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Foreword
The world was biobased long before the temporary detour into a fossil fuel-based society just over a hundred years ago.
However, it now looks as if the world is about to resume its biobased path; in fact that is essential if we are to achieve
sustainable development. In addition to ensuring a sustainable food supply for people and animals, sustainable development
will also have to provide the raw materials for a world based on green chemistry. The development of such a ‘circular
economy’ as part of a green society is gathering momentum and proceeding more rapidly than initially anticipated, but still
requires a great deal of knowledge and innovation development. We now know that biomass is not the only way of meeting
our future energy needs, though its value for that purpose should not be dismissed. The use of biomass for creating
biomaterials in – as far as possible – a closed cycle is however an attractive proposition, especially for the Netherlands, with
its strong agro and chemical sectors. The growing intertwining and synergy between the sectors, together with the associated
logistics, is delivering new opportunities. Regionalisation will be a key aspect in a national and international context. That is
the clear view reached in this updated knowledge and innovation agenda by the Scientific and Technological Committee
(WTC) of the Biobased Economy Department at the Dutch Ministry of Economic Affairs.
Since it was formed in 2009, the WTC has focused on the early identification of promising trends and developments in
science, practice and society in the Netherlands and abroad, and has passed those insights on in various ways to the partners
in the golden triangle of the relevant top sectors for further development. The title of this new publication, ‘Strategy for a
green society’, reflects the clear acceleration in the development and broadening of the biobased economy. In March 2011,
when the WTC published its first knowledge and innovation agenda for the biobased economy under the title ‘Towards green
chemistry and green materials’ (‘Naar een groene chemie en groene materialen’), lots of signals were already ‘set to green’.
The publication marked the starting point for the innovation contract and the Top Consortium for Knowledge and Innovation
(TKI) for a biobased economy in the development of the Dutch government’s Top Sectors policy for Industry, Government and
Knowledge Institutes. Since then, many developments have been initiated across the broad front of the biobased economy.
It was determined when the WTC was formed that its activities would cease after two terms of two years. The composition of
the WTC has remained largely unchanged over the past four years. Apart from the enlargement of the Committee in 2011
with the appointment of Rietje van Dam-Mieras, only Carel van der Hamsvoort has left the Committee, being succeeded by
Daan Dijk, also from Rabobank. The WTC counts itself fortunate that Peter Besseling has performed the secretarial activities
for the Committee since its formation. The WTC has been pleased to welcome Harriëtte Bos from Wageningen UR University &
Research Centre and Ton Runneboom from the Biorenewables Business Platform. Great thanks are due to all who have
contributed to this publication, in particular Alle Bruggink for his sterling work on the final chapter. Last but not least, mention
must be made of Diederik van der Hoeven and Paul Reinshagen for their contribution to the content and their editorial work.
Their skill in putting the intensive discussions within the WTC into words has made our views accessible to a wide public.
Vinus Zachariasse
Chairman, Scientific and Technological Committee for the Biobased Economy
The Hague, December 2013.
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Agro and Chemistry: moving towards
integration
Just over two years ago we wrote the following about the biobased economy: ‘Not because the oil is running out, but because
of the opportunities for a new industrial structure. Not because we will have to build the dykes ever higher in the future, but
because of the wide-ranging benefits of sustainable production methods. Not because a business as usual scenario can no
longer be sustained, but because of the prospects for sustainability. And not because the entire world is moving in that
direction, but because the Netherlands of all countries, with its large chemical industry and excellent knowledge base,
occupies a niche position which we must turn to our advantage.’
That was true then and it is true now, but a great deal has nonetheless changed over those two years. It is becoming ever
clearer that the development towards a green society, and with it the biobased economy and green chemistry, will continue.
Some biobased developments have accelerated, such as the emergence of chemical plants using biobased feedstock. Shale
gas has caused a lot of commotion, particularly because of the fall in gas prices in the US; but shale gas does not offer any
spectacular opportunities for Europe. And the economic crisis has increasingly left its mark, as clearly seen in the reduced
budgets earmarked by central government for innovation, and especially for the further development of new technologies.
The budgetary squeeze forces harsh choices. In this report we make those choices.
The biobased economy is mainly about chemical products and materials, such as bioplastics and medicines made from
biobased feedstock. We emphasise this again here because some people still think in the first place about biofuels or using
biomass in coal-fired power stations. This is then often followed immediately by objections, for example about displacing food
crops to produce biomass. That might be true for the use of biomass for energy production, which demands large quantities –
though recent research has shown that even that displacement has not yet happened in practice. However, we do not
advocate ‘biomass for energy’; there is more than enough biomass for the chemical (including pharmaceuticals) and materials
sectors.
The strength of the biobased economy is that it is supported by two inextricably linked developments: a strong consumer
preference for ‘green’, of which ‘biobased’ forms part, and the rapid development of sustainable technologies, including
green chemistry, which is ideally suited for the processing of biobased feedstock. Consumers want sustainable products and
materials, and technology is increasingly able to deliver them. The strength of this twin development is often underestimated.
In the market economy, permanent changes only happen when consumers want them. A green economy is currently
developing, supported by both supply and demand; this will bring about a permanent change, and the biobased economy is
part of that.
From the perspective of the economic structure, at the heart of the biobased economy is close cooperation between the
chemical and pharmaceuticals industry and the agro sector, up to and including mutual integration. The chemical sector is
beginning to show an interest in biobased feedstock; the agro sector, for its part, still has virtually no focus on the chemical
industry as a customer and as an opportunity for expansion. Yet a rapprochement is important for both sectors if they are to
survive. For the chemical industry it means an opportunity to create new, often better products from a source of raw
materials which constantly renews itself. For farmers and the agro industry, it offers an opportunity to increase their market
substantially and generate extra income.
The biobased economy will not only change the economy, but will also exert an influence on society as a whole. Further
integration of the agro and chemical industries means that many activities will be carried out on a regional scale, which means
a bigger role for the regions. It is no longer the national organisation that sets the trend, but the regional level.
As we wrote two years ago, the Netherlands is in a special position to develop the biobased economy. Compared with other
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countries, both the agro and chemical sectors are large and well developed. The Dutch agro sector is among the most
productive in the world, while the chemical sector is a world leader. In our view, the Netherlands ought to focus more firmly
and more clearly on the biobased economy, and especially on the production of biobased materials. That view is
substantiated in this report, and we base hard choices on it.
Although the choice in favour of the biobased economy has not yet been convincingly made at national level in our view, this
has happened in Europe and in many regions. Within the European Horizon 2020 programme, a unique collaboration has
arisen under the name BII (Biobased Industries Initiative) between the European Commission and the biobased industry (both
agro and chemical). And many regions within and outside the Netherlands have made the biobased economy a core focus of
their policy. It may be that this dual stimulus will yet prove to be enough to assure the further development of the biobased
economy in Europe, after the rather hesitant start in recent years.
If our first publication two years ago was an optimistic reflection on the opportunities for the biobased economy, this report is
a call to begin seriously working on creating the biobased economy. You will read in this report how far we have progressed,
and also where we have failed to make progress. And you will be able to share in our hope that the Netherlands will grasp the
opportunities that are there for the taking.

The value pyramid of biobased feedstock.
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1. Biobased economy,
biobased society
Towards a green society
We are moving towards becoming a green society, and the path to it
largely runs via the biobased economy. That is due to the
combination of green chemical technology and biobased feedstock
which are replacing oil. Ultimately this will lead to a biobased
society.
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Moving towards precision
A great change is taking place. As yet, almost unnoticed. Silently but rapidly. Society is changing from macro to micro. From
fossil to agro. From national to regional. From mass production to customisation. With prosperity unaffected, or even
increasing. Information technology plays a key role. ‘Broadcast’ is outmoded; today, the buzzword is ‘narrowcast’: media
tailored to our specific wishes. Media which is interactive. We no longer want to merely receive; we also want to send. The
Internet delivers that interactive experience. All-encompassing rules belong to the past. The economy is changing in line with that
trend. Companies everywhere are looking for specific products that meet the needs of individuals.
Technology is also changing. Medical technology is developing special drugs for individual diseases and tests for accurate
diagnoses in individual patients. The energy supply is increasingly based on small-scale systems which deliver precisely the
amount of energy needed to each home, business or neighbourhood. Consumers are becoming aware of the value of a
smaller-scale food supply that is less dependent on large-scale import with all its risks and inspections. Metropolitan
agriculture is growing in many places; people want to know what they are eating. Websites are springing up everywhere
focusing on local sharing and lending goods and services. If 3D-printing achieves a real breakthrough, people will be able to
make many user articles, up to and including the home in which they live, to their own design.
Industry is also changing. The term ‘circular economy’ has gained traction within a short space of time. It is an economy in
which goods are reused as far as possible within the smallest possible cycle, ideally in a completely closed cycle. If production
is based on biobased feedstock taken from nature, we can use the term ‘biobased economy’. We are then once again starting
to live from the bounty of the land, but in a technologically much more highly developed society than in the past. Using mild
technologies that make full use of all the harvest. Not just the wheat , but also the straw. Not just the sugar beet roots, but
also the beet tops. Not just the corn, but also the stalks and cobs. These technologies are being developed now. The heart of
the biobased economy is the interweaving of the agro sector and the chemical industry. A rapprochement between them will
lead to the integrated production of food, chemicals, materials, medicines, plastics and sometimes fuels too, all based on
making complete use of crops harvested from the land. Including what we described as waste in the past. This is why we also
describe the biobased economy as ‘chemistry meets agro’.
We describe the new chemical technologies using the term ‘green chemistry’. These technologies have a much smaller
footprint than most of the existing technologies because they use less water and energy, cause less pollution of the soil, air
and water, produce lower CO2 emissions and make little or no use of polluting additives. Businesses that operate in this way
are fairly small and generate little risk. The plan is to build them next to the farm, sometimes quite literally. Together with a
regional energy supply, largely based on solar energy, use of the total harvest will form the basis for new regional economies:
small in scale, circular, region-specific and high-tech.
The biobased economy has decisive advantages. It offers a sustainable development pathway for industry. It will form the
basis for a sustainable economy which maintains the quality of the planet and no longer contributes to the greenhouse gas
effect. It offers the prospect of future prosperity, both in industrialised and emerging economies and in the countries of the
Third World. It will form the basis for our supply of materials once the easily accessible oil reserves have run out. It will form
part of a movement in our society away from uniformity, with more scope for individual variety so that individual needs can
be better accommodated.
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From biobased economy to biobased society
The biobased economy is not an isolated phenomenon – as if the economy could be organised at regional level while the rest
of society remained unchanged. The biobased economy is part of the radical social change described above, from large-scale
to small-scale, on the road to precision. Once the biobased economy begins to become more of a reality, we will see a
biobased society beginning to emerge. The regional level is set to become increasingly important in society. Europe, often
seen as an entity which imposes uniformity, will develop into a ‘Europe of the regions’, with more scope for regional
developments, more regional decision-making, regional identities, high-tech, with excellent communications facilities and
based on an extremely effective system of knowledge development and innovation.
The enormous potential of the biobased economy lies in overcoming old oppositions. Ecology and economy are no longer
each other’s enemies, because the new prosperity will arise on the basis of mild technologies. And whoever is first to develop
those mild technologies will gain an economic edge. That applies both for businesses and countries. This is why so many
businesses are placing sustainability at the heart of their strategy. It is why sustainable development, for example in the
energy supply, has been given such a prominent place in China’s most recent five-year plans. It is why the development of
sustainable technology has become one of the most important goals of US innovation policy.
New light is being shed on the opposition between rich and poor countries. In principle, a biobased economy offers just as
many opportunities to Third World countries as to industrialised nations. Since the biobased economy is highly regional in
nature, each region – including across borders – will be able to develop its own biobased economy, depending on the climate
(temperature, rainfall), soil condition and crops that flourish under the local conditions. Think of the potential for industries
that exploit the strength of sugar beet cultivation in northwest Europe; that will provide a solid basis for farming incomes,
including in Third World countries. To a greater extent than today, technological knowledge will be a decisive factor in the
ability of regions to meet their needs. Sustainable knowledge development and promoting sustainable innovation are
therefore more than ever becoming the focus of societies around the world.
The biobased economy will derive its prosperity largely from harvesting crops from the land; but that harvest must be used to
only a limited extent to generate energy. Biomass will be used much less for producing energy than we thought until recently.
The ‘value pyramid’ determines the processing of biomass. Biobased feedstock is as far as possible used to make products in
the highest value segments, such as cosmetics and food, as well as chemicals and materials and the products made from
them. This is where biomass offers the greatest returns and achieves the highest sustainability score. Moreover, food is
relatively scarce, while the demand for energy is very great. All the world’s agriculture and forestry cannot produce enough
biomass to make a significant contribution to the world’s energy supply – or can only do so by coming into conflict with the
global or regional food supply. Energy produced from biomass is moreover situated in the lower segments of the value
pyramid, which means that energy produced from biomass generally delivers insufficient returns. In the biobased economy,
therefore, farmers and industrial companies will use only the last resides of the harvest for energy production (often to meet
their own energy needs) once they have extracted all the more valuable substances (which are also returned to the land). And
there is an excellent alternative for meeting the energy needs: solar energy, which can deliver all the energy we want at an
increasingly low price thanks to ever higher efficiency and new technological advances. Supplemented by wind energy and
geothermal energy (including shallow geothermal energy as a buffer, often in combination with fracking), all regions in the
world will eventually be able to develop a sustainable and affordable energy supply. Heavy transport (lorries, aircraft) is the
only area where a direct switch away from liquid fuels is not foreseen, but for the time being there is still more than enough
oil for this activity. Green alternatives here include biodiesel, biokerosene, pyrolysis oil, and possibly liquefied biogas (LBG) or
hydrogen.

The green, quality-conscious consumer
In a market economy, changes only become permanent if they are driven by changing consumer preferences. And those
preferences have been rapidly moving towards ‘green’, especially since the turn of the century. We do not see this as a new
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fad, which will disappear when the next economic crisis arrives: in all the financial and economic crises since 2008, the
preference for green has been unwavering and has only grown stronger. It therefore makes much more sense to see this
trend as the surfacing of a sustainability undercurrent which, depending on how one wishes to view it, goes back 40 years (to
the publication of the report ‘The Limits to Growth’ and Barry Commoner’s book ‘The Closing Circle’ in 1972), or even 50 years
(to the publication of Rachel Carson’s ‘Silent Spring’ in 1962). During that time, sustainability has forced its way from the
periphery to the centre of public attention. While newspaper headlines and summit agendas are usually driven by the crisis of
the day (the urgent need to repair the global financial system), those crises will hopefully recede if better agreements can be
made. By contrast, sustainability is an undercurrent that is becoming ever stronger.
Climate is by no means the only sustainability problem. Sustainability concerns everything that jeopardises our continued
existence on planet Earth. Problems related to sustainability also include things such as animal welfare, exhausting fish stocks
and polluting the oceans, reducing the global gene pool through diminishing biodiversity, exhausting finite resources,
declining soil fertility, and growing resistance of insects and bacteria to pesticides and antibiotics. All these problems are
focusing minds. Developing countries also regard social problems such as child labour and poverty as sustainability issues, as
evidenced by the prominent place those issues occupy in the Millennium Goals.
The days are gone when these problems were regarded as peripheral issues, which were the concern primarily of people with
an ‘alternative’ lifestyle or tree-huggers. On the contrary, a large slice of the business community is now embracing
sustainability, at least in terms of strategy. It is a question of seeing further than the end of one’s nose, thinking ‘outside the
box’. It is more than 15 years ago that Captain Birdseye himself, in the person (in his Dutch guise) of the later Unilever
chairman Anthony Burgmans, picked up the telephone to inform the fisheries industry that he would still like to be able to sell
fish in 2010. Lack of sustainability also impacts on the earning capacity of industry.
Sustainability appears to have really taken root with consumers. It was some years ago that the first major company went
bankrupt because it did not take sustainability seriously, but actually devoted all its energies to lobbying to allow it to
continue making unsustainable products (General Motors). The label ‘green’ is now seen as a recommendation on all
consumer products. And not only in the rich West: China’s five-year plans are full of references to sustainability.
China began taking the greenhouse effect seriously in around 2007. Perhaps China’s leaders fear that water levels in Chinese
rivers will fall due to climate change; China is home to 20% of the world’s population but only 3% of the world’s fresh water.
Since 2007, China has promoted solar and wind energy at all levels: from feed-in tariffs to the building of national industries.
Since 2010, China has been the world’s biggest manufacturer of both wind turbines and solar cells, and has the avowed aim of
obtaining 15% of its total energy consumption from sustainable sources by 2020. That policy is supported by Chinese public
opinion. According to Wikipedia (‘Energy Policy of the People’s Republic of China’), 97% of the Chinese population in 2007 felt
that the government should do more about climate change, and 62% felt that the industrialised countries were rightly placing
demands on emerging economies with regard to CO2 emissions. There have also been successful local protests in recent years
against polluting industries.
A strikingly large number of Dutch companies devote a lot of attention to sustainability. DSM, AkzoNobel, Unilever, Philips, Air
France/KLM and PostNL all occupy first place in their respective categories in the world sustainability indices. In doing so, they
are filling a gap left open by governments: where governments were until recently the guardians of sustainability, today that
role is played more by businesses, encouraged by their customers. This perhaps explains why sustainability has become more
firmly anchored in society than when governments were taking the lead.

Principle 1: productive and sustainable agriculture
We will now look at five ‘principles’ of the biobased economy. The first is a productive and sustainable agriculture. A biobased
economy is not by definition sustainable – but it will have to be sustainable in order to survive. Similarly, the high-tech local
economy will be sustainable or will die. The sustainable biobased economy places heavy demands on agriculture. Society in
the future will derive an ever larger part of its economic value from the land. Agriculture will have to develop into a
sustainable and productive sector. On the one hand, the land must produce enough, while on the other hand farmers must
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ensure that their produce is grown sustainability, whilst protecting local biodiversity and without excessive use of artificial
fertilisers and fossil-based energy – and all that whilst maintaining soil quality (sufficient minerals and carbon in the soil).
There is a big challenge here, because the farming industry has developed in recent decades in the direction of monocultures,
sometimes growing genetically modified crops, with large external inputs such as artificial fertilisers, exhaustible
groundwater, pesticides and tractor fuels.
Recently, however, techniques have been developed under the name ‘precision agriculture’ which meet these requirements.
The trend is away from uniform and towards specific. These farmers use pesticides – and even water – only where and when
needed for a particular crop under particular weather conditions; and they use no more than necessary. Existing pesticides
are also not always the most appropriate choice. New pesticides are more precise, work only under certain conditions and
have minimal external effects. Horticulture, with its preference for biological treatment of pests, for example using specific
wasp species, is leading the way here. By using crop rotation in arable farming, farms take into account the soil type and
ensure that soil quality is maintained. Researchers are looking at dual cultivation: growing two crops simultaneously on the
same land which are beneficial to each other. In livestock farming, efforts are under way to develop feeds which give each
animal precisely what it needs, thereby benefiting animal health and reducing some of the manure problems and mitigating
methane and ammonia emissions. Farming methods such as these are being developed in only a few places in the world:
places where land is scarce and yields per hectare need to be high, such as northwest Europe and China. This type of
agriculture is also capital-intensive, with continual investments needed to ensure high yields whilst at the same time
maintaining soil quality and respecting local biodiversity. Compare this with a global agricultural industry which has been
impeded for many years by underinvestment, primarily because farmers in the Third World often earn too little to make the
investments needed to develop their business. They will have to make the leap from low-yield to capital-intensive and highyield agriculture. The requirement that agriculture must be both productive and sustainable has many consequences.
We will have to approach this and other sustainability requirements sensibly. Agriculture will not become sustainable
overnight, and nor will industry. Radical measures can have a negative impact on the earning capacity of a business or sector,
and in the most extreme cases can lead to bankruptcies and the continuation of non-sustainable production methods. On the
other hand, economic arguments are often misused in order to mask unwillingness or short-sightedness. And yet it is
important that we progress further along the path towards sustainability. In the 1960s and 70s, industry complained loudly
about the simplest environmental measures. Suppose that we in the Netherlands had listened to those complaints: we would
now be living in a heavily polluted country; the younger generations would have emigrated; the economy would have
collapsed and the Netherlands would have become the dumping ground of Europe. Sustainability was already an economic
force in the 1970s – it was just that people and businesses did not yet realise it – and it still is. We would therefore be well
advised to continue moving towards further sustainability. However, we cannot demand total sustainability at once; we will
have to commit to a continual series of annual improvement programmes.

Principle 2: sustainable chemistry
What holds for the farming industry also holds for the chemical industry: it will have to become sustainable. The development
of green chemistry has accelerated over the last 20 years, and the striking thing is that this development is taking place
simultaneously in many fields of chemistry. The use of enzyme technologies (e.g. in biocatalysis and fermentation) – with
processes derived from nature – for the industrial production of chemicals marks a breakthrough. Other branches of chemical
science are also developing at a rapid pace, for example the use of homogenous and heterogeneous catalysis in the processing
of biomass. The Dutch School of Catalysis is also doing excellent work in biomass enrichment. This means that reactions can be
controlled more specifically, yielding larger quantities of the required substances at lower temperature and pressure (and therefore
with less energy use). Until now, fermentation usually meant traditional fermentation, with ethanol as the main product. It was an
improvement over the process used to make wine and beer since time immemorial. For the last twenty years, however, the industry
has been turning out high-quality products such as medicines using fermentation. And for the last five years, this method has been
used to produce bulk chemicals from biobased feedstock, including glycol, lactic acid and succinic acid. New biopolymers have also
started to make their way into the plastics industry; at present they have only a 1% share, but it is growing rapidly.
Using enzymes offers great benefits over traditional chemical reaction processes. The reactions take place in water and do not
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require high temperatures and pressures; that means low energy use and low greenhouse gas emissions. On the other hand,
extracting the products from the often dilute solutions can demand a great deal of energy, for example for dewatering in a
centrifuge or in membrane separation. When enzymes are used, no other organic solvents are involved. Agricultural products
are used as a raw material rather than oil. Certain substances can be made in a very targeted way. This is giving access to new
kinds of plastics, with as yet unimagined properties.

Principle 3: knowledge development and lifelong learning
All these developments, in both the agricultural and chemical sectors, are very knowledge-intensive. Making the economy
more sustainable is therefore heavily dependent on the further development of science and technology – especially now that
sustainability has come to dominate the direction of research and development in sectors such as chemistry and energy.
However, we can only accelerate along this path if our society reappraises its view of science and sets aside more rather than
less funding for R&D. In the Netherlands, the budget for innovation (and particularly the continued development of
technologies) has fallen sharply. That reflects a failure to appreciate the enormous importance of innovation, precisely at this
time, and comes at a time when the notion of the Netherlands as a centre of knowledge remains one of the central elements
in the national economic strategy.
Knowledge development demands good knowledge transfer. The biobased economy requires lifelong learning because
developments take place so quickly. We are opening up new disciplines, and the knowledge about them needs to be
disseminated rapidly. This applies for university subjects as well as for using technology and becoming familiar with new
equipment. Many Dutch universities, universities of applied science and technical vocational colleges are already devoting
attention in their courses to green chemistry, biobased enterprise, etc. The basic knowledge also needs to be incorporated in the
curriculum of secondary schools. The transfer of knowledge also needs to be stepped up in order to realise the benefits of this
new development and to maintain the momentum. E-learning is a good way of disseminating this knowledge quickly, and elearning activities are being set up in several locations. There is a great deal still to be done in this area, however. There is for
example a great shortage of technical staff at all levels, and more attention is required for agricultural ecology. This is a particular
problem in the Netherlands, where pupils and students have for years preferred ‘social’ subjects over the exact sciences and
technical subjects, whereas those are precisely the skills that Dutch society needs. Bringing together technology and sustainability
should help to interest new generations of students in technology. At the least, we must do our utmost to bring this about.

Principle 4: continual development and sustainability monitoring
The powerful development of sustainable agro and chemical sectors is a pre-requisite for the biobased economy. Sustainability
itself must also be developed further. In many situations, it is not clear in advance what sustainable action means. Ten years
ago, most people thought that biofuels would be sustainable, and this prompted policymakers to promote them heavily. But it
quickly became apparent that this promotion often resulted in new non-sustainable activities. According to many studies,
promoting biofuels led to the displacement of food crops and ultimately to the felling of tropical rainforests to make way for
palm oil and soya plantations. The term used to describe this is ILUC (Indirect Land Use Change). The sustainability score of
many biofuels, measured in terms of the amount of CO2 emissions avoided, is also disappointing, and transporting these fuels
generates new CO2 emissions. The circumstances under which the biofuel crops are grown also leave something to be desired;
development organisations highlight the working conditions on the plantations, including hazardous work and child labour.
Biodiversity can also be endangered. The developing biobased economy must devote attention to all these points.
The actual content of sustainability, especially in vulnerable ecosystems, must therefore be continually developed, whilst at
the same time identifying undesirable effects and setting up monitoring systems. NGOs have emerged as critical observers of
sustainability effects and are doing good work in that regard. The signals they pick up make a very important contribution to
the further development of the biobased economy.
Social scientists also have an indispensable contribution to make in the further development of sustainability criteria and in
setting up monitoring systems and the associated consultations. They develop ways of bringing together divergent interests,
and devise indicators to measure progress. The sustainable economy is not just a case of ‘chemistry meets agriculture’, but
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also of ‘social science meets exact science’.

