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Chapter

A RURAL BIOECONOMIC STRATEGY TO REDEFINE
PRIMARY PRODUCTION SYSTEMSWITHIN THE
AUSTRALIAN INNOVATION SYSTEM: PRODUCTIVITY,
M ANAGEMENT, AND IMPACT OF CLIMATE CHANGE

Mark P. McHenry
School of Engineering and Information Technologyriibch University, Murdoch,
Western Australia.

ABSTRACT

This chapter explores components of a rural rebeadevelopment, and extension
strategy that amalgamates the primary industrigh wilarger class of broad-spectrum
biological science and technological capability Australia. Innovative enabling
biotechnologies are likely to continue to alter mygehes to tackling regionally-specific
problems that link non-biological and biologicabogirce use and production efficiency,
including climate change. Such linkages will requit diverse scientific capability
derived from research fields of science and teadgyturrently external to conventional
primary industry capabilities. However, capturingtgntial benefits of transformational
technologies requires a progressive approach testments in higher education,
business, and government. This chapter asserts tnteial non-exclusive investment
drivers are receiving insufficient considerationtive rural research, development, and
extension in what is termed the “rural bioeconomiyliman collaborative knowledge;
sustainable production capability, and; cross satteansformational science and policy.
Discussed are some policy and institutional optimnassist convergence of these three
non-exclusive drivers to enhance collaborative bditias in a rural context.

Keywords. Bioeconomy, rural, primary industry, researcH|atmration, science, policy.

INTRODUCTION

One-third (7.7 million) of the Australian populatidive in rural and regional areas of the
nation. The rural sector manages around 60% ofrAliss 7.6 million knf of lands, and 10.2
million km? in the exclusive economic zone relevant for figerThe sector accounts for around
17% of national employment, and the farm dependenhomy represents around 12% of gross
domestic product (GDP) (RRDC, 2011). Whilst theah@ector is vital to the nation, the long-held

* Email: mpmchenry@gmail.com.
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differentiation between the rural sector and othextors requires redressing to acknowledge the
reality of a complex cross-sectoral space, padityin the higher education sector, which heavily
influences research, development, and extension&fDbutcomes. The bioeconomy concept
invokes the consideration of the important rolefurfdamental science and education in these
complex biologically-dependent cross-sectoral issiugich as climate change, food security,
energy and water security, improving health outcgméong-term production security,
development objectives, etc. Refocussing of thednaomic potential into the “rural” requires
interdisciplinary thinking, and active collaboratigcience, education, and technology to meet the
accelerating challenges and expectations of pramucystems dependent on rural biological
systems directly or indirectly (OECD, 2006; PMSERD,10a; RRDC, 2011).

Using a bioeconomic framework (explored in detaithhie OECD literature) places the rural
sector within a larger and more inclusive contexbé more engaging to policymakers and other
sectors, such as health, minerals and energy,nirdioon and communications, climate change,
etc. This paper specifically endeavours to refoand internationalise the national rural RD&E
capability for enhanced productivity and greatéume on investment. In particular, the extension
of rural and primary industry RD&E through the walehain requires collaboration between
numerous existing industries, and will blur theeifice of primary production and other industrial
production systems (ACIL Tasman, 2008; PMSEIC, 201RRDC, 2011). Whilst, the term
“bioeconomy” is often interpreted slightly diffetinwithin the existing literature, the most cited
OECD interpretation is:

“...the aggregate set of economic operations ima@ety that use the latent value
incumbent in biological products and processesafuilce new growth and welfare
benefits for citizens and nations. These benefies manifest in product markets
through productivity gains (agriculture, health)phancement effects (health,
nutrition) and substitution effects (environmengaid industrial uses as well as
energy); additional benefits derive from more eff@ient and sustainable use of
natural resources to provide goods and servicesartoever growing global
population” (OECD, 2006, p. 3).

A “rural” bioeconomic perspective refocusses botivgie and public rural sector research
investments towards convergence between primarguoton and industrial biotechnology,
within environmental and social objectives of Idegm, profitable, and sustainable systems.
While the biosciences and biotechnology are redquiceadvance and inform the bioeconomy,
these elements are not an end in themskl¢@ECD, 2006), and are simply are enabling
capabilities and technologies (Cutler and CompatyyLid, 2008; Arundel and Sawaya, 2009;
RRDC, 2011). As an enabling technology, biotechgglmay bring marginal rural production
systems into the mainstream of new economies ins,fumaterials, and industrial primary
feedstock. This provides a new opportunity to m&mbr increase productivity growth, achieve
environmental objectives, and diversity from tremtial food/feed systems (Glover et al., 2008;
PMSEIC, 2010b). However, biotechnology developmitslf requires active cross-pollination
between disparate research disciplines often autsidthe traditional biological science sphere,
(including health, minerals and energy, informatéotd communication sectors) to derive greater
scopes, scales, and the socio-economic benefits RD&E investment (Arundel and Sawaya,
2009; PMSEIC, 2010a). It is the assumption of #gguirement of greater cross-collaboration on
which this paper suggests an education policy astititional refocus is necessary to enhance
collaborative sectoral convergence that fosterqtitwnal science and technology capability for a
greater return on rural RD&E investment. The authishes to point out the differences between
Australian higher education, government, and bssinevestment, especially the significant
business expenditure which is often relatively “lk@y”. As Australia is not unique in the attempt
to attract additional private investment, a renefemdis for increased RD&E return on investment

