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Introduction
In September 2011 President Obama announced that his Administration would produce a “National Bioeconomy Blueprint”.    This followed the Administration’s 2011 “Blueprint for a Secure Energy Future”.   The Bioeconomy Blueprint was published in April 2012 with a presentation by the President.
The 50-page Blueprint is remarkably poorly written and structured but the content is very visionary, stimulating and exciting.     The following paragraphs are a brief summary of the document in, hopefully, a more readable form.   Some elements of the Blueprint are not relevant for UK agriculture and the UK’s ‘bioeconomy’ – but the main content of the document is exemplary as a statement of a government’s position in relation to biological science and agriculture in particular.   It raises greatly the profile of the bioeconomy in the U.S.A.
Hopefully the concept of the Blueprint;  its positive enthusiasm;  and some of its innovative content, can do the same in the U.K.
Objective of this Summary Paper

The objective of this summary paper is to raise awareness of the potentially huge importance of the bioeconomy in future in the U.K. and Europe.  At the same time, the summary reports on the initiatives which the U.S., our major competitor, is putting in place and to ask whether comparable initiatives are developing in the U.K. and EU.

Agriculture is of course a major contributor to the bioeconomy in Europe and the U.S.    But so are medicine, pharmaceuticals, energy production and other industrial uses of agricultural raw materials.   The U.S. Bioeconomy Blueprint covers all these aspects.   Given the huge role which agriculture can play in the future in providing inputs for these non-food products, this paper also raises the question of whether agriculture in the U.K and EU should more be seen as part of a whole rapidly growing bioeconomy .
This summary is written partly from an agricultural viewpoint and the examples quoted in the summary are mainly agriculture related.   The original Blueprint document includes also many examples from the field of medicine and pharmaceuticals – not necessarily related to directly to agriculture, at least at present.

This summary is wholly based on the Blueprint itself except sections in square brackets [ ], plus the Conclusion, which are my own comments.
Definition

The bioeconomy is defined (OECD) as “economic activity that is fuelled by research and innovation in the biological sciences”.   The bioeconomy has emerged as an Obama Administration priority “because of its tremendous potential for growth as well as the other societal benefits it offers.   It can allow Americans to live longer healthier lives;  reduce oil dependence;  address environmental challenges;  transform manufacturing processes;  increase the scope and productivity of agriculture and grow new jobs and industries.”

The growth of today’s U.S. bioeconomy is due in large part to the development of three foundational technologies:
i. Genetic engineering

ii. DNA sequencing
iii. Automated high-throughput manipulations of biomolecules.

In the future the Bioeconomy will also rely increasingly on:

iv. Synthetic biology (the direct engineering of microbes and plants)
v. Proteomics (the large-scale study and manipulation of proteins in an organism)

vi. Bioinformatics (computational tools for expanding the use of biological and related data)
U.S. revenues from GM crops were $76 billion in 2010 (USDA statistics) and total revenues from GM plants and microbes, for health, agriculture and industrial biotechnology are estimated at $300 billion.

The U.S. Priority

In 2010, the Administration decreed that all the government agencies which are relevant to the Bioeconomy should give priority in their budget submissions of the need to “support research to establish the foundations for a 21st century bioeconomy”.   The 2011 Blueprint reports that Agencies have already made significant progress in this direction.   Now the Blueprint describes five strategic objectives for the future of the Bioeconomy and it highlights early achievements towards those objectives.
The 5 objectives are:

1. Supporting R and D investments for the future bioeconomy

2. Facilitating the transition of bioinventions from Laboratory to Market

3. Reducing Regulatory Barriers

4. Developing a Bioeconomy Workforce

5. Fostering Partnerships.

1. Supporting R and D investments for the future bioeconomy
Government investment will always be required for Research and Development.   Private investors will always struggle to reap the full benefit in an acceptable timeframe.   “Scientific discovery is a public good that benefits all”.

