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Foreword

The concept of a “bioeconomy” invites the reader to think about the global challenges of the future and how the biological sciences may contribute to solving these complex problems.

There is a growing strategic interest in the concept of the bioeconomy in the OECD and non-OECD countries, not least because it addresses the potential for significant global economic, social and environmental benefits in an integrated framework. But for the bioeconomy to succeed, considerable uncertainties facing both public and private actors in our economies will need to be addressed.

A large part of the task of addressing global challenges will involve the biological sciences, from the contributions of industrial biotechnology through environmental applications to climate change issues, improved health outcomes, and feeding global populations with better yielding crops and better delivery of nutrients and vitamins in foods. Changing population demographics will mean more creative healthcare solutions for every generation of citizens. With the evolving consumer appetite for individualised medical care and medicines, biotechnology can make significant contributions to economic productivity and wellbeing in the health sector. Agricultural biotechnology can contribute to a more sustainable and productive agriculture sector.

In short, the bioeconomy holds at least some of the cards to ensure long term economic and environmental sustainability. But that potential will not become reality without attentive and active support from governments and the public at large. Innovative policy frameworks are needed to move forward to meet these global challenges, and these need strategic thinking by governments and citizen support.

The present report is the outcome of an interdisciplinary, strategic foresight project on the Bioeconomy to 2030. It provides a broad-based, forward-looking, policy-oriented review of future developments in the three sectors examined: primary production, health and industry. It also explores the implications of developments in these sectors for the economy and society in the 21st century.

The Bioeconomy project was carried out by an OECD secretariat team in the International Futures Programme (IFP). The IFP, which reports directly to the OECD Secretary-General, was created in 1990 to examine long-term futures. Past work has covered such themes as long-term prospects for the world economy, the future of international air transport, emerging risk in the 21st century, and infrastructure investment needs in the 21st century.

Conceived and designed in 2007-08, the 18-month project on the bioeconomy was completed at the end of 2008. The IFP’s long experience in forward-looking, multidisciplinary activities helped to lay the groundwork for this project by organising the participation of governments, businesses and academic experts.

The work was overseen by a Steering Group whose membership (see Annex A) consisted of high-level representatives from governmental departments and agencies, corporations, and international organisations. The Secretariat’s work benefited considerably from substantive contributions provided by members of the Steering Group throughout the project.

This report was written by Anthony Arundel and David Sawaya.

Michael Oborne, the IFP Director, initiated and directed the project as well as chaired the meetings of the Steering Group. Barrie Stevens and Pierre-Alain Schieb provided oversight and guidance to the project. Ioana Valeanu provided research assistance. Anita Gibson assisted in promoting the project. Lucy Krawczyk, Concetta Miano, Jane Leger and Rosella Iannizzotto provided secretarial and logistical support. Randall Holden edited the final text.

The project also benefited from the input of leading experts in the field of the biosciences (see Annex B) and from the knowledge and advice of colleagues in various OECD Directorates and Agencies, notably the Directorate for Science, Technology and Industry (Iain Gillespie, Benedicte Callan, Alexandre Bartsev, and Christina Sampogna), the Directorate for Trade and Agriculture (Ken Ash, Wilfrid Legg, Ron Steenblik, and Martin Von Lampe), the Directorate for Employment, Labour and Social Affairs (Elettra Ronchi), and the Environment Directorate (Peter Kearns).

This publication brings together the analytical work of the project and focuses on the findings arising out of that work. It is conceived as a forward-looking, evidence-based thought piece to stimulate thinking about a policy agenda to ensure that the biosciences are able to make good on the promise of a significant contribution to tomorrow’s world through productivity gains, welfare gains and environmental sustainability.
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Abbreviations and Acronyms





	ADR
	adverse drug reaction


	AG
	agronomic trait


	AIDS
	acquired immunodeficiency syndrome


	ALL
	acute lymphoblastic leukaemia


	APHIS
	Animal and Plant Health Inspection Service


	BP
	British Petroleum


	BRIC
	Brazil, Russia, India and China


	BSE
	bovine spongiform encephalopathy


	CDER
	Center for Drug Evaluation and Research


	CGAP
	Cancer Genome Anatomy Project


	CGIAR
	Consultative Group on International Agricultural Research


	CSIRO
	Commonwealth Scientific and Industrial Research Organisation


	DBF
	dedicated biotechnology firm


	DDT
	dichlorodiphenyltrichloroethane


	DHA
	Department of Health and Aging (Australia)


