Role of industry in European circular economy initiatives
and European projects
Dirk Carrez
Executive Director, Biobased Industries Consortium

What is BIC?
Connecting industry, academia, regions and citizens to transform bio-based feedstocks into novel sustainable products and
applications, and create circular bioeconomy ecosystems through investments, innovation and know-how.
BIC’s industry members cover all sectors
of the bio-based economy

BIC’s associate members include
research institutes and universities

BIC’s main activities
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CBE JU - Circular Bio-based Europe Joint Undertaking

Why participating in European circular economy initiatives
& projects
•

Helping innovations to progress through the valley of death: scaling up innovations to the size needed to
become a real alternative for the linear fossil solutions (higher TRL, upscaling, proof of concept, developing new
applications and markets, …)

•

De-risking innovative investments

•

Multidisciplinary partnerships with complementary skills need to be formed to develop the solutions we need.

•

Partnering (with other industries & academia) to set up new bio-based innovative value chains and ecosystems, including access to feedstock

•

Involvement of brand owners to shorten time to market

•

Fostering sustainability through efficient use of feedstock with zero-waste objective
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SWEETWOODS - Imavere, Estonia

EXILVA – Sarpsborg,
Norway

FARMŸNG – Amiens, Fra
LIGNOFLAG - Podari, Romania

AFTERBIOCHEM - Saint-Avold, France

PEFerence – Delfzijl, NL
PLENITUDE - Sas van Gent, the
Netherlands

FIRST2RUN - Porto Torres, Italy

Flagship biorefinery

Flagship biorefinery Call

SME participation in BBI Calls 2014-20*

*Calls 2014-2020 share of SME unique applicants, beneficiaries and share of funding (the data for Call 2020 refers to retained proposals)
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Challenges of
Bio-based Materials
from an Industrial Perspective
Manfred Dunky
SUSBIND Final Online Conference
June 1, 2022

What is the motivation to use bio-based materials, such
as for wood adhesives? (i)
• “Green idea” and “green behavior” in widest sense of the word, expecting
more stringent environmental regulations and further sensibilisation of the
public opinion.
➢ Of which substances do wood adhesives usually consist, if not of
natural raw materials?
• One of the original ideas was the reduction of the subsequent
formaldehyde emission:
➢ In the mean time we have: CARB II, F****, „German E1“, ULEF, NAF, lot
of voluntary quality signs, such as for boards for prefabricated houses
with 0.03 ppm formaldehyde, Nordic Swan, even „As Wood“, etc.
Manfred Dunky at SUSBIND Final Conference
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What is the motivation to use bio-based materials, such
as for wood adhesives? (ii)
• Reduction of the dependence from petro-chemical (fossile) raw materials
(including threatened price increases)
➢ Only a low percentage of urea is used for resin, the majority is used as
fertilizer for agriculture.
➢ Same for methanol: it is a huge-volume chemical, but most of natural
gas is used for other purposes.
• Another one of the first ideas: decrease in costs for the adhesives, e.g.,
replacement of phenol by „lignin“, but always linked with the risk of
reduced performance
➢ During 80s of last century: e.g., replacement of 10 - 15% of the UF
resin in the particleboard production by crude lignosulfonate
Manfred Dunky at SUSBIND Final Conference
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However, all conditions on the market have changed in
the last 1 - 2 years:
• economically: prices for nearly all raw materials increased dramatically:
natural gas, crude oil, methanol and urea (both based on natural gas),
energy as such (due to increase in raw materials), electric power

Manfred Dunky at SUSBIND Final Conference
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However, all conditions on the market have changed:
• economically: prices for nearly all raw materials increased dramatically:
natural gas, crude oil, methanol and urea (both based on natural gas),
energy as such (due to increase in raw materials), electric power
• environmentally: „European Green Deal”: a bundle of initiatives by the
European Commission aiming to make Europe “climate neutral” („CO2neutrality“) by 2050; partly aimed already for earlier, such as „Fit for 55”:
reduction of net greenhouse gas emissions by at least 55% until 2030.
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However, all conditions on the market have changed:
• economically: prices for nearly all raw materials increased dramatically:
natural gas, crude oil, methanol and urea (both based on natural gas),
energy as such (due to increase in raw materials), electric power
• environmentally: „European Green Deal”: a bundle of initiatives by the
European Commission aiming to make Europe “climate neutral” („CO2neutrality“) by 2050; partly aimed already for earlier, such as „Fit for 55”:
reduction of net greenhouse gas emissions by at least 55% until 2030.
• politically: war in Europe, problems with trade connections (logistics),
upcoming problems with supplying enough food to people.
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Which are alternatives to our actual (fossil) raw
materials?
• Biomass in the broadest sense of the word
➢ Wood: already now strong competition for wood
➢ Agricultural products: energy plants, conversion to fuel and
technical/chemical substances => in future strong competition to food
agriculture

Manfred Dunky at SUSBIND Final Conference

1st June 2022
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Strong competition for wood as raw material (i)
•
•
•
•
•

for solid wood applications
for wood-based panels
for pulp and paper
for bio-refineries
for energy generation: burning of bio-mass to replace fossil fuel; national
and European laws and initiatives for „renewable energy“ („Erneuerbare
Energie-Gesetz“ EEG „Renewable Energy Regulation“ in Germany and other
countries)

Manfred Dunky at SUSBIND Final Conference
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Strong competition for wood as raw material (ii)
• Energy generation: burning of bio-mass strongly neglects the cascade
principle:

oUsing wood in the first step as material, then recycling and re-use
oBurning for energy only when material recycling and reuse is not any
longer a viable alternative
• Burning wood is not „CO2-neutral“ (as authorities like to tell), because it
takes at least 1 – 2 decades until the CO2 will be stored again in biomass.
But we need to reach „zero-net“ within the next few years.

Manfred Dunky at SUSBIND Final Conference
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Competition for, and lack of electrical energy
• How can we produce enough electrical energy, considering the extremely
quick and strong increase in demand:
• E-mobility: cars, truck, even e-bikes
• E-fuel: based on green hydrogen via electrolysis of water, with CO2 from
the air
• „green hydrogen“ for high margin products (medicine, pharmaceutics,
etc.) but rather not for a low-margin business such as wood adhesives
(?)

