a4 l%

Designing the bio-based economy
Options for Norway?

2 September 2015
Status of the Bioeconomy, Oslo

Michael Carus, Physicist
(Managing Director)
nova-institut GmbH, Hurth (Cologne), Germany

nova-lnstitute -1- www.bio-based.eu



2 e

Bio-based Economy — Bio-based Chemistry and Materials

“H* Raw Material Supply

\., S SRl Techno-Economic Evaluation

i TN B NS S Market Research
Environmental Evaluation
Dissemination

Political Framework & Strategy

1



Revenue shares

nova-Institute

nova-institut GmbH — SME

Sustainability

Political Framework &

Strateqy
Dissemination & b s:::::: CA::SII”H‘:N
Marketing Support K - Raw Material Supply
e B2B communication , Availability & Prices )1
\, Conferences & Workshops 7;53' Sustainability /
: . MarketingStategies  Bi0~based Economy
J,Bio-based Chemicals & Materials *

Biorefineries * Industrial Biotechnology
Garbon Capture & Utilization

E"&:ﬂﬂg‘:" ’ Techno-Economic |
. Evaluation (TEE) \
Life uw':iehsmbm ‘ a Process Economics ,
Cycle Imentories Market Research Target Costing Analysis 4
MetaAnalyses of LCAS g Volumes & Trends
Competition Analysis
Feasibility and

Potential Studies

-3- www.bio-based.eu



N1

Facts and Figures
about nova-Institute

 Founded 1994 as a private and
Independent research institute

« 25 employees — interdisciplinary,
International team

« Turnover of over 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” and advisory board of CLIB2021

nova-Institute —4—

Selected customers from industry,
associations and public as well as
political institutions

Automotive Industry: Brose, BMW,
Mercedes/Daimler, Draxlmaier, Faurecia, Ford,
Johnson Controls, Quadrant, VW

Chemistry, plastics and other materials:
Arizona Chemical, BASF, Corbion, ESE Expert,
Evonik, FKuR, GreenFuture, Honeywell, IKEA,
InfraServ, KOSCHE, LEIFHEIT, LOGOCOQOS,
Teijin

Engineering: Coperion, FERROSTAAL,
Reifenhauser, Uhde-Inventa Fischer

Consulting: AFC Consulting (DE), BLEZAT
CONSULTING (FR), Clever Consult (BE),
ClouPartners (DE), Ernst & Young (FR/DE),
KPMG (MY), me6 Consulting (DE)

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

Ministries & Institutions: BfN (DE), BMELV
(DE), DBU (DE), DEFRA (UK), DECC (UK),
European Commission, FAO, FNR (DE),

GIZ (DE), KfW (DE), NIA (TH), UBA (DE),
Netherlands Enterprise Agency (NL), Ministry of
Economic Affairs (NL)

Research Institutes: Fraunhofer UMSICHT
(DE), HS Bremen (DE), IFEU (DE), INRA (FR),
INNVENTIA (SE), Joint Research Centre (EU),
London Imperial College (UK), Oko-Institut (DE),
RAPRA (UK), VTT (FI), Wageningen UR (NL),
Wuppertal Institut (DE)

www.bio-based.eu
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Projects funded by the European Commission

Projects within the FP7 funding programme

BIO-TIC - The Industrial Biotech Research and Innovation
Platforms Centre - towards Technological Innovation and solid
foundations for a growing industrial biotech sector in Europe:
Roadmapping for a bio-based economy, identification of hurdles
and network management. (08/2012 - 07/2015)

KBBPPS - Knowledge Based Bio-based Products' Pre-
Standardization: Development of a standardization of bio-
based products, network management and dissemination.
(08/2012 -07/2015)

FIBRA - EU-China Partnering on fibre crops: Network
management, socio-economic and ecological assessment
for the development of the natural fibre industry in China.
(09/2012-1/2015)

MultiHemp - Multipurpose Hemp: Techno-economic evaluation,
life-cycle assessment (LCA) and dissemination for the
development of a multipurpose hemp. (09/2012-02/2017)

SPLASH - Sustainable Polymers from Algae Sugars and
Hydrocarbons: Dissemination for a multinational project on algae
biotechnology and product development. (09/2012-08/2016)

