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Facts and figures nova-Institute

Founded 1994 as a private and independent research institute
20 employees - interdisciplinary, international team
Turnover of 2 Mio. € / year

Member of various associations & committees —

CEN/TC 411, “Bio-based Expert Group” in DG Enterprise &
Industry, technical group of the “bio-based panel”, SCAR
Foresight experts group and advisory board of CLIB2021

Selected customers from industry, associations and public and
political institutions:

Automotive Industry: brose, BMW, Engineering: Coperion, FERROSTAAL, Ministries & Institutions: BfN (DE), BMELV
Mercedes/Daimler, Faurecia, Ford, Reifenhduser, Uhde-Inventa Fischer (DE), DBU (DE), DEFRA (UK), DECC (UK),

Johnsons Controls, Quadrant

European Commission, FAO, FNR (DE),

Consulting: AFC Consulting (DE), BLEZAT GIZ (DE), KFW (DE). NIA (TH). UBA (DE)

Chemistry, plastics and biomaterials: CONSULTING (FR), Clever Consult (BE),
Arizona Chemical, BASF, Evonik, ESE, Ernst & Young (FR/DE), KPMG (Malaysia), Research Institutes: Fraunhofer UMSICHT
FKuR, Honeywell, IKEA, InfraServ, KOSCHE, med Consulting (DE) (DE), HS Bremen (DE), IFEU (DE), INRA (FR),

LEIFHEIT, Corbion (formely: PURAC), Teijin

INNVENTIA (SE), London Imperial College
(UK), Oko-Institut (DE), RAPRA (UK), VTT (F),
Wageningen UR (NL)

Associations /Clusters/ NGOs: AVK,
CEFIC, CLIB2021, European Bioplastics,
EIHA, IAR, VHI, WWF (USA)



The most important
service of nova-Institute

Bio-based News
Every day the latest
news on Bio-based
Economy world wide

Free access!

250 — 500 readers each
working day

www.bio-based.eu/news
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Blo-based News THE PORTAL FOR BIO-BASED ECONOMY
AND INDUSTRIAL BIOTECHNOLOGY

Home

6 November 2013
Elmgung im Streit um EU-Zuschiisse: Mehr Geld fiir kleine und mittlere Hofe
Agrarminister wollen kinftig 4,5 Prozent der Direktzahlungen in die zweite S3ule

umleiten

Environment: Commission proposes to reduce the use of plastic bags
Extensive public consultations found broad support for an EU-wide initiative

Ruanda: Tiiten mitbringen verboten
Seit 5 Jahren macht ein kleiner afrikanischer Staat es uns vor: “"Wir sind sehr stolz auf das,
was wir erreicht haben.”

European Commission's proposal to reduce consumption of plastic bags an important
opportunity to promote bioplastic alternatives
European Bioplastics promoting measures for bioplastic alternatives in Member States

Vorschlag der EU-Kommission zur Reduktion des Konsums von Kunststofftragetaschen
eroffnet Fordermoglichkeiten fiir Biokunststoffe

European Bioplastics: den Mitgliedsstaaten sollte Flexibilitdt beim Umstieg auf
Biokunststoff-Taschen zugestanden werden

Furfural: Science Behind Rockets
First furaline liquid propellant rocket engine (LPRE) was unveiled for an anti-aircraft
missile

BCC Research publishes a new report on global markets for biodegradable polymers
Global volume for biodegradable polymers rises to 1.5 billion Lbs by 2014 and expected
to reach 3 bln Lbs by 2019 at a CAGR of 10,4%

CO;: arenewable feedstock
Chemical industry use of CO; as a renewable resource can support EU chemical sector
sustainable development and future competitiveness, says Cefic innovation head Gernot
Klotz...

Issaquah, Wash., voters to decide fate of plastic bag ban
Special election will cost the city between $45,000 and $49,800, according to an analyst

Rare earths in bacteria
Methane-decomposing bacteria from hot springs need the valuable metals to produce
energy

The Future of the
Chemical Industry by 2050
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WPC/NFC Market Study 2014-03

Wood-Plastic Composites (WPC)
and Natural Fibre Composites (NFC):
European and Global Markets 2012
and Future Trends

Global Production of WPC in 2010 and 2012,
and Forecast for 2015

Downioad this study and further nova marxet studies at:

www.bio-based.eu/markets

Source: Carus & Eder et al. 2014

['nova

Most of the following
figures are coming from
this market study

Please see
www.bio-based.eu/markets
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FIBRE PRODUCTION SINCE 1898 - 2006

250000
Synthetic fibres
— came strong in
the 70ties —
180000 markets for
natural were lost
10000
- I l
0 - ---l" IIl'I"III
are 1900 Ly 190 1640 1980 1964 1987 1980 . 2004 2004
Figure 8.6: Sisal fibre production in Tanzania 1898—-2006 (Tenga 2008)

Source: Carus & Eder et al. 2014
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Agricultural Twines .
Especially
the markets
Ropes and other for twines
Cordagel and ropes,
sacks and
Carpets and bags
| Mating cks and Bags decreased
over
decades
1924 1329 1994 1000 204 2008

