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Despite the major drivers for its application in tackling some of the huge modern global societal
challenges including climate change, dwindling fossil fuel resources and the need for the
development of a more sustainable and resouefficient industry,several hurdles continue to
hamper the full exploitation of Industrial Biotechnology's (IB) potential today.

TheBlI@ L/ LINRP2SOG Aa dal azfdziazya FLILINRFOKé OSYdN
examining these many innovation hurdles in IB asr&sirope and formulating action plans and
recommendations to overcome them.

For that purpose, three roadmagsve beendeveloped. The versiopresented hereis the market
roadmap whichis based ora literature study 70 interviews with experts and on thiaformation
collected throughl3 stakeholdemworkshops The finalintegrated roadmap (to be available in July
2015) will show the relationship between potential market developments, R&D nesad,
regulatory and nortechnological aspects impacting on IRdwation. The BIQIC roadmap will serve

to highlight these areas and formulate action plans on how the various stakeholders can work
together to overcome the major current and future issues that hamper the huge potential that IB for
Europe to be realised.

The three roadmaps are:

1 Themarket roadmaprelates to current markets for a selection of five IB business cases for
Europe, and market projections extending to 2030. It aims to obtain a comprehensive
overview of the market potential for industrial bioteaology, the current and potential
future value chain composition and stakeholders, including segmented market opportunity
assessment and projections. The market roadmap provides an importarg focthe other
two roadmaps; identifyingequirements for echnology development and for overcoming
non-technological barriers to realize the market opportunities.

1 Thetechnology roadmapevolves around the setting of R&D priorities and identifying needs
for pilot and demonstration plant activities. This is cedtan obtaining a clear overview and
AYAAIAKG Ayd2 GKS w3ss5 NBfFGSR KdzZNRf Sa FT2NJ NBI
focuses on the identification of R&D bottlenecks and required breakthroughs across a broad
range of technological domains asdeks to identify key areas of research to focus on, and
to selectively highlight those areas that can be best aligned with current and foreseen end
user market requirements, both in the shorter and longer term. The technology roadmap
also seeks to identgifthe relative strength of research areas in different European countries
and gathers evidence where it exists of duplication of resources.

9 The nonttechnological roadmaps aimed at identifying regulatory and ndechnological
hurdles that may inhibit IBinovation towards identified market opportunities in the market
roadmap. This takes the form of identifying and proposing solutions for key market entry
barriers, going beyond recommendations already formulated by other initiatives and projects
on bio-baseal products, and preparing a study for policy makers.
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The scope of the BKDIGproject is the industriabiotechnology (IB) value chaim particular,BIGTIC

takes a focused approach in analysing the main hurdles, enablers andeck@dtions towards
NBIFfA&AAY3T L. Qa LRISYGAIET F2NJ 9dzNRPLIS® LG KIF& 0688
FADBS O2YLX SYSYy(dlI NE aodzaAySaa OFasSa F2N 9dz2NBLISE =
application areas, such that they enalihe project partners to discover the widest possible hurdles

and enablers that are relevant for the European 1B market.

The business cases were selected based on a product -gpmgific rating carried out by an expert
panel comprised of BKDIC partnes and validated by the Project Coordination Committee and the
Advisory Committee of #hproject. More information on the selection process can be founininex

I Choice of business cases

The 5 business cases represent product groups that can make a major contribution to an accelerated
take-up of industrial biotechnology into the market place. The selected business cases are:

1 Chemical building blocks

Bio-basedplastics

Advanced biofuel¢éethanol and jet fuels

2G ho-surfactants

CQ as a feedstock: Using IB as tool for reducing g&@erated from processes using fossil or
bio-based raw materials (Carbon Capture ddiilization).

= =4 =4 =

The BIGTIC roadmapsvere developed in 3 steps. The first versions of the roadmweape published

in May 2013 and mostly based on literature reviews. The secondsarhthe roadmap(of March

2014) werebased on further analysis and ontheva Rl G A2y 2F GKS LINRB2SOG LJ N
of 8 regional workshops and various stakeholder interviews. More information on the regional
workshops can be found omvww.industriatbiotechnology.@. For the current version of the

roadmap ¥ A @S G0 dza Ay S & & ereokganBed beivkebepieihBel ind Mecemb@014

to fine-tune the BIGTIC partner@nalysis on the selected product categori€lefinal roadmap will

then integrate separate maet, R&D and nottechnical roadmaps
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Figurel. Roadmapping process

> Phase 3: On-line Public Consultation >
Phase 1: Phase 2: Phase 4: Finetuning roadmaps
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Business Cases at Regional Level with business cases i
Integration of
Roadmaps
&
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Draft Roadmaps |
Business Case Workshops
Draft Roadmaps Il P

Final Separate Roadmaps :
(Market, R&D and Non-technological) Final Integrated Roadmap

3.1 Objectives

There is a lack of a comprehensive picture on the market potential ebdsed products as the
various estimates presented are not commensurable. The main differences stem from varying
product definitions and geographical scoping, but also from the aétwais of the available market
studies: some reports illustrate production capacity and others actual production volume, production
value or demand value. In addition, many earlier market estimates have become outdated due to the
recentdevelopments suchsdfinancial crisesind the shale gas boam

The primary objective of this study is to present antomlate market projection for the main
product segments of the industrial biotechnology (IB) sector, focusing on the value of consumption in
the EU. Buildig on recent market reports that have been published in the variousssgtors of bie

based products, the estimates are now extended up to 2030. Moreover, this report includes an
overview of the current business environment in the, Elesents a market vign for the five
selected product segmentsientioned above and identifies actions that are needed to reach this
market vision More information on the actionds included in he technologyand non-technological
roadmays of BIGTIC By July 2015heseactionswill also bepresenedin the format of anintegrated

IB roadmap.
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3.2 Methodology
Market projections

The basis for the market projections are the recent market reports in the area of industrial
biotechnology and bidbased production. Remaining gaps u2@i30were filled byexpert estimates
and mathematical modelling.