Manfred Dunky at SUSBIND Final Conference
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What might be the future?
=> 5 concepts for bio-based adhesives
• Original idea of fully naturally-based adhesives
• Modified/crosslinked naturally-based adhesives
• Partial replacement of synthetic raw materials by naturally-based
chemicals, e.g. phenol partly replaced by lignin
• Use of chemicals (new monomers) from bio-refineries: established
synthesis ways, but using naturally-derived chemicals: either (i) purified
and well-defined chemicals or (ii) mixtures just as achieved in various steps
of the bio-refinery process
• Well-established formaldehyde based resins, but using „green hydrogen“
instead of natural gas to produce methanol and urea (Costs?)
Manfred Dunky at SUSBIND Final Conference
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Challenges when using bio-based adhesives (i)
• Usually no crosslinking and duroplastic curing
➢ no or very limited resistance against moisture and water (except
tannins), partly only physical solidification by loss of water
=> need to add extra crosslinkers
• „Bio-based“ does not necessarily mean „non-toxic“ or „bio-degradable“;
still open questions to be answered.

Manfred Dunky at SUSBIND Final Conference
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Challenges when using bio-based adhesives (ii)
• When „game changing“ is intended, then the naturally-based adhesives are
in competition with the established and well-performing condensation
resins based on formaldehyde. Established wood adhesives have been
optimized since several decades.
➢Huge demand of wood adhesive (for close to 400 mill. m³/year of woodbased panels): about 20 - 25 mill. to/year!
➢ Is the availability in such really huge volumes secured?
• Local and seasonal differences in composition and quality, e.g. lignins from
different wood species

Manfred Dunky at SUSBIND Final Conference
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Challenges when using bio-based adhesives (iii)
• In many cases less favorable performance of bio-based wood adhesives
compared to the established resins, especially concerning process
conditions with much longer necessary press times.
• Several of the natural adhesives are based on plants (soy, carbohydrates):
how can it be justified to use land for chemical purposes (adhesives, fuels)
instead of cultivating land for food?
➢If there is not enough fertile land available, how should it be used? Biobased adhesives (but also energy crops) are in competition with food.

Manfred Dunky at SUSBIND Final Conference
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My message of today
• Lot of R&D done, but industrial implementation so far is still limited.
• Close cooperation between industry and R&D is necessary to get new
results implemented in industry.
• Let’s see what the future of bio-based materials will be. Hopefully this
SUSBIND Final Conference will be an important step to overcome these
hurdles.

Manfred Dunky at SUSBIND Final Conference
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SUSBIND
• The SUSBIND project is a close cooperation between research and industry,
showing high commitment of industry.
• Very interesting research results out of the SUSBIND project have been
presented, e.g., at the Wood Adhesives Conference 2022 in Portland, OR.
• Personally I am eager to hear about the chances and further steps in the
industrial implementation of the SUSBIND results; a good success will be
important for all of us. Good luck!

Manfred Dunky at SUSBIND Final Conference
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Development and pilot production of SUStainable bio BINDer systems for
wood based panels
BBI JU contribution: €4.1 million

Duration: May 2018– August 2022
Feedstock: Carbohydrates & Vegetable oils
Co-ordination:
RTDS Group (AT)

Research:
CE Delft (NL); CIB CSIC (ES); IRNAS CSIC (ES);
Fraunhofer IGB (DE); Wood K+(AT); TU Dresden (DE)

Industry (& SMI):
Valbopan (PT); EGGER (AT); JenaBios (DE); IKEA (SE);
Cargill (DE)

Ambition of SUSBIND
•
•
•
•

Millions of tons of adhesive are used every year in the production of
Engineered Wood Boards.
The wood board industry needs largely available commodity
adhesives which must also fit the tight application conditions of this
capital-intensive business.
Because of these constrains, adhesive for wood boards are today
fossil-based.
Upcoming regulations, to reduce greenhouse gas emissions, are
suggesting the direction towards alternatives to incumbent adhesives
for engineered wood boards manufacturing.

The Ambition of the SUSBIND program is to identify the Bio-based
alternative to the existing adhesive for Particle Board and Medium
Density Fiberboard which provide the best compromise of sustainability
elements by a technology scalable at demo size.

How we tackle the challenge?
Existing European Biorefineries, already producing Carbohydrates and
Vegetable oil chemicals, were promising because able to deliver:
Social
Sustainability

The volume & cost
expected in the
project.
Interesting building
blocks for further
processing

Sustainable
Development

Economic
Sustainability

Environmental
Sustainability

Products which
market in EU was
suffering a
demand drop

Chemicals with
reasonably low
CO2 footprint

The idea was then to convert carbohydrates and vegetable oils to binder
precursors by “mild” technologies (carbohydrates to HMF and vegetable oils
and derivates to epoxides) and use these as binder for PB and MDF

Results
Thanks to Bio Based Industries Joint Undertaking, under the European
Union’s Horizon 2020 research and innovation program, the consortium was
able to deliver impressive results:
✓ New UPOs
✓ Large number of scientific publications
✓ Demo scale technologies validation
✓ Furniture made with both PB and MDF produced using a new technology
… still, we are not there yet: the solution works technically but it is too
expensive both from the economical and environmental point of view.

In 4 years, we could not match the optimization level of an industry which
has been active since many years (Hubbard, “Artificial Wood“, 1887,
Germany); however, we set the collaboration framework to recover fast the
gap…. It is now the chance, for everybody in EU, to build on the SUSBIND
results…. which show exciting opportunities left to explore….

Recommendations
1-Collaboration across supply chain

Dedication of all the partners across the
supply chain is fundamental to deliver
innovation meaningful for industrial
exploitation.

2- Build on the SUSBIND results

Branched amine from renewable
resources as x-linker for carbohydrates PB
adhesive or highly epoxy oil as co-binder
for MDF seems to be very promising
future opportunities.

Recommendations
3- Assure expertise in Project Management

Thanks!