! The use of the term biotechnology in this work sle®t simply refer to non-conventional
breeding genetic modification as is generally assdinibut to numerous processes that generate
useful products using biological inputs at somegesta the production chain.
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through collaborative efficiency and less duplicatto generate knowledge is critical to make the
most of available capability (Cutler and Company Btl, 2008; PMSEIC, 2010a; RRDC, 2011).

The extensive collaborative opportunities, and icostl nationally policy evolution in
relation to international RD&E cooperation, may<dficient to maintain an effective capability
for enhancing and deploying new knowledge for depelent goals, particularly in the
agricultural sector (UNFCCC, 2008). However, thatreely minimal historical Australian RD&E
expenditures in recent years for even fundamemg@tdtural collaborative partnerships overseas
may be indicative of the historical lack of a cblative focus in RD&E policy. Table 1 shows
the 2008-09 expenditures from the Australian Gowemt on agricultural research centres,
predominantly located in transitional economiese Thajority of the total RD&E expenditure
includes the Australian Centre for Internationaridgltural Research (ACIAR), which forms part
of the Australian Government’s international depalent and aid assistance programme. In
2008-09, ACIAR received only $52.333 million frolmet Commonwealth Government directly,
with an additional $16.006 million, primarily thrglh AusAID and the Department of Agriculture,
Fisheries, and Forestry (DAFF). Of the $68.416 ionllof ACIAR expenditures in 2008-09, only
$9.362 million was spent through the Consultativeup on International Agricultural Research’s
(CGIAR?) fundamental agricultural research centres, amgafurther 1.2 million to non-CGIAR
research centres (ACIAR, 2009).

Table 1. Previous Australian Government expendibur€GIAR centres (ACIAR), 2009).

CGIAR Centres Funded by ACIAR 2008-09 Country Total AUD$
Bioversity International Italy 338.132
International Center for Tropical Agriculture Colbia 375,266
Center for International Forestry Research Ind@nesi 669,099
International Maize and Wheat Improvement Center xibte 1,866,102
International Potato Center Peru 601,902
International Center for Agricultural Research iryBreas Syria 422,061
World Agroforestry Centre Kenya 250,000
International Crops Research Institute for the S&rd Tropics India 1,026,944
International Food Policy Research Institute USA 1,838
International Livestock Research Institute Kenya 5,480
International Rice Research Institute Philippines 53,8490
International Water Management Institute Sri Lanka 676,081
WorldFish Center Malaysia 1,016,377
Total 9,204,558

Whilst this is projected to increase (ACIAR, 20@3GIAR), 2011), the approximately $10.5
million expenditure on core agriculture, forestayyd aquaculture collaborations are only almost
only 1% of the total 2008-09 agricultural, fisherieand forestry rural subsector expenditure.
While noting that the above RD&E expenditures dmldtated mechanisms/institutions are by no
means the only channel for RD&E capability and kiemlge development and transfer, the
relatively small figures do not confer the primamportance of basic food production security in
rural areas, especially in our neighbouring coestrAustralia’s current deficiency in international
RD&E collaboration was specifically targeted in@guonendation 6.5 on p73 of the 2008 Cutler
Report, stating “...build concentrations of exoatle, encourage collaboration and achieve better
dissemination of knowledge, introduce additionahding support for university and other
research institutions to partner with each othe&r\aith other research organisations (national and
international)” (Cutler and Company Pty Ltd, 2008his funding deficit and the growing
opportunity was recognised by the previous AustralGovernment committing an additional

2 CGIAR is a partnership of 64 donor country membfersussed on fostering international
agricultural RD&E.
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AUD$33 million over four years to establish the Aafian International Food Security Centre, to
be lead by ACIAR using a rural development focusede rural-based RD&E policies, funding,
and institutions are hoped will be sustained totioole making inroads to increased primary and
rural-related productivity for all partners’ conead.

