Bioeconomy Benchmarking Study:
International Experiences in Eco-industrial parks

Cassia Ayres: Pioneer into Practice — Climate Kic

&L posintra




© Cdéssia Ayres
STOKin julkaisusarja
STOK raportti 18/2015

Tata tekstia saa vapaasti kopioida ja julkaista muokkaamattomana kokonaan tai osittain, edellyttdaen etta
alkuperdinen tekija ja julkaisija mainitaan ja naitd samoja ehtoja sovelletaan edelleen julkaistuihin teoksiin.

Julkaisija: STOK — Sadhkoisen talotekniikan osaamis- ja kehittamiskeskus, Posintra Oy
Taitto: Cassia Ayres

Kannen kuva: Topi Haapanen

ISBN 978-952-7177-00-6 (PDF)



Table of Contents

EXECUTIVE SUMMIAIY ...ttt sttt st sea e st bbb e sttt h e e b s et e b et st et bea st st et ene 6
Part |: ADOUL DIOBCONOMY ...ttt ettt et s st st et b e s et s ses e st sae st st senetan 7
L. CONCEPT ettt st ettt st b s st et et aesea e b bt b sea e et he s £t ee et e ke e n et s et be et e 8
2. Potential for growth of biOCONOMY ...t et e 9
3. Finnish context: transition to bioECONOMY.......c.uicieiiee i e e e 11
3.1 The national bioeCcoNOMY STFAtEEY ....ccvvcie et s 11
3.2 Potential opportunities for sectorial iNVEStMENtS........cccceeieiniinicis e e 11
3.3 Transition factors @NAlYSIS........ v iviriieiie et e e et er e 13
3.4 Limitations of the national Strate Y ......cocvevieieee e 18
Part 11: Case SEUTIES.....cceeeeei ettt et ettt s e e sae st st st seeseesae seesee e e e sensensansessenns 20
1. EXperiences in NOrdiC COUNTIIES......cci ittt et sttt e et sbesresrn e s aesaesseannes 21
000 10 =T o OO T TSROSO 21
IR =T o o o - o OO PR TSP PRSP 25
L.3 NOIPWAY .ottt ettt et et st s et st se s et et st es s et s e e es e s ereebe sesset e st et e nes s es et ebesentesereebenen et ee et ens 29
L SWEAEGN ..ttt ettt et e et e s R e s st es et R et et R ettt 33
2. Experiences in West-EUropean COUNTIIES.. ... viivrece ettt re st sse st et sae s e s e eee 37
2.1 UNItEA KINGUOM ..ottt ettt e s et st et bbb s e st st sttt eba s s st et b batans 37
2.2 THE NELNEIIANGAS ..ottt sttt e s e ses et st et sa e ees e e 39
B T C L= o = 0 OO TST 42
3. Experiences in DeVelOPIiNG COUNTIIES. ...ttt ettt era s ssas e s e s 45
R = | OO 45
3.2 CNiN@ ettt ettt st h £k s R e ks et ek bR ettt 50
B INAIA ettt b s e d kbR st eh bRt st een et 56
Part lll: Enabling and Disabling factors: ASSessing PODi........cuooivivieeeeine e 59
1. Enabling and disabling factors against POBI faCtOrs .........ccviveivieeeiereeceee e e ev v 60
2. Conclusion and reCOMMENAALIONS ....c.ccvveirieirireiee et sss e ses sttt s s eenees 63
APPENTICES ...ttt ettt ettt s s et et st bes st s sra s st e st et besera bt enn s seasae et sre et st ner e seaeee 66

RO OIENCES ..ttt ettt ettt e et st eeeae sas et es et sasses s estaesae st seaesssrestasessaesassteses et ere e sen st see st seneats 73



List of Figures

Figure 1. Bioeconomy conception. Source: BioVale, 2015..........coviveieeeceeeceerieeerree et se e 9
Figure 2. Top ten Finnish eXport ProduCS.........cceceeiieiie e ie s e e e r e 12
Figure 3. Resume of export products by SECLON........ccvcieiririic et 12
Figure 4. Phase of Finnish transition towards bioeCoNOMY.......ccccevevveiievieneviresen e 17
Figure 5. Finnish multi-1evel @nalysiS.......coo it e 17
FIBUIE 6: FOISSA FEEION ..ttt sttt sttt te st st ae e e et e s st seee s e sbe et bes sbeasebeeesanaessessressssannees 21
FIUIE 7: ENVi GIOW ParK. ..o ettt ettt ettt s et sae st sseeaesbesaestesa st saeneennnn 22
T I T o] | = g o B 3= = o o T OSSR 26
FIGUIe 9. BStFOld FEEION. ... vttt ettt ettt s s e e e ebe ettt ebe et sna s ena s enanas 30
Figure 10. OrnskOIASVIKS FEEION.......ceiuceieeceeiie ettt ettt st srs et sre e sessresassananean 34
Figure 11: Main actors in the biorefinery ClUSTEr.......ccv it 35
Figure 12. BioVale SYSTEIM ..ottt et st s e et e s e e e st sae et et e e eesaesnesnnesanses 39

Figure 13. Biobased production pipeline from tomato by-products.......c.cccccevvrvrvcecrecrncninnenn. 41

Figurel14: The sunliquid process for the production of cellulosic ethanol from

AEIICUILUIAl FESIAUEBS ...ttt ettt st et e e e stestesae et e s e e s e stesreennensens 42
Figure 15. Position of countries sampled in Bioeconomy 2013.........ccccoveeereinininincncreee e 45
Figure 16. Flow of production Guitang of COMPIEX.......cueeeiveiiiiiiiiecce e 53
Figure 17. Stakeholder management frameWorkK.......c.coeceieeerieieeiine et et eerens 65
Figure 18: Multi level perspective frameWOrkK.......ccccivieieeicice e e e e 65
Figure 19: International BioeCoNOMY POIICY......ccocoviviierieieiie ettt ettt e 71

Figure 20: Bioeconomy national strategies Worldwide.........c.cuecieeiececceecineeccee e, 72



List of tables

Table 1.
Table 2.
Table 3.
Table 4.
Table 5:
Table 6:
Table 7:
Table 8.

Other relevant initiatives in FOrssa REGION.......ccccovvveeceevierie e e 24
Facts about Loland regioN. ... e e 29
Main actors in the biorefinary ClUSTer ... 35
Enabeling factors iN Brazil.......c.cooeeieceieeeee ettt et s s n 46
Santa Cruz bio-iNdUStrial Park........co e 47
ENabling factors in ChiNa.....coocececieeeee e sttt s e e ene 51
ENnabling factors in INdi@......cccccueieieieieese ettt st st st st st s e e enees 56

PODi ASSESSIMENT FrAMEWOIK eoooeeeei ittt ettt sttt ee et es et tesssabetessststesessataesssne s sssnes 61



Executive summary

Bioeconomy has gradually becoming widespread in regional, national and international policy dis-
course in Europe and abroad. According to the UK policy for bioeconomy implementation, currently,
at least 34 countries have policies or strategies in place in relation to this topic. Yet, these strategies
vary considerably in their scope. Some, such as those in Germany and Finland, take a broad view,
encompassing the whole bioeconomy within a single strategy at the national level. Others take a
regional approach, such as in Flanders. An overview of European Bioeconomy can be found on the

appendices.

In a local perspective, the concept has been significantly examined and integrated in policymaking
in the Nordic countries. In Finland, for example bioeconomy was launched in 2014 as part of a na-
tional strategy which aims to create 100,000 new jobs and increase the economy up to € 100bn by
2025 using the best assets of the environment in a sustainable way. Specifically, the city of Porvoo
has recently been involved in this broad ambition through the Pobi - Porvoo Kilpilahti evolving into
a biobusiness park —a program to be partially implemented with European Unnion Developmenrt
Funds. It aims at developing an advanced industrial park for bio- and recycling businesses, involving
established organizations and attracting new companies with practices orientated to sustainable
development for the petrochemical sector in the Kilpilahti area. Under Posintra’s leadership and
coordination, the methodology of this program towards a successful bio-industrial park encom-
passes a sustainable vision for this economic cluster in a long-term perspective and take into ac-
count a close synergy with different stakeholders: companies operating in applicable businesses,

public authorities and specialized consultants in this field.

As per Posintra Oy’s roles outlined above, this report aims to inform and orientate this company
and its subcontractors’ decisions during the implementation of Pobi program in Porvoo Kilpilahti
area towards successful practices. Ultimately, this report provides relevant and up to date data
about the panorama of bioeconomy in its diverse approaches and it resumes experiences worldwide
focusing on enabling and disabling factors. Finally, these factors allow to assess Pobi’s feasibility and
to produce practical recommendations for the program to consider and use to develop in its further

stages.
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1. Concept

Bioeconomy addresses the production and use of biological resources for conversion into commer-
cial products, ranging from food and feed to bio- based products and bio-energy. Therefore, bioe-
conomy incorporates agriculture, forestry, fisheries, food processing, and parts of the energy, chem-
icals and biotechnology sectors. As a system, the bioeconomy has existed since humans first appro-
priated natural resources for their own gain, such as burning firewood or cultivating crops. In recent
years there has been a renewed focus on utilising biological resources more efficiently, so as to
reduce pressure on natural resources, as well as starting the transition away from finite fossil re-
sources (Building a High Value Bioeconomy. 2015). Additionally, bioeconomy works in closed loop
circles reusing raw materials permanently, transforming technical materials from the waste streams
into new raw nutrients for manufacturing goods and consequentially reducing waste in the natural

environment.

Complementary definitions in the Nordic countries consider also bioeconomy as a result of ad-
vanced biotechnology incorporated into industrial systems, involving three elements: the use of ad-
vanced knowledge of genes and complex cell processes to develop new processes and products, the
use of renewable biomass and efficient bioprocesses to support sustainable production, and the
integration of biotechnology knowledge and applications across sectors (The Finnish Bioeconomy

Strategy, 2014). The figure 1 below resumes both visions about bioeconomy conception.
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Figure 1. Bioeconomy conception. Source: BioVale, 2015

2. Potential for growth of bioeconomy

Most specialized reports in this sector consider that the outcomes of bio-economy strategies have
been modest, globally. Despite of national or regional policies have been in place for a number of
years, coherent bio-economy strategies are relatively recent. Therefore, bioeconomy has a signifi-
cant potential for its development. The European Union is one of the main inductors of initiatives in
this sector by funding programs to support the developing bio-based economy in Europe. In fact,
the Bio-based Industries consortium 2014 report points out important figures about estimated
streams of investments that will be available for beneficiaries in Europe to co-fund bio-based inno-

vations and market developments as follows:



More than €70 billion will be invested in research and innovation through the centrally managed

Horizon 2020;

Through the European Structural and Investment Funds (ESIF) between €80 — €100 billion (Euro-
pean Regional Development Fund / ERDF) will be invested in innovation-drivers, infrastruc-

tures, logistics and take-up;

€70 billion (European Social Fund / ESF) investments in skills, life-long learning, social integra-

tion, employment services, capacity building entrepreneurship and social innovation;

More than € 100 billion will go into funding for Rural Development (European Agricultural Fund
for Rural Development / EAFRD), Maritime Investments and Fisheries (European Maritime
and Fisheries Fund);

e Approximately €66 billion will go into Trans-European transport connections and environmental

projects;

Conversely, the Nordic Innovation Report states that the European bioeconomy currently has robust
results: an annual turnover of approximately €2 trillion and employs 22 million people. One of the
reasons for this is because European nations have a natural potential for developing its bioeconomy,
and are largely self-sufficient in many agricultural, forestry and some marine products. The same
report observes that innovation and research are at the core of the transition to a bioeconomy that
with its cross-cutting nature can address complex and interconnected challenges while achieving
economic growth. Specifically in the Nordic countries, the Nordic Innovation report “Creating value
from bioresources” states that the total turnover of the key bioeconomy sectors in the Nordic coun-
tries is approximately €184 billion (including agriculture, fisheries and aquaculture, forestry, food
industry, forest industry and bioenergy and biofuels). In total, this constitutes 10% of the total Nor-
dic economy. According to the Nordic Innovation report, the current volume of bioeconomy is as
follows: 9% of the economy in Denmark, 12% in Finland, 18% in Iceland, 6% in Norway, and 10% in

Sweden.
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3. Finnish context: transition to bioeconomy

3.1 The National Bioeconomy Strategy

The Finnish bioeconomy position is considered very promising according to the document “Bench-
marking Finnish and Dutch bioeconomy transition governance, (2014) and “The Finnish Bioecon-
omy Strategy: Sustainable Growth from Bioeconomy”. Nowadays, Finland generates €60 billion and
as mentioned before, the national strategy aims to grow the bioeconomy to €100 billion in 2025.
According to the document “The Finnish Bioeconomy Strategy: Sustainable Growth from Bioecon-
omy”, (p. 3), the objective of the Finnish Bioeconomy Strategy is “to generate new economic growth
and new jobs from an increase in the bioeconomy business and from high added value products and
services while securing the operating conditions for the nature’s ecosystems. The leading idea of
the strategy is that competitive and sustainable bioeconomy solutions for global problems will be
created in Finland, and that new business will be generated both in the Finnish and international

market, thus boosting the welfare of the whole of Finland”.

