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OVERVIEW

BACKGROUND AND POLICY CONTEXT

The bio-based sector is among the key players in the Eu-
ropean bio-based economy. It contributes to an innovative,
resource-efficient and competitive society. The bio-based
industry in Europe is, however, still a fairly small and nascent
industry under development. While the financial crisis and
periods of low oil prices constituted short-term setbacks to-
wards development, the bio-based industry appears to have
regained momentum in recent years. Many EU Member States
have, over the last 5-6 years, developed holistic approaches
to the bio-based sector, in particular in the EU-15. Sector
specific policy frameworks further stimulate its development.

Demand-side developments are also positive. Investors and
consumers increasingly focus on environmental and health
aspects of products; however, typically not at the expense
of performance. While green investments and investments
supportive of the U.N. Sustainable Development Goals (SDG)
are in high-demand, investors also continue to demand
that these be bankable. A recent study concluded that the
bio-based sector continues to face issues accessing private
capital*. Seen from the investors’ perspective, there may be
different underlying explanations for this. Some investors
may thus be new to the bio-based sector and lack the insti-
tutional history, tools, and staff to evaluate the potential of
these new concepts. More specifically, they may be concerned
about perceived long lead times from investment to profita-
bility. For early-stage investors more comfortable with the
above considerations, bio-based barriers and risks related
to feedstock, customer preferences, regulatory concerns
and competition aspects vis-a-vis traditional products may
exceed their risk tolerance.

AIM AND METHODOLOGY

This collection of 15 success stories on specific products aims
to address likely investor concerns in the growing bio-based
sector. The success stories demonstrate the broadness of the
sector, and provide concrete examples of ‘bio-based concepts’
that have succeeded in progressing from the early ideas to a
final product placed on the market. Thus, the success stories
serve to illustrate the potential commercial success for bio-
based products. They serve to provide illustrative, concrete
examples of such successes, including: their development
path, factors that enabled this success and risks compa-
nies were confronted with, and how these challenges were
overcome. The sample of 15 success stories are intended
as a means to provide real-life, concrete examples that can

serve as inspiration for investors, companies and project
promoters. The collection of 15 success stories should not
be seen as a selection of particularly remarkable successes.
Rather, it provides a sample of 15 successes selected with
a particular focus on demonstrating successes for a range
of different products, applications and company types. The
success stories are drawn from many EU Member States, and
providing a good selection of new and innovative products.

A range of criteria underpins the selection of the 15 success
stories presented in this report. Thus, the aim has been,
among other considerations, to include different types and
sizes of companies, different product types and applications
and a wide geographical coverage across the EU. Moreover,
the intention was to present products that are innovative
and fairly new in the market. Further, individual success
stories should deliver on at least one of three key criteria of
success. In order of priority, these criteria are a) profitability,
b) product on the market, and c) success in mobilising critical
external finance. Further, the readiness of the companies in
question to participate was a necessary condition.

The development of the success stories considers the history
of the product development from idea to market, it provides
descriptions of technology, product and feedstocks, and it
considers how funding has been obtained as well as the
existing and potential markets. All success stories provide
a simple SWOT (identification of Strengths, Weaknesses,
Opportunities and Threats) and they identify the key drivers
of the observed success. The respective companies have
been involved in preparing the success stories: A four page
description has been prepared on each of them. They have
kindly provided data, participated in interviews, and they
have endorsed the final four page description. Each success
story rests largely on the information provided by the com-
pany in question. In all cases, certain key information has
been considered confidential by the company in question
and, thus, has not been shared. This applies for example in
many cases to information regarding R&D costs, production
costs and sales information and forecasts. Consultations
with four specific investors have supported the identification
and development of success stories, for example in terms
of providing feedback to intermediate lists of possible can-
didate success stories, in terms of explaining concerns and
issues of importance to investors, and in terms of providing
reflections on what elements of a success story would be
of relevance to an investor, and hence relevant for inclusion
in the descriptions.

! “Access-to-finance’ conditions for investments in bio-based industries and the blue economy, Commissioned by DG RTD and prepared by InnovFin

Advisory/EIB, June 2017.



PRESENTING THE GROUP OF 15 SUCCESS
STORIES

While different in many dimensions, the success stories pre-
sented in this report share one key feature: they succeeded
in developing a product to a fully commercial level, or close
to that. The 15 successes presented here are thus successful
in the sense that they have progressed significantly in their
journey, and thus they have managed to overcome risks and
challenges along the way including financial challenges. All
but two products are on the market today. For at least half of
the products, they are profitable today or they are expected
to become profitable in the near future.?

The 15 success stories presented here originate in nine dif-
ferent EU Member States:

SUCCESS STORIES PER COUNTRY

Number of Success Stories
1 I 3

&

SWEDEN

NORWAY

ESTONIA

IRELAND

CYPRUS'

ISRAEL€

Note: One company is Israeli-based, but is partly owned by a
Swedish company and has received Horizon2020 funding. The
company is therefore shown once in Israel and once in Sweden.

They represent different company sizes: 20 % are micro-en-
terprises, 40 % are SMEs and the remaining are large com-
panies. About two-thirds of the companies have bio-based
activities at the core of their business.®

Most products described here are new in the market: Thus
more than half (8 out of 15) reached the market only in 2015,
or later. It is thus assessed that 13 of the products are at
TRL level 9 today, or will reach that level in the near future.
The two success stories that rest on a business model in
licencing of their technology to third-parties are assessed
to be at TRL7, or to reach that stage very soon.

SUCCESS STORIES PER PRODUCT TYPE

General building block

Technol
echno ogy or bio-polymer

Licencing

Final product

Note: One product type per
success story.

Material

In terms of product type, the 15 success stories provide
examples of different types that can be categorised in four
main categories.

Further, as detailed in the table “Overview of the fifteen
success stories” at the end of this chapter, around half of
the success stories (seven products) in the sample have
benefitted from EU funding along their Research & Innova-
tion and/or commercialisation path, e.g. from H2020 funds
(including through the SME Instrument) or ESIF. Within these
seven success stories, six have been developed by SMEs or
micro-enterprises and one by a large company.

In the sample, within the success stories developed by SMEs
or micro-enterprises, it is interesting to note that six (see
above) out of nine have benefitted from EU funding, which
served to develop and/or to commercialise them and upscale
their production. EU Funding originated from ESIF in two
cases, from H2020 in three cases (two of which relate to
the SME Instrument), from FP7 in three cases and EIP in one
case, with three of these products benefitting of EU funding
from two different funds.

In the sample, within the success stories developed by large
companies, only one benefitted from EU funding (from FP7)
as mentioned above. However, besides this, four of the five
large companies remaining in the sample received EU fund-
ing for their other R&I activities in the bio-based sector (i.e.
activities relating to other bio-based products than their
corresponding success stories). This funding was received
from H2020 (including participation in BBI-JU projects) or
from FP7.

2 For the remaining ones, information on profitability has in most cases not been disclosed by the company in question
3 Here, we have applied a simple definition that defines company size solely in terms of the number of employees: micro: less than 10, SME: 250
or less. Small companies that are spin-offs of large companies have been categorised as large, as their challenges and modalities for financing

resemble more those of large companies.



SUCCESS STORIES PER APPLICATION

Healthcare,

personal care Packaging

Construction material

Lubricants,
resins,

paints,
coatings,
adhesivs, inks

Household and
professional

Moulded industrial cleaning

and consumer products

Note: One application

per success story.
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In terms of applications, the products presented here pro-
vide examples of a wide range of existing applications. In
addition to existing applications, i.e. the applications that
currently constitute the core of the company’s sales, the
success stories often point to other possible future applica-
tions and/or products.

The success stories presented in this report rest largely on
information provided by the companies in question. Companies
have also approved of the wider dissemination of the success
stories. While the companies’ participation and readiness
to allocate time and provide data is highly appreciated, it
should also be noted that factual information on sensitive
data was not shared by most of the companies.

GENERAL KEY INSIGHTS

Looking across the 15 success stories, a number of interesting
observations emerge that can inform on shared risks and
mitigation actions. These shared themes can be catego-
rised under four specific themes each of which is of possible
interest to a potential investor: a) lead time from early
investment to profitability and returns from investments,
b) price competitiveness as an indicator of how the product
performs in competition with other products, c) attitudes and
perceptions of customers and product performance providing
an indicator of the market’s recognition of the product and/
or the willingness to pay a so-called ‘green premium’, and
d) owners role in making it happen. The four themes relate
to areas that are likely to be relevant to potential investors.

Lead time. There is often a considerable lead time from
the early investment to a break-even point as a profita-
ble business. Typically, lead times can extend to 10 years
or more. Larger and consolidated companies can typically
mitigate this risk through their mere size, financial robust-
ness and capacity to mobilise finance, as well as through

their internal access to R&D, market access and through
their internal vertical and horizontal supply chains. These
factors can also render them less vulnerable to external
risks such as financial crises and drops in oil prices. Thus,
the larger and consolidated companies included in this study
have been able to move forward in quite an effective and
efficient manner, as they have all overcome what is likely
the key challenge to them: obtaining internal endorsement
and resource allocations for the project.

Smaller companies, in particular new bio-based companies,
confront a slate of challenges that can prolong the lead time,
making the journey towards a profitable business longer
and less efficient. Challenges observed include: access to
finance, lack of skills in mobilising finance, market access
and knowledge and supply chain management.

Access to public national or EU level finance has often played
a role in mitigating these challenges, in particular during
early stages. For many of the 15 success stories, EU fund-
ing has helped to overcome an ‘access-to-finance’ issue,
in particular, but not only, at the early stages. Further, the
ability to mobilise venture capital not only provides finance,
but also involves access to knowledge and skills that help
the businesses enhance their management teams. Another
key factor that can reduce lead time is partnering with one
or several entities. Partnering can help: overcome supply
chain challenges, e.g. access to feedstocks and other inputs;
increase production capacity; and ease market access. Pat-
ents and IP arer important conditions to attract finance, and
hence to shorten lead time through mobilisation of finance.

Price competitiveness. In most cases, bio-based products
were not price-competitive vis-a-vis the alternative traditional
products. Drops in oil prices such as those occurring in the
2010s further accentuated this challenge. In the success
stories, economies of scale are recognised by companies as
a key action to improve price-competitiveness, and many,
in particular products relatively new to the market, are at a
stage where they focus on this need to expand production.
Raising capital to increase production capacity is one way
of meeting this challenge and some of the companies that
face this challenge have succeeded in this already. Others
find themselves at the conflicting stage where additional
capacity is required to reduce costs and attract more cus-
tomers, but increased customer sales are required to justify
capacity expansion. Another remedial action observed was
to partner up with others whereby costs can be reduced, e.g.
through outsourcing elements of production.

Attitudes and perceptions of customers and product
performance. Perceptions and attitudes of customers are
a challenge at the later stages of the development path. Put
simply, customers must be willing to pay the higher price for
the bio-based product compared to the traditional product. To



some extent, the success stories demonstrate that this market
barrier is diminished by end-customers and brand-owners
increasingly being aware of green and sustainable product
features. Still, price remains a main consideration and a
decisive factor in succeeding in the market and achieving
significant sales volumes. Success stories demonstrate that
product performance is an important element in meeting
this challenge. Companies thus work continuously to improve
the performance of their product, to identify and to target
market segments that recognise the performance attributes
of the product.

Owner’s role. Last, it comes out clearly throughout the 15
success stories that a key success criterion for many smaller,
new companies is the dedication, commitment and knowledge
of the founders. Ideas that later developed into a business
have often been conceived by the founders e.g. in an R&D
community, or in a previous employment developing similar
yet fossil-based products. Their commitment and willingness
to invest own resources and time, and their specific knowl-
edge and networks, are factors that have played a crucial
role during early stages. The latter may include technical
knowledge, customer knowledge, market knowledge, supply
chain networks and own financial means.

Along the same line, many success stories also demonstrate
a development path along which hard choices are made.
The ability and willingness to re-orientate and to change
or narrow the scope often plays a vital role in maturing a
product towards market entry. This need can arise because
of, for example, external events (i.e. oil price developments),
signals from the markets (which segments recognise the
product and demand it) and regulatory costs (e.g. in regards
to obtaining necessary approvals).

KEY INSIGHTS ON RISKS

In elaborating the 15 success stories, a particular focus has
been on understanding the specific risks that the journey
from idea to market was confronted with and how compa-
nies responded to these risks, and on understanding what
particular factors can be seen as the key drivers of the
observed success. The observed risks may be categorised
under three main headings:

Technology, production and finance. The appropriate
technology and a sufficient production capacity are crucial
factors to achieve success in the market. The success stories
concern new technologies or processes. Hence, they involve a
significant uncertainty and risk. This makes it in turn difficult
to attract the necessary finance. The success stories have
overall mitigated this risk through several means:

— Willingness to invest own time and money. This investment
is possible in larger consolidated companies, once a strategic
decision is taken to pursue the opportunity. The companies
then provide the finance and RDI capacity internally. In smaller
companies, it is typically the owner(s) and founders that
invest their own time and expertise in the development and
mobilise financing from private loans or savings.

— Partnering along the value-chain. Co-development is a
commonly observed way to accelerate the development,
hedge or share risk and reduce the need for finance. Co-de-
velopment can be with a technology provider, feedstock
supplier, technology user, or traditional research institutes.
The outsourcing of production combined with proper IP pro-
tection can be a way to reduce investment needs related to
upscaling the production. Two of the success stories are on a
business case that rest on a licencing concept. This reduces
the financial needs, as the product is the licence to use the
technology and not the resulting product per se.

— In SMEs and micro-enterprises, the mobilisation of a stra-
tegic external investor is often a key factor to mitigate the
risks related to production capacity and finance in particular.
Such investors often bring finance together with expertise
and invest against a stake in the company. Examples of
such investors include angel investors, venture capitalists
and existing industries active somewhere along the value
chain. Once mobilised, the involvement of such investors
helps to attract further financing.