MIRACLES - Multi-product Integrated bioRefinery of Algae:
from Carbon dioxide and Light Energy to high-value Specialties.
(11/2013-10/2017)

Open-Bio - Opening bio-based markets via standards, labelling
and procurement. (2013-10/2016)

nova-Institute

IB2Market - Bringing innovative industrial biotechnology
research to the market. (12/2013-11/2015)

BIO-QED - Quod Erat Demonstrandum: Large scale demonstration
for the bio-based bulk chemicals BDO and IA aiming at cost
reduction and improved sustainability. (01/2014 - 12/2017)

Projects within the Horizon 2020 Programme

COSMOS - Camelina & crambe Qil crops as Sources for Medium-
chain Qils for Specialty oleochemicals. (03/2015 - 08/2019)

InnProBio - Forum for Bio-Based Innovation in Public

Procurement. (03/2015 - 02/2018)

Projects within the WoodWisdom-Net Research
Programme and ERA-NET Bioenergy

HEMICELL - Wood based chemicals, in particular chemical
modified hemicellulose, used as functional additives to enhance
the material properties of cellulose esters. (04/2014 - 03/2017)

Service contracts for the European Commission

Cascades - Study on Optimised Cascading Use of Wood. (03/2015
-12/2015)

National projects

More resource efficiency through cascading use of biomass
- from theory to practice: Best practice analysis of existing
cascades and development of recommendations for political and
industrial stakeholders. (Funded by the Federal Ministry for the
Environment, Nature Conservation, Building and Nuclear Safety
(BMUB), 07/2013-10/2016)

www.bio-based.eu



Bio-based Economy — Services of nova-Institute
novd

PUBLICATIONS INEO

Bio-based News

Markets & Economy
internatonal) :’lu]“-w

About nova
instititeforecology andinnovation

Sustainability & Ecology f

Technology

CONFERENCES

8th International Conference on Bio-based Materials
(“Biowerkstoff-Kongress”)
Maternusha (ISH (O10¥ ~)ﬁ,': 3
nova-Papers
Open-Bio Workshop on Instruments for the Public
Procurement of Bio-based Products (Side event to the 8th

International Conference on Bio-based Materials)

Top downloads ' a e
METETHISHEUSAGOI0PNERGETMany 4 Apr

12th International Conference of the European Industrial
Hemp Association

RHEIRCHITIAES eling, 20221 May 2015
Open-Bio Mid-term Advisory Workshop

CENMGENEECREPIESEISNEELBiUm) 26 May 2015 |

Proceedings of nova Conferences

Graphics

KBBPPS Final Advisory Workshop

S PO ANBPUMVBrsity of York, York, UK, 2 June 2015 |
Old Publications




Y __"_,-___:"

e o Ul
Subscribe o oV

The most important nca S L newstette
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nova-lnstitute:

More than 15 years - more

Bio-based News than 15,000 reports and news -
more than 8,000 companies
« Daily news on ,
) Read bio-based news
Bio-based economy every morning to start
WOrld Wlde your day with fresh ideas

Send us your press release
in English or German -
we will disseminate for free

e Free access!

« 2.000 readers
every day

Advertise your company or
event to the bioeconomy
community via bio-based news

www.bilo-based.eu/news

nova-Institute -7-
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THE PORTAL FOR BIO-BASED ECONOMY

L
Bio-based News |z

m Suppliers noVa press releases Newsletter Your Banner Contact & Imprint

More than 15 years - more
than 15,000 reports and news - Avunas ohonsd
more than 8,000 companies

Read bio-based news
every morning to start
your day with fresh ideas

Send us your press release
in English or German -
we will disseminate for free

Advertise your company or
event to the bioeconomy
community via bio-based news

Reach your specific target group at ,,The Portal for Bio-based Economy and Industrial Biotechnology*
- The perfect place for your own press release as well as for announcing an event! With readers from more
than 140 countries around the world, Bio-based News is growing into the central point of information for
the international bio-based economy.