The Blueprint states that a robust Biological/Biomedical R & D enterprise, backed by government, foundations, and commercial investment, is essential to produce the technologies required to develop products and services that support businesses and industries.   The President called for all relevant government agencies to identify strategic R&D investment needs and to increase the use of flexible funding mechanisms.   [The definition of “relevant government agencies” is wonderfully broad and includes the Departments of Agriculture, Commerce, Defense, Energy, Homeland Security, NASA, and the Smithsonian Institution.]  The Blueprint emphasises the need for these agencies to work together - there is concern about overlaps of R&D in different Departments in the past.
Many examples are given in the Blueprint of the R&D which is currently being undertaken, and which is foreseen.   Those which are of particular interest are:

a) Development of a chip which will reproduce the responses of human and other animals to drugs and vaccines, to accelerate drug discovery and development.

b) The Departments of Agriculture and Energy jointly to “expedite and increase production of, and investment in, biofuel development by providing funding to encourage innovative biorefineries that produce the next-generation of biofuels from biomass and replace fossil fuels and biomass energy systems.   Also to develop Regional Coordinated Agricultural Projects for bioenergy systems through partnerships between academia, government and industry.   The projects funded through these initiatives will help create a diverse group of sources for alternative renewable fuels and biobased products.   Advanced biofuels produced from these projects are targeted to reduce lifecycle greenhouse gas emissions and to play an important role in diversifying America’s energy portfolio.”
c) To develop unexplored, unapplied microbiology for biofuel production, especially electrofuels which rely on “chemolithoautrotrophic” microbes, which can use inorganic carbon as their sole carbon source and are capable of growth and production in the complete absence of either sunlight or organic food sources.
d) To develop programmes which will create plants that capture more energy from sunlight and convert that energy directly into fuels by optimizing processes of energy capture and energy conversion, thus to produce crops that deliver more energy per acre with less processing prior to delivery to retailers.   This should create biofuels from domestic sources such as tobacco and pine trees for half their current cost.
e) To improve biofuel and bioenergy crops using modern genomics, especially switchgrass, poplar, sorghum, miscanthus and energy cane.

f) To develop novel bio-membranes for advanced fuel cells.
g) To develop biomedical applications, e.g. retinal or cochlear prosthetic implants.

h) To increase the use of prizes as a means of encouraging innovation.

2. Facilitating the transition of bioinventions from Laboratory to Market

An increased focus is needed on entrepreneurship translational sciences, regulatory science and technology transfer to ensure that ideas with potential for application, move beyond the laboratory.   Five areas are highlighted
· Unlocking access to capital

· Connecting mentors with entrepreneurs

· Reducing the regulatory barriers

· Tax relief

· Other incentives for small businesses

A raft of initiatives have already been put in place in these areas.   These include

a) The America Invents Act which provides entrepreneurs with the tools they need to obtain patents and to defend them against litigation challenges.   In December 2011 the Small Business Innovation Research and Small Business Technology Transfer programmes were reauthorized for another 6 years with enhanced levels of allocation and award money – and a commitment to increase it annually from 2011 to 2017.
b) A programme to bring together researchers from Universities, National Laboratories and industry to agree and address the applied research needs of the biofuels industry.   In this programme, synthetic biology techniques are already being developed to improve organism performance, leading to improvements in fuel yield and process economies.
c) A programme jointly between the Secretaries of Agriculture, Energy and the Navy to develop drop-in advanced biofuels.   Drop-in biofuels are direct replacements to existing gasoline, diesel, and jet fuels that do not require changes to existing fuel distribution networks or engines.

d) A programme specifically targeted at increasing the procurement by government of biobased products.

Already :

· A Massachusetts company has re-engineered photosynthetic organisms to synethsise, from sunlight and carbon dioxide, molecules that form the chemical basis of diesel fuel.

· Organisms are being designed by synthetic biology to produce renewable chemicals, biofuels, food ingredients and health-care products.

· Good research progress has been made in eliminating allergenic proteins in peanuts

· Polylactic acid bioplastic is already being made from cellulose.   Research in progress is developing a bacterium which can ferment a much wider range of cellulosic biomass material into polylactic acid

· A drought tolerant corn variety was approved by USDA in 2011 and work on drought tolerance continues on other crops.