Carbohydrates: Sugar syrup as the
secret ingredient for bio-based binders
for furniture
Erik van Herwijnen – Deputy Area Manager Wood K plus
Bio-based Industries
Joint Undertaking

Catherine Rosenfeld – Scientist Wood K plus
SUSBIND R2R Final Conference, June 1st 2022

European production of wood composite boards
Up to now urea-formaldehyde is mainly used in wood particleboards

European Market share of particleboards

Adapted from: Federation EP. Types of Wood-Based Panels and their Economic Impact / Particleboard 2018 [Available from: https://europanels.org/thewood-based-panel-industry/types-of-wood-based-panels-economic-impact/particleboard/.

Solt, Konnerth, Gindl-Altmutter, Kantner, Moser, Mitter, van
Herwijnen Int. J. Adh. Adh. 2019, 94, 99-131.

Efficiency of „alternative“ adhesives

Solt, Konnerth, Gindl-Altmutter, Kantner, Moser, Mitter, van Herwijnen Int. J. Adh. Adh. 2019, 94, 99-131.

Efficiency of „alternative“ adhesives

TOO
SLOW

TOO
WEAK
Solt, Konnerth, Gindl-Altmutter, Kantner, Moser, Mitter, van Herwijnen Int. J. Adh. Adh. 2019, 94, 99-131.

5-Hydroxymethylfurfural (5-HMF)
Highly reactive key compound needed to enhance cure
speed of carbohydrate-based adhesives!

Requirements:
• Bio-derived chemical
• Many potential application fields
• Formaldehyde (emission)-free solution

Challenges in industrial HMF production
Current situation of industrial HMF production:
• No large scale production operating
• ONLY ONE small scale (up to 300t/year) industrial
production plant in operation
• >1000 publications per year on production and utilization
of HMF

Challenges:
•

HMF yield

SUSBIND APPROACH:

•

Thermal lability of HMF

In-situ adhesive production

•

Side product formation

Adhesive development
• Adhesive formulation used in SUSBIND particleboards:
Fructose-Hydroxymethylfurfural (HMF)- amine adhesives

+

Sugar-amine
adhesives

Adhesive precursor
HMF-containing precursor

Sub-sequent adhesive production

Lab-scale resin production
Rheology
SEC

Mechanical testing

OPTIMISATION

Thermal analysis (DSC)

Mechanical testing
• Measuring the tensile shear strength with an automated bonding evaluation system (ABES)

Adhesive strength development
Hydroxymethylfurfural (HMF) increases the cure speed of
fructose-based adhesives!

Performance of Fructose-HMF-BHT adhesive:
• Sufficient tensile shear strength obtained
• Fast curing adhesive system
• Mechanical performance comparable to conventional UF
adhesive
Rosenfeld, C., Sailer-Kronlachner, W., Konnerth, J., Solt, P., Pellis, A., Rosenau, T., Potthast, A., van Herwijnen, H.W.G. (2022). Hydroxymethylfurfural: A
key to increased reactivity and performance of fructose-based adhesives. submitted.

Scale-up of the adhesive production
• Scale-up of an in-situ adhesive production to 1kg
• HMF-containing precursor (Fructose conversion)
• Adhesive production
Precursor production in
pressurized batch

Scale up to 1kg

Adhesive production

Particle board production
Wood chip resination:

+

Particle board mat formation and hot-pressing:

Full video: https://youtu.be/tUC60Z46tnE

Particle board optimization
PARTICLE BOARD
PRODUCTION

PRECURSOR PRODUCTION
ADHESIVE PRODUCTION

Discussion
of results, planning

RECIPE ADJUSTMENT
ADHESIVE TESTING
OPTIMIZATION

Conditioning in
standard climate

PARTICLE BOARD
TESTING
Discussion of results,
further research (optional)

SUSBIND Particle boards

Particle board testing
Particle boards reach the minimum requirements of the European standard EN312
(Internal bond strength >0.35N/mm2):

Production parameter:
Density~630kg/m3
Adhesive amount: based on dry wood
Hot-press temperature: 220°C
Thickness: 16mm
Minimum adhesive amount to reach P2
(EN312)= 6.3% (based on dry wood)

Rosenfeld et al (2022). submitted

Thank
Thank
you!
you!
Hendrikus W.G. van Herwijnen
Wood K plus – Kompetenzzentrum Holz GmbH
Konrad Lorenz Straße 24
A-3430 Tulln

Catherine Rosenfeld
Wood K plus – Kompetenzzentrum Holz GmbH
Konrad Lorenz Straße 24
A-3430 Tulln

Tel.: +43 (0)1 47654 -89109

Tel.: +43 (0)1 47654 -89188

E-Mail: e.herwijnen@wood-kplus.at
Homepage: www.wood-kplus.at

E-Mail: c.rosenfeld@wood-kplus.at
Homepage: www.wood-kplus.at

Company

Daniel Zänder
CEO

Prof. M. Grün

Berlin

Senior MD

Dr. M. Funke
Lab manager

Jena

• Founded 1998
• Staff: 29
➢ Scientists 13
➢ Technicians 15
➢ Students
1
• Business areas:
➢ Analytical services
➢ Consulting
➢ Biotechnology

Biotechnology
➢ Isolation, screening, strain and
medium development
➢ Production of specialized enzymes by
wild-type fermentation
➢ Downstream, formulation
➢ Isolation and production of natural
(organic grown) substances like algae
toxins, glucosinolates or siderophores
➢ Specialized biological tests e.g. for
soil, waste, compost and sewage
sludge
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Fungal enzymes
Fungal strains

•
•
•
•

In-house strain collection
Higher fungi
Yeasts
Moulds

Cultivation

• Solid state and liquid
fermentation
• Species-specific complex
media development
• Up to 30-L-fermentation
• Heterologous expression
(S1-laboratory)

Analysis

Formulation

• Molecular and biochemical
characterization
• Spectrophotometric assays
• Analysis equipment: GC-MS/
MS, LC-MS/MS, ICP-MS,
GC-FID, IC, AAS, Flow injection
analysis

•
•
•
•
•

FPLC purification
Crude extracts
High purified enzymes
Lyophilized enzymes
Immobilization techniques

Portfolio
▪ Unspecific peroxygenases
▪ Laccases

▪ Lignin peroxidases
▪ Manganese peroxidases

▪ Versatile peroxidases
▪ Cellulase complex

From Sustainable Raw Materials to Sustainable Recycling (R2R) in Furniture – SUSBIND Final Online Conference

