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From biomass to biochemicals and biomaterials -
technological pathways and applications
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@__@IOI’U r‘al  Why transition to the Bioeconomy?

Non-renewable Sustainable, circular
fossil-based economy bio-based economy
1,
Accelerating w Combustion r\ &
climate change

Additional Biogenic carbon
CO, released cycle
Carbon neutral

\J Minimized pollution

Renewable biomass

Combustion

trapped CO, Q \6‘
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Value added by bioeconomy sector in 2020
(M €)

Turnover of selected sectors Bio-based chemicals,
pharmaceuticals, plastics

€ 2 5 t : I I : and rubber (excl. biofuels); Wood products and
° rl I O n 79,303 furniture; 50,670
/Paper; 45,949

Forestry; 24,482
Agriculture;

Employment in selected sectors 191,232

18 mi”iOn e ___H\Other;37,315

BIC_2023_Trend_Report

Bio-based textiles;
21,409

Bio-based

electricity; 6,635
i——

Fishing and
Aguaculture;
5,448

v Liquid biofuels;
3,824

Food, beverage and
tobacco; 235,868

Ronzon et al. 2022; (DOI: 10.2760/761583)
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&BIOru ‘Al What are bio-based products?

BIO-BASED PRODUCTS A®
Products that are partly or wholly derived from biomass. | e | |} |
Intermediates (fibers, composites, polymers, chemicals,...) 00 4 |
& Ny
Semi-finished and final products gl | [P
Food and feed Materials Chemicals Energy and fuel

ot = P A O 28L& @B

EN 16575:2014, European Committee for Standardisation, Technical Committee 411 (CEN
TC/411), Bio-based products — Vocabulary , Mandate M/492, August 2014.

www.biorural.eu



https://www.biobasedconsultancy.com/uploads/files/InnProBio_Factsheet_n1.pdf
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@BIOrural standardization of bio-based products

CEN/TC 411 ‘Bio-based Products’ STANDARDS (EN 16575:2014)

Determination of bio-based content

la Sustainability criteria

= X . . ]
Lo Terminology and communication

More on October 27, 2023, by Harmen Willemse (NEN):

“Bio-based content certification: Better Biomass Certificate”

https://www.nen.nl/media/PDF/IG_Biobased_product.pdf

www.biorural.eu
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@BIOrural Key enabling strategy of bioeconomy

BIOREFINING

Sustainably process biomass into a spectrum of marketable bio-based products, such

as food/feed ingredients, chemicals, materials, and bioenergy (power, heat, fuels)

- the IEA Bioenergy Task 42 Definition

-

FOOD / FEED ENERGY
CO-PRODUCTS PRODUCTS

BIOCHEMICAL
PROCESS

MATERIAL
PRODUCTS IEA Bioenergy

Y CHEMICAL https://www.ieabioenergyreview.org/biorefining/
PROCESS PRODUCTS

www.biorural.eu

MECHANICAL/
FEEDSTOCK PHYSICAL
PROCESS
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“BIOru ra|  Biorefinery classification system

Generic system Example

| Mechanical
IAE Bioenergy Task 42 _I_mss '

|
|
|
and EU Biorefinery i Do '
|
Outlook to 2030 {
:
|
|
|
|
|
|

https://www.ieabioenergy.com/wp-content/uploads/2014/09/IEA-Bioenergy-
Task42-Biorefining-Brochure-SEP2014_LR.pdf

www.biorural.eu
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Biorefineries by Feedstock

B Multifeedstock ~ B Primary Biomass [ Secondary Biomass

35

30 [ ]

25
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10 -

5 Source

5 E — I_l - g B — — |_| - IEA Task 42 Country report
IAE Bioenergy 2020

& & @’“’(\L \%Q‘b & S \fa“‘b & & @{5; & & 5?'3"“‘% & & Cepi Study 2021
wog & &< 6@‘& N\ S & <€ Qg:f(\ &® RPN BioRefineries Blog
\\‘3} Joint bioeconomy survey 2019

Global Biorefineries Atlas Portal: https.//task42.ieabioenergy.com/databases/

www.biorural.eu
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@BIOrural Types of feedstocks

