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Summary

Summary

In this paper, the Bio-economy Council defines the priorities with regard to relevance
and urgency of the research topics identified in its report “Bio-economy Innovation” and
makes recommendations with regard to time scales and financial backing. The primary
objectives are to increase the volume of biomass available for various applications and
to use the limited natural resources efficiently in order to fully exploit potential and to
reduce the likelihood of newly competing demands arising, as for example, between those
of the bio-energy and foodstuff industries.

In its report “Bio-economy Innovation” the Council identified research topics that it con-
sidered should form part of a knowledge-based bio-economy. In its initial report, it defined
three interdisciplinary recommendations and provided a detailed structural guideline. At
the time of the publication of the report in September 2010, the Council was already plan-
ning a further prioritisation review of the identified research topics for 2011. The results
of its prioritisation review are set out in this paper. The Council also herewith brings its
research recommendations into line with the “National Bio-economy Research Strategy
2030” (Nationale Forschungsstrategie BioOkonomie 2030) of the Federal Government.

Of the total of 35 topics, the Council has identified 14 that are of particular relevance and
should be initiated as a matter of priority. These include four of particularly urgent rel-
evance:

— Abasic prerequisite needed to establish a sustainable bio-economy and thus a research
project that must be implemented with primary priority is the targeted breeding of
crop plants and livestock to increase yield or output and to provide these with specific
characteristics, and the corresponding adaptation of production systems so as to realise
the full genetic potential.

— The development of innovative technologies, improvements to processes and increas-
ing economic efficiency along value creation chains should form the second focus of ef-
forts. These will help reduce high losses along value chains and make the bio-economy
more consumer-orientated.

— Innovations in biomass-based energy production, conversion and storage are a third
essential concern, whereby it is important to ensure that competition with the produc-
tion of food and animal feeds is reduced to minimum.

— The fourth focus must be on research into soil as a resource: in view of the increasing
demand for biomass, ever greater reliance is being placed on soil productivity. Research
into the long term preservation of agricultural land in sufficient quantity and quality
must thus receive priority support.
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The Bio-economy Council wishes to make it clear at this point that it considers all 35 topics
as relevant. In this paper, the individual urgency and extent to which they require funding
are defined. In addition, the Council concludes that there are certain fundamental projects,
such as research into artificial photosynthesis and synthetic biology, which have strategic
and long-term importance and that must be implemented as a matter of urgency. This
also applies to multidisciplinary topics which can be expected to generate major syner-
gistic effects, such as the promotion of quantitative economic analyses and scenarios to-
wards an adequate science policy counselling in the domain of the bio-economy.

In order to ensure that the groundwork for the realisation of the required research and
innovation is in place, the Council expressly recommends that existing structures and
framework conditions be modified to the new requirements of the bio-economy. The Bio-
economy Council thus recommends that a National Bio-economy Platform be set up to
carry out the coordination work and to provide impetus for the corresponding conversion
processes with the relevant actors.
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I. Background - The thematic recommendations in “Bio-economy Innovation”

I. Background - The thematic recommendations of the Bio-economy
Council in its report “Bio-economy Innovation” *

In its 2010 report, the Bio-Economy Council provided a detailed and extensive review of
the bio-economy, and defined the term as follows:

The bio-economy encompasses all those sectors and their related services which produce,
process or use biological resources in whatever form.

The bio-economy combines highly research-intensive economic activities in agriculture,
forestry and the food sector with the innovative use of renewable raw materials for mate-
rial and energy use. Because of this integrative function, the bio-economy will be impor-
tant to Germany'’s future as a centre of business and technology.

The bio-economy’s potential for innovation, which needs to be strategically harnessed by
the scientific and business communities, lies in the development of new types of products
and production techniques, the creation and exploitation of synergies as well as in raising
the resource efficiency of the various interrelated value chains: from the production of
biomass in agriculture and forestry to the end products in the food and energy sector and
areas of industry such as the chemical, textile, paper and pharmaceutical sectors. This is
all to be based on the most up-to-date knowledge about the fundamental processes with-
in plants, animals and microorganismes.

The greatest challenges of our time can only be addressed and translated successfully into
economic and social value if we manage to combine more closely the key technologies of
the 21st century in the biological and life sciences with the agricultural sciences? and engi-
neering and turn these into successful innovations. More than ever, business and science
now need to act together as a unified “system”. By bringing together the various areas
within science and business, which today still operate for the most part within their own
sectors, Germany will become more competitive, and her leading position as a centre of
business and technology will be reinforced. A better economic database to record the rap-
idly developing bio-economy is also needed to underpin this strategic alignment.

