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The road towards a bio-based future
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What did we do?

Analysis Stakeholder engagement

Bio-based opportunities
Public perception

* Workshops

+ Webinar

« Event participation
* Surveys

* Interviews

¥

Strategy document Engagement guide Action plan

Regulatory barriers
Case studies on potentially attractive
opportunities

Roadmap 4

Set of three factsheets Brochure

1. Readers guide to roadmap * Actions that need to be
performed to overcome

»,Background report*
» EU bio-based background

* Nine product groups 2. Key messages for com-

. General barriers munication on bio-based * General barriers

3. Communication guide * Product group related
barriers




Strategy Document

= provides in-depth background information integrating all RoadToBio
research activities

— Introduction
— EU bio-based background
— Rationale for bio-based chemicals
— RoadToBio project

— Roadmap scope and objectives

— Approach and methodology

Roadmap for the
Chemical Industry in Europe

. towards a Bioeconomy dmap for the
— Nine product groups Industry in Europe
— Current status and drive for bio-based e -

chemicals/products foottve Satmary

— Barriers and recommended actions -
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RoadToBIio project target, product groups and outcome

‘ Opportunities and barriers identified ’

Building blocks / Platform chemicals

C1

‘ Potential actions recommended

Product groups

Y

(Methane, CO, Methanol)

Man-made fibres

Y

Y

Y

C2 (Ethylene)

Y

C3 (Prophylene)

Crude oil & natural gas

> Adhesives >

» Plastics /Polymers / =
Cosmetics >

> Solvents >
Paints and Coatings >

> Surfactants >

Y

\ 4
Various building blocks

C4 (Butylene, Butadiene)

Y

Aromatics (Benzene,
Toluene, Xylene)

25% bio-based in 2030 (from 10%)

Y

Agrochemicals

\: Lubricants
—

Y

Formulated final (consumer) products

Focussed on nine product groups




Action Plan

= First entry point to the Roadmap

» The most important facts and figures at a glance!
— Overview of product groups
— Overview of all actions

» Linking to background information, to be consulted as needed

Product Group: Surfactants Addressable Marker: | M ) oo i

Subgroup Sustainability drivers Additlonal drivers Barriers ‘

Advanced properties:

Customers may not be aware of what a bio-based

" o surfactant s and what they can be used for
taxicty than conventional
surfactanis

+ lower critical concentration

+ blological activity
(ancibacterial, antifungal,
antiviral, anticancer and
immunomodulation
activities)

End-product manufacturers need to perceive a dear
addedvalue in switching to bio-hased surfactants as
one-to-one substitutions of conventional surfactants are
unlikely

Lack of a standard definition of bio-based surfactant
New product formulation development is often required

0 optimize bio-based surfactant performande but s an
expensive process

Microblal derived biosurfactants are expensive and
command a premium typically >10x that of fossil-based
surfactants

Production yields of microbial biesurfactants are low and
toxic by-products are still a problem

microbisderived bios

Downstream processing of microbial derived bic-
surfactants is complicated and requires innovation

Sustainable drivers \U 5\) ty J Lower \) Recyclability \) Low human tosdcity

Addressable mariet \sj <1000 ke y) 1,000 - 10,000 ke \L) »10,000 kt

stotenoiders  ({12) Goveroment (&) tndustry (&) NGOs ({7 ) caderma e Research stiutions
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Engagement Guide

v Tips and tools to communicate about bio-based products
v Supplementary to the Action Plan
v Collection of factsheets in brochure style
v' Tailored for the chemical industry

1. Readers Guide
2. Key Messages
3. Communication Guide

KEY MESSAGES FOR COMMUNICATION
ABOUT BIO-BASED PRODUCTS

RS Horizon 2020 X .
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Engagement guide

Readers Guide Communication Guide Readers Guide
Content: Content: _ Content:
. . Recommendations for
. How to read the Action Plan communti)ca;ion to three target . Key Messages about the
roups: businesses, customers, 3
and Strategy document gocieptal stakeholders value of bio-based products
. Recommendations for . Including take home messages and . Key Messages about
collaboration of stakeholders I7ifo @In commiTleaien Eremmels sustainability efforts of the
. Based on results and experiences . .
of recent EU projects focused on chemical industry

communication

What’s in it for you?
v' Customizable messages
to communicate to broader

What’s in it for you?
v' Customizable messages
to communicate to broader

What’s in it for you?
v' Helps you make the

most of the Roadmap!
public

v' Tips to tailor messages to
your communication needs

public

v Useful internal and

v . .
external references Tips to tailor messages to

your communication needs
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Any chemical or material made from
fossil oil or gas can be made from
biomass