	DHHS
	Department of Health and Human Services (United States)


	DNA
	deoxyribonucleic acid


	DNDi
	Drugs for Neglected Diseases Initiative


	DOE
	Department of Energy (United States)


	EEC
	European Economic Community


	ELISA
	enzyme-linked immunosorbent assay


	EMEA
	European Medicines Agency


	EU KLEMS
	European Union Capital (K) Labour (L) Energy (E) Materials (M) Service Inputs (S) Database


	FAO
	Food and Agriculture Organization of the United Nations


	FDA
	Food and Drug Administration (United States)


	FFN
	functional foods and nutraceuticals


	GAO
	Government Accountability Office (United States)


	GBOARD
	government budget outlays and appropriations for research and development


	GDP
	gross domestic product


	GHG
	greenhouse gas


	GM
	genetically modified or genetic modification


	GVA
	gross value added


	HAS
	Haute Autorité de Santé


	HIV
	human immunodeficiency virus


	HR
	human resources


	HT
	herbicide tolerance


	HT-IR
	combined herbicide tolerance and insect resistance


	IAVI
	International AIDS Vaccine Initiative


	IB
	industrial biotechnology


	ICH
	International Conference on Harmonisation


	ICT
	information and communication technology


	IEA
	International Energy Agency


	IMSR
	improvement of medical service rendered


	IPCC
	Intergovernmental Panel on Climate Change


	IPO
	initial public offering


	ISAAA
	International Service for the Acquisition of Agri- biotech Applications


	ISO
	International Organization for Standardization


	IT
	information technology


	IVD
	in vitro diagnostic


	IVF
	in vitro fertilisation


	LCA
	life cycle analysis


	M&A
	mergers and acquisitions


	mAb
	monoclonal antibody


	MAS
	market-assisted selection


	MEOR
	microbial enhanced oil recovery


	MSR
	medical service rendered


	Mtoe
	million tons of oil equivalent


	NAFTA
	North American Free Trade Agreement


	NCE
	new chemical entity


	NGO
	non-governmental organisation


	NICE
	National Institute for Clinical Excellence


	NIH
	National Institutes of Health (United States)


	NMA
	Noordwijk Medicines Agenda


	NME
	new molecular entity


	OECD
	Organisation for Economic Co-operation and Development


	OIE
	World Organisation for Animal Health


	PCR
	polymerase chain reaction


	PCT
	Patent Cooperation Treaty


	PDO
	polydioxanone


	PGD
	preimplementation genetic diagnosis


	PHA
	polyhydroxyalkanoates


	PHB
	polyhydroxybutyrate


	PPP
	purchasing power parity


	PQ
	product quality


	PVC
	polyvinyl chloride


	QALY
	quality adjusted life years


	R&D
	research and development


	RFA
	Renewable Fuels Association


	RNA
	ribonucleic acid


	RNAi
	RNA interference


	SARS
	severe acute respiratory syndrome


	SM
	small molecule


	SME
	small- and medium-sized enterprise


	SNP
	single nucleotide polymorphisms


	Synbio
	synthetic biology


	TB
	tuberculosis


	TRIPS
	Trade-Related Aspects of Intellectual Property Rights (WTO)


	UN
	United Nations


	UNU-MERIT
	United Nations University Maastricht Economic and Social Research and Training Centre on Innovation and Technology


	USDA
	United States Department of Agriculture


	USITC
	United States International Trade Commission


	USPTO
	United States Patent and Trademark Office


	VC
	venture capital


	WHO
	World Health Organization


	WTO
	World Trade Organization






Preface

Over the past two decades, the biological sciences have provided a motor for innovation and sustainability in our economies, by developing new processes and products. We have called this development a bioeconomy. Yet none of the progress these innovations represent will come automatically. Much more lies ahead. A fundamental necessity is a policy framework to capture and to enhance the benefits of the bioeconomy. Both the public sector and the private sector must be involved in designing this policy agenda, with as open and inclusive a dialogue as possible. The full engagement with citizens is essential to ensure a smooth transition to an economy that is driven by the second great technology revolution of the late 20th century, the bio-revolution.