Get in contact with our editorial team! Send your press release to

Michael Carus s Achim Raschka [es Barbara Dommermuth 4 Marion Kupfer

nova-Institut GmbH

Chemiepark Knapsack

Industriestrasse 300
Institute  goacquertn cermany
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m Published next week ﬁ

www.bio-based.eu/policy

nova paper #6 on bio-based economy 2015-06

Options for Designing the
Political Framework of the
European Bio-based Economy

Including statement on the recent ILUC
reform proposal and a list of market puli
measures for bio-based products

nova-Institute -8- www.bio-based.eu
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Bio-based Economy: feedstocks, processes and products
(without food & feed)

Processes ‘T;, Bio-based products

Physical-mechanical Wood-based materials

Filtration Destillation \
Extraction Fragmentation \ Pulp & paper
Crystallisation i

Platform & fine chemicals

Chemical
Pulping
Oxidation Esterification
Hydrogenation Hydrolysis
Etherification  Isomerisation

Fibres
Lignocellulose

Pharmaceuticals

Oils & Fats Polymerisation ——
. Thermochemical | Surfactants
Proteins Incineration  Gasification 7 .
Thermolysis  Pyrolysis .
Hydrothermal Lubricants
Other Complex biomolecules Bolnnets

(rubber, biosurfactants etc.)

Biotechnology
Fermentation
Aerobic conversion (composting)
Anaerobic digestion (biogas)

Mixed biomass, waste

© —Institute.eu | 2015

nova-Institute -9- www.bio-based.eu



O

é‘i Which raw materials can be used in Norway? ﬁ
First ideas

= Wood - spruce, pine and birch into cellulose fibres and bio-
based chemicals and polymers

= Algae such as Kelp into fish feed, bio-based chemicals &
polymers and more

= Chitin from shrimps and crabs into bio-based chemicals and
polymers

= Fish waste via insects into fish feed (proteins) and protein-based
chemicals and polymers

= Cheap hydro electricity to convert CO, into aviation fuels

nova-Institute -10- www.bio-based.eu



H&E )| nova-Institute‘’'s Recommendation &

Ligno-cellulosic biorefineries — which way to go?

e EU commission and the EU member states have focussed mainly on
those kind of ligno-cellulosic biorefineries which produce from woody
biomass C5/C6 sugars for fermentation and Lignin. Is this the right
way?

 These biorefineries produce high-priced sugars compared to sugar beet and try
to level this by lignin utilization, which did not work so far.
 Depending on long time subsidies especially if bioethanol is the target product.

* High volumes > 2 Million t of woody biomass seems to be necessary for
economy of scale, which cannot locally covered.

* We think other types of biorefineries would be more suitable to

Norway
* Extraction of high value components
* Producing cellulose fibre for the textile and other markets
* And high-value chemicals which different kind of processes (not only
biotechnology)
* With Borregard Norway has the world leading company for getting value from a
wood-based biorefinery!

nova-Institute -11 - www.bio-based.eu
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Bio-based Products =
Industrial material use
covers arange of
Industries

In ‘material use’ biomass
serves as a raw material for
the production of all kinds of
goods, as well as their direct
use in products. This
distinguishes it from energy
use, where biomass serves
purely as an energy source,
and the use for food and feed
purposes.

(Carus et al. 2010)

nova-Institute
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Instruments to strengthen innovation implementation
by technology push and market pull (nova 2014)

Feedstock push
Local access to feedstock
Market Pull
\ - Targets and quotas
(such as the RED)
dechnology(push « Mandates and bans
» R&D support . « Public procurement
: ; Bio-based P
« Pilot & Demonstration » Product « Labels & raising public awareness
support FOCUCES « Direct financial support for

« Financial support for flagship

bio-based products
(first implementation)

« Tax incentives for bio-based products

« Tax incentives for « Taxes on fossile carbon
industrial R&D « Incentives related to GHG
« Improved investment emissions (ETS, such as FQD)
conditions
Push & pull
- Standard & norms
« Certification
© ﬁ -Institute.eu | 2014 Note: RED Renewable Energy Directive | GHG Greenhouse gas | ETS Emission Trading System | FQD Fuel Quality Directive

nova-Institute -13- www.bio-based.eu




M ( Creation of a positive environment ﬁ

As long as bio-based products are more expensive than petrochemical
products — because of lower volumes and higher raw material costs —
there is a need for market pull as created by incentives and mandates,
or at least a positive image is needed. A positive environment is
necessary to achieve GreenPremium prices for bio-based products
(Carus, Eder & Beckmann 2014).