Discussions with sector experts suggested that straightforward estimations were a feasible approach
in the cases of

1 bio-basedplastics, where conservative ends of earlier growth estimatese appliedwhen
modelling the market development towards 2030;

1 Dbioethanol, where the future market was estimated based thie projected toal fuel
consumption in road transport anah assumed 2Ghare/mandate and

9 Dbio jet fuek, where the market develapent is estimated to depend on the energy demand
in aviation ancanassumed bieblend percentage

For other product segments, market projections are basedestimaing a regression model for
market value using historical data and sht@tm forecasts, anan utilising that regression model to
predict longterm market development up to 2030. The approach relies on the assumption that the
regression specification adequately characterises the nature of future market development. In other
words, potential chages in the market dynamics (such as technical or regulatory disruptions) are not
accounted for.

Market projections are reported for four of the selected five business cases of th&BIProject
biofuels, biochemical building blocks, blmasedplasticsand 2G bio-surfactants¢ as well as for the
overall industrial biotechnology sector. Carbon dioxide as a feedstock is excluded from the ahalysis
market volumeas to date there is no industrial production in Europet prerequisites fofuture
market deselopmentare discusseth Chaptero.

More information on market modelling is included in Annlex |

3.3 Definitions

Market value is here defined as the value of consumption, i.e. produgtexports + importsin the
EU The following product groups are included in the analysis:

1 Amino acids including glutamic acid; lysine; methionine; phenylalanine; and other amino
acids. The market estimate is a product group total, i.e. it was not possible to extract the
share of IB process.

1 Antibiotics, including the following groups: chloramphenicol; erythromycin; penicillins
(ampicillin and other); streptomycins (dihydrostreptomycin and other); tetracyclines; and
other antibiotics (aminoglycoside antibiotics and other). The market edéns a product
group total, i.e. it was not possible to extract the share of IB processes.
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1 Bio-based lubricantsincluding biodegradable lubricants manufactured using onlybbged
materials. Biodegradable synthetic lubricants or mindrated lubricarg containing bie
based additives are not included.

1 2G ho-surfactants i.e. surfactants producebly fermentation. The biebased carbon content
isequal or higher tha®5%.

9 Biochemical building blocksreferring to bio-based commodity chemicalproduced by
fermentation. Thesecan be used as platforms for various secondary chemicals and
intermediates. To clarify product segmentation and market projections, bioaddbiofuel
additives are excluded from thscope Biochemical building blocks are excludearr the
overall IB projection to prevent double counting. The largest markets faetgochemicals
are in the biebased plastics, lubricants and wehts.

1 Advanced biofuelsincluding bioethanol, aviation biofuels and biogksr aviation biofuels,
it was not possible to extract the share of IB processes.

1 Bio-basedplastics,referring to totally or partlybio-based polymers that may or may not be
biodegradable.

1 Enzymesincluding enzymes and prepared enzymes (excluding teamgeconcentrates).

1 Green solvents i.e. solvents which do not emit volatile organic compounds. These are
usually derived from biological sources and renewable feedstocks. The analysis includes
terpenes; pinenes; limonene; butanediol; tetrahydrofuran; amhders, but excludes ethanol.

i Vitamins including vitamins A, D, E, B complex, C and othecar@enoids and others). The
estimate is a product group total, i.e. it was not possible to extract the share of IB processes.
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4.1 State of the art

Based on available market data, the current (2013) EU market for the IB sector as a whole can be
estimated at 28 billion EURFiQure2) By far the largest product segment is antibiotics, followed by
biogas and bioethanol.

Figure2. Value of IB market demand in the EU (&)1

Total market 28 BEUR

Bio-
Bio-based surfactants
plastics (2G)
Biolubricant

Bmsolvents
Vitamins

Enzymes

Amino
acids

Bioethanol
(1G+2G)

Antibiotics

Biogas

Source: For data sources, please $eble2 of Annex I

In regional workshops organised by the HI@ project consortium, stakeholders were asked to
consider IBrelated hurdles. Market entry received 38%, policies and regulations 32% and research
and development 25% of the given votes on the BEk¢lleMarket entry and the issue of economic
viability in particular were most questioned in France, Germany, the Nordic countries, and Spain.
Policy barriers were emphasised in Germany and SpainRR&michallenges in Italy and UKr&and
(Figure3d). Stakeholders in industry, research and administration/policy all shared a very similar view
of the hurdles Figure4).
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Figure 3. Hurdles preventing IB takeff in the EU- by workshop and in total (number of
respondents = 123)

100 %
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80 %

70 %
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50 % = Research and development
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30 % m Market entry
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0% i
France Germany Nordics Spain ltaly ~Poland UK+ |
Ireland |

N=6 N=16 N=20 N=15 N=9 N=25 N=32 : N=123

total (EU)

* Funding for research, demonstration and investments, collaboration, education, feedstock supply
Note: This question was not asked in the Benelux workshop

Figure4. Hurdles preventing IB takeff in the EUg by stakeholder group (number of respondents =
123)

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %
0%

1 0ther

W Research and development

“Policies and regulations

m Market entry

* Stakeholder group "Other” mainly includes representatives of regional development agencies, tech transfer offices,
networking organisations and consultancies

In terms of product sgments, biochemical building blocks weteminated by R&D hurdlesyhereas
for bio-based plastics and biofuels the challenges seemed to rbarket entry and polig and
regulation-oriented, respectively(Figureb).