The task we put before ourselves in developing this project on The Bioeconomy to 2030 was clear from the outset: examine the claims for a new wave of innovation, driven by the contributions of the biosciences to new and better products affecting every aspect of human existence. Some of these products and processes are already in the market place; many more are moving along the pipelines of research and development, and yet others remain tantalising out of current technological reach. Our goal in this study is to gather the disparate evidence for a bioeconomy, analyse it and refine it into both a series of policy options and a vision of the possible future of the bioeconomy. Possible, but not certain. We will need to understand how the bioeconomy can better serve the goals of a sustainable economy and improve the well being of citizens through better food, better health, better use of our industrial processes and a better productivity in our societies. In this way, we hope to open a vista on that future, and encourage those readers with interests and responsibilities in developing strategic policy on emerging issues to look themselves into the evidence from the multidisciplinary approach we have taken here.
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Michael W. Oborne Director, OECD International Futures Programme




Executive Summary

Biotechnology offers technological solutions for many of the health and resource-based problems facing the world. The application of biotechnology to primary production, health and industry could result in an emerging “bioeconomy” where biotechnology contributes to a significant share of economic output. The bioeconomy in 2030 is likely to involve three elements: advanced knowledge of genes and complex cell processes, renewable biomass, and the integration of biotechnology applications across sectors. This book evaluates existing evidence and the characteristics of biotechnology innovation in order to estimate where the bioeconomy is today, where it could be in 2015, and more speculatively, what it might look like in 2030. It develops a policy agenda to help guide the use of biotechnology to address current and future challenges.

Several factors will drive the emerging bioeconomy by creating opportunities for investment. In addition to the use of biotechnology to meet the challenge of environmentally sustainable production, a major driver is increasing population and per capita income, particularly in developing countries. The latter trends, combined with rapid increases in educational achievement in China and India, indicate not only that the bioeconomy will be global, but that the main markets for biotechnology in primary production (agriculture, forestry and fishing) and industry could be in developing countries. Increases in energy demand, if combined with measures to reduce greenhouse gases, could create large markets for biofuels.

The emerging bioeconomy will be influenced by public research support, regulations, intellectual property rights, and social attitudes. Regulations to ensure the safety and efficacy of biotechnology products influence the types of research that are commercially viable and research costs. Pure regulatory costs are highest for genetically modified plant varieties (ranging from USD 0.4 million to USD 13.5 million per variety) and for the open release of genetically modified micro-organisms (approximately USD 3 million per release), such as for bioremediation to clean up polluted soils. In health, the future of regulation is not clear, with economic pressures and technical opportunities pushing the system in different directions. Intellectual property rights could be increasingly used to encourage knowledge sharing through collaborative mechanisms such as patent pools or research consortia. Social attitudes to biotechnology will continue to influence market opportunities, but public opinion can change, for instance when biotechnology products provide significant benefits for consumers or the environment.

The report identifies two new business models for biotechnology that could emerge in the future: collaborative models for sharing knowledge and reducing research costs and integrator models to create and maintain markets. Collaborative models are relevant to all application areas. Their adoption, combined with new business opportunities for non-food biomass crops, could revitalise small dedicated biotechnology firms in primary production and in industry. Integrator models could develop in health biotechnology to manage the complexity of predictive and preventive medicine, based on biomarkers, pharmacogenetics, shrinking markets for individual drugs, and the analysis of complex health databases.

An estimate of the “probable” bioeconomy in 2030 adopts a “business as usual” approach to institutional factors such as regulation and builds on research into the types of biotechnology products that are likely to reach the market by 2015. The results suggest that biotechnology could contribute to 2.7% of the GDP of OECD countries in 2030, with the largest economic contribution of biotechnology in industry and in primary production, followed by health applications. The economic contribution of biotechnology could be even greater in developing countries, due to the importance of primary production and industry in their economies.