· The growing field of environmental restoration “ultimately holds the key to reclaiming healthy, functioning ecosystems in heavily degraded areas (e.g. recovery of watershed function) and may eventually allow mitigation of some of the effects of climate change by enabling the design of ecosystems with improved capacity for removing carbon from the atmosphere and sequestering it in biomass for other uses.”
· Industries such as textiles and paper have moved toward biobased products and away from use of petrochemical products for both manufacturing and clean-up, and they now use microorganisms or biologically derived industrial enzymes that are more environmentally friendly and cost effective.

For the future, USDA foresees that “two types of biorefineries will emerge;  those that use microbial catalysts to directly convert feedstock (sugar or lipid) into a vast array of commercially valuable products, and those that are feedstock-agnostic and produce a single chemical intermediate, such as lactic acid or glycerol, for later conversion into final products.”

3. Reducing Regulatory Barriers

Here the objective is to “develop and reform regulations to reduce barriers, increase the speed and predictability of regulatory processes, and reduce costs while protecting human and environmental health.    Some longstanding regulations have become inadequate or unnecessarily restrictive because technology and its associated products and services, as well as our national interests, have evolved and regulations may not have kept pace.”
As in the other major areas of the Bioeconomy Blueprint, a raft of initiatives have been put in place.   26 agencies produced reform plans and a small fraction of the initiatives described in the plans is predicted to save more than $10 billion over the next 5 years.   One, which is of particular interest, relates to the improvement of Regulations of Emerging Technologies.   These technologies “including nanotechnology and synthetic biology, will provide exciting new products to enhance our lives, grow our economy, and preserve and restore the environment.    A quarter century ago, the Federal government formulated the 1986 Coordinated Framework for the Regulation of Biotechnology to ensure a robust regulatory system for genetically engineered products.    Supported by studies that analysed decades of research, genetic engineering has had a remarkable history of safe development and production of drugs, crops, foods and other products.”
In March 2011 the Administration released “Principles for Regulation and Oversight of Emerging Technologies”.   Under this, federal regulatory agencies have already taken steps to make the regulatory process for emerging technologies more transparent and predictable and will launch efforts to further improve the efficiency of the regulatory process while minimizing safety and security risks and removing unnecessary barriers to innovation.

In February 2012, a White House memorandum beefed up the U.S. government’s activities in international standard setting.    “Organisations such as the International Organisation for Standardization will help to ensure that international standards, which will play a critical role in realizing the benefits of the bioeconomy, are based on rigorous measurement science and technology.”

4. Developing a Bioeconomy Workforce

“An expanding bioeconomy will require substantial biobased plastics, polymers, lubricants and enzymes.   These new raw materials and products will not only require a biotechnology/bioengineering workforce for their production, but also provide the basis for growth in manufacturing downstream products.   Therefore, directing resources to the training and development of specialized skills in the biological sciences, biotechnology and bioengineering is one of the best investments the government can make.”
Throughout the current Presidency there have been initiatives to encourage and improve STEM (Science, Technology, Engineering, Maths) education and training.   These must continue in order to move U.S graduates from the middle of International Rankings in STEM achievements, to the top.   There are efforts to make STEM a priority in education from Kindergarten to Grade 12 (‘A level’).   Also, at higher education levels up to PhD level, there is a concern that whenever funding increases, insufficient attention is paid to career opportunities.     At present, too much education and training up to PhD level is directed towards future academic careers but as the bioeconomy develops, training programmes and academic incentives should be aligned to meet the full spectrum of workforce demands.”    [i.e. not just produce even more academic PhDs.]
At the same time, there is a need to educate and train scientists for business opportunities.   The Administration perceives that many new start-up businesses can and will arise in the bioeconomy and universities must include business training in their degree programmes which are focused on training for the bioeconomy.