Unspecific peroxygenases (UPOs)
Acting on a peroxide as acceptor
EC 1.11 …

Preferably catalyzing one-electron
oxidations without O transfer

Preferably catalyzing two-electron
oxidation by incoporating O atom

Peroxidases
EC 1.11.1
(23 enzymes)

Peroxygenases
EC 1.11.2
(5 enzymes)

1.11.1.1 1.11.1.7 1.11.1.10 1.11.1.16 1.11.1.19
NADH-POD POD
CPO
VP
DyP

1.11.2.1
UPO

1.11.2.2
MP

1.11.2.3
PSP

1.11.2.4
FAP

1.11.2.5
MTP

René Ullrich (2006)
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Occurrence of UPOs
Occurence only in true fungi:
Ascomycota, Basidiomycota,
Glomeromycota, Mucoromycotina,
Chitridiomycota and fungus-like
protists (Stramenopiles): formerly
“Oomycota“
absent in animals & plants, etc.

AaeUPO
(long)

> 4.000 sequences

R. Ullrich (2006)

Agrocybe aegerita

S. Freidrich (2012)

Marasmius rotula

MroUPO
(short)

Hofrichter et al. 2022, Antioxidants. 11(1), 163
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Catalytic cycle of UPOs

Peroxygenase
pathway

Peroxidase
pathway

Kiebist et al. 2019, Chapter 18 in Pharmaceutical Biocatalysis, Jenny Stanford Pub.
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Reactions catalyzed by UPOs
epoxidation
of olefins

aliphatic
hydroxylation

ester cleavage
deamination

aromatic
hydroxylation

ether cleavage

one electron
oxidation

oxygenation of
heteroatoms and halides
Kiebist et al. 2019, Chapter 18 in Pharmaceutical Biocatalysis, Jenny Stanford Pub.
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Potential application of UPOs
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Emerged Enzymatic Technologies:
From Fungus to Innovative Biocatalysts (UPOs)
R2R – SUSBIND Final Conference

Contributing : Juan Carro from CSIC-CIB
SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

Unspecific peroxygenases (UPOs)
• UPOs are extracellular fungal enzymes with a heme group cofactor.
• Catalyze regio- and stereoselective oxygenations of aromatic and aliphatic compounds, a very
interesting reaction with several biotechnological applications.
• The oxygenation of substrates requires activation of the enzyme by H2O2.
• In the frame of SUSBIND, UPOs have been employed for selective production of fatty acid
epoxides from plant fatty acids to be tested as bio-binders additives for board production resins.

12,13 Epoxy-linoleic

α-linoleic acid

+ H2O2

(C18:2)
9,10 Epoxy-linoleic
SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

Expanding the availability of UPOs
• 4,000 putative UPO/HTP encoding genes in the NCBI database and over 8,000 in the sequenced
fungal genomes available at Mycocosm (JGI, 55 DOE).
• 5 wild-type UPOs have been obtained and characterized from their natural fungal producers.
• Additionally, 4 UPOs have been obtained as recombinant enzymes by heterologus expression.

UPOs obtained from fungal cultures

Agrocybe aegerita, Coprinellus radians, Marasmius
rotula, Marasmius wettstenii and Chaetomium
globosum

SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

UPOs obtained from heterologous expression

Aspergillus
oryze

Pichia
pastoris

Saccharomyce
s cerevisiae

Escherichia
coli

Coprinopsis
cinerea,
Humicola
insolens

Agrocybe
aegerita

Agrocybe
aegerita

Marasmius
rotula

Expanding the availability of UPOs

• 8 upo genes were tested for heterologous expression as recombinant
UPOs in Escherichia coli.
• The expression strategy includes
– Codon optimization of the upo sequence for bacterial expression.
– Slow induction of protein expression (upo genes cloned under the
control of lac promoter and E. coli cultures in lactose/glucose based
media at low temperature)
• Two new UPOs were successfully produced as soluble intracelular
active enzymes: Collariella virescens (rCviUPO) and Daldinia
caldariorum (rDcaUPO).
• Purification: two chromatographic steps render pure enzymes (2nd),
but one single step results in highly enriched (1st) rCviUPO and
rDcaUPO (7 and 3 mg per litre of culture, respectively)
SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

rCviUPO
Ext 1st 2nd

kDa
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rDcaUPO
Ext 1st 2nd

kDa
75
50

37
25
20
15
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Expanding the availability of UPOs
GC-MS analysis of reactions of oleic acid
Kinetic constants
CviUPO

DcalUPO
(-3)-keto (-4)-OH
(-3)-OH

epoxide

(-4)-keto

18

20

22

24

Retention time (min)

26

(-1)-OH
OH keto

C18:1

OH keto

C18:1

28

30

18

20

22

24

Km (µM)

kcat /Km(s-1mM-1)

rCviUPO

12.6 ± 0.3

58.8 ± 6.0

214 ± 23

rDcaUPO

-

-

-

Oleic acid

(-2)-OH

(-7)-OH

kcat (s-1)

26

28

30

Retention time (min)

Two new unspecific peroxygenases from heterologous expression of fungal genes in Escherichia coli. Linde D., Olmedo A., González-Benjumea A., Renau C.,
Estévez M., Carro J., Fernández-Fueyo E., Gutiérrez A., Martínez A.T. 2020. Appl. Environ. Microbiol. 18;86(7):e02899-19

SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

Engineering rMroUPO
I153T + C18:1

MroUPO + C18:1
C18:1

C18:1

S156

S156

T153

I153
H86

C18:1 on
MroUPO

C18:1 on
I153T

E157

H86

E157
C9

C17
Fe=O-C10H distance: 4.5 Å

C10

C17
Fe=O-C10H distance: 3.5 Å

PELE was used to simulate oleic acid diffusion to active site
SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

cis-Oleic acid adopts a bent
configuration with the double
bond closer to heme in I153T
(due to wider channel)

Engineering rMroUPO

Simulations
were
confirmed at IRNAS

(x10,000,000)

Epox

1.25

experimentally

I153T + C18:1

1.00

0.75
0.50

ω-7 OH-Epox

cis-Oleic
0.25

A slight change in the heme channel of the enzyme brought
about the improvement of its selectivity towards the
production of epoxides from oleic acid. Models of active-site
openings in wild-type MroUPO (A) and its I153T variant (B).
SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

