bioeconomy focus, want to accelerate inno-
vation through networking. In doing so, 
they proceed in different ways. The German 
bioeconomy regions and clusters described 
here have in common that they focus on spe-
cific sectors and/or product areas. Such 
specifications can also be found in the other 
German bioeconomy networks (which, 
however, are not listed in this book). 
Different forms of organisation are used to 
improve the exchange between the actors 
and to build up more comprehensive value 
chains. In this context, the current status of 
these efforts can be understood as an invest-
ment: networking structures are being cre-
ated in order to develop cross-sectoral 
products and innovations. According to all 
actors, these networking activities involve a 
considerable investment of time.

The return on these investments in inno-
vation has yet to be seen: So far, the new 
products are mainly niche applications. 
Production figures and bioeconomy shares 
are developing only slowly in Germany as 
well as in Europe. . Figure 25.1 shows the 
estimated bioeconomy shares in different 
sectors, based on the quantities used in 
Europe. Even though innovative products 
with low volume requirements are not 
shown in this representation, it can be seen 
that at least the demand for non-bioeco-
nomic volumes in the different sectors could 
not be reduced by these innovations 
(M’Barek et  al., 2018). Only in the energy 
sector  – as a result of strong promotion  – 
have higher shares been achieved in the 
meantime, including an increasing use of 
fuel wood, liquid biofuels and biogas.

The target vision of the bioeconomy is 
formulated more and more comprehensively 
by all sub-areas and sub-views. Thus, an 
increasingly common understanding of the 
bioeconomy is developing in Germany. For 
example, all stakeholders emphasise that the 
bioeconomy is necessary due to dwindling 
(fossil) resources, demographic change and 
the resulting threat to global food security, 
the loss of biodiversity, land use conflicts, 
etc. It is also emphasised that only through 
more sustainable, economic and socially 
responsible development can the bioecon-
omy be realised. Likewise, it is jointly 
emphasised that only through more sustain-
able, economically and ecologically advan-
tageous products and processes is it possible 
to compete with previous, established and 
 simultaneously existing economic methods. 
All sub-subsectors accordingly point to 
approaches to solutions through which a 
transformation of the economy and society 
could be realised. The comprehensive sys-
temic understanding of the bioeconomy set 
out in the German government’s bioecon-
omy strategy of 2014 has thus been taken up 
by the actors and sub-sectors in recent years.
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25.4  Actors as a Starting Point 
for the Formation 
of a Bioeconomy System

The networking of the actors with each 
other essentially takes place along the 
respective resource use focal points and their 
value chains (with the sub-areas of provi-
sion, processing, distribution, use and dis-
posal). It takes place primarily in clusters, 
platforms and networks. These associations 
are united by the challenge of bringing 
together different disciplines and research 
cultures and establishing a common under-
standing of the respective challenges and 

opportunities. In addition, there are actors 
who critically accompany the bioeconomy, 
whether in the context of NGO activities or 
in the media. All sub-sectors of the bioecon-
omy, as described in this book, see them-
selves as belonging to an “overall 
bioeconomy system”. In this context, the 
actors (described in this book) pursue a 
middle course between the affirmative and 
the pragmatic approach (see Sects. 17.3.1 
and 17.3.2). Apart from this “meta- narrative 
of the bioeconomy”, however, the focus is 
primarily on one’s own sub-sector, as is evi-
dent, for example, from the only weakly 
developed merging of material flows 
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toral bio-based shares 2008–2015 is shown in this Fig. 

at the EU-28 level. The developments may differ at 
Member State level. (Source: Own representation 
according to M’Barek et al., 2018, p. 9)

 D. Thrän and U. Moesenfechtel



367 25

between these sub-sectors. Although the 
goal of closing cycles is formulated, it has so 
far been pursued mainly in the individual 
field of action. Similarly, the interlinking of 
material and energy use of biomass has only 
been partially realised. Further improve-
ment of the cascade use of wood products in 
Germany could, for example, lead to consid-
erable greenhouse gas emission reductions. 
For a future bioeconomy, it is important to 
identify unused potential by thinking more 
strongly about individual sub-sectors.