PRIMARY BIOMASS: SECONDARY BIOMASS:
‘i\g% aquatic biomass :‘:’ microbial biomass
? % lignocellulosic biomass » P aquatic biomass
@@)D dedicated crops ?K f residues from agriculture
ﬁ L= forest-based industry
ﬁ nature, landscape management

recycled bio-based products

www.biorural.eu
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(@a@o rural Conversion processes

Feedstock conversion processes

Biochemical [N

chemical |

Mechanical and Thermomechanical i]

Multiprocess i:
Thermochemical -

0 5 10 15 20 25 30

B Multifeedstock @ Primary Biomass [ Secondary Biomass

35

40
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Biochemical conversion to different products

rermentation [l I

Enzymatic process i

Anaerobic Digestion I

Aerobic fermentation :I
Biochemical

@ Chemicals - Additives, Building blocks

@ Chemicals - Building blocks

@ Chemicals - Building blocks, Chemicals - Flavours and fragrances
[0 Chemicals - Nutraceuticals

@ Energy - Fuels

@ Energy - Fuels, Chemicals - Solvents

M Energy - Heat, Materials - Organic fertilizers

www.biorural.eu
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(@PBIO rura | Biochemical conversion processes
Hemi- Lignin
cellulose 18-35%
20-32%
Cellulose 5 1§
32-45% HO OH
Enzymatic hydrolysis OH
p-glucose

.} Depolymerisation Free Sugars Fermentation

Biomass pretreatment Fuel ethanol

Attfield et al., 2023 (https://doi.org/10.3390/fermentation9070633)

www.biorural.eu
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Agricultural

Waste e

Processing

Blosohds &
Organic
Wastewater

of Environment & Conservation

Biogas

Wasted Food / Q‘ﬁ e -

Anaerobic
Digester

Solid Products
(e.g., compost,

Biochemical conversion processes

Anaerobic Digester System

Post-Processing
of Solid/Liquid
Eﬂ’luent

animal bedding)

(e.g., engines)
Impurlty ‘
Removal | |

ﬁ

Electrmty

Thennal
(e.g., direct use)

L
Fuel
(e.g., pipeline,

/ \ vehicle fuel)

Liquid Products
(e.g., organic fertilizer)

Anaerobic Digester System © Copyright Tennessee Department

www.biorural.eu

ANAEROBIC DIGESTION

1. Hydrolysis (organic polymers to simple sugars)

2. Acidogenesis (sugars and amino acids into CO,,
H,, NH;, and organic acids)

3. Acetogenesis (organic acids into acetic acid,
CO,, H,)

4. Methanogenesis (to methane and CO,)

Mixer

Biogas Storage

Glass Cover
(Flexible or Rigid)

Biogas Outlet

Effluent
Qutflow

Fluid Zone

Manure
Reception Pit
with Pump

https://doi.org/10.1016/j.rser.2020.110580
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Chemical conversion to different products

Catalytic ==
Chemical - Chemical Pulping D

Chemical - Esterification =3

Chemical pulping =

Fuel Synthesis
Hydrolysis EH

Hydrotreatment I )

Lignin Depolymerisation A mmm
Pulping BE
Steam Reforming... B3

0 5 10 15 20

B Chemical - Building blocks, Materials - Fibres, Composited, Polymers
@ Chemical - Building blocks, Materials - Fibres, Energy - Heat

@ Chemical - Building blocks, Materials - Fibres, Energy - Power, Heat
[0 Chemical - Pharmaceuticals

@ Chemicals - Building blocks

@ Energy - Fuels

B Energy - Fuels, Chemicals - Building blocks

M Energy - Fuels, Materials - Polymers

M Energy - Fuels, Materials - Resins, Chemicals - Building blocks

@ Materials - Fibres

B Materials - Fibres, Chemicals - Paints and coatings, Energy -Power, Heat
B Materials - Fibres, Composites

www.biorural.eu
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Lignocellulosic biomass
Food/Agro Wastes

Chemical conversion processes

Seaweeds & Aquatic plants

PRETREATMENTS - SACCHARIFICATION - PURIFICATION

—> Milling

—> Torrefaction

—> Steam explosion
—> Liquid hot water
——> Ammonia explosion
—> scCO, explosion
—> Acid hydrolysis
——> Basic hydrolysis
——— Solvent extraction

Esteban et al., 2018

—

——— lonic-liquid extraction-reaction

(https://doi.org/10.3390/catal8120637)