In terms of looking at productivity gains from tAastralian RD&E expenditure from simply
a national utilitarian perspective, the lack okimtational RD&E collaboration related to the rural
sector overlooks the significant benefits of calledting with countries in the Asia-Pacific and
African regions with favourable currency exchangtes. In addition to relative purchasing power,
Australia may choose to take advantage of the camyriower labour costs, even for world-class
scientists and engineers in many collaborating A&seific and African countries. Collaboration
such as this can pass on lower RD&E costs to Alistndnile generating greater RD&E capability
in collaborating nations without requiring reseanchto relocate to Australia. Compared to other
OECD countries, Australian RD&E costs are loweramproximately one-third, which includes
wages of university graduates and experienced peetolLabour costs are roughly half of total
RD&E expenses in OECD countries (ACIL Tasman, 2008grefore, the ability for Australia to
attract investment capital from other industrialisgations, and access the often lower RD&E
labour costs in other Asia-Pacific regional colleimns is a competitive advantage. A
fundamental challenge related to internationalatmkation involves retaining the highly mobile
RD&E labour base in countries with a lower domest@muneration levels than major
industrialised countries, which includes the loweage Australian researchers (Birch, 2006;
OECD, 2006). As the vast majority of both publicarivate biotechnology RD&E is undertaken
in the USA (Arundel and Sawaya, 2009), many natiorey see their investment in human
capacity simply leave to engage the USA RD&E labmarket. Thus, RD&E administrative
bodies, including the higher education sector, likély need to look for non-monetary incentives
to compete with the global RD&E talent market. Oaption may be the reduction in
administrative burden increasingly associated witBearch fields. Australian research time
dedicated to short-term research grant applicatimlsmaintenance requirements are known to be
high. A nation-wide move to longer-term and flegibtontracts may be areas to improve
Australia’s ability to attract and retain researshand their increasingly important personal
collaborative networks (ACIL Tasman, 2008).

BioecoNomMIc DRIVER : HUMAN COLLABORATIVE KNOWLEDGE

Drivers of the rural bioeconomy are fundamentallymian economic issues related to
productivity of a given area of land: i.e., incriegswealth, growth in productivity, population
change, escalation of human concern about clinfeiage and the environment, etc. (Arundel and
Sawaya, 2009). Therefore, it is fundamental to @epthe various human elements in the RD&E
supply and demand chain within the rural innovaggstem. Education institutions, governments,
and private non-profit institutes continue to pkay important role in fostering the human and
social elements of biotechnology sector (Hilgarir2807; Arundel et al., 2009). Large integrated
multi-disciplinary teams are becoming increasinglgcessary to tackle scientific questions
regarding plant interactions within the environmemd regional primary production systems
(Glover et al., 2008). The increasingly interdisicigry nature of bioscience will thus require a
diverse scientific workforce, including chemist$iypicists, computer scientists, mathematicians,
engineers, etc. (Arundel and Sawaya, 2009). Enghiiterdisciplinary and cross-jurisdictional
RD&E projects, through early career research fedloys and programmes will engage Australia
internationally with the growing global technologily complex interdisciplinary focus (Cutler
and Company Pty Ltd, 2008; PMSEIC, 2010a; RRDC, 120WWhilst the supply of basic
research/science skills and “human inputs” haseghinuch attention in recent decades, this work
explores the less prominent, but just as essemiidliaborations between people “downstream”
from the primary research knowledge generatorsh $eople (including primary producers) more
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often extend such knowledge to produce, process$,atso consume the products/services, and
thus hold essential knowledge required to be “f@ckbinto research.

As more than three billion of the world’s workforeee involved in producing food for the
total human population, rural primary industrieaypa disproportionately large role in the lives of
people and environments, especially in non-indalssgd economies (UNFCCC, 2008; Arundel et
al., 2009). A major driver of the bioeconomic fodashe parallel increase in global population
and per capita income in non-industrialised ecoesmalongside the pursuit of environmentally
sound regional production systems (Arundel and $aw2009; RRDC, 2011). Despite this driver
from non-industrialised regions, there has bedle libcus to date from the biotechnology sector
on increasing food production, nutrition, or farnt@mes in non-industrial production systems
(Herdt, 2006). Both the technological and humanessare often very different in rural areas in
industrialised economies, where depopulation isoaerriding issue. In addition to social
disconnection, service rationalisation, declinimgpWwledge-base, seasonal skill shortages, and an
increasing proportion of absentee landowners incaljural regions, make environmental and
climate change monitoring considerations more diffi However, regardless of development
status, people who live in rural areas have a wnigod detailed knowledge of their lands and
environment over time, and must be enabled to plagntral role in their management towards
sustaining the natural environment which supportsdpctivity. Unfortunately, at present the
complex multi-functional lives, skills, and knowlpal (often informal) of people in rural regions
do not generally feature in RD&E policy documertdatiimplementation, and capacity building
(Jordan et al., 2007; RRDC, 2011).