Background

Many chemicals, materials and consumer goods are made from fossil resources
(e.g. plastics, synthetic fibres, washing detergents or solvents). The fossil
resources (oil and natural gas) were originally biomass that was converted in a
process spanning millions of years. Any fossil-based ingredient can be replaced
by renewable biomass resources or biomass residues so that we can speed up
or by-pass this process. In the current bioeconomy, chemicals and materials
produced from biomass already replace fossil-based ones.

Chemicals or materials produced
from biomass can help to reduce CO,
emissions

Background

The carbon in fossil resources was captured millions of years ago and is
released at the fossil-based products’ end of life. This release of carbon
dioxide (CO,) contributes to an increase of greenhouse gas concentration in
the atmosphere. Greenhouse gases are one of the major drivers of climate
change. To stay below the 1.5-2°C target of global warming, 70% of all coal
reserves and at least one third of oil and natural gas reserves need to stay
in the ground or their CO, emissions have to be kept from entering the
atmosphere.

In comparison, CO, released by renewable resources was recently captured
and will be captured again when biomass is regrown to produce new
products. This way, the carbon is kept in a shorter cycle (under sustainable
cultivation practices).

When biomass is used instead of fossil resources, fossil carbon can remain
in the ground. This way, renewable biomass resources contribute to limiting
climate change and global warming.



Status quo of the bio-based chemical industry as starting point for the
roadmap

Results of three product groups
Cosmetics
Agrochemicals
Paints & Coatings

Presented by:
Yamini Panchaksharam — E4tech
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Status quo of the bio-based chemical industry as

starting point for the roadmap

Contribution of the chemical industry
to the EU €CONOMY (Source: Eurostat and Cefic)

Other Agriculture
business )
activities =
| Wholesales
| & retail
| trade
Health
and social )
work Service
Rubber and plastics 13.9% Machinery and equipment 2.8%
Construction 79% Feod and beverages 2.6%
Pulp and paper 4.6% Wood 26%
Automaotive 4.3% Publishing and printing 2.3%
Basic metals 4.3% Blectrical machinery and apparatus 2.2%
Textiles 3.2% Furniture 2.1%
Other non-metallic mineral products 3.1% Other manufacturing 5.4%
Fabricated metal products 3.1%

Horizon 2020

European Union Funding BIQ-BASED
for Research & Innovation |N9USTR|ES
* Public-Frivate i

Bio-based raw materials use in the EU
Chemlcal mdustry (Source: Cefic)

eﬂ\

7.8 million tonnes

Starch and sugar . Animal fats
Vegetable oils Chemical pulp
Natural rubber Glycerol
Bioethanol for ETBE Others

. Bioethanol

Bio-based Industries
Consortium



Volumes of bio-based chemicals vs total volume
of chemicals in nine product groups in the EU

Production volume (fossil & bio-based chemicals) (kt/yr) Production volume (bio-based chemicals) (kt/yr)

3500 0.5 05
1800 882 :
5404 86 (0.01% ' (0.03%)
"‘./ 1263 (1%)
1100
8580 cor (51%)
3900 (16%)
Total:
101,329 164
kt/yr = el
1130
(2%) 627
71000 (12%)
556
(44%)

Cosmetics = Paints and coatings = Agrochemicals = Surfactants = Lubricants
Man-made fibres = Solvents = Adhesives = Plastics/Polymers

(reference year: 2015)
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RoadToBIio covered nine product groups

Paints —
S=S. Coatings

Lub.ricants\
| \

-

;oo i . “he
W e PIastics = ee® 1
T W Pplymer.c,".;;g;i-;._
’ .""8 -'. ;' O ¢! ‘

Image source: pixabay

Horizon 2020 . .
European Union Funding BIQ-BASED %Blo'based |cndU5ttl'_leS
for Research & Innovation INDL I]CuTP”:C\ onsortium



Sustainability characteristics of bio-based chemicals and their
fossil equivalents in the solvents product group

6-7

In terms of performance,
D-limonene is the next bast
substitute for xylene. But
thesa solvents still retain
some level of toxicity, their
odours may bacome over-
powering during prolonged
exposure and thay can be
incompatible with some of the
mounting media. D-Limonene
solvents also dry very slowly

compared to xylene and they
often leave an olly residue.