Principle 5: focus on biomaterials
Much of the effort invested in realising a biobased economy has to date been both knowledge-driven and driven by the
climate problem. In the next phase, it will be necessary to bring more focus to bear.
The engine for the knowledge-driven part of the biobased economy is green chemistry. We do not know where the limits lie
to our ability to copy and imitate the processes that take place in nature. Developments are proceeding with exceptional
speed. Our knowledge is gradually helping us to understand the complexity of nature and to make better and better use of it,
with fewer external effects. Green chemistry is attracting a great deal of attention – because of the new commercial
perspectives, but also because many people are concerned about the lack of sustainability in our society. However, because
this attention is knowledge-driven, there is a lack of economic and social focus.
The development of the biobased economy is also driven by concerns about the climate. The hope is that using biomass as a
source of energy will reduce CO2 emissions. To achieve this, very draconian policy measures have been developed: strict
volume obligations in the European Fuels Directive on the one hand, and large subsidies for the use of biomass (wood) to
generate electricity on the other. Despite this, climate policy has enjoyed little success, and the accumulation of CO2 in the
atmosphere continues.
A shift in focus is needed going forward. The knowledge-driven impulse from green chemistry provides too little focus, while
the use of biomass in the energy sector provides the wrong focus. The large volumes of biomass that are needed for the
energy supply create problems due to competition with the food supply and displacement of food crops to newly created
agricultural areas, obtained for example by destroying tropical rainforest. Even when reports of these effects are exaggerated,
they place biomass in a bad light, which does nothing for the biobased economy. Moreover, the energy supply no longer
needs a major contribution from biomass now that shale gas can be extracted in large quantities; gas can serve as a bridge to
an energy supply based mainly on solar and wind energy.
We in Europe, in particular, should henceforth be focusing on biomaterials. Their economic potential, from simple plastics to
advanced medicines, is enormous. That potential does not lie primarily in their use as drop-ins, though these can form a
bridge to innovative biopolymers. The world produces 400 million tonnes of plastics every year, leading to some problematic
effects such as the ‘plastic soup’ in the oceans. There is a social problem that needs to be resolved here, but also an
opportunity because of the ability to develop biomaterials with entirely new properties, especially as our understanding of
how nature functions increases.
Biomaterials offer particular opportunities for Europe, because other countries which are embracing the biobased economy
have a different focus. The US is primarily occupied with producing energy to reduce its dependence on other countries; Brazil
and other emerging economies are primarily concerned with economic growth. As a result, biomaterials offer a promising
focus for the wealth of innovative knowledge present in Europe, even with declining R&D spending. The value pyramid serves
as a good guide here, because if we apply it we concentrate on the applications with the highest returns. In chapter 3 we will
look more closely at how this focus can be given tangible form.
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Three phases
In our 2011 report we divided the development of the biobased economy (using the terminology of 2011) into three phases.
Biofuels in the petrochemical infrastructure.
In this phase, agricultural products are used to create the same chemical building blocks that are currently used in the
petrochemical industry. The structure of the chemical industry remains the same as in the petrochemical era.
Full exploitation of the potential of catalysis, enzymes and fermentation.
The structure of the chemical industry is changing: in this phase, a new system of simple chemical building blocks is
developed, the logic of which is based on biobased feedstock.
Biorefining; utilising the existing complexity.
The aim is no longer to reduce the complexity present within biobased feedstock, but to exploit it to the full for direct use or
efficient conversion. Obtaining the highest value is now the guiding principle.
In the first phase, the logic of the petrochemical industry is still the guiding principle, and the energy supply is still the lead
sector. In the second phase, the chemistry and materials (C&M) sector moves from being the ‘carrier’ of energy to being a
carrier of agrofood (A&F), with the food supply now the lead sector. In the third phase, A&F and C&M come together to form
an integrated and economically leading sector.
The progress through these phases has been much quicker in reality than we assumed or could have foreseen two years ago.
With regard to the strategic focus of the biobased economy, it is therefore much more fruitful to begin thinking already from
the standpoint of the food supply as the lead sector, to which C&M can be bolted on. That will prevent conflicts with the food
supply, which would simply put the biobased C&M sector in a bad light. This new strategic focus will also help to accelerate
the opportunities for biobased industries – all the more reason to speed up the decoupling of the thinking about the biobased
economy from the energy supply.
The primacy of the food supply that we advocate here does not mean we think agriculture should focus only on producing
food. Human beings also have other needs. In Maslow’s hierarchy of needs, food security lies at the basis. However,
agriculture also produces products that meet ‘higher’ human needs and which make life liveable or even pleasurable, such as
flowers, fragrances and medicines. If we apply the value pyramid of biobased feedstock, we automatically place the greatest
emphasis on the products with the highest value, which happen to be those that meet these ‘higher’ needs. However, our
overriding view here is that the strategic focus of the biobased economy in this phase should start from the primacy of the
food supply, not the energy supply.

Regionalisation
In the biobased economy, the focus shifts to regions and regional development. Both chemistry and agriculture acquire a
pronounced regional component. Key factors in agriculture will be the economical and efficient management of raw
materials, energy and substances that must be returned to the land in order to maintain its fertility. Avoiding waste (or,
expressed in positive terms, using raw materials efficiently) will become the design principle for the circular processes in the
forthcoming circular economy.
Many crops, such as grass, contain substantial amounts of water. Transporting the harvest for processing is not efficient;
preprocessing the crop where possible increases the efficiency. Plans for large-scale grass refining, involving transport over
long distances, have therefore been dropped and replaced by plans for mobile refining on a much smaller scale. That avoids
unnecessary transport and means that minerals and fibres that are necessary for maintaining soil fertility can be returned
directly to the land. This maintains the production capacity of the soil, a primary requirement for a biobased economy. The
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proteins that are separated out from the grass can be processed within the region itself to make feed for pigs and chickens. In
the future, we will also see more small processing plants springing up in the countryside, in which the harvest is preprocessed
to form sustainable intermediate products. These plants will be large enough to operate profitably, yet small enough to
enable the cycles of the circular economy to be properly closed. This will not just be the case in north-western Europe, but in
Africa, too: an example is the mobile Dadtco container for processing cassava which was discussed in our previous report.
This will also lead to a new logic for the chemical sector. Fermentation requires less energy and is profitable on a much
smaller scale than the existing petrochemical processes. Since energy is expensive, processes that produce heat have in the
past been built as close as possible to processes that require heat: chemical plants consequently developed into enormous
petrochemical complexes. That will change over the coming decades; chemical plants will become smaller, reversing a very
long-standing trend. They will also lose their traditional silhouette due to the disappearance of the distillation towers: green
chemistry uses very different processes from the petrochemical industry, where products are separated using distillation.
Membrane separation – a technology in which the Netherlands excels – generally plays a major role, though also demands a
lot of energy.
In addition to improved sustainability, fermentation also has commercial advantages. The products are often purer, which
means , drugs made using fermentation have a longer shelf life – a considerable commercial bonus. Moreover, organic
reactions based on enzymes deliver products that are left-turning or right-turning – unlike traditional chemical reactions,
which produce a mix of both; but because only one of the variants has the required therapeutic action, fermentation requires
only half the amount of raw materials.
An industry of this kind, which is good both economically and ecologically, will undoubtedly come. But the new chemical industry
will have a completely different structure from today. The chemical plant of the future will be smaller and carry less risk and will
definitely not need to be built in an area of industrial or chemical concentration. On the contrary, it will be better to build them
close to the raw materials supplier: the farm, though it is not the intention that farmers should also operate these plants. The
dividing line between industry and agriculture will then begin to blur. Small chemical plants will be built close to farms or villages.
The result will be a decentralisation of the chemical industry, comparable to the dismantling of mainframes in the ICT sector, to
be replaced by the interlinking of lots of small computers. This decentralisation will strengthen the economic base of the
countryside, which will take on something of an industrial appearance. The small chemical plant of the future will generate extra
income for the farmer or the village. Cities will continue to be centres of intellectual activities, but the economic activity will be
more evenly distributed. There will be a relative increase in the prosperity of the countryside.
Decentralisation of industry does carry the risk of loss of quality. In the existing chemical industry, risks can often be
adequately controlled by large, well-equipped safety departments; this quality control must not be lost in smaller, more
dispersed plants. Biobased feedstock and fermentation processes have characteristic risks such as overheating and the
formation of toxins (think of the accidents that have occurred involving manure silos). During the transition to a biobased
economy, it will be essential to maintain services that keep an alert watch on such processes, because local personnel will not
always have the expertise to identify dangers. Some of these problems (though probably not all of them) can be addressed by
remote monitoring.
Decentralisation of the economy is at odds with the tendency towards centralisation that still persists in our society. Decisionmaking power is currently still moving away from municipalities and provinces to the national government, and from the
national government to the European Union. Although many tasks are currently being ‘devolved’ from central government to
municipalities, this applies only for their implementation, not for the policy decisions. But if the primary focus of the economy
moves to the regions, those regions will also want more decision-making power at the expense of the national government.
That will be a lengthy process, with plenty of obstacles along the way. Ultimately, a ‘Europe of the regions’ could emerge, in
which the European Union is no longer a major harmonising power but a supranational or supraregional body which creates
the frameworks within which regions are able to develop in diversity and with a degree of autonomy. In the political arena,
too, ‘bottom-up’ will gain ground at the expense of ‘top down’.
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Obstacles along the way
Changing the industrial structure and the regionalisation of society will not be entirely straightforward processes. The social
transition of which the move to a biobased economy forms part will elicit even more resistance. As with every transition,
there will be a phase in which oppositions harden, when imminent changes prove not to be innocent innovations but the
harbingers of fundamental change. This is happening at the moment with solar cells; at first they were the preserve of
sustainability devotees. But now it is becoming apparent that the electricity grid will have to be configured differently, and
new rules will have to be drafted for feeding back electricity to the grid. That will cost the electricity companies money, and
jeopardise the still very recent investments in gas and coal-fired power stations. All parties have taken their positions ready
for a battle that will last for many years, whereas the outcome is already clear: solar cells will win. Coal and oil will eventually
run out; gas will be around for a while longer.
We can expect similar scenarios in relation to the biobased economy. Attempts to amend the legislation on manure and waste
are an issue where it is already apparent that progress is slow. The biobased economy will require more preprocessing of crops
on or near the farm; this local preprocessing is currently hampered by legal obstacles. For example, if potato farmers want to
mill and dry their harvest, they are not permitted to return the potato juice to the land, because it contains nitrogen, and
adding nitrogen to the land in the autumn is prohibited. Farmers are not even allowed to wash their potatoes, because the
washwater is regarded as fertiliser. The only thing that farmers are allowed to do is to shake the potatoes whilst dry to remove
the soil, but then around 10% of the weight consists of dirt tare – and as soon as it leaves the farm gate, that dirt tare is classed
as chemical waste under Dutch waste legislation. The current environmental rules are not geared to the biobased economy.
We can also expect economic battles. If more bioplastics come onto the market, the price of fossil-based plastics will fall. The
petrochemical plants in the Botlek area of the Netherlands are fully written off and can continue to operate for some time
yet. And there will also be an institutional battle. Non-biodegradable disposable plastics could be banned (as in Italy), but that
is not happening yet. There are levies on biobased feedstock and hidden subsidies for the use of fossil-based raw materials.
Removing such obstacles will take years.

Shale gas and the biobased economy
Gas prices in the US have fallen sharply due to the development of shale gas, and that is very bad for the European chemical
industry. Energy prices have always been important in attracting chemical industries, and there are loud calls to begin extracting
shale gas in Europe, too, or at least to bring down gas prices. Lower gas prices could throw a spoke in the wheel of the move
towards a biobased economy, because gas (shale gas or natural gas) is also a raw material used in the chemical industry, and that
will undermine the competitiveness of biobased feedstock. Or will it? There are even people who claim that if shale gas had been
developed ten years earlier the biobased economy would not even have got out of the starting blocks.
In the US, the development of the biobased economy is going ahead as normal. It is true that many biobased projects have
been deferred or abandoned, and the production of bioethanol has reduced, but at the level of R&D, shale gas is not having a
major influence. For the US, the development of biobased feedstock, just like the extraction of shale gas, is a form of strategic
insurance for the future, because it will make the US less dependent on other countries. That same consideration could also
apply in Europe.
To date, naphtha, obtained from oil by cracking, has been the most important raw material for the petrochemical industry. Shale
gas could take over that role. But there is a key difference. Shale gas consists of C1 and C2 compounds. Making higher carbon
compounds and aromatics requires complex processes, with high investments and long lead times, as for example with GTL
(Gas-To-Liquid), a process used to make diesel and other higher-level hydrocarbons from natural gas. It is therefore logical
that the C2 compound ethanol will encounter severe competition from shale gas, but that does not apply for more complex
substances. Green chemicals such as biosuccinic acid biolactic acid will be able to compete perfectly well with fossil chemicals
in the short term. Extracting aromatics from biomass is a process that is currently in development, but that too is a promising
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option, notwithstanding the shale gas boom.

European agricultural policy
The renewed Common Agricultural Policy (CAP) has recently come into force. Traditionally, European agriculture has
focused on food production and regional development. But the biobased economy also explicitly requires that industrial
applications be developed for crop harvests. The new CAP is largely a continuation of the old version, and provides no
impulses for a biobased economy. That seems a missed opportunity, especially as other European bodies do recognise the
importance of research on sustainability and biobased developments. The proposals do devote attention to regional
development, and that could offer a starting point.

European research programmes
In the European Commission, DG Research is in charge of guiding the transition to the biobased economy. However, policymakers
in Brussels talk about the bioeconomy, by which they mean all agriculture, stock farming and fisheries plus the processing of
agrarian raw materials. The Commission has prepared a blueprint for this bioeconomy, led by DG Research, in which
technological research (naturally) plays an important role. There is a certain tension between this bioeconomy programme
(which seeks to give the biobased economy its full head) and the, and Common Agricultural Policy.
Technology research has always been steered by European funding in the form of framework programmes, the most recent
being FP7. The new framework programme, under the title Horizon 2020, differs from the old programmes because it
explicitly links research to innovation. This makes application of the research more important. At the same time, direct
participation by industry is growing, which is particularly beneficial for the biobased economy. It is against this backdrop that
the Biobased Industries Initiative (BII) programme is being rolled out. It is scheduled to run for seven years, starting in 2014,
and involves a total of €3.8 billion. The European Commission will contribute €1 billion, with the rest coming from industry.
The target was to finalise the decision-making by the European Parliament by the end of 2013.
What makes BII unique is not only its scale and the envisaged close cooperation between industry and public authorities, but also
the fact that in the European biobased economy there is no dominant sector of industry and no dominant player (à la Airbus). On
the contrary, sectors which in the past have had no contact with each other will now work together, such as agro and chemistry,
waste processing, energy, logistics and any number of other sectors. Lots of divergent interests demanding lots of negotiation,
then, yet BII appears to offer great promise. Many biobased processes in Europe are almost at the commercialisation stage,
creating a higher risk of ‘valleys of death’. BII, which will be led by a consortium from industry, must help overcome this obstacle
and give Europe back its leading role in biobased initiatives in this area: 25% biofuels and 30% biochemicals in 2030.

The biobased economy in Europe and the US
Europe suffers from the European disease: lots of knowledge development, lots of potential, but little commercial
development, little realisation. There is no lack of knowledge development in Europe, which is still number one in the world in
this field, partly thanks to a long tradition of government support for R&D. But Europe often fails to convert its wealth of
knowledge into actual commercial productions. Even setting up pilots and demonstration plants is often fraught with difficulty
– hardly surprising, because these projects cost tens of millions of euros. Collaboration between different European countries
might offer a solution here. Otherwise we will continue to develop knowledge that is used elsewhere to set up factories from
which we can later buy the products. Moreover, Europe is still talking about new developments that are rapidly being put into
practice elsewhere. The result is that European businesses are increasingly establishing their green chemical plants in the US,
where conditions are more favourable. The sluggish European decision-making processes are a major obstacle. Take the
regulations on biofuels, for example. The first Fuels Directive, which required Member States to incorporate a certain
minimum percentage of biofuels in their national fuel mix, was established fairly quickly. And the distinction between first and
second-generation fuels was also made rapidly. But when biofuels proved not to be as sustainable as anticipated and a
counter-lobby began, things started to go wrong. A very complex amendment to the Directive was published in 2012, which
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has since been amended again, and everyone senses that the last word has not yet been uttered. The stable policy horizon
that is so important for industry is a long way away. Add to this the fact that – certainly for smaller businesses – it is much
easier to obtain investment capital in the US than in Europe (a fact further exacerbated by the European banking crisis) and
that energy prices in the US are low, and the problem begins to loom large. To illustrate the impact for Dutch biobased
companies, an American company has built a plant producing second-generation ethanol using technology developed by the
Dutch firm DSM; Avantium is planning to produce its green soft drinks bottle in the US (though has not yet taken a final
decision) because energy prices are so low there; and AkzoNobel is building a new paint factory in the US.
The biobased economy in the US was initially strongly focused on biofuels, driven by the ambition of making the US
independent of other countries for its energy supply. Gradually, however, the focus is beginning to shift. The US government
has had a national Biopreferred Program in place since as long ago as 2002, which requires the Federal government to buy
biobased products whenever possible. Those products can be accredited, and there are currently 3,000 products on the
approved list. Europe has a corresponding programme, but it is applied virtually nowhere and the policy is much weaker.
Energy policy still drives the biobased economy in the US, partly because of the requirement to manufacture an increasing
proportion of bioethanol from cellulose-containing raw materials. But attention is shifting, and the industry is increasingly
investing in high-grade chemicals. A real sea-change will be needed in Europe, perhaps through the Biobased Industries
Initiative (BII), if it wishes to make major changes.

Can it go wrong? Yes, it can go wrong. How? What can be done?
Not all the signals are on green; there are major obstacles to be overcome. In the innovation policy, there are problems
concerning the allocation of resources. There is too little money for biobased materials, and most of the money available for
biobased innovations goes to energy projects, which is not the way forward. On the other hand, there are many enthusiastic
biobased entrepreneurs and developers who are not allowing themselves to be deterred. More worrying is that the regard for
scientific research has fallen. The models developed by the Netherlands Bureau for Economic Policy Analysis (CPB) treat R&D
as a cost item – despite the fact that knowledge development is the engine of the Dutch economy, and should therefore be
seen as an investment.
The Netherlands is a country built on fossil energy. Gas and oil interests dominate the national agenda. Lip-service is paid to
sustainability, but the Netherlands is in the trailing group in Europe in this field. Policy is sluggish and amending it often takes
a very long time. European sustainability rules are translated into national legislation increasingly slowly. And yet Dutch
companies often take the lead in sustainable change. AkzoNobel, DSM, Philips, PostNL and Unilever are the most sustainable
companies in the world in their respective sectors; the innovative horticultural industry has made sustainability a core focus
area. Gradually, these signals are beginning to penetrate the lofty corridors of the seat of government in The Hague.
We are at a turning point. It is not yet too late. The biobased economy is young and could suddenly begin developing rapidly. In
chapter 3 we set out what is needed for this to happen. But first, in chapter 2 we give an impression of the many aspects of the
biobased economy – and the biobased society. In many cases, we do this by elaborating on aspects that have been covered
briefly in this chapter.
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2. The mosaic of the
biobased economy
Developments all around
In this middle section, we use short, specific passages in an attempt
to provide an insight into the breadth of the biobased economy and
its influence on science, technology, politics and society.
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Innovations in all layers of the value pyramid
With their renewable raw materials, materials, textile fibres, food products and healing plants, agriculture and horticulture
have been meeting the daily needs of human beings for thousands of years.
Until the Second World War, agriculture did indeed meet virtually all our daily needs. The War led to a wave of innovation
thanks to the use of oil as a transport fuel, to produce ammonia and munitions, and as a raw material for the manufacture of
plastics such as nylon and PVC. These innovations speeded up the reconstruction effort, which was in turn fuelled by fossil
energy. The vision of a modern usage of renewable fuels died a death in the first years of the Second World War. Among
other things, this meant that the ‘car that grew from the soil’ proposed by Henry Ford, made using plant-based raw materials,
failed to survive in the fossil-fuelled violence of war (Popular Mechanics Magazine, Vol. 76, No. 6, December, 1941).
Today, 60 years after Henry Ford’s idea of the renewable car, biobased initiatives are coming to life again due to dwindling oil
reserves, climate change and geopolitical factors. Research is once again being carried out into the value of renewable raw
materials such as sugar, starch, proteins, fats/oils and fibres for applications in society. The farming industry produces these raw
materials – and much more besides – with the help of water, sun and artificial fertilisers. Biobased feedstock is now used in
pharmaceuticals, cosmetics, food, fine chemicals, construction materials, textiles and chemical building blocks, and ultimately
to produce energy in the form of transport fuel or as a raw material for the production of electricity.
Value pyramid
Value creation using biobased feedstock can be made visible using the biocascading principle or the value pyramid.
Pharmaceutical applications create a great deal of value per unit product with relatively low volumes; energy applications
create little value per unit product but with large volumes.
Agriculture, horticulture and livestock farming produce raw materials and products for the entire value pyramid, and biobased
innovations can be found in every layer of the pyramid. The Dutch agro sector invests in green innovation for the entire
biocacade. The EU project Phytosana is developing raw materials from the root of cow parsley (Anthriscus sylvestris) for use in
chemotherapy for the treatment of cancer. After fermentation, 97% of the biomass remains as a residual fraction. It is rich in
fibres and is highly suitable for fermentation to create biogas. (Bioactive plant substances such as these are described in the
Community Herbal Monographs, and their application in the European Pharmacopoeia from the European Medicines Agency,
a goldmine of high-grade applications).
Plant extracts also have nutraceutical properties. The companies Meatless and the Vegetarian Butcher (Vegetarische Slager)
are collaborating in a clinical study of the ability of lupin proteins to lower LDL-cholesterol. The study is part of the EU project
LUPICARP, in which the university hospitals of Milan and Helsinki are carrying out a joint research project for the submission
of an EFSA-approved health claim. Prebiotic nutritional fibres that can be used as sugar and/or fat replacements are also
derived from plant or animal raw materials. Sensus, for example, produces the nutritional fibres inulin and oligofructose from
the roots of Jerusalem artichokes. Soluble nutritional fibres and proteins from lupins form the basis for products that can
prevent undernutrition in older people. This is the subject of a study being carried out within the LupinSilver project, funded
by the Province of Groningen. The company Color&Brain is working with the miller LIFrank and the residential care group
BCM in Stadskanaal to develop tasty and nutritious lupin bread and prebiotic lupin drinks.
There is a growing trend in using pure biobased feedstock such as oils/facts and bioactive plant-based ingredients as the basis
for green cosmetics. Extraction using clean technology, for example with supercritical CO2, produces pure, solvent-free raw
materials. As part of the Phytosana project the companies Emonta, Medex and Color&Brain are developing new cosmetic
products based on bioactive extracts from herbs.
Many agro-raw materials are used to create food and animal feed products. This is the biggest market for these raw materials.
An innovative example is the complete enrichment of fibres, proteins and starch from starch potatoes. AVEBE has for example
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successfully converted each potato fraction into ingredients for use in food and animal feed. A recent development is the
refining of protein from potato juice by Solanic (a subsidiary of AVEBE), in which mild separation technology is used on an
industrial scale to extract functional protein fractions. The potato, which contains more than 300 enzymes, thus forms the
basis for a complete portfolio of bioactive components which can accelerate the progress towards a green chemical sector. In
addition to proteins, carotenes can also be extracted, for example lutein, which is added as an essential ingredient to pig feed
and which may play a role in the prevention of age-related macular degeneration (AMD).
Plant fibres such as flax, hemp, jute and cotton are raw materials for textiles, but also for reinforced biobased materials such as
renewable car components. The company Hempflax manufactures components for concrete reinforcement from hemp. A key
development is the replacement of fibreglass by biocomposites – materials made from woven or non-woven natural fibres as a
reinforcement in bio-epoxy resins, for example. High-performance applications are also possible, such as those developed by
the company NPSP. Another example is the combination of carbon and flax fibres to make rigid cycle frames that absorb
vibrations, as used in professional racing cycles made by the company Museeuw.
Almost 9,000 Dutch arable farmers together grow more than 5 million tonnes of sugar beet for the processing industry each
year on almost 70,000 ha of land. The sugar producer Suiker Unie produces saccharose from this harvest as well as specialities
for the food industry. Sugar is an excellent starter material for fermentation to produce bioethanol or chemical building blocks
such as lactic acid, isobutanol and furans. Lactic acid is used as feedstock for bioplastics; isobutanol can be used as a biofuel or
as an initiator for chemical building blocks; furans are used in the manufacture of bioplastics, coatings and adhesives. One
advantage is that the sugar need not be completely pure for fermentation; in fact, the micronutrients in the non-purified sugar
sap are essential nutrients for the bacteria and yeasts which carry out the (bio)chemical reactions. Suiker Unie is developing a
special sugar sap for this which is a starter material both for chemical building blocks and for saccharose. Sugar sap is thus the
biobased ‘oil’ of the future, and the sugar factory the biobased hub. The maximum value is obtained from the sugar beet by
finding an application for every component. Here again, the final step is fermentation of biomass that can no longer be used for
other applications to form biogas.
Lignocellulose fibres from wood are the raw material for the paper and card industry, as well as for cellulose and lignin.
Cellulose can be biochemically converted into ethanol (still a complex process); lignin is an aromatic and is therefore a starter
material for lignin-based refining processes that will deliver products such as methanol/dimethyl ether (DME), the solvent
DMSO (dimethyl sulphoxide) and BTX (benzene, toluene and xylene), as well as synthetic flavourings such as vanillin.
Anaerobic fermentation of biomass produces biogas; however, this process can also be optimised in a different way so that, in
addition to biogas, fairly volatile fatty acids such as citric acid and propionic acid can be produced. Volatile fatty acids such as
these are used in the production of bioplastics. The Finnish firm VTT is researching the possibilities in collaboration with Delft
University of Technology (TUDelft) and Attero. This technology can even be used to increase the value of one of the last steps
in the biocascade.
Before actually burning biomass in power stations, thermal conversion techniques can be used to extract further valuable
products. Hydrothermal carbonisation can be used under high pressure and at temperatures of up to 200 °C to develop a
range of carbon nanostructures with as yet unknown applications (the research group led by Professor Antonietti at the Max
Planck Institute in Potsdam is carrying out research on this). Processes carried out at higher temperatures include
torrefaction, pyrolysis and ultimately gasification. Biomass is gradually converted during these processes into carbonised
biomass (biochar), pyrolysis oil and syngas. Biochar has potential as a soil improver; after hydrodeoxygenation (HDO) to
remove oxide groups, pyrolysis oil can be used as a transport fuel or can be refined to form selected components. Syngas (a
mix of carbon monoxide (CO) and hydrogen (H2)) is a building block for the chemical industry.
If no further applications can be devised for biomass, the final option is to burn it as an additive to fuel power stations or to
provide domestic heating.
Foods
Biobased feedstock has come to maturity in a living soil which provides plants and crops with nutrients and micronutrients.
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Nitrogen, phosphorus and calcium are essential elements for plant growth, and are available to the plant in the form of
ammonium, nitrate or phosphate fertilisers. These fertilisers have to be re-extracted in order to close the natural cycle and
prevent them from polluting the environment. Phosphate is a finite raw material, with only sufficient extractable reserves to
last another 20-40 years. Extracting phosphate from waste is essential in order to maintain sustainable crop production.
Several different technologies can be used for this extraction, such as struvite technology, which is already being used by the
potato processor and manufacture of potato fries Lamb-Weston Meijer. The resultant struvite fertiliser is processed further
by the firm Duynie for agricultural applications.
The innovations in the biobased economy are dynamic. Many new biobased products are likely to appear in the coming years
as businesses invest in green innovations on a large scale. It may be that Henry Ford’s dream will then come true after all and
that we will see a car that is made from products that have grown in the earth, whose fuel is produced by soil and sun and,
best of all, that can be returned to the earth after its useful life has ended, to grow new crops for the next generation!
Guest author Rob van Haren, Hanzehogeschool Groningen University of Applied Sciences

Consumers: the driving force behind the green world
This new, green biobased economy and the green society are within reach. Everyone who has even the tiniest desire for
change can see that the air is pervaded with green: the business community, researchers and numerous government
agencies are actively engaged. It is an awakening akin to the arrival of spring. The whole initiative is driven by the new
preferences of consumers.
Consumers’ interest in all things green is making itself felt in all sectors of the economy. The automotive industry, which is
highly sensitive to trends in society, has been advertising economical cars for years, helped by favourable tax breaks. They are
looking to replace fibreglass composites with biopolymers combined with natural fibres – to save weight, but also to advertise
their green credentials. Paint and plastics manufacturers are trying to incorporate as much biobased feedstock as possible in
their products. Store chains prefer to receive deliveries in ‘green’ lorries. But almost everywhere, the feeling is that ‘green’
must not cost any more. There is just one exception to this: brand owners see green materials as a way of setting themselves
apart from the competition when promoting their products, and they are willing to pay extra for this. However, that is not the
case for consumers.
If we take a sector such as the chemical and materials industry, it becomes clear how difficult the transition to a green
economy will be. Companies that produce green chemical basic products do not receive any more for their chemicals than
suppliers of petrochemical products. Plastics processors demand that all new products must fit their existing equipment. New
packaging materials? Splendid. The end consumer embraces sustainability – but not as higher price.
And yet this new green economy is making progress. The signs are everywhere. It is not only early adapters who are
embracing sustainable and green. It is not just vegetarians and bio-devotees who want the meat industry to pay more
attention to animal welfare. We can see the green, circular economy as a new phase in society’s development. Green
technology and green products, driven by consumer preferences, will lead to new economic development. It is comparable to
the change that microelectronics have brought to the world. But the major driving force of innovations in the microelectronics
industry is gradually becoming spent, and this is creating space for a new economic impulse. Mobile telephones came, saw
and conquered; the biobased economy will bring more radical change, but it will take longer.
Innovation will be our saviour, and those who lead the field most prominently will be the first to reap the rewards. The road
to innovation will however be paved with conflicts, as borne out by the experiences with solar energy. Vested interests will
oppose these developments fiercely, as always when a new economic order is emerging. Old industries, such as
petrochemicals and the energy companies, will hold onto their vested interests. With the written-off investments in their
plants, their efficient processes and their existing networks they will undoubtedly be able to continue for a considerable time
yet. But ultimately they too will have to bow before the green wave. The same applies for the financial world, which still clings
to its old, privileged position but will ultimately invest in the green world and the innovative companies that make it possible.
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Consumers are not the end of the new green, circular chains; they are at the beginning of the next cycle. Their involvement
will make the difference.