Ultimately, the impact of the bioeconomy on GDP in 2030 will depend on the interplay between governance, including the level of international cooperation, and the competitiveness of biotechnological innovations. Two scenarios are developed to explore alternative futures. One scenario describes how a change in the funding system for health therapies encourages rapid innovation in regenerative medicine. In another scenario, public attitudes could result in some biotechnologies not reaching their potential. An example is predictive and preventive medicine, where the advance of this technology could be limited by public resistance to poorly planned and intrusive healthcare systems. The scenarios also explore different technological outcomes such as growing competition between biofuels derived from biomass, algal biofuels, and electrical transport systems.

As highlighted in the scenario analyses, the social and economic benefits of the bioeconomy will depend on good policy decisions. The required mix of policies is linked to the potential economic impacts of biotechnological innovations on the wider economy. Each type of innovation can have incremental, disruptive or radical effects. In many (but not all) cases incremental innovations fit well within existing economic and regulatory structures. Disruptive and radical innovations can lead to the demise of firms and industrial structures, creating greater policy challenges, but they can also result in large improvements in productivity. The extensive discussion of policy options examines challenges in primary production, health and industrial biotechnology, looks at cross-cutting issues for intellectual property and integration across applications, evaluates global challenges, and finally reviews the types of policies that are required over both the short and long term.

Primary production provides a diverse range of policy challenges. Examples include the need to simplify regulation, encourage the use of biotechnology to improve the nutritional content of staple crops in developing countries, ensure unhindered trade in agricultural commodities, and manage a decline in the economic viability of some sectors when faced with competition from more efficient producers. The main challenges for health applications are to better align private incentives for developing health therapies with public health goals and to manage a transition to regenerative medicine and predictive and preventive medicine, both of which could disrupt current healthcare systems. Industrial biotechnology faces multiple futures due to competitive alternatives from both outside and within biotechnology. Efficient policies to support many industrial biotechnologies will need to be linked to life cycle analysis standards to identify the most environmentally sustainable alternatives.

Obtaining the full benefits of the bioeconomy will require purposive goal-oriented policy. This will require leadership, primarily by governments but also by leading firms, to establish goals for the application of biotechnology to primary production, industry and health; to put in place the structural conditions required to achieve success such as obtaining regional and international agreements; and to develop mechanisms to ensure that policy can flexibly adapt to new opportunities.




Chapter 1

Defining the Bioeconomy


Both OECD and developing countries face a range of environmental, social, and economic challenges over the next two decades. Rising incomes, particularly in developing countries, will increase demand for healthcare and for agricultural, forestry, and fishing products. At the same time, many of the world’s ecosystems that support human societies are overexploited and unsustainable. Climate change could exacerbate these environmental problems by adversely affecting water supplies and increasing the frequency of drought.

Biotechnology offers technological solutions for many of the health and resource-based problems facing the world. The application of biotechnology to primary production, health and industry could result in an emerging “bioeconomy” where biotechnology contributes to a significant share of economic output. The bioeconomy in 2030 is likely to involve three elements: advanced knowledge of genes and complex cell processes, renewable biomass, and the integration of biotechnology applications across sectors. This book evaluates existing evidence and the characteristics of biotechnology innovation in order to estimate what the bioeconomy of 2030 might look like. It also develops a policy agenda to help guide the use of biotechnology to address current and future challenges.



By 2030, the global population is expected to increase by 28%, from 6.5 billion in 2005 to 8.3 billion, and average global per capita income by 57%, from USD 5 900 in 2005 to USD 8 600.1 Both a larger and a more affluent population will increase world demand for health services that improve the quality and length of life, as well as demand for essential natural resources: food, animal feed, fibre for clothing and housing, clean water, and energy.

In order to meet future demand, the supply of natural resources will need to increase more quickly in the future than in the past. As shown in Box 1.1, the expected growth in demand for grain will require crop yields to increase at a much faster rate than the approximately 1% per year observed during the 1990s. Yet the way in which humanity is currently using and exploiting these natural resources is already straining the sustainability of the earth’s ecosystems. The Millennium Ecosystem Assessment project estimates that 60% of the earth’s 24 main ecosystems that support human societies – including rivers and lakes, ocean fisheries, forests, air quality and crop systems – are “being degraded or used unsustainably” (MEA, 2005).2 A review of published research on fish stocks predicts the global collapse of all currently exploited ocean fish stocks by 2048 unless significant changes are made to fisheries management (Worm et al., 2006, 2007). Climate change will exacerbate the stresses on ecosystems. These and other major trends that will shape the world in 2030 are identified in Chapter 2.