10
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Figure5. Hurdles preventing IB takeff in the EUg by product segment(number of respondents =
58)

100 %

90 %
80 %
70 %

60 %
@ Other
50 % m Research and development

40 % 7 Policies and regulations

30 % m Market entry

20%
10 %

0%

Chemical building blocks Bio-based plastics and  Biofuels (bioethanol,
(platform chemicals) biopolymers biobutanol, biogas)

N=25 N=12 N=21

In business case workshops, Hsirfactant and CO stakeholders emphasised production and
feedstockrelated issues whereas for CBB k&tholders market and feedstock issues were most
relevant. Knowledgeelated issues were ndghe mainpriority for the stakeholdergFigure6).

11
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Figure6. Pre-survey for business case workshop participarfisimber of respondents 36)

Importance of hurdles (1=highest importance, 5=lowest importance)
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Source: Pre-survey for business case workshop participants

The marketrelated hurdles focus on three issues, namely cost competitiveness, image and
functionality. In stakeholder views, however, market, policy and R&D hurdles prove to be
intertwined. The cost competitiveness of IB congzhtto current products/techniques is a market
challenge, calling for e.g.

1 the creation of fair competition for biomass with other sectors that currently benefit from
subsidising schemes,

measures to bring down biomass transport costs,

efficient recycling systems enabling new types of feedstock,

improved process efficiency,

technologies for economically feasible small volume production,

development of new and added value products to global markets, and

support for commercialisation aridvestments and for the creation of eartyage demand

=A =4 =4 4 -4 4

(i.e. solutions provided by research and policy).

In terms of image, the IB sector calls for an improved public perception, thus reducing the brand risk
of IB. This would require new solutions to denstrate the environmental benefits, to communicate
with consumers (GMO and food/fuel debates), and ultimately, to enable gi@mium. On the

other hand, many stakeholders emphasise that there is a tendency to move frofabéu to
performance orientatn.

12
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In the area of functionality, some areas are still dictated by need for “@roproducts. This hinders
opportunities for new products which may be more economically viable to produce.

4.2 Market drivers

On average, stakeholders consider macroeconomias population growth, environment, product
related opportunities, cost reductions and feedstock cost competitiveness as equally important
drivers for the IB market. Feedstock was identified as a particularly strong driver (and a potential
hurdle) in the Bnelux and Germany, and GDP in PolaRigiure 7). On the level of stakeholder
groups, industry, research and the public sector shared a very similar view of the dFigne8).
However, the drivers arelearly different for each product segmeqt.g. the biofuels segment can

be considered as more regulation and polttiven than IB in general. For Bimsedplastics and
biopolymers andiiochemical building blocks, brand and feedstock issues are rdleraspectively
(Figure9).

Figure7. IB market drivers in the EbUby workshop and in total (humber of respondents = 138)
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13
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Figure8. IB market drivers in the Elgby stakeholder goup (humber of respondents = 138)

100 % m Other **
90 %
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70 % O Potential for cost reductions
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* Stakeholder group "Other” mainly includes representatives of regional development agencies, tech transfer offices,
networking organisations and consultancies

** E.g. policies and regulation

Figure9. IB market drivers in the EJby product segmenthumber of respondents 58)

100 %
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80 % 1 Feedstock cost competitiveness
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50 % 7 Oppeortunities for new product
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4.3 Market vision for 2030

On average, workshop participants found the future market development very olgailg. There is
market optimism in France and Italy (both of which had the lowest number of workshop participants)
and the Nordic countries whereas all the other countries share a negative view of market

14
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development Figure 10). Of the stakeholder groups, industry representatives were the most
sceptical and the mixed group of regional development agencies,ntdoby transfer offices,
networking organisations and consultants the most optimigtigyrel1l).

BIOTICq Market Roadmayg, Draft Il

Figure 10. Market optimism vs. pessimism in the EUby workshop and in total (number of
respondents = 138)
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Figurell Market optimism vs. pessimism by stakeholder group (number of respondents = 138)
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* Stakeholder group "Other” mainly includes representatives of regional development agencies, tech transfer offices,
networking organisations and consultancies
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The stakeholder views on market drivers and market development were incorporated in the market
modelling when considering the market drivers and scenaiab unit price development through to
2030

According to the updated projections, the IB markeestimated to develodrom 28 billion EUR in
2013 to 40 billion EUR in 2020and up to50 billion EUR in 203(Figure12). This development
represents an annual compound average growth rate (CAGR) bé#8éen2013 and 2030.

When looking at the individual product segments, we can distinguish

1 two large and rather stagnant product segments, nanagliibiotics and biogas,

1 two booming product groups, namely bioethanol and-b&sedplastics and biopolymers,
and

several smaller ahstagnant product segments such as biosolvents and vitarfigarel3).

=

Figurel2. Estimated IB market demand in the EU up to 2030

BEUR (2011)
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Figurel3. Estimated market derand in the EU up to 2036 by product segment

Value of EU consumption, BEUR (2011)
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4.4 Milestone s

IB hurdles and their potential solutiomgere discussechiBIOTIC interviews and regional workshops,
resulting in the followingjst of indicative milestones to be reached by 2020

1 New feedstockstreams (cellulosic feetiocks, waste, local feedstogdkwidely in use.
Integration of biomass and waste streams

91 Policies (CAP, @&upport the use of biomass for chemicals. Political stability

9 Solutions for biomass transport costs, process efficieteghnologies for economically
feasible small volume production, etc.