The activities of bioeconomy actors can 
be divided into two main lines of action: One 
focuses on how to produce more and better 
usable biomass. The others are interested in 
making better use of biomass and producing 
smarter, more sustainable products. The 
future of the bioeconomy will depend on the 
extent to which these two groups of actors 
cooperate, as this is the only way to over-
come foreseeable competing uses.

25.5  How Much Bioeconomy Can 
We Afford?

In principle, the influence of a German bio-
economy on a global economic system is 
limited. Germany is only one piece of the 
puzzle in the world. Currently, Germany’s 
contribution to global development com-
prises 1.0% of the world’s population, 1.4% 
of wood production, 2.2% of bioenergy use, 
2.4% of anthropogenic climate gas emis-
sions and 2.5% of meat production. This 
includes 0.3% of global forest land and 0.8% 
of global cropland. Those about 1–3% per-
cent of the different indicators, Germany 
appears to be a small building block in a 
global bioeconomy. Similarly, the develop-
ment potential of a German bioeconomy is 
limited – at least if  it were to be based solely 
on domestic resources. Nevertheless, a trans-
formation of our national economy and 
society  – if  existing consumption patterns 
are not changed – would lead to impacts not 

only on resources from Germany, but on the 
whole world.

The decision on how many of these 
resources  – whether national or interna-
tional – should be used for the bioeconomy 
must ultimately be negotiated within the 
society. The bioeconomy discourse to date 
in Germany and Europe, and worldwide, 
reflects this negotiation process: different 
target images lead to very diverse assess-
ments of “how much bioeconomy” we can 
and should afford as a society and global 
community. This assessment depends on 
whether the bioeconomy is conceived as a 
continuation and, if  necessary, an increase 
in the same, previous non-sustainable eco-
nomic practices (but now on the basis of 
biogenic resources), as a substitution or as a 
complete change (not only of the raw mate-
rial base, but also of all material flows, pro-
duction processes and consumption 
patterns). What opportunities and chal-
lenges exist here can only be discussed in a 
global context.

25.6  Outlook on Global Material 
Flows

An examination of the five decisive product 
groups of human demand shows that the asso-
ciated global material flows contain different 
starting points for shaping a bioeconomy:

Meat is currently the most important 
source of protein within the human diet. In 
many countries of the world, meat con-
sumption is directly linked to personal pros-
perity. However, protein intake through 
meat is characterised by low conversion effi-
ciencies and a large ecological effort or high 
follow-up costs. In addition, health experts 
consider meat consumption in many coun-
tries of the world to be significantly too high 
and harmful to health: the average meat 
consumption worldwide is 42.5 kg per year 
and person (Ritchie & Roser, 2017). In con-
trast, German nutritionists, for example, 
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recommend a maximum of 300–600  g of 
meat per week (DGE, 2017), which corre-
sponds to 16–32  kg of meat per year and 
person. Ergo, global meat production could 
or should be halved, if  only for health rea-
sons. Such a halving would be accompanied 
by a reduction in the need for 660 kg of feed 
per year and per inhabitant of the Earth, 
or – to put it another way – about 1760 m2 
of agricultural land, which could then be 
used for other purposes.1 Freeing up this 
land use potential would have a massive 
impact on the development opportunities of 
the bioeconomy.

Wood burning in open fireplaces is the 
dominant way of providing household heat 
for food preparation in many regions of the 
world. Around 3 billion people worldwide 
depend wholly or partly on firewood as main 
energy source (Nijuis, 2017). These fire-
places use only a small fraction of the energy 
bound up in firewood, with over 80% usu-
ally going unused (Thrän, 2015). Open fire-
places in huts and houses that produce soot 
and dust are a major health hazard for those 
present – mostly women and children. If  the 
wood were used in modern stoves and ovens, 
the energy yield would be at least three times 
higher and thus the same energy would be 
possible with less than a third of the amount 
of wood (Adria & Bethge, 2013). Over 20 EJ 
of wood fuel could be saved each year. That 
is 1.5 billion m3 of wood each year that 
could be available for other products  – or 
also one and a half  times the total annual 
energy use in Germany, which was 13.7 EJ in 
2017 (BMWi, 2018).2 This is also where the 
bioeconomy can come in with new innova-
tions in the use of biomass for energy.