' This overview is based on the summary of the Council’s report 2010 “Bio-economy Innovation — Research and technolo-
gical Development to ensure food security, the sustainable use of resources and competitiveness”.

>The recommendations made with regard to agriculture and agricultural sciences in this report are to be in general
understood to also apply to forestry and forestry science.
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To help formulate such a research strategy, the Bio-economy Council outlined three key
recommendations in its report, organised by subject area, thereby providing each of the
research fields with detailed recommendations for a programme. These are followed by a
further recommendation on structural issues.

The following measures are specified:

1. Development of efficient value chains, processes and products

2. Ensuring global food security, promoting health and assumption by Germany of its
responsibility for global issues

3. Sustainable use of natural resources

4. Appropriate integration of the bio-economic approach in the system.

Re. 1. Development of efficient value chains, processes and products:

It is essential for the optimal development of all technologically feasible and economi-
cally relevant value chains that the processes and the resulting high-value products and
energy sources are resource-efficient and cost-effective. One of the key innovations of bio-
economic research will be not only to develop individual innovative value chains but also
to link these chains in the system.

The breeding of plants and animals with higher yields/capacity and specific characteris-
tics, including the ingredients for healthy nutrition, are central to a bio-economic research
strategy seeking to optimise value chains.

Sustainable economic activity is dependent on adequate provision and the efficient man-
agement of biomass in a way that also protects resources. Research into how the material
uses of biomass can be extended by a combination of biotechnological and chemical con-
version processes, as well as the use of improved enzyme systems to digest biomass and
waste products, will deliver important contributions to efficiency. The field of industrial
biotechnology must also focus on further developing its underlying research in order to
maintain —and, where necessary, improve —the high level of innovation that currently ex-
ists. Innovative biotechnological processes can reduce the consumption of raw materials
and energy, and decrease the generation of undesirable by-products, secondary products
and emissions.

Strategic development in the bio-economy should have a sound scientific basis and be
geared towards the long term. To this end, the necessary socio-economic research and
analytical basis must be strengthened. For example, dynamic system models should be
used to investigate alternative scenarios to the bio-economy taking into account socio-
economic perspectives.

819



I. Background - The thematic recommendations in “Bio-economy Innovation”

Re. 2. Ensuring global food security, promoting health and assuming Germany‘s
responsibility for global issues:

Important value chains of the bio-economy can be found in the food sector. Our ability to
feed the world’s population is dependent on the efficiency and the sustainability of these
value chains, while their product and processing quality correlates directly with human
health and the quality of life. In this context, German research also has the responsibility
to provide support to emerging and developing nations to secure sufficient volumes of
good quality food for their populations and to counter the volatility of food prices. Local
analyses of production systems that draw international comparisons are needed, espe-
cially in the sector of small farmers in developing and emerging nations, as this sector
plays a key role in feeding the world’s population.

To meet the growing need for food, feed and raw materials for productive or energy use,
and to strike a balance in the competition for biomass, there must be a substantial in-
crease in the yields of food and feed plants, as well as in the productivity of livestock farm-
ing. Research geared towards increasing the health-boosting properties of foods and the
awareness of healthy nutritional lifestyles must also be prioritised.

Re. 3. Sustainable use of natural resources:

The geo-resources of soil and water, nutrients and the biological diversity of plants, ani-
mals and microorganisms form the basis for bio-economic value creation. As the availabil-
ity of these resourcesislimited, it is vital that we conserve them and use them sustainably.
There must be better understanding of sustainable land use, soil quality and ecosystem
services, and new verified findings must be translated more quickly into practice. Techno-
logical solutions must be found to cope with changes in water availability and to improve
the use of fertilisers and nutrients. This means developing optimised farming techniques
and more efficient crop varieties that are more drought-tolerant and efficient in their use
of nutrients. There must also be consideration of the regionally specific effects of climate
change.

On the basis of the principle of resource efficiency, all potential uses of biomass must be
prioritised and optimised. There is no doubt that a greater use of bio-based products can
help the world meet climate targets as well as the aim of “combating hunger and poverty”
as defined by the UN Millennium Goals.

For the strategic orientation of this bio-economic research, there needs to be greater focus
on the economics of resource use, including institutional regulations.
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Re. 4. Appropriate integration of the bio-economic approach in the system:

Existing structures and parameters must be adapted to the new requirements so that the
topics listed in the three research areas can be worked on effectively and put into practice.