Feedstocks. Stable supplies of feedstock in sufficient quality
and amounts are crucial to a successful development from
idea to market. The 15 successes demonstrate that this
theme is often an integral and important component of the
phase in which the technology is developed. It is also an
important theme when reaching the stage to scale up the
production. In this later phase, it is not uncommon that the
companies engage into agreements with specific suppliers
of feedstock or raw material. The sustainability of feedstock
and the costs of feedstocks are also factors that contrib-
ute to the risk picture. Compared to fossil-based products,
sustainability is an important attribute that the bio-based
products offer. It is therefore essential that customers are
satisfied with the sustainability features of the product.
To that end, most of the success stories demonstrate a
continuous focus on improving and documenting the sus-
tainability of feedstocks, e.g. through aiming to substitute
existing feedstocks by more sustainable ones and through
obtaining specific certifications. Furthermore, many success
stories involve a shift in feedstock along the development
path: with the aim to improve product performance and to
reduce production costs.



Price competition and market. The higher price of bio-
based products compared to the fossil-based alternative is
often an important risk to achieving success in the market.
Mitigation actions observed are manifold and include efforts
to reduce production costs: improving technologies, processes
and feedstocks, and upscaling of production. In terms of sales,
the bio-based products may be confronted with a market
that is conservative, skeptic and well-established. Here, the
success stories demonstrate a strong benefit from owners
or management with a past track record i the sector: such
as experiences from teaming up with consolidated players
in their go-to-market strategy, and a focus on co-develop-
ment of for example show-case applications together with
possible customers. The latter can also help to demonstrate
superior performance features of the bio-based product
compared to the fossil-based product, which can partly offset
the price differential to customers. Another mitigation action
is concerned with identifying and targeting market segments
(applications, customer segments, product types) that are
less cost-driven. The performance/price ratio of the product
needs to appreciated in the market in order to deliver results.
To that end, the success stories demonstrate approaches
such as general awareness, collaboration with advocates
(e.g. bloggers) and investments in obtaining certifications
to document the sustainability features of the product and
its feedstock as well as documentation and approvals to
demonstrate performance aspects.

Other risks. The demands of existing legislation for prod-
ucts in contact with food can be costly to comply with in
particular for smaller companies. In some cases, the absence
of a common regulatory framework makes it cumbersome
to enter different EU markets. In general, a stronger glob-
al or regional regulatory push in support of the bio-based
products could support an accelerated development of and
increased market for bio-based products and reduce the
possible competition from ‘fake’ bio-based products. Most
of the products covered in the success stories are patent
protected. However, obtaining patents is costly and resource
demanding, and this can constitute a constraint to smaller
companies: one of the success stories thus has no patent
in place for its product.

KEY INSIGHTS ON DRIVERS OF SUCCESS

Across the 15 success stories, the key and most common
drivers of success include:

A strong and market-oriented business case and early
interaction with the market. The move from innovation to
commercialisation often builds on a somewhat wide range of
products and applications. Testing this in the market through

real interaction with potential buyers provides market feed-
back that is often used to re-orientate and sharpen the
business case: towards segments where there is volume,
price competitiveness, and recognition of the performance
of the product. Many of the success stories concern products
or technologies with wide potentials, but where the market
interaction leads to a narrower or more strategic focus in
terms of product, application, market and/or geography.
From the investor perspective the wider potential remains
however an attractive feature.

Partnering is seen across most of the success stories in
many forms. Commercial partnerships may be along the
supply-chain, with for example feedstock providers, technol-
ogy providers, users and customers. Financial partnerships
can provide finance and knowledge and such partnerships
may be with an industry investor, possibly combined with a
commercial partnership, or with for example venture capital
investors.

Strong and dedicated management teams. The manage-
ment team has a crucial role to play in successfully taking
the product to the market. Management teams need to
include strong skills in commercialisation and mobilisation
of finance. Companies have to that end contracted additional
management team members, succeeded in establishing col-
laboration or joint ownership with active professional investors
or contracted specialist assistance from the outside. From
the investor perspective, the attitude, personalities and clear
visions of the management, including their commitment and
willingness to make hard choices are key factors to provide
an attractive investment opportunity.

Ability to mobilise the necessary finance is a determining
factor in all success stories. Larger and established com-
panies tend to succeed in mobilising the necessary finance
from internal sources. SMEs and micro-enterprises on the
other hand depend on the ability to mobilise external finance.
Strong business plans, the mindsets, attitudes and skills of
management and owners are factors that have successfully
convinced other investors of the feasibility of their products.
Such investors are not however passive investors such as
banks, but rather for example venture capital funds and
industry investors.

Patents as a crucial means of ensuring that one will capi-
talise on the investments made. Patents thus help to protect
founders’/owners’ future possible profit streams, and patents
are therefore also crucial to investors.

Investing for the future. For the large companies among
the 15 success stories, most have developed the bio-based



product as an addition to a wider - bio-based ornot-prod-  THE 15 SUCCESS STORIES

uct slate. They have thus been able to mobilise the finance
internally through leveraging on profits generated elsewhere
in the business. A feature shared by large companies that
are not specialised in bio-based activities is that they have
invested in such activities as an investment for the future.

The 15 products described in this report all deliver on one
or more of the three individual success criteria described
above. Further, they were selected to jointly provide a good
coverage in terms of the criteria described above. Last, it was
essential that the companies that produce them were ready
to participate in the study. The products in the table below
are presented by company size (i.e. Large, SME, Micro) and
product name.

Greening of society. Along with the SMEs and micro-en-
terprises they largely built their business case on the current
trend of a ‘greening of society’ reflected in a growing consumer
preference for green products, in CSR and purchase policies ©0000000000000000000000000000000000000000
of large brands and buyers, and in a focus of investors and

public funds on SDG investments.

OVERVIEW OF THE FIFTEEN SUCCESS STORIES

Product : Company i Cou : Company : EU

Products, applications and markets

name name funding®
Bio-based Novamont IT A bio-based chemical intermediate building block. It is used Large FP7

1,4- as solvent and for the production of plastics, elastic fibres i
Butanediol : i and polyurethanes. Bio-based BDO is an alternative to

(bio-BDO) i fossil-based BDO. The production plant was developed in a
: i strategic partnership with a US based owner of an innovative

i technology that is integrated in the production process. The

product is mainly used internally to increase the bio-based
i content of Novamont's downstream bio-based plastics. Type:
‘building block’. Application: ‘Packaging and tableware’. Other
possible future application areas include: ‘moulded industrial
i and consumer products’,

BioFoam® : : A foam for packaging and technical applications (insula-

i Technology :  tion), using sugar cane as a feedstock. The product has been

H H i developed with a technology partner. The final product is sold

internally within the Synbra Group and to external customers.

i Type: ‘material’. Application: 'packaging and tableware'. Other

possible application areas include: ‘insulation materials’, and
‘moulded industrial and consumer products’.

Carbox- Cosun NL A scale inhibitor (antiscalant) used in detergents for dish- Large® Not for
yline® CMI : Biobased washers, washing machines and alkaline cleaners, and in product
Products filtration processes for potable water production. CMI is pro-

duced from inulin that is not suitable for human consumption.
The inulin is derived from chicory roots. Type: ‘general build-
ing block’. Application: ‘household and professional cleaning.

4 Company size estimated according to number of employees only: Large (>250 employees), SME (between 10 and 250 employees), Micro (<10
employees)

> The column on EU funding indicates whether the success stories (products) have benefitted from funding from the European Union along their
R&I and/or commercialisation path. If this is so, the table shows the source of the EU funding received (e.g. from H2020) for the examined success
story. The wording ,Not for product” indicates that the company behind a success story has received EU funding, not for the examined success
story in question, but for other activities in the bio-based sector (i.e. activities not directly relating to this success story). The wording ,No*“ indicates
that the company has not received any EU funding for its activities in the bio-based sector.

& Cosun Biobased Products in itself is an SME, but as an offspring of Royal Cosun it is categorised as a Large company.



Product
name

Desmo-
dur®eco N

Company
i name

Covestro
i AG

i the product is expected to replace existing petrochemical

¢ inks’.

Company { EU fund-

The product is a hardener for lightfast polyurethane coatings
: used to protect a material’s layer. Its feedstock is cornstarch

and it is applied in automotive equipment, automotive coat-
ings, plastics, wood and industrial coatings. In the long term,

hardeners in the company's product line. Type: ‘building block’.
Application: ‘lubricants, resins, paints, coatings, adhesives,

Large

Not for
¢ product

Novozymes

{The product is a lipase-based enzyme solution. It is an

grease stains. Type: 'building block'. Application: ‘household

alternative to traditional surfactants, which are the active
compound in detergents that clean stains. Lipex® is used in
detergents, to enhance the detergent capacity to remove

nd professional cleaning’.

{ Not for

product

Rilsan® HT : Arkema FR : A bio-based polyamide (PA-11) produced from castor oil Large : Not for
Rilsan® ¢ (vegetable oil), which is used where high durability, flexibility { product
Invent i and temperature resistance are required. Rilsan® HT is used H
in automotive applications and specific Rilsan® Fine Powder
i products have been developed for 3D printing. Type: ‘building
block’. Application: ‘moulded industrial and consumer prod-
ucts’.
Wheat Biotrem PL Disposable tableware produced from compressed wheat bran. : SME ESIF;
bran The products are used by restaurants, event organisers, ca- H2020
disposable tering companies and private consumers. Type: ‘final product’. (SME
tableware Application: ‘packaging and tableware’. Instr.)
Curran®  CelluComp UK i The product s a cellulose non-fibre material produced from i SME {EIP;
i Ltd i sugar beet pulp derived from waste streams from food i FP7
H processing. It is used as a bio-based additive to provide H
i rheology and reinforcement in applications such as paints and :
coatings. Other relevant applications include concrete, drilling
i fluids, cosmetics and personal care products. Type: ‘general
building block’. Application: ‘lubricants, resins, paints, coatings,
i adhesives, inks’. i
Ecover All Ecover i BE A hard surface cleaning product, commercially available since SME? : FP7
Purpose i the early 2012. It is used by household consumers and, to
Cleaner i a lesser extent, also in professional cleaning. The product's
innovative ingredient (eco-surfactant) uses rapeseeds as a
feedstock. Type: ‘final product’. Application: ‘household and
i professional cleaning’ .
Lumir®  {LlumirOy iFl i The product is an indoor sound absorption solution in spray, i SME iNo
Spray H i based on a wood-fibre coating produced from wood pulp. It

i is an alternative to glass or rock wool based indoor sound H
i absorption. It can further be directly applied onto surfaces with :
minimal or none preparation and contains colour pigments :
eliminating the possible need for acrylic paints. The product

i is marketed to professionals in the construction and building
sector, such as architects. Type: ‘material’. Application: ‘con-

i struction material’

7 Ecover has approximately 250 employees worldwide, and is therefore at the threshold between an SME and a large company. It was recently
acquired by a large company. We have categorised the company as an SME, as their past challenges and modalities for financing have resembled
more that of SMEs.



Froduct roducts, applications and markets C.om4pany =Y sfund—
name : i size iing

Melodea Melodea L/ SE NC is a nano-structured cellulose that can be used to enhance SME H2020;
CNC tech- : Ltd. i existing materials and produce novel products. Applications i FP7
nology ¢ include papermaking additives, coatings, paints, packaging, H H

¢ building material and bio-composites. Melodea’s business mod-
i el aims to licence out the production process, but also develops
strategic applications to create for its technology. The produc-
i tion process extracts CNC from wood pulp in the side streams

of the pulp and paper production. Type: ‘technology licencing’.
¢ Application: ‘lubricants, resins, paints, coatings, adhesives, inks’

Paptic® { Paptic Oy { Paptic produces a wood-fibre based bag and wrapping material i SME i H2020
bags  that can replace bags and wrappings made from plastic, while { (SME
H H i exhibiting a higher longevity/reusability. Accordingly the appli- i Instr.)
¢ cations are for any non-food wrapping and bagging, such as
i e-commerce packaging, banners, and dry food packing; however, :
Paptic currently focuses on the application as a reusable carrying
bag. Type: ‘final product’. Application: 'packaging and tableware".

Abilar® Repolar Fl Abilar® is an ointment to treat wounds and burns, and Micro No
Pharma- particularly hard-to-heal wounds. It contains 10 % refined
ceuticals resin from the Norway Spruce, mixed with a salve base. The
Oy product is used in home care and by health-care profession-

als, and can be obtained in pharmacies. Type: ‘final product’.
i Application: ‘healthcare, personal care’.

BioLite™ Trifilon AB BioLite™ are bio-composite based of natural fibres from Micro No
‘ ¢ industrial hemp and with features similar to conventional H
i composites. BioLite™ involves the mixing of hemp-based nat-
ural fibres with polymers that come primarily from recycled
i plastic. It is produced in two product classes. One product
class is used for automotive panelling, home and garden
i goods, consumer products (e.g. dust collectors, food trays)
and luggage, and the other for e.g. brackets and industrial
i parts as well as home, garden and consumer goods. Type:
‘final product’. Application: ‘moulded industrial and consumer
i products’,

ICCP tech- : BioBTXB.V. {NL i A process for the production of a drop-in replacement for i Micro { ESIF
nology ¢ conventional fossil-fuel based BTX produced as by-product in

¢ oil refineries. The technology produces aromatic compounds

benzene, toluene and xylene (i.e. BTX) from biomass. BTX

¢ compounds are used as building blocks for products of the

petrochemical industry and the manufacturing of polymers

such as PET and other plastics. The business model rests

i on the licencing of the technology and the provision of the

associated services. Type: ‘technology licencing’. Application:

i ‘moulded industrial and consumer products’. Other application

areas include: ‘packaging and tableware’, ‘lubricants, resins, H

paints, coatings, adhesives, inks’.
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Bio-BDO
)Y
Novamont

PRODUCT NAME
Bio-based 1.4-Butanediol (bio-BDO)

PRODUCT DESCRIPTION

Chemical used as solvent and as building
block in plastics, elastic fibres and
polyurethanes

FEEDSTOCK
Glucose syrup derived from the hydrolysis
of starch

ORGANISATION
Novamont S.p.A. through 100 % owned
Mater-Biotech S.p.A. subsidiary

EMPLOYEES

75 direct employees Mater-Biotech plant;
700 direct employees in Novamont Group
(2017)

COUNTRY
Italy

R&D START
2012

MARKET ENTRY DATE
2016 (EU)

PRODUCTION CAPACITY (EU)
30,000 tonnes bio-BDO/year (EU)

PRODUCTION VOLUME
Expected to reach full annual production
capacity (30,000 tonnes) in 2018

SALES (GLOBAL)
Not applicable (captive product use)

INVESTMENT

EUR 100 million investment for
establishing the production plant financed
from private sources

PRICE

Costs are less than double compared

to published fossil-BDO prices. Product
currently not sold to external customers

EARNINGS
Not disclosed (results consolidated yearly
in Novamont Group’s balance)

CHARACTERISTICS

¢ 100 % bio-based

» Biodegradable

« Drop-in replacement of fossil based
substitute products

» Patent protected producing technology

* Enables an increase of bio-based
content of bioplastics to circa 60 %

A bio-based building block for
bioplastics

o Wy

PRODUCT

1.4-Butanediol (BDO) is an industrial chemical widely used as a solvent and as a building
block for the production of plastics, elastic fibres and polyurethanes. Until recently, it was
only possible to obtain BDO from fossil sources. Novamont has invested in a production fa-
cility that derives BDO from renewable sources through fermentation. The resulting product,
bio-BDO, is a 100 % bio-based drop-in replacement for the fossil-based BDO on the mar-
ket. The company uses the product as an input for its own downstream bioplastic products,
which constitute the company’s main business.