Agro and chemistry
The basis of the biobased economy is the collaboration between the agricultural and chemical industries. At present, with
the exception of a small number of long-standing partnerships, these two sectors largely work independently of each
other, but will in time form a closer union. Just as happened in many farming regions less than a century ago.
Nature gives us everything we need – well, almost everything. Perhaps not yet affordable or in sufficient quantities, but
technological developments are rapidly bringing us to that point. People have used the products of the land since time
immemorial for all manner of purposes, and the number of substances that we can make well and cheaply from cultivating
the land is growing rapidly. Traditionally important products are timber, fibres for clothing, leather for shoes, special crops for
making luxury products such as dyes. The first plastics were also made from natural products, such as natural rubber and
cellophane. The rise of the petrochemical industry has for a long time shifted the focus away from biobased feedstock, but it
is now back with a bang.
Sugars are the most important raw material for many biobased products. For the last twenty years we have been using them
to make complex substances such as antibiotics. These antibiotics are much better than those made from oil, because they
are pure a and also more sustainable by all measures. Their successful development is an early example of an economically
successful yet sustainable development process. Sugars are also the raw material for new plastics such as PLA (polylactic acid),
PHAs (polyhydroxyalkanoates) and PEF (polyethylene furanoate), which have different and often better properties than
petrochemical plastics such as PE (polyethylene) and PET (polyethylene terephthalate) Nylons, which are still often made from
oil, can in many cases be made perfectly well from land-based proteins.
Plant-based oils are another important raw material. They are incorporated in products such as PUR (polyurethane), epoxy
resins and paints. Some manufacturers of these substances are taking a great deal of trouble to increase the percentage of
biobased feedstock in their products, so that they can improve their footprint and underpin their sustainability claims.
World food production is many times greater than the production of plastics. Consequently, the production of bioplastics will
not get in the way of the need to provide sufficient food. Moreover, many plastics can be made from agricultural residues.
Sugar beet tops, for example (a soil improver that makes up to 45% of the biomass) are currently ploughed into the soil, but
excellent fibres and proteins can be extracted from them using biorefining, whilst still leaving enough organic matter to return
to the land and maintain good soil structure. The differences in quantities mean that a food/chemicals debate is very different
from a food/fuel debate.
To date, the agricultural sector (Agro & Food, A&F) and the (petro)chemical sector (Chemistry & Materials, C&M) have grown
entirely independently of each other. But as C&M begins purchasing more and more raw materials from A&F, the two sectors
will grow closer together and begin to develop joint activities, for example by cultivating crops that are explicitly intended both
to provide food and for use in the C&M sector. Or by taking both sectors into account when planning crop rotation schedules.
This is almost literally an open field: ‘the sky is the limit’.

Food/fuel debate already old hat
The biobased economy is only sustainable if it does not compete with food production. If we use biomass as a raw material
for producing energy, not only are we wasting many useful plant-based substances, but the quantities of biomass needed
to produce energy can also come into conflict with food production. If by contrast we use biomass for chemistry and
materials, the story becomes a positive one.
NGOs immediately raised the alarm – ecologists had done so much earlier – when the Americans began making biofuels from
corn, which until then had been grown as cattle feed. They were right to do so: the demand for motor fuel is so great that
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continued growth of biofuel production could seriously jeopardise the world food supply – in the USA alone, 400 biorefineries
have been built to produce biofuel with large companies, in particular, being driven in this direction by subsidies. Companies
began to buy up land on a large scale (especially in Africa) in order to grow biomass to produce biofuels. ‘No food in the tank!’
was the slogan used by opponents.
The idea gradually began to take hold that biomass would not only displace food production, but would also drive large
monocultures to the rainforests, which would have to be felled to make way for this. Exchanging the world’s lungs for motor
fuel is a bad idea; this phenomenon – termed Indirect Land Use Change (ILUC) – would lead to further increases in the amount
of CO2 in the atmosphere. It would also lead to an unequal distribution of water, reducing biodiversity and changing social
structures. No surprise, then, that people began looking at biomass differently. And the commotion continues to this day.
Although the Food for Fuel debate caused a great deal of commotion, then, there are a number of caveats. Recent research has
for example shown that there may was virtually no ILUC in the period 2000-2010. Farmers in tropical countries, especially,
responded to the growing demand by bringing fallow land back into use and above all by producing several harvests each year.
Second, the corn producers used only part of their production – generally less than a quarter – for biofuel, with the rest being
used as a feed crop. Third, second-generation processes were quickly developed which convert residual products such as corn
stalks and cobs into alcohol for producing biofuel. These developments will help the biobased economy genuinely get off the
ground. It is essential to use the entire plant, with the most valuable products being used for food or other high-value
applications and the residual components for producing energy, depending on the market situation. If the minerals are then
also returned to the soil, the cycle is closed and complete. That will also mark the end of the food/fuel debate.
‘Battle for the barrel’, Science 22-03-2013,

www.sciencemag.org
www.biomassresearch.eu/in_the_press.htm

The chemical industry can help in fighting famine
The chemical industry can contribute to solving the world food problem by helping to bolster world stocks. Using a small
proportion of those stocks as a raw material for the chemical industry will then not be a problem.
World food stocks are currently very low, with in many cases only enough to satisfy world consumption for a few months. The
strategic stocks in the energy sector are much greater, sometimes enough for more than a year’s use. The world is therefore
susceptible to failed harvests. Yet it is technically perfectly feasible to maintain larger stocks. The problem is that it costs money.
And who will pay for that? One possible answer might be that the biobased society will pay for it, based on good cooperation
between the A&F and C&M sectors and with the involvement of all stakeholders along the entire chain from cultivation to harvest
and processing.
World food production needs to be stepped up. That is not a problem. We do not even have to look to other continents for
this; for decades (since the time of the milk lake and the butter mountain 50 years ago), European agricultural policy has been
focused on limiting production. Approximately 6 million hectares have been kept fallow over the last twenty years with
European support. The production of sugar beet and other crops is tied to quotas, which with rising productivity means fewer
hectares under cultivation. Europe could produce considerably more than it consumes itself, simply by ending these measures
and reversing them where possible. The grain stores could be filled again. However, this would be a mainly local
development, given the limited amount of international trade in food.
If world food stocks are increased, using a small proportion of the additional production for the chemical industry is no
problem at all. Total world food production is five times as great as the total demand for chemicals and materials; if we add in
the residual products of agriculture and livestock farming, that production is 15 times higher. At present, only 10% of the raw
materials for C&M come from the A&F sector, which means the proportions at the moment are ten times better than those
just cited. There is also no problem in the long term. The use of residual products (straw, beet tops, etc.) is a cheap and
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attractive way of producing raw materials for the chemical industry; the technology to do this will rapidly become available.
This means that growing inedible second-generation crops purely for industrial purposes is no longer a good idea. Firstgeneration crops (sugar beet, sugar cane, corn) sometimes produce higher yields of fuels or bioplastics per hectare than
specific energy crops. They have the advantage that they can be eaten if necessary (and could therefore be used in extreme
cases to help combat crisis situations), whereas second-generation crops can only be burned for fuel. Moreover, proteins are
always a by-product of the industrial use of first-generation crops – and it is proteins that the world is short of. In time, we will
see the cultivation of more and more dual-purpose crops, which can be used both for food and as feedstock for industrial
processes.
By paying a small levy to help maintain world food stocks, the green chemical industry could therefore assure itself of a lasting,
conflict-free supply of biobased feedstock.
http://www.biobased-society.eu/nl/2013/02/voorbij-foodfuel-betrek-de-chemie-bij-de-strijd-tegen-honger/

Rural development: regions will hold sway
Upscaling is still the dominant trend in the economy, though there are tentative signs of a small-scale economy emerging,
in which economies of scale are less decisive. If the biobased economy continues, the smallest of scale will increase. As a
direct corollary, the importance of the location and of the regions will grow.
A key driver of the downscaling in the biobased economy is the inefficiency of transporting the water contained in wet arable
products over large distances. The general consensus is that residual products should not travel more than 50 or 60 km to the
processing site. That applies for corn stalks, grass, beet tops, etc.. But if the harvest has acquired a certain added value
through processing, for example because of the isolation of protein, sugars or fibres, those raw materials can be transported
over larger distances as raw materials for food production or the chemical industry. Water and nutrients that remain after
refining should not be transported endlessly, but should if possible be returned directly to the land. The unusable residues can
be fermented.
These rules of thumb make running the biobased economy in a small-scale way viable; they also lead to new activities and thus to
the creation of additional value in the countryside. If the farm takes on an additional role as a source of energy for the immediate
surroundings due to the installation of solar cells and wind turbines, fermenting its own manure to produce farm gas (or even
green gas for the national gas network) or digging algal ponds for the production of chemical feedstock, this will create a new
basis for the rural economy.
Clearly, the region and therefore the regional economy will come to play a much more important role thanks to such
developments. Cross-border cooperation will often be of prime importance as farms on both sides of the border will generally
be growing the same crops. National governments will become increasingly remote from these activities. This limited
industrialisation of the countryside could have major consequences, and could perhaps even reverse the exodus to the city if
it leads to increased rural employment. The chemical industry will move to the countryside in order to process the products of
biorefining.
Decentralising influences are also at work in the chemical industry. The interdependence which over the last hundred years
has ensured that all chemical plants are clustered together because the waste steam or stream from one plant could be used
by the next plant and the by-products of one process became the raw materials for the processes in the next plant, will
disappear. Chemical facilities will become more ‘stand-alone’ they will need much less energy, pressure and temperature.
And being stand-alone means that a plant can be sited anywhere and no longer needs to be so large: economies of scale
become less important. The principal reason for chemical plants becoming smaller and more stand-alone, however, remains
that pretreatment needs to take place close to the primary production process, because of the high costs of transporting
water. A plant producing basic chemical products and using sugar as feedstock can then be sited where the conditions
(grants) are favourable.
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We are still a long way from a combined small-scale agro and chemistry sector, but Europe is also beginning to see that the
region is the way ahead for establishing a biobased economy. The European Committee of the Regions is engaging seriously
with the biobased economy, though there are currently few examples of regional projects of any size in Europe; Les Sohettes
in northern France currently appears to be the only one. However, that is a large-scale project with advanced forward
integration (the plant makes biosuccinic acid). At present, farmers achieve nowhere near the same returns on invested capital
as the chemical industry. As long as farmers grow only food crops, that will not change. The targeted, small-scale integration
of farms into the biobased economy might bring about that change.
See: Draft report of the European Committee of the Regions: Innovating for sustainable growth: a bioeconomy for Europe, by
rapporteur Rogier van der Sande.
http://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:C:2013:017:0045:0050:EN:PDF

Downscaling: a closer look
Although the trend towards downscaling in the biobased economy is something that is assumed fairly widely, the driving
forces behind that process are by no means clear. How far will the trend go in practice? Where do the limits of downscaling
lie?
There are mechanisms in both the agro and chemical industries which would foster a smaller economic scale: industry close to
the raw materials supplier, the farmer who produces the basic products for the biobased economy. At present, however, many
chemical plants are a long way from their raw materials. Low wages play a key role, as do construction subsidies. There is also a
great deal to be said for building factories close to the customer, especially if they make consumer products. Manufacturers can
then monitor quality more effectively. They can also respond more flexibly to changes in the market thanks to shorter lead times.
These effects increasingly outweigh the importance of stripping production costs down to the last euro by siting operations in
low-wage countries. The question is therefore whether downscaling in the chemical industry will have much influence on the
scale of industry as a whole.
Combining the supply and demand sides may lead to a new effect: some factories close to wholesale suppliers, others close to
the end consumer. What would happen if these two sites coincided? In the biobased economy, that can happen, at least if
farm yields continue to grow. We will then have an agricultural industry with high yields which can produce enough food for
the population even in densely populated areas, as well as raw materials for industry. In combination with a local energy
supply, this will give rise to a largely self-sufficient and possibly even circular economy. Utopia, perhaps? If the price of solar
cells falls enough and agricultural yields continue to rise, the Europe of the 27 could easily meet its own needs for energy
within a few decades and at the same time produce biobased feedstock for industry. Simple calculations on solar radiation
and agricultural yields bear this out. And if Europe can do that, why not Bavaria, or a province in the Netherlands, or Flanders
in Belgium?
The main question is therefore how far the trend towards downscaling will go. The answer to this question should be drawing
the full attention of economists, especially in the logistics sector. Because every scale reduction leads to smaller transport
flows, with goods being transported over shorter distances. Long-distance transport will then be reserved mainly for valuable
cargoes: special building materials and textile fibres; mineral raw materials and semi-manufactures; the spices and (semi)precious stones of the past. Mass transport of fuels would gradually disappear. The value of transported goods would
increase, their volume decrease. The question of how far the downscaling process will go is of the greatest importance for
logistics companies – and for governments which still think that new physical transport infrastructure drives the growth in the
economy.
The biobased economy is thus linked to many other economic themes, such as the trend towards lean production or the
‘Internet of things’. Those are also themes that can lead to downscaling and a reduction in transport flows, but which cannot
be quantified at present. The biobased economy will probably be smaller in scale, but we do not know precisely why nor how
small.
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Skills as a success factor
Biobased feedstock and biochemical processes will change the way the chemical industry looks. There could be big changes
in their scale and location. The trend will be towards a smaller scale. The skill of the process operators could become an
important factor in deciding where chemical plants locate.
Biobased feedstock requires very different logistics from fossil fuels. Pretreatment of the harvest to create a stable and marketable
intermediate product will therefore always take place close to the producer of the raw materials, namely the farm. By ‘close’ we
mean within a radius of 50-100 km. That provides the regional basis for the biobased economy.
Processing of the intermediate product, for example starch or sugar, to create an end product again obeys completely
different laws. If the intermediate product is processed using fermentation, the availability of skilled and experienced
operators would appear to be one of the most important factors in selecting the location. Fermentation is a process that
generally requires great meticulousness; many industrial organisms (bacteria, moulds, yeasts) are not very stable, and are
highly sensitive to competing organisms in the reaction mix, or variations in temperature or pH in the reaction vessel. At the
same time, the sensitivity of these organisms imposes limitations on the scale of the production plant, because the conditions
cannot be perfectly controlled in reaction vessels that are too large. For many processes, 100-200 m3 is an upper limit.
Further increases in knowledge of biotechnology and process technology might enable facilities to be made even smaller.
Their size is determined mainly by the productivity of the organism and the yields of the reaction process. In the case of
modern drugs produced by fermentation, product concentrations of less than a few percent are not uncommon. In
established fermentation processes it has often taken decades to achieve commercially viable product concentrations of 1020% or more. Higher productivity means smaller reaction vessels can be used. On the other hand, greater stability of the
organisms means that the reaction vessels can be larger, because stable organisms are less sensitive to contamination or
fluctuating conditions. Genetic modification of bacteria, yeasts and moulds is an important tool in further developing both
productivity and stability; biotechnology companies will where possible locate where they can conduct this research without
too many constraints. Synthetic biology is a specialism that will play a major role here.
The size of the individual production plants may not be so important in determining the scale of a green chemical industry
based primarily on fermentation processes. As stated, the decisive factor in choosing the location could be the availability of
sufficiently skilled and well-trained staff. Fermentation processes are a good deal more difficult than traditional chemical
processes, and skilled operators can make the difference between a good result and a production plant which fails to get off
the ground. The biobased economy would need to devote extra attention to educating and training these operators. Skilled
operators will attract production plants, which in turn will train skilled operators. The hubs of the future will be determined by
skill, not by physical infrastructure and not just by university knowledge.

The cooperative as a regional force
Farmers all over the world form cooperatives. They are often farmers who produce ‘wet’ products. The yield or quality of
these products begins to deteriorate immediately after harvest, storage is expensive or difficult, and rapid local processing
is therefore at a premium. In the biobased economy, such cooperatives can provide a major impulse to deriving more value
from the harvest.
The cultivation of wet crops lends itself particularly well to the creation of cooperatives: potatoes, sugar beet, corn, cassava,
tapioca, grapes, ... . Local processing is at a premium. ‘Local’ is a flexible concept here, depending on the crop. Wine grapes
and cassava, for example, have to be processed on the same day, so growers are situated in a small radius around the
processing plant. For crops with a longer life such as potatoes and sugar beet (and also products such as milk, provided it is
properly cooled), the distances are greater: up to 100 km (potatoes, milk) or even 200 km (sugar beet).
Farmers are members of the cooperative and therefore have a vote. They are more than shareholders, however; they are also
stakeholders with more than just a financial interest. Risky adventures by the central organisation are therefore usually not
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popular. On the other hand, farmers are often aware of the need to guarantee continuity. And this can work to the advantage
of biobased initiatives, whose goal is to derive more value from the crops.
Cooperatives are in a good economic position to embark on ‘forward expansion’ (further processing of their products). The
biochemical activities developed by farmers are often more profitable than their core activities: while farmers often have to
be satisfied with a return on investment of between 2% and 4%, the returns in the food processing industry are closer to 812%, and in the chemical industry can quickly reach 25%. Forward expansion into biochemical activities is therefore a very
logical development. There are visionaries who claim that farmers could multiply their earnings per hectare tenfold. That is
precisely the path being followed by Dutch cooperatives such as Cosun (through its subsidiary Corbion) and AVEBE (through
its subsidiary Solanic). This means they can become a driving force in the biobased economy.
Cooperatives are also a local binding force. We are seeing the rise of local organisations that are involved in joint energy
generation, neighbourhood and environmental management, vegetable cultivation, car pooling, etc.. Seen in that light, the
traditional cooperative suddenly becomes a modern phenomenon. The local level is becoming increasingly important for the
economy and for social cohesion. Cooperatives have a great deal of experience with decision-making in a field of divergent
interests; solar energy cooperatives can draw on that experience.
The often very local ‘new cooperatives’ are driven by a mix of economic motives, the desire to become independent of large,
anonymous organisations and sometimes a ‘playful’ element aimed at a new lifestyle. While the public discourse is driven
ever more emphatically by distrust as an organisational principle (checks and balances!), local cooperatives show that there is
a need for organisations that are based on mutual trust. That is a trend that is already being picked up by companies with
strong personnel management. The biobased economy, with its inherent tendency towards decentralisation, fits in very well
with a societal trend towards trust and better cooperation, in its true sense.

A plethora of sustainable technologies
The biobased economy is only possible thanks to the development of sustainable technologies. These are coming onto the
market in large numbers: in key sectors such as energy, chemical and automotive, reducing the footprint has become the
most important goal of the R&D effort.
Penicillin used to be synthesised from oil. The process was clever but difficult and the product was not pure because of
remaining organic contaminants. For the last twenty years, it has been possible to make penicillins using fermentation. The
new production process is superior in every respect: purer product, less energy and raw materials needed, no toxic solvents
required, less and less toxic waste. And the product is competitive. A win-win situation.
This is not the only example. We can make everything much better than in the past thanks to new technologies. Materials are
thinner and stronger. They can be given new properties, such as magnetism or water resistance, using minor interventions,
for example with the help of nanotechnology. Materials can also be custom-made by applying very thin layers. Materials
technology underlies many developments in areas such as solar cells, batteries and paints, and those developments in turn
lead to cheap solar power, electric cars and special car paints.
Technological optimists believe the ‘green economy’ is outmoded because it is subsidised. They call the new economy the ‘blue
economy’, because Earth looks blue when seen from space. It is cheap, pays for itself, produces rapid solutions and is good for
people, society and the environment. Open source development of technology is its backbone. This approach also works
outside the industrial world.
Technological developments are also proceeding apace in the biobased economy. As we learn more about how nature works,
a new branch of research is emerging – no longer ‘biobased’, but ‘bio-inspired’. It is no longer biobased feedstock that is the
starting point, but natural processes. An example is the research on photosynthesis, a multi-stage process that researchers
have mapped but are a long way from being able to replicate. One line of research on artificial photosynthesis involves
researchers attempting to reconstruct the process, not using natural enzymes, but with substances that resemble them – in
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other words, inspired by nature, or bio-inspired. Their research runs parallel with other research in which genetically modified
organisms are used to divert the process halfway through in order to obtain other products (e.g. cellulose), or research in
which enzymes are used to copy only a part of the process. The science in these fields is developing at lightning pace. The blue
economy is just around the corner.
www.theblueeconomy.org

Synthetic biology and chemical biology: the gap is narrowing
The biobased economy is a practical phenomenon which is concerned with the efficient processing of agricultural products
and waste to create chemical substances and materials. However, a lot of work is also going on on the pure scientific
periphery of biotechnology, in which researchers are trying to understand the processes in living cells better.
Synthetic biology used to be referred to as gene technology. It is a branch of science focusing on the cell. Chemical biology is
concerned with molecules. Both research fields are gradually coming together, and there is even overlap here and there.
Synthetic biology attempts to remove ‘useless’ properties from the cell (for certain applications) and to discover the minimum
that is necessary to keep the cell running. What researchers are in effect trying to do is to construct synthetic life by retaining
the ‘hardware’ of the existing cell as far as possible and installing new ‘software’ by implanting some genes and switching off
others. They then study what that cell can still do and whether it still does what we want it to do.
According to researchers, roughly 150 genes are needed to make the proteins that can keep a cell running. Other proteins are
then added, and the researcher has then created a cell, or a bacterium, which does exactly what he or she wants. This is how
the new fermentation in the biobased economy will eventually look. We will then be able to make chemical products using
very precisely constructed and programmed bacteria. By then we will have gained a much greater understanding of natural
processes and we will be able to increase the yield of the biotechnological process considerably. To date, this is the most
developed, and increasingly focused, side of synthetic biology. Many companies already have such bacteria, known as ‘plug
bugs’, which can carry out these fermentation processes for them.
Then there is chemical biology, which seeks to gain a better understanding of the processes in the living cell and to use that
knowledge to build a new, living cell or change an existing cell, without intervening in the genes in the way that synthetic
biology does. Chemical biologists do this for example by building small molecules (proteins) that can switch certain processes
in the cell on and off. They also look for molecules that attach specifically to the active side of proteins. Activity-based
profiling, as this method is called, is used mainly to make new medicines. Chemical biologists are also having increasingly
gaining control over the chemistry in living systems. A good example are protein molecules which can link proteins, sugars and
fatty acids in the human body to non-natural components. Clever techniques are used to build in certain reactive elements
into the cell. The position of those elements is then ascertained using chemically highly selective probe molecules. This
technology is used for example to bond with the glycocalyx (‘sugar coat’) that surrounds cells. The coat undergoes changes
under certain conditions, for example during illness. Creating a link with these protein molecules enables controlled chemical
reactions to be induced at the level of the cell. Going a step further, synthetic DNA (referred to as XNA, in which the
nucleobases are linked together other than with phosphates) can be used as an alternative to DNA.