It is important that research funding be interlinked more closely and overall funding vol-
umes increased: the research infrastructure must continue to be adapted accordingly. Re-
cent studies indicate that greater investment in research and development is absolutely
essential if important agricultural resources are to be available in sufficient quantities,
and that this must contribute towards ensuring global food security.

It is essential that future research funding is allocated not just to research in the natu-
ral sciences and engineering, but also to the economic and social sciences as well. The
maximum potential of the bio-economy can only be realised by means of these interdis-
ciplinary approaches. On the one hand, we need to establish an economics of technologi-
cal development, which can deliver as rapidly as possible an assessment of the competi-
tiveness of and suggestions for sustainable technological approaches. On the other hand,
socio-economic research needs to analyse how the efficiency of the bio-economy can be
improved by innovative control and incentive mechanisms.

Taking into account the points outlined above, the Bio-economy Council thus strongly re-
commended the establishment of an interdepartmental national bio-economy research
programme to allow the pooling and better coordination of research funding from the
Federal Government. This recommendation has been adopted by the Federal Government
and was given form in November 2010 as the “National Bio-economy Research Strategy
2030” (Nationale Forschungsstrategie BioOkonomie 2030). In the following proposals for
prioritisation, the Council has thus also organised its recommendations in line with this
national research strategy.

Another prerequisite for the successful development of the bio-economy is the close link-
ing of private research activity with that in the public sector. Legal uncertainties which
hinder the commercial use of new research findings must be resolved. Cooperation and
the synergy between public research institutions and industrial firms of different sizes
and in the various business sectors are essential. New types of structures such as clusters
and innovation alliances, e.g. open innovation projects and ‘unusual’ alliances between
sectors that have seldom collaborated in the past, will play an important role here. In its
recommendations, the Council also indicates those research areas in which larger private
sector involvement can be expected and, conversely, those in which contributions from
the private sector will be less pronounced.
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I. Background - The thematic recommendations in “Bio-economy Innovation”

The bio-economy and its related research are not restricted to the national level. Particu-
larly when international, primary objectives or global resources are at stake, Germany
must act in conjunction with other countries. The Bio-economy Council believes that the
German bio-economy and national bio-economic research must make greater efforts
to integrate themselves strategically and work as partners on the international stage.
Also important here are uniform, transnational principles, e.g. for the import of biomass
and licensing of corresponding crops for farming. In technological decision-making, such
as over the use of genetically modified crops, scientific assessment should not only con-
sider the risks of use, but also those of non-use.

There needs to be more openness towards and communication with the public as far as
the subjects of bio-economicresearch and its potential to secure sustainability, innovation
and employment within Green Growth strategies are concerned. Ultimately, it is up to the
business community to introduce new products and processes, and to ensure that markets
develop positively. In this area, there must be greater use of existing market knowledge
to shape the strategic orientation of research programmes. Any system of government
incentives and funding instruments ought to be no more than temporary.

A fundamental requirement of the bio-economy concept is extensive collaboration across
disciplines and sectors. It is thus necessary to bring together the various scientific commu-
nities with the involvement of the business sector in order to achieve the desired enhance-
ment of our knowledge base. In conclusion, the Council thinks it is crucial that the politi-
cal, scientific and business communities cooperate more closely than in the past and agree
on the measures that need to be taken in the pre-competition stage. The Bio-economy
Council thus recommends that a National Bio-economy Platform be set up to implement
the necessary tasks of coordination. It is hoped that the prioritisation recommendations
presented here will prove to be of help in this task.
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II. Description of the prioritisation procedure

In order to prepare its prioritisation recommendations, the Council formed an internal ad
hoc work group consisting of four of its members.2 The work group was also able to call on
the expertise of the spokespersons of the work groups Soil, Plants, Animals and Biotechno-
logy and other members of the Bio-economy Council in the initial review phases.

The prioritisation review was undertaken in the following stages:

The Council first discussed and agreed to the prioritisation criteria (see Table 3 in the
Appendix). The scale used to evaluate the individual research topics ranged from 1 (low
significance) to 5 (high significance) for each of the four criteria — economic, environmen-
tal, socio-cultural and scientific dimensions.

Working on the basis of this matrix, the spokespersons of the various work groups pre-
pared initial prioritisation assessments with the help of their work groups, which were
reviewed and thus taken into account by the ad hoc work group.