ω-7 OH
18.0

19.0

20.0

21.0

22.0 23.0
RT (min)

24.0

25.0

26.0

27.0

28.0

29.0

30.0

I55
L58
A59

S156

I153

I55
L58
A59

S156

T153

I84

I84
Epoxidation vs. hydroxylation

Epox

1.25

I153T + C18:1

1.00

F160

S156

T153

B

F160

I55
L58
A59

C
I55

F156

0.75
0.50

L58
A59

0.25

ω-7 OH

I84

I84

ω-1 Keto
1.00

C

I55 heme-channel residues by Phe, a
Substitution of two
L58
F156 acid, resulted
bulky amino
in the constraint of the active
site, which, in turn,A59
promoted the hydroxylation of the
oleic acid in the
mutated variant.
F153

I84
SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

ω-7 OH-Epox

cis-Oleic

18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0 28.0 29.0 30.0

F153

F160

widened channel
promoted oleic
epoxidation

cis-Oleic

diCOOH

0.75
0.50
0.25

I153F/S156F + C18:1

ω OH
ω-1 OH

narrowed channel
promoted oleic
(sub)terminal
oxygenation

18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0 28.0 29.0 30.0
RT (min)

Adapted from Carro et al. ACS Catal. (2019)

D

E

F
CciUPO

Selective terminal epoxidation
C18:1

diepoxides

(-2)-OH
monoepoxide

(-4)-OH
monoepoxide

18

20

22

24

26

28

30

Retention time (min)

epoxide-15

B

C18:3
18

20

22

24

26

28

30

Retention time (min)

epoxide-15

C

Thanks to computational simulations, a
mutated
variant
was
designed
I153F/S156F, which mimicked AaeUPO
channel that had similar selectivity (B).
G

C18:3
18

20

22

24

26

28

30

E

J

F

H

K

I

L

HReactions were Iscaled up, the product
identified by NMR and chiral HPLC and yield
calculated (Municoy et al. ACS Catal, 2021)
Mro UPO

Retention time (min)
SUSBIND has received funding from the Bio Based Industries Joint Undertaking (JU) under grant agreement No 792063. The JU receives
support from the European Union’s Horizon 2020 research and innovation programme and the Bio Based Industries Consortium.

C

I153F/S156F

(ω-1 to ω-3)-OH
monoepoxides

G

CciUPO

Selective C18:3 conversion nto its 15-monoepoxide

C18:3

B

Mro UPO

(-7)-OH
monoepoxides

The reaction of MroUPO with α-linolenic
acid did not yield any (sub)terminal
epoxides (A). Other UPOs, such as
AaeUPO
indeed
epoxidized
very
selectively only the unsaturation present
at C16 (C). This was due to the narrower
heme channel present in the D
latter.

C18:3

AaeUPO

OH diepoxides

C18:2

A

A

α-Linolenic C16 to heme-oxo distances
for three UPOs and one variant:

Agriculture is how
– delivering sustainable glucose

Confidential

Why focus on agriculture raw materials?

Supply Chain

Our Operations

Customers & Consumers

(Scope 3)

(Scope 1 & 2)

(Scope 3)

Enteric

Fertilizer

Litter

Fertilizer

Diesel

Manure

Farm
equipment

Feed
production

Farm
equipment

Fuel Oil

Feed
production

Soil carbon
loss

Natural
gas
Coal

Electricity

Diesel

Frying oil

Fuel Oil

Cooking
meat
Ingredient
mixing

Food waste

Defining sustainability

Reduce
our emissions

Improve
our water quality
and biodiversity

Enhance
farmer livelihoods

–––

–––

–––

Healthy soils sequestrate
carbon as a key strategy to
reduce supplychain (AKA
Scope 3) emissions.

Stewardship, cover crops and
no-tillage improve water quality
and water holding capacity,
supporting context-based water
targets.

Soil health enables farmer to
reduce or optimize inputs
and improve productivity
resulting in greater farmer
livelihoods.

Regenerative Agriculture

Healthy Soils = Sustainability Benefits
Soil is a living, breathing ecosystem that does more than simply
provide nutrients for plant growth. Healthy soil uses plants’
photosynthesis to pull carbon from the atmosphere, improves
water quality, increases drought resilience and enhances farmer
livelihoods.

Climate

Water Resources

Farmer Livelihoods

Sustainably managed soils play an
important role in pulling carbon from
the atmosphere and storing it.

Healthy soils can protect and
improve water quality, helping to
ensure clean and healthy water
resources.

Regenerative agriculture helps
support farmers through
increased crop productivity and
economic resiliency.

What does it look like - Darker = MORE CARBON

A Picture is Worth a Thousand Words

Regenerative Agriculture Europe

France/Belgium wheat CO2 reduction program
•

Working with partner Soil Capital Cargill established in 2020
one of the first wheat regenerative agriculture carbon credits
programs in Europe

•

Working with farmers in France and Belgium supplying wheat
into CSST factories in The Netherlands

•

Over 3 years it will deliver over 8000 MT CO2 ISO certified
carbon credits

•

Additional ecosystem service benefits including water and
biodiversity supporting Cargill targets

Project delivering

c45% CO2 reduction

Delivering credible claims through the supply chain

Verification

Data allocation

Incentive back
to farmer

Application to products/
available claims

Nikolaus Schwaiger

Sappi Europe R&D

Sustainability in wood-based
products: Bio-catalysed
polymerization of
Lignosulfonates
89

Around the world, people
are seeking sustainable,
scalable, and responsible
alternatives to non-renewables.

Bio-catalysed polymerization of Lignosulfonates

90

Why we exist

It’s extremely difficult to create
solutions that are truly sustainable
from seed to final product.
We exist to make those solutions a reality.

