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Structure of talk

• Definitions - understanding new terminology

• Purpose of Foresight exercise

• Current use of Biomass

• Research themes

• Emerging tensions for livestock sector

• What do these mean for animal breeding?



Ø. Fylling-Jensen, 
Nofima

What does ‘bioeconomy’ 
mean?



1. Current biomass is being underexploited as many waste 
streams are not used in an optimal way. More feed, 
materials and energy can be extracted from current 
biomass streams.

2. Biomass potential can be upgraded by increasing current 
yields by closing the yield gap and introducing new or 
improved species. 

Two Premises – for the contribution of 
research



Scope 

• Horizontally: simultaneous consideration of all sources of 
biomass to optimize synergies and minimize threats

• Vertically: integration of upstream and downstream 
sectors into research addressing primary sectors



«Everything» can be made from biomass

Ø. Fylling-Jensen, Nofima



Bioeconomy Principles 

Bioeconomy principles should be reflected in research & innovation
agenda:

• Food first

• Sustainable yields

• Cascading

• Circularity

• Diversity



The Value-Volume relationship – cascading approach: 
first use for option with the highest value

Ø. Fylling-Jensen, Nofima



Purpose of SCAR Foresight exercise

• To identify emerging research questions

• To anticipate future innovation challenges

• To support the implementation of the European 
Bioeconomy strategy

• To explore what might happen in the future by 
developing the Bioeconomy Paradigm within the 
fundamental constraint of sustainability



Key questions

• How are the primary sectors affected by/can they 
contribute to/ the implementation of the Bioeconomy
Strategy and CAP reform? 

• How can the bioeconomy improve food security, 
environmental quality and other societal challenges? 

• How should innovation in the bioeconomy be implemented?

• What are the opportunities and risks for the different 
sectors, social groups and regions? 



Ultimate goal

To provide ‘food for thought’ understanding of the present to explore 
the future and provide elements to guide decisions of MS, the EC and 
policymakers.

The ‘food for thought’ I took away for the livestock sector is the 
estimate that the livestock sector uses > 50% of global biomass!



CURRENT USE of BIOMASS
(billion tonnes dry matter)

Sector Status 2011

Food 1.75 (14%)

Feed 7.06 (58%)
Bio-based chemicals & materials 1.24 (10%)

Bioenergy 2.98 (16%)
Biofuels 0.15 (1%) 
Total supply of biomass 12.18 (99%)

Total demand for biomass 12.18



Simulation/scoping (billion tonnes dry matter)

Sector Status 2011 Scenario 
A: BIO-

MODESTY

Scenario 
B: BIO-
BOOM

Scenario C: 
BIO-

SCARCITY

Food 1.75 (14%) 2.2 2.2 2.2

Feed 7.06 (58%) 8.3 8.3 8.3
Bio-based chemicals 
& materials

1.24 (10%) 2.4 5,7 1.0

Bioenergy 2.98 (16%) 4.3 4.2 1.5

Biofuels 0.15 (1%) 1.0 3.5 0
Total supply of 
biomass

12.18 (99%) 18.2 23.9 13.0

Total demand for
biomass

12.18 18.2 23.9 23.9



Research Themes biological and social



1. Ecological intensification

• Using regulating functions of nature (functional ecology)

• From input substitution (e.g. predator instead of pesticide, 
biomimicry, new molecules) to landscape-level agroecosystem design

• From mono-species/environment studies to the study of groups of 
organisms in relation to each other and the environment (community 
ecology)

• To be supported by –omics and big data



2. The digital revolution

• Beyond precision agriculture (remote sensing, sensors, …)

• Factories of the future (mechatronics, photonics, robotics, additive 
manufacturing, …)

• Enabler for dealing with diversity, different qualities, etc.



3. Resilience for a sustainable bioeconomy

• Hazards → increased coordination and integration of different sub-
sectors → effects on animal, plant and human health hazards as well 
as adaptation and risk reduction strategies

• What is the impact of the bioeconomy on resilience?

• What new solutions and systems can be developed that are more 
resilient, from a biological, technological and social perspective? 

• How can changes in consumption create opportunities for the 
bioeconomy?