Chemical products made from renewable 
raw materials can replace a wide range of 

1 Own calculations based on Ritchie and Roser 
(2017) and Campogeno (2016). Assumed halving 
of  current pig, poultry and beef  production.

2 The following conversion factors: 13 GJ per solid 
cubic metre.

products made from fossil raw materials. 
The current and expected innovations are 
extensive and are seen in all sub-sectors of 
the bioeconomy. The carbon compounds 
that nature synthesises form high quality 
substitutes for today’s fossil carbon com-
pounds in plastics, active ingredients, lubri-
cants, etc. They save alternative expenditures 
that would be necessary to harness the car-
bon from the CO2 in the air and that 
researchers at RWTH Aachen University 
put at an increase in global electricity 
demand from the current 26 to over 44 PWh 
(Le Page, 2019). And this electricity demand 
would have to be provided from renewable 
sources, because otherwise fossil feedstocks 
will be replaced by fossil fuels. However, 
even for renewable resources, the current 
importance of chemical products is still very 
low: of the 350 million or so plastics cur-
rently produced (Statista, 2019), just under 5 
million are bioplastics (Recyclingportal, 
2016), i.e. plastics made from renewable 
resources, but most of which are not degrad-
able. And the market is growing only slowly – 
between 5% and 10% was the increase in 
product qualities in recent years (ibid.). Even 
if  the current production capacity (5 million 
tonnes) were to be increased every year from 
tomorrow, the share of bioplastics would 
only be 12% in 2030.

Building materials must become signifi-
cantly more renewable, as cement produc-
tion currently causes 8% of anthropogenic 
climate gases due to the high energy demand 
and process-related emissions (Rodgers, 
2018). If  the construction sector in Europe 
consistently switches to renewable raw mate-
rials, then the use of construction timber 
could double from a maximum of 15–30 
million m3 in the period between 2015 and 
2030 (Hildebrandt et  al., 2017). The addi-
tional demand would correspond to approx-
imately 5% of3 current European wood fuel 
use. As fuel, these building materials only 

3 Own account.
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become available once they have reached 
their material service life.

Renewable energy supply is a lion’s task 
that goes far beyond the possibilities of the 
bioeconomy. Bioeconomy thus needs other 
renewable energies for the transition to 
climate- neutral resources. In the bioecon-
omy, bioenergy is therefore not a basic energy 
source, but a premium energy for those areas 
where alternatives from other renewable 
energies would be significantly more expen-
sive, such as in aviation or heat for industry. 
If it were dispensed with, the climate gas sav-
ings would only be realisable more slowly, 
the demand for renewable electricity would 
increase significantly once again and the 
costs for climate gas avoidance would also be 
significantly higher (Thrän et al., 2019).
Energy as a key issue If the material flows 
of biogenic and fossil products are placed in 
relation to each other on the basis of their 
energy content, it becomes apparent what 
relevance the products have and what savings 
they bring (see . Fig.  25.2). They show 
that, in terms of energy content, the global 
use of food grains, meat and plastics is of a 
comparable order of magnitude, while the 
energy use based on carbon compounds 
exceeds the energy content of the product 
groups mentioned by a factor of 6. Energy 
provision is thus the key issue for a sustain-
able bioeconomy.