Bio-catalysed polymerization of Lignosulfonates
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Who we are

Sappi is a leading global provider
of powerful everyday materials
built from renewable resources.
Together with our partners, we are quickly
moving toward a more circular economy.
Bio-catalysed polymerization of Lignosulfonates

At a glance: Sappi scale
Sappi serves the world
through headquarters in
four key regions:
• South Africa
• Europe
• North America
• Asia
Bio-catalysed polymerization of Lignosulfonates

We are powered by
the expertise of
more than 12,000
people worldwide.
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At a glance: Sappi scale
165
Years of operation

4 Mills

10 Mills

12,800
Employees in 20
countries

150
5 Mills
Bio-catalysed polymerization of Lignosulfonates

Customers in over
150 countries
94

At a glance: Sappi Europe
• Facts and figures in Europe

3.7 million tons

5,600 employees

Paper Production Capacity

10
Mills

1.1 million tons

14

Paper Pulp production
Capacity

Sales Office
Bio-catalysed polymerization of Lignosulfonates
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Unlocking the power of trees
Dissolving Pulp
Textiles, Cellophane,
Pharmaceuticals

Nanocellulose
Reinforcing Agent, Control
Release Agent, Viscosity Modifier

CELLULOSE

Speciality Papers
and Packaging
Product Packaging,
Technical papers

Graphic Papers
Commercial Print,
Publishing

Xylitol, Furfural, and
Chemicals from Sugars
Low-calorie Sweetener,
Toothpaste, Recyclable Plastics

HEMICELLULOSE

Fibre Composites
Automotive Parts,
Furniture, Audio
speakers

Casting and Release
Papers
Textures for materials,
Functional films,
Automotive wraps

Bio-catalysed polymerization of Lignosulfonates

LIGNIN

Chemicals from Lignin
Binding Agent, Dispersion
Agent, Emulsion Stabiliser

96

Sulfite pulping
Cellulose

+
H2O
+
MgO
+
SO2

Pulping Unit

Lignosulfonates
Ullmann's Encyclopedia of Industrial Chemistry, Wiley-VCH Verlag GmbH & Co.
Bio-catalysed polymerization of Lignosulfonates
97
KGaA, Weinheim 2013.

Sulfite pulping
• Operated at 4 Sappi mills in Europe
• Although some lignosulfonate is
currently sold (e.g. as a concrete
admixture), most is incinerated,
allowing Sappi to recover the
magnesium, and generate power and
steam.
• Our challenge is to develop new
applications
for
lignin
without
impacting on this energy supply for the
mills.

Bio-catalysed polymerization of Lignosulfonates
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Value added products by lignosulfonate
• Polymerisation
by laccase treatment under oxidising conditions:
polymerisation
• Oxygen + Laccase from (Myceliophthora thermophila) + Lignosulfonate

Mayr SA, Schwaiger N, Weber HK, Kovacˇ J, Guebitz GM and Nyanhongo GS (2021)
Enzyme Catalyzed Copolymerization of Lignosulfonates for Hydrophobic Coatings.
Front. Bioeng. Biotechnol. 9:697310.
doi: 10.3389/fbioe.2021.697310

Bio-catalysed polymerization of Lignosulfonates

99

Change of material properties
• Polymerization of the
lignosulfonate is accompanied
by a significant increase in
viscosity.
• This opens up multiple potential
applications, including improved
binder performance, e.g. for
fertilizer pelletization.

Miguel Jimenez Bartolome, Sabrina Bischof, Alessandro Pellis, Johannes Konnerth, Rupert Wimmer, Hedda Weber, Nikolaus Schwaiger, Georg M. Guebitz, Gibson S. Nyanhongo,
Enzymatic synthesis and tailoring lignin properties: A systematic study on the effects of plasticizers, Polymer, Volume 202, 2020, 122725,
ISSN 0032-3861,
https://doi.org/10.1016/j.polymer.2020.122725.

Bio-catalysed polymerization of Lignosulfonates
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SUSFERT – original ambitions
• 1 Replacement of non-renewable phosphor
• 2 Enhancement of fertilizers by probiotics
• 3 Organic fertilizers based on residues from bioethanol
production

• 4 Synthetic coating polymers will be replaced by
enzymatically modified ligno-sulfonates to produce biobased, biodegradable coatings.
• 5 Improved fertiliser solutions will fit into existing production
lines and application procedures
• 6 Production on a large scale will be demonstrated and field
trials run in various countries over three years

Bio-catalysed polymerization of Lignosulfonates
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Compatibility of polymerized Lignosulfonates with
plant growth
• Invitro testing to ensure that the
polymerized lignosulfonates are
not toxic to plants and that they
support plant growth

• Example shown:
• ice berg salad

Renate Weiß, Sebastian Gritsch, Günter Brader, Branislav Nikolic, Marc Spiller, Julia Santolin, Hedda K.
Weber, Nikolaus Schwaiger, Sylvain Pluchon, Kristin Dietel, Georg Gübitz, and Gibson Nyanhongo (2021)
A biobased, bioactive, low CO2 impact coating for soil improvers, Green Chem., 2021, Advance Article
DOI: 10.1039/d1gc02221k

Bio-catalysed polymerization of Lignosulfonates
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Result – improved plant growth by usage of
lignosulfonate coated soil improvers

• Cumulative fresh weight of lawn cut when different coated soil improvers were added after germination
Renate Weiß, Sebastian Gritsch, Günter Brader, Branislav Nikolic, Marc Spiller, Julia Santolin, Hedda K. Weber, Nikolaus Schwaiger, Sylvain Pluchon, Kristin Dietel,
Georg Gübitz, and Gibson Nyanhongo
(2021) Apolymerization
biobased, bioactive,
CO2 impact coating for soil improvers, Green Chem., 2021, Advance Article
Bio-catalysed
oflow
Lignosulfonates
103
DOI: 10.1039/d1gc02221k

Field Trial Results
Effectiveness of the soil improver

Bio-catalysed polymerization of Lignosulfonates
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@ Inter IKEA Systems B.V.2021

Ways to recycle fiberboards for
manufacturing of new
particleboards and fiberboards
Jan-Olof Fechter, Material and Technique Engineer,
IKEA of Sweden AB
SUSBIND final conference June 2022

CA Wood

@ Inter IKEA Systems B.V.2021

Short about myself
• Diplom Holzwirt
• Licentiate „VOC emissions from children
furniture“
• Innovation work within material for furniture
and functional texile
• Today, Engineer in Purchasing Development,
responsible for wood-based panels
• Citizen of Germany and Sweden

CA Wood

@ Inter IKEA Systems B.V.2021

@ Inter IKEA Systems B.V.2021

@ Inter IKEA Systems B.V.2021

@ Inter IKEA Systems B.V.2021

@ Inter IKEA Systems B.V.2021

Delivering on affordability and sustainability

Renewable Materials
CA Wood

Recycled & Recyclable
materials

Resource efficiency

@ Inter IKEA Systems B.V.2021

Material Direction until 2030: Change drivers

IKEA's consumption of wood and wood-based
panels (m3 delivered to supplier)

Solidwood
20%

MDF/HDF
19%

Particleboard
61%

• Total volume 2020:
13 Mio m3 roundwood equivalent

@ Inter IKEA Systems B.V.2021

We want to use wood in the
most efficient way.