Dealing with the complexity of biomass
The biotechnological researchers of the future could be compared with chefs who produce the most delicious dishes from
their ingredients, but chefs who know precisely what they are doing at molecular level.
For molecular scientists such as chemists and biotechnologists, using biomass to produce energy is almost a mortal sin.
Biomass, regardless of its origin, is enormously complex at molecular level. It is the complexity of life. To these scientists,
burning it is akin to burning antique furniture – something that we would only do in cases of extreme need. That is very close
to what lay people think, but with a difference. Lay people feel that using food to fuel cars is ethically and morally
unjustifiable, but the key is whether Europe can maintain a balance between using its food stocks to feed people or for other
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applications. There are responsible ways of using biomass whilst retaining its complexity; they have simply not been fully
developed yet.
Yet we have made very rapid progress in our prosperous, high-tech society in using biomass to generate energy. And why?
Out of fear that we would end up in the cold, or of uncontrollable climate change. And, less nobly, to earn a fast buck by
riding the emotional waves of these anxieties. But there is also a deeper cause: scientific reductionism. Researchers have
grown up with the idea that we can understand reality by looking at manageable, bite-sized fragments. By combining those
fragments to create complex structures and functions, we hope to approach reality. And yet the living reality is becoming ever
more complex; we are amazed time and time again at how much we can learn from the complexity of life and nature.
We have made this reductionism the basis for our (petro)chemical industry. The raw material, oil, is broken down into simple
chemical building blocks from which products are then constructed. In using biomass, we have adopted this approach without
heeding the fact that this new raw material is infinitely more complex. The advantage is that we are able to produce drop-ins
using this new method, for which there are already developed markets, though the producers do ask for a ‘green’ premium
for these products. Yet this can be no more than a transitional phase towards using the complexity of biomass to the full,
because that complexity houses virtually all the functions that we require of our materials. We simply need to refine and
improve them.
The parallel with the chef becomes clear here. Molecular scientists are increasingly able to explain precisely what the chef does.
The farmer is also such an artist. Farmers know very well what they need to do to their livestock or fields in order to produce a
healthy beast and to maximise their harvest. This is also something that scientists are getting better at: revealing the molecular
secret of the farmer.
This is what we need to do: stop reducing biomass to simple building blocks, but understand it better and then process it
horizontally, or even better, convert the existing complexity into a higher-level complexity with better or new applications.
Modern biotechnology is moving a long way in the right direction. Our education system must also teach young people what
complexity is and how it can be used for the benefit of society.
http://www.biobased-society.eu/nl/2013/02/omgaan-met-de-complexiteit-van-biomassa/

Microgeneration: an important theme in the circular economy
Microgeneration is an important social theme in the circular economy. It makes economic cycles smaller and people
develop a different relationship with their surroundings. The ‘farmer’s model’ of sharing knowledge becomes more
important.
Microgeneration using solar cells is ‘hot’. The idea of being independent of the outside world, with its anonymous call centres and
hyped-up advertising, appeals to many people. Solar energy (photovoltaics, PV) thus meets both a technological and a social
ideal. For many people, the financial returns are not even the most important motive for taking a positive stance on solar energy.
Solar cells produce electricity, and therein lies an important limitation. Storing electricity is fairly expensive and causes loss of
energy. The electricity grid can be used as a buffer (feeding in surpluses), but its capacity is limited by its layout. Electricity
companies are still focused on one-way traffic (from large power plant to the customer) and have to make investments to
accommodate large amounts of locally generated solar energy. The microgenerator feels this in the form of opposition,
limitations and low feed-in tariffs.
Over the next ten or twenty years, BioSolar cells will begin appearing on the market. These cells do not produce electricity,
but rather a fuel or other product, for example hydrogen – though there are severe limitations to hydrogen, too, due to a lack
of infrastructure. Ideas are therefore focused more on producing fuels in which hydrogen is bonded with carbon, such as
methanol or diesel. These materials are easy to store for use at a later time.
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Local energy generation using solar cells or BioSolar cells lies at the heart of the biobased economy. This local generation will
enable regions to meet an ever larger share of their own energy needs, especially if the potential for more efficient energy
use is exploited. We can already build energy-neutral homes and buildings (using an underground heat buffer for the surplus
energy that is captured in the summer); cars are becoming more economical and industry is moving to processes that use less
energy. By combining agricultural and chemical processes, regions will in future be able to make many materials themselves;
using (organic) solar cells, BioSolar cells and underground heat storage (supplemented by wind energy and geothermal
heating), they will be able to meet their own energy needs in the future. It is a matter of investing to achieve this more
quickly. That is a notion for the future, but it is a notion that gives direction to our society.
Reducing the size of economic cycles can have a major social influence. People will be more inclined to share their knowledge
with each other and thus to increase the output of their (bio)solar cells. Individuals have nothing to gain from keeping their
knowledge to themselves; sharing knowledge gives the activity an extra dimension. With some poetic licence, we could
describe this as a ‘farmer’s model’ for dealing with knowledge; or perhaps more accurately, an open source model. While the
entire industrial world is trying to protect its intellectual property, the working groups of farmers and farmer’s sons, in which
they recount their latest discoveries to each other, are flourishing. This farmer’s model of knowledge-sharing will make a major
contribution to social cohesion in the biobased society.
http://www.biobased-society.eu/nl/2013/01/iedereen-hobbyboer/

The role of social science and humanities in the biobased society
Society is not only moving towards a biobased economy, but beyond that to a biobased society. Social science and the
humanities are just as important for this development as the exact sciences.
Our society has always placed great emphasis on R&D in the exact sciences. Science and technology enable society to develop
new opportunities, which translate into future prosperity. R&D plays an important role in the competition between
businesses and between countries. But we often forget that new technologies lead to new relationships between people, for
example in the way we communicate with each other and organise the economy. Think of the influence of ICT on society.
R&D in the natural sciences which takes no account of the social influence of technology is like sailing full steam ahead at
night with the radar turned off.
Effective and efficient sustainable development is of crucial importance for the progress of biobased technology.
Sustainability is the deeper reason for this development, and therefore (in addition to economic utility) the ultimate criterion.
Natural scientists apply a number of rules of thumb in their research to determine sustainability. But sustainability is
essentially a long-term phenomenon, and we cannot therefore make statements with any certainty about it in the short term.
Trial projects and laboratory tests do not provide definitive answers.
Researchers in the social sciences and humanities must therefore be brought on board. Why criterion X and not criterion Y? Do
we have to use CO2 reduction as a criterion because the climate problem is so serious, or should we always bear in mind other
characteristics of sustainability? How should these aspects be weighed against each other? How do we deal with different viewpoints
and the interests that are generally associated with them? When should we regard a certain effect as ‘proven’ (think of climate
science)? Does that evidence also stand up in the courtroom? When are negotiations appropriate and when is legislation needed?
And what rules should apply to those negotiations? What responsibilities can we expect businesses to take, and what should be
regulated by the public authorities (and at what level)? Who protects the interests of those who do not have a seat at the table? How
do we do that at national level, and in the international arena? These are all essential questions. And yet exact scientists almost
always have a tendency to regard social science and humanities research as being of minor relevance, including in green R&D
programmes. This is not the usual opposition between humanities and exact sciences, however. We must approach the future by
dealing with complex issues that demand a multidisciplinary and transdisciplinary approach; multidisciplinary in the sense of making
use of all the scientific disciplines (social sciences, exact sciences and humanities); transdisciplinary in the sense that societal
experience is also brought to bear.
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Economic researchers also have a key role to play. Economic models need to be retested because the relationships in the
biobased economy will undoubtedly change. But in which direction, and how quickly? Is it time to redefine GNP? How
important will regionalisation be in the biobased economy, and what policy instruments are needed for that? The government
is a major procurer of humanities and social science research in the biobased economy, but does not always appear to realise
that.
http://www.be-basic.org/research/societal-embedding.html

The potential of biomass
There are many controversies surrounding the use of biomass to produce energy. There are strong proponents and opponents.
Those controversies also figure in estimates about the potential of biofuels. Agriculture can easily meet the demand for
biochemicals; but not the demand for biofuels.
Ever since biomass came onto the radar as a means of reducing CO2 emissions, there has been controversy about whether the
farming industry could produce the required quantities. Against the backdrop of a global energy use of approximately 16 TW,
estimates for the potential of biomass range from approximately 2 to 20 TW, a difference of a factor of 10. The lowest
estimates come from studies that take the historical development of agricultural productivity as a starting point; the highest
come from studies that look at the technically achievable potential.
The global potential for solar energy is 160,000 TW. Of that, less than 100 TW relates to biomass. We could possibly use 20
TW of that biomass portion for our energy needs, but anyone with a feeling for ratios will understand that it would be better
to tap off the solar energy flow. Using biomass for energy generation will quickly run up against the buffers. There is only one
reason that we do not use solar energy on a large scale: the cost. And even with maximum effort, solar energy cannot grow
quickly enough to reduce CO2 emissions sufficiently quickly.
The efficiency of commercial solar cells (as a percentage of the sunlight that falls on them) is around 15% or more. This means
that solar energy is much more efficient than biomass: the photosynthesis that creates biomass has an efficiency typically
around 0.5%. Although the issue of cost still applies to some extent, eventually solar energy will conquer biomass on the basis
of efficiency. That applies not only for PV, but also for BioSolar cells. There is great potential in both fields for technical and
scientific improvements which will bring down prices.
Large-scale use of biomass to produce energy may be an interim solution, but here too the price is a problem. Governments
are currently exerting maximum pressure to promote the use of biofuels, both through subsidies and the imposition of
targets. They have no option if they wish to reduce CO2 emissions in this way, because the market will not demand bioenergy
of its own accord. The planting and management of ‘energy forests’ or fields will not be profitable due to the low yields. Yet
there is one energy application for timber in the Netherlands which is economically viable without government support: the
use of topwood and branchwood from Dutch woodland for space heating, for example in district heating systems. The
biomass in these applications competes with the consumer tariff for natural gas, but not with coal or petrol. However, this is a
small niche. The increasingly less popular biofuels also cost European citizens billions of euros in annual expenditure; that is
not money well spent.
But chemicals and materials (for which global demand is 20 times smaller) can be made from biomass without problems;
these activities have succeeded on their own, without requiring government aid.
http://www.withouthotair.com

Lower soya imports with more efficient food chain
The Western European food chain is less efficient than it could be. We could greatly reduce imports of animal feed,
especially soya, by improving the efficiency of the chain. And there is also the potential of seaweed and algae.
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Every Western European country consumes more than 2,500 kcal per day. But to get that food onto our plates, our society
consumes 50,000 kcal per inhabitant in the chain. That includes all contributions such as (recycling) artificial fertilisers, transport
and industrial processing, energy consumed to prepare the meal and home storage of food in the fridge. Losses occur
everywhere in the form of discarded food, rot and pest damage, unused residues, manure and lost residual heat. The efficiency
of our food chain is consequently a lowly 5%.
The result is that Western Europe has a much greater footprint than its land area. Because to maintain this inefficient food
chain, a great deal of animal feed has to be imported which is grown elsewhere. That applies to an extreme extent for the
Netherlands, with its large livestock population. The Dutch agricultural land area covers approximately 2 million ha; but
approximately 6 million hectares are in use for Dutch food production (including that used for the export of meat, for
example). By combating inefficiency, raising the efficiency of 5% to a still mediocre 10% could halve that area. In addition, the
North Sea, from the north of Norway to the south of Spain, is highly suited to the production of seaweed, and algae farming
would work well in the south of Europe.
Vegetarians often point to the inefficiency of meat production. Producing one kilo of beef protein requires eight kilos of plant
protein; the ratio is better for pigs (one to four), and for tilapia it is just one to two. This means that protein is being lost. Although
there is clearly a problem here (‘suppose everyone in China began following our Western diet’), the inefficiency of the food chain
lies in all phases of cultivation, processing and consumption. Inputs of artificial fertilisers and energy consumption during
cultivation, harvest and processing count as energy loss. Improving the efficiency in the food chain needs to be tackled at all
levels. The amount of energy that could be saved is very considerable: on a global scale, equivalent to all the energy consumed in
the entire transport sector.
An attractive way of improving efficiency in the food chain is to make better use of domestic crops. Biorefining can extract a
great deal of protein from domestic crops such as grass and sugar beet. New crops could also be considered for the same
purpose, such as seaweed or algae, but a good deal of development work is still needed for this. Protein shortages in the
Netherlands could be made up by importing animal feeds, especially soya meal and rapeseed meal, of which Brazil is a major
supplier. Soya (much of it genetically modified) is widely grown in the Amazon region on land that has been cleared by felling
tropical rainforest. Reducing soya imports is therefore very important.
Using biorefinery would reduce the pressure on the tropical rainforest, reduce domestic manure problems (because farmers
would be able to give their animals precisely the proteins they need) and we would earn money with it, too.
http://www.biobased-society.eu/nl/2013/05/kleinere-soja-importen-bij-efficientere-voedselketen/

The urgency of phosphorous recovery
Phosphorous is an essential element in the structure of plant and animal biomass. But whereas living organisms can extract
nitrogen and oxygen from the air for their processes, extractable phosphorous occurs only as a mineral, in the form of
phosphate. The extractable reserves are limited – enough to last a few more decades – and they are not all located in
politically stable regions. There is only one solution: recycling, preferably up to virtually 100%. That is difficult and will
require a great deal of political, social and technical investment.
Europe has another problem. We have no phosphate on our continent, but import it in the form of ore and in animal feed.
The easily extractable reserves are located in China, the US, Morocco and a few other countries. The price of the ore is
uncontrollable; in 2008, for example, it rose by 800%. Even worse is that if the phosphate runs out, in other words becomes
so thinly dispersed in the environment that we can no longer use it to make phosphate fertiliser, the productivity of
agriculture will be slashed dramatically, and the industry will be able to feed only a fraction of the number of mouths it feeds
at present. Seen in that light, it is incomprehensible that attention has only recently grown for the threatened phosphate
shortages. The Netherlands, Germany and Belgium are devoting the most attention to it, and above all Japan – all countries
which do not have their own phosphate reserves.
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The world consumes approximately 20 Mton/year of phosphate fertilisers. Europe consumes approximately 3 kg per inhabitant
per year. A lot of phosphate remains in the soil or is partially leached out to sea – which itself contains a very large amount of
phosphorous at very low concentrations, following the familiar carbon : nitrogen : phosphorus ratio of 106 : 16 : 1, making it
difficult to extract. Some phosphorous ends up in manure via food and animal feed, while some contained in detergents is lost in
wastewater. Reclaiming as much phosphorous as possible in every possible way (e.g. from human and animal faeces) would
therefore seem to be of the greatest importance. That is difficult because phosphate is often contaminated with heavy metals.
TUDelft and TNO once developed a process for removing cadmium from the ore, but the process was never used; rich countries
purchased more expensive cadmium-free ore and poor countries could not afford it.
Europe has launched a project to use phosphate more sustainably and promote recycling of phosphorous. The first
conference was held in March 2013, the main topic being to safeguard the phosphate needs of future generations. Europe
intends to amend its legislation on this point so that sewage sludge can in future be returned to the land.
Several projects are now under way to reclaim phosphorous from sewage sludge using fermentation. The Amsterdam
wastewater treatment sector has built a large pilot plant which – from the end of 2013 – will begin producing struvite, a
phosphate that can be used to replace phosphate ore in the production of artificial fertilisers. That fermentation process also
produces biogas and recovered fibres from toilet paper which will be used to prevent asphalt settlement in road construction.
The plant will produce 1,000 tonnes of struvite per year. In the future it will also be possible for private individuals to use
struvite as an artificial fertiliser in their gardens, something that is prohibited under current waste legislation. Another
possibility is to incinerate the sludge and reclaim the phosphate from the ash. That was always possible at Thermphos in
Flushing, the only phosphorous plant in Europe. But that firm has now closed, and a European solution will therefore have to
be found.
http://edepot.wur.nl/163942

(Sustainable Use of Phosphorus)

The new logic of the biobased economy
The biobased economy develops a different logic from the existing economy. The biobased economy uses its raw materials
as efficiently as possible. That leads to a circular economy, with the smallest possible cycles of sale, usage, reuse and
recycling.
We can illustrate this using an example: sugar beet. There are only two remaining sugar beet factories in the Netherlands, one
in the north and one in the south. The beets, which are made up of 75% water, are transported over relatively long distances,
together with residues of attached soil. The production process has been optimised for making sugar. However, the factory
has to do something to remove the attached earth and to treat the mineral constituents of the beets that remain at the end
of the process. The minerals end up in an important residue: molasses, which in addition to those minerals also contains a lot
of sugar. Molasses are used to make ethanol or baker’s yeast. The wastewater from these processes still contains minerals in
low concentration. The evaporator needed to concentrate these minerals is a major investment, and the process uses a lot of
energy. A small ethanol or fermentation plant quickly accumulates a sizeable quantity of the mineral potassium on-site,
enough to fertilise 50,000 ha of farmland, but it is a major logistical operation to distribute this concentrated potassium over
that area. It seems such a nice example of a circular economy: the mineral components ultimately end up back on the land.
But because the circle is so large and the minerals come out of the process in such low concentration, a great deal of money
and energy are wasted and needless transport is generated.
Researchers at Wageningen UR University & Research Centre have developed a small-scale process for processing sugar beet
which can turn the sugar harvest from 500 ha into an intermediate product: a stable sugar solution. The ‘residue’ that remains
still contains sugar, which is processed to produce ethanol, again on a small scale. The low concentrations of minerals remaining
from the beet do not have to be concentrated and purified, because the farmer can easily access this small area of land by
tractor. The farmer can also offer his intermediate product to the factory at any time, enabling the factory to run all year round
rather than for just a few months each year as at present.
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To build a good business case, the farmer must only remove what is useful at the start of the value chain; that avoids
unnecessary transport costs, energy use and investments at the end of the production cycle to process residues. Building in an
intermediate process also avoids the problem of heavy metals present in the field being carried to the central processing
plant in the earth clinging to the crop. This intermediate process strengthens the position of the countryside in the economy.
As technology advances, all manner of new activities could be situated at this intermediate level. Farmers could for example
work together to process the beet tops, which contain 40% of the biomass, and extract proteins and fibres from them. These
are all processes which are better carried out locally than centrally. This is the ‘new logic’ of the circular economy.
http://www.biobased-society.eu/nl/2013/05/johan-sanders-ga--inefficiency-tegen-bij-de-ontwikkeling-van-debiobased-economy/

Grass
Dutch grassland (1.2 million hectares) can be used for more than grazing cattle. Grass contains fibres, proteins, minerals
and carbohydrates which – after biorefining – can serve as a raw material for industrial processes. Related crops such as
beet (tops) and alfalfa can also be broken down into similar components.
Grass contains too little protein for a cow’s optimum development; the cow would need to eat four times as much grass for
that. We therefore import soya products in feed concentrate. However, there is more than enough grass in the Netherlands
to provide cows with the amount of protein they need, using grass refinery. Things get even more interesting if we start
feeding this protein-rich sap to pigs, chickens and horses. We can then reduce those soya imports even further (see elsewhere
in this book). And it might then be possible to reduce the quantity of antibiotics given to pigs, because the grass proteins may
contain enough natural antibiotics. In time, we might learn how to break down grass protein into components that add even
more value.
The other constituents can be sold separately on the market. One company operating in this area, Grassa, is trying to turn the
grass fibres into feedstock for the paper and card industry. They are also looking for a market for the sugars and
polysaccharides. The grass sap, complete with its minerals, is fed back into the land to maintain soil fertility. The proteins are
used to feed cattle and for incorporation in other animal feeds.
The Dutch company HarvestaGG approaches grass differently. First, it does not start from the assumption of permanent
grassland, but plans to cultivate tall fescue as an arable crop in a four-year rotation. After mowing, the grass is fermented and
the biogas produced is purified and cooled to form liquefied biogas (LBG), which the company intends to sell as a premium
fuel for lorries: a lorry can travel much greater distances on a tank of LBG than on a tank of diesel, and LBG is moreover a
green fuel. At the end of the season, HarvestaGG will harvest the entire crop. A proportion is ploughed back in to maintain soil
quality, and another fraction is processed to produce high-grade compost – high-grade because it still contains all the
minerals.
Beet tops are comparable with grass in terms of their composition; moreover, up to 45% of the sugar beet biomass is
contained in the foliage. Companies that are developing biorefinery for grass are accordingly also casting a sidelong glance at
beet tops, which to date have always been ploughed in. Crops such as alfalfa, currently grown as a catch crop for animal feed
and soil improvement, could be treated in the same way. In principle, biorefining can be used to derive new value from all
arable farming residues (as long as they are not needed to improve soil quality). It is a field that is in full development, and
where research on the possibilities has only just begun. With all our grass and sugar beet crops, the Netherlands is perfectly
placed.
http://www.grassanederland.nl/
http://www.harvestagg.nl/nl/

Potatoes
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Potatoes mainly contain starch that is used in human food and animal feed and in many industrial processes. Biorefining
has enabled new commercial applications to be developed for the other major component, proteins.
Potato starch has many applications. It is used as a thickener in plaster, in many types of adhesive, to improve the structure of
paper, as an additive to make it easier to spin threads and, it as modified starch, for water purification. The number of
applications is still growing, because innovation in these fields does not stand still.
Seen from the perspective of the biobased economy, however, the most exciting development is in relation to potato protein.
Industrial potatoes contain up to 2% protein. Unusually, these proteins are dissolved in water in the potato. They can be
separated out at cold temperatures and can be extracted rapidly, so that they do not coagulate. The Dutch potato starch
producer AVEBE has developed an innovative process for this. The protein is separated into two fractions, which are then
used immediately, without further refining: protein from potatoes, extracted from the residues and isolated to produce a
high-value product.
In the 1950s and 60s, the protein was not removed from the residues; this could be seen from the foaming drainage canals in
the potato growing regions of the Netherlands. AVEBE subsequently developed a process to separate out the protein from
the residues by heating, causing the protein to coagulate so that it can be skimmed off. That protein is used in high-grade
animal feed. The process requires a lot of energy. An experimental process began in 2007, based on cold separation. The
potatoes are grated and sophisticated absorption techniques are then used which extract 90% of the proteins within ten
minutes.
The protein in potatoes is stored in vacuoles, tiny pockets containing two separate protein fractions which also occur
separately in potatoes separately in aqueous solution. They must not come into contact with each other because they clump
together. AVEBE absorbs all the protein at low temperature in a ‘simulated moving bed adsorption column system’. The two
fractions are separated by means of a pH exchange: one fraction emerges under slightly acidic conditions and the other under
neutral conditions. The process has to be carried out quickly in order to ensure optimum extraction of the proteins.
AVEBE does not separate these proteins further into individual proteins and enzymes, but uses them in combination in
feedstuffs – a characteristically holistic approach which means the proteins provide the most value added at the lowest
possible cost. The acidic fraction is used in sports and soft drinks, for example, in which the protein mix readily dissolves. The
neutral fraction is used among other things in whipping cream and to improve the structure of sorbet ice. Gluten-free and
lactose-free foods also use these protein mixes. AVEBE is the only supplier of plant proteins at the top end of the market.
http://www.avebe.nl/Innovatie/InnovatiedoorAVEBE.aspx
http://www.biobased-society.eu/nl/2013/03/koude-isolering-van--aardappeleiwit-een-prachtige-innovatie/

Sugar beet: ‘the unbeatable beet’
Sugar beet is a silent force in the European biobased economy. The yield per hectare is so great that it puts secondgeneration crops in the shade. With the ending of production quotas in 2017, the biobased chemical industry will acquire
access to a key raw material.
The lack of interest in sugar beet to date undoubtedly has to do with the imprecation on the industrial use of first-generation
(edible) crops. But that is unfounded. It is no coincidence that the sugar cooperative Cosun describes sugar beet as ‘the
unbeatable beet’.
Sugars are the green industrial raw material for all commercial biochemicals such as ethanol, glycol, lactic acid and succinic
acid. They can be made directly from sugar cane and sugar beet, two crops with very high yields and an excellent CO2 balance.
They can also be made from starch, for example from wheat or corn, which are also first-generation crops. Or they can be
made from second-generation (inedible) crops through enzyme conversion of cellulose and hemicellulose, for example from
grasses, straw or wood. Second-generation crops are attracting a great deal of interest from policymakers, because they do
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not interfere with the food supply.
However, this latter reasoning is a false argument. Second-generation crops take up land, which is consequently not available
for food production. A better yardstick would therefore be to ask how much industrial product (e.g. ethanol) we can produce
from one hectare of crop. Sugar cane and especially sugar beet then emerge as the undisputed winners.
Second-generation crops came into the picture when it became clear that biofuels (if policy remained unchanged) would have
a major displacement effect on food production, and when food riots throughout the world in 2008 made it clear the
problems surrounding the world food supply. However, if biofuels are no longer the focus of the biobased economy, but
rather biomaterials (with a much smaller raw materials requirement), that argument disappears. We are then free to make a
pure comparison: how much product can be obtained from one hectare of land?
The German nova-Institute has recently come out in support of this approach, backed up by a whole series of arguments – for
example, that the industrial cultivation of first-generation crops can be immediately diverted to the food or animal feed market in
times of crisis. According to nova, this has already been done in Brazil, in 2011, thanks to a flexible bioethanol quota. By contrast,
biomass from wood can only be used to feed industry.
Nova points out that the industrial use of first-generation crops generates lots of by-products, especially proteins, of which there
is a world shortage. Those proteins can be used for food and animal feed, and this is already being done. There is also an
economic argument: if biomass is used for tangible products, this generates far more sales, value added and employment per
tonne (and also per hectare), calculated across the whole value chain. Their higher value added means that materials and
products made from biobased feedstock require far fewer subsidies – or no subsidies at all, if the market distortion caused by
one-sided support for bioenergy and biofuels is removed. The distinction between first and second-generation crops then almost
disappears.
http://www.bio-based.eu/policy/en/index.php

The Netherlands as a supplier of high-grade raw materials
The Netherlands can become a supplier of high-grade raw materials. Not based on natural gas, but on sugar. It is a major
opportunity for the chemical industry and could mark the beginning of the biobased economy on a larger scale.
What has changed? The Netherlands has always produced sugar. Although we could produce more, the amount each country
is allowed to produce is limited by quotas. This quota system for sugar, the European protection of its own market and world
trade prices, has always been impenetrable for people who are not directly involved in the business. It is true that the price of
oil, and therefore of gas, also has little to do with the actual production costs, but the situation surrounding sugar prices,
subsidies, favoured countries and permitted quantities was even more complicated, although regulated in great detail.
A breakthrough is currently taking place. The Netherlands has always been good at growing sugar beet. Dutch farmers can
achieve yields of between 13 and 15 tonnes of sugar per hectare, on a total land area of just over 200,000 ha using rotation.
Those yields will increase further in the future, but Dutch farmers are already among the world leaders. Under the European
food quota system, the Netherlands is currently permitted to make just under a million tonnes of ‘food sugar’, whereas it
could easily produce three million tonnes of sugar. That means that only 73,000 ha are currently sown. Under the current
regulations, those extra two million tonnes can be produced, but cannot be sold on the food market and can also not be
exported... so they can only be processed within Europe. However, this Dutch sugar can compete with the global market on
price. On top of that Dutch farmers – the cooperatives in other words – have recently expressed a willingness to supply sugar
at world market prices on long-term contracts. That is important for investments in the processing industry, and has suddenly
made the Netherlands a world player and put it in competition with Brazil, Thailand and other providers.
The European authorities recently decided to abolish the sugar quotas; from 2017, Dutch sugar growers will be able to offer
their sugar for sale anywhere. The same applies for other sugar farmers in the large wet arable farming area in north-western
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Europe, stretching from northern France to Lower Saxony in Germany. Preparations are therefore currently under way for the
period after 2017. Under the present quota system, growers can anticipate the estimated future cost price and offer the sugar
as a raw material for the European green chemical industry. This could be a breakthrough for the biobased economy.
Biobased products are unable to compete with their fossil-based counterparts on price and often carry a premium; that does
not always matter too much, however, because there are many applications – especially in the packaging industry – for which
brand owners are willing to pay a premium for a biobased (low carbon footprint) product. Moreover, that competitive
imbalance is set to change rapidly. The first truly competitive examples already exist, for example biosuccinic acid. Other
examples include polylactic acid (PLA), which began in a very expensive niche (surgical thread) but which is now competitive
for use as exhibition hall carpet. And if we had a level playing field in which all taxes and duties were levied on the basis of net
CO2 emissions, biobased would definitely be able to compete... that situation does not yet exist, however.
But if the biobased economy is to breakthrough in Europe in a big way, with sugar as the raw material, this is the opportunity.