SUCCESS

Novamont’s bio-based BDO enables the production of their fourth generation bioplas-
tics, raising the renewable content from about 35 % to more than 60 %. It is the first
commercial scale dedicated plant to produce bio-based BDO through single-step fer-
mentation, thanks to bioengineering technology that Novamont successfully licensed
and integrated into the production process. While product development benefited from
EU funds (FP7) at the R&D stage, the bio-BDO industrial plant is the result of over EUR
100 million investment financed entirely from private sources. Industrial production
from the plant started in 2016.

PROSPECTS

The prospects for bio-based BDO are positive. Its integration in Novamont’s biopolymers
production, also dedicated to compostable carrier bags, will be a prerequisite to meet
stricter standards with respect to minimum bio-based content, such as those introduced
by Italian and French national laws. Bio-BDO thus reinforces the market position of current
customers, namely internal Novamont Group companies that use it in their production of
bioplastics. Besides legislative requirements, sustainability commitments of brand own-
ers of products that make use of BDO (e.g. in textiles) create opportunities for the future
deployment of bio-BDO by external customers. On the supply side, the price difference
compared to traditional products has been reduced as a result of cost reduction measures
in the production process. Medium to long-term supply-side improvements are already
now being considered, including research into a shift to lignocellulosic biomass feedstock.

11
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= HISTORY

Since its foundation in 1989, Novamont’s core business has
been the production of biodegradable and compostable bio-
plastics. Over time, the focus expanded to new materials and
chemicals that enable Novamont to develop bioplastics with
improved characteristics - most recently its 4" generation
of bioplastics with higher bio-based content. This led to the
development of bio-BDO and the foundation in 2012 of a
dedicated subsidiary around the investment in a bio-BDO
production plant (Mater-Biotech).

Since the initial phases of developing bio-BDO, Novamont
concluded an agreement with Genomatica, a California-based
bioengineering company, for licensing the company’s bio-BDO
process technology. Novamont worked for the reconversion
of a decommissioned industrial plant to the production of
bio-BDO. The conversion was carried out between 2014 and
2016. The related investment amounted to over EUR 100
million, raised from private sources, including Novamont’s
internal finances, and bank loans.

The project entailed significant technology risk, related to both
the reconditioning of an abandoned plant initially designed
for a different fermentation process and the scale up of an
entirely innovative process. Novamont overcame technical
challenges through R&D investments, and by enhancing
the research and engineering teams meanwhile leveraging
on pre-existing skilled human resources. The risk was also
mitigated by working closely with Genomatica throughout

SWOT ANALYSIS FOR FOR BIO-BDO

Established company Price competitiveness
position in bioplastics vis-a-vis fossil equivalent
market product

R&D focus and know-how
in low-impact processes

Partnership with a
bioengineering company
and European license
agreement for bio-BDO
technology

Company shareholders
include venture capital and
banking firms with access
to finance

Drop in replacement for a
product with established
supply chain

Drivers of success

Novamont Group’s reputation and established market
position for bioplastics, the current application for bio-BDO.
Vertical integration facilitates market access for bio-BDO
EU Bioeconomy Strategy, Italian and French environmental
legislations that introduce minimum bio-based content
criteria for lightweight plastic carrier bags; Italian corporate
tax law that rewards innovation

Strong company focus on R&l and know-how in developing
low-impact processes, team profile of high level researchers
and engineers

Development of Novamont’s biotechnology platform
Novamont’s ability to work closely with key partners, in
particular in reaching a licensing agreement with Genomat-
ica for the integration of their innovative technology in the
bio-BDO plant

The availability of EU and national public funding for R&D
and demonstration projects that helped prepare the ground
for the industrial scale investment

the plant conversion, capitalising on biotechnology expertise
that was complementary to Novamont’s in-house know-how
in developing low-impact processes.

The production of bio-BDO does not yet benefit from econo-
mies of scale to the same extent that competing, traditional
products do. This was partly addressed through measures
taken during plant construction that increased the plant ca-
pacity from 18,000 to 30,000 tonnes per year. Commercial
production at Novamont’s bio-BDO production plant started
in July 2016.

OPPORTUNITIES

Favourable policy agenda,
including national bio-
based standards for certain
products

Availability of EU

funding at the R&D and
demonstration phases,
national support schemes
for the bioeconomy and
innovation

Absence of strong
regulatory push for bio-
based products in Europe

“Fake” bio-based plastic

products on the market
with misleading claims

Low oil prices



A bio-based building block for bioplastics

FUNDING

The set-up of the bio-BDO industrial production plant involved
a private investment of EUR 100 million. This was mobilised
from the company’s internal finances. In particular, Novamont
is controlled 75 % by Mater-Bi S.p.A. — whose shareholders are
Banca Intesa, Investitori Associati, and others — and 25 % by
Versalis - Eni’s subsidiary and one of Italy’s biggest chemical
companies.

Novamont did not receive EU or national public funding for
the reconditioning of the plant. In the initial phase, Novamont
benefitted from EU funds available for R&D activities that
prepared the ground for the investment in the industrial scale
plant. The FP7 BIO-QED project included R&D activities aimed
at cost reduction and sustainability improvement of bio-BDO
and generated evidence on key technical and economic design
parameters for the investment. Novamont has over the years
been actively involved in additional R&D projects in relation
to bio-based activities that have received support from EU
research and innovation programmes. This has included funding
under FP7 and H2020, including under the BBI-JU.

4 MARKET INFORMATION

As bio-based BDO has similar characteristics to the fos-
sil-based BDO, the total potential market size for bio-based
BDO corresponds to the total market size of the fossil-based
BDO. The total global market for BDO (fossil- and bio-based)
was estimated to be at least 2 million tonnes in 2016 and
growing over the years. Currently, on the basis of studies
and market data, Novamont estimates it to have reached
about 2.5 million tonnes. The growing demand for spandex
in textiles and increasing applications of BDO derivatives
in industrial processes have been the key drivers of recent
growth.

THE TOTAL MARKET FOR 1.4-BUTANEDIOL (FOSSIL-
AND BIO-BASED) IN 2016, its derivatives and uses

THF MERCHANT
8 %

Estimated annual growth
BDO demand: 5-8 %

Total market 2,0 mioT

BDO derivatives and uses:

> Tetrahydrofuram (THF):
PTMEG (polyTHF) =
spandex (e.g. Lycra™),
solvents

> Polybutylene terephta-

GBL (Incl. polymers) late (PBT): automotive

8 % plastics, cell phones, PCs

> Gamma-butyrolactone
(GBL): PVP polymers,
solvents

> Polyurethanes (PU): en-
gineering thermoplastics,
coatings

PU/TPU
11 %

NMP 9 %

OTHERS 1 %

BIOPLASTICS 3 %

Source: Company estimates

Presently, the market penetration of bio-based BDO (including
that of Novamont’s competitors) remains relatively low given
the newness of the industry. For 2016, Eurostat data show
moderate sales levels of just over 5,000 tonnes of bio-BDO
produced in the EU, and imports of close to 32,000 tonnes
into the EU from other countries. However, changes have
started to emerge in recent years as a result of investments
and it is expected that this dynamic will continue.

Bio-BDO produced at the Mater-Biotech plant is used by
Novamont Group companies as a building block for the pro-
duction of bioplastics. In the future, there is potential for
expanding the customer base to include external customers.

5§l REGULATORY ASPECTS

An enabling factor for the development of bio-BDO has
been the Italian and French legislations on lightweight plas-
tic carrier bags. Italian law effectively banned the sale of
non-biodegradable lightweight plastic bags since 2011. This
initiative, which anticipated the European legislation, also
signalled to the industry that further requirements could
be expected in the future in relation to minimum bio-based
content. In 2017, the implementation of the EU 2015/720
Directive “Reducing the consumption of lightweight plas-
tic carrier bags” introduced minimum standards in Italian
legislation concerning the bio-based content of lightweight
plastic carrier bags: 40 % as of January 2018, 50 % as of
January 2020 and 60 % as of January 2021.

Another case is France, where the law on energy transition
and green growth provides specific measures on plastic
bags, plastic packaging and waste. Starting from January
2016, single use plastic bags are banned, and from January
2017 fruit and vegetable bags have to be compostable. A
technical decree was adopted to set the percentage of bio-
based content, increasing over the years for plastic bags.

With the integration of bio-BDO in its bioplastics, Novamont
is able to meet these minimum requirements, which gives
them a competitive advantage in the market.

However the market potential is still locked, since there is
a high percentage of “fake” bio-based products that do not
comply with European standards and national laws. This
could be alleviated in the future by initiating actions for the
enforcement of existing laws and related sanctions.



@ TECHNOLOGY INFORMATION

Novamont’s bio-based BDO is derived directly from renewable
sources through a single step fermentation process. More
specifically, bio-BDO is made with a metabolically engineered
strain of E. coli type bacteria using sugars. This strain was de-
veloped by Genomatica which granted Novamont the European
licence to use it. Novamont has developed a biotechnological
platform and the two companies also worked closely together
throughout the bio-BDO plant conversion.

Bio-BDO industrial production from Novamont’s plant started
in July 2016. Accordingly, the Technology Readiness Level is
9 (actual system proven in operational environment).

é't’/ ENVIRONMENTAL IMPACT

Novamont’s internal LCA studies show that bio-BDO results in
a = 60 % greenhouse gas reduction across the BDO life-cycle
when compared to fossil-BDO (“Cradle to gate” boundaries).
Bio-BDO improves the environmental profile of products in
which it is used as a building block. Depending on the specific
product application, bio-BDO enables an increase of the
bio-based content of downstream bioplastics from about
35 9% to about 60 %.

THE WAY FORWARD

The production process of bio-BDO encompasses the recovery
and valorisation of co- and by-products, which leads to reduced
net energy consumption and waste streams as compared to
conventional processes. This is done through a cogeneration
system and a biodigester.

The feedstock currently used for the production of bio-BDO
is sugars (glucose) derived from the hydrolysis of starch —
the so-called glucose syrup, commonly used in industrial
fermentation processes. The glucose syrup is supplied from
a local Italian production plant that uses starch sourced in
Europe. Novamont’s choice of supplier has helped revitalise
the business of a local glucose production plant, creating
positive impacts along the value chain.

According to company estimates, the quantity of plant raw
materials required for its bio-BDO production constitutes about
0.05 % of total European annual production. Therefore, the
current demand for glucose syrup is assessed to not signifi-
cantly influence the market for these raw materials. Looking
into the future, and to address possible future concerns with
respect to feedstock competition with food, Novamont has
been conducting research on obtaining sugars from lignocel-
lulosic biomass. This technology has proven to be feasible at
the pilot stage.

The outlook for bio-BDO is positive in terms of sales volumes owing largely to national regulatory requirements
that are being phased in at the national level (Italy and France) and which will require an increasing percentage
share of bio-based content for certain bioplastic products. Therefore, the bio-BDO plant can be expected to reach
full capacity in the short to medium-term, as Novamont moves to its 4'" generation bioplastics as its standard
product offering to meet such requirements.

BDO is in high demand for a wide range of applications besides plastics, e.g. in sectors such as textiles, auto-
motive and consumer goods. Sustainability commitments of brand owners in these sectors create opportunities
for the future deployment of bio-BDO. In the future, there could be a potential for expanding the customer base
to also include customers external to the Group. This would assume that Novamont succeeds in further scaling
up production, and is subject to strategic decisions and priorities within the company.

At the same time, improvements in the production process and measures aimed at cost reduction will drive
growth alongside demand-side factors. The quantity of plant raw materials required for bio-BDO production in
Mater-Biotech plant is around 0.05 % of total European annual production (2012 data). Therefore, the current
demand for sugar to produce bio-BDO does not significantly influence the market for these raw materials. How-
ever, within Novamont’s logic of continuing innovation, the company is investigating the use of various renewable
by-products as feedstock for the bio-BDO production process. Novamont researchers have conducted experi-
ments aimed at obtaining sugar from lignocellulosic biomass (so-called second generation sugars). Novamont
pilot-tested this technology, which has proven to be technologically feasible.