Figure 8.7:
(Mackie 2000)

Market volumes of traditional fibre applications in China 1984 —-2009

Source: Carus & Eder et al. 2014
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Share of natural fibres in the fibre market is

decreasing over the last 20 years

World Fiber Consumption
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Source: The Fiber Year 2014
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World Fiber Market 2013

33%

7%

Synthetics

Cellulosics

60%

Natural

THE YEAR

\

Only 33%
market
share is left
over for
natural
fibres today

Source: The Fiber Year 2014
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Natural Fibers Share 2013

12%

4%

Cotton

Wool

79%

Bast m Others

\ THE YEAR

With 79%
Cotton has
the highest
share in
natural fibres,
followed by
bast fibres
(mainly Jute)
and wool.

Source: The Fiber Year 2014




Worldwide production of natural fibres 1961-2011

(in 1,000 tonnes)
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Source: Carus & Eder et al. 2014




Cultivation area of jute, kenaf and allied fibres

in tonnes
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Source: Carus & Eder et al. 2014

Thailand
Nepal
Myanmar
India

China
Bangladesh




Global fibre flax cultivation (Europe, China, Egypt ...) is decreasing

GIobaI flax cultivation area 1993-2011
(in tonnes)
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Worldwide production of flax fibre and
tow 1993-2011 (in tonnes)
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Source: Carus & Eder et al. 2014
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Global harvested area for hemp fibre and
hemp seed 2000-2011 (in ha)

90,000 [~======== == ooooooloooooooooooooooooooo

in hectare

80,000 | -
70,000 .

60,000
50,000
40,000
30,000
20,000

10,000

0 T T T T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201

© &-Institute.eu | 2014

Source: Carus & Eder et al. 2014
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Global production of hemp fibre and
hemp seed 2000-2011 (in tonnes)
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Source: Carus & Eder et al. 2014
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European Hemp: Back to 15,000 ha, more

countries involved and increasing share for
seed production
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2014: ca. 15,000 ha
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Source: EIHA 2014




Hemp fibres: Stable prices for 10 years
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Price index:

Hemp and flax technical short fibres
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2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
100 % equal the price of technical hemp short fibres in March 2003. Basis: Supply of 100 t per year.
Sources: nova-Institute GmbH on the basis of bi-monthly price reports from: Agrofibre SAS (F, since 2009), Badische Naturfaseraufbereitung BaFa GmbH (D),
. Hemp Technology Ltd. (UK), HempFlax B.V. (NL), Holstein Flachs GmbH (D), Linolitas (LT, until 2007-12), NAFGO GmbH (D, until 2008), Procotex SA
© -Institut.de | 2014 Corporation (B, until 2005-10, since 2013-10), Sachsen-Leinen GmbH (D, since 2003-10), SANECO (F, since 2008).

Source: nova 2014
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13,9%
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0.4%

(in percentage)

06% 10%

20 0%

Applications for European hemp fibre from 2010 harvest

55,0%

Pulp and Paper

Press Moulding (autom.)
Injection Moulding (autom.)
RTM (non-autom.)
Insulation Material

Mulch fleece

Cress growing fleece
Techn. Textile others
Others

Total 26,000 tonnes

Source: EIHA 2013
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Applications of European hemp fibre (without pulp &
paper) from 2010 harvest (in percentage)

07

1310 Press Moulding (autom.)

6,0

Injection Moulding (autom.)
RTM (non-autom.)
Insulation Material

Mulch fleece

Cress growing fleece
Techn. Textile others
Others

Total 11,700 tonnes

© ﬁ-lnstitute.eu | 2014

Source: EIHA 2013
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European insulation market and
shares of types of materials

30,0%

3,5% 0,5%

42,0%

B Mineral wool
EPS

M PUR
Wood

M Hemp & Flux

Natural fibres
only 0.5%
market share

Total 3.3 million tonnes

Source: Carus & Eder et al. 2014
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Wood and Natural Fibres Composites for Automobile Interior Parts

Total amount: 150,000 t/a (EU27)

Fibre use: 80,000 t/a (EU27)
Wood, Cotton, Flax, Kenaf, Hemp,
Jute, Sisal, Coir

Established and stable market with
a new potential

Good mechanical properties

Light weight

Impressive GHG saving

Price competitive

Good accident behaviour

High bio-based share

New trends

- Showing the natural fibres under
transparent films or lacquers

- Using bio-based polymers

from 50-60% to 100% bio-based

BMW 5 Series

Non-woven fleece

Naked door

@ Finished door

Source: BMW 2008, nova-Institut 2013
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30,000 t natural fibres per year in the European
Automotive Industry — ca. 4,000 t hemp fibre

Biocomposites with Natural Fibres, Wood Fibres and Recycled Cotton
in the European Automotive Production in 2012

Volume fibres in | Volume biocomposites .
= posites tonnes in 2012 in tonnes in 2012 Processing technologies