Lignocellulose
Lignocellulose will in future be a raw material for plastics, fuels, basic chemicals and possibly food. The possibilities are
almost endless, but a great deal of technology has still to be developed.
Lignocellulose (the basic constituent of wood, straw, etc.) is far and away the most common green raw material on earth.
Trees and plants derive their strength from it. It consists of cellulose and hemicellulose fibres, held together by a lignin ‘glue’.
Many technological processes lead to a range of products; the oldest (cellophane, viscose) are already a century old.
The most rigorous way of converting lignocellulose into useful products is by thermochemical reaction. Under conditions of high
temperature and pressure, synthetic gas, or syngas, is produced. Depending on the reaction conditions, this consists mainly of
hydrogen and carbon dioxide, together with a whole range of other substances including methane. Syngas is used as a raw
material in the chemical industry. It can also be readily made from oil or coal, and the processes for making other chemical
substances from syngas are well developed.
Researchers are currently developing an entirely new, enzymatic processing method. Large corporations such as DSM, Dupont
and Novozymes are highly active in this field. Using this method, a cocktail of enzymes is used to convert cellulose and
hemicellulose into sugars, from which products such as ethanol, butanol and succinic acid can be made. Ethanol can be sold
as a biofuel. Butanol is a better product, but is more difficult to make. Succinic acid is even better, because it is difficult to
make from oil, which means it can be sold at a good price. The future lies in finding ever better enzymes with which ever
more complex and valuable substances can be made from this woody raw material.
There are many variations on these two themes. For example, the small Groningen-based company BioBTX is developing a
thermochemical process in which lignocellulose is converted directly (using a suitable catalyst) into bio-aromatics such as BTX
(a mix of benzene, toluene and xylene). What makes this process interesting is the anticipated shortage of BTX: to date, it has
been made from oil in naphtha crackers, but the emergence of shale gas is making these increasingly redundant – though oil
companies could potentially make up the shortfall by extracting BTX from the benzene fraction.
Another line of research, being conducted among others by Utrecht University, focuses on lignin, based on the idea that if
more and more cellulose and hemicellulose are processed, this will leave lignin, and that it must be possible to do more with
this than simply burn it. Lignin consists of complex aromatic structures, and the work of these researchers is basically aimed at
trying to break down these structures into separate aromatic components, such as phenol and BTX – also products with
attractive markets.
Lignocellulose thus has the potential to become the raw material for an entirely new branch of industry. It could even be used in
the food chain, because if cellulose and hemicellulose are converted into sugars, what would happen if these were cheaper than
sugars produced from sugar beet, say? All that is a long way off, however; a great many statutory and other obstacles will have to
be overcome before food can be made from cellulose.
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http://www.biobased-society.eu/nl/2012/06/lignine-nieuwe-kansen/

Algae and seaweed: third-generation biobased?
Seaweed and algae do not take up any land and therefore do not compete with food production. They contain little
lignocellulose (no stems), but do contain large amounts of polysaccharides, proteins and fats that can be processed to
make food for people and animals. They also offer great potential for use as raw materials for biobased industries.
Some have described these plants as third-generation biobased commodities. Seaweed used to be collected on the beaches
by coastal populations and used to feed livestock. To date, their cultivation has been small-scale and biobased, because we
are only at the beginning of a major commercial activity. However, the plans are ambitious. IMTA (Integrated Multi-Trophic
Aquaculture) combines seaweed cultivation with fish farming, and can also be used to process surplus waste products and
wastewater (for example to extract phosphorus from them). In the Netherlands, Wageningen UR University & Research
Centre is developing biorefinery techniques for seaweed; and trials are under way in China to produce biochemicals, biofuels
and higher-grade products from seaweed. The Chinese estimate the market potential at 250 billion US dollars. In the
Netherlands, Ecorys is working on a project to harvest seaweed from the ocean, while Hortimare is working on seaweed
production in the North Sea. North Sea seaweed contains no lipids, and is therefore not suitable for making biofuel.
Algae are used to make pharmaceuticals and nutraceuticals, and may one day be used to make biofuels. There are ambitious
future plans, but a great deal have yet to be realised. The production costs need to be reduced by a factor of 10, while the
scale of production – which is currently far too small – must be increased one hundredfold. Nonetheless, international
expectations remain high and algae are a ‘hot topic’.
Algae can be grown in open ponds and in transparent glass tubes (biotubular reactors), with additional mirrors to catch
sunlight or using (LED) lighting in the water or in the biotubes. The open pond method is currently the most widely used, but
the use of closed systems is growing strongly because the growing conditions can be controlled better. This would also seem
to be the best method for genetically modified algae.
The European Commission has commissioned research in Europe on using genetically modified algae to produce
biochemicals. A long-running project is concerned with the use of algae to manufacture new drugs. Another project involves
making polyunsaturated fatty acids for fish feed, where there is a serious threat of shortages. Several European research
institutes are involved in these projects.
A major (research) project is under way in Portugal with biotubular reactors. In the Netherlands, the company Algae Food &
Fuel is carrying out research in partnership with TUDelft in open ponds on the ACRRES site in Lelystad, part of Wageningen UR
University and Research Centre. The research uses wastewater from a beer brewery in combination with LED lamps, which
emit precisely the wavelength needed for photosynthesis. The intention is to produce algae with a high oil content – up to
80% – from which biofuels can be made.
Whatever happens, many researchers are convinced that algae and seaweed will one day change the food supply, the green
economy and perhaps the energy supply, too. Others are still very doubtful. Another question is: when.
www.giavap.eu

Genetic modification
Genetic modification of green plants is not essential for the biobased economy. However, the topic will continue to shape
the debate, especially in Europe. What is the relationship between the two?
Genetic modification is part of a much wider field of biotechnology, which includes DNA mapping, cell and tissue cultivation,
etc.. To some extent, genetic modification is already an existing industrial practice, e.g. the use of modified bacteria and
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moulds in the production of drugs and other chemicals. These technologies are referred to by insiders as red (for the
production of drugs) and white (for the production of industrial materials) biotechnology. The public debate focuses on green
biotechnology: the modification of green plants. The main difference is that in green biotechnology the modified organisms
can end up in the food chain, whereas in white and red biotechnology they are used only as an aid to production (which
means the product itself contains no modified organisms). Moreover, the plants used in green biotechnology are planted in
the field, creating the risk of spread through pollen and seats. It also matters whether the mutated properties originate from
the same species (cisgenic modification) or from different species (transgenic modification).
Green biotechnology is something of a sensitive issue between Europe and the United States. The US regards the de facto
European blockade of GM plants as a trade barrier and sees the European objections as pseudo-arguments. And many experts
agree that arguments such as ‘Frankenstein food’ are heavily exaggerated, because human beings have been manipulating
and improving crops for centuries. The difference between cisgenic modification and traditional methods of seed
improvement is merely one of degree. Transgenic modification can be regarded as more risky.
In the background are real European objections to the earnings model of GM companies, especially Monsanto, which
introduced genetically modified soya. This company is known for its aggressive operating methods, made possible by US
legislation which has recently been relaxed further. Lawsuits to protect patents (including when their GM organisms have
been spread by pollen or seeds) are part of Monsanto’s standard toolkit. This approach has made Europe wary. Recently,
American GM companies have also begun trying to obtain patents on plants and animals, something that infringes European
plant breeders’ rights (because it removes the right of others to continue cultivating the genetic material). In time, this could
jeopardise food security and biodiversity.
All this aggression has rather hidden the useful applications of green biotechnology in Europe. Those applications include
plants with higher yields, plants with built-in resistance to disease or pest damage, plants with the ability of leguminous plants
to sequester nitrogen from the air. But the ban on GM technology may also have had useful consequences. European
researchers use GM technology as an aid to discover which genes need to be mutated in order to obtain the desired
characteristic; they subsequently use traditional methods to cultivate the new variant. That is much faster than traditional
seed improvement methods, but slower than if they had been allowed to work with GM.

CO2 economy: materials without agro
Carbon dioxide is the end product of the carbon cycle. It escapes into the atmosphere, is absorbed into the oceans or begins
a new cycle via photosynthesis. It is used mainly in soft drinks and fire extinguishers, but it can also be used to make new,
biodegradable plastics by adding the oxygen molecule to the carbon skeleton. CO2 is the only raw material that is available in
ample quantities and at no cost.
Carbon dioxide is an inert gas which does not readily combine with other substances. Bringing about those combinations requires a
great deal of energy. Its main use in the chemical industry to date has been in the manufacture of soft drinks – its biggest industrial
use – for producing urea and, in small quantities, in aspirin. Carbon dioxide (and carbon monoxide) are widely present in industrial
waste gases, making them ideal for use in making chemical products or fuels after conversion using genetically modified bacteria.
However, the yield of these processes is currently very low.
It has recently become possible to manufacture methanol from carbon dioxide and hydrogen using artificial photosynthesis (also
suitable for solar fuels) and to make new plastics in small quantities. Most of the processes are still in the laboratory phase, but
articles made from polypropylene carbonate (PPC) are already on the market. With a CO2 content of 43%, this new plastic
appears to be the first major product in the series. It is made by polymerising propylene oxide with carbon dioxide. And
propylene oxide is made from oil, but could in future be made from carbon dioxide via methanol. When that stage is reached, it
will be possible to make this new plastic almost entirely from CO2 in a 100% biobased process, at least to the extent that we can
describe carbon dioxide chemistry as biobased. PPC is a plastic with high temperature stability and high elasticity; it is
transparent, biodegradable, has very high oxygen permeability, is non-toxic and has a memory. The product can be foamed,
made into films and mixes readily with other new plastics such as polylactic acid (PLA), making it very suitable for use in food
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packaging. The combination with PLA is also biodegradable and is less brittle. According to some in the business, polypropylene
carbonate is the answer to the long-standing ‘giant’ of the plastics world, polypropylene. The same properties can also be more
or less ascribed to polyethylene carbonate (PEC), which contains an even higher percentage of CO2 and is made from
polymerisation of ethylene oxide with carbon dioxide. Polyurethanes made from CO2 are also under development. Trial
production runs have already begun in Germany, and the first commercial factory is scheduled to open in 2015. Other CO2-based
plastics such as polyhydroxybutyrate (PHB) and polycyclohexene carbonate (PCHC) are on the point of breaking through, as is the
production of formic acid from carbon dioxide.
As with biopolymers, the intention in carbon dioxide chemistry is to make plastics that are better than the ‘old’ plastics but just
as easy to work on existing machines in plastic processing plants. The chemical world is buzzing with enthusiasm and is actively
working to bring these new plastics to the market. Both biobased and carbon dioxide plastics are a long way from being able to
meet the demand for new, improved, biodegradable materials, however, and they will not noticeably reduce the amount of
CO2 in the atmosphere, even if large quantities are made.
http://www.co2-chemistry.eu/
http://www.biobased-society.eu/nl/2012/10/de-kooldioxide-economie-de-volgende-revolutie-in-de-chemie/

Biobased products: drop-in or niche?
The new green chemistry makes chemical building blocks from plants and plant residues. If they have the same molecular
structure as the old ‘fossil’ products, we call them drop-ins. But the industry is also developing new green products with
different properties.
The biggest drop-in is bioethanol, which all over the world is made from sugars (as well as from cereals and plant residues)
using fermentation. Bioethanol is mainly used as a transport fuel, but in Brazil there is so much cane sugar that they also use
alcohol, depending on the sugar and oil price, as a raw material for chemistry. They produce ethylene from this for further
processing to make the biggest plastic polyethylene (PE), or in this case bioPE.
Processing sugars to form biobased materials is an excellent application in biobased chemistry. Making chemicals and materials
from sugars has the great advantage (compared with making them from oil) that most of the oxygen atoms required, and
sometimes other molecules such as nitrogen, phosphorus or sulphur, are already present in the raw material. In principle,
biobased feedstock can be used to make a much greater variety of products because of the complexity present in the plant.
When making biofuels, that complexity is lost entirely. The chemical industry is now focusing on making more complex
biochemicals, starting with biosuccinic acid (butanedioic acid). This is a drop-in product, because to date it has been possible to
make it petrochemically by the oxidation of butane. That is a laborious and overly expensive process, however, and in reality it
is not a drop-in, because very little succinic acid is made. The chemical industry is very interested in biosuccinic acid, mainly
because it serves as a precursor for many other chemical compounds.
There are a great many applications for succinic acid, and therefore also for biosuccinic acid. An example is their use in the
production of polyurethanes via polyols. Up to now, petrochemically produced adipic acid has been the main agent. The
succinic acid process creates a new type of polyurethane with different properties. We do not know yet how different, but it
is certainly interesting for the materials world because this is a new type of polymer which will initially be brought to market
as a niche product. A new niche product such as this can become a major product, as has happened with polylactic acid (PLA),
for example.
As well as biosuccinic acid and bioethylene, the chemical industry is working on any number of other green chemical building
blocks with the aim of incorporating them in more complex green chemical end products and biomaterials which it is hoped
will eventually replace petrochemical products everywhere. The drop-ins have to compete on price. They do not have a
demonstrable advantage over petrochemical products, only their green image, but that is not (yet) relevant on these markets.
However, the new green niche products can conquer new markets thanks to their properties. And then the green aspect does
matter.
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See: Chemie met plantenresten, Resource Efficiency, 3 June 2013

Biopolymers: a breakthrough
Biomaterials are the most important products in the biobased economy, and the only possibility for replacing fossil materials
when the oil runs out. The good news is that the production capacity of these materials, both drop-in and newly developed,
is growing apace.
The bad news is that almost none of this new production capacity will be based in Europe. Several Dutch manufacturers of
new biopolymers have already announced that they will build their plants elsewhere. Avantium, which makes polyethylene
furanoate (PEF), a new bioplastic for cola bottles, and which has built a pilot factory on the Chemelot industry park in the
Dutch province of Limburg, has yet to take a final, and the same applies for the production of coatings by AkzoNobel.
BioAmber plans to build its biosuccinic acid plant in Canada. Although a great deal of research is carried out in Europe, its
industry policy is inconsistent and inadequate. Manufacturers consider Europe too expensive (labour, energy, raw materials),
though many new developments arise here. The European share in the production capacity of new bioplastics will fall over
the coming years from 20% to 14%. There is no shortage of plans, but no money to build pilots and factories. It might be
possible for several European countries to join forces to set up these pilots, but that would require a new European politics.
The global growth of biomaterials is remarkable. The greatest growth is expected for drop-in bioplastics, such as biobased PET
(polyethylene terephthalate) in the US and bioPE (polyethylene) and bioPP (polypropylene) made from sugar in Brazil. The
strongest growth in the new biobased plastics will come from PLA (polylactic acid) and PHA (polyhydroxyalkanoates).
Although the total quantity of bioplastics, including drop-ins, currently accounts for only 1.5% of the total amount of plastics
in the world (a total of 400 million tonnes per year), the expectation is that the bioplastics capacity will have doubled by 2020.
That means these materials will grow faster than the plastics market as a whole.
By around 2020, it will be possible to make a number of ‘fossil’ plastics from biobased feedstock, because the chemical
building blocks from which they are made, such as succinic acid, adipic acid, butanediol and terephthalic acid, will then also be
biobased, or a least it will be possible to make them using biobased techniques. The price and performance of these biobuilding blocks will determine whether they are able to win the battle against petrochemical products. There is an
expectation that biobased techniques will have gained the upper hand in around 2020 in the manufacture of these building
blocks and products made from them. However, it will be a long time before that happens for the ‘big’ plastics such as
polyethylene and polypropylene, because the industry will still be able to make full use of the existing petrochemical plants,
the investments in which will have been written off by then.
The materials battle is beginning. How biobased do we want the world to be? In reality, everything will depend on the price,
processability and properties of the old and new bioplastics. And on whether Europe wishes to participate in this race.
www.bio-based.eu/market_study/pressrelease

Flax fibre instead of glass fibre
The use of natural fibres has never been entirely displaced by glass fibre and synthetic fibres. In fact, there is steadily
growing interest in the use of natural fibres in composite materials, whether or not biobased and whether or not
biodegradable, and also as an insulation material in the construction industry. These materials are a third lighter than glass
fibre and also have other advantages.
There are lots of different natural fibres. There are mineral fibres (asbestos), but these are not our primary interest here.
Many fibres are plant-based in origin, such as cotton, hemp, flax, jute, copra, abaca and sisal. They have long been used in
clothing and, since plastics came onto the market, for strengthening composites. Then there is the construction material
timber, which is also increasingly being used to reinforce composite materials. Cellulose fibres have traditionally been used to
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make paper, probably the oldest biobased activity. Animal fibres such as spider silk, silk, wool, catgut, alpaca, camel hair,
angora, cashmere and mohair are used mainly for different types of clothing.
The question is why glass fibre ever threatened to displace natural fibres in the materials world and construction sector. Yes,
they were cheaper; but better? Natural fibres have always continued to play a role: sisal in rope, flax and wool in clothing and
other textiles, and wood is still the most important building material. The big fossil plastics have however largely taken over
the role of plant and animal fibres in rope, clothing and other products, just as glass fibre has displaced natural fibres in the
reinforcement of construction materials.
Natural fibres are enjoying a strong revival, however, led by green-thinking designers and architects. It transpires that natural
fibres perform very well as material reinforcement. In fact, according to some sources they are displacing glass fibre once
again. Their great advantage is that they are lighter – by up to 30% – which means the construction elements in which they
are incorporated (such as car doors) are also lighter. That is important in the transport sector since it saves energy. Best of all
is when they are used together with biodegradable plastics, as in wood biopolymer composites, for example. If both
constituent materials are biodegradable, they can be composted after use. Recycling and reuse are a problem with other
(petrochemically) reinforced composites because of the bonding between the composite and the reinforcement. Glass fibrereinforced plastics are not even suitable for energy recovery , because glass fibre and plastic cannot be separated and the
glass blocks the incinerator as it melts. And there is even more good news: the environmental impact of the combination of
natural fibres and bioresins is much, much lower (up to 80% lower) than the impact of the combinations of glass fibres and
fossil polymers used to date, while the costs are already competitive.
There are still not many companies working in this field. A Dutch company has however built a catamaran reinforced with
natural fibres which for many years has taken part in the Round Texel Race. The same company is making new signage for
cycle routes. The company inspires (young) designers to make new user objects with these materials and architects to design
buildings clad with natural fibres. Much is expected of combinations of biodegradable plastics and natural fibres in the green
construction and design world.

High-grade chemical products
Plants contain many valuable products, including those parts of the plant that have traditionally been thrown away after
harvest. Waste from sweet pepper cultivation, for example (through drop, foliage and binding material) contains lots of
carbohydrates, sugars and valuable micronutrients such as dyes, vitamins and antioxidants. The Dutch horticultural
industry (with the Plant Materials Expertise Centre (Kenniscentrum Plantenstoffen) at its heart) has begun compiling an
inventory of substances that could be extracted from this ‘waste’.
Research on the cultivation of ornamentals is producing unexpected results. Gerberas and chrysanthemums, flowers on which
lots of crop protection agents are sprayed, are for example a source of insecticides. Substances contained in carnations inhibit
bacteria and can be used in medicines. Narcissus bulbs contain between 0.1 and 0.2 percent galantamine, a drug used in the
treatment of Alzheimer's disease. Tulip bulbs contain tuliposide, which is used as a biopesticide or as an additive to
bioplastics. Tulips and narcissi also contain substances that are good for health such as flavanoids and polyphenols.
It is a major challenge to separate these substances from agricultural and horticultural waste. In the ornamental plant sector, for
example, all unsold batches from the auctions are thrown into a single heap, making it difficult to separate out particular
substances. It therefore makes more sense to collect waste from a single crop. In the sweet pepper sector, for example, the
position has almost been reached where the residues are rendered suitable for use as animal feed. At present, the main application
is likely to be wet feed for pigs. In principle, the economic value is considerable. The Dutch sweet pepper sector generates around
10,000 tonnes of residues, which now simply cost money (for their removal), but which could generate income of up to €1 million
in the form of animal feed.
Tomato-growing could become another good example. Each year, this crop alone produces 80,000 tonnes of stem material,
around 10% of which is dry material. Growers are now investigating the possibility of producing packaging material (trays)
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from these fibres. The first trials have been successful; the trial trays have good qualities. Moreover, tomato plants produce
precisely the right amount of fibre for packaging their own tomato yields; the circle is closed. Here again, this is waste that up
to now has simply cost the grower money. The best way of organising the production is currently being investigated: as a
small-scale activity on the grower’s site, or in a larger processing facility. And it does not end there, of course. The juice
obtained from pressing the stalks contains bioactive substances and raw materials for making bioplastics. There is a joke
doing the rounds in the horticultural world that one day the plants will earn more than the tomatoes.
The possibilities here are endless. The market is increasingly open to innovative applications with biobased substances. The
large amounts of waste from bulb cultivation are an interesting source of fine chemicals, such as crop protection agents; a
Belgian cosmetic company is looking for partners in the horticultural sector for the extraction of oil from tomato seeds for use
as a raw material in cosmetics such as face creams and other skin care products; a Dutch company is seeking to extract fibres
and bioactive substances from residues and to use them to make a vegetable paste; another company plans to cultivate
foxgloves (digitalis) under glass in order to extract digoxin, a substance used to treat heart failure that cannot be synthesised
artificially. And the paper industry is showing renewed interest in plant-based, biodegradable dyes.
www.plantenstoffen.nl

Bio-aromatics: drop-in, new or derived from oil
Until now aromatics, known in the petrochemical industry as BTX for short, have really only been obtained from oil. Shale
and other natural gas, which consists mainly of ethane, contains no aromatics. Biomass does contain aromatics – in lignin –
but they are difficult to isolate. It can be done, however, both enzymatically and catalytically.
BTX stands for benzene, toluene, xylene. These are compounds with circular molecules which are widely used in the current
petrochemical industry, especially in polymer chemistry. They are important raw materials in the chemical and plastics sectors
(especially para-xylene), like ethylene and alcohol, where the longer carbon chains are used. The question is whether green
chemistry should move in the direction of drop-in aromatics derived from lignin or obtained through pyrolysis, or whether we
should set about making new bio-aromatics with different properties, such as furandicarboxylic acids – different precursors
products with different, unique properties that could compete in a niche market and ultimately take over the market from
fossil plastics. The new polyethylene furanoate (PEF) could compete against the old polyethylene terephthalate (PET), for
example, as in the development of the ‘plant bottle’, the new ‘green’ Coca Cola bottle. It is also possible to move straight to a
higher level of complexity and to extract entirely new, as yet unused compounds from the plant. However, the difficulty in
introducing a new, high-grade plastic such as PEF is that an entirely new recycling chain has to be developed for it; that is an
argument for bioPET and against bioPEF.
For the moment, most researchers are concentrating on extracting the same aromatic chemical building blocks from plant
residues as those that are isolated from oil. BTX accounts for a high percentage of the lignin plant skeleton, the molecules that
give the plant its structural strength. Research is being carried out in many places into bio-BTX, usually drop-in BTX. But
research is also being carried out on other aromatics, such as phenol. This is done using fermentation, but also chemical
catalysis, and the results are sometimes quite promising.
However, the question is whether, having developed a good process for producing bio-BTX, there is actually a market for it. That
will depend on the price at which bio-BTX can be made in the future. Producers of monomers will certainly not buy these products
– especially if they are more expensive – simply because they carry a green label. The fossil world currently produces enough BTX.
A green label can however offer advantages for consumer products, or products that serve a niche market.
In any event, a great deal of research is being carried out on bio-aromatics, including in the Netherlands, and these products
are not yet on the market. Several Dutch universities, as well as companies such as BioBTX, are working on this, and at the
Green Chemistry Campus in Bergen op Zoom, the Dutch research institute TNO and its Flemish counterpart VITO are working
on producing bio-aromatics from lignin. It is however much more difficult to make bio-aromatics than bio-aliphatic
hydrocarbons that can be obtained from sugars via bioethanol, mainly because the lignin in the plant is much more difficult to
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isolate than C5 and especially C6 sugars, which can generally be obtained very easily direct from sugar beet or cane.