This factsheet has been compiled from information collected in April 2018.
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BioFoam®
)Y
Synbra

Technology

PRODUCT NAME
BioFoam®

PRODUCT DESCRIPTION
Foam for technical and packaging
applications

FEEDSTOCK
Sugar from cane or beets

ORGANISATION
Synbra Technology of Synbra Group,
owned by Gilde Buy-Out Partners

EMPLOYEES
Circa 900 direct employees at the
Group level

COUNTRY
The Netherlands

R&D START
2006

MARKET ENTRY DATE
2010 (EU)

PRODUCTION CAPACITY (EU)
BioFoam® capacity corresponding to
6,000 tonnes PLA/year (Synbra’s PLA
plant capacity)

PRODUCTION VOLUME
BioFoam® production volume correspond-
ing to 30 % of Synbra’s PLA plant capacity

SALES (GLOBAL)
EUR 1.6 million (current); EUR 0.5 billion
(in 2025 with scaling up investment)

INVESTMENT
A PLA plant of 70,000 tonnes per annum
requires an estimated EUR 200 million

PRICE
Double of conventional fossil-based
substitute products

EARNINGS
Positive at company level. Product line
expected to be positive in the near future

CHARACTERISTICS

* 100 % bio-based (DIN CERTCO
certified)

« Biodegradable

» Carbon neutral (PAS 2060 standard)
and Cradle-to-Cradle™ certified

« Patent protected

» Trademarked (2008, international;
2009, the EU)

A bio-based alternative
to plastic-based foams

PRODUCT

BioFoam®, a polylactic acid (PLA®) based foam, is an alternative to traditional plastic-based
foams. It is suitable for use in technical and packaging applications interchangeably with
expanded polystyrene (EPS) and polysterine (PS). Applications have included packaging for
large domestic appliances, icebox insulation, cavity wall insulation, surfboards etc. It is both
bio-based (100 %) and biodegradable; and it can be remoulded after use into other end-
of-life applications.

SUCCESS

Synbra formulated a strategic vision in 2006: to develop PLA based materials that
can substitute traditional fossil-based packaging materials in technical and packaging
applications. The aspiration is to ensure the sustainability of the business in the longer
term, and to drive a market evolution towards more sustainable bio-based materials.
A major step was taken five years later: the opening of a fully operational PLA plant;
the only of its kind in Europe. BioFoam® has been on the EU market since 2010, largely
thanks to the capacity of Synbra to mobilise internal finance for the product develop-
ment.

PROSPECTS

The prospects for BioFoam® are positive. The price difference compared to tradition-
al products is continuously reduced thanks to for example continuous improvements in
the production process. Global demand for PLA products is expected to increase over
the coming years, largely stimulated by legislative actions and by CSR commitments in
companies. Medium to long-term supply-side improvements are already now considered,
including research into a shift to non-food crop feedstock for PLA, e.g. ‘thinning wood'.

SPLA is a polymer that is both bio-based and biodegradable. It is derived from renewable resources such
as sugar cane or beet, which is refined to sugar, then fermented to lactic acid, from which lactide is
made. Lactide is then transformed into PLA through a polymerisation process.
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= HISTORY

BioFoam® is the result of Synbra Technology R&D activities,
primarily financed internally from within the Synbra Group.
This work began in 2006, in consideration of the potentials
of PLA as raw material. Initial R&D was done together with
Wageningen University and confirmed the suitability of PLA
as raw material.

Confronted with a shortage of supply of PLA, the Synbra
Group invested in 2008 in its own PLA plant, constituting the
single largest investment made by the Group. The plant
was developed in partnership with a manufacturing tech-
nology company and a feedstock supplier, Sulzer Chemtech
and Corbion respectively. The plant was fully operational in
2010. However, the economic crisis reduced demand for PLA-
based products considerably, due to low economic activity and
low oil prices influencing their cost competitiveness vis-a-vis
the conventional fossil-based foam products, i.e. expanded
polystyrene (EPS). Production has thus remained at levels
below full capacity.

Following a considerable write-off in 2013, the company’s
strategy was refocused on PLA foam applications and the
BioFoam® brand. BioFoam® is considered by the Synbra
Group as a long-term investment over making short-term
profit. Synbra is active in both fossil-fuel based and bio-based
plastics, and BioFoam® competes with the company’s own
“traditional” EPS products as well as with the 10 major play-
ers on the global EPS market. BioFoam® is the centrepiece
of Synbra’s long term strategy to transition away from
fossil fuels, and a core element also to ensure the financial
and environmental sustainability of the business in a future
low-carbon economy.

Despite considerable investment requirements, and the unfore-
seen decline of oil prices and the economic crisis, BioFoam®
has succeeded relatively fast: Five years from initial R&D to
BioFoam® being commercially produced. The company has
in the process overcome risks in relation to reduced demand

SWOT ANALYSIS FOR BIOFOAM®

Drivers of success

Capacity of Synbra to mobilise internal finance for the
product development;

Partnerships with Wageningen University, a manufacturing
technology company (Sulzer Chemtech) and a feedstock

supplier (Corbion);

Long term perspective and strategy, underpinning the contin-
uous commitment of Synbra’s management to the product;
Strong position of Synbra in the relevant industry segment,
which enabled it to leverage on its existing know-how and
market knowledge.

due to the economic crisis and low oil prices, mobilisation
of finance, as well as access to raw material. An important
explanatory factor for this rapid development is the flexibility
of Synbra’s decision making and the simple financial structure
behind the development.

&3 FUNDING

The development and commercialisation of the product has
been mainly funded from the company’s internal finances.
The company has used the profit made through other business
activities to finance the R&D and commercialisation efforts
related to the BioFoam® product. External finance could not
be mobilised, primarily due to the time span between the
capital investment being made and the potential resulting
sales and profits. Internal finance was also the main source
of funding for the construction of the PLA production plantin
the Netherlands.

The company’s strategy for product development has been
continuously endorsed by the company’s owner, Gilde Buy-Out
Partners, a private equity fund who has held the entire share
capital of Synbra since 2006. The internal funding mobilised for
the development of BioFoam® was subject to a robust initial
risk assessment commissioned from a consulting firm. This
exercise concluded that pursuing the product development did
not expose Synbra to an unacceptable financial risk — even
in a worst-case scenario.

OPPORTUNITIES

Established production,
ability to expand, patents

Involvement in actions to
improve SD performance
further

Accreditations and
verifications of product

Ability to mobilise finance
for possible new plants

Ability to continously
provide the best SD
features of the products

SD gaining momentum with
businesses and positive
regulatory local changes

Expected global PLA
market growth at 10 % per
year until 2021

Oil price developments

Oil price developments

Absence of strong
regulatory push for bio-
based products in Europe




A bio-based alternative to plastic-based foams

Besides internal finance, Synbra together with their co-operation
partner Corbion received a total of EUR 800,000 in subsidies
from the Dutch Government in support of the initial R&D ac-
tivities relating to the product. Synbra has also benefited from
various fiscal instruments in the Netherlands in support of
innovation (e.g. lower tax percentage using the environmental
investment deduction methodology MEA; wage tax subsidies).

¢l  MARKET INFORMATION

In recent years, Synbra’s PLA production amounted to be-
tween 10-30 % (depending on oil price levels) of the plant’s
annual production capacity of 6,000 tonnes. Currently the
price difference is estimated at a factor 2:1 when comparing
Synbra’s PLA based products to traditional EPS based prod-
ucts, down from a factor of 5:1 in 2011. Further measures
that are in a test phase have demonstrated the capacity to
reduce the price differential to a factor of 1.6, while some
investment in new machinery would bring the factor down
to an estimated 1.2 in the medium term. The above factors
are before tax, and the actual price differential becomes
even less pronounced when the fees that producers and
importers of packaging in the Netherlands must contribute
to the “Packaging Waste Fund” are taken into account (see
more under Regulatory Aspects).

The Synbra Group of companies cover the entire value chain
from raw materials to construction, packaging and recycling.
Synbra Technology’s direct customers include companies
within the Group e.g. Synprodo (for packaging solutions with
BioFoam®) and IsoBouw (for construction materials from
BioFoam®). In addition, the company has built a customer
base from outside the Group, with several customers based
in Italy, the US, and France.

In terms of market potential, considering the expected growth
in demand for PLA-based materials including BioFoam®
(expected global PLA market growth at an average rate of
10 % per year until 20217) and the limited production capacity
of PLA currently available worldwide, the company expects
to reach its maximum annual production volume of 6,000
tonnes in the near future. After that point, the company has
the ability to double its production capacity by expanding its
current PLA plant or potentially purchasing additional PLA
from the market. Considering the existing price differential
compared to traditional products, the market opportunities for
BioFoam® in the immediate future lie in new/niche applications
that are less driven by price considerations, before moving to
the market segment for replacement products as the price
differential narrows.

Although current sales are modest, BioFoam® has in the
medium to longer term the potential to gain up to 15 %
market share from the current EUR 9 billion global EPS
foam market.

CURRENT AND FUTURE GLOBAL MARKET SHARE FOR
BioFoam® as a % of the global EPS foam market

€ 840,000,000 (9.3 %)

. Current BioFoam® sales

. Expected BioFoam® sales
by 2025 (assuming a 70,000t
capacity PLA plant has been
built in NL)
€ 480,000,000 (5.3 %)
Additional BioFoam® sales
that could result from a lower
price difference factor of 1.2
compared to EPS

€ 1,600,000 (0.02 %)

Global EPS foam market (2016): EUR 9 billion

Source: Company estimates

5§l REGULATORY ASPECTS

Producers and importers of more than 50,000 kg of pack-
aging in the Netherlands must contribute to the “Packaging
Waste Fund”, with the fee per kg of conventional plastic
packaging in 2017 amounting to as high as EUR 0.64/kg,
while for biodegradable plastics the corresponding fee was
as low as EUR 0.02/kg . This narrows the price differential
between BioFoam® and EPS products and illustrates the
long-term competitiveness of the product.

Moreover, the gradual introduction of bans on EPS use in
specific packaging products in certain regions (e.g. in North
America, Far East) are key drivers of demand for BioFoam®,
and similarly so are end-user sustainability commitments
that effectively introduce ‘voluntary bans’.

@ TECHNOLOGY INFORMATION

BioFoam® is made by expanding PLA-based microbeads with
a size of 0.7 mm-1.0 mm or 1.0 mm-1.6 mm to typically
25-40 kg/m?, and moulding these beads using custom-made
moulding equipment. The Technology Readiness Level (TRL)
is 9 (actual system proven in operational environment). The
BioFoam® product is protected by patents.

The polymerisation technology for the PLA plant was developed
through a partnership with Corbion (which was called Purac
at the time) and Sulzer Chemtech. The same technology is
currently being deployed at a new PLA plant built by Corbion
in Thailand and is expected to be completed in 2018. Before
it acquired the license from Sulzer and Corbion, Synbra tested
their PLA material in its own EPS bead-making process, using
CO, as a blowing agent.

7 Global production capacities of bioplastics 2016-2021, Report, European Bioplastics. Data for 2016
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éf’/ ENVIRONMENTAL IMPACT

Feedstock and bio-based rating: the PLA raw material for Bio-
Foam® originates from 100 % bio-based feedstock, namely
GMO-free sugar from cane or beets. The geographical origin is
predominantly Thailand (sugar cane). Synbra’s supplier (Cor-
bion) have in place sustainable sourcing commitments and a
sugar code, covering environmental practices, land rights, good
agricultural practices, and biodiversity, as well as business
ethics, human rights, and labour conditions. Synbra is also
involved in work on the development of 2" generation PLA
from “thinning wood”. BioFoam® has the highest bio-based
rating (between 85-100 %) DIN-CERTCO certified.

THE WAY FORWARD

Production and end-of-life: Synbra has received the Cra-
dle-to-Cradle™ certification for BioFoam® , as well as the
Carbon Neutrality verification in compliance with the PAS
2060 specification standard. After use, BioFoam® can be
remoulded into a new product and has additional end of life
options (it is biodegradable and can be industrially composted).

In addition, the PLA itself has been awarded the Cradle-to-Cra-
dle™ certification. The BioFoam® manufacturing process uses
CO: instead of pentane for the purpose of blowing the foam,
and the CO; emitted during production is in fact captured in
the material. Overall, the demonstrated environmental qual-
ities of BioFoam® have been an important deciding factor in
major end customers endorsing the product.

The outlook for the BioFoam® product is positive, both in terms of sales volumes and profitability owing to
the several underlying factors and trends that support its expansion to new applications and markets. Firstly,
end-user sustainability commitments as well as governmental actions towards a greener, low-carbon economy
will continue to be key drivers of demand for BioFoam®. A recent significant milestone that has the potential to
be positive is the decision of a major furniture retailer to approve BioFoam® as a packaging material for their
products and to stop using EPS-based packaging. At the same time, improvements in the production process of
BioFoam® will drive growth alongside the demand-side factors.

Considering the limited production capacity of PLA currently available worldwide, the demand for PLA-based
materials (including BioFoam®) may soon outpace the growth in production capacities and this may lead to a
shortage of PLA on the market, at least until new production facilities are built. In the case of Synbra, the com-
pany is likely to reach its maximum annual BioFoam® production volume (corresponding to the annual production
capacity of its PLA plant of 6,000 tonnes of PLA) in the foreseeable future, and has a debottlenecking plan in
place that will increase the production capacity of its existing PLA plant.

In the medium to longer term, investments in new PLA production facilities will be indispensable to meet the
expected demand growth. To give an illustration of investment needs, an estimated 2 years’ time and an invest-
ment of about EUR 200 million would be needed for establishing 3 plants, for lactic acid production, lactide
production and PLA polymerisation respectively which would enable the production of 70,000 tonnes of PLA per
year. Any investment in second-generation feedstock would be in addition.

Medium to long-term supply-side improvements are expected to include a shift to a new generation feedstock for
PLA, shifting away from the currently used sugar cane, to a feedstock that would address any concerns in terms
of implications for the food production chain. Synbra is member in a consortium of companies actively working
on the use of ‘thinning wood’ generated as a residue of harvests as the feedstock for producing lactic acid (which

is transformed into PLA).

This factsheet has been compiled from information collected in January 2018.