The solutions to the challenges posed by climate change, ecosystem degradation, poverty and global public health will require innovations in global governance, innovation policy, economic incentives and the organisation of economic activity. A crucial component, as with previous crises where humanity has confronted the threat of resource restraints, is technological innovation that creates new resources and allows efficient use of existing resources.

Biotechnology can provide a stream of such technological innovations. It can improve the supply and environmental sustainability of food, feed and fibre production, improve water quality, provide renewable energy, improve the health of animals and people, and help maintain biodiversity by detecting invasive species. Yet biotechnology is unlikely to fulfil its potential without appropriate regional, national and, in some cases, global policies to support its development and application.

This book evaluates the factors that will shape the emerging bioeconomy and the types of policies that might be implemented to maximise the benefits of biotechnology. Along the way, it summarises the types of biotechnologies that are in use today, analyses current data to estimate the probable structure of the bioeconomy in 2015, and then uses scenario analyses to explore alternative futures for the bioeconomy in 2030.


Box 1.1. Demand for grains in 2030


In 2000, global grain production was 1.86 billion tonnes for a world population of 6.1 billion, providing an average of 305 kg of grain per person. The FAO predicts that global crop production will increase by 1.5% per year to 2030 (Bruinsma, 2003), which would produce 2.8 billion tonnes of grain in 2030. This is due to a 13% increase in arable land, mostly in South America and sub-Saharan Africa, and improved crop yields. The UN’s medium projection is for a global population of 8.3 billion people in 2030 (UN, 2006). The increase in grain production works out to a small per capita rise of 11.5% over 30 years, to 340 kg of grain per person in 2030 compared to 2000.1

These estimates show that grain production would be sufficient to feed the world’s population in 2030, if equally distributed. However, the consumption and production of grains per person varies widely across and within countries. The population of developed countries consumed approximately 612 kg per capita of grain in 2000,2 slightly more than double the world average. This additional grain was primarily used to feed meat and dairy animals.

Due to rapidly rising incomes in developing countries, the demand for meat and dairy products is expected to rise considerably, increasing demand for grain for use as animal feed. The global demand for grain in 2030 would reach 5.1 billion tonnes if the world’s population adopted approximately the same diet enjoyed by Europeans. This would create a global grain shortfall of 2.3 billion tonnes, compared with an estimated 2030 production of 2.8 billion tonnes.

Demand in 2030 will not reach 5.1 billion tonnes because many people in the world will still lack the necessary income to increase their consumption of animal protein. Nevertheless, this calculation shows the size of the potential demand for grain. Meeting this level of demand would require a sustained increase in grain production of 3.5% per year, well above historically observed growth rates.

These estimates assume that very little grain is used for biofuels. Adding in demand for biofuels could significantly increase global demand for grain, while increasing pest infestations and agronomic stresses such as drought, heat and salinity could make it difficult to increase yields. Clearly, there will be an enormous demand for agricultural biotechnology, not only to maintain yields in the face of these challenges, but also to substantially increase them.

1. The FAO estimated a 1.3% annual increase in grains, but the average for all crops of 1.5% is used here because livestock and dairy farmers can switch from grains to other feed crops such as soybeans, depending on relative prices.

2. Based on grain consumption in the United States and the European Union in 2000 (production + imports - exports). Per capita grain consumption was likely to be similar in other developed countries such as Australia, Japan, Korea, New Zealand and Singapore. Figure from FAOSTAT Data Archives, Food Balance Sheets.




What is a bioeconomy?

For the purposes of this study, the bioeconomy can be thought of as a world where biotechnology contributes to a significant share of economic output. The emerging bioeconomy is likely to be global and guided by principles of sustainable development and environmental sustainability (see Box 1.2). A bioeconomy involves three elements: biotechnological knowledge, renewable biomass, and integration across applications.