1 GM dialogue with NGOs and private consumers

f ' ANBSYSyil 2y REBFASREARYR &#aNPRSARI RI 6f S¢

1 A wellfunctioning labelling scheme

1 A clear picture of environmental benefits I&f

1 Identification and realisation of European opportunities in new and added value

products

T 9YR LINRRdzOG& GKIFG FAG Ayid2 GKS G Oausdddz I NJ
etc. in a competitive way

1 More IB startups and small companies in Europe

9 Prioritisation of biebasedproducts in public procurement

17
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Note: While this roadmap focuses omemical building blocksroducedby fermentation the relevant
reference market isctually the entire bio-basedbuilding block market as thedemand drivers are
identicaland there is no distinction betwedarmentationbased andother bicbasedchemicas on
the market However the market projectionspresented in Chapte5.2 below only coves
fermentationbased building blocks

5.1 State of the art

There is arestablishedmarket for bio-basedchemical building blocks (C§Bbut there have been
major developments in the recent year$he development stage dfio-based CBBganges from
proof-of-conapt inthe laboratory to full commercial production (for examples, ségureld), but as

of 2013, only a fewbio-basedbuilding blocks have reached economically faable production
compared to their oibased counterparts. ThEUdemand forCBBghat can currently be produced

by fermentationis estimated atless than 700MEURIn 2013, representing approximately 35% of
global production ad an average growth rate (CAGRYadighly 10 %/afrom 2008 to 2013Hence,

the EU is one of the major consuming regaof fermentationbased CB& The EU is investing
heavily in the research and development fefmentationbasedCBBs but because of thdimited
availability of low cost sugars, high operating costs (hamely energy and labour), and the global nature
of chemical markets, the majority of new facilities are built outside Europe, mainly in Asia and Brazil.

Figurel4. Development stage of selected bibased chemical building blocks

Acrylic acid Lactic acid
Farnesene . .
Succinic acid
Paraxylene Propanediol (PDO)
Adipic acid
s
e

.-.;

v

Development stage

Bio-based chemical building blocks can be divided into dnognd novel biebased chemicals. Drep

in chemicals are bibased versions of existing petrochemicals with established markety. ditee
chemically equivalent to the incumbent hydrocarbbased products, and therefore enable reduced
risks and faster access to markets. Their market entry is mainly restricted by the reasons of cost
competiveness. Novel bioased chemicals bear highersks, but may offer unique product
properties unattainable with fossblased alternatives (g. biodegradability). Despitpotentially
superior product properties, the introduction of novel Biased building blockis challenged by the
change resistance diie other industrial players of the value chain.

18
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The biochemical value chain starts with a feedstock supplier and a building block producer, continues
with an intermediate producer, a processor, a brand owner and a retailer, and finally ends with
consumers. Strong eoperation within the value chain is required for any new chemical building
block to enter the markets, which has called for unconventional partnership networks. The building
block producers and developers are not onlyogerating withlarge agricultural giants but also with
consumer brands.

Depending on the chemical, the value chain may have either a technology push or both a technology
push and market pull. Opportunities far bio-based premium are significantly lower in chemical
building blocks than e.g. in bimased plastics as the producer is further away from the final
consumer. An example of a case where market pull does exist is in the replacement of hazardous
chemicals. The key decisiomakers in the value chain are either chieal companies or brand
owners(Figurelb).

Figurel5. The value chain fobiochemical building blocks

. Intermediate .
Biomass — Processor Brand owner Retailer Consumer
producer

In the past fewyears, there has been a great deal of discussion on the impact of shale gas on bio
based chemical building blocks. The transition from naphtha to ethane crackers opens opportunities
for alternative sources of C4 and higher chemicals as well as aromaticsni#er of large chemical
companies, technology developers and research institutes are working systematically to exploit this
opportunity. On the other hand, many stakeholders interviewed in the context of this project see
shale gas impacting largely theSJ but leaving European chemical markets relatively unchanged.

5.2 Market vision for 2030

By 2030, the EU will hawsucceeded in attractingnvestments in fermentatiofbased chemical
despite limited access to lowost feedstocks and challenges in the comitheness of production
costs. In other words, the EU has succeeded in speeding up market entry dBibexswed CBBs by
capitalising on its strengths in R&D, demonstration facilities and market for final products.

In 2030, the cost and security of suppiyl still be the dominant sourcing criteria in commodity
chemicals, makingermentation-based production more feasible in the valadded fine and
specialty chemical markets than in commodity building blocks. Nevertheless, there will be several
building Hock products available at a cost competitive price and at equal quality. Cost
competitiveness will be achieved eithd) by reducing production costs by decreasing the number of
steps in the production chain (e.g. succinic acid) or 2) as a result eagsxt chemical market price

due to tight fossibased supply (e.g. aromatics as a result of ethane cracking). In the case of novel
bio-based chemicals, by 2030 industrial biotechnology will allow the realisation of commodity
products which have not been psible with traditional chemical technologies.
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The increasing uncertainty and volatility of crude oil and shale gas markets will result in commodity
chemical companies bringing in new feedstock alternatives to allow stable product supply to their
customers In 2030 there is more flexibility in feedstockioth 1 and 2 generation raw materials

will be widely used in industrial biotechnology Wehalgae and waste feedstocks will maeelarge

scale production.

Being busines®-business market with littleor no biobased premium, thelB-based chemical
building block market is expected to follow tlewerall GDP development and thievelopment of
bio-based chemical demand in Europe. Despite a decreasing EU trade surplus in commodity
chemicals, there will be an increasing demandbimrbased alternativesMuch of the downstream
production will remain in Europe thanks to strong operational and technological knowhow, geod co
operation in application development and location of leading brands. One of the keysasdfor
bio-based building blocks will be in the production of-b&sedplastics. Due to a closer-@peration

with consumer markets, a bipremium may be accepted the bio-basedplastics industry.