Some specific programmes, which are now under way in all aspects of developing the bioeconomy workforce, include:

a) The Food and Drugs Administration will “train Young Entrepreneurs through the provision of fellowships for business, engineering and science to students with entrepreneurial interests.   The FDA will work with university business schools to establish a four- to six-month internship or training course within FDA small business offices to provide future [science trained] entrepreneurs, venture capitalists and inventors, with first-hand access to information about regulatory review and FDA approval processes.”
b) For bioscience graduates, the FDA has a “Future Innovations” programme to “bring together regulatory sciences and policy training to meet future scientific and technological demands.   This will include regulatory affairs, manufacturing, diagnostics, biomedical device engineering and computational science within the FDA.”   [Excellent that this recognizes that the whole regulatory framework needs a scientific basis – and equally that people who work in bioscience development must understand the regulatory framework.]
[Throughout this section there is an interesting acceptance that regulatory processes will be a major factor in the future bioeconomy – and that this must be “managed” by studying and working with a “science” of logical regulation.]
5. Fostering Partnerships

Like Silicon Valley, “When you get a group of people together, and industries together, and institutions like universities together around particular industries, then the synergies that develop can make the whole greater than the sum of its parts”. – President Obama, February 2011.   The U.S. government’s strategic objective is to support the development of partnerships involving private companies, government and universities.   The government plays a crucial role in developing ideas which are unlikely to pay off immediately, and universities and companies must complement federal efforts by working together to invent and deploy new technologies.
Examples of specific programmes include :

· A programme to bring together industry and academic researchers to “rescue” abandoned pharmaceutical compounds for new uses.

· Partnership programmes between the U.S. Agency for International Development [USAID which is equivalent to our DFID.] and the U.S. Department of Agriculture;  and another between the National Science Foundation and the Bill and Melinda Gates Foundation, are working on global food security problems.   This programme is called Basic Research to Enable Agricultural Development (BREAD).   [A partnership between DFID, DEFRA, BBSRC and Oxfam might be broadly comparable – but would that ever happen?]   One project in this programme “is already revolutionizing genome-wide selection of plants with desirable traits, and a 2011 award will affect cassava and banana breeding.   These new tools can be applied to any crop, so while they benefit smallholder farmers in developing countries, they will have similar impacts here in the United States.”
· Given the need for improved genetic diversity for the biomass industry, USDA and the U.S. Department of Energy, plus private companies “launched a new three-year public-private partnership in 2011 to improve biomass feedstock.   Because sugarcane is one of the most efficient grasses in converting sunlight into sugar and biomass, the USDA focused efforts on developing a new sugarcane crop with additional desired traits, including increased yields in U.S. climates.   A near-term aim of this public-private partnership is the planting of 3.1 million acres of cane crop worth $120 million on marginal lands in the southern regions of the United States.”
· A programme to improve U.S. export competitiveness in renewable energy.   One project in this programme relates to wood pellet exports ($128 million in 2010).   This market is important for the U.S. already into Europe and is seen as capable of expansion.    [Why does this market exist for the U.S. in Europe – we surely have harvestable and manageable timber reserves?   Why is the EU not encouraging this sector?]

Conclusion
The following are my general conclusions from reading this paper:

1. During the period of the Obama Administration – and maybe before – huge steps have been taken to identify and promote the bioeconomy as a sector which has great growth potential domestically and internationally for the U.S.A.    This must be equally true for the U.K. and the rest of Europe.    If similar action is not taken here, we will lose out even more on opportunities and suffer even more from import competition.

2. Increasingly there is advantage in considering agriculture as one (albeit major) sector within a bigger bioeconomy.   Agricultural crops will have an increasing role to play in energy, pharmaceutical and industrial chemical sectors.   Thinking and planning across these sectors is vital.
3. Consistent with this, the development of partnerships is vital.   These should start at Government Department to Government Department – but must also include Universities and commercial business from small start-up to major corporate.

4. Government sponsored Research is even more important in the era of developments which may have long lead times until they fruit.

5. Everything possible must be done if the U.K. and Europe are to become competitive in agricultural production.   The thrust which the Blueprint demonstrates shows what is needed.   Above all it shows the need for rational scientific analysis of new developments and the elimination of illogical and irrational fears and propaganda.

6. All of the above are relevant in global food security – and hence in reversing the current trend of increasing child malnutrition which will surely lead to more food riots.   The paper does not refer explicitly to future potential conflicts between the use of land for food versus non-food crops.
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