The strategic goals of the National Bioeconomy Strategy are:

A competitive operating environment for the bioeconomy,

New business from the bioeconomy,

A strong bioeconomy competence base,

Accessibility and sustainability of biomasses.

3.2 Potential opportunities for sectorial investments

In order to support these goals, Finland has clear strengths coming from the supply of biomass since
60% of the country is covered in forests. This has led to a strong presence of forestry and related
industries. Currently four out of the top ten Finnish export products are related to this industry as
shown in the figure 2. Its share to total exports is 20% and total value around € 11 billion euros in
2012 in the sectors grouped in the figure 3. Overall, specialists agree that the mostly recognized
actors which will catalyze this transition are: highly educated work force, strong cooperation be-
tween business and research and innovative capacity. (Bioeconomy in the Nordic region: Regional

case studies)
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Figure 2. Top ten Finnish export products. Source: Benchmarking Finnish and Dutch bioeconomy
transition governance (2014)

20,0

=== Chemical industry

15,0 - — Machinery, metal
’ products, vehicles

- Forest industry

10,0 ‘:;rFWg.MM,(
= Electronics

50 -

- Basic metals

0,0 [ I I [ I I I I [ I [
2000 2004 2008 2012

= Qthers

Figure 3. Resume of export products by sector.

The Benchmarking Finnish and Dutch bioeconomy transition governance, (2014) states that the ef-

forts of the Finnish government have so far been focused too much on energy generation which has
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obscured the strengths of the country in other areas of the bioeconomy such as: chemical, agricul-

tural, ICT and pharmaceutical highlighted as follows:

Chemical is a sector that makes up 23% of Finnish exports with a value of € 13,3 billion. It has evolved
out of refining side streams of the distributed pulp & paper industry, producing for example alcohol,
chemicals and yeast. However, when the pulp & paper industry became more centralized in the 70’s
the diversified upcycling of side streams went into decline and the businesses involved often were

sold off to foreign companies.

Agriculture and food sector plays a smaller role in Finland due to its geographical location, most of
the agriculture is located in the South and West of the country. The region of Seinajoki is presenting
itself as a leading hub in food related innovations. An interesting innovation that is the result of a
crossover between the food and forestry sectors is Benecol developed by dairy company Raisio, a
cholesterol lowering product made from a side stream of the pulp industry and added to margarine

or other dairy products.

ICT (and gaming) are sectors of growing importance for the Finnish economy. These sectors develop
based on the knowledge and competencies built up around Nokia (which interestingly used to be a
paper company). Although less obvious than the chemical or forestry sector, also the ICT sector has

links to the bioeconomy, e.g. GPS systems for efficient timber harvesting.

Pharmaceutical and construction industries do not seem to play an important role in the Finnish
bioeconomy discourse at the moment. As the use of biomass could play an important role in these

sectors, it could lead to interesting synergies when these sectors are involved in the process.

3.3 Transition factors analysis

In the transition analysis made by the Benchmarking Finnish and Dutch bioeconomy transition gov-
ernance, (2014) the consultants paid specific attention to the transition dynamics and roles of dif-
ferent actors in the process of implementing bioeconomy. During fact-finding missions they had a
series of interviews with a variety of Finnish stakeholders from public to private sectors and have
read relevant documents among which are policy documents of ministries. These results of the tran-
sition analysis provide indicators for the state of the Finnish Bioeconomy transition. In particular

for Pobi program, the following findings in a national level allow Posintra to proceed a preliminary
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examination of critical factors that can empower and restrict further steps in Kilpilahti if they are

coincident with the opinions of stakeholders in a local level.

The findings are summarized in the seven main topics:

Urgency - There seems to be a broad consensus on the need for a transition to bioeconomy. How-
ever, the urgency varies significantly among stakeholders. Some stakeholders argue that Finland is
already well on its way to a bio-based economy, while others argue that there are still many barriers
to overcome. The crucial part here is the focus on incremental innovation (by those who believe
Finland is well on its way) versus on radical innovation (by those who believe that the bioeconomic
structure needs to be radically transformed). So the overall urgency for the bioeconomy needs to

be strengthened among stakeholders.

Ownership - There seems a lack of ownership of the bioeconomy transition. The Ministry of Eco-
nomics and Employment seems to claim some ownership (together with the Ministries of Agricul-
ture and Forestry and of Environment), however, that is not recognized by other private and public
partners. In any case the Ministries play a central, pivotal role with little active input from the in-
dustry and societal partners. The major cause is that various parties have a different understanding
of what the bioeconomy is and in what way it can or should be stimulated. The problem is that

without a major role of the industry and societal partners the bioeconomy transition is doomed to

fail.

The silo structure - The Finnish economy and governance structure are organized along the axis of
strict silo’s, which are quite powerful. This silo structure is a typical characteristic of the old, fossil
economy. The new, bioeconomy cuts across this silo structure, because it deals with energy, chem-
istry, transport, agrifood, forestry in an integral and coherent manner. This implies that the silo
structure needs to be broken down and a new, horizontal, cross-sectoral economic structure needs
to be built up to further the bioeconomy transition. Collaboration at a regional level could be useful

in this respect because bridging these silos is often easier at a regional than at the national level.

Industrial Regime - The industry, in particular the forestry industry, plays a pivotal role in the Finnish
economy in general and in the bioeconomy in particular. The Forestry regime is characterized as
quite conservative by most of the interviewees. According to one of the respondents there are ba-

sically three integrated forestry and pulp companies that dominate the market. These are the only
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ones that can take the biomass out and therefore are the gatekeepers of the bioeconomy. This poses
problems, whereas most stakeholders look at the forestry industry as the potential leader of the
bioeconomy transition, they do not take up that leading role yet. This sector has been focusing pre-
dominantly on high-efficiency, low- cost bulk products, such as paper, or biomass (black liquor) co-
firing for energy production, while the highest value added in the bioeconomy comes from high
quality specialty products, which require a more diversified business ecosystem. The same holds for

the agricultural sector that seems to be lagging behind in the bioeconomy transition process.

Transition pace - All parties seem to agree that the bioeconomy transition goes too slow. Even the
representatives from the forestry and chemical sector admit this. One explanation for this is the
focus on the short-term and on product and technological innovation. This results in a focus on quick
fixes and ready-made solutions, such as ‘looking for the new Nokia’ as one of the interviewees put
it. Instead the bioeconomy transition is a cumbersome, long-term process of searching, learning and

experimenting.

Cultural drawbacks - We found a kind of Finnish modesty in judging Finnish economic and innova-
tion achievements and averseness to risk taking in scaling up radical innovation. Scaling up from
small-scale radical innovation to mainstream requires risk taking and willingness to leave the beaten
track. According to one of the respondents “the good ideas are there, but nobody is prepared to
take the risk.” In general Finnish culture seems to be characterized by modesty. In most cases this
is a laudable trait, however, it might obscure radical innovations within a transition process. If Fin-
land wants to lead the global bioeconomy transition, it is necessary to share Finnish best practices
and innovations with the rest of the world. A highly interesting area we encountered is the refining
that happens to side streams of the pulp industry. An example in this area is ForChem, a company
that refines tall oil into high quality specialty products, such as antibiotics, printing ink and adhe-

sives.

Implementation gap - According to most interviewees Finland is good at developing visions and
strategies (paperwork), but not so good in implementing strategies and ideas. This is referred to as
the implementation gap. We also see that reflected in the Finnish bioeconomy strategy that focuses
more on the ‘what’ (content) than on the ‘how’ (process), see also next section. At the same time

we find a plethora of pilots and innovations taking place from the bottom-up, which are often still
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small-scale, fragmented and lack an overarching vision that connects the dots. Somehow these bot-
tom-up innovations and top-down vision development need to be connected to drive the transition

forward.

The aforementioned topics lead to a provisional assessment of the stage in which the Finnish bioe-
conomy transition is and the dynamics at multiple scales that either reinforce or hamper the transi-
tion. The Benchmark study Finland and Dutch, 2014, report assess that the Finnish bioeconomy
transition is at the end of the pre-development phase (see figure 4 below). Although there are ample
bottom-up developments, the transition has not yet reached the tipping point phase, due to lack of
urgency, common understanding and ownership. In the tipping point (or take-off phase) there is
more turbulence, chaos and increasing conflicts between the old and new order. Analyzing the dy-
namics of the transition at various scales, we assess that most stimulating driving forces are at the
micro-level and most debilitating forces at the meso-level, or in the regime in particular the silo
structure and the dominance of the forestry regime is a major barrier. Figure 4 summarizes the

findings of the multi-level analysis.

Sustainable bio-economy

Stabilisation

current situation

Acceleration

Predevelopment

2000 2014 time 2050

Figure 4. Phase of Finnish transition towards bioeconomy: Source Benchmark study Finland and
Dutch, (2014)
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3.5 Limitations of the National Strategy

Despite the fact that the Finnish bioeconomy strategy provides an integral approach to the grand
challenges facing Finnish society with a clear vision and objectives, the Benchmark study of Finland
and Dutch, identified some weaknesses in this strategy, which are connected to topics identified in
the previous section of this report. These areas observed in the national level, may have some co-
incidences when compared with local stakeholders opinions when consultations and surveys will be
performed in Porvoo - Kilpilahti. Therefore, knowing the disadvantages in the national scenario

would permit opportunities of intervention of Posintra Oy to act accurately and promptly.

Weakness 1: Lack of sense of urgency

The first weakness of this strategy is that it does not address the business-as-usual activities by cre-

ating and strengthening a sense of urgency amongst different stakeholders.

Weakness 2: Lack of explicity in the players’ roles

As observed before, the Finnish market has a strong silos and influential industry regime, conse-
guently the market can potentially undermine this transition at several stages. This will demand the
government to manage the resistance of these players which might emerge in subsequent complex
stages of implementation. Also, the strategy does address the areas where new business is likely to
emerge, but it could be more explicit in how the players active in this field will be mobilized to

contribute to the transition strategy and build up counterweight for the vested interests.

Weakness 3: The presence of a top down leadership approach

The vision on the future bioeconomy is sharp. Yet, transition process is extremely complex, take
decades and cannot be controlled and commanded in a top-down manner. An implementation
strategy or transition agenda that plays into this complexity, is supported by progressive industrial
players and key societal stakeholders and details the necessary next steps is largely absent. A tran-
sition governance strategy requires a subtle, consistent, long-term strategy of searching, learning
and experimenting in multiple domains and at multiple scale levels. This requires a common vision,

joint urgency and commitment from a diversity of stakeholders. For these specialists it would be
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helpful to work on connecting the vision of the strategy to promising transition pathways and on-

going pilots which provide the seeds of radical change.

Weakness 4: Lack of involvement towards ownership of private sector

The crucial issue identified in the national strategy is the ownership issue, already discussed in the
previous section. One of the main results from our fact finding missions is that the players that are
expected to implement the strategy do not feel involved in the process and feel little responsibility
for the strategy as proposed by the government. This carries the risk that the Finnish bioeconomy
strategy remains as “a dream on paper”. One example of this is that the section four of the Finnish
bioeconomy strategy, which addresses the implementation and monitoring, is brief and vague. It
actually does state the set-up of a bioeconomy panel consisting of actors from bioeconomy sectors.
This could help in involving different stakeholders and this is a laudable effort from a transition per-
spective. However, selection of panelists should be done with great care, making sure that the panel
will not be dominated by the usual suspects representing the vested interests but includes leaders
and new players from sectors that are expected to play a key role in the future bioeconomy system,
e.g. clean tech, food, health, and services sectors as detailed in the strategy but also other sectors
relating to the pathways which will be discussed in the next section. By including these leaders from
different domains a shared vision of bioconomy can emerge of the outlines of the future system and
the barriers that face new developments. This increases the potential to come to novel solutions

and accelerating the transition process.