The market valuef IBbased CBBis 2030 is expected to reach2 BEUR in the reference scenario
and 3.5 and 1.9 BEUR in the high and low scenarios, respectivéigute 16). The high and low
forecads to 2030 follow the GDP scenarios for the EU described in more detail in Anfidrese
market projections do not include subsidies or regulations in favobrawhemicabuilding blocks.

Figurel6. Estimated market demand folB-basedCBBs in the EU
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5.3 Recommendations for action

According to stakeholders, therincipal hurdles are cost competitiveness of European production
and products, and raw material availability, quality and price. R&D challenges related to
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bioconversionand downgream processing were mentioneio, but knowledge transfer was seen
less as an issu€igurel?).

Solutions to be put forward include

1 Reform of the agricultural policy and improvement of the use of sugars from sugarrbeet i
the EU by
o rethinking of import quotas and tariffs,
o development of production of chemical industry sugars and opening the market for
non-food use, including reinstallation of sugar processing capacity, and
0 researchon cost efficient sugar extraction and processing technology for a variety of
feedstocks.

1 Integration of IB in to theonventional chemical industry, e.g. use of existing facilities.

1 Enhancement of collaboration within the agricultural value chain irepttd increase the
availability and decrease the cost for agricultural residues, e.g. by development of the
harvesting operations.

1 Information campaigns to promote bioased products, to provide facts about GMM and
their use in CBB production and to opdmetdiscussion with NGOs and public authorities. A
critical question for the cost competitiveness of CBB production is also the possibility to use
the solids remaining after fermentation for animal feed. However, currently no GM yeast or
GM bacteria are appved in the EU for use in food/feed.

Figurel?. Main hurdles forlB-basedCBBs in the EU

0% 20 % 40 % 60 % 80 % 100 %

Markets and
products

Feedstock supply
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processing
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Knowledge transfer
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Note: In the biebased plastic market, there is no distinction betweeidBed and other bibased
plastics as thelemand drivers and market hurdles are the saared more variation is causéy the
drop-in / novel properties of the bibased plasticThe market projectionpresented in Chaptes.2
belowcoverboth partly and wholly bidbasedplastics.

6.1 State of the art

Concerns aboutlpstic wasteproblems,GHG emissionand oil price fluctuationare provoking action

both in public and business sectors and households towards more sustainable alternatives to
conventional plasticsEven though bidased plastics are a small section of the overall plastics
industry, it is a heterogeneous segment consisting of

1 biodegradable and/or compostable bimsed plastics (e.g. PLA and PHAS) that are mainly
utilised in singleuse disposable apightions, and

1 non-compostable thermoplastics (e.g. Biased PE, partially bisased PET and PTT) and
thermosets (e.g. partially bibased polyurethanes and epoxies) that may offer dirop
opportunities i.e. can be used in the same applications as tosgitbased counterparts

All of them havauniqueproperties and competitive positi@against petroleurtbased plastics.

Today, biebased plastics have an established market with rapid growth both in Europe and globally.
In 2013, theBJ demand for biebaseal plastics was gimated at 485 MEUR, representing a CAGR of
20% between 2008 and 2013. In 2013, Europe vk the largest biebasedplastics consumeand
producer, supplying one third of the global blmased plastics output. However, he future
production of biebasedplastics is expected tbe located inregions where feedstocks are cheaper
and more readily available and production costs loweg. AsiaPacific. Despite of the shift in
production location and weaker policy tools to stimulatentend than e.g. in the U.S., Europe is
expected to maintain its position as the main consumer offd@sedplastics. The market drivers
include regulatory actions and positive consumer attitudes towardsbbied and biodegradable
materials.

The most widegread policy measures affecting Hiased plastics are plastic bag bans. On the EU
level, adraft directivecalls for the member stats to reduce their consumption ¢ightweight plastic
bags by 50% by 20&hd by 80% by 201@ompared to 201Cevels Fromthe market point of view,
the main limiting factors of bidased plastics includgerformance issues against fodsdsed
counterparts and pricing.

In the BIGTIC business case workshop (2014), the stakeholders considered the following issues as
the mainhurdles to the development of the bibased plastics sector

f Lack of clear definitionfor ¢ A dzA G F Ayl 0Af Aleéx GaINBSYy SO2y2Ye
number d ecolabels confusingopnsumers

1 Challenges with cost competitiveness
1 Lack ofaframework to promotebio-based products
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The biebasedplastics value chain starts with a feedstock supplier and continues either directly with
polymer production (e.g. PHA) or through an intermediate step where a monomer, i.e. a chemical
building block (e.g. PLA), is form&ablymer production is followed by compound formulation, where
plastic properties are modified, and by conversion into a product. Direct use of PLA without
compounding is also an option. The final steps of thelaisedplastics value chain include a brand
owner, a retailer, and consumers (and eventually, waste managentegt)rel8).

In order for a biopolymer to be taken into production it has to be compatible with processing
equipment throughout the downstream value chain. It alseeds to provide companies an
advantage over conventional plastic production, i.e. the polymer should have either (new) superior
properties or a cost advantage. In the end, however, the brand owner is the one who takes the
greatest risks and is also the malecisioamaker in the value chain. The key for the brand owner is
to understand the value proposition of the bimsed product. Similarly to bimased chemical
building blocks, bidnasedplastics can be divided into drep plastics with identical chematformula

to fossitbased counterparts and novel bhmsed plastics with unique product properties
unattainable with conventional alternatives.