25.7  “New Players” Beyond 
the Material Flows

In addition to the major material flows, 
there are a number of innovations and inno-
vation expectations that hold out the pros-
pect of smart services and products beyond 
the major material flows, but there are also 
other unknowns that will comprehensively 
influence the system in the coming years and 
decades. Important examples include:

New uses for the available resources are 
seen in all subsystems. For example, there 
are fundamentally new ways of using wood 
if  it is possible to generate high-quality indi-
vidual fractions such as lignin and, in paral-
lel, to provide cost-effective products that 
animals and humans can metabolise. These, 
but also other raw materials, could then pro-
vide a wide range of foodstuffs in the future 
(such as synthetic meat), and thus funda-
mentally reduce the need for animal feed, 
for example. This is only one example; a 
reduced demand for resources is formulated 
in many innovation pictures. However, it is 
not specified what energy requirements are 
associated with this. A similar picture 
emerges for the use of CO2 as a raw material 
for future carbon-based products: CO2 is 
produced as a by-product in various produc-
tion processes, but these quantities are rather 
small compared to the demand for future 
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       . Fig. 25.2 Comparison of  energy content of  the 
largest five product groups; scope of  major carbon- 
based products for 2017/2018  in energy units (EJ/
year), KB stands for carbon-based; nuclear and 

renewable energy are not included. (Source: Own pre-
sentation based on FAO, 2009; Kaltschmitt et  al., 
2009; Proplanta, 2018; REN 21, 2019)
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products (Billig et al., 2019). If  atmospheric 
CO2 is used to produce plastics, for example, 
the biogenic raw material base is consider-
ably relieved, but the energy requirement is 
considerable: if  plastics were to be produced 
from CO2 in the future, for example, this 
would be accompanied – according to calcu-
lations by RWTH Aachen University  – by 
an increase in global electricity demand 
from 26 to 44 PWh (Plasticker, 2019).

New systems The crucial new player, how-
ever, is the digital bioeconomy – the use of 
knowledge from information technology in 
biotechnology and vice versa. The common 
technology approaches are available and are 
being pursued much more vigorously outside 
Europe. We know from the past that such 
fundamental innovations have often been 
associated with fundamental social changes: 
For example, historians associate the print-
ing press with the Reformation and the steam 
engine with the development of the commu-
nist idea. Fundamental social changes 
brought about by the fusion of biotechnol-
ogy and information technology are there-
fore not unlikely. However, they have been 
discussed only sporadically so far (Harari, 
2018). And they can perhaps only be assessed 
to a limited extent even with our empirical 
knowledge. Processes and institutions that 
socially tame these fundamental innovations 
are currently being wrestled with in various 
forums (Rechtsdepesche, 2017; BfR, 2019; 
BÖR, 2018). What can be inferred in broad 
terms, however, are the effects of the innova-
tions on energy demand: there is clear evi-
dence that the energy demand of such a 
technology merger is likely to be substantial. 
Experts at TUM estimate the current energy 
demand of Bitcoin’s computers to be around 
45.8 trillion Wh in 2018, which is roughly 
equivalent to the electricity consumption of 
Bangladesh (BUND, 2019). According to the 
study, this leads to annual emissions of 
22–22.9 million t CO2. However, comparable 
estimates of the effects of the convergence of 

the bioeconomy and digitalisation are not 
currently being discussed.

Climate change is another unknown in 
the bioeconomy system. If international cli-
mate protection measures are not intensified, 
the global average temperature increase 
could reach 2 °C shortly after 2060. While the 
sub-sectors of the bioeconomy have described 
ideas on how bioeconomic innovations can 
contribute to slowing and mitigating climate 
change, the effects of climate change on the 
bioeconomy are far less clear: for ecosystems 
(and their biodiversity) around the world, as 
well as for agriculture, global warming above 
2  °C will have devastating consequences: 
increasingly frequent, extreme weather events 
and increasing precipitation, as well as 
increased extreme heat waves and droughts. 
Significant crop losses, the spread of disease 
and damage to infrastructure would be (and 
already are) expected. The sectors most 
affected will be agriculture, forestry, energy 
and tourism, for which certain temperature 
and precipitation levels are particularly 
important (IPCC, 2019).

