From biomass availability to biomass mobilization.
Understanding how biomass mobilization works
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Agenda

® How circular use of biomass can increase residue
biomass mobilization

" Examples of technologies needed to mobilize biomass

® The need to better understand how to maintain soil
quality

" Examples from wheat, (oil palm and sugar cane )
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Crop residues are underutilized — Often causing pollution
problems — how much can be mobilized for biobased applications?

Top 10 crops in the

world Total field Total mill
Million hectares Million ton DM crop residue per year

Maize 185 1,038

Rice, paddy 163 816

Wheat 220 729

Sugar cane 27 264 264

Oil Palm 19 192 >52

Barley 49 173

Sorghum 45 103

Sunflower seed 25 66 8

Millet 31 43

Seed cotton 35 35

Sum: 800 3,459 316

All crops
worldwide:

1,414

WAGENINGEN

UNIVERSITY & RESEARCH



Cost supply curve: residues first

Hypothetical Biomass Cost/Supply Curve
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The rationale of circular biomass use

Principles Ellen MacArthur Foundation:
" Design out waste and pollution

" Keep products and materials in use
" Regenerate natural systems

General rule

" Food over feed and materials

" Maintain functionality, use the biomass efficiently
" Postpone final uses = soil and energy applications

Maintain soil quality and biodiversity
- Save biomass, land, energy, water, labour, GHG emissions
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Straw use in the Netherlands 2020 5 Biomass [kon DM

Total straw + chaf production
1032

Total used
Harvested straw +chaff
[ 397 + 206 =603 H 955 - Stable:;:mmmab

Shblezszlzomorm 111
Imported straw +chaff
352
17 Other biobased uses* I! 1

17

\ 76 exported straw + chaff
76

L 27 L Bal;\r.e

Imported straw heonM Mushroom production !
m ] 111 222

Ref: van Leeuwen at al. 2024. Monitoring the flows of biomass residues in the Netherlands



Mobilizing straw

Large part of used straw will (indirectly) be returned
to the soil after use (bedding, mushrooms
substrate, etc.)

How much residue has to be left behind? is the
wrong question! > How can we maintain soil
quality?!

New technologies?

® Separate stalk from leaves > use stalks
and leaves + tops left in the field > can we
make a combine do that?

e Use straw pellets for horse bedding >
reduces straw required, releasing straw for
biobased uses

“It is not better to be better safe than sorry when
applying residues to the soil” > Give farmers the
tools to optimize residue use for soil quality
maintenance and biobased uses
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Oil palm mill 20 to 120 ton FFB/hr = 3.000 to 15.000 ha
per mill
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Ref: https://commons.wikimedia.org/wiki/File:District-Kunak_Sabah_IOI-Baturong-Palm-Qil-Mill-03.]
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Oil Palm residue

potential is - Palm Oil Mill Residual -
underutilized. : :
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Palm oil mill Effluent Empty Fruit Bunch Mesocarp fibre




Example: residue oil in oil palm mill residues. Potential = 6,5 Mton

Crude Palm Oil
(CPO)

Palm Oil Mill
Effluent (POME)

Empty Fruit
Bunch (EFB)

Palm Press
Mesocarp Fibre
(PPMF)

Total

Oil recovery

% of FFB

21,0%

0,60%

0,60%

0,60%

22,8%
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% of CPO

100%

2,86%

2,86%

2,86%

109%

World

Metric ton
per year

76

2,17

2,17

2,17

83

Short
term

Longer
term

% of potential

50% 80%
50% 80%
0% 80%

Short
term

Longer
term

Metric ton per year

1,09

1,09

0,00

2,2

1,74

1,74

1,74

5,2

Ref: Own elaboration based on literature Sulin and Mokhtar, 2019
OFl, 18th July 2025

In the short term 2,2 Mton
could be mobilized

In the longer term 5,2
Mton could be mobilized

Total FAME + HVO used in EU
was 15,4 Mton
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European demand switched from virgin to residue oils for

biofuels

Alleged POME Fraud in Indonesia
Raises Red Flags Across Global Biofuel
Supply Chains

Tt o i et 0000

Crude palm oil sold as residue oil
Industry had not invested sufficiently in extraction systems
Why did the industry not invest in extraction systems?

e Sudden demand

e Uncertainty about the EU market

e Investments take time
Export duty is 20% for crude palm oil and 15% for residue oil?
Price of residue oil is competitive against crude palm oil

Apparently, certification systems did not function
WAGENINGEN
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Conclusions

" Biomass residues are not available - They have to be made available!

" Circular concepts and improved efficiency can free up much of the residue
biomass while maintaining soil quality

" Mobilizing biomass for biobased uses requires investments and changes in
the system

" Investments require a secure market demand (and time) to justify these
investments - Policies need to take this into account!

® Research is needed to understand how to mobilize this underutilized
potential

" We need new business models
" Mobilizing residue biomass spares land!
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Thank youl

wolter.elbersen@wur.nl
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