Figurel8. The value chain fobio-basedplastics

Biomass compound
(e.g. sugar, . . Conversion Brand owner Retailer Consumer
starch) formulation

6.2 Market vision for 2030

In 2030, therecontinue tobe both biodegradable and neniodegradable bidbased plasts m the
market. Biodegradable plastics will be widely used in disposable products whereas non
biodegradable bidbasedplastics will be aimedt durable applications ahrecyclingMeasureshave
beentaken to reake the significant growth potential in the development of completely or partially
bio-based analogues of conventionalasticsand newgeographicamarkets have been opened for
compostable singleise plastics

The situation has improved in the EU when it comesetycling and disposal infrastructures for both
biodegradable and durable bizasedplastics

The demand for in-based plastics will be driven bya competitive product price, superior
functionality or abio-based premium. Price competitiveness will be challenged by low cost shale gas
derivatives affecting e.g. polyethylene markets. On the other hand, howtheetightened supply of
higher olefins and aromatics may improve the competitivenessoaie bio-basedplastics. Polymer
functionality in given endise application wiltontinue tobe of high importance in 2030. Functional
properties can be improved by e.g. developing new improved additives and @asitr polymer
compounding or by introducingavel biobasedplastics. New properties will thus enable new end
use applications for biopolymers. A clear pi@mium can be justified in four cases: 1) -based
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origin is a key buying criterion, 2) environmental sustainability is used as a marketing toaild
brand image, 3) bidasedplastics represent a minimal share of the final product value, and 4) there
are regulatory requirements for the use of Hiasedplastics Figurel9).

Figurel9. Cases wh a premium for biebasedplastics

Bio-premium in bioplastics Example case Payer in the value chain

Bio-based origin a key buying criteria Organic food packaging Consumer

Environmental sustainability as a Branded consumer

marketing tool products, e.g. PlantBottle™ Sl LliE
Bioplastics represent a minimal share Bio-based materialsin .

of final product value automotives or electronics

e LD el ot e Plastic bag ban Brand owner / consumer

bioplastic

Similarly to biebased chemical building blocks, botff and 2 generation raw materials will be
widely used in biebasedplastic production in 2030Changes in Common Agricultural Policy have
removed restrictions to EU sugar production in 2017 and contributed to increasing production
volumes and aligning prices with global market levels, making the supply more s€ounsumers

are widely aware of thenvironmental benefits of bibbasedplastics and familiar with EWide labels
indicating biebased content, biodegradability and recyclability of-basedplastics.

Published market reports on bimasedplastics have very different views on the expectetufe
demand, with annual growth rates ranging from 15% to 35% between 2010 and B&2€d on
stakeholder interviews ancharket surveys carried out workshops, these growth rates seem very
optimistic. Thereforethe market projections of this report ammore conservative, applying growth
rates of 10%, 12% and 15% for the low, reference, and high scenarios, respectively.

The biebasedplastics market value is expected to reach apprately 5.2 BEUR in 2030 in the
reference scenario and 4.3 BEUR andBEDR in the low and high scenarios, respectivetju(e20).

The main growth is expected in the specialty polymers and packaging applications. Market adoption
in all applications is, however, completely dependent on biopolymer aoapetitiveness compared

to conventional polymers and on consumer willingness to pay -@tgEmium.
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Figure20. Estimated market demand for bibasedplastics in the EU
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6.3 Recommendations for action

In order to facilitate market adoption, measures should be introduced to address technical
bottlenecks ando improve the competitiveness of bibased plasticsSeveral interventions could be
envisaged, ranging fromargets, quotas, mandates or bans to tax measures and to market promotion
by public procurement and increasing information (certification and labelling). From the market point
of view, the followingneasures would be highly beneficial

1 Uniting of resources and developmemf a common agenda forsector development
encompassing both durableio-basedand biodegradableplastics. This kind work could be
leadby e.g. European Bioplastics

1 Building of an osrall framework to promote bidased chemicals and materials.
Alternatively, the use obubsidies and tax incentivde supportthe development of bie
based plasticshould be fully exploredt feedstock, production and product use levély EU
member staes or regions.

1 Selective bans on ndpiodegradable plastics where biodegradable plastics have
demonstrable environmental benefits (as shopping bagsagricultural mulching films,
coffee aps, fast food packaging

9 Introduction of a bigbased product public procurement scheme such as the US
BioPreferred to create markets whilst simultaneously educating the public on the
benefits of biebased products. Opinions on what is expected fromi@sed products
often differ between EU member g8, so the criteria for determining compliance with

! http://www.biopreferred.gov/BioPreferred/
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the scheme, whether itsi based on biased content, GHG savingsic. need to be
agreed upon. Mandatory reportingpuld bea way to push the use of bimased products
in publicprocurement
1 Improvingthe properties of biebased plastics will allow new entse applications to be
exploited. Many of the solutions may already be available at the academic dewkin order
to leverage this knovihow more focusshould be puton applications testing and inmngving
information exchange between industry and academia. The creation of an online network or
a technical event on bibased plastics could help promote information exchange between
industry and academia in the sector.
1 Continuation of R&D to improve dosompetitiveness of bidbased plastics from both 1G and
2G feedstocks.
9 Organising information campaigns to increasavareness of bidased plastics by
demonstratirg their safety, environmental ben&$ and added value
1 Clarification of the requirements afcolabels related to bitvased plastics ibusiness to
businesgB2B) and bsiness to consumgB2Crontexts
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7.1 State of the art
7.1.1 2G ethanol

The global production of second generation (2G) ethasstill very low,but rapidlyincreasing In
2014 alone, four new 2G facilities became operational with a combined nameptgtaciy
approaching 300kt/a. The feedstocks include bagasse, straw, corn stover, hemicelluloses from
sulphite pulp millsArundo donaxand waste (e.g. from food indtry).

In 2013, the EUWotal (1G+2Ggthanol demand for transport fuel was estimated 46 Mt and3.8

BEUR, representing a volume growth of appro.%/a between 2008 and 201@JSDA) The
European ethanol demand is mainly satisfied by local 1G pradusince the leading 2G ethanol
producers, namely USA and Brazil, are currently struggling to produce enough 2G ethanol to meet
their own biofuel quotas.