Paper: a (virtually) closed chain
The paper we produce in the Netherlands is made mainly from recycled paper. At least 80-90% of our paper and card has
already been recycled, and gradually we are able to make paper from all fibres, as long as this can be justified in terms of
the environment and energy.
The Netherlands is top of the rankings for collecting old paper, at 90%. The rest of Europe achieves 70%, the rest of the world
50%. We not only export or recycle our own paper, but are also a major transit country for paper (e.g. to China). Paper
recycling is very high in the Netherlands; if we were to achieve a similar percentage with other materials, the circular
economy would be a good deal more advanced. But making paper has been a biobased process for a very long time, and
paper has always been an expensive product, and therefore used carefully.
Although most people do not immediately think ‘biobased’ when thinking of paper, the industry forms part of biobased
organisations that are concerned with the development of innovative technology, recycling and biorefinery. These include the
Agro-Paper-Chemistry (APC) platform, which has signed up to a Green Deal with the Dutch government. APC is a collaborative
venture between the Association of the Dutch Chemical Industry (VNCI) and the Dutch Biorefinery Cluster (DBC), of which the
paper industry forms part. One of the ambitions is to be able to make paper and card from more agrarian raw materials such
as grass (there is more grass in the Netherlands than the cattle can eat), beet tops, stalks from tomato plants and corn – in
short, all plant fibres that contain cellulose. In the past, we used straw (from grain fields) to make card, but that is now too
expensive because we have to import it: too little grain is grown in the Netherlands. Reeds could also be used, but that
process is still too complex (and therefore too expensive) to be viable. Cotton fibres are extremely good, but only affordable
for the more expensive paper types, such as banknotes or artists’ paper. The same applies for hemp and flax fibres. There are
many types of fibre, each of which impart their own special properties to paper or card (cigarette papers, for example, are
made from sisal fibres).
Whether fibres can be used in industry, and if so which ones, depends on the affordability and availability of raw materials, as
well as on the environmental quality, purity, technology and energy costs of the processes used. Dutch paper factories make
paper almost exclusively from old paper. There is a factory producing newsprint that runs entirely on recycled paper.
A major recycling effort is getting under way for toilet paper, while the recycling of tissues is already well established, with
two tissue recycling plants in the Netherlands. The Dutch Water Authorities and sewage treatment plants are currently
engaged in reclaiming toilet paper. The paper industry does not use that product, but the reclaimed fibres can be used in
various other biobased chemicals and materials and are useful as an additive to asphalt, where they help prevent sinking.
Which just goes to show that every product can be reused. Seen across the full spectrum, the Dutch paper industry is
probably the furthest advanced in closing its chain.
http://www.kcpk.nl/
http://www.vnp.nl/

Second-generation alcohol getting off the ground in the US
New developments? Americans simply begin and implement. That’s why there are dozens of heavily subsidised bioethanol
plants in the middle of the US standing idle. Europeans talk and carry out research, but do not build. In the US, the
development of second-generation ethanol production is by contrast getting off the ground: the technology comes from
Europe but the US builds the factories.
The industrial production of second-generation alcohol (called cellulosic alcohol in America), in which not only the corn or C6
sugar (with six carbon atoms) is fermented, but especially the residual products such as stalks and cobs (containing the harder
to ferment C5 sugars, is still in its infancy everywhere in the world. Cars in Brazil have been fuelled by first-generation alcohol,
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made from sugar cane, for 30 years. It is virtually carbon-neutral, because the Brazilians obtain the process energy required by
incinerating the stalks. They are now proposing to use those stalks for second-generation production. The acreage grown is so
vast that they can choose between making sugar and alcohol, depending on the demand and prices on the world market.
The Americans still make corn alcohol (a first-generation product) from corn, and will continue to do so in limited quantities,
but the technological development of that process is coming to an end. They see the first-generation production as a learning
process for what is to come in the near future, and the plans for second-generation alcohol production are now beginning to be
implemented. The processes developed for this use the residue from corn production (using technology developed by the
Dutch firm DSM), or from grass or wood. These are complex processes and the US has plans to build around 200 of these
cellulosic alcohol plants, alongside a large number of first-generation plants that will remain in production. In Europe, just one
such plant is currently being built (in northern Italy). Producing alcohol from biomass is a local activity in America, too. That also
means that the factories can never have a capacity greater than 100-150 million litres of alcohol. For the corn farmers
surrounding the plants, this new development means extra work and therefore extra income.
The Americans do not believe that the development of shale gas in the US will put a brake on these alcohol production
activities. They do expect a fierce battle for market share with the oil companies, which will seek to keep the blending of these
products with traditional oil products to a minimum. They also see the food/fuel debate as a non-issue: they are reducing CO2
emissions and only using part of the residues; they are making extra proteins for animal feed from the stalks, returning minerals
to the land (with the bonus that the distances are not great) and providing more income for farmers.
The Americans look rather pityingly at the constant debates in Europe – thrown up by NGOs – which hold back the
development of second-generation alcohol considerably, and also at the dithering of European and national governments.
The US has clear guidelines for blending, both in terms of percentages and the period within that must take place. There is no
sign of any of this in Europe, often to the despair of (first-generation) alcohol producers, who do not know whether they can
afford to invest in second-generation production facilities. On the other hand, there are grounds for asking whether the
Americans are not plundering good farmland and about the fact that they are contributing little to the reduction of
greenhouse gases.
http://www.biobased-society.eu/nl/2013/04/steve-hartig-poet-dsm-de-kennis-komt-uit-europa-de-fabrieken-wordengebouwd-in-de-vs/

Do we really need the second generation?
When the food/fuel debate threatened the development of the biobased economy, companies came up with secondgeneration technology which largely (though not entirely) circumvents this problem. It is now apparent that, with better
arrangements, first-generation technology can also make sense.
The idea was that using second-generation (inedible) crops would not compromise the food supply. However, to convert these
crops into bioethanol and other substances, new (second-generation) technologies were needed. The bizarre aspect of the
debate in Europe is that we have developed the technology but do not use it. We merely talk about it. For example, even
though no second-generation alcohol at all has been placed on the market, fuel blending standards and percentages have
already been laid down.
People in the US also talk about it, but large corporations there are starting up second-generation production plants, especially for
bioethanol. First-generation bioethanol will simply continue to exist alongside second-generation bioethanol. The US government
has however set a maximum for the amount of product from first-generation facilities. And in Brazil, in addition to secondgeneration alcohol facilities, preparations are also being made on the production of second-generation bio-ethylene and bioPE. The
Americans take a very pragmatic approach here. They look for the best technology and simply make a start, with support from the
government which promotes the technology for strategic reasons – just as it did with the first-generation production plants. The
Americans have always argued that their first-generation plants convert only a part of the corn production into bio-alcohol and that
there is more than enough left for animal feed.
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In reality, the same discussion is now being held in Europe, but at a different level. Sufficient first-generation alcohol is made,
but no second-generation alcohol at all, but that now seems unlikely to happen. The production of chemical basic materials is
a different story. There are currently two facilities in Europe producing biosuccinic acid. Everyone in the chemical industry
expects a great deal from them. But they are first-generation plants: the biosuccinic acid – and the raw materials from a
number of other chemical plants – are made from sugar. And there is more than enough sugar in north-western Europe to
build a whole series of production plants for chemical raw materials.
The question then is whether we in Europe should continue developing second-generation technology for basic chemical raw
materials at all. Sugar is a food (first generation), but there is more than enough of it for chemical production as well. The
same applies for the other food crops in Europe, such as grain. It is now beginning to look as if the second generation is a
technology that will come to nothing in Europe because we have allowed ourselves to be led by the food/fuel debate. Europe
is not the food store of the world and will not become that, but with its overproduction of food crops it could become the
producer of basic chemical products for the biobased economy. And what about all those residues from agricultural
production? If the price of the precursors and products is strong enough, that second generation can always be started up at a
later date; it is a known technology.

Shale gas
The extraction of shale gas has given the fossil era some room for manoeuvre, but we do need to stop using coal more
quickly. The attention being given to shale gas elsewhere gives Europe the opportunity to set its sights fully on the benefits
of the biobased economy.
Shale gas is natural gas, which is formed by the breaking down of organic sediment, just like ‘conventional’ natural gas.
However, shale gas is locked up inside underground layers of relatively impermeable shale, and is therefore difficult to
extract. The large quantities of shale gas that are now coming on to the US market have caused energy prices there to fall
sharply, posing a threat to the position of European industry in general, and the chemical industry in particular. There is
also a perverse effect: American coal, for which there is no longer any demand on the domestic market, is now flooding
the European market. The result: Europe will miss its climate targets.
Europe is reflecting on countermeasures, and of course thoughts turn in the first place to Europe extracting shale gas itself.
However, it is unlikely that this would lead to the envisaged restoration of the old competitive relations. First, extraction in
Europe will be more expensive than in the US; when the first shale gas wells were exploited, the US often paid little heed to
environmental regulations (and in some cases actually partially suspended), but that will not happen in Europe. Additionally,
Europe is densely populated, while trial drillings for shale gas demand a great deal of space. There is therefore likely to be
more resistance from the European population, including because – unlike in the US – landowners have a strong interest in
gas extraction. The subsoil is also different in Europe, with more geological fault lines, at least in the Netherlands. And finally,
even assuming we in Europe were able to extract cheap shale gas, it will take ten years before it comes onto the market in
sufficient quantities. The European response to the challenge of shale gas will therefore have to be based on different
measures.
That response will have to consist in part of price measures, and preferably also the development of an entirely new industrial
strategy. The rapid development of biobased technologies, and more generally of ‘cleantech’, offers a window of opportunity
in this regard. The biomass activities in the US and Brazil are focused primarily on the energy market. Europe could focus on
the chemical industry. Germany and Denmark are leading the way in Europe in developing along this route. The cleantech
industry is growing by 30% annually worldwide, with solar cell technology and use of biomass as the backbone.
Unlike ‘normal’ natural gas, shale gas contains a relatively high proportion of ethane (up to 15%) and sometimes some
propane – attractive raw materials for the chemical industry. The industry in the US is switching from oil (naphtha) to shale
gas as source material for making these compounds. Naptha crackers are lying idle, and this is pushing up the price of higher
alkanes and aromatics. Producing these substances from biomass is therefore a sensible component of an industrial strategy,
as well as for the production of chemicals that are difficult to make from oil, such as succinic acid.
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Even here, however, Europe has put itself at a disadvantage. In the near future, more biosuccinic acid will be made in the US
than in Europe. It is time that Europe took some decisions that entail more than simply copying the policy of others.
http://www.biobased-society.eu/nl/2013/06/denken-voorbij-schaliegas/

The future of the energy supply
The solution to the energy problem does not lie in the use of biomass. We would do better to focus on solar and wind
energy, with an initial major contribution from gas (including shale gas). The new Energy Accord marks a first step in this
direction.
Until recently, the energy issue appeared to be a completely intractable problem. The oil reserves are gradually running out.
Coal, of which there are large stocks, produces too much CO2. Gas creates too much dependency on the other countries.
Nuclear energy requires such high investments that it is no longer an option in this time of crisis (leaving aside the many other
objections). In order to reduce CO2 emissions rapidly, the EU took the decision ten years ago to devote a great deal of effort
to the development of biofuels, but these were subsequently discredited: not sustainable enough, and possibly compromising
the food supply.
Two important developments are now revealing a potential solution pathway for the energy transition: the availability of
shale gas and the rapid fall in prices of solar cells (PV). These price falls will continue thanks to major scientific and
technological improvements in the pipeline. Over the next twenty years – perhaps even within the next ten years – energy
investments will largely be directed into solar energy. It will then take another ten to twenty years before solar energy
becomes the backbone of the energy supply. All other measures that we are taking are transitional, in anticipation of
sufficient growth in solar energy. That solar energy need not come exclusively from PV; artificial photosynthesis (biosolar
cells) is running twenty years behind PV, but will eventually also make a substantial contribution. Wind energy has less
potential, but is also important.
The most important interim solution is therefore gas, including shale gas. If gas displaces coal, CO2 emissions will fall rapidly.
The Netherlands will then have to mothball a number of newly built power stations. The automotive sector will become (in
reality already is) the battleground for competing options: biofuels, natural, shale or biogas, electric transport and hydrogenfuelled cars, or simply continuing with diesel and petrol derived from oil... all these options are possible.
Biofuels can make a contribution to this picture. The big advantage of biofuels is that they fit into the existing (oil-based)
infrastructure. Consequently, they will be with us for a while yet. They will not however form the backbone of the future energy
supply. Demand for energy is proportionally so great that the large-scale production of biofuels always has the potential to
encounter problems somewhere: conflicts with the food supply; or nature conservation; or sustainability requirements; or all of the
above. And an energy supply that is constantly the subject of public controversy ceases to be a good idea.
And let us not forget energy conservation, or more accurately, efficient energy use. Since the first oil crisis back in 1973, this
has been the ‘cheapest source of energy’; it produces the biggest reduction in CO2 emissions per euro spent. And the amount
energy used in many industrial and domestic processes is indeed falling. If there are to be surprises in the trend in demand for
energy, they are more likely to be on the downside than the upside. That will make it easier to meet the energy demand.

A large biobased cluster stretching from Leiden to Reims
The smallness of scale that is associated with the biobased economy means there is scope for greater collaboration. The
Biobased Delta could become a good example of this. At present, it covers only a small part of the southwest Netherlands
and Flanders, but in time it could grow into a region housing all kinds of biobased activities that stretches from the Dutch
province of Zuid-Holland to northern France. This kind of clustering is also taking place in other regions in the Netherlands
and Europe.
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‘Borderless cooperation’ in the biobased economy will bring together all manner of activities in the region in the fields of
research, education and production. It started out as a collaborative venture between biobased researchers at Ghent
University in Flanders and the Kanaalzone area, with its high levels of agricultural and chemical activity, through Bio Base
Europe (BBE), with Ghent Energy Valley and Biopark Terneuzen as partners on the Flemish and Dutch sides, respectively. All
kinds of businesses are established in this area which have a greater or lesser interest in BBE. Well-known names such as Dow
Chemical, Cargill, the Norwegian Yara, Arkema and Zeeland Refineries (Total/Lukoil) in Sloe. Yara and Arkema plan to set up a
demonstration project for algae and seaweed. The Kanaalzone area uses waste CO2 and heat to meet the needs of the
glasshouse horticulture industry in the region. Research on biomass is being carried out in Ghent, where a multipurpose trial
plant has been built in which several distinct activities can be carried out, both biochemical and chemical. Antwerp is
developing the ‘Blue Gate’ port area for biomass on the River Scheldt. Moving away from Belgium, in northern France there is
the biobased region Les Sohettes operated by IAR (Industries et Agro-Ressources), which could readily link up with the
Biobased Delta Cluster.
SABIC is interested in carrying out research on bio-aromatics in Bergen op Zoom, in the Netherlands. The company founded
the Green Chemistry Campus, opened its laboratory to other companies and provided support. This is something unique in
the chemical industry; it is quite something for a company to allow others into its laboratories. But it happened, and
developments are now well under way. Ten companies have already established operations on this site.
The Dutch research institute TNO and its Flemish counterpart VITO are carrying out joint research on lignin and bio-aromatics,
as well as on C5 (and higher) sugars. The first line of research, which is very close to the petrochemical industry, is aimed at
making ‘green naphtha’ from biomass. The next steps will be to focus on bio-aromatics and higher aliphatic compounds; both
are difficult to make from shale gas and shale oil and market demand will (therefore) develop for them.
Moving further north, to Rotterdam, there are plans to build a facility producing isobutanol from biomass. In parts of the Province
of Zuid Holland, in which Rotterdam is situated, the local horticultural industry can make a contribution, with its knowledge
institute and its materials, and there is the Biotech Campus Delft involving TU Delft, the Bioprocess Pilot Facility (BPF), the open
pilot plant set up by DSM, TUDelft and Purac, and the BE-Basic programme. Further north still, the bulb-growing region could also
join in. The SME sector can link in via training and research at the Avans University of Applied Sciences in Breda.
In this way, a regional relationship could arise within the Biobased Delta between BBE businesses and institutions from the
Flemish provinces of Oost and West Vlaanderen and Antwerp, the Dutch provinces of Zeeland, Brabant and Zuid-Holland, and
northern France, which could approach Brussels as a united front. The contacts have already been established . Similar
initiatives could be undertaken elsewhere, too, for example in the northern Netherlands-Lower Saxony region.

The Dutch Biorefinery Cluster
If the biobased economy is to get off the ground in the Netherlands, if we wish to ensure that cycles are closed as far as
possible, it is important that all kinds of biomass, including waste flows from forestry, agriculture, livestock farming,
industry, wastewater treatment and consumer waste are converted as far as possible into usable commodities and
materials. The first step in this activity, making new raw materials, is achieved through biorefining and biomass cascading.
Several sectors of industry saw early on that it would be better to develop and carry out biorefinery in partnership. As a
result, in 2006 a number of parties from the agro-food and the paper and card industries joined forces to make better use of
their biomass in a bid to move towards a more sustainable economy. After several years of collaboration, it was decided in
2010 to set up the Dutch Biorefinery Cluster (DBC) officially as a foundation, to communicate the results and to engage in
collaboration with other sectors. In 2011 this led to an alliance with the Dutch chemical industry (VNCI) in the Agro-PaperChemistry Alliance (APC).
The cooperation between the sectors is aimed at obtaining a number of (raw) materials and building blocks such as plant-based
proteins, lignocellulose, nutrients, plant-based paper additives, natural dyes, biobased coatings, biobased basic chemical
products, biobased packaging and composites (fibre-reinforced plastics) using natural fibres. The cooperation is also aimed at
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water improvement by recovering certain fatty acids and phosphorus compounds which occur in the process water and which
are currently sluiced away with wastewater, and reusing them for new processes and products.
Companies and organisations within the DBC and the APC are doing this by utilising each other’s knowledge and expertise
regarding their own industrial raw materials, intermediate flows and products and developing and deploying joint
technologies. The results are often interesting. For example, the paper and card industry has succeeded in making cardboard
packaging from grass fibres and tomato plant residues.
The DBC is developing primarily by involving as many parties as possible in its initiative and establishing contacts with the
outside world. As examples, it has signed up to a Green Deal (see elsewhere in this book) with the Dutch Ministry of Economic
Affairs, in partnership with the Association of the Dutch Chemical Industry (VNCI), aimed at developing and realising six new
business cases at companies in the three sectors.
The DBC also took on an international aspect in 2013 when, along with many other Dutch and foreign organisations and
companies, it became a member of the newly formed Biobased Industries Consortium (a public-private partnership that grew
out of the Biobased Industries Initiative (BII)). Some 50 companies and the same number of knowledge institutes are working
together in this Consortium, backed by funding totalling €3.8 billion which has been made available by the European
Commission and European industry as part of the European Biobased Industries Initiative (see elsewhere in this book) for
demand-led research in the European biobased industry. The objective of the research is the development of a European
biobased economy.

The Bioprocess Pilot Facility in Delft
Developments in industrial biotechnology (processes, new production) developed in the laboratory must be tried out and
tested at a relevant scale before they can be taken into commercial production.
A pilot facility which mimics the production process on a semi-technical scale is an expensive but necessary step in
determining the process conditions needed for an optimum commercial process. For some products and processes it is even
necessary to build a demonstration plant before the step can be taken to build the first full-scale production plant. Very large
corporations can afford such investments; smaller companies cannot. However, it remains absolutely essential to study the
process conditions and raw materials first before moving to build the full-scale facility, because of the complexity, high costs
and risks of upscaling the new processes or products.
The Bioprocess Pilot Facility (BPF) started with the existing pilot facilities owned by the Dutch concern DSM, which were set
up to carry out research at its fermentation and processing plants. These pilot plants were placed in a joint venture by DSM,
with Corbion-Purac and TU Delft as partners. To allow the transition to lignocellulose-containing raw materials, the pilot plant
was configured for process research on converting different types of biomass (straw, corn stalks, wood trimmings, etc.) into
fermentable sugars. To pay for this expansion, the BPF receives financial support from the EU, the Dutch Ministry of Economic
Affairs, the Province of Zuid-Holland and the municipalities of Delft, Rotterdam and The Hague.
The BPF is an open facility, which means that everyone can make use of it. Naturally, confidentiality of the users’ own know-how
is guaranteed. Small businesses wishing to test their technology, biotech companies wishing to research other raw materials for
their current processes, equipment designers wishing to test their designs in practice and scientific researchers wishing to
investigate the scale effects of their inventions can all make use of the facility. The modular configuration and a wide range of
available unit operations in the pilot plant means there are a great many possibilities.
The BPF is a very flexible pilot plant. In addition to sugar as a feedstock for the fermentation process, residues from
agriculture and forestry can also be used. These feedstocks are preprocessed, usually by reducing their size and treating them
under high temperature (and pressure) to break down the bonds between the constituent parts of the plant. After further
treatment where necessary, such as hydrolysis to remove the sugars, the fermentation process follows.
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The BPF has fermenters of varying process dimensions up to a volume of 8 m3, in which various microorganisms such as
bacteria, yeasts and moulds can be placed. The fermentation processes can be carried out as a batch, fed batch or continuous
process, and under aerobic or anaerobic conditions. The modular structure of the pilot plant makes it possible to switch from
removing the product from the cell in which it was formed or separating it out from the fermentation medium. The BPF
employs a staff of experienced process technologists and process operators.
This facility in Delft means that Dutch (and foreign) industrial biotechnology companies have access to a pilot facility for
research on upscaling their processes which offers considerably more possibilities than can generally be found elsewhere.
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The transition to the biobased economy
We are only at the beginning of the transition to the biobased economy. Radical innovations are needed. It is important
that the transition does not become institutionalised.
Transitions have their own dynamic, which several research groups in the Netherlands and elsewhere are trying to map out.
They are basing their efforts on experiences on studies of a large number of past transitions, such as the displacement of the
sailing ship by the steamboat and the of the horse by the tram and later the car. Just a decade ago, the Dutch government
tried to use that collected knowledge to give tangible form to the energy transition. By evaluating that project (what was and
was not achieved), researchers are now trying to develop guidelines for an intelligent approach to the transition to the
biobased economy.
Major shifts are taking place in the energy transition, and energy is dictating the picture les and less; many transition
researchers, for example, think that the chemical industry will start looking to meet its own energy needs in the forthcoming
transition. The transport and construction industries could also begin organising their own energy supply. The faster the
energy transition proceeds (towards genuinely clean energy), the faster the biobased transition can go ahead.
Viewed from this perspective, the transition to the biobased economy forms part of a broader transition to an entirely new
economy. And our society is in an important transitional phase, comparable to the beginning of the modernisation that took
place at the end of the 19th century. It promises to be a very long transitional period. According to researchers, at the end of
the 19th century, too, it took fifty to sixty years for the modernisation process to run its course. The present crisis is a sign of
that transitional period, which could last fifteen to twenty years.
Moreover, the transition to a biobased economy is only just beginning. The early phase of any such process is characterised by
lots of experimentation and trying out many different technologies. It is important that there are enough ‘radical’ and
strategically significant projects in the mix in this phase. Because however useful they may be, incremental changes provide
insufficient material for the necessary renewal of the technological infrastructure. Where possible, policy should stimulate
precisely those radical projects – thought in practice this is often a problem, because the existing societal organisation, based
on established technologies and vested interests, acts as a barrier to such projects.
The conclusion of researchers is that the transition to a biobased economy has every chance of succeeding. From the energy
transition they draw the lesson that institutionalisation of the biobased economy must be avoided. Promotion of the biobased
economy from the regions, as is happening in many cases, is therefore a good thing. Every transition goes through a period of
struggle and strife, but ultimately the innovative forces break through. Every systemic crisis is followed by a period of great
innovation and inspiration. The biobased economy could provide precisely that impulse.

Sustainability: a tricky subject
Sustainability is essential for the biobased economy. On the other hand, making practical agreements about sustainability
and implementing and monitoring those agreements, always proves to be problematic. But sustainability also offers many
opportunities.
Sustainability has many faces. There is the traditional environmental problem: to ensure a sustainable future we must not
pollute the air, water and soil. In addition, we must steadily reduce our consumption of resources, including the rare earth
metals that are so necessary for use in our mobile telephones, the gas and oil which have driven our economy up to now, and
the phosphate that is essential for our agriculture. We must stop discharging CO2 into the atmosphere, because otherwise the
climate effects could be disastrous. We must protect biodiversity, because our survival as a species depends on preserving the
Earth’s gene pool. We must stop emptying the seas of fish. We must develop criteria that measure how successful those
involved are in achieving these tasks. And we must create mechanisms to monitor the extent to which people stick to the
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agreements made.
It feels like an almost impossible task when it is all added together. But there is good news: to the extent that carrying out
these tasks depends on technology, it looks as if human beings (perhaps just in time) are developing the necessary
technologies. But there is also bad news: we have failed thus far to apply these (clean, green) technologies fast enough. The
drama of the climate negotiations serves as a good example here. After agreeing serious but achievable (although perhaps
still not adequate) agreements, there is consistent failure to implement those agreements within the agreed timeframe.
There are important international aspects to the sustainability issue, which therefore impinges directly on the development
issue. Put more bluntly, the international negotiations are always concerned with money. Renewal of the Kyodo Protocol
depends mainly on which countries will pay for it, and how much, and which countries will receive money. Over the past
decade, negotiations between governments have made no convincing contribution at all to sustainable development.
The Round Table conferences on sustainable resources that have taken place between private participants (businesses and
NGOs) are more successful. Even though NGOs continue to express doubts about the content and effectiveness of the
agreements made at these conferences, progress is at least being made. Consumers are joining in. Sustainability of a wide
array of products and services (coffee, tuna, furniture, transport...) appeals to many people. There are tentative signs that
consumers are also willing to pay for sustainability – all the more reason to develop comprehensive verification mechanisms
and eliminate the possibility of ‘greenwashing’.
In the struggle to develop concrete measures, it is sometimes forgotten that the whole sustainability debate masks a major
political and philosophical issue with which we must also engage. No one is concerned only about ‘planet’ or ‘people’; there
also has to be room for ‘profit’. But no one knows where the balance between people, planet and profit lies. Consequently,
stakeholders can easily turn the discourse in a direction that suits them; the sustainability debate is full of rhetoric and
preconceptions. The only way to overcome this is through experience, reflection and debate, all harnessed as part of the
commitment to sustainability.

CO2 levies or rights
We have now gone through the barrier of 400 ppm CO2 in the atmosphere, and it will not stop there. In 1960 we
passed the 300 ppm mark. What can we do to bring down CO 2 levels? Should we be imposing a tax on fossil products
and using the proceeds to encourage the purchase of bioproducts? Or should the operation of the CO 2 emission rights
be improved? As yet, there is no linkage to the National Energy Plan.
How does a new, low-carbon industry get off the ground? Burning wood pellets will not lead to a rapid reduction in CO2
emissions; it will take a hundred years before the CO2 is stored in trees again. One possible way of speeding up the process is
a selective system of levies and subsidies – raising something here and lowering something there. In the Netherlands,
economical cars are doing well, and microgeneration from solar panels is popular in Germany. Too popular, in fact.
Consumers are willing, especially if they can see a benefit for themselves and if the government provides a little help with
small tax breaks.
But we can also adopt the Chinese approach: simply forbid all non-electric scooters in the city. An authoritarian state
sometimes has its uses! But given the extent of industrial emissions in China, the results are much less visible. And anyway,
we do things differently in Europe. We prefer to allow the market to do its work: by introducing a levy on CO2 emissions or
organising a properly functioning market for CO2 emissions trading. But in practice we do neither. European governments
have granted far too many CO2 emission rights, so that the market has no effect whatsoever. And levies are also not being
imposed. Yet we could achieve a great deal with them, as the following example involving biopolymers illustrates.
There are already many biopolymers on the market, but the packaging industry is not really taking them up. Price is the main
obstacle to a market breakthrough: fossil polymers cost around €1.50 to €2 per kilo; biopolymers cost between €0.50 and
€0.80 more). There is also a lack of clarity about availability, shelf life, labelling and composting. What is certain is the
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threefold reduction in CO2 emissions during the production of biopolymers compared with fossil plastics: 800 kg CO2 is
emitted for every tonne of PLA made, compared with an average of 2,725 kg per tonne of fossil polymers. Despite these
positive factors, there is as yet no level playing field. It may be that brand owners (such as Coca-Cola) will be willing to pay
extra for their packaging for a while in order to promote their green image.
In the materials world, price is currently the only factor that matters. Green credentials or low CO2 emissions are of no importance.
The consumer is certainly not willing to pay more for ‘green’. This explains why the quantities of bioplastics made in Netherlands
are still far too small.
To prevent biopolymers failing to get off the ground, despite their low climate impact, an additional packaging tax of one
eurocent per kilo could be imposed on fossil-based polymers, and at the same time the packaging tax for biopolymers could
be reduced by between €0.50 and €0.80 per kilo (precisely the same as the price differential between biopolymers and
petrochemical polymers). That is a budget-neutral measure. This reduction could then be gradually phased out as the quantity
of biopolymers produced increases. Following the CO2 levy on fossil polymers, a logical next step would be a CO2 tax on fossil
fuels themselves. That would seem to be the only way of reducing CO2 emissions using the mechanism of the market, given
that governments are apparently not willing to intervene in the European market for CO2 emission rights.