The Finnish bioeconomy strategy is overall clear and integral, but its conduction has a top-down
approach that needs to be mixed with a bottom-up one, so than it can be developed into a co-
creation strategy, allowing private stakeholders to ensure ownership and lead the process together
with the public sector. If Posintra takes the mentioned drawbacks of the national strategy in consid-

eration, they could be potentially converted into advantages for Pobi.
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1. Experiences in Nordic countries

1.1 Finland
Facts about the region: Forssa

Forssa is located in South-west Finland, 100 km from Helsinki as shown in the figure 6 and in a lo-
gistically favorable location at the midpoint between the three largest cities in Finland. The Forssa
sub-region is one of the three sub-regions of the Hame region. It consists of the city of Forssa and
four municipalities: Jokioinen, Tammela, Humppila and Ypaja. There are approximately 37 000 in-
habitants of the Forssa sub-region, of which 17 700 live in the city of Forssa. The key sectors of the
local economy in Forssa are: food, construction, environmental technology, electronics, ICT, metal

and printing industries. (Bioeconomy in the Nordic region: Regional case studies, 2014)
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Figure 6: Forssa region. Source: Bioeconomy in the Nordic region: Regional case studies, 2014
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Bioeconomy is a relatively new term in the Forssa region. According to the interviews in the region,
the bioeconomy concept in Forssa was launched as part of the Forssa Brightgreen concept approx-
imately five years ago as part of a regional strategy in the Council of Hdme 2013-2014. This concept
focuses strongly on the possibilities of the bioeconomy incentivizing new business development
strategy of the Forssa region in the municipalities of Forssa, Humppila, Jokioinen, Tammela and
Ypdja. Brightgreen is based on business activities that are environmentally friendly and support sus-
tainable development. The strategy, with a focus on environment and energy, wellness, green lo-
gistics, and technology is seen as an important success factor in the current development of Forssa

green growth and the bioeconomy as demonstrated in the figure 7 below.

Envi Grow Park - eco industrial park  Brightareen
business from the bioeconomy innovations

Figure 7: Envi Grow Park: Source Bioeconomy in the Nordic region: Regional case studies, 2014

22



Envi Grow

Envi Grow eco-industrial park is an efficient zone of green solutions and a compact industrial devel-
opment model, which recycles materials, energy, expertise and information in a closed-loop system
that is kind to the environment and good for local business. It has been boosting innovation and
sustainable growth in southern Finland. Envi Grow Park is currently home to more than 20 compa-
nies, employing 200 experts who specialize in recycling and waste management or operate with
recycled materials and renewable energy. The latest addition to the Park is a new biomethane filling
station for cars and trucks. Biomethane is also used in the manufacture of glass wool-based insula-
tion materials, and the green electricity produced from biogas by the local CHP unit is used in a

printing house.

The project builds upon the achievements of the Forssa Envitech area, which over the past 20 years
has emerged as a major exponent of an increasingly integrated bioeconomy. The Forssa area of
southern Finland’s Kanta-Hame Region is resolutely green — “Bright Green Forssa Region”, they call
themselves — and Envi Grow Park is evolving into a virtuous circle where one industry’s recycled

waste is another company’s fuel.

A green hub

Acting as a green hub, Envi Grow Park’s benefits from the cutting-edge research and environmental
expertise produced by its cluster of leading technological innovators. In this way expertise and in-
formation are “recycled” along with materials, waste products and energy. Established and devel-
oping activities at the Park include the production of local organic food in large modern green-
houses; the production of green covers (sod turf) and bio-fertilizers; biogas, bioethanol and syn-
thetic diesel for use as transport fuel; the use of carbon dioxide separated from biogas; industrial
aquaculture using bioenergy; and innovative recovery and reuse of by-products from the food in-

dustry.

Private and public investment over the next years is estimated to top EUR 150 000 000, as plans are
already in place for a wind farm and for a bio-hybrid power plant combining biogas and bioethanol

production.

Significant additional investments are expected from all operators in the Park.
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The Manager at the Forssa Region Development Centre argues that Envi Grow Park is a modern

concentration of both municipal and private, multifaceted and competitive high-tech companies.

The Park has shown and will continue to show the way to a sustainable future for the bioeconomy.

Sector/Activity

Main Actors

Description

Food industry

Envi Grow Park, Eco Industrial Park,

Cleantech Companies

HK Ruokatalo
Atria

SME companies {e.g., Makuliha, Jokio-
isten Leipa)

Envor Group, LHJ Group, Watrec
FSKK, MTT, HAMK

2,000 jobs

Large-scale investments in Forssa by
large food companies

Innovative SMESs, such as Lahiruoka

Flagship project: a biorefinery with an
estimated investment of €100 million,
planned to open in 2015

MTT Center of Expertise

MTT Agrifood Research

Agriculture, food, and circulation com-
panies, TSKK, HAMK

Building on the long-term expertise of
MTT

Loimijoki Food Valley initiative by FSKK
{planning stage)

Green logistics initiatives

Municipalities, HAMK, Regional Coun-
cil of Hame

Green Growth & logistics-related devel-
opment projects (e.g., HEA; Humppila
Eco Airport and Logistics Centre)

Textile recycling

Education and training/natural re-
sources

HAMK in co-operation with municipali-
ties, VTT, LAMK, SYKE, National Con-
sumer Research Centre, Envor

HAMK, HAMI (Hame Vocational Insti-
tute)

Public—private pilot projects (e.g. Tex-
Vex Humppila, R&D work)

Degree programmes and training with
a focus on the biceconomy

Forssa is the pilot region.

Table 1. Other relevant initiatives in Forssa Region

EU Funding

Total investment for “Envi Grow Park” was EUR 285 600, of which the EU’s European Regional De-

velopment Fund contributed EUR 114 240 from the “Southern Finland ERDF Program” for the 2007

to 2013 programming period.

Summary of Bioeconomy activities in Forssa

The Forssa region is an inspiring and promising example of a Nordic bioeconomy initiative with local

and regional commitment and long-term systematic effort. However, even greater courage would

be welcomed to see the bioeconomy as a sustainable success element and the international exten-

sion of the Forssa region, especially in terms of jobs and euros.
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Forssa has the advantage of a long tradition of bioeconomy-related know-how and expertise, espe-
cially in agriculture. The region is definitively not starting from zero but building on previous
knowledge. Regarding the regional and local development bioeconomy initiatives, the key public
and private actors have succeeded in preparing a common vision. Bright green Forssa provides a
vision that should be relatively easy to understand and commit to. The Brightgreen regional/local

vision is important for attracting new players and focusing on joint development efforts.

The Forssa region may face a relatively common risk among smaller city regions of diversifying its
limited financial and human resources into too many development fields and programs. If properly
executed, the Brightgreen Forssa program is an instrument for focusing on, rather than spearhead-
ing programs and key priorities of the bioeconomy. Dividing the development resources into nu-

merous small programs to avoid causing displeasure does not usually bring long-term success.

The bioeconomy is an area where patience and long- term development pay off in the long run.
However, short-term “victories” are needed in addition to rapid development steps. Gradual slow
development is insufficient. The balance between a “sense of urgency” and strategic thinking is hard

to find most likely, this is also true in the Forssa region.

Finally, it is important to note that the development of bioeconomy activities in the Forssa region,
although systematically supported by public sector initiatives, has been and remains crucially de-
pendent on private sector initiatives. Public sector actors can and should provide development plat-

forms, but in the long run, they cannot act as key locomotives of regional bioeconomy initiatives.

1.2 Denmark

Facts about the region: Lolland

The case study chosen for Denmark concentrates on the municipality of Lolland (which has a smaller

geographical area than the entire island of Lolland). Lolland Municipality, has an area of 892 kmz,
covers approximately two-thirds of Lolland Island and has a population of approximately 46 000
inhabitants, which represents the lowest population density in Denmark. The largest towns in Lol-
land are Nakskov, with 12 866 residents, and Maribo, the second largest town, with 5 923 residents.

Lolland is part of Zealand region and its localization can be found in the map below.
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Figure 8. Lolland Region. Source: Bioeconomy in the Nordic region: Regional case studies, 2014

Region Zealand is known internationally as one of Europe’s leading regions because of its work on
climate issues, renewable energies (RE) and developing solutions for the future. This has called for
innovative and practical solutions that promise not only alternative energy sources but also new
jobs and improved quality of life. Zealand has taken the role of a model region in terms of sustaina-
ble economy and green growth, and this has influenced significantly its modes of governance,
through strengthening co-operation between local communities, private companies, SMEs, cultural

institutions, research institutions, municipalities and the region.

The absence of universities or major industrial clusters in Lolland makes its economy more fragile
and highly dependent on fewer economic activities. In fact, Lolland Island has been immersed in a
strong economic depression that has left 2 000 skilled workers unemployed, which in turn has trig-
gered out-migration to larger metropolitan areas, and brain drain, increasing poverty, disinvestment
and increased dependency on national subsidies. Nevertheless, a number of areas of Lolland and
Region Zealand used to be home to important manufacturing powerhouses, which in a number of
cases have been transformed to meet the expectations of today’s markets. For instance, Lolland’s

tradition of shipbuilding fed into the production of wind turbines during the 1990’s (OECD 2012). In
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1999 and 2000 the Nakskov harbor underwent a number of transformations, including the demoli-
tion of old structures and a general clean up, with the intention of attracting new industries and

meeting new local needs.

The bioeconomy of the Lolland Region

Today, Lolland has a growing industrial sector based mostly around green energies and agro-indus-
try, and it is the leading region in the production of wind generator components. This is mainly be-
cause of the presence of Vestas Wind Systems, a world leading manufacturer in the wind energy
sector, which settled in Lolland in 1999. Vestas is currently the largest industry of its type and is an

important source of employment for the region.

The joint effort of Nakskov and Lolland together with other municipalities focusing on “green” sus-
tainable development based on local resources and renewable energy has successfully attracted a
number of firms and partnerships of various types. This in turn has resulted in a significant drop in
unemployment and has played a role in bringing Lolland out of the severe economic recession in

which it was immersed.

Region Zealand has specialized in the production of energy with a major focus on renewable
sources. This sector benefits from proximity to Copenhagen, which has a large demand for energy,
and increasingly that from renewable sources. There is a longer tradition of renewable energy in
Region Zealand. However, there has been a boost in the diversification of sources and new projects

since 2007, because of sustained support.

Green Center: an innovative research and development center

Green Center is a business and research unit working together with agriculture, agribusiness and
eco-technology industries. Green Center is part of the Knowledge Center” Rahavegard” and is lo-
cated in the Zealand Region. It has modern laboratories, which offers biological, plant technological
and environmental analyses and development facilities. This also includes a separate GMP-labora-
tory. The center owns 250 acres of farmland, of which 70 acres are experimental fields. The Center’s
main tasks are innovation within food and agroindustry, plant production and management assis-
tance in general, combining science with the business opportunities available by assessing today's

trend.
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The results are achieved through research and development projects, experience groups and net-

works, business coaching and counseling, laboratory trials, analysis and test production.

Green Center focuses on optimizing utilization of various biomasses. It works with both naturally
occurring and intensive produced biomass from agriculture. In the future, sustainably produced bi-
omass will be their most important commodity and resource for food production and development,
and non-food use such as energy. Society needs the best commercial and environmental exploita-

tion of these resources.

The Green Center is trialing techniques to cultivate algae on a large scale. Intensive agriculture could
produce CO; and nitrogen, which can be used in the production of algae. The potential uses of algae
include purifying water by removing nitrate deposits from intensive farming, and sewage treatment.
The Algae Innovation Centre, Lolland (AIC) was initiated by the Green Center in 2010 in partnership
with Aalborg University and Roskilde University. “The project aims to establish a demonstration and
pilot plant for algae cultivation experiments, and conduct research on how society and businesses

can optimally utilize algae production technologies”.

Summary of Bioeconomy activities in Lolland

The Lolland region has focused on the green economy for a relatively long time. In addition to
providing practical and innovative solutions for local and regional problems, the focus on the “green
economy” represents a significant export potential for the larger region of Zealand. However, it
should be stated that job creation and an economic boost from green economy renewable energies
has occurred in Lolland, but the impact should not be exaggerated. The green growth is expected to
offer only a limited solution to the structural challenges of Lolland. Having stated this, the actors in
the region are at the forefront in thinking about new ways to structure industrial symbiosis. Today,
in relation to developing the bioeconomy, integrated solutions (including symbiosis and industry—
community interactions) represent one important focus area. This is closely related to projects deal-
ing with side current management and new products and being early in this field can potentially

offer first mover advantages over other regions and large firms.
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Lolland Municipality

Industry

R&D

Policies

M Sustainability

M Branding

M Economic Growth
M Competitiveness
M Population Growth

B Job Creation New
Education

M Innovative Supply

M Branding

M Cheaper Test & Dem-

onstration

M Faster Access to the
Commercial Market

B Society Tests

M Real Situations, Real
Systems, Real Popula-
tion, Real Society

M Full Scale Research
B Technical Knowledge

B Socio-Economic
Analyses

B Well-defined Geog-
raphy, Demography,
Economy and Energy
Systems

M Bottom-up Tools to
Reach Macro-political
Goals for Sustainability
and Competitiveness

M Growth in the Periph-
eral Areas of the EU

Systems

Table 2. Facts about Lolland region. Bioeconomy in the Nordic region: Regional case studies, 2014

From a governance perspective, there is a feeling of “bottom up” or “involvement” in the way in
which the bioeconomy is developed or explored. Co-creation processes are seen as an important
“method” for realizing the bioeconomy, and this is envisaged to include meetings, development of
clusters, and utilization of the quadruple helix concept. From an outside perspective, this is probably
important because it helps to build a common vision and understanding of priorities and actions.
However, we also notice that this is a sort of governmental organized bottom-up approach, where
the main actor working to develop the bioeconomy is the region, and it seeks other actors. The
region is also active at the top, and it participates in the national bioeconomy panel to devise strat-

egies on the national scale.