At the same time as the spokespersons were preparing their prioritisation proposals, the
research topics were evaluated using the same criteria independently by each individual
member of the ad hoc work group in an anonymous procedure. Each topic was subjected
to an overall review and was ranked in groups from I to IV by relevance. Relevance group I
represents topics with a particularly high priority, group II consists of high priority topics,
group III of moderate priority topics and group IV of low priority topics. However, it must
be borne in mind that even those topics allocated to group IV are still relevant over the
long term and require support in the view of the Council.

Those topics that received divergent gradings were assigned a priority in a mutual con-
sultation process conducted within the ad hoc group. The results of the proposed priori-
tisations by subject were discussed in detail by the Council during its sittings on 7 March
2011 and 10 June 2011 and subsequently approved with minor changes (see Table 2 in the
Appendix).

The Council also decided to outline in more detail time scales for the implementation and
the financial requirements for the realisation of the topics specified in the report “Bio-

economy Innovation”.

3 Joachim von Braun (coordinator), Thomas Hirth, Stefan Marcinowski and Alfred Pithler
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II. Description of the prioritisation procedure

The public sector funding required for each research topic was categorised as small (up to
€3 million annually), medium (€3 — €10 million annually) or large (€10 — 30 million annu-
ally). None of the research topics was assigned to an originally proposed category - “very
large” (i.e. greater than €30 million annually), although the Council believes that the re-
search topic “biomass-based energy sources” requires funding on this scale. The Council
has appointed a new work group that will be considering this topic area and will propose
further details of the research required here. The estimated contributions that can be ex-
pected to be made by the private sector towards these projects were also assessed as small,
moderately large and large.

With regard to time scale, the research projects were classified as short term (requiring
funding for up to four years), medium term (requiring funding for four to ten years) and
long term (requiring funding for more than ten years). In addition, certain projects were
earmarked that need to be undertaken and funded as a matter of urgency.

The Bio-economy Council once again emphasises that it considers that all research topics
that were recommended in its report are of relevance, and differ only with regard to the
weighting of aspects, such as the required volume of funding and urgency of implementa-
tion. The Council has explicitly taken this factor into account in presenting these proposals.

In addition to the topics outlined in the report “Bio-economy Innovation”, the Council
has also considered the areas of activity defined in the “National Bio-economy Research
Strategy 2030” of the Federal Government (see Table 2 in the Appendix) in its prioritisation
review and has consequently revised some aspects of the Council report that required cla-
rification.
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III. Prioritisation results and interpretation

The research topics that are considered to be of “primary” importance and that need to be
initiated as a matter of urgency are listed in Table 1. These “primary” research topics are
those that were allocated to relevance group I or Il on a prioritisation by subject scale of
ItoIV.

Table 1: Primary and most urgent research topics

Recommendation (R) 1: Evaluation
Develop efficient value chains, processes and products required for a by topic
successful bio-economy ared

Ri1-2 II

New and improved processing techniques to produce the desired products in
greater volumes and purity, but also alternative processes, such as the integra-
tion of separation processes at the reaction stage, to reduce production costs
(process-integrated processing)

R1-3 I*
Breeding of crops and livestock for greater yields or output and specific characte-

ristics (including plant ingredients for healthy diet) and adapting production

systems to exploit the genetic potential

Ri-5 I
Methods and techniques of multiple use and coupled use, development and es-
tablishment of biorefinery plants; greater emphasis on pilot and demonstration

plants from the perspective of sustainability

R1-8 II
Development and production of new high-value products (e.g. pharmaceuticals,
cosmetics, nutritional supplements, special chemicals)

R1-12 iy
Consumer-related aspects

R1-14 II
Innovations in agriculture and forestry (precision farming, satellite- and com-
puter-controlled distribution systems for water, nutrients and crop protection
products; harvesting technologies, innovative animal husbandry techniques)

Evaluation by topic area:
I = Particularly high priority, II = High priority,*= funding required as a matter of urgency

14|15



III. Prioritisation results and interpretation

Recommendation 2: Evaluation
Ensure global food security, promote health and by topic
assume global responsibility area

R21 I

Localised analyses of production systems in their international context (with
particular focus on small farmers), evaluation of their sustainability and stra-
tegies for improvement, including the reduction of losses in the marketing and
consumption system

