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Agenda

How much biomass can we mobilize?

" Crops
e Use more land? Marginal land crops or intermediate crops
e Shift in crop use - feed to biobased?

" Higher yields?

" Use residues?
e Shift in applications > BioShift project

® \What can we achieve with more circular biomass use?

WAGENINGEN

EEEEEEEEEEEEEEEEEEE



Theoretical (residue) biomass availability?

= Total biomass — must be left behind for the soil, biodiversity, etc. - Current
uses - Techno/econ constraint

® “"Must be left behind for the soil”?

® confuses goal and method - soil quality maintenance does not mean
leaving behind biomass

® Current uses are fixed?

" Total biomass production varies in short and long term = how to deal with
that?

Result biomass availability = worst quality waste biomass

" We need a new approach!

WAGENINGEN
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More biomass?
Closing yield Gap = More vyield

Crop grain yield (t/ha/year)

(-

Determined by:
Radiation

Temperature
[CO,]
Cultivar

Rainfall & soil (in
rainfed crops)

Yield Potential

WAGENINGEN
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* Reaching 75-85% of
yield potential is a
reasonable target for
farmers with access to
inputs, markets, and
Limited by: extension services.
Poor Fertility Above this threshold,
further yield increase
becomes not cost-
Insects, weeds effective and/or
diseases environmental sound.

Yield gap*

Poor management

Farm yield

Modified from: van Ittersum and Rabbinge, Field Crops Research (1997)
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Yield of rainfed wheat as % of potential yield

" Yield of rainfed wheat
as % of potential
yield

" Attainable by farmers
= 80 % of potential

—High opportunity to
increase yields on
currently used land
(Eastern Europe and
many other regions)

—In NL little potential?

WAGENINGEN
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Yield and supporting data for rainfed wheat x
@) 9 Rainfed wheat [ Yields I Map layers ]
o~ hi i Select crop:
251
f’55~ T |Rainfed wheat | - |
: Select aggregation level:
| Countries -]
Select yield indicator:
|- Relative yield: Ya/ Yw x 100% -]
Selectvariable:
|Mean value | - |

Apply SPAMZ2005 crop mask, () No () Yes

Legend: (#) all classes () current classes

E E

| vetot0% 50 %- 60 %
. 10 %-20 % 60 %-70 %
. 20 %- 30 % . 70 % - 30 %
30 %- 40 % B co-o0%
40%-50 % [l roethangosw

Ref. www.yieldgap.org/







World: A lot of biomass is underutilized — Often causing pollution
problems - how much can be used 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 o
Sunflower seed B8 66 8 What part can we mobilize?

Millet 31 43 Can we recycle the nutrients?
Seed cotton 35 35

Sum: 800 3,459 316

All crops

worldwide:
WAGENINGEN

UNIVERSITY & RESEARCH 7

How do we maintain soil quality?

1,414




Europe: Agri-residues are underutilized

Million tons dry matter per year

Wood from forests 325 350
Other forest biomass

185 140
(forest industries)
Agricultural residues

342 15
(field and agro-industries)
Waste 89 60
Cropped biomass 152 2

Manure: largest potential in NL = next workshop?

WAGENINGEN
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Panoutsou etal., 2016



Which biomass categories?

Primary by-products: At the source, in the field = sugar beet
tops, straw, verge grass, prunings, greenhouse residues, etc.

| Secondary by-products, later in the production chain, is a point
source = potato peels, sugar beet pulp, sawdust, bagasse, palm
mill residues, etc.

| Tertiary by-products, has had a use “waste” is collected = used
frying oil, slaughterhouse waste, household organic wastes,
used paper, demolition wood, manure.

] Specific crops, maize, wheat, sugar beet, sugar cane, sorghum,
Miscanthus, switchgrass, wood crops, palm oil, soy, rape see,
etc.

WAGENINGEN

UNIVERSITY & RESEARCH




Cost supply curve is starting

" Tertiary by-

Hypothetical Biomass Cost/Supply Curve products
s Orchard & ®  Secondary by-
— Tr?a;nn?!ilnagrg Thinn ::uﬁgrf & p rOd u CtS

Menageme nt

Faad

et ' | Primary by-

E o products

] X -

Curve 4/’ \ Dedicated crops

Zim ulation[— /

Prica [$per Dry Ton)
|

i
Fulpmill & Stcandary [(Mlion vy Tons per Y ear) I:Il:her Entrgg.l
Fawmill whood Agricu ltural Crops
Wastes Froducts Wastes
fresliss Turnhollow, 1994
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Cost supply curve is starting

Hypothetical Biomass Cost/Supply Curve

Orchard &
“in eyard
Trimmingz

Food
Processing

Fareszt

Thinnin gs &
Munagtmtnt\ A1

Prica [$per Dry Ton)