Homogeneous catalysts

—> Solid catalysts

——> Hydrolytic enzymes

———> Neutralization
— Liming (Ca0)
> Adsorption
—— lon Exchange
——— Extraction

- Redox reactions

——> Membrane technologies

FRACTIONATION > Free sugars (glu, fru, xyl, gal, man)

—> Cellulose

—> Pectin

3y

—> Hemicellulose
Lignin - CATALYTIC ROUTES TO CHEMICALS

Chemicals from lignin
Schutyser et al., 2018
(https://doi.org/10.1039/C7CS00566K)

www.biorural.eu



https://doi.org/10.3390/catal8120637
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Thermochemical conversion to different products

Cooking I |

Fast Pyrolysis
Gasification ]
Hydrothermal Liquefaction

Pyrolysis...

0 2 - 6 8 10

B Energy - Fuels
@ Energy - Power
[l Materials - Fibres, Chemicals - Building blocks, Energy - Power, Heat

[0 Materials - Polymers

www.biorural.eu
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Heat =<

Gas —
Syngas

Product

Liquid -

Bio-oil

Solid —

Biochar

0

| Thermochemical conversion processes

900-1500 °C
Gasification
< >
600-1300°C

Conventional gasification
Steam gasification
Supercritical water gasification

Liquefaction

e

>
200-600 °C y .
Slow pyrolysis
! < Fast pyrolysis
.. <€ Fyrolysis Catalytic pyrolysis
7 400-800 °C Microwave pyrolysis
Torrefaction
<>
. '200—300 C< Carbonization
- 400-1000 °C

250 B 500 750 1000 1250

Temperature ("C)

Sufficient

- [nsufficient

Oxygen supply

- Absent

Chen et al., 2021
(https://doi.org/10.1016/j.pecs.2020.100887)

1500

www.biorural.eu
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(@2@0 rural Biorefinery platforms

Intermediates linking feedstocks and marketable products

biochar bio-naphta lignin biogas organic juice / protein

bio-coal bio-oils / oils C5/C6 sugars

g\f(:s QR

Blorefinery platforms - Sugars

starch
bio-crude pyrolytic liquid

Biorefinery platforms - Starch

www.biorural.eu
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(@a@o rural Biorefinery products

Products at TRL 1-5 (research and pilot)

6
) Production:
. 0.0001 ktons/year
3 up to 10 - 29 ktons/year
2 I
1
METETRTREY [ ] TR
T s T =T, ®¥ ® B =T B & =
z T 3 = -
£ 5
3
z
Animal Chemicals Energy

Feed

www.biorural.eu
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(@a@o rural Biorefinery products

Products at TRL 6-7 (demonstration)

9
8
; Production:
5 0.0001 ktons/year
|
. up to 167 ktons/year
2
1
. . Bl B B B B B
5 S < ®) £ = @ E
5 g = 2 = b3 = £
= = 5 z ¥ 3 I
= o o z =
= Z fira = o h=}
< = - S = S
2 T E = 2 5
= = =}
Z E 5
a E £
- bt E
E 5 z
= = -
E I
Energy Multiproduct 4 =
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Biorefinery products
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Products at TRL 8 (first-of-a-kind commercial)

0.0001 ktons/year
up to 800 ktons/year

Production:
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Products at TRL 9 (commercial)
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(@?BIOI’U ra| Biorefinery conversion pathways

~—

How the feedstocks are converted
into products via platforms and
conversion processes

EU Biorefinery Outlook to 2030
(https://data.europa.eu/doi/10.2777/103465)

www.biorural.eu
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(@é@o ' ra| Biorefinery conversion pathways

BOTTOM-UP APPROACH

Extension/ upgrade of existing biomass processing facility

A. One platform (C6 sugars) biorefinery using sugar crops TRLY
B. One platform (starch) biorefinery using starch crops TRL9
C. One platform (oil) biorefinery using oil crops, wastes and residues TRLY
D. Two-platform (pulp and spent liquor) biorefinery using wood TRLY

EU Biorefinery Outlook to 2030

www.biorural.eu
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@BIOruUral Biorefinery conversion pathways