R2-4 r*
Development of higher-yielding crops that are more resistant to stress (with

particular focus on wheat and legumes); use and further development of marker-

assisted selection (MAS) and automated high-throughput techniques

R2-5 I
Optimisation of plant ingredients and animal products for health purposes (e.g.
improvement of micronutrient contents and reduction of heavy metal uptake,
mycotoxins, predictive breeding)

R2-6 II
Selection and propagation of productive, robust and disease-resistant livestock

R2-7 II
Improvement in animal health and development of efficient strategies for

combating animal epidemics (zoonoses); human animal husbandry and feeding

methods

R2-8 I
Development of high output organisms by targeted manipulation of entire me-

tabolic pathways using modern technologies (system biotechnology, genomics,
proteomics, metabolomics, metabolic pathway engineering, fluxomics)

R2-9 I*
Innovative technologies and improved methods for reducing post-harvesting
losses in the value creation chain

Evaluation by topic area:
I = Particularly high priority, II = High priority,*= funding required as a matter of urgency
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Recommendation 3: Evaluation
Ensure global food security, promote health and by topic
assume global responsibility e

R3-1 I*

Soil quality, land use, ecosystem services (prioritising land use; national and inter-
national regulations on land and water rights; progress in agricultural technology;
improving monitoring and data; soil aspects of organic farming)

R3-2 i
Water use, water efficiency, water quality (locally adapted schemes for water

storage and irrigation; agronomic adaptation measures, soil analysis and infor-

mation systems; plant breeding), biological approaches to water purification

on the ground

R3-3 1
Targeted use and recovery of nutrients (interactions between plant roots, soil and
microorganisms; optimisation of cultivation techniques and fertilisation; closing

material cycles; recovery of phosphorus in particular; development of plant sys-

tems that reduce ecological footprints, e.g. phytase maize as an animal feed)

R3-5 I
Adaptation to climate change (plant and animal breeding; climate-friendly ani-

mal husbandry and crop cultivation; weather forecasting; agronomic measures,

e.g. mixed cropping, agro-forestry systems), adaptation of forestry (REDD), carbon

storage in soils and incentive mechanisms

R3-7 I
Quantitative analysis of genotype-environment interaction at the mechanical

level, in the high throughout situation and its application in the field (breeding

nursery); sensor and concept development; expansion of the German plant

phenotyping network

R3-8 I*
Sources of bio-energy (conversion processes, demonstration plants, biogas

concepts, storage concepts, use of biomass without competing with food

security needs)

Recommendation 4:
Appropriate integration of the bio-economic approach in the system

R4 r*
Implementation of structural measures (network formation, competence centres)

Rg-2 II
Research into communication options

Evaluation by topic area:
I = Particularly high priority, II = High priority,*= funding required as a matter of urgency
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III. Prioritisation results and interpretation

An overview of prioritisation results, time scales and funding requirements is provided in
Table 2 in the Appendix. In conclusion, the contents can be summarised as follows:

1. In its prioritisation review, the Bio-economy Council considered a total of 35 topics. It
has assigned a particularly high priority to four of these topics and high priority to 17
topics (Table 1). Ten topics are categorised as having moderate priority while four have
low priority (Table 2 in the Appendix).

2. The Council estimates contributions of the private sector will tend to be low in the case
of 14 topics, moderately large in the case of eight topics and large in the case of 13 topics
(see Table 2 in the Appendix).

3. In addition, the Council concludes that there are certain fundamental aspects that have
strategic and long-term importance and that must be considered as a matter of urgen-
cy. This applies, for example, to research into artificial photosynthesis and synthetic
biology.

4. This also applies to multidisciplinary topics which can be expected to generate major
synergistic effects. During the prioritisation review and a comparison with the Nati-
onal Research Strategy (whose primary strategic aims are largely in conformity with
the recommendations of the Bio-economy Council), the Council identified certain topics
that it considers to be of generalized interdisciplinary significance (see Table 2 in the
Appendix).

5. In order to ensure that future prioritisation reviews can be evidence- and results-based,
there must be greater focus on research into strategy and foresight modelling and the
generation of a corresponding statistical database.

In order to put in place the groundwork for the realisation of the required research and
innovation, the Council recommends that existing structures and framework conditions
be modified to the new requirements of the bio-economy. The topics relating to instituti-
onal and organisational innovation (recommendation 4: “Appropriate integration of the
bio-economic approach in the system”) have a high priority, but with the exception of the
topics that require additional research or funding, these have not been considered to the
same extent here as were the topics involving research. The Bio-economy Council is con-
sidering the initiation of a separate implementation policy for these in cooperation with
the relevant actors.
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