Natural Fibre 30.000 60.000 95% compressing moulding, 55 % thermoplastics,
Composites ’ 2 5% injection moulding & others 45 % thermosets
‘ : Extrusion:
_ 45 % extrusion & thermoforming, :

e 30,000 60,000 50% compression moulding, (00 % N OPESEES:

5% injection moulding & others > 90 % thermoset
Recycled Cotton ; ; s
Reinforced Plastics 20,000 30,000 mainly compression moulding > 90 % thermoset
Total 80,000 150,000

Table 9.3: Biocomposites with natural fibres, wood fibres and recycled cotton in the European automotive production in 2012, volume of fibres, composites and shares of

processing technologies (nova 2014)

Source: Carus & Eder et al. 2014
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8 %

19 %
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A

7%

25 %

Use of Wood and Natural Fibres for Composites in
the European Automotive Industry 2012

38 %

B Wood
Cotton
Flax

M Kenaf

Hemp

I Others

(mainly Jute, Coir, Sisal and Abaca)

Total volume 80,000 tonnes

Source: Carus & Eder et al. 2014
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Use of Natural Fibres for Composites in
the European Automotive Industry 2012

(without Cotton and Wood)

Flax

Kenaf
B Hemp

0 Others

(mainly Jute, Coir, Sisal and Abaca)

0,
le% 50 %

20 %

© &-Institute.eu | 2014

Total volume 30,000 tonnes

Source: Carus & Eder et al. 2014
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Compared with 2005 (this picture) Kenaf and Hemp
fibres were the winner from 2005 to 2012

Use of Natural Fibres for Composites in

the German Automotive Industry 2005
(without Cotton and Wood)
79 % Flax

Jute/Kenaf
B Hemp

M Sisal
9.5 %
Others

(mainly Coir and Abaca)

N.2 %
64.2 %

Total volume 19,000 tonnes

© JAASYE] - Institute.eu | 2014
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Success story compression moulded parts

Injection moulded pure plastic or glass > 2,200
fibre reinforced plastics

Compression moulded PP-NF 1,800
Compression moulded PP-NF with bonding 1,500
agent MAPP

Compression moulded Thermosets+NF 1,400
Compression moulded Thermosets+NF 800 - 1,000

In development

Superior light weight properties and very attractive low price level




Right now, as our survey showed, this would merely result in about 4 kg
natural and wood fibres per vehicle in average in Europe; but
vehicles with considerably larger amounts of 20 kg natural and wood
fibres have been successfully produced in series for years.

A respective revision of the End of Life Vehicles Directive would cost
Brussels or the member states nothing and would have crucial steering
effects. If the political frameworks would make the use of natural fibres
more attractive, biocomposites and natural fibres could really become a
great success story.

Any incentive for the use of natural and wood fibres in the European
automotive industry could help to extend the existing amount of 30,000 t/
y for each natural and wood fibres, up to five times, that means to
150,000 t/'y each — the technologies are ready to use.

A great potential for biocomposites!



Outlook

Forecast production | Forecast production

Biocomposites Production in 2012 _In2020 . in2020
(without incentives for | (with strong incentives for
bio-based products) bio-based products)

WPC

Construction, extrusion 190,000 t 400,000 t 450,000 t

Automotive, press moulding &

extrusion/thermoforming 60,000t 80,000 300,000

Granulates, injection moulding 15,000t 100,000 t > 200,000 t

NFC

Automotive, press moulding 90,000 t 120,000 t 350,000 t

Granulates, injection moulding 2,000t 10,000 t > 20,000t

www.bio-based.eu/markets

Source: Carus & Eder et al. 2014







Cellulose- and wood-based Composites — with UPM, Mondi,
Weyerhaeuser and Sonae big players entering the market

Mechanical properties of different

injection moulded materials IV
1GI000] =~mmmmmmammmmsmmmsmem s
BIO00! [
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Source: Carus & Eder et al. 2014




But not only WPC - also Hemp entered a new step in injection moulding

The big tier-one supplier Faurecia presented in November at the Los Angeles
Auto Show different new natural materials, especially “NAFILean, a material
employing hemp-based fibers that reduces weight by 20-25 percent
compared with standard injection-molded parts.” (Faurecia 2013)

“Auto supplier Faurecia SA has launched production of an injection molded bio-
composite combining hemp and polypropylene in Europe, and is looking for
opportunities to expand the technology to North America. ... Faurecia’'s NafiLean is
an injection molding material, which can be used on existing equipment,
decreasing the costs of bringing it to market.

Hemp also offers an improved density level over glass or talk, so Faurecia
can produce a thinner walled part with the same structural capabilities. In the case
of the 308, it is saving 400 grams per door panel, he said.

Faurecia is continuing to test NafiLean’s prospects in other parts, especially
instrument panels, and is looking at beginning production in the U.S. It is lining
up material suppliers as well, including sources for hemp.

In testing, hemp has been the best natural material for bio-composites
because it works best with the PP chemistry.” (Miel 2013)

Source: Carus & Eder et al. 2014
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