Both options need a real political commitment to the bio-based
economy, to the transformation from a fossil to a bio-based raw
material supply. This requires more than another roadmap and an
additional research agenda. Surveys show that consumers have positive
connotations with bio-based products — this should be supported and
not undermined.

The framework of the European Union and its member states was not
very suitable for developing a bio-based economy (CAP, RED, FQD).

nova-Institute - 14 - www.bio-based.eu
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A market pull from the political framework is more important than a
complex Bioeconomy Roadmap — see for example Italy! No roadmap
but implementation!

Creation of a positive environment
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Blonergy green chemrcals c!usters

cnrcular economy

R&D on food secunty sustarnable
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BAP4 ()| Latest news on investments in Europe ﬁ

 |n 2014 and 2015 most of the bio-based investment in Europe went into
smaller plants which produce high value bio-based chemicals —and NOT in
biofuels/bioenergy and also NOT in large plants.

* With one exception: Metsa Group in Finland with 1.2 billion investment. The
bioproduct mill’s annual pulp production will be approximately 1.3 million
tonnes, of which 800,000 tonnes will be softwood pulp and 500,000 tonnes
hardwood pulp. The softwood pulp will be exported mainly to Europe and
Asia. In addition to premium pulp, the mill will produce much more
electricity than it will need, as well as tall oil and turpentine, among other
bioproducts. All side streams from the bioproduct mill are planned to be
utilised in the ecosystem that will be formed by various companies around
the mill. (http://globenewswire.com/news-
release/2015/04/21/726366/0/en/Metsa-Group-to-build-next-generation-
bioproduct-mill-in-Adnekoski.html)

* Most investments took place in France, Italy and Finland.

nova-Institute -16 - www.bio-based.eu



B Hurdles and barriers for industrial material use
© -Institut.eu | 2015 B Advaniages and benefits for bioenergy/biofuels leading to hurdles for other sectors

The competition triangle:
No level playing field for bio-based chemicals and products

Energy Shift (with Solar and Wind)

Energy tax Arfificial compefifiveness

Petrochemical
Industry

Bioenergy
Biofuels

Comprehensive support
system at EU
and national levels

Integration into [ National implementations,
emissions biofuel quota act,
trading system tax reductions

Renewable Energy
Directive (RED)

Industrial
Material use

Colour legend




M / “Wastes and residues” — Annex IX

ILUC Proposal

Examples market distortion by the RED

Animal fats for Biodiesel — too expensive for oleochemistry

Bark from trees for incineration / green electricity — too expensive for the top
soil / humus industry

Glycerin for biofuels — too expensive for Solvay’s epichlorhydrin production

Tall oil (from the pulp industry) for biofuels — too expensive for Arizona
Chemicals production

Wood for incineration (pellets) — Shortage and high prices for other sectors like
particle boards and OSB (Pfleiderer, Sonae), Lyocell (Lenzing)

In the latest RED reform paper a lot of agricultural raw materials and by-
products are covered as “wastes and residues”, which can be worthwhile for the
chemical industry!

All these material application have much higher added-value and need much less or

even no support — only level playing field

Annex IX ILUC Proposal

nova-Institute -18 - www.bio-based.eu



- W20 The impacts ﬁ

Increasing prices for biomass
Increasing land prices
Insecure availability for other sectors

The battle for biomass is lost for the material sector: If a raw material is
covered by the bioenergy/biofuel support, it is lost for the material sector.
The energy sector can just pay more for the raw material - due to
subsidies only.

Bioenergy/biofuel incentives leads to a price support up to 80% of the
revenues between 2009 and 2013 (in Germany)

Hundreds of potential biomass applications in the industrial material
sector — like bio-based chemicals and materials are — are not realised!

Insecure environment and political framework for the industry:
Low investment in bio-based economy in Europe.

nova-Institute -19 - www.bio-based.eu
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The best framework would allow for the
highest resource efficiency, the most
innovation capacity, the highest value
added, the most employment and the
greatest climate protection.