4. The new energy landscape

• Future = renewable electricity + heat generation

• Impact for inputs for primary production (fertilizer, pesticides, 
machinery,…)

• Direct impact on primary production

• The role of biomass will be locally specific



5. Business models for the bioeconomy

• Circularity = new ways of designing and manufacturing products, 
new relationships between economic actors, new ways of recycling 
components and waste, etc. 

• Actors and activities will be reassembled in time and in space

• Different production models in terms of scope and size should co-
exist and capture synergies

• Public goods are part of the new production (ecosystem services) and 
could involve public sector



6. Socio-cultural dimensions of the 
bioeconomy

• Knowledge on impacts and mechanisms of social 
change should co-evolve with technology

• All stakeholders should be fully involved in 
governance of bioeconomy

• Science may radically change food production 
and consumption patterns, with potential to 
reduce pressure on ecosystems

• This may break established routines and create 
resistance, which needs to be better understood. 

• Approaches have legal implications that need to be 
understood and addressed by research.



7. Governance and the political economy of 
the bioeconomy

• Outcomes of bioeconomy will depend on the rules put in 
place to regulate the system.

• Bio-based materials and bio-energy may create pressure 
on natural resources and on social inequalities in a 
scarcity-dominated world. 

• Bioeconomy involves both positive and negative 
externalities influencing the future of the biosphere and 
the ways in which societies will use it

• So bioeconomy governance is critical

• Research should help develop framework aimed at 
fostering the bioeconomy - policies that are coherent, 
create a level playing field, avoid the overexploitation of 
natural resources and foster a diversity of practices



8. Foresight for the biosphere

• Foresight should go beyond forecast-based modelling platforms, with 
comparative-static approaches

• Efforts are being done to expand these platforms into the non-food
dimensions of the bioeconomy

• Integrate data and dynamic and flexible tools, in order to avoid lock-
ins and monitor the sustainability and resilience of the bioeconomy
and the biosphere as a whole



Personal SCAR reflections for the livestock sector

• Livestock are the biggest current user of biomass how much is high fibre 
vs high energy?

• Increased use of biomass for non-food purposes will be an indirect impact 
of climate change.

• Changes in diet patterns have been closely connected with economic 
growth, but there is increasing interest from governments to influence 
populations to eat more healthy diets. 

• Research communities need to monitor trends outside their own sectors 
and explore research questions relevant to future production systems



What are the emerging tensions facing the 
livestock sector? 



Change in food supply of meat per person per year in 
Brazil, China, India and Europe over 50 years 

0

10

20

30

40

50

60

70

80

90

100

Food Supply 
kg.capita.year

Brazil China India Europe



Trends in global meat consumption 
(g protein/capita/day) 
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Trends in use of feed concentrates & 
production

1980 2005 2007

Use of 
concts

Production 
of meat, 
milk & eggs

Use of 
concts

Production 
of meat, 
milk & eggs

Developed 669 457 647 487

Developing 240 172 603 537

From SOFA 2009 Livestock 
in the balance



Additional grain required by 2050

1048 million tonnes of which:

• 430 million tonnes for livestock

• 480 million tonnes for humans

IAASTD 2009



Ranking of efficiency of conversion of human 
edible feed protein to animal product 

Country System g product protein/g 
feed protein

South Korea Dairy 14.30

South Korea Beef 6.57

Argentina Beef 6.12

USA Dairy 2.08

Argentina Dairy 1.64

USA Beef 1.19

South Korea Poultry meat 1.04

USA & Argentina Poultry meat <0.7

All 3 countries Pigs <0.51



What does the livestock sector need to do? 

• Foresight and scenario analysis to identify the potential 
threats

• Think innovatively about ways to improve nutritional/health 
benefits of livestock products

• Think innovatively about how to achieve increased livestock 
production simultaneously with less competition with either 
grain for human food or use of biomass to replace 
dependency on fossil fuels



Quantity and
quality of product

Competition with
other uses of 
biomass

Use of water for feed
production

Competition for 
‘arable’ land

Greenhouse gas 
emissions intensity

Land use change 
releasing soil carbon

IDEAL



Quantity and quality
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What does this mean for livestock breeding?

• Breeding for increased productivity

But also……

• Breeding for products which are healthy for humans

• Breeding for livestock which can use alternative sources of 
feed