Curee 4/
Zim ulation[— /

i I |
Fulpmill & Stcandary [(MElion vy Tons per Year] COther Encray
Fawmill whood Agricu ltural Crops
Wastes Froducts Wastes

WAGENINGEN
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Waskes

Turnhollow, 1994

Tertiary by-
products

Secondary by-
products

Primary by-
products

Dedicated crops



Cost supply curve is starting

Hypothetical Biomass Cost/Supply Curve

Orchard &
“in eyard
Trimmingz

Prica [$per Dry Ton)
|

Curee 4/
Zim ulation[— /

Food
Processing

T
Pulﬁrmillﬁe Fecondary  [Wlion Dry Tons per Year] I:II:I'!er Entllrgg.l
Fawmill whood Agricu ltural Crops
Wastes Froducts Wastes
Wastes
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UNIVERSITY & RESEARCH

Turnhollow, 1994

Tertiary by-
products

Secondary by-
products

Primary by-
products

Dedicated crops



Circular use of biomass



The rationale of cascading — example wood in Bavaria

- Cascading led to 14% savings
in wood needed

Time / number of cascade steps

- 7% less GHG emission for
cascading scenario

Circular biomass use saves
biomass, land, water, labour and
energy!

Solid wood-/

Veneer-Products
s l l‘i

Particlebased
products

Rule:

® Food over feed and
materials

Fiberbased
products

® Maintain functionality of
biomass

Chemical
products

® Postpone final uses = soil
and energy uses

Decrease of
wood unit size and | Losses during recovery, sorting and processing |

Incineration for

. M a i nta in so iI q u a I ity application options energy

WAGENINGEN
UNIVERSITY & RESEARCH 14

Ref: Hogimeier 2015; https://phys.org/news/2017-12-cascading-wood-sustainability.html



What application of wood is best from
circularity viewpoint?

4 is the most circular applications of wood
O is the least circular application of wood

WAGENINGEN
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What application of wood is best from
circularity viewpoint?

4 is the most circular applications of wood
O is the least circular application of wood



Measuring circularity of biomass

applications; extending the

cascade — maintaining
functionality

Most biomass residues are

mixed:

* Some components are scarcer

or have more value /
appreciation

e Applications have a different

hierarchy

Component

Protein

Grass
C— Fibre 30 %
Oligo-saccharides3%
Lipids 3%
O ot Organicacids 5% S
80-90 %

Proteine/

Mono/di- saccharides
9%

\

Minerals5a 10 %
Polysaccharides 15 %

starch, Nitrogen Phosphate Potassium
sugar N P K

Appreciation

WAGENINGEN
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2.2 1 1 6.3 9.4 3.1



Hierarchy in
applications:
Different for
biomass

components

WAGENINGEN
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Functionality

priotity eV la

Materials

Pulp, Feed,
etc.

Monomers
(chemicals
and fuels?)

Energy?,
Soil

Loss,
Pollution

Protein

(Nitrogen)

Food

Feed /
Materials

Fertilizer

Energy?

Loss,
Pollution

Carbohydrates

Fat and oil (starch and N, P, Other
sugars)
Food Food Food Food
Feed /
Materials
. Feed / Materials Feed Feed
(paint,
chemicals) /
Monomers Fertilizer
T chemicals and and high
ransport ( i ig Material
fuels! transport value
fuels?) chemicals
Energy? Energy?, Soil  Materials  Fuels?!, Soil
Loss, Loss, Pollution Loss, Loss,
Pollution ! Pollution Pollution




Formula to calculate circularity score

Ref value =
Content Efficiency is 100%
' ' X Ef ficiency; j N .
Circularityp,y; j = xAppreciationi,j/Ref' value AppreC|at|on = WeI(g ht per
Z, x Funtionality; ; type of component

Comp.1

Functionality = 4

WAGENINGEN
19
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Agri-residues in the Netherlands will it shift?

Geansresten

1934 k(209

o
Cogstresten
283 ks fe8sf |

f) Stachtenynn (ook
:é/ phimees)
7axc[a%)

ul Sk (IN)

Vissar] omviv-
varwerking
2442 J0%)

osdrgiinduitre
(betatve
clierssdschroot) |
3326 (20%)

Ay Obazaaducheost
~lo> 2698k {38%)

- SN
- Groothandels
of & 190 jow)
Supermariten
L l» restaaarts |
- B
Wushoudens <
TET ke 11

] % vesneucer) I
|9

b2E

g
Tem

un

124
1% 1170
20

3

Adeadtaten op hat tind
[Faamsn a1

| Composteren
EE
Vergisten (nat)