@ Inter IKEA Systems B.V.2021

Boards: Recycled content goal
7,000
20%
6,000

Volume board material [1000 m3]

44%
5,000

80%

AMBITION 2030

75%

4,000

• Maximise recycled content in
particleboard, 80% recycled wood in
2030

81%

3,000

• Cost decrease 50 -60 M€/yr

56%

• 15% recycled wood in fibreboard
2,000
85%

• 40% of all MDF we sell is recycled into
PB or fibreboard

91%
100%

1,000

100%
25%

19%

15%

9%
0

PB

MDF/HDF

PB

2016

MDF/HDF

PB

2020
Recycled

MDF/HDF
2025

Virgin renewable

PB

MDF/HDF
2030

• Recycled content goal on total board is
65%

Million m3 roundwood equivalent (RWE)

@ Inter IKEA Systems B.V.2021

Wood: Freshwood need
25.0

20.0

AMBITION 2030
15.0

• IKEA shall use less freshwood than in
2020

• 1/3 of all wood is recycled wood
10.0

• Better Wood initiative leads to better
wood utilisation in wood-style products
5.0

0.0
FY16

Freshwood in board

FY20

Freshwood in solid wood products

FY25

Recycled wood

FY30

Saved wood in solidwood

• Many of our products contain
lightweight constructions, made of
particleboard, honeycomb paper and
surfaces from Fiberboard.
• Our promise to the cutomer:
All our products shall be recyclable.

CA Wood

@ Inter IKEA Systems B.V.2021

Recycling of
fiberboard

Circular fiberboard

Fiberboard2Fiberboard

Pre-consumer wood ->

Pre/post-consumer wood -> new

new fiberboard

fiberboard

Fiberboard2Particleboard
Pre/post-consumer wood -> Particle
board

@ Inter IKEA Systems B.V.2021

Three ways to recycle fiberboard

Fiberboard
recycling

1
Cyclic thinboard
(CTB)

•

Uses off-cuts from furniture Industry to produce
an HDF-like thinboard

•

Most profitable to install at furniture
factory site

•

Small board-production units

•

Cost saving vs. HDF

2
Fiberboard to
Particleboard
(F2P)

3
Fiberboard to
fiberboard
(F2F)

4
Recycled Wood to
Fiberboard
(RW2F)

@ Inter IKEA Systems B.V.2021

Cyclic thinboard process

Fiberboard to Particleboard (F2P)
recycling

Principle:
•

Recycled wood has a usual content of 5-15%
fiberboard. This can be used to produce
particleboard.

•

Most PB factories limit this content to 5% in order to
avoid process disturbances. Some suppliers allow the
usual content and deal with the disturbances.

•

IKEA actively works with machine suppliers to find
solutions which allow a higher share of fiberboard in
recycled wood for particleboard mills.

1
Cyclic thinboard
(CTB)

2
Fiberboard to
Particleboard
(F2P)

3
Fiberboard to
fiberboard
(F2F)

4
Recycled Wood to
Fiberboard
(RW2F)

© Inter IKEA systems
B.V.IKEA
2019
@ Inter
Systems B.V.2021

Fiberboard
recycling

Fiberboard to Fiberboard (F2F) recycling

Principle:
•

From an incoming recycled wood stream, fiberboard
is sorted out by means of automated sorting.

•

This 10-15% fiberboard is disintegrated into its

original fibers, using a steam process which dissolves
the glue.

•

The disintegrated fibers are blended (20%) into an
existing MDF line.

•

The automated sorting upgrades low-grade recycled

wood to high-grade (pure) recycled wood.

1
Cyclic thinboard
(CTB)

2
Fiberboard to
Particleboard
(F2P)

3
Fiberboard to
fiberboard
(F2F)

4
Recycled Wood to
Fiberboard
(RW2F)

© Inter IKEA systems
B.V.IKEA
2019
@ Inter
Systems B.V.2021

Fiberboard
recycling

• IKEA has a vital interest in recycled
wood in furniture.
• We need availability in our production
countries

• Fiberboard recycling is key
• We need to work together: Collectors,
recyclers, Board makers and machine
industry.
CA Wood

@ Inter IKEA Systems B.V.2021

Together:

Early-stage environmental analyses to support
biobased binder development

Martijn Broeren, CE Delft
SUSBIND Final Conference
June 1st, 2022

SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

Introduction
• SUSBIND project aims:
–
–
–
–
–

Formaldehyde-free binder
Biobased
Equivalent technical performance to conventional binder
Lower human health impact
Lower carbon footprint

Core SUSBIND
team at CE Delft

Martijn Broeren

• Our role: provide advice on different concepts
– Analyse environmental performance (early-stage)
– Conduct market uptake analysis

Isabel Nieuwenhuijse

Ellen Schep
SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

Why ‘early-stage’?
• Technological development involves many variables and choices
– Choices made determine environmental footprint
– Moving from idea to lab to pilot creates ‘lock-in’

SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

Environmental assessment in
SUSBIND
• Early-stage life cycle assessment (LCA)
– LCA: standardised method to determine environmental performance of products over
entire life cycle
– Continuous approach to support resin development
– Decreasing uncertainty as development progresses
Data

SUSBIND resin
development

LCA

Advice

SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

SUSBIND LCA (example)
• Fructose-HMF-BHT (‘SUSBIND resin’)
– Partly biobased, formaldehyde free

• Functional unit: adhesive system for 1m3 of PB or MDF
– Comparison to urea-formaldehyde (UF) resin

• Carbon footprint
• Scope:
– Cradle-to-grave
– Current production in Europe (state-of-the-art UF)
– Note: including difference in wood chips/energy use during board production

• Data from consortium partners for different resin amounts

SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

Flow diagram (simplified)
UF resin (conventional)
Methanol
Urea

Additives

UF resin
production

Board
production

UF resin

CO2 (fossil)

PB/MDF

Retail/use

PB/MDF

End-of-life

SUSBIND resin
Fructose
FF95 production

Precursor
solution
production

Precursor

BHT

SUSBIND resin
production
Resin

SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

BHT
(Additional wood chips)
Additives (Additional energy)

Board
production

PB/MDF

Retail/use

CO2 (fossil)

PB/MDF

End-of-life

Preliminary results
SUSBIND adhesive
Carbon footprint - SUSBIND resin
Adhesive system for P2 PB/MDF
100%
90%
End-of-life

80%

kg CO2 eq.