The global rate of biodiversity loss is 
already at least ten to one hundred times 
higher than the average over the last 10 mil-
lion years  – and is continuing to increase: 
largely due to human influence, around 25% 
of species in most animal and plant groups, 
i.e. up to 1 million species, are already 
 threatened with extinction. Like extinction 
itself, the potential threat is accelerating: the 
risk of extinction in the best-studied groups 
of organisms has been greatest over the last 
40 years. This risk will affect many species 
within the next few decades – unless action 
is taken to reduce the intensity of the drivers 
responsible for biodiversity loss (IPBES, 
2019). Biodiversity loss has direct conse-
quences for people. Biodiversity and intact 
habitats are an indispensable foundation for 
healthy, functioning ecosystems. If  their 
function is severely restricted or no longer 
given due to a loss of biodiversity, this has a 
negative impact, for example, on water and 
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air quality, food security, a secure energy 
supply and ultimately on human health and 
thus our livelihoods (ibid.). Whether the 
bioeconomy can help to further exacerbate 
or mitigate a progressive global loss of spe-
cies is not yet foreseeable. An impact assess-
ment of the loss of biodiversity on the 
bioeconomy and studies on the influences of 
the bioeconomy on biodiversity are still 
pending.

The new players bring great uncertain-
ties. Currently, they are only insufficiently 
considered. Among other things, an addi-
tional energy demand is to be expected. 
However, the bioeconomy system is compre-
hensively dependent not only on this but 
also on the other new influencing factors. 
The understanding of the system should be 
expanded to include these aspects. There is a 
need for research to be able to describe the 
new influencing factors in their range and 
thus to estimate their effects.

25.8  Prospects for the  
Bioeconomy System 
in Germany

The systemic view of the bioeconomy has 
matured in Germany in recent years at vari-
ous levels: the subsystems of the bioecon-
omy have set up informal and formal 
“bioeconomy circles”, the actors are invest-
ing in regional and intersectoral networking 
to enable new innovations, and the support-
ing systems have put the shaping of the bio-
economy on the agenda.

The promise of innovation to increase 
efficiency and improve products is concrete. 
Specific resource and climate gas savings can 
be expected in all sub-sectors of the bio-
economy. The current market does not ade-
quately support these ideas: low prices for 
fossil raw materials, a regulatory framework 
that is in many cases not adapted to bio-
economy products and services, and diffuse 
consumer demand have so far concentrated 

innovations in niche applications with low 
product volumes (e.g. in the areas of phar-
maceuticals, food and feed additives, and 
skin care products). The bioeconomy thus 
does not yet have a major impact on the 
intended raw material change. Not only 
research and development, but also adapted 
financing and market mechanisms are 
needed to increase the competitiveness of 
bioeconomic products and to realise the 
associated resource relief  in products and 
services.

Beyond the subsystems, however, the 
prospect of conserving natural resources is 
programmatic: the contributions to climate 
protection and species conservation are 
described as central, but are to be achieved 
primarily through “more from the same 
base”. If  the competitiveness of bioeconomy 
products changes in the face of the need to 
save climate gases, this is likely to result in a 
central conflict of goals that goes far beyond 
the German bioeconomy system: climate 
protection requires the rapid and compre-
hensive closing of carbon cycles. And: the 
carbon that is not provided from biobased 
sources will have to be extracted in future 
using energy-intensive processes. Under 
these premises, there are no concrete ideas 
on how the sub-sectors can grow together.

Images of the future of the bioeconomy 
are therefore difficult, but urgently needed 
to help the bioeconomy out of the current 
“transition phase”. The grown system 
understanding of the actors in the sub-areas 
of the bioeconomy and the framing systems 
forms a good basis for a necessary societal 
debate on a required transformation of the 
economy and society, from which a common 
target picture can be formulated. In this 
context, the following elements will have to 
be given central consideration, which lie 
beyond our experience to date but will deter-
mine how sustainable the bioeconomy sys-
tem is: on the one hand, the convergence of 
information technology and biotechnology 
will have the potential to bring about funda-
mental upheavals, and on the other hand, 

Assessment of the Bioeconomy System in Germany



372

25

there is no alternative to a fast and substan-
tial reduction of consumption in may sec-
tors of our daily life.

And so, behind all the considerations of 
a bioeconomy system, there may be the fun-
damental, hitherto little considered ques-
tion: is modesty a sufficiently strong 
biological principle that it can drive a bio-
economy?
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