Carboxyline® CMI
by
Cosun Biobased

Products

PRODUCT NAME
Carboxyline® CMI

PRODUCT DESCRIPTION

Scale inhibitor (antiscalant) used for
detergents formulations and water
purification

FEEDSTOCK
Chicory roots

ORGANISATION
Cosun Biobased Products, subsidiary
of Royal Cosun

EMPLOYEES

15 direct employees and another 10-15
indirect R&D employees at Cosun Biobased
Products; Around 3900 employees at Royal
Cosun

COUNTRY
The Netherlands

R&D START
1995

MARKET ENTRY DATE
2010 (EU)

PRODUCTION CAPACITY
Not disclosed

PRODUCTION VOLUME
Not disclosed

SALES (GLOBAL)
Not disclosed

INVESTMENT
Multimillion EUR investment

TYPICAL PRICE
3-8 EUR/kg (detergents application),
3-5 EUR/kg (potable water application)

EARNINGS

The product reached its breakeven point in
2016, since then its net sales has steadily
increased

CHARACTERISTICS

¢ 55-70 % bio-based

» Biodegradable

e Eco-label

¢ Ecocert

« Safer Choice by EPA: Safer Chemical
Ingredient

A functional biopolymer
that deals with hard water
challenges

PRODUCT

Carboxy Methyl Inulin (CMI) is an environmentally friendly scale inhibitor (antiscalant).**
It is used in detergents for automatic dishwashers, laundry machines and alkaline clean-
ers,'2 as an alternative to fossil and phosphorus based chemicals.?® It is also used in
filtration processes for potable water production. A modest modification of the product
could broaden its application to other markets such as personal care. It is bio-based and
biodegradable. The product is derived from company produced inulin that is not suitable
for human consumption.

SUCCESS

Royal Cosun invested in large inulin plant with an aim to produce inulin for food production.
Some inulin however does not comply with food safety standards and hence it cannot be
used for human consumption. CMI is a research result exploring possible uses of inulin in
non-food markets. Upon development of CMI, Royal Cosun decided to create a dedicated
company, that specialises in bio-based products. Established in 2010, Cosun Biobased
Products quickly reached the market and, within 5 years, it has now reached breakeven
and profitability of CMI.

PROSPECTS

The prospects for CMI are positive. The market uptake in the home care sector is steadily
including more sustainable solutions, facilitated by stricter environmental rules for deter-
gents since 1 January 2017 and by the company’s continuous investments in research and
development. Also, CMI sales in the potable drinking water market are growing. At present,
CMI is used by the largest potable water producers in the Netherlands. Furthermore, the
company is actively working on entering new markets.

1 n detergents sector, CMI is used to prevent the formation of inorganic scale, which is often formed due
to the presence of hard water. An example of inorganic scale is a lime scale. It is the calcium carbonate
residue that forms on cookers, water kettles, or dishwashers.

2 In detergents application it prevents inorganic scale formation. In water purification purposes, it pre-
vents scale formation in membrane installations.

3 performance efficiency is comparable to phosphorus-based products.
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X HISTORY

Cosun Biobased Products is a subsidiary of Royal Cosun,
an agro-industrial group that processes arable crops and
other vegetable raw materials. 120 years ago, Dutch sugar
beet growers formed a cooperative and thus, established
Royal Cosun. Today, the cooperative has 8,856 members/
shareholders and it has grown into a business with 3,900
employees and 35 production facilities in 10 countries, al-
together processing over 9 million tonnes of vegetable raw
materials. The annual turnover was EUR 2.1 billion in 2017.

In the late 1980s, the company invested in a large factory
to produce inulin for food consumption. At around the same
time, it embarked on various research projects to consider
other possible inulin uses. The goal was waste reduction as,
due to food safety standards, part of the inulin is deemed
not suitable for human consumption. Their most promising
findings emerged in the 1990s when the first molecule of
CMI was being developed.

Commercial production of CMI then started in 1997. Given
Royal Cosun’s lack of experience in the non-food market,
they entered into an exclusive partnership with an external
company, responsible for product marketing and sales.

By 2009, and due to the recognised market potential of CMI,
Royal Cosun changed its strategy and, in 2010, founded
Cosun Biobased Products as a dedicated bio-based prod-
ucts company.

CMI targeted different market segments in 2010. These in-
clude home care, industrial water treatment, potable water
production, and the pulp and paper industry. By 2013, due

SWOT ANALYSIS FOR CMI

Strong R&D focus Costly and lengthy testing

required in order to
Ability to adapt and L

change market focus

demonstrate performance
of the product compared to
conventional alternatives
(home care sector)

Awareness of other
possible applications

Ability to tailor-make Cost of feedstock

product for specific
customers

Size of umbrella company

Vertical integration
throughout the whole
value chain

Drivers of success

Vertical integration, strategic partnerships, and co-develop-
ment throughout the whole value chain

Royal Cosun ‘s drive to innovate

Building a homecare product portfolio helped compete with
larger competitors

Working directly with customers to find new solutions and
applications of the product

CMI’s higher price compared to fossil fuel and phospho-
rus-based products are offset by customer demands for
quality and value product

to the recognised market potential Cosun Biobased Products
narrowed their focus to only two of these markets: home
care and potable water production. This decision has been
supported by additional investment in R&D and marketing
exposure, financed by Royal Cosun.

Considering the capital investments to launch the new bio-
based products, CMI reached its breakeven point by 2016
and since then, they have been profitable. The profitability
is partly due to increased sales but profitability has also
been enhanced by streamlined production costs and ending
of depreciation (costs) of early investments.

FUNDING

CMI’s growth has primarily been financed through internal
finances. Nevetheless, securing this funding required Cosun
Biobased Products to present their business case to Royal
Cosun, similarly as it would have been done in the case of
external funding. Furthermore, between 1997 and 2009, the
company received approximately EUR 3.3 million from the
Eureka funds to support research and development phases.

OPPORTUNITIES

EU Regulation (No
529/2012) limiting the
use of phosphorus content
in the standard dosage

in consumer automatic
dishwasher detergents
(home care sector)

Competing with large
chemical companies

Costly and expensive
registrations and not EU
harmonised requirements
(potable water application)

Environmental aspects
of the product alone are
not sufficient to attract
consumers

Expanding to different
markets (both
geographically and
application wise)

Price of competing

In line with circular %
products is lower

economy




A functional biopolymer that deals with hard water challenges

4@ MARKET INFORMATION

Home and fabric care market: CMI is used in automatic
dishwashing detergents (tablets, gel, and powder), laundry
detergents (powder and liquid), and cleaners (hard surface
and carpet cleaners). Most of CMI’s home and fabric care
sales are in Western Europe and North America.

Today, the home and fabric care market is CMI’s strongest
market. This is seen as a direct result of their investment in
R&D and product testing. These efforts have demonstrated
CMTI’s better performance against competing fossil fuel and
phosphorus based products.

Furthermore, recent EU regulation limiting the use of phospho-
rus in detergents helped to strengthen their market position.
Competitors, whose chemicals contained banned amounts
of phosphorus no longer met market standards and found
themselves investing in new solutions. These investments
are consequently reflected in higher prices within this market.
Additionally, product performance standards of some compet-
itors’ new formulations resulted in lower performance than
their original, phosphorus-based products.

CMl is 3 to 4 times more expensive than similar, fossil based
products, because CMI’s feedstock is more expensive. The
higher price can, to some extent be justified by better cost per-
formance of consumer products for which the product is used.

Cosun Biobased Products states that the overall potential
for all bio-based products in the home care market is about
EUR 50-170 million and growing steadily. Cosun estimates
that the potential market share for CMI could be about 5 %.

Water treatement: CMl is also in water reatment, e.qg. it is
used for potable water production. It is usedduring the filtration
and water purification stages. CMI sales in the potable water
production is limited to the Netherlands and the United States.

Unlike home care, the CMI prices in this market are compa-
rable to prices for competiting products. Additionally, Cosun
Biobased Products estimates that CMI used for potable drinking
production is more cost-effective than fossil and phosphorus
based chemicals.

According to Cosun Biobased Products, the worldwide market
for antiscalants for potable water production using membranes
amounts to over EUR 500 million and is growing rapidly. The
market potential for CMI in this market is max. EUR 20 million.

MARKET POTENTIAL POTABLE WATER PRODUCTION

EUR 20 milion (4 %)

. Potable water production
using membranes market
potential

. CMI potential

EUR 500 million

Source: Company estimates

5] REGULATORY ASPECTS

Since 1 January 2017, phosphate is no longer allowed in house-
hold dishwashing products (EU Regulation No 648/2004).
This led to a significant shift in the market and stimulated
an increased demand for CMI.

In potable water applications, CMI is facing significant reg-
ulatory burdens in accessing new markets. Certification is
a costly and lengthy process and individual permits are
obtained in each EU Member State separately.

@ TECHNOLOGY INFORMATION

Carboxy Methyl Inulin (CMI) is a functionalised biopolymer
produced by carboxymethylation of inulin, which is a plant
reserve polysaccharide extracted from chicory roots. It is
a renewable raw material.

In brief, CMI performs well as a threshold scale inhibitor
for various types of inorganic scaling due to its three main
functionalities: complexing of metal ions, crystal growth
inhibition and dispersancy.

As a result of these basic functionalities, CMI offers benefits
such as spotting-filming prevention in automatic dish-
washer detergent and anti-redeposition of dirt particles
in laundry detergent. Moreover, it prevents membranes
used for the production of potable or process water from
scaling.
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é"’/ ENVIRONMENTAL IMPACT

CMl is inherently and ultimately biodegradable, which means
that it slowly degrades in the natural environment and is
not persistent.

Its safety profile, renewable origin, inherent biodegradability
(OECD 302A) and the fact that CMl is free from phosphorus
and nitrogen are characteristics that add positively to its
sustainability.

THE WAY FORWARD

The inherent biodegradability gives the product a certain
amount of microbiological stability. As a result, less or no
preservatives are required and this results in a reduced
environmental impact.

The very low eco-toxicity of CMI has been confirmed by
several chronic toxicity tests. These tests indicate that CMI
does not have adverse effect on the environment during its
resident time prior to mineralization.

CMI is well established on two market segments (home care and water purification). Sales are steadily growing and
the recent EU regulation limiting the use of phosphorus in detergents has further spurred demand. Since it reached
its breakeven point in 2016, CMI has ensured its profitability. The future growth projections are underpinned by both
the company ‘s commitment to the bio-based industry as well as by the market’s shift toward more sustainable and
environmentally friendly solutions. A trend that is also to some extent supported by legislation.

At the end of 2017, Cosun Biobased Products moved their headquarters and manufacturing facilities to the Cosun
Innovation Centre in Dinteloord, the Netherlands. The centre will eventually also house the IRS (the Netherlands’
sugar beet knowledge and research institution). This joint R&D centre will continue to further improve uses of
agricultural raw materials, innovation in process technologies, energy management optimisation, and develop-

ment of new products.

While home care and water treatment markets will remain a significant part of the company’s focus, Cosun
Biobased Products is also looking to expand to new applications of the product and new markets. Currently, a
new modification of CMI is being developed that will target the personal care market.

At the same time, Royal Cosun is working on a second generation feedstock. More specifically, they are looking

into improvement the chicory yield in sustainable way.

From a geographical perspective, the company is mainly marketing CMI in the US and Western Europe. Their
strategy is to continue expanding to other countries. The largest potential market is expected to be Asia, more
specifically China, South Korea and Japan as these regions shift to higher environmental standards.

This factsheet has been compiled from information collected in April 2018.



Desmodur® eco N
by
Covestro AG

PRODUCT NAME
Desmodur® eco N, part of the
Desmodur® line

PRODUCT DESCRIPTION
Hardener component for coating systems

FEEDSTOCK
Cornstarch

ORGANISATION
Covestro AG

EMPLOYEES
Over 15,000

COUNTRY
Germany

R&D START
2007

MARKET ENTRY DATE
2015

PRODUCTION CAPACITY
20,000 tonnes PDI/year

PRODUCTION VOLUME
A few tonnes; Less than 1 % of capacity

SALES (GLOBAL)

Less than 1 % of the entire Desmodur®
line; Expected double-digit growth of
Desmodur® eco through 2020/2021

INVESTMENT
Not disclosed

PRICE
Higher than its petro-chemical
Desmodur® equivalent

EARNINGS
Break-even on investment is expected by
2020-2025

CHARACTERISTICS

e 70 % bio-based
(ASTM D6866 standard)

e 30 % lower carbon footprint,
to comparable products
(i.e. aliphatic isocyanates)

« Near drop-in character

e Patent protected

e Trademarked

A bio-based hardener for
coatings

PRODUCT

Desmodur® eco N is the world’s first bio-based hardener for lightfast polyurethane coat-
ings which are typically used to protect a material’s layer. Commercial applications in-
clude coatings for automotive, plastics, wood and industrial applications. The product is
expected to replace the existing petrochemical aliphatic hardeners in the long term. Due
to a high sensitivity in the coatings industry to product changes, Desmodur® eco N is a
“near drop-in” solution. This means that it behaves similarly to and has a similar quality
as its petro-chemical equivalents. This minimises adoption costs down the supply chain.
It is bio-based (70 %) and it reduces the carbon footprint compared to the average
footprint of comparable fossil-based products by 30 %.

SUCCESS

Covestro started its research into Desmodur® eco N in 2007. Eight years later, the prod-
uct entered the market. The underlying aspiration of this development was to maintain a
competitive position on the market, as Covestro’s downstream customers seek using sus-
tainability to differentiate themselves on the consumer market. Along the way, Covestro
secured critical financing to the product’s development and production entirely through
internal funds. One critical driver of success is that Covestro implements a joint pilot case
with Audi and BASF to demonstrate that the product performs similar to established poly-
urethane-based clear coats and can be applied in existing assets.

PROSPECTS

Covestro continues to expand the product range with a variety of properties and extra
features like the recently introduced water-mixable version, the Bayhydur® eco, which fits
perfectly to the requirements in high performance waterborne wood coatings. In parallel
Covestro is further engaged with the development of the next feedstock generation of
cellulosic- and waste biomass. The success of Desmodur® eco N may depend on the rep-
utation of bio-based materials in the coatings industry. If current trends continue, sales of
Desmodur® eco N are expected to grow by double-digits for the upcoming years.
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= HISTORY

Desmodur® is used as a hardener for paints, coatings, adhe-
sives, such as automotive (including Original Equipment Man-
ufacturers (OEM), sports (e.g. footwear adhesives)), wood and
furniture coatings as well as for plastic coatings. Essentially,
Desmodur® eco N was developed as a bio-based alternative
to Covestro’s existing fossil-based products and traded under
the Desmodur® label, which are hexamethylene-diisocyanate
(HDI) based.