Ta2kt(1%)

| Vergisten & compasteren
Tk |1aw)

~, Stlitrocisel
1% k()

Varkranden
M8 (%)

-
TShe (L%
1 Rendering (biodiesal, energie)
Trsaie
\Rendering [biodiusel, petfzcd)
183 ke |2%)

| Reocing it e, masiatcd]
186 (0%)

| Dieruoeder yarken
1853 ¥ (26%)

|_Dwervoeder mefikoe
1744 ke |18%)

| Dorvoacer laghip
376 (SW)

|_Dierveeder viceshuiten
62741 9%)

Inget 92 mpterisel
19 %)

Figuur1  Stroomschema met hoeveelheden (kt droge stof) agro-reststromen per categorie
(links) en toepassingen in Nederland in 2021 (rechts)1.

voor diervoeder

Bondig overzicht van huidige agro-reststroombestemmingen, en kansen en belemmeringen
voor hoogwaardigere inzet van agro-reststromen in Nederland

WAGENINGEN
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Straw use in the Netherlands 2020 5 Biomass (on OM]

Total straw + chaf production
1032

Forage animals
320

Stables otheranimals
135

Harvested straw + chaff joned
397 + 206 =603 955

-af-we use It

free up. more
|

. 27 [ Balance ‘
l = | Used bymushrooms
Importedstraw in compost| Mushroom production i
m ] e 222
| Exported
Ref: van Leeuwen at al. 2024. Monitoring the flows of biomass residues in the Netherlands 83



Thank you!

wolter.elbersen@wur.nl

KomCirc project

WAGENINGEN

UNIVERSITY & RESEARCH



mailto:wolter.elbersen@wur.nl

Hoogwaardig: definitie Annevelink et al (2025)

" De mate van ‘hoogwaardigheid’ van het gebruik van biogrondstoffen is een
combinatie van verschillende criteria

® Voor ieder van die criteria zijn meerdere indicatoren denkbaar

" Relatieve score van een indicator voor een nieuwe toepassing t.o.v. de
huidige toepassing: hoogwaardiger

" Hoogte van scores en onderlinge weging daarvan kan verschillen per
stakeholder (waardering is subjectief proces)

" Het is onmogelijk om één enkel absoluut totaalgetal vast te stellen

" Geadviseerd wordt om een multicriteria analyse uit te voeren (liefst met
verschillende typen stakeholders)

WAGENINGEN

UNIVERSITY & RESEARCH
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Identifying and implementing circular
applications of agri-residues

A circular evaluation framework for assessing impacts and circularity of different
agri-residue applications

Wolter Bibersen, Anton Schultze-Jene, Siemen van Berkum, Just Dengeritk, Marls, Naronjo-Barrantes,
Exsadetn Obeng

WAGENINGEN

UNIVERSITY & RESEARCH

Identifier et mettre en ceuvre des
applications circulaires des résidus agricoles

o e devaaston cratare s v b pacs ot bt s Shfrscts

Verkenning van mogelijkheid van

monitoring van circulariteit van
reststroombenutting in 2019 en 2021

Jan Broeze, Wolter Eibersen, Julién Voogt en Han Soethoudt

WAGENINGEN WAGENINGEN

UNIVERSITY 6 RESEARCH UNIVERSITY & RESEARCH

WP 1: Curriculum WP 2: Online tools en modellen

1.1: Curriculum materialen 2.1: Bestaande tools bruikbaar

ontwikkelen voor en met MEO, maken voor onderwijs en praktijk —

HAS online K C H

1.2: Workshops en masterclasses 2.2: Website circulair verwaarden. omtirc

voor docenten en experts Link met Groen Kennisnet . t
WP 5: Projectmanagement

Hoogwaardiger gebruik van reststromen
voor diervoeder

Hoogwaardige inzet van primaire zij-

en reststromen uit land- en tuinbouw,
Endchanceleiaentenion T e e We 3: Cases
L voor hoogwaardigere inzet van agro-reststromen in Nederland

3.1: Cases uitwerken voor en met
bedrijven en studenten

3.2: In-/aanvullen van databases
n.a.v. de cases

WAGENINGEN \
UNIVERSITY 6 RESEARCH \ 7 24
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Overview

(Wolter) Intro - circular residues/biomass valorisation

(Jan) Quantitative analysis: degree of circularity & consequential GHGe effects
Examples:
Surplus bell peppers — energy | feed | food

Sugar beet leaves — left in the field | biogas | food (proteins)
Wheat — food | feed | ethanol + feed

(Jan) Effectively fulfilling demand for energy, fuels, feed & food
Benefit of functional use of biomass components