The European ethanol demand is driven by the obligationa 10%share of renewable energyn
trans2 NIi 08 HAHN® ¢KS YIAY RNAGDGSNI F2NJ HD o0A2FdsSt &
the Renewable Energy Directive (2009/28/EC). According to the directive, the 10% obligatitbn c

be satisfied by only 5% actual biofuel volume, taken it @mdpced from 2G feedstock3his has
increased the use of drejp 2G feedstocks, such asad cooking oil and animal fatsut has had a

more limited impact on investments in new 2G technologhsreover, there is a draft directive that

would limit the shae of 1G biofuels that can be counted towards the 10% tanget02Q As far as

the Council is concerned,would limit the share of 1G transport biofueds the level of 7% to drive

biofuel production away from feedstocks competing with food and feed value chamshe other

hand, the Commission has suggested a 5% and the Parliament a 6% cap for 1G transport biofuels.
The revision is expectdd be adopted inApril 2015 & the earliest

In 2014, theEU agreed ora climate and energy policy framework for 2030, setting a target of
reducing total C@®emissions by 40% compared to 1990 levels. A separate 30% reduction target
(compared to 2005 levelsjas seffor sectors not icluded in the Emission TradingsEem(ETS), such

as road transportOn the contrary, the separate obligations for renewable enéngyansportas well

for fuel decarbonisation are to be removed.

To add to the complexity, an EC legislative proposal ostevg2014) suggests considering waste
based liquid biofuel production asnergy recoveryinstead of material recovery, making it less
preferable from the waste hierarchy point of view.

In addition to the EU level regulation; there may be national eeglonal targets and incentives
including the option for a Member State to include the transport sector to the HiA#ng the
demand for 2G ethanol.

In this changing policy environment, it can only be concluded thatmagnitude o020 and 2030
emisson reduction targets indicates that they cannot be achieved without the use of multiple
strategies to cut greenhouse gas emissions, 2G ethanol being one of tAeoarding to
stakeholders, e intertwined investment, policy and price ris&e also the man hurdles hindering
market development Figure21). The profitability of 2G ethanol production is largely determined by
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capital and financing costs and by value of the byproducts i.e. lignin. A commercial scaleG
ethanol faciliy requires significant investmentsvith aCAPEX the range ofL00-300 mllion euros

Lignin is currently utilised for green energy generation but technologies for higher value end uses are
being developed.

Figure21. Key facors hindering market growth in 2G ethanol

Number of respondents
10 12 14

0 2 4 6 8
| | | | | |
Investment risks

Fluctuating policies

Insecurity of price
development and lack of
mechanisms for price...

Insufficient value of side-
streams, e.g. lignin ‘ ‘ ‘ |

m strongly agree agree neither agree nor disagree disagree strongly disagree

Source: Brvey among the participants of biofuels BTGC stakeholder workshop held @8 October,
2014 in London, UK

The 2G ethanol value chain consists of a feedstock supplier and ethanol producer, afteiitvidiich
divided into two separate streams; one for the ethgnmnsisting of a blender and a distributand
one for possible byroducts. After fermentation and purification, the ethanol is traded, blended and
distributed to markets. The témology to poduce 2G ethanol has recently achieveasmmercial
statusbut, despite economic incentives, not yet economically viable.

The ethanol market is highly determined by political decisions and regulations, and since the
6f SYRAY3I O2YLI y& Ado {OAKEY (A28 ég5h (AKD (AKES Hotomgen G KS Y
whether to use 1G or 2G ethanol). There is little integration between value chain pl&jguse@?2).
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Figure22. The value chain for 2G ethanol
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7.1.2 Aviation biofuels

During thepast few yearsaviation and biofuel producing industriésmve been heavily involved in
development, testing and standardisation activities related to jpiofuels The aviation sectonas
alsoset ambitious targetd$or the future. Amongst them, thénternational Air Transort Association

is committed to a 50% reduction of COemissions by 2050 compared with 2005 levels, and the
European Advanced Biofuefflightpatté | A Y & /ykail of advamacéd biofuels by 202@ee
below).

Flightpath2050

In 2011, the European Commission and aviation and biofuel producing industries published a Flightpath docur]
the introduction of advanced aviation biofuels in Europe. The roadmap is 4inding technical documentiming at
setting targets and enhancing -@peration to promote production, distribution, storage and use of sustaina
produced and technically certified biofuels. In the roadmepy. the following actions are scheduled to achieve
million tons of sustiable biofuels used in the EU civil aviation sector by the year 2020:

1. Facilitate the development of standards for diopbiofuels and their certification for use in commercial aircrafts;

2. Work together with the full supply chain to further develeporidwide accepted sustainability certificatio
frameworks;

3. Agree on biofuel takeff arrangements over a defined period of time and at a reasonable cost;

4. Promote appropriate public and private actions to ensure the market uptake of paraffinic lsidfyehe aviation
sector;

5. Establish financing structures to facilitate the realization of 2G biofuel projects;
6. Accelerate targeted research and innovation for advanced biofuel technologies, and especially algae;

7. Take concrete actions to inform the European citizen of the benefits of replacing kerosene by certified sust|
biofuels.

Sourceec.europa.eu/transport/modes/air/doc/flightpath2050.pdf
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The drivers for the emerging bio jet fuel market include @rowth in demand for air travel, the
rising fuel cost and cost fluctuation of kerosettge EU renewable energy directive, the inclusion of
aviation in theEUemission trading schemend corporate social responsibility polici€3n the other
hand, the min challenges are related to the cost of biofuelsr(ent bio-based jet fuelsare 2-3 times
more expensivehan conventional jet fuél, to the availabilityand sustainabilityf feedstock and to
the biofuel quality requirementsHjgure23).