—-20-
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Employment in biofuels and bio-based chemicals
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Employment in thousands
8883

Biofuels Bio-based chemicals

Figure 4a: Total employment (agricultural and manufacture) in biofuels and bio-based chemicals in EU-28, year 2011
(source: nova 2015)
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Employment in biofuels and bio-based chemicals,
per 1 million tonnes of feedstocks
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Figure 4b: Total employment (agricultural and manufacture) in biofuels and bio-based chemicals in EU-28, year 2011
per 1 million tonnes of bio-based feedstocks (source: nova 2015) (source: nova 2015)




M )| nova-Institute‘s Recommendation &

Use mandates and bans to create environmentally friendly innovation.

Mandates and bans should be used as strong instruments based on
sound environmental and health reasons in order to tap the full positive
potential of bio-based products.

These market pull measures should be implemented in close
coordination with a technological push in the form of support for R&D,
pilot and demonstration plants and flagship investments, in order to get
those technologies and products off the ground for which a sufficient
market pull and demand exists.

Full three page list with concrete proposals for mandates available:
nova paper #6 on bio-based economy 2015-06: Options for Designing
the Political Framework of the European Bio-based Economy
www.bio-based.eu/policy

n’ova-lnstitute - 23 - www.bio-based.eu



m Poster on biodegradation in different environments
available (www.bio-based.eu/graphics)

Examples of applications

in which biodegradable
plastics would be a suitable
solution (nova-Institute 2015)

Ecovio® F Mulching film Mulching film Bio-Fed® Plant clip
BASF 2015 nova 2015 Metabolix 2015

BioTAK® Fruit sticker Plant pot Forest sign Tree protection Tree protection
SAI 2015 nova 2015 nova 2015 nova 2015 nova 2015

Part of tree protection String for gras trimmer Biade for gras trimmer Dirt eraser Cable fixer
nova 2015 (oxo-fragmentable) nova 2015 nova 2015 nova 2015 nova 2015



Fish equipment from PHA — ﬁ
fully biodegradable in cold ocean

nova-Institute - 25— www.bio-based.eu
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MICROPLASTIC
IN THE ENVIRONMENT

Sources, Impacts & Solutions

(S Conference Leatlet

Welcome to the internati

Hi

iy MICROPLASTIC IN THE ENVIRONMENT -
il SOURCES, IMPACTS & SOLUTIONS MICROPLASTIC

Registration

Participant list 23 - 24 November 2015, Maternushaus, Cologne, Germany

++ M

ted ++ Free exhibition booths for

SEe % participants
Exhibition
Scientific studies have shown that plastics greatly contribute to the littering of
Partner oceans. In marine protection, plastic particles with a diameter smaller than S mm are
Press referred to as microplastics. These can be secondary fragments created by the
------ breaking up of larger pieces of plastic such as packaging materials, or fibres that are [ ——
Call for Papers washed out of textiles. They can also be primary plastic particles produced in
e microscopic sizes. These include granulates used in cosmetics and in other
Terms and Conditions aplicaliank, A :,",':",,,,'""""
Contact/imprint Organization

The microplastic conference will:

o Identify sources of microplastics and quantify the amount ending up in nature C L I B

« Reveal impacts on marine ecosystems and human beings

« Propose solutions for current problems, such as prevention, recycling and - 10 2:7

R ] C & substitution with biodegradable plastics & other materials CLUSTER

i HLd,b"L'chb INDUSTRIELLE
The event will provide plenty of scope for discussion between producers, BIOTECHNOLOGIE

consumers, scientists, environmental organisations, governmental agencies and

plasticker other interested stakeholders. »

the home of plastics If you want to contribute as a speaker or like to become a partner/ I B B
media partner of this conference please get in contact with the nova-

plastixportal.co.za team! Natzpwr)c GenbH

kunststoff C”c':f‘vv

E plastics & packaging

1K

ZEITUNG
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BR\P4 /| nova-Institute's Recommendation &

There will be a huge demand for sustainable aviation fuels.

Renewables-to-liquids (Kerosin) is the best option with the lowest
carbon footprint. Cheap water electricity is a unique option to produce

aviation fuels on high scale.