1.3 Norway

Facts about the region

This case study focuses on wood processing as part of the bioeconomy of @stfold County in Norway,
and specifically on one of the world’s most advanced biorefineries, Borregaard. @stfold County is

situated in southeastern Norway, bordering Akershus and southwestern Sweden (Vastra Goétaland

County and Varmland), and covers an area of 4 182 km?Z. Itis one of the 19 NUTS 2 regions in Norway
and part of the larger NUTS 3 region of @stlandet (NOO3) together with the counties of Buskerud,

Vestfold and Telemark. Details of the region can be found in the figure 11 below.

The total population of @stfold County is approximately 285 000, with Sarpsborg and Fredrikstad

comprising the fifth largest urban area in Norway (with a total population of approximately 130

29



000). @stfold is relatively densely populated, with 70 people per km2. higher population density.
Furthermore, although agriculture makes up an important part of the economic activity in the re-

gion, 83% of the population live in urban areas.

Traditionally, @stfold has been dominated by manufacturing industries; however, there have been
major changes in industry structure over the past 30—40 years, where the county has gone from
being dominated by a large processing industry (including wood processing) and commodity pro-
duction to having a more diverse employment structure. In manufacturing, the number of jobs has

decreased by more than 10 000 over the past 25 years.

NORWAY

Karlstad
@

Figure 9. @stfold region. Source: Bioeconomy in the Nordic region: Regional case studies, 2014

Bioeconomy in @stfold region

Borregaard, headquartered in Sarpsborg, operates globally and has subsidiaries in 20 countries. It
has a turnover of 500 million EUR and has 1 050 employees in plants and sales offices in 16 countries
throughout Europe, the Americas, Asia and Africa. Over the years, Borregaard has changed its prod-
uct base from cellulose for paper to the production of chemicals such as lignin and vanillin. In the
1980s, the company had already started to specialize its production and to create a narrower prod-

uct base. By acquiring the competitors, Borregaard became sufficiently large to focus on research
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and development (R&D), and the Sarpsborg headquarters became the centre of R&D. The speciali-

zation strategy allowed the company to enter markets with more stable and higher prices.

The activities conducted in the headquarters in Sarpsborg are highly knowledge intensive, with a
strong focus on R&D and ways to produce new and sustainable products from wood. In line with its
strategy for specialization and increased value creation, Borregaard invests considerable resources
in R&D; 3—4% of its turnover is used for innovation (compared with 0.5% in the traditional wood-
processing industries), and 9% of Borregaard’s employees work in R&D. This extensive investment
in R&D is directed towards the development of value-added products from renewable raw materi-
als. This explains how Borregaard has managed to upgrade its product portfolio and become a world

leading biorefinery.

The restructuring of the product base has been a gradual process, and the company has developed
from producing paper and pulp to becoming a spruce-based biorefinery focusing on wood chemistry
and other selected niches of organic chemistry, using wood (mainly Norwegian spruce but also
storm-felled wood from Sweden) as the main raw material. Today, Borregaard is one of the world’s
most advanced and sustainable biorefineries. Its production is based on renewable energy and is
completely independent of fuel oil. The concentrated residues from the production processes are
used for heat and power production, and the diluted residues are converted to biogas for its own

heating purposes. In the end, only 2—3% of the raw material exits as waste.

The main strategy of Borregaard has always been to exploit the raw material in the best possible
way. The business model thus focuses on exploiting the whole bioresource for value-added prod-
ucts. The company develops and supplies specialty products for a variety of applications in the spe-
cialty cellulose, lignin, fine chemicals and food additive industries. The raw material comes mostly
from within a radius of 10 km from the headquarters in Sarpsborg, avoiding expensive and environ-
mentally harmful transport and creating jobs locally. Nevertheless, transport/logistics comprise 1/3

of the cost of raw materials.

By using natural, sustainable raw materials, Borregaard produces advanced and environmentally
friendly biochemicals, biomaterials and bioethanol that can replace oil-based products. The com-
pany also holds strong positions in the market for ingredients and fine chemicals. The activities are
related to many value chains in the business ecosystem, and the end products are not produced

alone but in co-operation with, and tailored for, the companies producing them.
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Summary of Bioeconomy activities in @stfold

The Norwegian bioeconomy case study of the @stfold County is an example of a strong locomotive
company dominating the bioeconomy activities in the region without significant regional cluster
formation. The company, Borregaard, could be regarded as more globally/nationally based than a
regionally based company. However, Borregaard contributes to the local environment through var-

ious development projects such as the Kunnskapsfabrikken (Knowledge Factory) initiative.

There is no significant regional cluster formation around Borregaard. Rather, the Borregaard com-
pany controls the whole value chain from extracting wood/ forest residues to the end products (e.g.,
cellulose, lignin, fine and basic chemicals, food ingredients, and ethanol). As such, Borregaard’s
overall organization resembles that of a cluster, where the parts of the value chain can be seen as a
form of network that occurs within a geographic location, where proximity ensures certain forms of

commonality and increases the frequency and impact of interactions.

The relative low average education level in the region does not seem to be a major challenge from
the viewpoint of Borregaard, because its international brand and reputation allow it to attract highly
skilled engineers. There is some co-operation with the local colleges to educate technicians to work

at the plants.

Despite the global approach of Borregaard, support from the state-level support system (Innovation
Norway) has been important for developing bioethanol in the region. Moreover, it should be noticed
that the local forest owners that provide Borregaard with raw material for their production are im-

portant regional actors in the @stfold bioeconomy.
To achieve this, there is a need for updated regulations, good interaction between research and

technology communities and those who apply the knowledge, and good interaction between re-
search and society.
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3.4 Sweden

Facts about the region

This case study focuses on the bioeconomy in the Ornskéldsvik region in Sweden. The focus is on
the analysis of innovation in Green Growth and the bioeconomy, and the concentration of environ-

mental expertise in the region.

Ornskoldsvik is located in Sweden, 550 km from Stockholm. There are approximately 55 000 inhab-
itants of Ornskéldsviks Kommun or the Municipality of Ornskéldsvik. The Municipality has a much
larger population than the central town, as the municipality is vast with very large forest areas and

minor areas of agriculture. It consists of several rural communities in the countryside.

Historically, the most important economic activity of Ornskéldsvik has been trade and heavy indus-
try. The major industrial ventures include MoDo, a pulp, paper and logging enterprise established
in 1903 by Frans Kempe's company, Mo, and Domsjo AB. Another historically important industrial
company is Hagglunds, a heavy industrial company. Currently, M-Real (formerly MoDo) operates a
pulp mill in Husum, 30 km north of Ornskéldsvik City, and Domsjé Fabriker (another ex-Modo mill)
operates a specialty cellulose mill in Ornskéldsvik. Other notable companies based in Ornskoldsvik
include Svensk Etanolkemi (ethanol products) and Fjallraven (outdoor equipment and clothing). To-
day, a large part of the bioeconomy related activities in the Ornskéldsvik region form a cluster built

around the pulp mill in Doms;jo.
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Figure 10. Ornskéldsviks region

Bioeconomy in the Ornskoldsvik region

Forestry industries have been important for the Ornskdldsvik area since the late 19t century. The
bioeconomy concentration in the Ornskdéldsvik region has a long tradition, originating from pulp mill
activities in the early 20th century (especially the pulp mill in Domsjo established by Mo and Domsjo
AB). The main products have been paper and pulp, with energy production from less refined parts
of the raw material as a side product. The production of chemicals, chlorine and ethanol entered
the scene in the 1930s, when the region’s leading pulp & paper company established what can be

seen as an early version of a biorefinery.

The Ornskéldsvik region faced a serious downturn period during the 1990s, when many local busi-
nesses closed, down-sized, or relocated to more central regions of Sweden. This resulted in the loss
of around 5,000 jobs in the Ornskéldsvik region. However, the regional decline created among the
local actors a sense of urgency to create new industries and jobs in the Ornskéldsvik region. The
idea of building a cluster and technology park based on the novel biorefinery initiative, together
with the increasing popularity and awareness of clustering initiatives, paved the way to regional
biorefinery cluster formation in the Ornskdldsvik region. The cluster company Processum as early

as 2003 started to gather the local and regional forces behind a joint clustering initiative in the field
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of biorefining. The cluster development received an additional boost in 2005 when Processum re-

ceived the first VINNVAXT funding for the development work for the “Biorefinery of the Future”. In

2013, the industrial research institute SP (a Swedish equivalent of companies such as Germany’s

Fraunhofer) bought 60% of sum shares.

The following table 3 and figure 11 list the major actors of the bioeconomy in the Ornskéldsvik re-

gion, with a focus on biorefining activities.

Sector/Activity Main Actors

Key companies Aditya Birla Domsjé Fabriker (pulp and biorefinery)

Akzo Nobel (specialty chemicals)

SEKAB (Ethanol R&D and production)

Holmen (Printing paper, paperboard, forestry and energy production operations)

R&D, education institutes Umea University

Mid-Sweden University

Clustering initiatives SP Processum
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Table 3 and figure 11: Main actors in the biorefinary cluster.
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The Ornskoldsvik Biorefinery of the Future Cluster: a summary

SP Processum’s and VINNVAXT’s “Biorefinery of the Future” project is the flagship of the
Ornskoldsvik bioeconomy. The purpose of the Biorefinery of the Future is to accelerate develop-
ment in the field of biorefining woody biomass in other words, together with its member companies,
academic partners and the local community, to create, promote and invent products and processes
based on lignocellulose feedstock in a triple helix setup (Industry-Government-University). To do
this, 80% of the project funding is devoted to research and development. The majority of this is
directed towards innovation and development rather than more fundamental research. All research
is done in an open innovation network setting. The remaining 20% is devoted to building the inno-
vation system. In the past three years, substantial resources have been devoted to scaling up prom-
ising projects. The project leaders have invested in a set of pilot equipment that can take technolo-

gies from the laboratory scale to a first demonstration scale and have created a regional test bed.

The Ornskéldsvik Biorefinery of the Future Cluster has 20 member companies. Most of the Cluster
companies are in some way connected to the forest industry, the chemical industry or the energy
industry. They base many new ideas on existing capital investments in the mills of the pulp and
paper industry. A greenfield investment in an average sized biorefinery could easily amount to 1.5

billion euros.

For this reason, a large number of endeavors in biorefining are dedicated to turning existing mills
and infrastructure into biorefineries. The same reasoning applies to energy sector utilities. The clus-
ter’s main strategy in biorefining is to improve the existing mills to create more value, new chemi-
cals, and new materials, and to turn residual streams into products and thereby to increase both
the economic efficiency and that of the feedstock usage. In other words, once woody biomass has
been processed into the main product (e.g. pulp and paper), the number of complementary prod-
ucts and complementary streams in a biorefinery set-up are maximized. This process will also de-
crease the generation of waste from the production sites and improve the environmental footprint

of the industry even further.

According to the evaluation of Processum (2014), biorefining and the bioeconomy are a focus for
many regional development actors along the coast of northern Sweden, including the business in-
cubator Akroken in Sundsvall, SP Processum AB, Solander Science Park, ETC, Biofuel Region, Umi-

nova and Bio4Energy. However, the current challenges include the administrative borders and the

36



awkward fact that for certain initiatives, Processum needs to apply for funding in each of three
counties. In any case, biorefineries and the bioeconomy are well represented in the documents; for

example, in the EU structural fund programs.

Processum has taken a specialist role in the regional innovation system for biorefineries. Three years
ago, Processum hired a patent engineer, a function co-financed by VINNVAXT and five member
companies. Since 2011, 77 patents have been filed. The patent service is open to external regional
partners. The fact that SP bought Processum is in itself an improvement and a change in the inno-
vation system in Vasternorrland. Processum now constitutes the first RISE (Research Institutes of

Sweden) institute in the region.