WAGENINGEN




Intro - circular residues/biomass valorisation

(Wolter)

o0.a. Wat is circulair?
e functionaliteit in toepassing
 “waardebehoud” (cascadering Hogelmeier, eiwit in voeding)
e total use: vee produceert naast voeding ook meststoffen

WAGENINGEN




Z
3 Material 'Wheat grain Wheat grain Wheat grain Wheat grain Wheat grain

A7) Valorisation pathway |Food (substitute SoyProt¢ Feed (pigs) Ethanol + pig feed Feed (dairy cattle) Ethanol + cattle feed

6 TOTAL degree of circularity (%)
7 | TOTAL GHGe effect (kg CO2e/kg DM)

8 | TOTAL GHGe effect (kg CO2e/kg as-is) 1.
S |Land occupation effect (m2xy / kg DM) -1.
-0.!

10 |Land occupation effect (m2 x y / kg as-is)

188 Upstream effect (re-allocate from reference
12 | NET GHGe effect (kg CO2e/kg DM)

13 | NET GHGe effect (kg CO2e/kg as-is)

14 | NET land occup. effect (m2 xy / kg DM)

15 | NET land occup. effect (m2 x y / kg as-is)
1i8i+ Substituted products (GHGe & Land sp. acco

WAGENINGEN

UNIVERSITY & RESEARCH

Food energy, animal-base



Quantitative analysis of circular biomass use

Fundamentals:
e resource-use-efficiency indicator

biomass composition
X

yield factors (per macro-nutrient) to products

* environmental impact indicator

consequential GHG emissions effect

WAGENINGEN




Quantitative analysis of circular biomass use

CAT - Circularity Analysis Tool

e Degree of circularity (indicator for resource-use-efficiency)

Ratio of the energy content of all products generated in a destination pathway
(relative to the energy content of the biomass stream )

Appreciation correction for proteins in food and energy carriers (based on economic factors)

0
Zproducts kAk X Zcomponentsj(zcomponents i(yi,j,k X Kj,k X AHc,j X ml))

Degree of circularity (%) =
g f y( 2 Zcomponents i(K ifood X AH gi X mi)

e Consequential GHG emissions effect
» substitution of reference materials (such as common primary feed raw materials or fossil fuels)
* up to the point of substitution and for non-substitution effects:
o use of energy and other inputs
o carbon sequestration (in material or in the soil)
o emissions of other greenhouse gases: methane and nitrous oxide.

Each material has a specific chemical composition
Each destination has specific mass balance parameter values

— results will be specific per material and application
neglected:
« digestibility variations (e.g. inhibition by lignin)
- differences of protein nutrional quality
WAGENINGEN
< All effects are estimated based on mass-balances
(e.g. nitrous oxide emissions in composting are estimated from protein content of the material)




Destinations

= Landfil

= Not harvested / Land application

= Incineration, without or with energy recovery

= Combustion

= Thermal conversion pathways (like torrefaction)
= Composting, extensive and intensive

= Composting, combined with anaerobic digestion
= Anaerobic (co-)digestion

= Anaerobic digestion, combined with incineration
= Animal feed, without or with manure digestion

= Conversion to food ingredients

= Extraction of e.g. protein fraction

» Insect animal feed

= Pet food

= Biodiesel (+ animal feed)

= Bioethanol (+ animal feed)

= Microbial proteins

= A few pathways to bioplastics

WAGENINGEN
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Destination: incineration

4 energy Ao

| substitutes
| arid
| use | emissions _— ety
| | electricity
—

heat,

incieration
\ | substitutes heat
| generated in
Reating
‘networks

feedstock
(mostly waste)

Destination: feed for livestock

| substitutes
| primary feed
+ ingredients

residue food
stream product

A ereray
I use product or
1 ingredient

T mmm
GHGe | GHee
I processing
Destination: food application *
energy
use
|
| substitutes
__ food loss reduction food » | primary food
remains intervention product v product or
ingredient
energy food
productor
/gred|em
biogas *
upgrading energy
N | ouse

residue use

\

processing * energy * biogas
| | slip substitutes
N . greengas ———— l natural
gus

St
(ae
Of o anaerobic digestion

! 4
1 reduce induce

GHGe | GHGe
|

kel
biogas N
digestate
8 \ substitutes synthetic | * field
+ carbon seque;’rg,;i)er: ! | emissions of
in soil | CH4and N;0




Case stuay: g ocenario 1 B >cenario £ B >cenario 5 W >cenario 4 W >cenario 5
Material Wheat grain Wheat grain Wheat grain Wheat grain Wheat grain
Valorisation pathwa Food (substitute SoyProt«  Feed (pigs) Ethanol + pig feed Feed (dairy cattle) Ethanol + cattle feed

3

4

6 TOTAL degree of circularity (%) 28.0%

7 ;
|

| TOTAL GHGe effect (kg CO2e/kg DM) -1
~1.t
-1.