LHT and LE are desired
sustainability characteris-
tics, however toluene does
not fulfil this requirement.

6-7

Hydro- Bio-based xylene
carbons {bio-based altermnative
for xylane)
Hydro- D-Limonene 100 Deadicated
carbons {identified as bio-
based afternative
for xylene)
Hydro- Bio-based toluene 100 Drop-in
carbons {bio-based alternative
for toluene)
Key:

B=Biodegradable, LHT=Low human toxicity, Low GHG, LE=Low ecotoxicity, R=Recyclability




Image source: pixabay; RoadtoBio consortium in
cooperation with Drohm Design

Cosmetics

Product Group: Cosmetics Addressable Market: S )

Barriers mﬂ

Subgroup Additional drivers

EU-based production of
bio-based cosmetics
ingredients can reduce
regulatory burdens to
commercialization, which

! |
| 1
3 :
‘ |
3 :
; i Producers are concerned about the functionality, cost
1 :
! 1
| I
! |
| 1
3 :
I . . . :
i are high when importing !
1 :
1 :
! 1
! 1
I 1
} 1
1 :
! 1
! 1
i |
1 :
1 :

competitiveness and availability of bio-based ingredients

Botanical extracts

1

|

1

1

1

i

i Long and expensive approval process for switching from
l one chemical to another especially if they are derived

i from residues or GMO
1

1

1

|

1

1

1

:

I I
1 I
1 I
1 1
I 1
I I
I I
1 1
1 I
1 1
1 1
I 1
1 1
: i
I . I
fl  Other builc I
il functional ingredients i
I

! : ingredients from outside
1 1

1 1

I 1

I 1

I I

I I

I I

I I

1 1

1 1

| 1

| 1

| 1

1 I

I I

the EU Different cosmetics companies have different definitions

of ‘natural’ or ‘bio". For e.g. some companies reject bio-
butanol as feedstock if it is derived from GM corn

Solvents

The information on difference between organic and

Vegetable oils natural is not clear

Addressable market | S ) <1,000 kt .M) 1,000 - 10,000 kt = L ) >10,000 kt

*Addressable market is based on the current production volume of fossil-based chemicals in the product group in Europe
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Cosmetics

Image source: pixabay; RoadtoBio consortium in
cooperation with Drohm Design

Product Group: Cosmetics

Barriers

Producers are concerned about

the functionality, cost competitive-

ness and availability of bio-based
ingredients

Long and expensive approval
process for switching from one
chemical to another especially if
they are derived from residues or
GMO

Different cosmetics companies
have different definitions of

‘natural’ or ‘bio’. For e.g. some
companies reject biobutanol as
feedstock if it is derived from GM
corn

The information on difference
between organic and natural is
not clear

Shorter and more affordable approval procedures for chemicals that
are not toxic + if they have the identical chemical structure as one that
has already been approved

Financing options to cover approval procedures, partly from the
government and industry

Consultative process between industry, policy and consumers to align
understanding and increase standardisation

Improve labeling in cosmetics (Interest is high, labels are not as
well-known as in food)

Stakeholders

5@] Government R |. Industry m ) Academia & Research Institutions E Consumers

. A,

Horizon 2020
European Union Funding
for Research & Innovation

BIQ-BASED @Dmo-based Industries
INDUSTRIES Consortium
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e ¥
Image source: pixabay; RoadtoBio consortium in
cooperation with Drohm Design g& i

Subgroup Additional drivers

Potential for new bio-based
formulations that overcome
the problem of pesticide
resistance

Coatings for fertilizers

Fungicide

Insecticide

Solvents for insecticides
and pesticic

Addressable market = S } <1,000 kt ,M] 1,000 - 10,000kt L } >10,000 kt

Barriers

Bio-based agrochemicals face tough competition from
established fossil-based equivalents

Bio-based alternatives need to be compatible with the
plants (low/no phytotoxicity)

Few bio-based solvents available for agrochemicals that
fulfil functionality like solvency and compatibility with wide
range of active ingredients