Co-operation between the firms and other actors (municipality and academia primarily) regarding
the cluster application of VINNOVA (funded by VIN- NVAXT) was formalized as part of the establish-
ment of the triple helix. The municipality has a responsibility for relations with other governmental
actors (such as the county board) and can work on issues such as education and relationships with
citizens. It is also important for the municipality to create a business environment where the firms

feel welcome and can develop in the region.

2. Experiences in Western-European countries
2.1 United Kingdom

The BioVale: an innovation cluster for the bioeconomy

Yorkshire and the Humber has all the assets to become a leader in the bioeconomy, but these assets
are not yet sufficiently integrated or linked together and gaps exist between the region’s agriculture,
industry and knowledge base. BioVale is a new initiative to respond to this by developing and pro-
moting Yorkshire and the Humber as an innovation cluster for the bioeconomy, building on the re-

gion’s unique combination of world-class science, innovative agriculture, and bio-based industry.

City of York Council is a founding member of BioVale, and is working in partnership with the Univer-
sity of York (UoY), Biorenewables Development Centre (BDC), Food and Environment Research
Agency (Fera), Askham Bryan College, and businesses in the region, including AB Agri, Drax, and
Croda, to develop new supply chains and attract new investment in the bioeconomy. BioVale pro-

vides a ‘one-stop-shop’ bringing together business and academia to support the development of
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innovative, high value products and processes. It brokers a range of support mechanisms that in-

clude:

* Open access R&D and demonstration facilities;

Training and exchange of skilled staff;

Development of business growth space;

Inward investment, trade and export;

Advocacy with policy makers.

BioVale will also work with the Local Enterprise Partnerships (LEPs) and central Government to
deliver against the objective that universities should play a stronger role in economic development
and that cluster strengths should be used to stimulate regional growth. The BDC and UoY have
already helped facilitate a Memorandum of Understanding between BioVale and Industries & Agro-
Resources in France, and have brought forward a collaboration agreement with similar clusters
based in Holland and Germany. This has led to joint research, sharing of facilities, and cooperation
on developing new markets. Investments in BioVale are expected to catalyze the creation and safe-
guarding of 45 000 new jobs by 2025, as well as over £2 billion per annum additional economic

activity to create a bioeconomy of over £12 billion in Yorkshire and the Humber.

Project Benefits:

e Four companies have recently relocated to the region from other parts of the UK, and the US, in

order to access regional facilities and expertise.

BioVale and Askham Bryan College have started a major project to improve bioeconomy work-

force skills and will deliver specialized skills support for over 200 trainees by Summer 2015.

The Biorenewables Capital Grant Scheme has secured £1 million of funding, over half of which is

from Europe, to help regional businesses invest in innovative new equipment.

BioVale represents local companies as a member of the Bio-based Industries Consortium: the pri-

vate sector partner in the EU’s Bio-based Industries Public-Private Partnership.
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Figure 12. BioVale system

2.2 The Netherlands

Tomatoes Plant Waste Recycling

The Netherlands has a world leading horticultural sector. One of the main crops produced is toma-

toes which are normally grown in greenhouses where the plants are trained vertically to grow to an

average of 20m in length. Once the tomato crop is finished, in around October or November, there

is a large amount of plant waste remaining in the form of tomato plants and stems. Disposing of this

waste has, historically, represented a cost burden to vegetable growers who have to pay for its

removal either for incineration or composting. In the case of composting, as the region has an abun-

dance of organic waste from the horticultural industry, there is little additional value to be gained

through the production of compost as a side stream. Therefore, a collective of organizations was

formed to create new value chains by finding ways to use this waste stream more innovatively. This

case study represents an integrated approach to isolate and/or convert the organic waste stream

into products such as food, fibers, packaging and crop protection products.
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Numerous sectors and companies were involved in the industrial development of the tomato-based
by-products including; Smurfitt Kappa; Provalor; Koppert Biologics; TNO; Wageningen University;
Biobase Westland; The Greenery; various tomato growers; the food industry; the packaging industry
and recycling companies. This collective of companies, institutes and academics, worked together
to develop innovative solutions in pre-processing technologies and screening methods to test for
valuable bio-active compounds in the tomato plant waste. The different wastes that were consid-
ered included fibers from the plant stems, fluid, also from the plant stems which is rich in antibac-
terial agents and the tomatoes themselves which would otherwise be discarded if market price fell
too low or if the tomatoes did not meet retailer/consumer requirements in terms of quality and

appearance.

The cooperative focused on developing integrated approaches centered on development of strong
value chains and creation of ‘biomass hubs’ to minimize the cost of transportation of biomass. To
measure and evaluate progress different objectives were set. These included the development of
feasibility studies to analyze technical development and economic viability; market research; busi-
ness modelling of bio-based products in new supply chains; the development of communication
strategies; trials of new products on the market and the co-development of strategies between
growers and retailers. It was also necessary to invest in infrastructures for the collection, storage

and refining of the organic waste streams.

Communication strategies employed to raise awareness of the initiative and its products included
conferences, workshops and the production of newsletters. However, the difference in languages
and cultures across industries did present a challenge in terms of establishing value chains. Further-
more, the concept of turning waste streams into food or feed products was a difficult to communi-
cate to the public who are wary of the concept. At the time of publication, the project is approxi-
mately at half way point with the time frame running between 2012 and 2016. The initiative re-

quired an investment cost of approximately €15 million.

Project Benefits:

e Sustainable supply chain development
e Production and use of natural compounds for crop protection

e Conversion of costs into revenues
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e Production of foods associated with health benefits (fibres)
e Contribution towards the development of a circular bioeconomy

e Additional business model for horticultural industry- increased profitability

Bio based production pipeline !\Q’ Blantens
Dutch Horticultural industry (tomato)

Plant part Application Phase

Tomato skin Food fibres Validation
Tomato Juice Food Commercial

Leaves Packaging — trays Up scaling

Stems Packaging — cardboard Up scaling

AR&

it

= = Leaves(Alkaloids) Crop protection Validation

Figure 13. Biobased production pipeline from tomato by-products
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2.3 Germany

Sunliquid Technology for the Production of Cellulosic Ethanol from Agricultural Residues

This case study highlights the development and commercialization of sunliquid, a cutting edge tech-
nology, which enables the conversion of lignocellulosic feedstock, such as wheat straw or corn
stover, into cellulosic ethanol that can be blended with petrol and used as a transport fuel. Sunliquid
was developed by Clariant, a globally operating specialty chemicals company based in Switzerland.
The cellulosic ethanol produced by this process is an advanced biofuel with high greenhouse gas
savings of about 95%, which, as it is produced from agricultural residues, does not compete with

food or feed production.

The development of Sunliquid technology began in 2006 with first laboratory research and was soon
up-scaled through the development of an initial pilot plant in Munich, which started into operation
in February 2009. With the technology successfully developed at pilot scale a demonstration plant
with an annual capacity of 1000 tons of cellulosic ethanol was constructed in Straubing, also in Ger-
many, which became fully operational in July 2012. The demonstration plant has been confirming
the technology on an industrial scale for about two years now. Based on the findings from this
demonstration plant, a process design package delivering the technological blueprint for commer-

cial production facilities with a capacity of 50 to 150.000 kt/a was finalized in 2013.

FERMENTATION CELLULOSIC ETHANOL

—— g
¥ S
I |
- | " 1)

INTEGRATED ENZYME
PRODUCTION

Figure 14: The Sunliquid process for the production of cellulosic ethanol from agricultural residues

Sunliquid provides the ideal technology to utilize this feedstock with a broad range of socioeconomic
and environmental benefits across the EU. Several long-term studies, including a study published by

WWEF in 2012, have shown that depending on the region and prevailing local conditions, up to 60%
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of the residual straw can be collected from the fields and made available for recycling without neg-
ative impacts on soil fertility. Furthermore, cellulosic ethanol from agricultural residues produced
with the Sunliquid technology saves up to 95% GHG emissions compared to fossil fuels. Using the
Sunliquid technology, 27 million tons of cellulosic ethanol could be produced per year in the EU
which would be equivalent to the energy content of almost 18 million tons of fossil-based petrol.
This means that around 25% of the EU's demand for gasoline predicted for 2020 could be met by

cellulosic ethanol produced in the EU.

As a result the production of lignocellulosic bioethanol is more broadly accepted. Its benefits are
increasingly acknowledged in the diversification of farmer’s incomes and in the potential to create
jobs in rural areas whilst at the same time contributing a valuable solution to the challenge of miti-

gating the impacts of climate change and contributing towards EU energy security.

Investment and the Value Chain

In this case, the political objective in both Germany and the wider EU to reduce carbon emissions in
transport through fostering the use of advanced biofuels has been the main market driver. As a
leader in industrial biotechnology, Clariant has invested significant amounts in research and inno-
vation. Furthermore, regional and national investments have played an important role in fostering
and developing this technology. For example, the total project volume for the Sunliquid demonstra-
tion plant was €28 million: EUR 16 million in investment and just under EUR 12 million for accom-
panying research measures. The Bavarian state government and the German Federal Ministry of
Education and Research (BMBF) have each put around EUR 5 million into this and other research

initiatives relating to the project, the rest of the project volume is being covered by Clariant.

Recently, the European Commission approved funding for the project: “Sunliquid large scale demon-
stration plant for the production of cellulosic ethanol” under FP7 research program. The project is
being realized by a consortium of 6 partners from different European countries, with Clariant being

the Project Leader.

Several industries apart from the fuels sector are part of the value chain. This includes the agricul-
tural sector where feedstock is sourced, the engineering sector that has been involved in the con-
struction of the plants and the chemical and biochemical industry. Within the chemical industry,

ethanol is also recognized as a chemical building block in the production of products such as bio-
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based plastics, which provide an additional use of the cellulosic ethanol. This demonstrates the di-

versification of income and the creation of jobs in the logistics chain.

The novel and innovative Sunliquid process has overcome numerous technological challenges to
enable the economic and sustainable production of cellulosic ethanol. Cellulosic ethanol is the first
product based on agricultural residues entering the market. This is a huge step forward for the bio-
economy and provides an excellent case to demonstrate the positive benefits that the bio-based
economy can have on an environmental, economical, technological and societal level. However, first
investments in the production of cellulosic ethanol technology have been delayed due to ongoing

regulatory uncertainty.

Benefits:

- The aim of the Fuel Quality Directive and the Renewable Energy Directive to reduce CO; emissions
in the transport sector

The potential to reduce CO; emissions by up to 95%

Abundant, sustainably sourced feedstock (wheat straw)

Potential to create up to 300 000 jobs and €15 billion

Potential to supply 16% or EU fuel market by 2030

Ongoing B2B and B2C communications efforts

Consumer and manufacturer demand for lower CO;, emissions from cars

EU technological leadership in the field of lignocellulosic biofuel development

National, regional and industry investment in demonstration biorefinery
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3. Experiences in developing countries

Brazil, China and India were strategically selected into this report because they have a significant
contribution for bioeconomy globally as shown in the figure 15 below. Building the Bioeconomy
(2015). A part from the relevant case studies presented this document focused on the examination

of evidences of success and failures in their enabling factors which to draw some final conclusions.
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Figure 15. Position of countries sampled in Bioeconomy 2013. Building the Bioeconomy 2015

3.1 Brazil
Overall context

Brazil has a number of innovation policies in place both at the federal and state level with some
form of national innovation policies and frameworks having been in place for decades. A number of
important government institutions and agencies such as BNDES, FINEP and others have been sup-
porting innovation and investment in Brazil since the 1970s. Some experiences of grouped enabling

factors are detailed in the table 4 below.
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Hurnan capital

Infrastructura for RED

Intellectual property
protection

Regulatory environment

Technolegy transfer
frameworks

Market and commercial
incentives

Legal certainty (including
the rule of law)

* Growing research workforce; doubling in size

since 2000

* Ciéncia semn Fronteiras (Science Without
Borders) — promising program to build
hurman capital

= Relatively high level of R&D spanding

* Successful ag-biotech and bicfuels
partnership programs e.g. BNDES/FINAP
PAISS and EMBRAPA-BASF Cultivance

= WTO memiber and TRIPS signatory

= 20 year patent term protection provided
= 10 year minimum patent term period

* RDP in place for agrochemicals

# Bigsimilar pathway introduced

= Relatively clear regulatory regime in
place: ANVISA responsible for regulation
of biclogics and biosimilars and CTMNBio
responsible for biotech and GM products