Economic effects and models
There is a great difference between the way in which companies regard an innovative development such as the biobased
economy and the way that resonates in economic models. Those models are based on experiences from the past, and are
therefore not well suited to modelling a radical change in the economy.
Sustainability is being given a central role in the strategic vision of more and more businesses. In the first place, this is because
their customers want this. But it is also because those companies believe that customers who are not yet on board with
sustainability will increasingly become so. Sustainability then becomes a sort of future insurance. Finally, it sends out a signal
that businesses are taking sustainability issues seriously, like climate, overfishing and loss of biodiversity.
We believe that sustainability is not a fad that will disappear in a few years time, but an undercurrent that is now coming to
the surface. An undercurrent with major economic consequences, because a number of economic givens will have to be
rethought, with for example economic rewards for maintaining rather than exhausting resources.
In the biobased economy, too, as part of a sustainable economy, a number of economic relationships will change. Residues
will acquire an economic value. The agro and chemical sectors, thus far entirely separate parts of the economy, will begin
influencing each other. The biobased economy largely depends for its development on scientific research and technological
progress, which will therefore acquire an economic value (whereas at present they are treated as cost items in the models of
the Netherlands Bureau for Economic Policy Analysis (CPB)). If a high proportion of raw materials are produced in the regions,
logistics takes on a different meaning.
Existing economic models cannot accurately reflect such future developments, because they are based on existing structures
and use existing technical coefficients. In these models, the chemical industry is heavily dependent on petrochemicals with all
the associated interdependencies, and the oil price is an important parameter. In the future, the price of sugar may assume
that role. But in a time when relationships are shifting, we will inevitably go through a period of uncertainty about the structure
of economic models and the value of key parameters.
While many companies are steering towards sustainability, a modest battle of the economic models has broken out. The Dutch
Agricultural Economics Institute (LEI) has different ideas from the CPB, and believes that many models have a blind spot for the
effects of biobased technologies and therefore do not accurately quantify the consequences of government policy, scarcities and
technological developments. The LEI has attempted to map the economic impact of the biobased economy. The results,
especially in a high-technology variant, were extremely good. The LEI has recently begun work on an update that should provide
more detail.

55

More broadly, there is also a need for economic models that go beyond four years – the normal government term of office in
the Netherlands. Because an economic change of course such as that on which we have embarked does not of course bear
fruit within precisely that period. For the moment, no definitive answer can be given to the question of what the economic
impact of the biobased economy will be.

Funding
Funding innovative technology projects is a problem in Europe, and certainly in the Netherlands. Moreover, it is a problem
that has gone on for decades. Europe is strongly focused on research and much less on developing and demonstrating
technologies. Innovative funding mechanisms are needed, especially in a time of austerity.
Europe is and always has been a mecca for researchers, with relatively generous research budgets. Consequently, Europe has
a very strong knowledge base. In relation to the biobased economy, for example, the Netherlands excels in green chemistry
(fermentation, homogenous and heterogeneous catalysis), agricultural and horticultural technology and seed improvement.
But a familiar complaint by businesses wishing to upscale their technology is that it is difficult to raise capital for this in the
Netherlands. It therefore regularly occurs that technologies are funded in the research phase with Dutch public money, but
ultimately applied elsewhere.
Europe’s competitive position against the United States has recently deteriorated due to the low energy prices there. The
competition with Asia is thwarted by their low wages. Moreover, the investment conditions are often better in other parts of
the world. The US works mainly with loan guarantees, Southeast Asia with tax breaks. And to top it all, European banks and
institutional investors have become exceedingly cautious – due to recent scandals as well as new solvency rules – in providing
venture capital. Europe therefore needs to make additional efforts to compensate for the traditional aversion to risk-bearing
investments in start-ups.
The Dutch ‘top sectors policy’ was a move in this direction. Compared with the earlier innovation policy, it devotes more
attention to demand-led research and continuing development of technology, through a form of investment relief and by
giving the industry a greater say in how government money is spent. However, the line from research to pilot plant to
demonstration plant to commercial facility is in danger of breaking down somewhere around the demonstration phase, partly
because of the cuts in R&D spending which came in at the same time as the top sectors policy. The case of Avantium is a
painful example. PEF technology was developed by a Dutch company, supported by Dutch R&D funding; the pilot plant was
built with support from the Dutch government in the Dutch municipality of Geleen; and yet Avantium is thinking seriously
about building a demonstration plant in the US – in this case primarily because of the low energy prices, but also because of
the financial support (or guarantees) offered by the US government for building a facility such as this.
Some of the extra effort needed could be devoted to finding new strategic alliances. The Netherlands, as a small country with
lots of excellent new technologies in development, could for example seek partners in the Eastern European Member States
of the EU. Those countries have lots of well-trained people (though whether they are also good biochemical operators is
uncertain), are looking for new investment opportunities, and appear to offer better conditions for pilots and demos. Such a
collaboration could offer benefits for both parties.
The government could also play a significant role in the breakthrough of the biobased economy without investing much
money, by formulating new rules, acting as a launching customer, arranging a level playing field and formulating quality
protocols.

Biobased Industries Initiative: demand-led European research
What the Netherlands cannot do alone might be possible at European level: forging fruitful alliances between governments
and industry in public-private partnerships (PPP) for knowledge development in a biobased economy. The collaboration
between the European Commission and the Biobased Industries Consortium (BIC) formed for this purpose is part of the
Horizon 2020 programme and is referred to as BII: Biobased Industries Initiative. It is a very important initiative in which
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the industry takes the lead.
The BII initiative (originally launched under the name BRIDGE) is not inconsequential. The European Union is contributing €1
billion to the research and innovation programme, and European industry has committed €2.8 billion. It is an enormous
public-private partnership that should help lift the European biobased economy off the ground. It is a real challenge, with
many stakeholders and therefore many interests, and lots of pulling and pushing. BII fits in entirely with the new European
Horizon 2020 strategy of linking research to innovation and focusing on societal challenges.
Unlike many research programmes, such as in the ICT or aircraft industry, the biobased programme is completely new. There
is moreover no dominant sector of industry and no dominant player (à la Airbus). On the contrary, sectors which in the past have
had no contact with each other will now work together, such as agro and chemistry, the paper industry, waste processing,
energy, logistics and others besides. It carries political risk, and BII can therefore only succeed if it is ambitious. And it is: BII aims
to develop complete production chains that explicitly reach across the boundaries of the existing sectors.
The BII programme will be launched in 2014 for a period of seven years, with annual progressive programming. Initially,
programmes will be formulated around five value chains that cover the entire field. Each programme will ultimately develop
at least one flagship project that will be optimised for industrial application. Clustering and networks will be key to progress.
SMEs will be involved in the process as far as possible. The BII programming will be determined entirely by the industrial
partners.
The European biobased industry understood the intention of the programme well and immediately formed a consortium, the
Biobased Industries Consortium (BIC), comprising at least 50 companies and 50 knowledge institutes to implement BII. The
European Commission’s programme must be adopted by the European Parliament before the end of 2013, after which it will
be rolled out immediately. The consortium will also begin work immediately at that point. The intention is to create scope
within the programme for the SME sector.
Old values are shifting. The joke is that the horticultural industry, which is also involved in BII, may one day derive more value
from the tomato plant than the tomato crop. The development of tomato trays from fibres taken from the tomato plant that
of course!) is a good example. Isolation of specific substances for use as fragrances or medicines or in cosmetics, is also a
possibility. The paper industry is thinking along similar lines for its raw materials.
BII is not just any old programme. Many biobased processes in Europe are on the cusp of commercialisation, with a high risk
of ‘valleys of death’. The commercialisation of second-generation ethanol has for example gone to the US, where conditions
were better. BII must bring biobased initiatives back to Europe, so that Europe can achieve its objectives: 25% biofuels (not
really wanted) and 30% biochemicals (good) by 2030. This could generate a revitalisation of the countryside, with an extra
million jobs by 2030, all achieved thanks to the strong commitment of the European Commission and the biobased industry.
http://horizon2020.eu
http://ec.europa.eu

New CAP: where is the biobased economy?
The new Common Agricultural Policy (CAP) for the next seven years was recently adopted in Brussels. One of the pillars of
the policy should be that the agricultural industry will not only produce food and feed, but also ‘functionals’. But that is not
stated in the new CAP. Perhaps it will be in the next one, in seven years’ time.
The principle of the first CAP, in 1962, was that Europe had to become and remain self-sufficient in its food supply. Driving out
poverty in the countryside was another key aim. The results have been spectacular and are still clearly visible in the new
Member States of Central Europe. Over the years, many measures have been taken aimed at harmonising world agriculture
and trade. In 1992, for example, the European protein market was opened up, while the grain market remained protected.
This opened the way for import of animal feeds. As a result: the EU now imports 30 million tonnes of soya meal each year.
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Europe does not need more food, because the population is more or less stable. But yields per hectare are continuing to rise,
which means we are able to produce much more from the same acreage. However, Europe has not done so for a long time:
earlier experiences with butter mountains and milk lakes led the EU to set production ceilings for many crops and products.
The old idea of making full use of the potential of agriculture receded to the background. Something is now being done about
this: milk quotas will be scrapped in 2015, sugar quotas in 2017. The latter liberalisation, in particular, offers opportunities for
the building of a European biobased economy based on European sugar.
Europe is still among the world leaders in terms of agricultural expertise. Modern biotechnology means we could obtain more
than enough protein, sugars and fibres from our existing crops to make all imports of animal feed superfluous and to set up a
new industry for green chemicals and green materials. As the use of biomass for energy applications diminishes, a unique
opportunity is arising for agriculture to develop into a primary supplier of ‘food, feed & functionals’. Functionals in the sense
of raw materials for the chemical industry, construction sector, cosmetics, drugs, etc., as a driver of the biobased economy.
That goes beyond the imagination of the DG Agriculture in the new Common Agricultural Policy, but we do at least now have
the BII (Biobased Industries Initiative).
The new technologies can enable farmers and the countryside to add new dimensions to their product range. New
cooperatives may be needed, and the traditional family farm may have to begin working in a larger strategic partnership,
including the regional SME sector. The knowledge and expertise needed is present in spades, the land is there and the new
customers have a strong presence particularly in Europe. Moreover, those new customers, the chemical industry and
materials producers, are used to paying higher margins than agro/food manufacturers. A sound new Common Agricultural
Policy would exploit these European strengths for ensuring an efficient world food supply and for a transition in the chemical
and materials sectors away from finite fossil resources to renewable natural resources. But although Europe is pushing heavily
for biobased research Via a different Directorate-General, this part of the biobased economy has yet to materialise. A great
deal is happening, but the mismatch between the CAP and the Biobased Industries Initiative (BII) is a major obstacle; both
parts of the European policy were drawn up by different directorates. In the next edition of the Common Agricultural Policy,
in seven years’ time, that match must be automatic.
http://ec.europa.eu/agriculture/cap-post-2013/
http://ec.europa.eu/research/bioeconomy/

Green Deals open doors that would otherwise remain closed
There are many opportunities to promote the biobased economy, even without subsidies. In 2011, for example, in addition
to its top sectors policy, the Dutch government created the Green Deals initiative, a ‘declaration of intent between
government and society without criteria’. That suggests a positive approach to innovation mechanisms and the smoothing
of paths.
The Green Deal appears to be a useful instrument, especially at a time when the government is playing more of a backseat
role and leaving more to businesses and society. Green Deals involve little or no money, at least from central government.
Rather, the government tries to understand what participants want and to create the organisational frameworks to make it
possible.
More than 150 Green Deals have now been concluded, over 40% of which relate to biobased developments. The Biobased
Economy Department of the Directorate-General for Enterprise and Innovation at the Ministry of Economic Affairs is the
coordination point for 17 different Deals. A key partnership has for example been forged between the agro, chemistry and
paper industries to conduct research on biomass flows, and a Green Deal has been signed for the Green Chemistry Campus,
the BBE ‘breeding ground’ in Bergen op Zoom. A Green Deal has also been concluded for the horticultural industry (BB Park
Westland) to encourage the sector to move towards biobased, and research is being carried out with the Dutch rubber and
plastics industry on green product certificates. A special Green Deal has been concluded with HarvestaGG, the company
involved in the cascading of fescue using an innovative dry fermentation process to obtain proteins, liquefied biogas (LBG) and
compost. The battles fought by lone businesses with all manner of public authorities and rules and regulations could form a
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case study on its own. These dogged battlers get there in the end, but a Green Deal definitely helps in the struggle with public
authorities at all levels.
Green Deals are still being prepared, including for other sectors. A biobased Green Deal is for example being drafted for
Pharmafilter, a purification system which pulverises hospital waste, removes it via the drains to a special plant where organic
waste such as blood, excrement and greywater is removed and converted to biogas. The Pharmafilter also removes medicinal
residues from the wastewater. Other care institutions would like something similar, but constantly come up against those
local authority regulations – the wheel has to be continually reinvented in every municipality, it seems. There are better ways
of doing this. It does not cost any money, but does require a lot of commitment and consultation.
Not that all Green Deals are equally successful. Too little is happening in the North Sea farm (seaweed and algae), and the
Green Deals which are encountering difficulties with manure regulations – a delicate political subject – have yet to show
results.
Green Deals will initially run for three years, after which they will be evaluated. No end date has yet been set. Naturally, the
government always wants to know what has been achieved. But we can already see that Green Deals inspire, create space
and flourish particularly in ‘crossover’ projects, including in the biobased economy.
www.ondernemendnederland.nl

Great opportunities for the biobased economy, but...
For years we have been talking about the great opportunities for the biobased economy in Europe, and especially the
Netherlands, with its huge agricultural and horticultural expertise, its chemical process technology, highly developed
logistics and strong position on the global market. We really do have everything needed for success. But there are also
dangers that could prevent this new industry getting off the ground in the Netherlands.
Those dangers have nothing to do with the position of the Netherlands in agro and chemistry, but rather with factors such as
mentality and consistency of policy. We have seen this before with wind turbine technology and solar energy, where the
Netherlands played a full part when it came to knowledge generation and technology development, but now that these
industries are reaching maturity, the Netherlands is reaping few of the benefits.
The same could happen with the biobased economy. The prospects have never been so favourable for the Netherlands to
secure a strong position in a completely new economic activity. But just as all the signals are on green, the development of
the green economy is largely being left to the industry with inadequate direction and incentives from government. That
industry is enthusiastic, is investing in research and innovation, but needs focus and commitment from the government in the
form of partnership between government, knowledge institutes and industry. The will to put the Netherlands back on the
map and exploit this new opportunity is important.
It is stated elsewhere in this book that regional authorities can take over some of the efforts to stimulate the biobased
economy because they currently have more money; but regional authorities cannot build an overarching science policy.
Moreover, areas such as (waste) legislation and creating and enforcing a level playing field are a matter for central
government. Politicians are also making rather feeble efforts to make a success of the Dutch biobased economy. The
government sees the opportunities for the Netherlands, but could be more forceful. Some neighbouring countries have
evidently understood this better and even Europe, with Horizon 2020 and the public-private partnerships within the Biobased
Industries Initiative (BII), has recognised that major efforts are needed in the area of knowledge development and innovation
in order to achieve the new, green economy. Europe, too, however, lags behind the rest of the world when it comes to
forceful implementation.
The Netherlands is also hampered by changing societal attitudes towards science. Scientific knowledge has too often been
relegated to the status of opinion, no more important or valuable than other opinions in the field, and thus carrying no more
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weight. The recognition that science is the driver of the Dutch (and European) economy is waning, especially now that other
continents are emerging strongly offering favourable economic conditions. Although there is great interest in green,
sustainable development in the Netherlands, the realisation that science and technology has the biggest contribution to make
here has gone. That is also apparent from the long-standing lack of interest in technical studies and courses. That could prove
to be a serious obstacle to a successful transition to a biobased economy in the Netherlands. Fortunately, things are changing
in this area; we cannot yet speak of a revolution, but interest in technical courses is growing.
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3. The knowledge and
innovation agenda
The renewed agenda
As this book emphasises, the importance for the biobased economy
of focusing on biomaterials can hardly be overestimated. It will
demand a considerable effort from all public and private
stakeholders in the Netherlands and Europe. We believe that a
doubling of the present efforts will be needed.
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The opportunities for Europe, and certainly for the Netherlands, to play a leading role in realising the biobased economy
based on the development of new materials, will be very considerable in the coming years. Europe has the technology – led
by the Netherlands – and the agricultural potential to meet the demand for green resources entirely from its own production.
And more than that: Europe can contribute to greater world food stocks, so it can develop the new green economy without
endangering the food supply. Europe has this ability as long as the focus of the rest of the world remains on the energy supply
(USA) and increasing prosperity (BRIC countries).
This agenda is intended as advice to the government on supporting knowledge and innovation in relation to the green
economy. If we do not name or recommend specific items, that does not mean we regard them as unimportant, but rather
that we believe they should be developed or completed within existing policy frameworks or without further government
aid. Our proposal represents a clear choice, bearing in mind the limited resources for genuinely new policy. To summarise
in a sentence: the focus and action of the knowledge and innovation agenda for the biobased economy must be
emphatically on biomaterials, with a guaranteed, safe food supply as the starting point and fundament. Based on its
strong, internationally acknowledged agro and food (A&F) and chemistry and materials (C&M) sectors, the Netherlands is
well equipped to take the lead here. And the Netherlands could promote the development of a new Common Agricultural
Policy based on the rapprochement between these two sectors.

Focus on Agro & Food and Chemistry & Materials
From time to time agendas have to be updated; that reflects flexibility and awareness of change. However, caution is needed
here, especially when it comes to knowledge and innovation – areas which require a considerable lead and development time.
Three years ago it seemed as if solving the energy and climate problems would depend on wide use of biomass; somewhat
surprisingly, however, a new solution pathway rapidly emerged for those problems based on a combination of solar (and wind
and water) energy and a continuation of fossil-based energy (especially natural and shale gas). We can therefore reiterate and
reinforce our recommendation in the last agenda that efforts in the technological development of the biobased economy be
directed entirely towards materials, without energy and the biobased economy becoming estranged from each other. By
‘materials’ we do not simply mean chemicals, plastics, etc., but also economically valuable substances such as fragrances,
flavourings and medicines, some of them extracted directly from plants cultivated specially for the purpose (the highest levels
in the value pyramid), some of them synthesised from biobased feedstock.
We also need to update our agenda because new money has become extremely scarce. Under such circumstances, it is key to
try and move away from old structures. If we critically review the existing knowledge and innovation agenda, it is clear that
the present national development towards the biobased economy is still overly dominated by energy. In our view, many
bioenergy and biofuel projects have limited innovation potential. On the other hand, regionally based materials development
is highly successful. This means that hard choices on the continuation of a successful biobased economy in the Netherlands
are unavoidable, especially as financial constraints will remain for the time being. Focus is therefore more important than
broader ambition. Our new knowledge and innovation agenda will consequently be much more focused than our
recommendations in 2011. Many of the projects begun partly on the basis of those recommendations will continue, some
within existing government programmes and some because the private sector will take them further. We would advocate
strict limitation of the scope of central government’s role. A new WTC could of course broaden the scope again at some point
in the future, for example due to a changing international climate or improved financial and economic circumstances; the
relationship between the innovation agenda and external circumstances remains a dynamic one.
There are also more general reasons for a much sharper focus. The Netherlands has often missed the boat in the past in
cashing in on new technologies. We are now in an ideal starting position for the biobased economy, and we must not waste
that opportunity once again. The Netherlands has a strong tradition in the development of new technologies (wind energy,
on-chip chemistry, solar panels, hydrogen), but as a small country has insufficient economic muscle to reap the rewards early
enough. Bigger players (Japan, Germany, China, USA) take the helm instead. To prevent this, we will in future have to forge
partnerships much earlier in future technological development, or adopt a European approach. National programmes can
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only succeed in areas where we are able to combine both high-grade knowledge and strong, ambitious companies. All the
factors needed for a biobased economy in which energy is a component but not an end in itself are strongly represented in
the Netherlands. Our agro and food sector (A&F) enjoys international renown thanks to its technical capability and high
productivity, and has more than sufficient critical mass (here and in the remainder of this chapter, this sector is taken to
include horticulture and propagation materials). Our chemical and materials sector (C&M) is also very strong in areas such as
petrochemicals, fine chemicals, all forms of catalysis, separation technology and materials. The strong interconnectedness
and synergy between ‘chemo’ and ‘bio’ draws particular international admiration. Those positions in A&F and C&M provide
the perfect foundation for a national biobased agenda. And let us not forget that together these two sectors represent more
than 50% of Dutch industrial activity.

The first of the three steps has been taken
In our previous report (WTC BBE, March 2011) we broke down the development of the biobased economy into three phases:
• An energy transition including a move to more biomass as a sustainable resource and the use of biofuels in the existing
(petro)chemical infrastructure.
• The Agro & Food sector provides a sustainable food supply and produces raw materials for the Chemistry & Materials and
Energy sectors.
• The biosector (Agro & Food plus Chemicals & Materials) takes over the economic and societal lead from the (fossil) energy
sector.
In chapter 2 we argued that the energy transition is in full swing. In our previous report we applied the maxim ‘don’t throw
away old shoes until you have new ones’ and in that context advocated clean fossil energy and retention of a strong
petrochemical sector as part of the national knowledge and innovation agenda. We now see a task for the private sector in
further innovation in these fields. If our industries are to carve out a distinctive position for themselves on an international
and greatly changing playing field, they will have to do it largely on their own. We no longer see an incentivising role for
national government here.
Promoting the production of energy from biomass can no longer be an end in itself. To some extent that is yesterday’s
technology, thanks to shale gas and solar energy (PV), and the impact of any new incentives would come too late. Producing
energy from biomass is too inefficient, and it is therefore too little, too late. We do not however argue that existing measures
and programmes should be ended; if the use of biomass for energy production is possible in an economically, ecologically and
socially responsible way, it should of course continue. But in our view this use of biomass should not be stimulated further
with new subsidies, new quotas or new research. Further support for research on extracting energy from biomass using
thermal processes (such as gasification, pyrolysis and torrefaction) must be subjected to very critical review; the prospects for
these technologies must also be assessed in the light of scenarios of falling energy prices. Local or regional projects for
producing energy from biomass make sense, provided they form part of economically viable business chains with higher
value-added. But the effect of this proviso will be that biomass will play only a limited role in the national or European energy
supply.

The way forward for biofuels…
International developments will also show us the way as regards biofuels, with countries such as Brazil and the USA in the
lead. Promoting the cultivation of ‘energy crops’ is however something that belongs to the past in Europe. Existing measures
and programmes, including those sponsored by the government, will have to be capable of meeting obligations entered into –
or not. Dutch expertise and skill for further international biofuel development will have to come in the first place from the
private sector (e.g. DSM and POET); they will have to prove themselves through their strength in an international context.
Government incentives can form part of bilateral agreements, but need not be part of a national agenda.
Bioenergy will eventually only have a place in the Netherlands as a by-product (e.g. better utilisation of manure) in a
biocascade, in which products with higher value added take precedence. This by definition means smaller-scale, local
application. This is not an argument against producing energy from biomass; if businesses see opportunities for the profitable
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and socially responsible use of biomass to produce energy, there should be no obstacles to this. Government promotion of this
activity is however something else.

… and drop-in chemicals?
The way has been opened for drop-in products. There are green alternatives for virtually all fossil hydrocarbons, principally in
the form of or created via relevant alcohols. The further development of this route through the conquering of market share is
a task for the private sector, which will be dependent on international developments. The current national research
programmes will have to be robust enough to enable successful further progress towards more functionalised products such
as (di-)carboxylic acids.

New
Existing
Existing

New

Government policy must be directed towards ‘New for New’

We do believe that the development of more highly functionalised molecules (with several functional groups per molecule)
from biomass should be promoted, especially if the boundary can be crossed from drop-ins to the development of new
bioproducts and biomaterials. The only exception we would consider is the replacement of existing aromatics by green dropins. But the focus must always remain on sustainability; often, a better sustainability score will eventually lead to a better
competitive position. Green drop-in BTX will for example be used to make green PET.
In terms of the classic Ansoff Matrix, the knowledge and innovation agenda for the biobased economy should focus primarily
on encouraging the ‘New for New’ segment (see figure 1). It is important to note that this is about spending government R&D
funding. Concentrating on the New for New segment is a challenging and ambitious goal, the need for which is inspired by the
budgetary austerity. Based on this criterion, Dutch R&D policy could move away from the tradition of keeping all doors open
(shake off the old structures, as we put it earlier). Others (businesses, institutes) will have to address the other segments.
Some companies have already taken on this challenge – for example the production of succinic acid by DSM, or the
production of drop-ins in general. Bottlenecks in the pilot or upscaling phase will have to be accommodated with adequate
incentive programmes.