Covestro initiated research to develop a bio-based aliphatic
isocyanate hardener in 2007. At that time, there was a belief
in the industry that such a hardener could not be developed.
The project was funded exclusively by internal R&D funds. It
was internally categorized as a low risk investment, as the
know-how for the technology and a rough idea of the desired
feedstock already existed within the organisation. The prima-
ry risk was to identify a feedstock supplier with a sufficient
quality. The result was a Pentamethylene-diisocyanate (PDI),
produced from fermented industrial cornstarch.

Covestro reports that the coatings industry is strongly sensitive
to changes in product formulations, as small changes, impurities,
or by-products can lead to high adoption costs further down the
supply chain. The industry is therefore reluctant to adopt new
products. A bio-based alternative needed to behave as close
to its fossil-based counterpart as possible. From the outset,
Covestro pursued a vision to develop a bio-based product with
at least the same performance as established polyisocyanates.
To ensure this, Covestro involved external partners of the value
chain already at an early stage of the project.

SWOT ANALYSIS FOR DESMODUR® ECO N

Drivers of success

Covestro had the market knowledge to understand the
evolving needs of its direct customers for bio-based and
sustainable products already at an early stage. Covestro still
enjoys a first-mover advantage.

Covestro succeeded to formulate a “near drop-in” solution
that behaves and reacts almost exactly as its fossil-based
version. This minimised the adoption costs for customers
down the supply chain.

Knowing its client portfolio, Covestro knew where to exactly
plug in with the marketing of its product.

The application of successful pilot cases such as with Audi &
BASF helped convince potential but reluctant clients.
Covestro had the financial strength to dedicate all funds
internally, without putting the company at risk.

Following the successful identification of the exact feedstock,
Covestro was confronted with the challenge to identify a
supplier. Many candidate suppliers had promising concepts,
but lacked the experience to produce a consistent quality in
the desired scale. This challenge was addressed by selecting
potential suppliers on the basis of their practical experience
at the desired production scale and in the proper quality as
well as their environmentally sound production methods.

The scepticism that the development of a bio-based aliphat-
ic diisocyanate was not possible posed a financial risk, as
potential clients could have been reluctant to adopt to the
new product. The initial success of Desmodur® eco N’s de-
velopment relied therefore strongly on the ability to prove
to stakeholders the “near drop-in” performance. To mitigate
the scepticism of potential clients, Covestro convinced Audi
and BASF to conduct a joint pilot case on the application of

OPPORTUNITIES

"Drop-in” design to
minimise adoption costs

Go-to-market strategy
addressing end consumers
instead of clients

High financial strength,
limiting the risk exposure

High recognisability of the
brand, being attractive for
external partners

Product is available in
industrial scale at constant
quality

Slow adoption of new
products in the coatings
and adhesives industry

Competes against well
established and optimized
petrochemical processes

Marketing collaboration
with large brands down

the value chain (e.g.
Audi & BASF) to create
momentum

Reduced carbon footprint
contributes to the global
sustainable development
(e.g. the UN’s SDGs)

Market preferences for
sustainability are becom-
ing more mainstream

Global reputation that bio-
based products struggle to
deliver a sufficiently high
and consistent quality can
impact the demand for the
product

Industry is characterised
by a slow adoption rate of
new technologies

Future low oil prices would
make Desmodur® eco N

a less price-competitive
alternative




A bio-based hardener for coatings

the fully developed product for an automotive paint coating.
This served to demonstrate the “near drop-in” characteristic
of Desmodur® eco N and the fact that customers are able to
work with the new product.

Desmodur® eco N delivers a quality comparable to its petro-
leum-based counterpart, with the added value of being more
sustainable. Accordingly, the product is sold at a higher price.
Thus, direct customers must be willing to pay a premium for
the sustainabily feature of the product. To ensure this, Covestro
uses an innovative push and pull marketing strategy. The
strategy pushes marketing, by approaching contact points in
companies down the supply chain, who are likely to share a
common long-term vision about sustainability. Typical can-
didates are executive managers or marketing departments.
The strategy establishes market pull by marketing Desmo-
dur® eco N to manufacturers of consumer products, which
are customers of Covestro’s direct customers. Covestro thus
markets the product throughout the whole value chain of the
coatings industry.

FUNDING

Being a large company, Covestro had the financial strength
to develop and commercialise the product exclusively with
internal financing, without putting the company at risk. The
company states that it invests a significantly higher share of
its profits into R&D than other players in the industry.

In support of its bio-based activities, Covestro participates in a
Bio-based Industries Joint Undertaking (BBI JU) project under
Horizon 2020, and receives funding for a different bio-based
technology under Horizon 2020.

Covestro processes an intermediary input into its final prod-
uct and has contracted an external supplier that prepares
the raw material (industrial cornstarch). Covestro was thus
not required to invest into a production facility for the raw
material, and could continue derive the final product in their
existing facilities for Desmodur®. The capital investment costs
for the product were thus relatively low.

The “near drop-in” character of Desmodur® eco N implies
that producers along the supply chain incur minimal costs to
transition away from the fossil based Desmodur® version.
Covestro managed to mitigate the financial risk, as the re-
quired capital investment was limited for Covestro as well
as its customers.

@il MARKET INFORMATION

Desmodur® eco N is destined for markets with a high demand
for sustainable products, like coatings for wood and automo-
biles, in which consumers are willing to pay a price premium
for sustainability. Sectors that are stongly cost-driven or in
which the bio-based property has no added value to the user,
such as corrosion protection, are in turn not in focus.

Product development was driven by customers down the supply
chain who seek to differentiate themselves on the consumer
market. A particular driver of this change was the automobile
OEM industry. This development put in effect pressure on
Covestro’s direct customers, which led Covestro to develop
Desmodur® eco N to maintain a competitve position on the
coatings market. Currently, typical clients are those with a
corporate sustainability mission.

Covestro did not establish a new market in the long term,
but is in the process of transitioning its Desmodur® line
away from fossil fuels in an effort to maintain and enhance
Covestro’s long-term competitiveness on the market and to
supports its sustainability goals.

In 2013 Covestro was the largest producer of HDI, capturing
about half of the total (bio- and non-bio-based) market. Current
market research expects that the global isocyanate market,
of which HDI and PDI are only one segment, will grow from
a value of EUR 26.74 billion in 2016 to EUR 42.71 billion in
2022, at a compound annual growth rate of 8.02 %.

The industry reportedly invests heavily into R&D activities
to develop new bio-based raw materials, due to the antici-
pation of good market opportunities from those. Covestro’s
development of Desmodur® eco N can thus be understood
as a necessity to stay competitive.

The specific market of Desmodur® and similar products is a
market with 5 major competitors: Covestro (DE), Evonik (DE),
Vencorex (FR), Wanhua (CN) and Tosoh (JP), who together count
for 89 % of the total aliphatic isocyanate derivatives market.

§[¢ REGULATORY ASPECTS

Desmodur® eco N requires mandatory REACH registration,
as any other chemical in the EU. The fact that the product is
bio-based has essentially neither facilitated nor complicated
regulatory approval.

ILLUSTRATION OF THE PRODUCTION STAGES
OF DESMODUR® ECO N
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@ TECHNOLOGY INFORMATION

Covestro produces Desmodur® eco N from Pentamethyl-
ene-diamine (PDA). The PDA is produced in a fermentation
process of industrial cornstarch, supplied to Covestro by an
external supplier.

Covestro’s PDA suppliers are engaged in the development of a
second generation feedstock, for which cellulosic- and waste
biomass are potential sources. The development is currently at
an early stage, with no anticipated release date at this point.

Desmodur® eco N production is fully operational. All produc-
tion infrastructure is in place to produce a volume of up to
20,000 tonnes per year. The current production is small, and
there is thus scope for economies of scale. Desmodur® eco N
is offered at a higher price than the product it replaces in the
long term, but according to Covestro at a competitive level.
The Technology Readiness Level (TRL) is 9 (actual system
proven in operational environment).

Desmodur® eco N is protected by patents.

THE WAY FORWARD

é?'/ ENVIRONMENTAL IMPACT

Desmodur® eco N is 70 % bio-based, and is made from a
non-edible corn (maize) variety. Non-validated estimations
show that the production of one tonne of Desmodur® eco N
corresponds to a land use of 0.44 ha corn. For the existing
production capacity of 20,000 tonnes, the equivalent is 8,833
ha. The production of sufficient Desmodur® eco N for the paint
of 90 million cars would constitute a land use of 31,800 ha.

Desmodur® eco N shows, according to Covestro’s internal
cradle-to-gate comparison with the industrial-average con-
ventional aliphatic petroleum-based alternatives, a reduction
of the carbon footprint by 30 %. Furthermore, the synthesis
process has been reduced from four to two stages, improving
production efficiency.

As already mentioned, Covestro chose its supplier, among
others, based on how reliable and environmentally sound the
production method was. In order to ensure sustainability in the
long term, Covestro conducts regular LCA audits of its supplier.

Covestro will expand its product range with a variety of properties and extra features (e.g. Bayhydur® eco). The
feedback from customers is an important aspect, as changes in the formulations or unexpected behaviours of
the material can result in its customers turning to other providers. The development of extra features will be a
particular focal point to create a stronger value proposition.

On a broader dimension, Covestro believes the reputation of the quality of bio-based products an important com-
ponent of the future because bio-based versions tend to have a reputation of having variations in quality, which
needs to be consistent in the coating industry. If other players fail to deliver a promising product, the general
reputation of bio-based products may affect the reputation of Desmodur® eco N.

Market preferences of consumers for sustainability are becoming more mainstream. If this trend continues, it is
likely that other competitors will follow soon. Covestro expects double digit growth for Desmodur® eco N through
2020/2021 and still has a large scope for economies of scale. Desmodur® eco N is therefore able to compete

with other bio-based products.

This factsheet has been compiled from information collected in January 2018.



Lipex®
by
Novozymes

PRODUCT NAME
Lipex®

PRODUCT DESCRIPTION
An enzyme preparation, containing a lipase
used in detergents to clean fat stains

FEEDSTOCK
Sugar, Aspergillus oryzae microorganism

ORGANISATION
Novozymes

EMPLOYEES
6,245 employees

COUNTRY
Denmark

R&D START
Approximately 1990s

MARKET ENTRY DATE
2002

PRODUCTION CAPACITY
Not disclosed

PRODUCTION VOLUME
Not disclosed

SALES (GLOBAL)
EUR 633 million (Household Care division),
2017

INVESTMENT
Product level: Not disclosed; R&D spending
at company level: 13.2 % of revenue

PRICE
Not disclosed

EARNINGS
27.9 % (company level EBIT margin)

CHARACTERISTICS

¢ Classified as Readily biodegradable
(OECD 301)

e Patent protected

* Trademarked

A bio-based alternative to
remove fat stains

PRODUCT

Lipex® is an enzyme preparation containing a lipase. It is used as an ingredient in deter-
gents. As a component in the detergent, Lipex® degrades edible fats and oils. It is effective
across a temperature range 30-60 °C. The product replaces a part of surfactants (clean-
ing agents) or other ingredients in the detergent composition. These can be produced
from vegetable or mineral oils. Lipex® is produced using a microorganism Aspergillus
oryzae. Sugar is used to feed the microorganism, which ferments producing the required
enzyme. Lipex® is 100 % bio-based and is biodegradable.

SUCCESS

Lipex® has been on the market since 2002. It was the first enzyme in its class to achieve
stain removal at the first-wash. According to Novozymes, it is currently the only lipase
enzyme used in detergents. As such, it has no competitors among enzymes. Compared
to the surfactants it replaces, Lipex® is considered performance competitive: it achieves
comparable results at lower temperatures. Replacing detergent ingredients with enzymes
can also lead to economic gains to detergent producers. The company has succeeded in
achieving economies of scale, rendering it a profitable product. Currently, Lipex® is used
by many major detergent brands.

PROSPECTS

The prospects for Lipex® are positive. The company is continuously working on improving
the product to satisfy the requirements and needs of the market. The potential for lipase
class enzymes is not yet saturated in the detergent market. Between 25 % and 60 %
of detergents do not use enzymes, depending on the region. The main future growth is
expected to be seen in emerging markets, in Asia and Africa, where the proportion of
detergents that contain enzymes is lowest. Future GDP and population growth in these
markets is expected to drive growth. This is combined with customer demand for high-
er-performance detergents that are effective at low temperatures.
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= HISTORY

Novozymes is a biotechnology company, specialised in enzymes
and microbes, including the Lipex® product. The history of the
company started in 1925, when Novo Terapeutisk Laboratorium
was founded. Novozymes in its current structure was formed
in 2000 when Novo split into three different companies: Novo
Holdings A/S, Novo Nordisk A/S, and Novozymes A/S. At the
time, the company already had a portfolio of enzymes for
both food and beverages and household care markets.

Lipex® has been developed as a result of the company’s high
focus on research and development. It is the result of more
than 10 year’s of research effort.

Novo initiated research into lipases for use in detergents in
the late 1980s. They collaborated with a Japanese detergent
producer, Lion, to develop the first fat-stain removing enzyme.
A microorganism, Thermomyces Lanuginosus, was identified as
a good source of suitable lipase. The customer required high
volumes of the product to provide to the Japanese market.
The amounts required could not be generated using the T.
Lanuginosus. Hence, further research was conducted to find
a combination that allowed high yields that the customer
required. In this solution, another microorganism, Aspergillus
oryzae, was modified using the T. Lanuginosus genetic code.
Thus the predecessor of Lipex® entered the market.

However, customer feedback indicated that detergents with
this enzyme removed fat stains only after multiple washes.