* Framework in place through 2004
Innovation Laws

= Patenting and licensing activites at
universities arnd PROs increased sine 2004

* R&D tax credits are in place throwgh
Law Mo. 11.194

= Government anti-carruption push;
new anti-comuption law introduced 2014
= Independent judiciany

* Lack of a skilled work force
= Lo % of population in tertiary education

* Health biotech sector capacity less rmature than
ag-biotech and bicfuels

* Funding conditions from government agencies
* Challenging regulatory environment for clinical trials

* ANVISA involvement in pharmaceutical patent
examination process
= ROP not available for biopharmaceuticals for human wse

* Mo patentability for isolated microcrganisms, (e.g.
bacteria and yeast) in industrial and environmental biotech

* |MPI long processing times and large backlog
{estimated &t B-10 years)

* Tach transfer and commercialization still by international
comparisons low

* Universities have limited tech-transfer cagacity

* Publication reguirements and registration of licensing fees

= Some RED tax credits limited through being contingent
on issuing of patent — long backlogs at INPI reduce
attractiveness

* Strict biopharmaceutical pricing environment
* Extensive use of IRP

* Patent disputes are resolved relatively quickly and
preliminary injunctions are also granted, but overall
the judiciary and many administrative bodies are
over-burdened

Table 4. Enabling factors in Brazil. Source: Building the Bioeconomy 2015

Santa Cruz eco-industrial park

Santa Cruz eco-industrial park was the first EIP to be launched in the Rio de Janeiro Metropolitan
Area (RIMA) and started its operations in September 2002. The fourteen Santa Cruz Industrial Dis-
trict industries located in Santa Cruz municipality signed an agreement with the state government
and FEEMA in order to be part of the Eco-Industrial Sustainable Development Program (Rio
ECOPOLO). It is expected that the conversion of this industrial district into an EIP will result in social,
environmental and economic advantages to the parties involved. Details about Santa Cruz eco-in-
dustrial park, such as industries involved, byproducts, jobs and environmental achievements can be

found in the table 5 below.
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Industry/industrial sector

Byproducts

Jobs Environmental achievements

Aciquimica industrial Ltda/recycling of non-
metal scrap
Basf S.A. transnational/chemical industry

Casa da Moeda do Brasil{Brazilian banknote
printing and coin minting

Ecolab chemical Incfhygiene, sanitary
products

Fabrica Carioca de.Catalisadores S.Af
petrochemical

Gerdau - Cosigua S/A/steel mill

Usina Termoelétrica de Santa Cruz/electricity Solid waste, sludge, solid, gas and liquid

(natural gas power generator)
Latasa Ltda/aluminum - metallurgy

Morganite do Brasil Ltda electronic
equipment

Novartis Biocéncias S.A/pharmaceutical,
baby accessories and food products

NUCLEP 5.A/heavy nuclear-electric
equipment, components

Pan Americana chemical S5/A/chemical
products

SICPA chemical Brasil Ltda/paints and
varnishes

Valesul Aluminio S.A./metallurgical
(aluminum and aluminum alloy
metallurgy)

Manganese sulfate; zinc, copper oxide; steam, 60
wastewater

Solvents, acids, desiccants 277

Air monitoring system, effluent treatment station (ETS), underground
water monitoring system

Responsible care program, emergency control system, ETS, waste sorting
and recycling

Ink sludge, galvanic sludge, plastic, paper, metal 1975 ETS, plastic, paper, metal plate/die recycling, environmental training

plates/dies

Acetone, ethanol, acids, paper, cardboard, 125
packing

Contaminated gas emission, effluents with 220

ammonia and sodium compounds, sludge
Iron scrap, metal slag, air particulates, oil

230
effluents, ash, sulfur particulates
Aluminum slabs, other byproducts, VOCs 136
emission, liquid effluents
Solvent, metal scraps 78
Solvents, hydraulic fluids, chemicals, plastics, 365
paper, cardboard, glass
Grease, oil, sludge 530
Aluminum, cardboard packing 58
VOC (volatile organic compound), effluents 240

SO particulates, dust, water with oil, spent pot 616
lining (SPL), aluminum dregs

Program

Paper recycling, emergency control system, solid and liquid effluent
treatment

Environmental, health and safety program, gas emission control system,
S0 9001, 14,001 certified, emergency control system

1700 Metal scrap recycling and reuse, 97.2% water reuse, ETS, environmental

management system (EMS), air quality monitoring system

Air quality monitoring system, EMS, environmental, health and safety
program, energy cascading

Environmental, health and safety program, 1SO 9001, 14,001, OHSAS
18,001, water reuse, aluminum slabs 100% recycled

SO 9001 certified, waste recycling program

Solvent reuse; plastic, paper, cardboard, glass recycling; ETS, EMS
IS0 9001, ASME, CENEN NE 1.16 certified, ETS

Bureau Veritas QS, Responsible Care, ISO 9001/14,001 certified, ETS
Bureau Veritas QS, 1SO 9,001 certified, EMS, VOC reduction system

1S0 9,001, 14,001, BS 8800, OHSAS 18,001, aluminum recycling, air quality
MS, SPL reuse as a energy generator

Table 5: Santa Cruz bio-industrial park: Source Building the Bioeconomy, 2015

The industrial diversity shown above and the existing organizational relationship are positive factors

driving possible implementation of EIP strategies in Santa Cruz, such as: byproduct and waste ex-

change; energy efficiency; water reuse; and sharing of information, human resources and services

such as training, canteen, recreational facilities, common warehouse facilities, transportation, mar-

keting services and cooperation between the actors involved.

In order to make the EIP program feasible, an action plan defining the Santa Cruz EIP’s main goals

was developed:

Byproduct and waste management program: implementation of a central waste and effluent

treatment station serving the whole park; development of waste inventory; identification of
possible synergies, reuse and recycling possibilities.

¢ Implementation of environmentally sound production practices, instead of end-of-pipe solutions.

Recruitment of new industries, to achieve the right mix to facilitate industrial synergies.

e Air quality monitoring system: development of an integrative system to monitor regional air qual-
ity, which is a major problem for the industries to get their environmental licenses.

Rainwater and surface runoff monitoring system.

Development of an environmental management plan.
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e Compensatory measures: planting native species in order to reestablish the site’s ecological bal-
ance.

* |ncentives to environmental initiatives in the park’s surrounding area.

e Ensuring compliance to environmental regulations.

¢ Information, training and service sharing.

e Community socio-environmental initiatives: recycling program, social and educational programs.
e Energy efficiency, water conservation, environmental research and educational programs.

e Creation of a centralized management association, the Santa Cruz EIP Management Association
(AEDIN)

Benefits

Many industries have found that environmental management practices do not increase costs and
liabilities, posing a barrier to economic development. Just the opposite; they can yield positive eco-
nomic, environmental and social returns. Unlike the experience in other places in the world, AEDIN
did not have problems to encourage industries to make their input and output flows available. The
byproduct and waste inventory database was to be the first step to enable implementation of by-
product and waste synergies]. Since 2002, some of Santa Cruz EIP’s initial goals have been imple-
mented: environmental practices; development of environmental management plan; planting na-
tive species; incentives to the local community to develop environmental initiatives in the park’s
surrounding area; compliance with environmental regulations; information and some service shar-
ing, like canteens and recreational areas; community recycling program; social and educational pro-
grams; and finally the existence of a central management association, AEDIN, coordinating the

whole program.

Moreover, participants related that there are competitive advantages for participating industries:
improved economic efficiency, higher return on investment (ROI), increased environmental perfor-

mance and reduced production costs.

With regards to main strengths, Santa Cruz was successful because of three main factors:

e Predominance of private sector in the planning and implementation of EIPs. In the RIMA, EIP
pilot projects are being managed by the private sector with no public sector input or partic-

ipation.
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e The existing organizational relationship in the Santa Cruz EIP helped the industries to over-
come initial barriers. The high group and management organization capacity, centralized in
AEDIN, were positive factors.

e Industrial sector diversity would open up new paths to innovation, education and coopera-
tion, leading to an increase in sustainable development awareness among the actors in-
volved. The extant industrial sector diversity in the Santa Cruz EIP would allow the develop-
ment of byproduct and waste synergies in the near future, besides services and process shar-
ing. In Paracambi, the industrial mix was selected looking for possible byproduct and waste
synergies.

e Human resources availability: there are plenty of unemployed and qualified workers

throughout the RIMA.

Drawbacks

Despite the increasing awareness of sustainable development among the parties involved, much
still needs to be done. For example, the byproduct and waste inventory has been concluded, but no
waste exchanges have taken place. The lack of public and institutional commitment to promote the
EIP’s dissemination is making it hard for the Santa Cruz EIP to evolve the way it was initially envi-
sioned only with the industries’ support and work. The lack of knowledge and familiarity with the

EIP concept and the possible benefits resulting from its implementation is also making the process

slow.

Development of a specific EIP development strategy and methodology for Rio de Janeiro state, con-
sidering that it has different political, economic, environmental and natural resource constraints in

comparison to developed nations.

An EIP label may be created and used as a marketing tool, leading to enhanced market image, in-

creased market share and new market niche access.

Summary of Santa Cruz eco-industrial park

Inspired by experiences in Europe, North America and Asia, EIPs were launched in Rio de Janeiro as

a potential environmental planning strategy to foster sustainable development and to improve the
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degraded urban and environmental condition existing in the RIMA. From what has been accom-
plished to date, EIPs are at an early stage of development. Unlike what was expected, collaboration
among governments, private institutions and industries, communities and academia, although a
central issue to EIP development, has not evolved the way it should have. Changes in political ad-
ministrations and public agency leadership caused the state government to withdraw EIP support,
so the EIP idea has not become the environmental planning strategy for sustainable development

that was expected.

3.2 China
Overall context

Chinese policymakers have for a number of years made innovation a central part of economic and
industrial policymaking. The main policy instruments and planning tools include the “Medium and
Long-term Plan for Science and Technology Development 2006- 20” launched in 2006 and the more
recent Twelfth Five-Year Plan, 2011-2015”. Both plans emphasize the need for China to grow its
innovation capacity and have set ambitious general targets and sector specific ones, including for
biotechnology. For example, the former set as a target the increase of R&D spending as a percentage
of GDP to 2% by 2010 and 2.5% at a minimum by 2020. The plan also included economic growth
targets linked to technological advances as well as emphasizing the need for the development of an

indigenous high-tech capability through a policy of “indigenous innovation”.
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Enabling factors
Human capital

Infrastructure for R&D

Intellectual property
protection

Regulatary environment

Technology transter
framewaorks

Market and commercial
incentives

Legal certainty (including
the rule of law)

Stumbling blocks

= Chiness wniversities becoming mara
competitive internationally e.g. Peking
and Tsinghua

* Highest number of university science and
technology graduates in the world

* High level of R&D spending — absaolute
and % of GDP

= Waorld leader in patenting activity

= WTO member and TRIPS signatony
* 20 year patent term protection provided
* RDP in place MNCEs

= S5FDA has by comparison to other emenging
markets extensive regulatory framework

* Legal framework in place since early 2000s

# University patenting increases by almost
50% per year

# Increased tech transfer, licensing and
spin-offs

= RE&ED tax credit available and reduced rates
of corperation tax and VAT for qualifying
high-technolegy enterprises

* Mew government led anti-corruption push

= Relatively low level of researchers as a proportion of
total workforce

= Low level of tertiany education as % of population

= Limited R&D clinical capacity: low levels of clinical trials
= Low levels of basic and translational research invastment

= Challenging enforcement environment: High rates of
counterfeit medicines

= Mo availability of RDP for biclogics
= Marrow patent protection for biologics

= Mo biosimilar pathway
* Regulation of non-innovative biclogics outside
international best practices.

* Regulatory requirements and procedures for clinical trials
are onenows and delay product registration

= Barriers for ag-biotech: 1) product must be registered and
approved in country of export prior to application for
approval in China; and i) impert applications must induce
viable seeds

= |ndigencus innovation policies

= Quality of patent applications
= Universities have limited capacity to fully
commercialize inmovations.