8 | TOTAL GHGe effect (kg CO2e/kg as-is)

9 |Land occupation effect (m2 x y / kg DM)

10 |Land occupation effect (m2 x y / kg as-is)

188 Upstream effect (re-allocate from reference
12 | NET GHGe effect (kg CO2e/kg DM)

13 NET GHGe effect (kg CO2e/kg as-is)

14 | NET land occup. effect (m2 x y / kg DM)

15 | NET land occup. effect (m2 x y / kg as-is)

18 |+ Substituted products (GHGe & Land sp. acco
a3l = 3

8 + Optional: Transport
(74 + Optional: Generic unit operations
31 + Optional: Add. inputs processing and packaging
T3 + Emission factors: consumed and gene

C

ase study results

\ : ’ , simpl
¥, common and ‘alternative’ uses of resources e
173:9_ Cir 9.
Food, feed and biobased applications 5%
WAGENINGEN -1.3
UNIVERSITY & RESEARCH _1.:

155 Product/Effect 2 Food energy Food energy, animal-bas¢  Energy use in process Food energy, animal-base Energy use in process
Comment mav he 2y hicher iDDGS ¢ mav be 2?2y hicher (DX




Results surplus bell peppers

Bell peppers . . . . .
pepp Degree of circularity GHGe effects: destinations residue stream
Reference destinations 0.1
90%
1% 83%
; E—
/;x 80% 0 .03 e —
o -0.06
70% = o
‘B
©
ap -0.1
60% X
> Q
= o
© )
3 50% 3
O kn)o -0.2
0% ) <
g 40% @
= Ash ® Protein ™ Lipids é':b %
Lignin = Cellulose = H-cell. 30% 24% 8 -0.3
m Starch  mSugar  m Others T
19% [G)
20% o
13%
-0.4
10%
Anaer. (co- Anaer. (co-  Feed (roughage, Produce puree 05 o o
)digestion - )digestion = dairy cattle) from residue Co;dligsion Co-digestion (green Cattle feed Puree NL
electricity green gas stream NL (electricity) gas)
i . X M Electricity production M Heat production Methane emissions
® Heat production M Electricity production
B Fertilizer - N B Carbon sequestration in soil B Nitrogen dioxide emissions
M Fertilizer - N Bio-methane ) ) ) )
H Bio-methane M Energy use in process M Food proteins (via feed)
B Food protein credit (via feed)M Food (via feed) M Food energy (via feed) M Transport M Energy & inputs use
WAGENINGEN B Food ingredient Substitution food ingredient e TOTAL

UNIVERSITY & RESEARCH




Results sugar beet leaves: degree of circularity

Composition (DM): . . . .
Sugar beet leaves Degree of circularity Degree of circularity

Agricultural use Alternative uses
45% 45%
40%
40% 40%
35% 35%
30% 30%
26%

0.024 25% 25%
) - o 20%

m Ash u Protein = Lipids Lignin  m Cellulose 20% 20%

®m H-cell. ®mStarch  ®Sugar m Others
15%
15% 15%
10% 10%
4%
5% 5%
0% - 0%
Not harvgstef] / Land Feed (dairy cattle) Anaer. (co-)digestion > Anaer. (co-)digestion -> RuBisCo protein
application electricity green gas extraction
WAGENINGEN B Food proteins, plant-based M Food proteins, animal-based B Heat production B Electricity production ® Fertilizer - N

UNIVERSITY & RESEARCH

M Food energy, animal-based ® Fertilizer - N Bio-methane B Food proteins, RuBisCo B Food energy, RuBisCo




Results sugar beet leaves: consequential GHGe

Composition (DM):
Sugar beet leaves

A

L\

u Ash u Protein  m Lipids Lignin  m Cellulose

®m H-cell. ®mStarch  ®Sugar m Others

CFP soybean meal is critical e

WAGENINGEN
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GHGe effects (kg CO2e per kg asis)

0.2

0.15

0.1

0.05

-0.05

-0.15

-0.2

Not harvested / Land

B Food proteins
Nitrous oxide
H Food energy,

e TOTAL

GHGe effects
Agricultural uses

0.2
0.15
01
m
5
©
®
5 0.05
o
jo)
S |
© o
®
e
8
& -0.05
()
()
Q
5
0.1

GHGe effects
Alternative uses

excluding fuel use: collection

Feed (dairy cattle)
application

M Carbon sequestration
emissions M Food proteins, animal-based

animal-based ®0

-0.2

electricity

M E|ectricity production

M Bio-methane

e TOTAL

Anaer. (co-)digestion -

M Electricity production (kWh)m Heat production (MJ)

Anaer. (co-)digestion - RuBisCo protein extraction

green gas
Methane emissions
B Net heat production B Nitrous oxide emissions

B Energy use in process B Food proteins, RuBisCo




Results wheat: degree of circularity

Composition (DM):
Wheat grain

0.016

0.022
0.025
/0.007
0.027
u Ash m Protein  m Lipids Lignin  m Cellulose
m H-cell. mStarch ®mSugar  mOthers

WAGENINGEN
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120%

100%

80%

60%

40%

20%

0%

Degree of circularity
Material: Wheat grain

.