SWOT ANALYSIS FOR LIPEX®

Documented improved
performance of detergents
when using Lipex® as

Detergent formulation
with enzymes requires
know-how and attention to

raw material storage and
transportation

ingredient

First-mover advantage

Documented lower impact
on the environment

Detergent producers can
save costs by replacing
other ingredients with
enzymes

Drivers of success

Specific product formulations developed together with cus-

tomers, to fit their needs

Company strategy focused on innovation, with a high dedi-

cated R&D budget

Attitudes and preferences of direct customers (detergent
producers): SDGs, triple bottom line important in their

strategies

Financial strength of the company enabling it to finance
continued research by internal means

Hence in the 1990s, Novo scientists conducted further re-
search to improve the lipase so it can clean at first wash.
The product based on this new lipase was Lipex®. It entered

the market in 2002.

When introducing Lipex® to the market, Novozymes needed to
convince customers that the product is efficient when washing
at lower temperatures, by hand and in different machines.
Consequently, additional resources have been devoted for
testing its performance for different laundering methods,
different machine types, and different temperatures.

At the time of market entry, Lipex® was the first product on
the market which enabled removal of fat stains at the first
wash. Lipex® benefited from this first-mover advantage, gaining
acknowledgement from major detergent producers. According
to the company, it is currently the only lipase enzyme on the

detergent market.

OPPORTUNITIES

Improving living standards
in emerging markets creat-
ing demand for better-per-

forming products

Drive towards innovation
among detergent produc-
ers with the purpose to
improve wash performance
at low temperatures and
improve sustainability
profile of their products

Traditional consumer
habits, e.g. washing at high
temperatures

Regulations favouring
surfactants over enzymes
in emerging markets

Sustained low costs of
competing products,
reducing the adoption
rate of high-performance
enzymes

Pressure on detergent
prices in regions where the
market is more saturated,
e.g. the US



A bio-based alternative to remove fat stains

FUNDING

The research and development of lipase enzymes, including
Lipex® has been funded internally. The company did not re-
ceive EU or any other public funding for this specific product.
The company has taken part in various R&D projects and
received EU funding for other activities. This includes four
projects under Bio-based Industries Joint Undertaking (BBI
JU) scheme on development of new bio-based products. No-
vozymes has taken part in a number of other H2020 and in
FP7 projects related to development of industrial enzymes
and novel applications of enzymes in various industries: food,
medical, and biorefinery.

R&D is at the centre of the company activities, with around
23 % of its employees working with R&D. At company level,
R&D spending constitutes around 13 % of revenue.

Each of the company’s divisions has an application development
unit, with the purpose of keeping the R&D and commercial
sides close together. A Portfolio Board manages the overall
pipeline. They evaluate potential projects according to their
strategic and financial impact, their risk, contribution to CSR
goals, and the involved resource utilisation and resource needs.
The overall goal is to achieve a balanced portfolio across areas.
As such, to acquire resources and approval for a specific pro-
ject, the Portfolio Board must be convinced of its potential
and endorse its initiation.

43l  MARKET INFORMATION

Lipex® is used as an ingredient in laundry detergents. The
customers are thus detergent producers. Detergent patents
by Procter & Gamble, Unilever, and Henkel AG include Lipex®
as one of their preferred ingredients.

According to the International Association for Soaps, Deter-
gents and Maintenance products, the European laundry care
market was worth EUR 13.5 Billion in 2016, a small growth
of 0.8 % from 2015. Over the last decade the growth has
been more substantial, at almost 30 % (about 2-3 %/year),
according to a Novozymes presentation.

The global export market for enzymes and enzyme preparations
was around EUR 4.5 Billion in 2016, according to International
Trade Centre Statistics. The value has steadily increased over
the last decade. In the enzyme market, Novozymes is the
largest global producer. It competes with other biotechnology
firms, such as DuPont (USA), DSM (Netherlands), and Ama-
no Enzyme (Japan). In addition, it competes with surfactant
producers, such as BASF.

The future market potential is highest in emerging markets:
in Asia-Pacific and Africa. In the EU and the US, the majority
of detergents already use enzymes, including Lipex®. Mean-
while, in emerging markets, less than half of the detergents

8 Surfactants are the active compounds in detergents that remove stains.

do so, according to a Novozymes presentation. Many such
markets are experiencing an increase in income per capita,
where customers are also increasingly demanding improved
performance.

When Lipex® is used in an enzyme solution designed to replace
a portion of surfactants, it can be done in a cost-beneficial or
cost-neutral way. Weight-wise, a small amount of enzymes
can replace a significant proportion of surfactants, according
to a research report by Novozymes.

In addition, its price does not fluctuate when oil prices change.
Hence, it offers a high stability in detergent production cost
and the price to final consumers. Overall, replacing other
ingredients with enzymes can lead to economic gains for the
detergent producer.

5% REGULATORY ASPECTS

Lipex® performs well under low temperatures, while it reduces
CO- emissions and lowers energy consumption. Therefore, a
key market segment for Lipex® is detergents that seek to
obtain CO; emissions or green labelling. Examples of labelling
schemes for laundry products include the EU Ecolabel and
Nordic Ecolabel.

In general, the regulatory status of enzymes in most countries
is set according to product control procedures for chemicals.
Enzymes are typically listed in chemical inventories. Examples
of such inventories are EINECS in the EU and TSCA in the
US. Laws and regulations regarding the use of chemical and
biochemical products are different across countries, and this
diversity can be a challenge. According to Novozymes, product
standards in emerging markets often favour surfactants over
enzymes, providing a barrier to growth.

@ TECHNOLOGY INFORMATION

Lipex® is an enzyme preparation containing a lipase. Lipases
are enzymes that catalyse the hydrolysis of fats. The main
industrial application of this product is as an ingredient in de-
tergents. It replaces a portion of surfactants® in the detergent
composition. The function of Lipex® is to target specifically
fat and oil stains in the laundry.

Lipex®is produced using the microorganism Aspergillus oryzae.
A genetic code for extracting lipase is derived from another
microorganism Thermomyces Lanuginosus.

Thermomyces Lanuginosus is a compost fungus that is found
in spoil tips, senescent grass, leaves, sewage, and peat and
bog soils. It produces a number of enzymes, some of which
have broad industrial uses. A. Oryzae is a domesticated fungus
species, used in fermentation required to produce traditional
Japanese foods, e.g. soy sauce, sake, miso (fermented bean
paste).
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While T. Lanuginosus produces a good lipase enzyme suited
for industrial production, it does not ferment well. On the other
hand, A. Oryzae has excellent fermentation properties. Hence
the properties of both are combined in producing Lipex®. In
addition to genetic changes to Aspergillus oryzae to improve
the effectiveness of the enzyme, modifications to the enzyme
protein itself have been introduced.

The process of Lipex® production using modified Aspergillus

oryzae involves two main steps:

> Fermentation. At this step, A. oryzae is fermented under
laboratory conditions. During fermentation, it produces
the required enzyme, triacylglycerol lipase. The enzyme
is separated from the A. oryzae and purified.

> Formulation. This is the stage where the final product
is made, tailored to the specific application and cus-
tomer requirements (e.g. granulated or liquid form and
specific colour).

g‘?} ENVIRONMENTAL IMPACT

Lipex® is an alternative to petroleum and vegetable oil based
surfactants. A small amount of enzymes is used in a de-
tergent, compared to the amount of surfactants it replac-
es. While production of enzymes requires sugar to feed the
microorganisms, the amount of sugar necessary is small
compared to raw materials required to produce surfactants.

THE WAY FORWARD

Compared to surfactants produced from vegetable oil, the use
of enzymes is thus likely to result in a lower net land use. In
addition, surfactant manufacturing uses chemical processing,
while Lipex® production involves a bioprocess. Compared to
a chemical process, it reduces the need for toxic catalysts in
the production process. It also generates lower amounts of
waste and by-products.

Positive environmental impacts are seen at the stage of the
use of final product (detergent). Adding enzymes to detergents
improves washing performance at the same water tempera-
ture. Hence, to achieve the same result, a lower temperature
suffices. Thus, less energy is needed, resulting in CO3 savings.
Novozymes studies indicate that 150-450 g of CO, per wash
can be saved for temperature reductions of 10-30 degrees
Celsius. However, achieving these results relies on consumers
actually using the lower temperature settings.

After the wash, some of the water goes directly to the en-
vironment. The detergents entering the water bodies can
contribute to water toxicity. Lipex® has been tested for its
effects on aquatic organisms. Based on the results, Lipex® is
not classified as toxic to the environment. Moreover, enzymes
require less water to be “neutralised” compared to surfactants.
Hence, replacing a proportion of surfactants with enzymes
in a detergent reduces the overall environmental impact of
the detergent. Lipex® is classified as readily biodegradable.

The company is continuously working on improving the product and keeping up with market demand. The poten-
tial for lipase class enzymes is not yet saturated in the detergent market. The main future growth is expected
in the emerging markets, where the proportion of detergents that contain enzymes is lowest. Future GDP and
population growth in these markets is expected to drive growth. This drives demand for higher-performance de-
tergents that are effective at low temperatures. Increasingly, environmental awareness also plays a role.

To be successful in these new markets, Novozymes will need to overcome some challenges. Washing habits vary
in different parts of the world. What works in Europe cannot be directly adapted to other markets. Hence testing
the product with different washing methods (e.g. washing by hand) is essential. The product will be tailored as

needed to fit these conditions.

Novozymes is confident they will continue to be the market leader of lipases, thanks to their extensive knowledge

and many years of experience.

This factsheet has been compiled from information collected in April 2018.
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Arkema

PRODUCT NAME
Rilsan® HT and Rilsan® Invent

PRODUCT DESCRIPTION
Bio-based, high performance polymer

FEEDSTOCK
Castor oil

ORGANISATION
Arkema’s High Performance Materials
segment, Specialty Polyamides

EMPLOYEES
Circa 19,800 at company level, 1,000
under Specialty Bio-Based Polyamides

COUNTRY
France

R&D START
Early 2000s - Rilsan® HT
Late 2000s - Rilsan® Invent

MARKET ENTRY DATE
2009 (Rilsan® HT); 2011 (Rilsan® Invent)

PRODUCTION CAPACITY
In the range of 10s of thousands t/year of
amino acid monomer

PRODUCTION VOLUME
Close to full capacity

SALES (GLOBAL)
EUR 2 billion in 2017 - Advanced Materials
(N/A at product level)

INVESTMENT
Planned EUR 300 million for a new
production plant

PRICE

~ 50 % higher than metal (Rilsan® HT) but
offering a full cost solution up to 50 %
cheaper than metal

EARNINGS
Break-even expected in 2018

CHARACTERISTICS
= Rilsan® - 100 % bio-based;
Rilsan® HT - 70 % bio-based;
Rilsan® Invent — 95-98 % bio-based
= Net CO; emissions of Rilsan® pro-
duction 41 % lower than fossil-based
polymer
e Patent protected
e Trademarked

Continued innovation to achieve
long-term success

PRODUCT

Rilsan® is a 100 9% bio-based polyamide (PA-11) produced from castor oil (vegetable oil). Itis a
high-performance polymer in the family of nylons, used in e.g. the automotive industry, sports
equipment, and electrical applications. Specific PA-11 based products have been developed to
fit specific applications. This factsheet focuses on two of the most recent sub-products, Rilsan®
HT and Rilsan® Invent. The former is a highly flexible and temperature resistant polymer used
in automotive applications and the latter has been developed for use in 3D printing.

SUCCESS

Rilsan® products have stayed on the market for many years, due to continuous invest-
ments in R&D and continuous development of new variants and applications. In the early
2000s, Arkema realized they could modify Rilsan® to compete with rubber and steel parts
in the automotive industry. Rilsan® HT was launched in 2009, initially targeting high-end
brands. A major achievement came in 2012-2013, when large vehicle manufacturers
started to use Rilsan® HT. Continuing their R&D focus, and seeing growth potential, Arke-
ma developed a product line for 3D printing, Rilsan® Invent. Initial uses of PA-11 fine pow-
ders in 3D printing began in the 1990s. To achieve properties more suited to the market,
the powders were dramatically improved in the 2000s. Rilsan® Invent was launched in
2011. The new product is an improved Rilsan® Fine Powder fully dedicated to 3D printing.
A milestone was achieved in 2017, when Rilsan® Invent was included in the HP Open Plat-
form. This is a collaborative platform where customers, 3D printer manufacturer HP and
raw material providers work together to address specific industry needs.

PROSPECTS

The prospects for Rilsan® products are positive. The higher price when compared to metal
is offset by lower costs when Rilsan® HT is formed into car parts. This represents an overall
cost reduction to customers, and is illustrated in its increasing uptake by smaller manufac-
turers. In this respect, Arkema expects an annual 30 % increase in demand for Rilsan® HT in
the coming years. The 3D printing market is expected to increase by 20 %/year until 2020.
Rilsan® Invent is expected to grow faster due to its bio-sourced nature and documented
high performance. To meet these demands, investments of EUR 300 million have been ear-
marked for building a new production plant to increase the capacity by 50 %.
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= HISTORY

The original PA-11 polymer based on castor oil was first
patented in 1947. The industrial plant started production in
France in 1949, the same year the product gained the brand
name Rilsan®. The Marseille monomer plant was built in 1955.
Originally competing with nylon in textile applications, it was
eventually outcompeted by polyesters and other polyamides
which could be produced on a larger scale. However, the de-
velopment of bio-plastics applications started early, mitigating
the effect of this downturn.

The subsequent history was marked by innovation and ex-
pansion to different markets and applications. For example,
Rilsan® brand products are found in the automotive industry,
sporting equipment, healthcare, and electronics. In practice,
the various Rilsan® brand products are based on the bio-based
polymer PA-11, but modified to obtain desired properties for
different applications.

The ownership of the brand changed numerous times over
the years, but Rilsan® division, which gradually became a
wider specialty polyamides line, maintained its autonomy. It
has been under the current structure in Arkema since 2004.