= Strict reimburserment palicies hawve limited the number
of biclegical crugs available

= Legal redress, enforcement of contracts and administrative
justice inconsistently available or appliec

Table 6: Enabling factors in China. Building the Bioeconomy 2015

The Guitang Group and Guigang Eco-Industrial City

China produces 10.5 million tons of sugar annually from 539 sugar industries, the majority from
sugar cane. Over the last few years, the sugar industry in China has experienced a significant eco-
nomic decline. This industry has to increase its productivity to remain competitive with Brazil, Thai-
land, and Australia, three major sugar producing countries. Low prices for sugar on world markets
in recent decades have eliminated the industry in former leading countries, including Hawaii and

Puerto Rico in the US. Sugar production is becoming much less competitive in the Philippines.
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The Guangxi Zhuang Autonomous Region, in the far south of China, is the largest source of sugar,
producing more than 40% of the national output. The cost of producing sugar is high in Guangxi.
Most farmers have small landholdings, productivity is low, and sugar content of the canes is low.
Most refineries are smaller scale and fail to utilize their by-products. This gap causes them to lose
secondary revenues and generate high levels of emissions to air, water, and land. The farmers burn
the cane leaves every harvest season, generating air emissions. Ning Duan estimates that there are
70,000 families growing sugar in the Region and that there are 100 sugar mills. The economy of the

town of Guigang is 50% dependent upon sugar related industries.

The Guitang Group is a state-owned enterprise formed in 1954 that operates China’s largest sugar
refinery, with over 3800 workers. The Group owns 14 700 ha ’s land for growing cane. Though the
sugar industry in China is generally responsible for high levels of emissions, this company has cre-
ated a cluster of companies in Guigang to reuse its by-products and thereby reduce its pollution.
The complex includes: an alcohol plant, pulp and paper plant, toilet paper plant, calcium carbonate
plant, cement plant, power plant, and other affiliated units. The goal of the initiative is to reduce
pollution and disposal costs and to seek more revenues by utilizing by-products. The following figure

16 shows the present flows of materials and water.
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Figure 16. Flow of production of Guitang complex. Source: Building the Bioeconomy 2015

The output of the Guitang complex of companies is: 120 000 tons of sugar, 85 000 tons of paper, 10
000 tons of alcohol, 330 000 tons of cement, 25 000 tons of calcium carbonate, 30 000 tons of fer-
tilizer, and 8 000 tons of alkali per year. In the late 1990s the secondary products accounted for 40%

of company revenues and nearly as large a portion of profits and taxes paid.

The Guitang Group’s plans for the future include expansions of the industrial ecosystem and changes

in processes at various stages. This innovative plan includes:

=  Construct a new beef and dairy farm using dried sugarcane leaves as feed.

=  Construct a milk processing factory to make fresh milk, milk powder and yogurt for the local
market.

= Construct a beef packing house to process beef, oxhide, and bone glue.

=  Build a biochemical plant to make amino acid based nutrition products and other bio-prod-
ucts using the byproducts from the beef packinghouse.

= Develop a mushroom growing company using manure from the new dairy and beef farm.
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=  Process residue from the mushroom base to use on sugarcane fields as natural fertilizer.
China’s expected entry into the World Trade Organization poses a major threat to the economy of
Guangxi. With barriers to lower-priced imports lowered, the economy of this Region could be in-
jured profoundly. So Guitang Group’s eco-industrial initiative has strategic importance for this and

other sugar producing regions in China.
City of Guigang Plans to Become an Eco-Industrial City

The Group’s example has inspired the town of Guigang to adopt a five year plan to become an Eco-
Industrial City. The heavy dependence of its economy on the sugar industry makes it important to
improve the efficiency of its many processing plants. The plan calls for smaller sugar producers to
send their by-products to Guitang’s eco-industrial complex and sets targets for high by-product uti-
lization. (Targets for the city: “utilization of sugarcane slag reaches more than 80%, use of spent
sugar-juice reaches 100%, use of spent alcohol reaches 100%.”) The plan also calls for consolidation
of cane growing land into larger holdings. (It will require a transition for small farmers into other
crops or into industrial employment.) It includes training of industry and government managers in
eco-industrial principles and methods and broader dissemination of Cleaner Production strategies.

Some of the long-term goals of this plan are:

= Develop an eco-sugar cane park to enable planting of organic cane, increases in sugar con-

tent of canes, increase in production per m3 of land, and extend the harvest period.

= Enlarge the paper mill with a goal of increasing production to 300 000 tons per year in 3

phases.
= Switch some production from sugar to fructose, which has a strong market.

= Build a facility to produce fuel alcohol from spent sugar juice and sugar (capacity 200,000

tons per year). This product will help reduce air pollution from vehicle exhaust.

= Adopt low chlorine technology to bleach pulp. Paper made by this technology will be much
whiter than the paper made by traditional technologies. (The Guitang Sugarcane Eco-Indust-

rial Park Project website)

Guigang and the leadership of the town are supported by China’s State Environmental Protection
Bureau (SEPA) and the China National Cleaner Production Center (CNCPC). Ning Duan, Deputy Pres-

ident of the Chinese Research Academy of Environmental Sciences, has been a key advisor to the
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Guitang Group. Financing is from the financial bureau of Guigang City. The local tax administration

will return 50% of the agriculture tax to construction of irrigation systems for sugarcane farms.

Overall, Guitang Group approximates a relatively simple, idealized industrial complex model.
Nemerow (1995) proposed just such an enterprise in his groundbreaking work outlining 15 models
for by-product utilization, anchored by different primary plants. To the extent that the GG is— and
continues to be—successful, it supports the validity of Nemerow’s thesis. Ramaswamy and Erkman
have reported a pattern parallel to the GG case in India, where Seshasayee Paper and Boards Ltd.
mill faced a growing shortage of wood for pulping. There, the paper industry invested in a new sub-
sidiary sugar refinery as a source of bagasse, which in turn contracted with an alcohol refinery and
a methane generator to use the spent molasses. Seshasayee supported the conversion of regional
farms to sugar cane production and supplied farms with treated water from both the paper and the

sugar mills.
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3.3 India

Overall context

In 2014 a new draft National Biotechnology Strategy was issued building on the 2007 draft. This

Draft Strategy hopes to further develop India’s biotech capacity by continuing the work commis-

sioned and begun in the 2007 plan as well as targeting specific sub-sectors such as agricultural bio-

technology which are now recognised as a priority. Overall the 2014 Strategy shifts the focus to the

translational and developmental elements of biotech R&D. Out of the 10 guiding principles identi-

fied in the Strategy, four relate to translating R&D into tangible products and services and the tar-

geting of areas of need in the Indian bioeconomy.

———

Human capital = High total number of academic
papers published
Infrastructure for R&D * Targeted bictech initiatives in place:

Bictechnology Industry Partnership
Programme and Small Business Inncvation
Research Initiative

Intellectual property = WTID member and TRIPS signatory
protection

Regulatory environment = Bicsimilar guidelines introduced in 2012

Technology transfer * Incubators and tech transfer offices in place
frameworks in some institutions

Market and commercial * RED tax credits and credits for special
incentivas economic zones in place

Legal certainty (including = Mew 2013 anti-corruption law, Lokpal Act
the rule of law)

= Low university rankings; cutside top 200 generally
and 100 for life sciences

* Low rate of researchers as a percentage of population;
loweest among the BRICs

* Low levels of RED spending - 0.76% of GDP

= Limited R&D clinical capacity: low levals of clinical trials
* Low levels of basic and translational reseanch imvestment
= limited R&D biopharma investment

= Saction 3id) and patentability reguirements outside
international best practice

= W ROP
* Use of compulsary licenses and pabent revocations
* Limited protection of plant varieties

» High rates of countarfeit and substandard drugs

* Requlatory autharity for biopharmaceuticals and ag-bio
is spread out over various layers of the Indian central
and state government

= Since 2011 no applications for field trials or
commercialization of GM sseds approved

* Low rates of university patenting

* Low rates of tech transfer

* Mot passed a Bayh-Dole type bill

* Mew 2013 Drug {Prices Control) Order place strict price
controls on large number of biopharmaceuticals

= Legal redress, enforcement of contracts and administrative
justice inconsistently available or applied

Table 7: Enabling factors in India. Building the Bioeconomy 2015
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Naroda Industrial Estate, Gujerat, India

Naroda Industrial Estate is one of the largest sites for eco-industrial development in the world. 700
companies with 35 000 employees operate on 30 km? of land. Naroda was founded in 1966 by the
Gujarat Industrial Development Corporation, which also oversees 256 other estates. Industries at
this estate include chemical, pharmaceutical, dyes and dye intermediates, engineering, textile, and
food production. Naroda Industrial Association (NIA), including 80% of the companies, has founded
a Charitable Hospital, a bank, and has constructed a common effluent treatment plant. It has also

planted 30,000 trees.

The initiative at Naroda Industrial Estate is an industrial ecology networking project seeking a coop-
erative approach to achieve pollution prevention. Local leadership comes from the NIA and the Local
Bureau of the Confederation of Indian Industry (Cll). Researchers from University of Kaiserslautern
are providing technical assistance and guidance in eco-industrial principles and methods. (The pro-

ject is funded by the German Ministry for Education and Research.)

The effort began with a baseline survey of NIA members, focussing on material, water and energy
usage. Local university graduates conducted surveys of 477 respondents and data was analysed in
a geo-information system or GIS. This identified common environmental problems as a basis for
designing individual projects for the participating companies. The Association convened open meet-
ings in which the companies explored their needs, using a broad eco-industrial network framework
proposed by Ed Cohen-Rosenthal (as we describe in Chapter 11 of the Handbook.) In these discus-
sions they identified focus points for projects and created project teams with managers. Subjects of
the first four projects were recycling of spent acid; recycling of chemical gypsum; recycling of chem-

ical iron sludge, and reuse/recycling of biodegradable waste.

In the spent acid project four chemical companies planned to collect their spent acid (H2S0a) to
produce Ferrous Sulphate (FeSO4). Their combined by-product outputs would yield enough to attain
the concentration necessary for the generation of Ferrous Sulphate. A fifth firm with the necessary
technology and energy supply is doing the processing. The companies will pay half of usual waste

disposal fees for the recycling. The recycling firm will create 10 new jobs.
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The chemical gypsum project started with a company that discovered this by-product could be used
in concrete production instead of incurring the costs of transportation and landfill tipping fees.
Through project information channels three other companies with the same by-product joined the
initial one. This group set up the logistics and a drying area for handling their common output. They

are recycling 300 tons per month, instead of adding that mass to the landfill.

The iron sludge project involves producers of dyes and dye intermediates who generate large quan-
tities of iron oxide in a form that is quite hazardous. The project team identified production process
changes to reduce the volume of iron oxide and to reduce the hazardous impurities. Through the

network this Cleaner Production solution has been shared with all the firms in this industry.

The food companies at Naroda, mostly small operations, collectively generate large volumes of food
wastes (ca 100 tons per month). They have done a feasibility study to identify ways of utilizing this
output, possibly through fermentation processes. As a group they could act to handle a problem

that no one firm could deal with.

After these first four projects started 15 firms in the ceramic industry formed a fifth with a Cleaner
Production (CP) approach to assuring purity of their input materials. They are jointly investing in a

testing laboratory.

The Naroda stakeholders are interested in establishing an Eco-Industrial Networking Centre to dis-
seminate and share their experiences and to help individual companies handle some of their inter-
nal CP issues. This would build upon the improved access to information, easier project manage-
ment, and consideration of new recycling technologies the eco-industrial network has already
achieved. This initiative at Naroda Industrial Estate has demonstrated that once isolated companies
can work effectively in a collaborative approach and improve their environmental and financial per-

formance.
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PART Ill

SYNTHESIS OF THE CASE STUDIES:

ASSESSING POBI THROUGH ENABLING AND DISABLING FACTORS
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1. Enabling and disabling factors against POBI factors

From the case studies described above, it can be concluded that they illustrate possibilities of bioe-
conomy by improving employment and regional growth, not only in an urban context but also in a
rural environment. Yet, it is difficult to compare them in a straight-forward manner due to the di-
versity of sectors as well as the different geographical and socio-economical contexts they repre-
sent. Rather than comparing these experiences or simply ranking them, this report has selected and
analyzed the core enabling and disabling factors that have impacted these initiatives and applied to
Pobi program aiming to contribute to the first steps of it implementation through global these les-

sons learned.

Hence, through the selection of these factors, it has also been possible to create a framework for
assessing Pobi’s main features and therefore to test them against these factors that can also be seen
as indicators of feasibility. These indicators reveled strenghs of this program, also weakness. These
drawbacks, can be seen as an opportunity to improve this program characteristics. For this purpose,
this report made useful recommendations and suggestions. It is important to highlight that this as-
sessment is a preliminary conclusion through the author’s observation together with Posintra’s first

impressions about Pobi.

Moroever, this assessment, which is a deliverable component of this report, can enable a second
level of deliverables that can deepen broaden the understanding of Pobi with regards to its factors
of feasibility such as: advanced SWOT analysis, surveys questionnaires, applications of approaches

such as Multi Level Perspective and Stakeholder management.