Focus on biomaterials
Strikingly, all meetings concerning the biobased economy in the past year were characterised by great and deep-felt
enthusiasm for green materials. Yet it turned out that there is virtually no money available for this sector. In the absence of
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this funding, developments have largely taken place organically in the SME sector, in many cases supported by local or
regional government. The development of green materials fits in perfectly both with the current state of technology and
consumer demand. The ultimate purpose of using biomass is to fully exploit all its complexity. Nature has encapsulated within
that complexity the solution to many material problems. When converting biomass into energy, that complexity is lost
completely, something that should be seen as a great loss in the context of the biobased economy. On the other hand,
extensive utilisation of that complexity is very difficult, takes a long time and currently has little economic appeal. Making
green materials is a middle way which avoids both problems.
The C&M sector is one of the main pillars of prosperity in the Netherlands. Around 80% of the sector’s volume is accounted
for by materials, ranging from simple construction materials to very high-grade coatings and medical products. The range of
products on the market is wide, in terms of both price and volume, with a very large number of local or regional markets.
International positioning is not immediately necessary – though is almost always possible following a successful launch. In
short, it offers an ideal starting position for the enterprising SMEs that are strongly represented in this sector.
Additionally, a number of acknowledged Dutch strengths come together in this sector. Knowledge in the field of fermentation
and biocatalysis, to make the necessary precursors from biomass, comes into its own in the Netherlands. The production of
sustainable bioplastics is heavily based on the knowledge and experience gained with traditional fibres such as paper, card
and textile, as well as with plastics preparation and processing. We are learning more and more about the structure and
functioning of all kinds of natural materials, and we can use this knowledge increasingly effectively to develop new materials
or improve existing ones.
Biomaterials can provide an impulse for a new approach to the relationship between materials (including fossil-based) and
the environment. The ‘plastic soup’, a problem which currently has little influence on policy, could be the trigger for this. A
new materials policy could enable us to avoid all kinds of confusion about concepts such as green, biodegradable,
compostable, recyclable, etc..
The strong development of biomaterials could also form a stepping stone to the development of high-grade fine chemicals,
additives, cosmetics, medicines and many other singular molecules which have too little economic value on their own to
justify their independent development. Biomaterials will assume the lead role, a role that we first saw in bioenergy; they are
therefore the logical next step for the biobased economy, especially in the Netherlands. Based on a solid foundation in
biomaterials, we can continue the development process towards even higher-grade products, and a good regional market
for these products will provide a solid launchpad to international markets. The development of crops containing valuable
substances, especially in the horticultural industry, fits in seamlessly with this aim. We see opportunities for a new national
production industry for biomaterials. This should therefore be placed at the heart of a knowledge and innovation incentive
policy.
Biobased and bio-inspired
Virtually all Dutch universities, as well as organisations such as the Dutch Polymer Institute (DPI), are in an excellent starting
position in terms of materials knowledge. Programmes such as BPM (Bio Performance Materials) and BMM (Bio Medical
Materials) have proven their worth and above all demonstrated that a great deal can still be achieved. These programmes are
already fully engaged in making the step towards new materials. They link seamlessly to existing biotechnology programmes
such as BE-Basic and CatchBio, as well as the Dutch Biorefinery Cluster (in which 80% of A&F is represented), CCC and
numerous regional programmes. They also have broad links to the industry (more than a hundred companies), including
dozens from the SME sector. There are links within the current top sectors programme to the Top Consortia for Knowledge &
Innovation (TKI) Smart Polymeric Materials and the Agro & Food, Horticulture & Propagation Materials, Energy, High Tech
Systems & Materials (HTSM) and Water.
The step from biobased to bio-inspired can add an extra dimension here. For example, the further development of the use of
chemical building blocks can be functionalised with O and/or N and S. Science and industry can successfully engage with the
domain of chiral (wholly or partially optically pure) materials. Great strides could be made in the design of new materials
based on the rapidly growing knowledge of the structure and functioning of natural materials. The many new coatings used in
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medical applications, the automotive industry and the energy sector (solar panels) which are appearing with great regularity
on the international market are merely the precursor of what awaits us. Not only do these processes use natural materials
(biobased), but they also increasingly mimic natural processes (bio-inspired). Nature provides us with new insights on an
almost daily basis into how and why its materials function. New structure/activity relationships are increasingly emerging, in
which nanotechnology also plays an important role. We could be on the cusp of a new era of material design.

Food supply as the starting point
We are now standing with both feet firmly in the second phase of the transition to the biobased economy. We still endorse
the formulation that we used in our previous report, but we can now refine this: the A&F sector (including related sectors
such as Horticulture & Propagation Materials and Water) is fundamental and determines the parameters, and the role of
energy is more limited
• An energy transition including a move to more biomass as a sustainable resource and the use of biofuels in the existing
(petro)chemical infrastructure.
• The Agro & Food sector provides a sustainable food supply and produces raw materials for the Chemistry & Materials and
Energy sectors.
• The biosector (Agro & Food plus Chemicals & Materials) takes over the economic and societal lead from the (fossil) energy
sector.
A&F is and will continue to be primarily concerned with ensuring a guaranteed, sustainable food supply. All current
programmes, such as those in the Agro & Food, Horticulture and Water top sectors, can be driven forward and where
necessary renewed. The availability of suitable water, in particular, warrants extra attention.
As stated, A&F sets the parameters, including for C&M (just as the energy sector used to do, a position that is re-emerging to
some extent with the strong growth in shale gas). A&F determines how and to what extent the C&M sector participates and
uses its basic raw materials. In terms of volume, this presents no problems once the role of energy produced from biomass
has been made subordinate (see figure): global food production is five times as great as the demand for chemicals and
materials, and the production from agricultural residues is ten times as great. C&M can obtain its bulk feedstocks for
fermentation (sugar, starch) and (bio)catalytic processes ((glycerol, ethanol, butanol) from A&F without having much
influence on this market. The use of biomass for the production of existing or new chemical products can therefore proceed
unimpeded and at full speed. The use of biomass for producing energy is gradually becoming concentrated and restricted to
three regions: Brazil (cane sugar), the USA (corn) and Southeast Asia (palm oil). And even these three regions see the need to
develop higher-grade green chemical applications in addition to (second-generation) cellulosic alcohol.
The influence of C&M on the agricultural sector is currently very limited. Although still a rapid growth sector, both nationally
and globally, the C&M sector is still modest in size compared with the A&F sector (see figure). At present, only 10% of the
feedstocks for C&M come from the A&F sector, though that is growing by more than 10% per annum. The Association of the
Dutch Chemical Industry (VNCI) has set a target of 25% for the Netherlands by 2030. This means that major steps need to be
taken before C&M derives more of its raw materials from A&F than from the energy sector. On the one hand, this is evidence
that we can sustain our prosperity-driver C&M without jeopardising the food supply or food security (a hot issue in the use of
biomass for energy), and on the other is an indication that there is still a great deal of scope for development between A&F
and C&M. In a following phase, en route to the third stage in the transition to the biobased economy, A&F strategy and policy
would be integrated with those for C&M. Deriving additional economic value from agricultural residues could play an
important role in that process. We can then also make a start on developing synergy between food production and chemical
and materials applications (strategic development of crops that can serve both markets, with agreements on how the harvest
should be used in different markets).

Towards a new organisation of the biobased economy
Entirely in line with the second step towards the biobased economy, strategy, policy and implementation will have to be
organised within new collaborative partnerships between the A&F and C&M sectors. Ideally, the sectors will come up with the
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proposals themselves. Possibilities might include an ‘Open Innovation Community’, to which many of the existing sectoral
organisations could affiliate. This community would set out the main frameworks and would be open to all questions, plans
and ideas for the realisation of a biobased economy within an A&F context. Much of the further organisation, including most
of the funding and implementation, should preferably be decentralised. That fits in with current practice in which many
regional organisations take the lead.
Such an open innovation community, or whatever we choose to call it, could have an important additional task. As stated,
decision-making on biobased projects will move from central level to the regions. They often have more money than central
government in The Hague, but are less well equipped to assess the scientific quality and feasibility of the research element of
projects. Moreover, the regions sometimes lack opportunities to foster cooperation between several knowledge institutes and
the private sector, including outside the region. The required quality assurance and encouraging cooperation could be tasks for
such an umbrella organisation. The quality assurance aspect could be addressed in the same way as the Technology Top
Institutes have done: sector-specific and with deep subject knowledge. This would also fit in perfectly with the traditions and
organisation of the A&F sector, where short lines of communication and visibility of the participants play a key role. Ultimately,
we can imagine a matrix organisation in which regional and national activities reinforce each other.
The WTC considered the notion of creating a new body for this, but ultimately rejected this idea. We do not think there is a
need for yet another new body in the already densely populated consultation field. Instead, these tasks can best be placed
with the TKI Biobased Economy, assuming it is willing to take them on.
Apart from formulating best practices for assessing projects, the TKI could play a role in identifying the best of the current
crop of developments. Combined with good monitoring and national and international trend analysis, the TKI could then put
forward specific proposals for the continued development of the often more expensive follow-up phases. Competitive
research is desirable in this phase of the biobased economy, though it is important to avoid duplication of expensive
development activities or demonstration models. A budget will be needed for this, and there must be sufficient resources to
operate at international level; in other words, there must be a certain level of quality to assure. At the moment, there is a
tremendous discrepancy between what we would like (and are able) to do and what we actually do.

Further development of the relationship between Agro & Food and Chemistry &
Materials
However important it may be to base the new relationship between A&F and C&M on the primacy of the food supply, we
have to acknowledge that the food supply will not be the only goal of agriculture in the further development of this
relationship. The need for food security forms the basis of Maslow’s hierarchy of needs. However, the agricultural sector also
produces products that can be used in the higher strata of the value pyramid, such as flowers, fragrances and medicines.
Products from the agricultural sector must be developed for markets in which they have the greatest utility in satisfying
human needs. The market price is often, though not always, a good indicator for this. But to make our choices crystal clear,
we have taken the food supply as the starting point here; globally, the balance has moved much too far in the other direction
in recent times and focused too much on resolving the energy problem.
Once the development towards the biobased economy has begun, other priorities besides food security will come into play.
More attention will be needed for specific crops for specific purposes (often with high economic value). Multiple crop use
(e.g. to provide both food and materials) will be much more common. The biobased economy will be in continual
development.

The biobased society as the ultimate goal
In the final development phase, the Agro & Food and Chemistry & Materials sectors will grow ever closer together.
• An energy transition including a move to more biomass as a sustainable resource and the use of biofuels in the existing
(petro)chemical infrastructure.
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• The Agro & Food sector provides a sustainable food supply and produces raw materials for the Chemistry & Materials and
Energy sectors.
• The biosector (Agro & Food plus Chemicals & Materials) takes over the economic and societal lead from the (fossil) energy
sector.
There have been many memoranda and reflections on the contours of a green society, including in our reports. Keywords
include rural development, restructuring of the primary sector, cycle management, circular economy, shorter lines of
communication, restored mutual trust, cooperatives, regionalisation, smallest of scale, new logistics, etc., etc.
Yet we need to be cautious here. Many of these scenarios still assign a prominent or dominant role to producing energy from
biomass. We will therefore have to recast many of these scenarios with the food supply as the starting point. As a recent study
by the German nova-Institute shows, this has interesting consequences. The A&F sector (including residues) can meet all the
needs of the C&M sector. Discussions about energy crops will become a thing of the past. All the land can be used for food
production, including land that is currently lying fallow or is less suitable. It will no longer be strictly necessary to cultivate
second-generation crops, though this will be a welcome addition; energy interests will become subordinate to food interests.
By contrast, development of second-generation technologies must be continued energetically because of their importance in
processing agricultural residues.
Thanks to our technical agricultural knowledge, the Netherlands and Europe could use all the available land for food
production, and therefore develop into a world-leading and trend-setting food producer. At the same time, we could set an
example by building strategic food stocks (starch, sugar, grain, milk powder, potatoes, etc.), which could be used to
accommodate sudden shortages and which could also readily serve as sources of supply for the C&M sector. Strategic stocks
in the energy sector are currently much larger than those in the food sector – sometimes enough for more than a year,
whereas food stocks have generally shrunk to just a few months’ supply. This is non-sustainable and socially irresponsible,
whichever definition one chooses to apply to these concepts. Technically, there is also no impediment to holding larger
stocks. Spoilage plays little or no role. By working together closely, the A&F and C&M sectors could reinforce each other on
this point and therefore help shape the biobased society. Naturally, this will require that parties throughout the entire chain
of cultivation, harvest and processing work together.
This is a new opportunity for Europe to play a leading role in the world. Europe, with the Netherlands at the forefront, has the
potential to develop into a leader in the world food supply and also to lead the field in a modern, green chemistry and
materials sector as a driver of prosperity. This window of opportunity is open as long as the USA is preoccupied with energy
and the BRIC countries are concentrating on material prosperity and meeting basic needs.
Bearing this context in mind, a good deal of work will have to be done in several areas. This may be broader than our
knowledge and innovation agenda.
Regulation:
• Guaranteed food supply and food security as the starting point.
• Amendment of waste legislation in relation to agricultural residues and biobased feedstock, and harmonisation with the
legislation on petrochemical products.
• Level playing field for green materials and products with their fossil-based counterparts, or better promotion of green
variants.
• Promotion of new commercial and other partnerships such as cooperatives, crowd organisations, etc..
• Promotion of genetic modification of crops for non-food applications (not just for medicinal products).
A&F:
• How will we combine biorefinery with food production and processing? Are new crops needed for this, or different
combinations?
• Should aquacultures be looked at differently now that energy is a less prominent requirement, or are they an
indispensable element in closed cycles?
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• Can dual-purpose crops be readily incorporated? Are different sowing and harvesting schedules needed?
• What does this mean for mineral cycles, manure processing and soil fertility?
• How can arable farming, livestock farming and horticulture work together more efficiently in the context of the biobased
economy and develop new synergies?
• How will the optimum scale of operation and organisational form change in a collaboration between A&F and C&M? Will
smaller cycles and regionalisation become the norm or will there be a new optimum mix of large and small?
• Can the collaboration with C&M lead to better soil knowledge, more efficient usage, higher soil fertility, better water
management and usage, improved mineral cycles and more rapid compliance with European or international criteria?
• How – and how quickly – can we reduce the footprint of our sector? Is 10% in 2020, 25% in 2035 and 50% in 2050
achievable? How can this be combined with efficiency improvements and quality enhancement?
• Where in the world can we commercialise the results? Will we change the relationship with development programmes?
Are bilateral agreements needed with major markets such as China, India or Brazil?
• How will we deal with the energy theme in practice, without seeing energy production as an end in itself? New
programmes will be needed for energy conservation, more efficient production and processing. How will we integrate
energy production as the final piece in a biocascade into our business chains?
Many of these topics are already receiving attention in the relevant top sectors, and it is therefore too early to review these
plans or set up entirely new programmes. We recommend doing that in a few years’ time, once the current programmes have
had an impact and the effects of the focus on biomaterials in the biobased economy has become apparent. Given that focus
on biomaterials, however, we recommend that the collaboration between A&F and C&M be intensified, for example through
a targeted approach to A&F concerns with ideas for biorefinery and cascading, including both stock farms and processing
companies. The major concerns in the C&M sector could be approached in the same way with ideas for intelligent value
chains for biomass. The professional organisations LTO (Dutch Agricultural and Horticultural Organisation), KNCV (Royal
Netherlands Chemical Society) and VNCI (Association of the Dutch Chemical Industry) should also work together more closely
in this area.
C&M
In addition to the focus on biomaterials as the first and most important recommendation, a number of related topics are also
important.
• How and when will we progress from biomaterials to high-grade singular molecules? Will this be straightforward, with
little or no specific attention needed, or will there be a need for a new programme? Will we continue to make these
molecules using intelligent synthesis and catalysis based on relatively simple (green) starter materials, or will we take the
molecular complexity already present in (living) biomass as a starting point? How can we learn to utilise that complexity,
and how necessary or justified is it to exploit that complexity in plants or organisms to suit our own purposes?
• What new separation techniques are needed? Particularly if we wish to utilise the highest possible complexity in biomass
directly, new separation concepts will be needed. Is microtechnology an option, or should we invest much more in genetic
modification in which the plant organism delivers the desired product ‘ready to use’ (ISPR: In Situ Product Removal, where
the organism, possibly after genetic modification, excretes the desired product into the medium, where possible in
crystalline or other easily extractable form)?
• How and when will we move from biorefining of existing crops to new crops? And is that strictly necessary and advantageous?
Can we do that solely for C&M or is the scale of the A&F and/or the energy sector needed? We should explicitly regard all
present activities with new crops and aquacultures as preludes.
• How do we approach upscaling and demo facilities? Until now, we have gone no further than more and better
configurations of existing techniques; fundamentally new upscaling methods receive little or no research. What can we do
with process intensification in bioprocesses? Pilots and demonstration projects also tend to be very expensive in the
Netherlands. Targeted collaboration, for example with Eastern European Member States, could be beneficial. People with
the necessary skills are available there and the costs are low.
• How will we shape the new relationship with the energy sector? Programmes such as BioSolar Cells are a good starting
point. Will we learn even better from nature how we can capture and store solar and other energy and convert it directly
into products without involving large quantities of biomass? Or will the use of biomass to produce energy elsewhere in the
world simply continue, and will we have to adjust our strategy and plans?
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How and where do we link the biobased economy to the new energy agenda?
The forthcoming National Energy Plan will have to be the starting point for this.
How do we incorporate the new developments into the education curriculum?
Over the last two years, a number of regional biobased education clusters have arisen that can serve as an excellent starting
point. Precompetitive collaboration between these clusters and the introduction of new teaching methods such as Open
Educational Resources, further digitalisation and closer cooperation with the business community (especially the SME sector)
are important options. The role of (regional) higher professional education and its relationship with the SME sector must be
strengthened. The WTC has developed a four-stage plan along these lines, which needs to be developed further.
What are the logistical consequences?
A number of studies are being carried out both within and outside the WTC, based on several scenarios; they have not yet led
to clear choices or conclusions. There are two possibilities in relation to the biobased economy that are largely mutually
exclusive. The first is a continuation of the present trends with the emphasis on global, large-scale and bulk; the other is a
development towards a circular economy, with shorter transport lines, a stronger regional focus and higher value added of
the goods. These studies will need to be updated in time, with a clearer distinction being made between energy-related goods
flows and good flows that are associated with A&F and C&M. Cases need to be worked up better; the circular economy needs
to be better described and the advantages of a regional approach need to be explained more clearly.
Economy and society
• Many studies and macroeconomic models are still dominated by energy. We recommend looking separately at the future
energy sector and the A&F and C&M combination.
• Research should be treated as an investment in existing economic models.
• Biomass sustainability criteria will have to be reformulated.
• Funding models need to be geared to A&F (including farms) and C&M.
• We must develop a BBE model for funding, organisation and implementation. Monitoring needs to be improved in areas
such as rural development, SME growth, regionalisation and cycles.
• The influence of the biobased economy on water authorities, waste treatment plants and purification boards needs to be
investigated further. There are many opportunities here for product development and for new societal relationships.
• We will have to carry out many new and detailed life-cycle analyses (LCAs) of business chains that are changing due to the
biobased economy. Examples include the rapidly changing insights concerning the effects of second-generation
bioproducts.
• We recommend new attempts at - cooperation in the context of a biobased economy/society, with the emphasis on
the agro/food/materials complex.
• Further development of the regional organisation of the biobased economy is very important. What role can cooperatives
play here?
How can we use opportunities creatively in times of budgetary scarcity?
• Green Deals are an innovative way of encouraging sustainable business activity. Central and other government layers do
not make a financial commitment, but seek to remove obstacles in specific business cases. This is often a fruitful approach,
especially for SMEs. Crossovers in particular can benefit.
• On-the-ground practice and scientific research can be brought into direct contact with each other by means of vouchers
(innovation grants) for SMEs. This approach often produces good results.
• Support need not come from government. If the idea of the biobased economy takes hold in public opinion, crowd-funding
could be a good source for upscaling promising business cases for biomaterials (especially if the initiative comes from the
SME and agro sector).
The European context
We have already recommended following a European route for large-scale topics in relation to energy and A&F. The EU Fuels
Directive, Horizon 2020, the Biobased Industries Initiative (BII) and a new Common Agricultural Policy (CAP) offer an excellent
starting point. The Netherlands faces a challenge in having its C&M strategy in the context of the biobased economy and the
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associated plans incorporated into the new CAP. The new Dutch strength of a combined A&F and C&M sector – our biobased
economy – should be the blueprint for this. The A&F and C&M sectors should go hand in hand in a new EU CAP. In other parts
of the world, agriculture and energy could continue working together for many years to come, but the EU now has an
opportunity, with a new CAP and a prominent role for C&M, to play a leading role in the global food supply and take the lead
in making major progress towards a greener C&M sector, which is so important in driving prosperity.

The renewed K&I Agenda in summary
• The new agenda for the biobased economy distances itself from biomass for energy.
• The Chemistry & Materials sector joins the Agro & Food sector in a conglomerate in which the starting point for all parties
is guaranteed food production and food security.
• The government focus on promoting the biobased economy will come to lie on biomaterials over the next 5-10 years and
their incorporation in the agricultural sector. Current programmes for catalysis, biorefinery and plans within the top
sectors Chemistry, Agro & Food, Horticulture &Propagation Materials, Water and High-Tech Systems and Materials (HTSM)
need to bundle their activities focused on (bio)materials under the supervision of a single organisation for the biobased
economy, preferably in the form of an Open Innovation Community for the BBE. Government incentives are aimed mainly
at the SME sector and will be based on a national/regional matrix structure.
• The development of the biobased economy takes place in the regions. There is more scope for regional networks and
regional decision-making. Different regions can follow different paths. The regional SME sector leads the way in the new
developments. In the consultation structure, one body is responsible for linking to the larger-scale, European and global
developments. In our view, this should be the TKI Biobased Economy.
• The Dutch government strives explicitly to have the Dutch strategy and approach for the biobased economy accepted as
part of the new Common Agricultural Policy.
• The present plans for a national approach to biobased education are continued vigorously, with the changing vision of the
relationship between biomass and energy being fully taken on board.
• New studies on the logistical, societal and economic consequences of the biobased economy must be approached
carefully. It is important both to outline separate future scenarios for the dominant sectors Energy and A&F and, as part of
that, the relationship with C&M, as well as scenarios in which Energy and A&F are both represented.
The economic consequences for our focus on biomaterials in a national biobased economy programme could be very
interesting. Materials are represented in all parts of the value chain and their importance for the economy is difficult to
overestimate. The nova-Institute has shown that global production of polymer materials is heading towards 400 million
tonnes. Including natural fibres, just over 8% of that is biobased. If natural fibres are excluded, the biobased component is just
over 1%, with projected growth to 5% over the next five years. At EU level, that has a value of more than €4 billion. A
substantial percentage of the total Dutch economy is related to materials. Materials represent 80% of the volume and value
within the C&M sector. Growth rates and the pace of innovation are above average in the materials sector. A successful
national position, which can be initiated largely by the SME sector, could easily be developed to a scale that facilitates export
and internationalisation.
Realising the plans described in this chapter will demand considerable efforts from all public and private-sector bodies
concerned, both national and international. Given the total value of the materials sector and the potential for biomaterials
within it, a doubling of the national R&D spend in this field would not be out of place. More than half of this effort could be
funded by the industry, in cash or in kind depending on the location and the (collaborative) programme. The WTC also
recommends a doubling of the existing budget for the combined national and regional government.
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2020-2050

2015-2040

Regulation

2010-2025

Soil knowledge leads to efficient use of
carbon, N, P and K and greater soil fertility
in/outside the EU, and increasingly meets
sustainability criteria.
Increasing closure of cycles. Maritime
biomass makes a substantial contribution to
sustainable cycles.

Knowledge of minimum soil needs developed.
Roughage (national and transit) and moisture-rich feed
flows are refined to create tailored rations for animals
and to biobased raw materials. Result: less surplus
residue.
Carbon and mineral cycle optimised by small-scale
biorefinery close to/on the field, including outside the
Netherlands.
Crops adapted to biobased applications. Multiple and
dual cultivation in collaboration between A&F and C&M.
New crops such as algae, azolla and seaweed in
production for biobased applications.

Amendment of waste
legislation, flexible attitude to
biobased feedstock for C&M.

In addition to large-scale, also
small-scale biorefinery close to/on
the field in NL, using agro-residues
for fibres and biogas, leading to
shorter food cycles.
Increasing use of regional
products.
Taking fallow land into use; choice
of crops based on BBE.
Improved cooperation between
agricultural sectors.
Broad agreement on cooperation
between Agro and C&M.

Exploit biorefinery of all complexity present
and develop further. Rise of holistic
chemistry and holistic materials
development (based e.g. on new green
feedstocks).

Full use of catalysis, enzymes, fermentation especially
for C4 and higher biobased basic chemicals, including
aromatics. Start on extracting fats, proteins and sugars
from biomass. Growth in bioplastics.

Create a level playing field for
bio-raw materials, biofuels and
energy based on net CO2
emissions.

Biochemicals consolidated in
petrochemical structure.
Use catalysis, enzymes,
fermentation for functional
building blocks.
Isolation of green chemicals from
processed/wastewater from
agro/food and paper industries.

Reduce footprint by 50% whilst improving
quality of animal feed and food.
A&F and C&M have developed into a strong
sector with dominance in the EU (i.e. >50%
of the Dutch economy).

Reduce footprint by 25% whilst improving quality of
animal feed and food.
New Common Agricultural Policy based on BBE
principles.
Synergy between A&F and C&M as national core focus.

EU organisation of the
agriculture market must be
adapted to BBE conditions and
focuses on volume and costs.
EU Nitrogen Directive on
difference in fertilisation norm
aimed at keeping NO3 in
groundwater and NH3 in
atmosphere low.

Reduce footprint by 10% through
high efficiency in the food chain
(including feed chain) and
increased field yields instead of
leaving fallow.

Reduction in primary energy requirement of
90% compared with 2010.

Integrated energy management with large/small-scale
arable farming and biorefinery. Reduction in primary
energy requirement of 50% compared with 2010.
Use of all green residues from horticulture and arable
farming in a BBE context.
Cultivation of crops under controlled conditions for
high-grade applications in pharmaceuticals, food
supplements and cosmetics.

From input restriction to
output management.
Legislation uses business
consortium in a cycle as unit of
calculation (not the individual
links).

Heat integration with soil and
housing and net users of CO2;
reduction in primary energy
requirement of 25% compared
with 2010.
Horticulture as consumer of
biobased substrate, pots,
fertilisers, etc. and bioenergy.
Increasing economic value of
plant-based residues, extracting
crop protection agents,
antioxidants, etc. and biogas.

Nitrogen fixation and efficient use of P and
K, including in corn, sugar cane and beet.

Production of precursor chemicals including in beet,
corn, sugar cane for use inside and outside EU.
Development of aquatic plants/algae for higher value
segments.

GMO for non-food crops
permitted in Europe.

Yield increases under (a)biotic
stress.

Integration of large-scale production of
food, feed, fuel, energy and
chemicals/materials from local or imported
biomass.

Energy from biomass no longer an end in itself.
Energy production from biomass where possible in
conjunction with and beneficial for the production of
food/feed and/or chemicals and materials.
Consequently, raw materials for electricity < 3€/GJ.

Make duties and taxes CO2dependent for energy and all
chemical raw materials and
transport fuels.
Prevent lock-in of electricity
production in unprofitable raw
material/technology
combinations.

Consolidate use of biomass in
energy sector. Develop biogas
production and use.
Facilitate use of local and overseas
biomass in coal-fired power
stations through biorefinery for
<5€/GJ
Development of secondgeneration transport fuels
(including for aviation) from
manure and residues.

In addition to the regional, circular economy
with Dutch cultivation, optimum integration
of overseas upstream chains (including any
local preprocessing) with downstream
chains in the Netherlands for higher-grade
applications.

Commodity raw materials with good availability and
constant prices for energy, fuels, chemistry and
materials, food and animal feed.
Adaptations of logistical systems and decoupling points
to regional and circular economy.

Abolish import duties for green
industrial raw materials.

Commodity raw materials for
energy, chemistry and materials
identified, including accreditation
of upstream product chain.

Logistics

Energy

Starter
materials

Horticulture

Food/feed

Chemistry and
materials

Agro/feed

Milestones in the Dutch biobased economy 2015-2050
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