Box 1.2. The bioeconomy and sustainable development


Sustainable development requires the maintenance of the factors that support life and human societies. This requires the long-term preservation, in good condition, of (1) environmental factors essential to life, such as biodiversity, clean fresh water, clean air, soil fertility, and an amenable climate; (2) renewable resources such as water, timber, food, and fish; and (3) the technological capabilities to develop alternatives to the depletion of non-renewable resources such as minerals, rock phosphate and petroleum, or to manage other challenges, suchas climate change.

Sustainable development depends on economic growth that maintains environmental sustainability (items 1 and 2 above). This requires decoupling economic growth from environmental degradation. A first step is to reduce the quantity of resources used and the amount of pollution created to produce a unit of economic output. Life cycle analysis (see Box 6.4) can help identify the most environmentally efficient production technologies. Over the long term, however, economic growth needs to not only reduce environmental damage to zero, but also repair degraded soil, water, and air.

Biotechnology can support sustainable development by improving the environmental efficiency of primary production and industrial processing and by helping to repair degraded soil and water. Examples include the use of bioremediation to remove toxic compounds from soil and water, improved crop varieties that require less tillage (reducing soil erosion) or fewer pesticides and fertilisers (reducing water pollution), genetic fingerprinting to manage wild fish stocks and prevent their collapse, and industrial biotechnology applications that reduce greenhouse gas emissions from chemical production.

Source: Diamond, 2005; Hermann et al., 2007 ;IAASTD ,2009.



The first has to do with using biotechnological knowledge to develop new processes for producing a range of products, including biopharmaceuticals, recombinant vaccines, new plant and animal varieties and industrial enzymes. This knowledge includes an understanding of DNA, RNA, proteins and enzymes at the molecular level; of ways to manipulate cells, tissues, organs or whole organisms; and of bioinformatics for analysis of genomes and proteins (NZ MoRST, 2005). The development of this knowledge requires intensive R&D and innovation.

The second element is the use of renewable biomass and efficient bioprocesses to achieve sustainable production. Renewable biomass can be obtained from primary sources such as food crops, grasses, trees and marine algae, and from household, industrial and agricultural waste such as vegetable peelings, sawdust, used vegetable oils, bagasse and wheat straw. Bioprocesses can turn these materials into a range of products, including paper, biofuels, plastics and industrial chemicals. Alternatively, some of these products can be directly produced by genetically modified algae and micro-organisms, without the need for biomass feedstock.

The third element is integration between knowledge and applications, based on generic knowledge and value-added chains that cross applications. There are three main application fields for biotechnology: primary production, health, and industry.3 Primary production includes all living natural resources, such as forests, plant crops, livestock animals, insects, fish and other marine resources. Health applications include pharmaceuticals, diagnostics, nutraceuticals and some medical devices. Industrial applications cover chemicals, plastics, enzymes, mining, pulp and paper, biofuels, and environmental applications such as bioremediation to clean up polluted soils. The current uses and research targets of biotechnology in each of these applications are described in Chapter 3.

In the mid 2000s, biotechnology probably contributed to less than 1% of GDP in the OECD countries (Zika et al., 2007). In contrast, the potential economic value of biotechnology is much greater than this. In 2004, primary production, health and industrial sectors that either used biomass or with current or potential applications for biotechnology accounted for 5.6% of the GDP of the European Union and 5.8% of the GDP of the United States.4 For comparison, the information and communication technology (ICT) sectors accounted for 7.4% of the GDP of the United States in 2004 (EU KLEMS, 2008).5

The economic potential of biotechnology can be increased through economies of scale and scope that increase the efficiency of research and applications. As a generic technology, research in biotechnology creates tools and inventions with multiple uses, creating economies of scope. One example is genome sequencing, used to identify drug targets in people, commercially useful genes in agricultural plants, and genes in micro-organisms with industrial applications. Another example is bioinformatics, used to analyse large genomic, proteomic and other databases in all application fields.

Not all inventions are useful for all sectors. For example, directed evolution and gene shuffling are most frequently used in industrial applications to increase the output of enzymes or fine chemicals by micro-organisms. The use of pharmacogenetics is almost entirely limited to human health. The variety of uses for inventions often declines as research moves closer to market applications. Nevertheless, there are several cases where inventions developed for one application have been used for an entirely different purpose. Box 1.3 gives a few examples of such “spillovers”.