AFS (Air Fuel Synthesis)

Carbon neutral drop in fuel

I Filtered Air> i:
5

Energy

| e Hydrogen
) e
Wind, solar or hydro energy

nova-Institute - 27 - www.bio-based.eu



74

Extremely low THG emissions compared to bio-kerosin!

nova-Institute‘s Recommendation

Kraftstoffoptionen im Vergleich

Treibhausgasemissionen DBFZ
D .g FT-Route (EE-Strom) | I50% THG—Miniderung nach REED (2009/28/EC)§
& E Methanolroute (EE-Strom) I
HEFA (Pflanzenole) '
HEFA (Algendle) i
= BTL (Holz)
E Bio-GTL (Biomethan)
& HDCI (div.) I

ATJ (div. Alkohole)

DSHC / SIT (Zuckerrohr)

keiné Veroffe

—

ntlichulh en bekannt

GTL (Erdgas)

Fossil
basiertes
Kerosin

Unabhdngig von Kerosinoption zusdtzliche
Teersande Emissionen in groflen Hohen: ca. 74 kg CO,-eq/GJ

Konventionelles Rohéol

1
1
1
T

[ 1
[ 1
[ 1
T T

© DBFZ 2015 basierend auf fortlaufendem Studienscreening,
u.a. Kaltschmitt 2014, Moreira 2015; LBST 2010, JEC 2013, 0
LBST 2014, DBFZ 2012-2015, Grongroft 2014, Vera-Morales
20089, Stratton 2010, Frank 2013, Liu 2013, Sills 2013
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mart C0: Transformation
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Home

Programme
Registration
Participant list
Service

Sponsoring
Exhibition

Partner

Press

Call for Papers
Previous conferences
Terms and Conditions
Contact/Imprint

Haus der Technik
Hollestr. 1
45127 Essen, Germany

4" Conference on

Carbon Dioxide
as Feedstock for
2 Fuels, Chemistry
and Polymers

4th Conference on Carbon Dioxide as
Feedstock for Fuels, Chemistry and Polymers

Ministry of Innovation, Science
and Research of the German State
of North Rhine-Westphalia

EnergieAgentur NRW 11

29 - 30 September 2015, Haus der Technik (HDT), Essen,
Germany

Europe's largest event on Carbon Capture and Utilization (CCU) in 2015

++ Programme available ++ free booth - only a 2-days conference entrance ticket is needed! ++ the
conference is under the patronage of Ms. Svenja Schulze, Minister of Innovation, Science and
Research of the German State of North Rhine-Westphalia ++

Conference leaflet (PDF):

It sounds like a daring vision —
but could become reality sooner
than you think! In the last

years The explosion of interest in CO, has led to a new awareness at industrial, societal and scientific

Newsticker on Carbon Capture and Utilization!
Free Access: www.co2-chemistry.eu/news

levels with the result that CO, is no longer a mere waste product, but rather an abundant, low cost

raw material. Using carbon dioxide as feedstock for fuels, chemistry and polymers is a big challenge
and chance for our sustainable future and has immense potential for the coming decade — much
faster than expected!

Over the last few years, the rise of this topic has developed from several research projects and
industrial applications to become more and more dynamic. High on the European research agenda,
scientists are very active in CCU research, especially in the fields of solar fuels (power-to-fuel, power-
to-gas) — but also in CO,-based chemicals and polymers. Leading players will showcase some

nova-Institut GmbH

Chemiepark
Knapsack
Industriestr. 300

50354 Hirth / Germany
Dominik Vogt

Tel.: +49(0)2233-48-1449
dominik.vogt@nova-institut.de

enhanced and also new applications using carbon dioxide as feedstock. Representatives from
political bodies and research institutes will be on hand at the event to present and discuss the latest
national and regional policies, strategies and visions.

For the fourth year in a row, the nova-Institute will organize the conference ,Carbon Dioxide as
Feedstock for Fuels, Chemistry and Polymers” on 29 — 30 September 2015 in the *Haus der Technik”
in Essen, Germany.

WWwWw.co2-chemistry.eu
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nova-Institute

Thank you for your attention!

Dipl.-Phys. Michael Carus
Founder & Managing Director
+49 (0) 22334814 - 40
michael.carus@nova-institut.de
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