100%

2

24%
19%

|
Feed (pigs)

Food (substitute Ethanol + pig feed

SoyProteinlsolate &
wheat starch)

B Food proteins, plant-based ® Food energy
M Food energy, animal-based @ Food energy, animal-based

M Bio-ethanol

M Fertilizer - N

120%

100%

80%

60%

40%

20%

0%

Degree of circularity
Material: Wheat grain

B

100%

W

28% 27%
.
_— _—

Food (substitute  Feed (dairy cattle) Ethanol + cattle feed

SoyProteinlsolate &
wheat starch)
B Food proteins, plant-based ® Food energy
M Food energy, animal-based™ Food energy, animal-based

M Fertilizer- N M Bio-ethanol




Results wheat: consequential GHGe

effect

= Ash

m H-cell.

Composition (DM):
Wheat grain

0.016

= Protein = Lipids m Cellulose

Lignin

mStarch  ®mSugar  m Others

WAGENINGEN
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GHGe effects (kg CO2e per kg asis)

0.5

-1.5

GHGe effects
Material: Wheat grain

B

Food (substitute Feed (pigs) Ethanol + pig feed

SoyProteinlsolate &
wheat starch)
M Food proteins, plant-based ™ Food energy
Food proteins, animal-based ® Food energy, animal-based
M Bio-ethanol W Energy use in process

* TOTAL

GHGe effects (kg CO2e per kg asis)

GHGe effects
Material: Wheat grain

0.
-0.5 |- |l ~
L
-1.
.
-15
-2.

Food (substitute Feed (dairy cattle)  Ethanol + cattle feed

SoyProteinlsolate &
wheat starch)
® Food proteins, plant-based ® Food energy
Food proteins, animal-based ® Food energy, animal-based
M Bio-ethanol M Energy use in process

* TOTAL




Results wheat straw

= Ash

= H-cell.

0.016

~ Composition (DM):
N Wheat straw

uProtein mlipids = Lignin = Cellulose

mStarch ®mSugar  m Others

WAGENINGEN
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20%

18%

16%

14%

12%

10%

8%

Degree of circularity
Material: Wheat straw

17%

10%

1%

Not harvested / Land  Torrefaction at
application 240grC + combustion

Torref @ 300grC +
plastic

B Food proteins, plant-based B Electricity production

M Food energy, animal-based ™ Plastic (PE alternative)

GHGe effects (kg CO2e per kg asis)

0.1

GHGe effects
Material: Wheat straw

-0.37
O

Not harvested / Land Torrefaction at 240grC  Torref @ 300grC +
application + combustion plastic

M Food proteins, plant-based ® Carbon sequestration
Nitrous oxide emissions M Electricity production (kWh)
M Heat production (MJ) M Plastic (PE alternative)

* TOTAL
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3 Material Wheat grain Wheat grain Wheat grain Wheat grain Wheat grain

4 | Valorisation pathway | Food (substitute SoyProti  Feed (pigs) Ethanol + pig feed Feed (dairy cattle) Ethanol + cattle feed
6 TOTAL degree of circularity (%)
7 |TOTAL GHGe effect (kg CO2e/kg DM)

& TOTAL GHGe effect (kg CO2e/kg as-is) -1.!
9 |Land occupation effect (m2 x y / kg DM) -1.!
10 |Land occupation effect (m2 x y / kg as-is) -0.!

(8§ Upstream effect (re-allocate from reference ¢

12 | NET GHGe effect (kg CO2e/kg DM) -1
13 | NET GHGe effect (kg CO2e/kg as-is) =Li
14 | NET land occup. effect (m2 x y / kg DM) 0.
15 | NET land occup. effect (m2 x y / kg as-is) 0..