Box 1.3. Research spillovers


At the Fred Hutchinson Cancer Research Center in Seattle, research in the late 1990s suggested that the growth rate for cancer could be reduced by turning “off” several genes that regulate growth. An agricultural scientist learned about this work in an informal discussion with researchers at the Center and saw the potential for a reverse application in agriculture. Instead of slowing growth, these genes could be manipulated to increase crop yields. This technology is now being used by the firm Targeted Growth to improve yields for biofuel crops.

Amyris Biotechnologies was established to exploit a method of modifying metabolic pathways in micro-organisms in order to reduce the cost of producing pharmaceuticals. The first application was to produce a precursor of artemisinin – an anti-malarial compound present in the plant Artemisia annua – in yeast. Amyris Biotechnologies then applied its knowledge of modifying metabolic pathways to the industrial production of biofuels. It is using this technology to produce high energy-density biofuels from sugar cane.

Aresa, a Danish biotech firm, is using GM technology developed for crop breeding to produce GM plants for environmental remediation. The GM plants change colour from green to red in the presence of explosives in the soil, providing a method for detecting mines.



Integration across research applications and value-added chains can lead to greater efficiency and economies of scale in the commercial use of biotechnology. Until recently, the use of biotechnology in one application was rarely integrated with its use in another application. In fact, the level of integration had declined over time. Between the late 1980s and the mid-1990s several large firms, including Monsanto, Novartis and Zeneca, had positioned themselves as “life science” firms in order to exploit synergies in the application of biotechnological research across agriculture and pharmaceuticals. The strategy failed because of market, organisational and cultural differences in these two applications (Tait, Chataway and Wield, 2002). These firms separated their business activities into independent agricultural, health and industrial firms.

Recent developments have increased the level of integration across the three main application fields. Examples illustrated in Figure 1.1 include the enzymatic production of fine chemicals by industrial firms for use in the pharmaceutical sector, improved varieties of crops for biofuel and bioplastic production, the production of large-molecule biopharmaceuticals in GM plants, the use of recombinant vaccines and biodiagnostics in agriculture, and functional foods and nutraceuticals that are expected to improve health.


Figure 1.1. Current and expected integration across biotechnology applications
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Primary production, as a source of biomass and as a production vehicle for high-value chemicals, could play a central role in integrating biotechnology applications. For example, using biotechnology to produce improved tree varieties for biofuels would integrate primary and industrial production, while producing pharmaceuticals in plants would link the agricultural and pharmaceutical sectors.




Foreseeing the emerging bioeconomy

Predicting the future of a technology is difficult. Predictions are often far off the mark, vastly under or over-estimating technical progress or the effects of technology on society.

Two characteristics of biotechnology that are not shared by many other technologies improve our ability to predict the future bioeconomy. The first consists of regulatory requirements for some agricultural and health biotechnologies. These leave a data trail that can be used to predict what will possibly reach the market up to seven years into the future, as shown in Chapter 4. These results also show that some of the optimistic short-term predictions for agricultural and health biotechnology are likely to be wrong.

The second characteristic is that biotechnology is frequently used as a process technology to make existing products such as fuels, plastics, and crop varieties. It can also be used to produce entirely new products such as cancer drugs. For all of these examples, the problems that need to be solved are known in advance. These include the problem diseases, the types of crop traits that would improve agricultural output, and the types of industrial products that can be replaced with biomass. In addition, the size of the potential market for products such as biofuels or anti-cancer drugs can be estimated with a reasonable degree of accuracy.

The above points do not mean that most of the predictions in this book for the emerging bioeconomy, although cautious, will be correct. There are many unknowns. How biotechnology is used and the rate and direction of technological developments will be affected by scientific serendipity, regulation, intellectual property rights, private investment decisions, the supply of highly skilled scientists, technicians and managers, public attitudes towards biotechnology and the cost of capital. Some of these factors are evaluated in Chapter 5. Firms must also find ways of building profitable business models that can turn new ideas into commercially successful products, as discussed in Chapter 6.

Chapter 7 describes one probable future and two scenarios for the future bioeconomy in 2030. Some readers may find that these descriptions of the future bioeconomy...
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