70%

Additives & energy (resin production)

60%

50%

BHT

40%
Fructose

30%
20%
10%
0%
SUSBIND resin
P2 PB

SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

Preliminary results
PB & MDF
Carbon footprint of adhesive systems
Including background data variability
400

UF resin - EOL

kg CO2 eq./m3 PB or MDF

350
UF resin - production

300
250

SUSBIND resin - EOL

200

SUSBIND resin production

150
100

Board production additional wood
chips/energy
Total

50
0
UF
SUSBIND
benchmark resin (12%)
(10%)

SUSBIND
UF
SUSBIND
resin (10%) benchmark resin (12%)
(10%)

P2 PB

SUSBIND
resin (10%)

SUSBIND
resin (8%)

MDF

• SUSBIND carbon footprint close to UF benchmark
• Reducing adhesive amounts reduces footprint
SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

Discussion
• Current, non-final results
• Ambitious UF benchmark
• Uncertainties
– Laboratory vs. industrial board production
– SUSBIND resin production process (energy use)
– Background data

SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

Key findings
• Early-stage LCA enables informed decision making in technological development
processes
– Uncertainty can be challenging, good to be transparent

• Conclusions SUSBIND resin
– Formaldehyde-free, partly biobased, functionally-equivalent* alternative for UF
– Trade-off: carbon footprint higher than/comparable to UF
• Further development: aim to reduce BHT content?

– Economics uncertain, but price and availability of BHT could be challenging

SUSBIND has received funding from the Bio Based Industries Joint Undertaking under the European
Union’s Horizon 2020 research and innovation programme under grant agreement No 792063.

EU Ecolabel criteria
for furniture
Antonio Delre – Project Officier at JRC

SUSBIND Final Online Conference:
"From sustainable raw materials to sustainable recycling in furniture“
135

1 June 2022

Content
1. Introduction
2. EU Ecolabel criteria overview
3. Formaldehyde emissions from wood-based panels
4. Possible developments
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1. Introduction
a) The EU Ecolabel
b) Products and licences for the
product group of furniture

137
137

1a. The EU Ecolabel

EU voluntary label for
environmental excellence

It certifies products
with a guaranteed,
independentlyverified low
environmental
impact
138

Life
Cycle

89 357 products
2 239 licenses

1b. Products and licences for furniture

Products

1500

1200

50
40
30

900
600
300

0

20

10
0

Mandatory ecolabel in DK public procurement

Mar-22
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Licences

1800

2. EU Ecolabel criteria
Commission Decision (EU)
2016/1332
a) Scope
b) Criteria overview
c) Formaldehyde emissions
from wood-based panels
140
140

2a. Scope
Article 1

Excluded from the scope

141

Article 2

•

Bed mattresses

•

Products with other specific primary functions

•

Remanufactured furniture

•

Furniture fitted in vehicles

•

Furniture products which consist of more than
5% in weight of specific materials

2b. Criteria overview
1) Product description
2) General requirements for
hazardous substances and mixtures

Technical drawings
Substances of Very High Concern

3) Wood, cork, bamboo and rattan

4) Plastics
5) Metals
6) Upholstery covering materials
7) Upholstery padding materials
8) Glass: use of heavy metals

9) Final product requirements
10) Consumer information
11) Information appearing on the EU Ecolabel
142

PVC free – Heavy metals in additives – Recycled content
Electroplating – Heavy metals and VOC in paints
PVC free – Material requirements –
VOC emissions – Blowing agents
Lead, Mercury and Cadmium
Easy disassembly for repair, reuse and recycling
Extended product guarantee
Provision of spare parts

2b. Criteria overview
1) Product description

2) General requirements for hazardous substances and mixtures

3) Wood, cork, bamboo and rattan
4) Plastics
5) Metals

• Sustainable wood

6) Upholstery covering materials

• Contaminants in recycled wood used in wood-based panels

7) Upholstery padding materials

• Heavy metals and VOC in paints, primers and varnishes

8) Glass: use of heavy metals

• Formaldehyde emissions from wood-based panels

9) Final product requirements
10) Consumer information

11) Information appearing on the EU Ecolabel

143

3. Formaldehyde
emissions from
wood-based panels

144
144

3. Formaldehyde emissions from
wood-based panels
Emissions shall be lower than either

50% E1
(EN 13986)

65% E1
(EN 13986)
for MDF

In the form
used in the
product

Content > 5%
of the product
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MDF: Medium Density Fibreboard

CARB Phase II
JIS F-3 star
JIS F-4 star

CARB: California Air Resources Board

JIS: Japan Industrial Standards

4. Possible
developments

Ecodesign for Sustainable
Product Regulation
Furniture is a suitable candidate to be
included in the first working plan
A specific Delegated Act will address
ecodesign of furniture
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Proposed ecodesign requirements
Durability

Reliability
Recycled
content

Presence of
substances of concern

Resource use or
resource efficiency
Possibility of remanufacturing
and recycling
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Upgradability

Reusability

Environmental
impacts

Reparability
Energy use or
energy efficiency

Expected generation of
waste materials

Possibility of recovery
of materials

Possibility of maintenance
and refurbishment

Wrap up

Mandatory EU GPP could incentivise
industry to apply for EU Ecolabel

Requirements for formaldehyde
emissions from wood-based panels
Future criteria will consider provisions set by the future
Regulation on Ecodesign for Sustainable Products
148

Thank you
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