TOP-DOWN APPROACH

New industrial value chains, integrated systems

E. Three-platform (C5 sugars, C6 sugars and lignin) biorefinery using lignocellulosic biomass TRL 7-8

F. Two-platform (organic fibers and organic juice) biorefinery using green biomass TRL 5-7
G. Two-platform (oil and biogas) biorefinery using aquatic biomass TRL 5-6
H. Two-platform (organic fibers and oil) biorefinery using natural fibers TRL4

I.  One platform (syngas) biorefinery using lignocellulosic biomass and municipal solid waste TRL 7-8
J.  Two platform (pyrolytic liquid and biochar) biorefinery using lignocellulosic biomass TRL 4-5

K. One platform (bio-crude) biorefinery using lignocellulosic biomass, aquatic biomass and organic

residues TRL5

www.biorural.eu




&
t:fr‘\,ﬁjﬁ
@BlOrural

POLARIS

MARKET RESEARCH

CAGR FROM
2021 - 2028

BY TYPE

2 Bio-Lubricants
2 Bio-Solvents

2 Bioplastics

< Bio-Alcohols

2 Bio-Surfactants
° Bio-Based Acids
2 Others

BIO-BASED CHEMICALS

MARKET

MARKET
SIZE
VALUE
IN 2020
uUsp

81.23
BILLION

BY END-USE

2 Automotive

2 Personal Care

2 Food & Beverages
2 Agriculture

2 Industrial

2 Pharmaceuticals
2 Packaging

2 Others

www.biorural.eu

Bio-based chemicals and biopolymers
market is growing

. | +1-929 297-9727 | +44-203-287-6050

& sales@polarismarketresearch.com

REVENUE
FORECAST
IN 2028
usD
160.74
BILLION

2020 2028

KEY COMPANIES

S BASF SE,

< BioAmber Inc,

S Braskem SA,

2 Cargill Incorporated,

< Danimer Scientific Inc.,

2 DuPont de Nemours,

2 Evonik Industries,

2 Koninklijke DSM N.V,,

< Methanex Corporation,

2 Mitsubishi Chemical
Corporation,

S Others

BY REGION

EUROPE

NORTH o ASIA
AMERICA

LATIN
AMERICA

o d’ACIHC

MIDDLE EAST
& AFRICA

Market growth will ACCELERATE
ata CAGR of about

Incremental growth
(TH TONS)

1294.13

The marketis FRAGMENTED
with several players occupying the
market

GLOBAL BIOPOLYMERS MARKET 2021-2025

Growth Contributed by
EUROPE

17000+ Reports covering niche topics. Read themat ~ ¥technavio




(((53 ] Increased demand for natural fibers

Global Natural Fiber Market

Market Drivers (PPN ————— ) By End-use
» Growth in demand for organic | - i ] Market Revenue ‘| :
and eco-friendly products : Sa . s [ SEERERAGE
> Rise in demand for lightweight | | CAGR(2023-2031)
materials in automotive sector ! T 7.5%

® Agriculture
® Electrical & Electronics -
M Textile

Medical

Key Players

' » Barnhardt Natural Fibers
, m P,'am'baSEd . » Asha Cotton Industries ' BY Remon
Flber |
» The Flax Company SARL . » Asia Pacific

1? fid , » Dividan * Largest market share in 2022

|
!
ath S | > Castellins NV
= / '-/" ' ' ”" ’
' " ®Animal-based ' Jaydeep Cotton Fibers Pvt. Ltd |
I
1

Fiber :" l’? 4

wW e trarsgarercymarketreserach.com '

TRANSPARENCY
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| Alternative protein market

Global Alternative Protein market for

9
food application i ngr‘két'.l_lmigh“

EGlobal Market Insights

l—— CAGR (2023-32) GLOBAL snmsncs—l

CAGR (2023-32)
>$4 BN

Market value (2022)

SR bt i) 5 APAC : EUROPE

- . . \ % % 25 ¢
CAGngzggel-U): : CAGR (2021-27): ‘Market Value (2027): NSl 7%
: 18.5% : >$1.5 BN CAGR (2023-32)

Microbial-based Alga o P iy 5 Europe
segment se 0 . et sg BN
Market Value (2027): CAGR (2021-27): o - vee vee
$30 BN 19.9% Market value (2032)
C ; s’ Market value (2032) Market value (2032)
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https://twitter.com/bio_rural
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