European agrochemical industry is strictly regulated. Use
of new ingredients in products is subject to long and
often expensive approval procedures

Sustainable drivers %\' Biodegradability %l Low ecotoxicity ﬁ’ Lower GHG emissions @' Recyclability QIL:" Low human toxicity

*Addressable market is based on the current production volume of fossil-based chemicals in the product group in Europe

Horizon 2020 %
- European Union Funding BIQ-BASED
for Research & Innovation INDUSTRIES

& *Public-Frivate Partnership
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Image source: pixabay; RoadtoBio consortium in
cooperation with Drohm Design

Agrochemicals

Product Group: Agrochemicals

Barriers

Bio-based agrochemicals face . ar increase the bio-| g commercially-available agrochemicals by r’epld(mg some of their
tough competition from establis-
hed fossil-based equivalents

Bio-based alternatives need to be - T
compatible with the plants (low/no ’ [ shvtotoxicity effect and are reliable when applied in open fie N
phytotoxicity) ' :

I
i
|
I
i
|
I
|
I
i
|
I
i
|
I
i
|
i
|
I
|
|
I
i
|
i
|
I
|
ll Few bio-based solvents available
ll for agrochemicals that fulfil \ s, |nvest in R&D and innovation to create solvents for agrochemicals
I . . "
[l functionality like solvency and . with superior functionality
|
i
|
I
|
I
i
|
I
i
|
I
i
|
i
|
I
i
|
I
i
|
i
|
I
i
|
I
i
|
I

compatibility with wide range of
active ingredients

European agrochemical industry is

strictly regulated. Use of new
ingredients in products is subject \ plant pr te( tion products on the marl ket. This could he IE"-l(lllv adapred

to long and often expensive . fur sp al of bio-b. ased peatu es and is a|IE'd(|yI med by
approval procedures

Financial support to SME for approval procedures

Stakeholders 513 | Government R } Industry @ ] NGOs 'ﬂ/f[ﬁ } Academia & Research Institutions
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Image source: pixabay; RoadtoBio consortium in
cooperation with Drohm Design

Paints & Coatings

Product Group: Paints and coatings Addressable Market: S- ]

Subgroup Additional drivers Barriers

Improved reduced drying time
Performance enhancer for
waterborne paints, high
viscosity and stability

Additives Bio-based solvents and coating materials are not yet

cost competitive with fossil equivalents

High costs involved in the development of new
Advanced properties like formulations
better drying properties

Performance issues such as the yellowing of some

Improved hydrophobicity, bio-based substances

flexibility and chemical
resistance

Changes in product properties require new paint
application techniques

Sustainable drivers ? Biodegradabili Low ecotoxici Lower GHG emissions _eOD* Recyclabili ,”'L;‘ Low human toxici
S gradabiliy | y &9) Recydability () vy

Addressable market S ) <1,000 kt ,M) 1,000 - 10,000 ke L ) >10,000 kt

*Addressable market is based on the current production volume of fossil-based chemicals in the product group in Europe
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Image source: pixabay; RoadtoBio consortium in
cooperation with Drohm Design

Paints & Coatings

Product Group: Paints and coatings

Barriers

Bio-based solvents and coating
materials are not yet cost com-
petitive with fossil equivalents

TN

High costs involved in the develop-
ment of new formulations

Funding schemes/establishment of technology platforms for the
development of new formulations

Performance issues such as the
yellowing of some bio-based
substances

Changes in product properties
require new paint application
techniques

Educate users on application techniques with appropriate labelling and instructions, whilst also raising public
awareness about the benefits of bio-based paints

Stakeholders i@ Government R } Industry @ ' NGOs ﬁ I. Academia & Research Institutions
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Thank you for your attention
Roadmap Downloads: https://roadtobio.eu

Roadmap for the

Chemical Industry in Europe
towards a Bioeconomy admap for the Roadmap for the
Industry in Europe Chemical Industry in Europe
Strategy Document ds a Bioeconomy towards a Bioeconomy

2019

Strategy Document -
Executive Summary
2019

—

Strategy document Engagement guide Action plan

Action Plan

This project has received funding from the Bio Based Industries Joint undertaking und the European
Union’s Horizon 2020 research and innovation programme under the grant agreement No 745623.
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