Rilsan® HT and Rilsan® Invent result from Arkema’s contin-
ual R&D. To remain competitive, Arkema maintains its R&D
spending at 2 %-8 % of sales. This is used to develop novel
products and applications. In the early 2000s, they realised
Rilsan® could be modified to withstand high temperatures. This
would allow it to compete with metal as a raw material for car
parts near the engine. The result of this research was Rilsan®
HT (High Temperature). Rilsan® HT was launched in 2009. As
it was 50 % more expensive per kilogram than the metal
alternative, this presented a potential initial barrier. Initially,

SWOT ANALYSIS FOR RILSAN® HT

Long R&D tradition

Higher costs compared to

. fossil fuel alternatives
Documented higher

performance than
competing products

Sustainability is not the
main customer priority

Global presence, hedging
risks in different markets

Lower cost of processing
material into parts

Drivers of success

Working with customers to develop products to meet desired
specifications

Able to reduce overall costs to customer in using the product
despite higher product sales price than competition

Hedging risk through multiple products and sales markets
Creating partnerships with suppliers and customers

A strong focus on R&D

Vehicle emission regulations create preference for lighter
vehicle parts thus increasing demand

As a large company with long track record, it relies on inter-
nal finance, product development experience, network, supply
chain management, and market access

it was marketed to and used by high-end vehicle manufac-
turers. To broaden the market reach, the company focused
on improving and illustrating Rilsan® HT’s performance. They
also demonstrated that the overall costs of using this material
are lower than using metal. Since 2012-2013, a number of
large European vehicle manufacturers have started using
the product. Currently, US and Asian markets are starting to
follow this example.

Seeing potential in the 3D Printing market, in the late 2000s,
the company accelerated the development of a version of
Rilsan® Fine Powders specifically for 3D Printing. The product
resulting from this research, Rilsan® Invent, was launched in
2011. Making the product market-relevant and to enhance the
reach potential, Arkema formed a partnership with HP in 2017.

In terms of sales of both Rilsan® HT and Rilsan® Invent, the
company targets markets globally: Europe, North America,
and Asia. This global strategy is used by the company more
generally. The company finds that this helps mitigate the risks
posed by fluctuations in oil prices and changes in demand
that occur due to changing regulations.

OPPORTUNITIES

Favourable policy agenda
(e.g. emissions reduction,
LCA requirements)

Strong competitor pricing

Oil or feedstock price
fluctuations

Interest from large
customers

Changes in national
regulations




Continued innovation to achieve long-term success

FUNDING

The development and commercialisation of the products has
been funded internally. The company has applied profits from
existing sales to finance further R&D and commercialisation
efforts related to the new Rilsan® based product applications.

Bio-based materials are a strategic area for the Arkema Group.
Arkema dedicates around 75 % of the overall R&D budget to
sustainable development, including bio-plastics. This budget
is used to continue investing in the development of new bio-
based and hybrid applications. Rilsan® HT as well as the new
Rilsan® Invent are examples of forward-looking investments.

In general, Arkema is involved in many European and
national collaborative R&D projects with bio-based con-
tents. This includes projects under H2020 and FP7 funding
mechanisms. This covers different projects in three main
areas: 1) development of biotechnology for reusing CO> in
chemicals and plastics 2) development of crops suitable
for industrial processes, and 3) conversion of waste into
chemicals and biorefinery.

@il MARKET INFORMATION

The price of Rilsan® HT is higher than competing products
by about 50 %. For customers to produce tubing from metal
or alternative materials, the process involves two additional
main cost elements: processing and assembly. Assembly costs
are roughly the same regardless of the material. However,
processing Rilsan® HT incurs significantly lower costs than
processing metal. As a whole, according to the company, the
total costs to the customer of producing parts using Rilsan®
HT are therefore reduced by about 50 % compared to tra-
ditional inputs.

No special equipment is required to process Rilsan®HT - reg-
ular equipment used for other types of PA materials can be
employed. Hence, while the actual price differential is not
reduced, overall costs to clients of using Rilsan®HT are lower.

In general, bioplastic production constitutes around 1 % of
overall plastic production, of which polyamides (PA) constitute
nearly 12 %. Rilsan® family constitutes more than 50 % of
the bio-based PA.

INDICATIVE MARKET SIZE OF RILSAN® PRODUCTS

12 %

B Regular plastics

Bio-based Polyamides
@ Bio-plastics M Rilsan® products

Source: European Bioplastics Association and company estimates
00 0 0000000000000 0 000000 0CEOCOCNOCEONOSONOINOGONONOGOEONEOEOEOS OO OOV

The global market for bio-based polyamides is experiencing
a growth rate of about 15 % per year. Arkema itself is plan-
ning to increase PA-11 production by 50 %, supported by
new investment in capacity. This will involve building a new
production facility in Asia, for which EUR 300 million have
been allocated.

In the automotive market, Arkema expects to increase Ril-
san® HT production by 30 %/year, since the market is still
growing and not saturated. This trend will be supported by
a number of OEM manufacturers following the example of
the large vehicle manufacturers, who have started using the
product. Regulation in terms of vehicle emission standards
is an important driver for Rilsan® HT.

3D printing is an innovative area, which is likely to grow as
the technology becomes more mainstream. Growth factors
include a variety of possible applications: attractiveness due
to reduced development time and costs; design freedom
allowing complex and custom parts to be produced; and de-
centralised manufacturing.

The 3D printing market has grown by 30 % annually for the
past 4 years and is expected to grow further by 20 % per
year until 2020.

S[* REGULATORY ASPECTS

Regulations that stimulate the demand for Rilsan® HT include
those related to transport emissions and requirements re-
lated to LCA.

In terms of transport emissions, regulations influence de-
mand positively by requiring car manufacturers to reduce
their CO; footprint. They seek alternative materials and other
ways to decrease overall fuel consumption of vehicles. Since
Rilsan® HT is lighter than alternatives, it can help fulfill these
aims. Such regulations are well developed in the EU, namely:
emission reduction targets for new vehicles (EU Regulation
(EC) 443/2009) and complemented with CO; labelling of cars
(“Car labelling” Directive 1999/94/EC). A new proposal for
post-2020 targets for emission reductions was presented in
November 2017. Emission standards exist in some US states
and are expected in China.

Possible requirements for performing life-cycle assessments
(LCA), such as green or eco-labelling, have the potential to
improve the market position of Rilsan® family products. In
the presence of such requirements, the industry is inclined to
purchase products that enhance their final product’s LCA. In
this respect, Rilsan® HT and Rilsan® Invent offer added-value
to the automotive and spare parts (3D printing) industry. EU
regulations that have such elements include: End of Life of
Vehicles Directive (2000/53/EC), Waste Framework Directive
(WFD, 2008/98/EC), and EU Ecolabel (Regulation no 66/2010).
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®  TECHNOLOGY INFORMATION

Rilsan® is a 100 % bio-based polyamide (PA) produced from
castor oil. It is a bio-plastic in the family of nylons®, dubbed
PA-11.

It is derived from castor oil, via a multi-step chemical trans-
formation process. Two types of plants are required to produce
PA-11. The first type is @ monomer plant, which transforms
castor oil into an amino acid.*® The process also results in
several co-products that are used in cosmetics and lubricants
industries. The second type plant is a polymerisation plant,
which converts the amino acid monomer into the polymer
(a long chain of repeated molecules). The result is Rilsan®.
Manufacturing of the specific products (e.g. Rilsan® HT and
Rilsan® Invent) involves combining the bio-based amino
acid with other monomers. This brings new properties like
high temperature resistance, as is the case for Rilsan® HT.
For Rilsan® Invent, the bio-based amino acid monomer is
polymerised using a process specifically designed for 3D
printing requirements. Both Rilsan® HT and Rilsan® Invent
are at Technology Readiness Level (TRL) 9 (actual system
proven in operational environment).

Arkema is the only producer of this type of polymer (PA-11)
in the world.

THE WAY FORWARD

ég, ENVIRONMENTAL IMPACT

Rilsan® originates from 100 % bio-based feedstock, castor
oil. The geographical origin is predominantly India. Feedstock
for producing PA-11 and its associated products is derived
from the castor oil plant, which is grown in tropical areas. To
secure a steady and reliable supply, in 2013, Arkema partnered
with a castor oil producer in India. This supplier delivers most
of the feedstock required. The castor oil plants can grow on
marginal lands, in water scarce conditions.

Arkema has a CSR strategy in place, which includes expec-
tations towards suppliers. The code of conduct for suppliers
includes items regarding human rights and labour standards,
environment, business ethics and transparency, and suppliers
may be audited to assess compliance.

An eco-profile assessment of Rilsan® conducted by Arkema
shows that the total gross energy required to produce 1 kg
of PA-11 is 162 MJ/kg. This is 22 % lower than comparable
petroleum-based plastic PA-12. Net CO; emissions of produc-
tion are 41 % lower than PA-12. This improvement is lower
for Rilsan® based products that contain less than 100 % bio-
based polymer. Rilsan® HT contains 70 % PA-11 and Rilsan®
Invent powders contain 95-98 % PA-11.

Further impacts across the life-cycle depend on the applica-
tion. For example, Rilsan® HT, which is used to manufacture
automotive parts, is lighter than substitute materials, hence
reducing fuel consumption and emissions. Overall, it is esti-
mated that 30-40 % less CO; is generated over the life-cycle
of (pure) PA-11 compared to PA-12.

The outlook for the Rilsan® product line is positive as sales volumes are expected to continue to increase. The
main drivers behind this development are sustainability commitments among customers and emission regu-
lations. More vehicle manufacturers are expected to switch to Rilsan®HT, as it contributes to fuel efficiency by
reducing overall vehicle weight. Arkema expects growth rates of 30 %/year in the automotive sector, as more
manufacturers are expected to follow the example of large ones already using Rilsan® HT.

The 3D printing market is experiencing rapid growth, and regulations that support bio-based materials may help
spur demand for bio-plastics. Rilsan® Invent has demonstrated better impact resistance than competitors, which
is one of the main characteristics motivating customers, e.g. in aeronautics. Due to this and its bio-based nature,
Rilsan® Invent is expected to grow faster than the market average of 20 %/year.

Overall demand for PA-11 is already becoming higher than the production capacities currently available. To keep
up with the trend, Arkema is planning to build new monomer and polymer production facilities. To this end, Arke-
ma has earmarked funds in the range of EUR 300 Million.

S Its chemical formula contains 11 carbon atoms, hence dubbed PA-11, or nylon 11. Rilsan® is the brand name of PA-11
10 1 1-Aminoundecanoic acid is obtained from castor oil via: transesterification, pyrolysis, hydrolysis, hydrobromination, and amination

This factsheet has been compiled from information collected in April 2018.
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Biotrem

PRODUCT NAME
Wheat bran disposable tableware

PRODUCT DESCRIPTION
Tableware such as plates and bowls made
from wheat bran

FEEDSTOCK
Wheat bran, i.e. the hard outer layer of
the grain

ORGANISATION
Biotrem

EMPLOYEES
15 full time direct employees (2017)

COUNTRY
Poland

R&D START
1990s in relation to the production process

MARKET ENTRY DATE
2015 (EU)

PRODUCTION CAPACITY
15 million pieces /year (EU)

PRODUCTION VOLUME
10 million pieces /year (EU)

SALES (GLOBAL)
Not disclosed

INVESTMENT

EUR 3.25 million for the project to
establish the production plant; EUR 1.75
million for R&D

PRICE

Circa EUR 0.25/piece (wholesale
packaging); EUR 0.4/ piece (retail
packaging), or about 5 times the price of
plastic plates

EARNINGS
Not disclosed

CHARACTERISTICS

* 100 % bio-based

« Biodegradable in 30 days (certified by
DIN Certo)

* Production process certified at food
production safety level by BRC

e Patent protected technology

» Trademarked (global)

An alternative to disposable
plastic and paper tableware

PRODUCT

Biotrem offers a range of fully bio-based and biodegradable disposable tableware, includ-
ing plates, bowls, and cups, produced from compressed wheat bran. Bran is the hard outer
layer of the grain and is a by-product in the production of refined grains. Biotrem products
are used by restaurants, event organisers, catering companies and private consumers for
serving hot and cold meals and offer an alternative to disposable tableware made from
paper or plastic.

SUCCESS

The manufacturer was founded in 2012 and has successfully attracted sufficient private
and public (EU and national) funds for R&D, testing, and establishing a commercial pro-
duction facility of wheat bran tableware in a rural area of north east Poland. The products
have been commercially available since 2016 and are currently sold in 40 countries.
Biotrem’s business model incorporates the core principles of circular economy: It supports
an agri-food system designed to prevent losses and waste and to recover raw materials.

PROSPECTS

The prospects for Biotrem tableware are positive. Global demand for disposable table-
ware products has grown in recent years. At the same time, many consumers have be-
come more focused on sustainability aspects. The company has been expanding their
network of distributors and engaging in efforts to support their expansion on promising
international markets. The price difference compared to traditional products is expected
to decrease via improvements in the production process and economies of scale. The pat-
ented production technology allows for feedstock flexibility. The company is investigating
the possibility of using alternative feedstocks, e.g. algae, cassava and other agri-food
industry by-products.
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= HISTORY

The wheat bran tableware production process was invented in
the 1990s by a professional miller. He saw the potential in the
higher value utilisation of wheat bran. Biotrem was founded
in 2012 to capitalise on this invention. Research through to
prototype development (TRL 1-6) was performed by the in-
ventor prior to the founding of Biotrem. Further product and
process development leading up to the establishment of the
commercial production plant in 2015 (TRL 7-9) was carried
out under the new company, Biotrem.

With the founding of the company, the inventor formally took
up the responsibility for R&D and technology development.
Additional critical roles were assigned to a newly hired senior
management. These include a CEO responsible for manage-
ment, strategy and investment processes, and a Commercial
Director responsible for sales and for building the network of
company representatives worldwide.

To launch the commercial-scale production, investments in
R&D and in a production plant were required. The company
actively sought public and private financing. Public funds have
been used for the establishment of the production plant and
for R&D and branding. Biotrem also worked in other ways
to improve their financial resources. For example, they have
devised cooperation agreements with business partners, in
which cost-sharing schemes are set-up. Currently, Biotrem is
looking into new ways to approach funding. They are planning
to launch a crowd funding campaign and are considering to
become a publicly traded company.

Biotrem tableware has been commercially available since 2016.
Until now, demand has been lower than expected. One reason
for this is the different properties of the products compared to
“traditional” disposable tab