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Why a bio(based) economy?

§ 30 years ago: agricultural overproduction in EU: agrification

§ 20 years ago: environmental issues

§ 10 years ago: oil supply, climate change,
geopolitics, economic potential

§ Now: circular economy and climate change: renewable carbon
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CxHyOz

1st circle: soil carbon through management and improved use of side-streams
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2nd circle: livestock production and circular nutrient management

NPK

Harriëtte Bos, Jan Broeze



0

5

10

15

20

25

30

35

Production Animal production Human consumption

Gt
on

dr
y 

m
at

te
r /

 y
ea

r

Biomass and fossil production in 2010 worldwide, dry matter per year
Which circles can we close?

Meat, dairy

3rd

Nutrients

Replace fossils
Use side streams

Bi
om

as
s 

pr
od

uc
tio

n

Gr
as

s a
nd

cr
op

s

W
oo

d

Co
al

, o
il a

nd
ga

s

Fo
ss

il
pr

od
uc

tio
n

Manure

Food

Ele
ct

ric
ity

 an
d

he
at

Transport
Materials

Soil-C
1st

Nutrients
2nd

CO2

3rd

CO 2

Nutrië
nts

Harriëtte Bos, Jan Broeze



3rd cycle: replacement of fossil sources by renewables, valorisation of 
side stream and recapturing carbon and nutrients after consumption of 
food, materials and energy

NPK
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4th cycle: carbon capture in materials, reuse, refurbish, recycle

Harriëtte Bos, Jan Broeze
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Plant biomass; what’s in it, what can we do with it

Biomass

Specialty ingredients

Sugars

Starch

Oils & fats 

Proteins 

Cellulose 

Hemicellulose 

Lignin 

Composition:

Food

Feed

Energy

Materials

Chemical building blocks

Application:

Substances / polymers

Transport fuel



n Materials: 
l fibres for paper, fabrics and composites 
l wood for timber and energy

n Substances: 

l starch for plastics, glues and additives

l bio-oil for paints, inks and transport fuels

n Chemical building blocks:

l lactic acid for additives and polymers 

l diols for polyester and nylon polymers
l furans for resins and fuels 

Classification non-food applications



Who are involved in production?

§ Materials: 
l Mostly old established applications and relatively simple 

processes
l Can be big (f.i. Paper industry), but also a lot of SME

§ Substances/natural polymers 
l Often using relatively simple chemical conversions 
l Agri-industry (f.i. AVEBE, COSUN), and also SME

§ Chemical building blocks: 
l Combination of agro and chemical sector
l Biorefinery, white biotech, chemistry
l New products and processes
l Big potential for innovative applications  



Increasing innovation compexity

§ Complexity, number of steps and number of stakeholders increase:

● Materials

● Substances/natural polymer

● Building blocks
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Circular C-based materials
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Recycle / C storage

Reuse / C storage

Renewable C based materials Inherently biodegradableDesign for recycling

After EllenMcArthur Foundation



Recycling/circularity classification and methods

§ Reuse: use the product again

§ Mechanical recycling: collection, sorting, 
remelting/reprocessing into new product

§ Chemical recycling: collection, sorting, (chemical) 
break-down towards the building blocks, 
repolymerising and reprocessing
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Back to the renewable carbon transition

§ Focussing on carbon based materials

§ From a chemical/structural approach:

§ How do the three transition pathways interconnect?
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Theory of Change thinking and visualisation: 
§ ToC is ‘the description of a sequence of events that is expected to lead to a 

particular desired outcome’ (forward thinking, forward storytelling). 

§ Making the ToC explicit will help to build, prove and improve ones contribution 
towards a Sustainable Fossil Free Society.

§ A general ToC and a ToC for each of the pathways

How to define the transition pathways?
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Part of the greater challenge

§ Additional entry point 
to the
water food energy nexus

§ Renewable carbon 
resource security

Materials transition

40

Source: 
IWA, 2018
Sluijsmans, 2020
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