Figure23. Key factorshindering market growth in aviation biofuels
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Source: Brvey among the participants of biofuels BTGC stakeholder workshop held @8 October,
2014 in London, UK

Aviation biofuels can be pduced from either oils (e.g. plant oil) or biomass (e.g. starch and
agricultural residues). The raw material is then processed litojet fuef, which is traded and
transported to enduse markets. In the value chain it is the amke markets, i.e. theidines that are

the key decision maker§igure24).

The degree of integration along the value chain depends both on the company and the maturity of a
specific technology (early stage development is often focused on one step,gepfoduction),
however, in general the biofuel producer works very closely with feedstock providers. Close
cooperation/integration throughout the value chain is seen necessary for economically viable
production.

% There are severabutes under developmenthfdroprocessed esters and fatty acids (HEFA), Fiskiopsch
(FT), direct sugars to hydrocarbons (DSHC) routes, altoletl (ATJ), and upgraded pyrolysi9,dut of these,
only DSHC and ATJ can be consides IB processes. In 2013, there was no commercizhd&d jet fuel
production in the EU.
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Figure24. The value chain for aviation biofuels
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7.2 Market vision for 2030
7.2.1 2G ethanol

Ambitious greenhouse gas emissioreduction targets for 2030 will continue to drive the
development for lowcarbon means of road transpomparticularlyif separate quotagor renewable
energyand advanced biofuelm transport are implementedfor 203Q Emission limits have been
imposed to new cars, but due to the long turnover time of car fleet, dropiofuels are also needed.
This contributes to an increasimpnsumption ofLG/2G biofuels, even though they will unlikely be
cost competitivewith fossil fuelsn the EUby 2030.

In 2030, theEU has a flourishing 1G and 2G bioethanol industry resulting in considerable GHG
emission reductions in transport. Thanks to advancements itivation and increased use of
bioenergy in ethanol production, the GHG emission savings from 2G bioethanol make it a
competitive means to reduce GHG emissions in road transport.

The demand for 2G ethanol is expected to increase through to 23 marke projection is based
on the following assumptions

f The total fuel consumption in road transport is expected to decrease 9% from 2013 tb 2030

1 The ratio between diesel and gasoline demand is projected to increase substantially towards
more diesel and lesgasoline, althoughtengent emission standards favour the use of
gasoline to diesetngines.

1 The EU il reach its target of 10%enewable energy in transpoin 2020.

1 By 2030 the increasing use of electric caif not have substituted ethanol demand on the
market (even though the effecbn bioethanol consumptiowill be larger than on diesel
fuels).

1 The reference, high and low market scenarios assume a 2G biofuel shHg, @6 and 0.5%
of all road transport fals by 2020, respectivelyihe share ofethanol of all 2G biofuels is
assumed to remain constant 30%.

® European Commission (2013),9! Sy SNH&s (NI YyakBRNBYRFRIDI DndSiy¥da aarzya
* However, astudy published in April 2014 by the European Commission's Joint Research Centre indicates that,
based on current standard marketed biofuel blends, the share of biofuels in the EU is likely to reach 8.7% by
2020,stayingbelow the 10% target for renewabknergy in the transport sector.
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9 For 2030, it has been assumed that in the reference scenario 10% of road transportation
fuels are 2G biofuels. In the high and low scenarios, the slaaees5% and 5%, respectively.

The reference scenario woudjual to 1.4 million ton 2G ethanol demand in 2G2@ 13.1 Mt in
2030 This market would be valued at approximately 1.1 BEUED20 andl4.4 BEUR ir2030
(Figue 25).

Figue 25. Estimated market demand foRG ethanolin the EU
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7.2.2 Aviation biofuels

In 2030, diverse sustainable feedstocks will be available on a large scale and there will be a
performing aviation biofuels supply chaimn Europe and globally. The Edvgrnmens will have
supporied the scalingup of biojet production capacityThanks tomajor efforts on reducing the price

for feedstocks, development of more efficient production processes and economies of $wale, t
aviaton biofuel cost disadvantageill have decreased. However, the cost for,@OEU ETS is not
likely to fullycoverthe price gapto fossil kerosene. Therefore, only an international agreement on
CQ emission reductions in aviation will make it possible pimgress towards the goals set in
Flightpath 2050. Without such an international agreement (and with seweternational hub
competition in place), it will be difficult for the market to grow except on a voluntary basis, relying on
A NJ LI & a Qye3sSagayfoadditidndl Biofuel costin their ticket prices Much will depend

2y GKS YSYOSNI adlrisSaQ adGNraS3aIasSa 2y GNI yaLR NI
between aviation and road transport, too.
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The energy demand in aviationéspected to grow from current 52 Mtoe to 59 Mtoe in 263But

the potential of biofuels and that of IB in particular is very unclear. Assuming 1%, 2% and 10% biofuel
blend in low, reference and high scenarios in 2030, the 2030 bio jet fuel market votald.7, 1.4

and 6.8 BEUR, respectiveligure 26), but no specific estimates can be given for IB processes
because of their early stage of development and unclear competitive advantage compared to other
bio jet fuel processes. lan example case given Figure27, the assumed 1%, 2% and 10% biofuel
blends would result in 0.04% increases in airline ticket prices, depending on the price gap (10
100%) between bio jet fuel and kerosene.

Figure26. Estimated market demand fobio jet fuels in the EU

Figure27. Impact of 1, 2 and 10% bio jet fuel blend on an airline ticket price of 199 EUR, assuming
that fuel cost equals 40% of ticket price

*EU energy, transport and GHG emissions trends to Z&§@rence scenario 2013.
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