18 |+ Substituted products (GHGe & Land sp. acco
43_ = =&k Eio HGe affar = ek
L&l + Optional: Transport

(-7l + Optional: Generic unit operations
30 + Optional: Add. inputs processing and packaging
117 + Emission factors: consumed and ge

116 Detailed results
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Essential assumption in quantitative estimates: fixed yield factors
Scope

« neglect different digestibility factors
» neglect differences of protein quality

Considered crops: Considered valorisation pathways:
from production in NL: feed for cattle —» milk
o wheat (+ straw) feed for pigs — pig meat
o maize grain (+ stover) PLA from simple carbohydrates +
o maize silage cattle feed from residue
o lucermne PLA from simple carbohydrates + pig

_ feed from residue
o miscanthus

_ via hydrolysis to PLA
from European production: (2nd generation)
o Ssoyabean meal

Scenario comparisons:
+ fixed demand for food: milk protein and pig protein
* range of demands for PLA

Compare: Integrated production system for food & biobased
UNivEairy & AtseARer Separated production systems: PLA from miscanthus




Optimisation: milk, pig meat & PLA

Optimised land use & valorisation pathways, depending on PLA demand relative to
milk and pig meat protein

140,000
120,000
100,000
W Miscanthus (2nd gen PLA)
g 80,000
§ W Lucerne (cattle feed)
=
g o000 m Wheat (grain: extract to PLA, residue
to pig) (straw: 2nd gen PLA)
40,000 W Wheat (grain: pig feed) (straw: 2nd
gen PLA)
20,000 m Wheat (grain: pig feed) (straw: cattle
feed)
Demand for milk protein 0.226 0.226 0.226 0.226 0.226
~ (with total energyto milk” 119027 11497 1.000" 1.000" 1.192
Demand pig meat prote 0.400 0.400 0.400 0.400 0.400
(with total energyto pigr 2.097 2.018 2.071 1.807 2.097
mj\js' PLA 0.000 0.500 1.000 2.000 2.000

(allin PJ) integrated production of food & PLA (PLAfrom Miscanthus)




Conclusion: crops (not) in results

No soybean meal
because agricultural yield is relatively

|OW 100,000
No maize silage
because protein content is relatively
low (soybean is not used)
protein yield from lucerne is higher —————
than from maize silage i —

Wheat grain is preferred over maize grain

because of (slightly) higher protein
yield per hectare
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Optimised land use &valorisation pathways, depending on PLA demand relative to
milk and pig meat protein

0.225- 0225- 0226 0.226.
0.400 0.400 0.400 0.400
0.000 0.500 1.000 2.000

integrated production of food & PLA

0226-
0.400
2.000
(PLA from Miscanthus)
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Dependency on optimised result with increasing
demand for PLA

Scenario 1 (no demand for PLA)

Optimised land use &valorisation pathways, depending on PLA demand relative to

e Pigs are fed with only wheat grains milk and pig meat protein
e Cattle is fed with only straw (residue from wheat for pigs)

& lucerne

- - H o - - - m Miscanthus (2nd gen PLA)
Scenarios 2-4 (increasing demand for PLA) SR
% ® Lucerne (cattle feed)

e with limited demand for PLA, because of high demand for =«

proteins for feed, fist we see that PLA is produced from

wheat straw (2nd gen) & from extracted starch from .

wheat (protein fraction for pigs)
e with increasing demand for PLA, first only straw is penstmkpotnn 0220 0ae e ozme |02

increasingly used for PLA, and later again starch from | o000 osw 10w 200 | 2000

(altin PJ) integrated production of food & PLA (PLAfrom Miscanthus)

wheat grains.

Because protein supply is most limiting factor, in the
‘integrated system’ the total land use is hardly affected by the
increasing demand for PLA (because proteins are most critical
in this considered system)
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Comparison of results:
integrated system (biorefinery) vs. separated

scenario 4 (integrated)

Optimised land use &valorisation pathways, depending on PLA demand relative to
milk and pig meat protein

scenario 5 (separated systems for food &
biobased)

uuuuuu

e the integrated system has higher land- -

= B
use efficiency I

e in the separated system substantial
extra land is required for PLA (via

- - = Demand for milk protein 0226 0.226 0226 0226 0226
miscanthus or maize silage)
PLA 0.000 0.500 1.000 2.000 2.000

: (allin 1) integrated production of food & PLA (PLA from Miscanthus)
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Conclusions
(note: scenario study has limited scope and strong assumptions)

in each scenario protein supply is the critical factor

» carbohydrates are somewhat abundant; carbohydrate-rich fractions can be redirected to
bio-PLA production

« this redirection of carbohydrates can be realized with hardly any effects on total land
demand

* new value can be created (e.g. biobased products) with limited extra demand for land,
through changes in especially valorisation pathways

« a methodology is available that can support such analyses
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3 Material Wheat grain Wheat grain Wheat grain Wheat grain Wheat grain

4 | Valorisation pathway | Food (substitute SoyProti  Feed (pigs) Ethanol + pig feed Feed (dairy cattle) Ethanol + cattle feed
6 TOTAL degree of circularity (%)
7 |TOTAL GHGe effect (kg CO2e/kg DM)

& TOTAL GHGe effect (kg CO2e/kg as-is) -1.!
9 |Land occupation effect (m2 x y / kg DM) -1.!
10 |Land occupation effect (m2 x y / kg as-is) -0.!