The 10 case studies presented display 9 enabling and 6 disabling factors or indicators with respec-

tively influences as follows.
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Enabling factors

How it influences

Disabling fac-
tors

How it influences

Pobi assessment

Availability of
Natural resources
or raw materials

Catalyses competi-
tiveness by creat-
ing a good
cost/benefit rela-
tion

Difficult access
or high cost of
raw material re-
sources

Disable competitive-
ness and it
makes it difficult to
compete on the
global market.

+ Available biomass
from forest and feed-
stock in Porvoo area

Co-operation and
synergies be-
tween actors such
as public-private
partnerships, ena-
beling leadership
of private sector
and co-creation

Enables the learn-
ing process, ex-
change of innova-
tion

Lack of co-oper-
ation or diffi-
culty of con-
necting part-

ners acting in a

more “isolated
environment”

Create more chal-
lenges for catalytic
solutions

+ - Good history of
cooperation with local
actors, such as public
sector and established

organisations. How-
ever, a lack of private
ownership as per the

top-down approach
from the public sector

has to be revised in
order to develop into
a co-creation strategy

Industrial symbio-
sis

Allow interactions
of innovative pro-
cesses, values,
prices and ex-
change of raw ma-
terials and deliver-
ies.

+ solid experiences in
Kilpilahti can add
knowhow to future
practices

Communication,
branding with the
concept of bioe-
conomy added to
business strate-
gies

Great communica-
tion and branding
challenge today is
related to the need
to scale up the ac-
tivities.

+ - Some private or-
ganisations already
take advantage of
communication to po-
sition its brands ad-
dressing sustainability
challenges as the gov-
ernment itself through
the National Strategy.
However, other or-
ganisations should
take advantage of this
process.

Good access to
economic activi-
ties and infra-

structure

Create competiti-
veness

Location disad-
vantages: lack
of accessibility
to economic
centers and in-
frastructure

Disable competitive-
ness by increasing
the costs and lack of
workers

+ Integrating the eco-
industrial park in Kilpi-
lahti where infrastruc-
ture are in place rep-
resent a strong ad-
vantage for Pobi
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Table 8. Pobi Assessment framework




2. Conclusion and recommendations

The analysis made against these factors or indicators suggests that Pobi has potential strengths and
opportunities to succeed and a good level of feasibility. Yet, some factors have to be taken into
account and developed in order to improve chances to achieve its aimed results. Among them, to
empower the private leadership, and use the concept of bioeconomy into business strategies con-
sist in more controllable measures that Pobi could support in a short-term perspective. However,
from a long-term perspective, and external environment, Pobi would possibly influence and en-

hance the local workforce and knowledge production in specific issues in the Kilpilahti context.

As an advisory institution, Posintra plays an important role towards these improvements. Its partic-
ipation can not only provide guidance for all parts involved but also helps to drive forward goals and
coordinate activities in the development of the bioeconomy. This role can help to focus the needs
of government, agencies and public bodies as well as of industry and other stakeholders. Ultimately,
Posintra’s main role is to understand and manage these stakeholders’ priorities and expectations

and converge them into a common vision of bioeconomy.

Based on this main role, this report produced the three recommendations and suggestion for im-

plementation as follows:

1- To build a strong network among relevant stakeholders and therefore a conducive environ-
ment for Bioindustral park in Porvoo-Kilpilahti, by creating an effective multi-stakeholder
platform. This would allow to redefine the paradigm of relationship between government,
academia, industry and civil society to up scaling bioeconomy initiatives in a societal level,
enabling a balanced ownership.

2- To defined and communicate properly clear objectives and guiding principles of bioeconomy
in Kilpilahti to enable understanding and productive partnerships.

3- To impact on research and development and knowledge exchange from academic institu-
tions and significantly wider understanding of emerging aspects of the bioeconomy, in par-

ticular those important for Kilpilahti activities in order to accelerate progress in this sector.
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Suggestion for implementation: practical tools

Multi-level Perspective and Stakeholder Management consist in two proved effective tools

largely used to address stakeholder’s common understanding and participation as shown in

the figures. In practice, these approaches would possibly permit:

1-

To consider a wider range of factors that can contribute and undermine the implemen-
tation of Pobi, by carefully examining the three main levels in Pobi landscape, regime
and niche.

To understand how common practices and social/cultural norms affect change
promesses? and act upon it.

To comprehend how innovation can be developed in this given environment

To identify and map relevant stakeholders

To engage effectively with stakeholders in co-creation processes: meetings, develop-

ment of clusters towards a common vision and understanding of priorities and actions.
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Figure 17. Stakeholder Management framework

Figure 18. Multi level perspective framework
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Appendices
Other five experiences with bio-parks and industrial symbiosis

1- Kalundborg Symbiosis (Denmark)

The Kalundborg Symbiosis is an industrial ecosystem, where the residual product of one enterprise
is used as a resource by another enterprise, in a closed cycle. An industrial symbiosis is a local col-
laboration where public and private enterprises buy and sell residual products, resulting in mutual

economic and environmental benefits.

In the development of the Kalundborg Symbiosis, the most important element has been healthy
communication and good cooperation between the participants. The symbiosis has been founded
on human relationships, and fruitful collaboration between the employees that have made the de-
velopment of the symbiosis-system possible. On the right, you can read about some of the most
important lessons in creating and maintaining successful symbiosis that we have learned over the

last four decades.

Source: http://www.symbiosis.dk/en/system
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2- Kokkola — Finland

A successful experience in Finland involving most significant concentrations of inorganic chemistry.

Kokkola (KIP) provides a complete, top-class operating environment for large-scale industry.

Characteristics:

The Scandinavia largest concentration of inorganic chemistry companies

70 ha of inbuilt land zoned for heavy chemicals industry

Decades of traditions, solid expertise

Positive attitude towards chemicals industry

Top-class logistics

Services performed:

e Rich commercial life, with emphasis on chemicals, shipbuilding industry,

ICT and laser/metal

Areas: timber, trade, transport, the food industry

About 150,000 persons inhabit the Kokkola regions employment area

The area’s increase in jobs has been Finland’s fastest during the 2000’s.

Diversified and high-level educational opportunities.

Approach

The area forms a powerful chemical industry cluster benefiting members through considerable syn-

ergies.

Raw materials. Being the home of diversified chemical industry, KIP's raw materials stock is out-

standing.

Logistics and location. State-of-the-art transport connections to the world, the first covered All
Weather terminal in the Nordic countries. The same track gauge is used all the way to China and the

airport can be reached in 15 minutes. Kokkola is a safe and stable gateway to the East and the EU.

In Kokkola, operations run smoothly and briskly with seamless cooperation between the various
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operators in the area. The atmosphere is pro-entrepreneurial and the chemical industry is wel-
comed with open arms. There is good supply of competent and committed labour.

Source: http://www.kip.fi/Page.aspx?cid=1

3- Styria - Industrial Ecology — Austria

For several years no researchers identified industrial ecosystems comparable to Kalundborg. How-
ever, Erich Schwarz at Karl-Franzens-Universitat Graz has discovered and studied a much larger,
more diverse "industrial recycling network" in the Austrian province of Styria. The research started
by tracing the by-product inputs and outputs of two major enterprises and soon found a complex
network of exchanges among over 50 facilities. Industries participating include agriculture, food
processing, plastics, fabrics, paper, energy, metal processing, wood working, building materials, and

a variety of waste processors and dealers.

Materials traded in the Styrian network include the familiar recyclables like paper, power plant gyp-
sum, iron scrap, used oil, and tires, as well as a wide range of other by-products. Schwarz does not

report on activities relating to energy co-generation or cascading.

The plant managers in Styria were not aware of the larger pattern of exchange that had evolved
spontaneously until the research team informed them of their findings. They were motivated purely
by the revenues from by-products they could sell and the savings in landfill disposal costs for either
sold or free outputs. In some cases the by-products are less expensive or of higher quality than

primary materials would be.

The Styrian recycling network suggests that Kalundborg may be unique only in the level of aware-
ness developed there. Dr. Schwarz and his research team are studying other spontaneously occur-
ring industrial ecosystems (they call them industrial recycling networks) in Northern German. This
research initiative is developing information system tools and business networks to extend the pat-

tern of exchange further.

Source: http://www.eoearth.org/view/article/153824/
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4- Biopark Terneuzen — The Netherlands

Sustainable growth, in the context of good stewardship of the environment and its resources, is one
of the biggest ongoing challenges facing politicians and industrial leaders. Zeeland Seaports has
identified a route that provides a uniquely innovative solution. Biopark Terneuzen represents a new
way of thinking in the creation of agro-industrial sustainability. Under the ‘Smart Link” heading, Bi-
opark Terneuzen promotes and facilitates the exploitation of key synergies between businesses lo-
cated in the same geographic area. Specifically, it helps to maximise the potential of the exchange
and use of each other’s by-products and waste products, which then become feedstock, energy or

utility supplements for their own production processes.

Partners:

Biopark Terneuzen, BER / Holland Innovation, Cargill, DELTA NV, Dow, DSD, Econcern / Evelop, Ex-
press Energy / Bio2E, Gemeente Terneuzen, Ghent Bio Economy Valley, Goes on Green, HZ Univer-
sity of Apllied Science, Heros Sluiskil, ICL-IP, Impuls Zeeland, Lijnco Green Energy / Schiicking,
Nedalco, Provincie Zeeland, ROC Westerschelde, Sagro, Valuepark Terneuzen, Wageningen UR,

WarmCO2, Yara, Zeeland Seaports

Source: http://www.bioparkterneuzen.com/en/biopark.htm

5- Brazilian Industrial Symbiosis Program - PMSI

In the constant quest for sustainable development of industries, FIEMG features of the Minas Gerais
Estate Industrial Symbiosis Program - PMSI, a version of the British NISP (National Industrial Symbi-
osis Program), whose goal is to promote profitable interactions between companies of all industry

sectors.

In practice, the program establishes business from underutilized resources that are available. En-
ergy, water, materials and waste from industries can be recovered, reprocessed and reused. This is

a great opportunity for business and all businesses, regardless of size or sector, can participate.

With the identification of opportunities in workshops, the technical team involved is working for the
consolidation of major synergies. There are currently more than 280 possible synergies, which

means hundreds of companies under negotiation. The opportunities are for wooden pallets, iron
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scale, wood, electrical wires, food waste, laboratory tests, clay, fabric strips, metal scraps and oth-

ers.

The resources that have not awakened interest in the workshops are stored in the bank data for

future opportunities, if there is the emergence of demands in the next events.

The initial results, in addition to verifying the proper perspective of the project, show that industrial
symbiosis has the potential to significantly reduce industrial pollution and mitigate adverse environ-

mental impacts, while companies profit and develop new economic mechanisms.
Below, the results of PMSI until December 2012:

- 317 participating companies;

- 139 793 tonnes of waste diverted from landfills;

- 194 815 tons of reduced use of virgin raw materials;

- 87 476 tons of reducing carbon emissions;

- 13.65 million m3 of reused water;

Source: http://www.fiemg.org.br/Default.aspx?tabid=1098
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International Bioeconomy Policy
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Country Document Policy aim / contents Year
The vision and strategy of the | The Strategy contains 5 strategic objectives
Belgium government of Flanders for a | providing the framework for the (further) 2013
(Flanders) sustainable and competitive bio- | development of a Flemish bio-economy
economy in 2030
The finding of the Bio-economy Committee,
Canada . .
(British established in 2011, are presented along
Car;u;s:lbfa BC Bio-economy with recommendations for action by the BC | 2011
(BC)) government on how to accelerate the
development of BC's bio-economy.
Bio-based solutions encapsulated within the
Denmark Mo specific strategy Government’s growth plan for water, bio | 2013
and environmental solutions.
The Strategy contains 4 strategic objectives
Finland Finnish Bio-ecaonomy Strategy providing the framework for the (further) | 2014
development of the Finnish bio-economy
France No specific strategy A vanetr_.r of individual initiatives in the area '07-14
of the bio-economy
Germany National Policy Strategy on Bio- | To dew‘alop a cgherent policy framework for 2013
economy a sustainable bio-economy
Hungary The future landscapes of hio- | To deliver insights into the Hungarian bio- 2014
ecanomy: Hungary economy scene
italy No specific strategy A variety of individual initiatives in the area '08-"14
of the green economy
Swedish Research and Innovation To provide 2 natlr:mal strategy for the
Sweden strategv for 3 Bio-based Econom development of a bio-based economy and | 2012
By v to propose a Swedish definition of the term.
The The Bio-based Economy in the | The document presents the aims and scope
MNetherlands of several bio-based initiatives undertaken | 2013
Netherlands .
in the Netherlands
USA National Bio-economy Blueprint To lay out strategic objectives that will help | 2012

Figure 20: Bioeconomy national strategies worldwide
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