(8§ Upstream effect (re-allocate from reference ¢

12 | NET GHGe effect (kg CO2e/kg DM) -1
13 | NET GHGe effect (kg CO2e/kg as-is) =Li
14 | NET land occup. effect (m2 x y / kg DM) 0.
15 | NET land occup. effect (m2 x y / kg as-is) 0..

18 |+ Substituted products (GHGe & Land sp. acco
43_ = =&k Eio HGe affar = ek
L&l + Optional: Transport

(-7l + Optional: Generic unit operations
30 + Optional: Add. inputs processing and packaging
117 + Emission factors: consumed and ge

116 Detailed results
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Increase circular value creation: straw biorefinery

Straw use in the Netherlands 2020 Biomass (kon DM

Increase circular value creation from leaves in straw:
Pe Sraw NOT harvesed « fraction leaves in straw ~ 18%

» biogas potential ~ 200m3 per ton leaves
(Motte et al.,2014, https://doi.org/10.1016/j.indcrop.2013.11.038)

83

[Tt oo 15 ese Lo from 955 kton straw — 34 million m3 biogas
e (1/4 of current biogas production volume in NL)
§ Forage animals ‘ . ) .
<3 320 Additional circular benefit:
‘ — * N in digestate has higher coefficient of action in soil than
Harvested straw + chaff w ok us 1 ) .
‘ 397+ 206= 603 ‘ 603 955 | 135 ‘Slab'ef;smmn""as‘ from crop residues
222
352 Slablezszl;rnorses ‘ 131
| Imported straw +chaff
352
17 ‘ Other biobaseduses® | 111
2 ‘ 55
76 % exponeu;;rawman ‘
Balance
2 z ( Used bymushrooms
i Impone?‘itrawmcomposl; 111 | MUS“';;;T‘DYOGUW} 84 o
83 i Exported ‘

Ref: van Leeuwen at al. 2024. Monitoring the flows of biomass residues in the Netherlands
W A NIN N
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Increase circular value creation: manure

Theoretical biogas potential of manures generated in NL: ~ 2000 million m3/yr
(Scarlatt et al., 2018, JRC104329)
* this can be upgraded to ~ 1300 million m3 green gas / yr
 which mitigates ~ 2800 million kg CO,-eq./yr
(excl. energy use, methane slip and post-digestion emissions)

Additional benefit: reduce methane emissions from manure
« order-of-magnitude 20% of methane potential is emitted during storage
Groenestein et al. (2017, WLR
« total GHG emission reduction potential: up to 4000 million kg CO,-eq./yr
(actual saving depends on fraction of methane emissions that can be prevented)
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Thank youl!

jan.broeze@wur.nl

wolter.Elbersen@wur.nl

This contribution is part of KomCirc project.

KomCirc received financial support from the Knowledge and
Innovation Agenda agriculture, water, food. Within the KIA, the
business community, knowledge institutions and government are
working together on innovations for safe and healthy food (and a
green living environment) for 9 billion people in a resilient world.

https://circular-biomass-valorisation.com/komcirc
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  𝑫 𝒆 𝒈 𝒓 𝒆 𝒆   𝒐 𝒇   𝒄 𝒊 𝒓 𝒄 𝒖 𝒍 𝒂 𝒓 𝒊 𝒕 𝒚    ( % ) =      ∑  𝒑 𝒓 𝒐 𝒅 𝒖 𝒄 𝒕 𝒔   𝒌   𝑨 𝒌 ×  ∑  𝒄 𝒐 𝒎 𝒑 𝒐 𝒏 𝒆 𝒏 𝒕 𝒔   𝒋   (   ∑  𝒄 𝒐 𝒎 𝒑 𝒐 𝒏 𝒆 𝒏 𝒕 𝒔   𝒊   (     𝒚  𝒊 , 𝒋 , 𝒌 ×  𝑲  𝒋 , 𝒌 × ∆  𝑯  𝒄 , 𝒋 𝟎 × 𝒎 𝒊 ) )   ∑  𝒄 𝒐 𝒎 𝒑 𝒐 𝒏 𝒆 𝒏 𝒕 𝒔   𝒊   (   𝑲  𝒊 , 𝒇 𝒐 𝒐 𝒅 × ∆  𝑯  𝒄 , 𝒊 𝟎 ×  𝒎 𝒊 )