External to capacity and efficiencies in the prdaucchain, additional human components in
the rural bioeconomy are likely to become increglsirthallenging, especially in relation to the
food sector RD&E (OECD, 2006; ACIL Tasman, 2008)neOexample is when some
biotechnologies raise public concern while othemain unopposed. Consumer concerns will
continue to shape some GMO commercialisation dies/i which may shift public and private
investment towards non-transgenic biotechnolog@sn{imonwealth Government of Australia,
2003; Arundel et al., 2009), or public investmenivards traits that more directly benefit the
public or environment. Interestingly, in contréstpublic perception, recent institutional anddiel
GMO crop trial data suggest such a move from hatbicesearch on tolerance and pest resistance
towards a greater focus on value-added qualitysteaid environmentally beneficial plant stress
tolerance (Arundel et al., 2009). Therefore, bibteogy research will continue to be a unique
field where public perception is crucial to theui@ prospects of the sector (Commonwealth
Government of Australia, 2003), and active andrimied science communication to producers and
consumers will become increasingly necessary, airwhat we have seen with atmosphic
scientists and the climate change “debate”. In $eofipublic acceptance of some biotechnologies,
history has shown that pioneering scientists haveamticipated public opposition particularly
well, and were often simply focussed on potentiehddits of the technology, such as increased
food production, improved health treatments, andegating greater industry profits (Herdt,
2006). It may be argued that biological scientisesy be morally and professionally obligated to
raise the level of public debate to enable diseration between various types of biotechnologies
and their respective ethical implications for sgfatevelopment equity, food security, climate
change, and environmental protection elements @rihgr, 2007). Indeed, scientists skilled in the
biosciences may be increasingly required to discl@xperience, risks, and benefits to
policymakers and the public who may directly orifadtly sponsor them.

BIOECONOMIC DRIVER : SUSTAINABLE PRODUCTION CAPABILITY

Between 1974-75 and 2007-08, the Australian Agticel Fisheries and forestry sector
achieved 2.8% average annual productivity growthybde that of the national average (RRDC,
2011). In spite of this, arable land and freshwatestainable resource limit implications for the
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agricultural RD&E investment will be a major chalgee to meeting growing demands for food,
feed, fuel, and fibre, while reducing environmentaipacts and meeting climate change
obligations (OECD, 2006; Fedoroff et al., 2010; Meidy, 2009a,b; 2011a,b; 2012a,c,d; 2013a;
RRDC, 2011; McHenry and Anwar McHenry, 2013). Whilebioeconomy based on primary
industry biomass promises an avenue toward a ngneefi” and a geographically diverse and
secure economy (Jordan et al., 2007), biotechnebaged production will require risk analyses
and standards development to maintain productighinvenvironmental capacities (Arundel and
Sawaya, 2009; RRDC, 2011). For example, ecolodieaim from transgenic crops remains a
concern, but any risk assessment must distingugsheen the probability and the hazard elements
to estimate risk (Herdt, 2006; OECD, 2006). Thamfat is essential to cultivate a sufficient
public-sector research and education capabilitytiiise bioscientific knowledge and techniques
to independently develop standards, safety testind,assess private business assertions (OECD,
2006; Fedoroff et al., 2010).

Australia invests less in biotechnology as an aliepland as a proportion of total
expenditures than many OECD countries, and eves tlesn many of its major agricultural
competitors (ACIL Tasman, 2008). Nevertheless, Wosk argues that the quantum of investment
is only one component of integrating knowledge apglications across sectoral value-added
chains which can attain efficiencies in rural eqores of scale and scope (Arundel and Sawaya,
2009). Another option is structural change to patidun systems, and a bioeconomic focus may
involve (and even necessitate) sweeping changdsvielopment and production across disparate
regions (Arundel and Sawaya, 2009; Gibbs et aD920In recent times there has been an active
focus towards structural adjustments to technolkogysfer and dissemination of RD&E of
sustainable practices, technologies, and capauaitglibg investments (OECD, 2006; UNFCCC,
2008). However, national and business interestse hla@en less concerned with structural
adjustment and environmental benefits, and ofterane focussed on RD&E innovative behaviour
to generate short-to-medium term economic developnaad financial returns, respectively
(Smith, 2005; Gibbs et al., 2009). In contrast, tevelopment of biotechnological knowledge
requires an intensive RD&E focus (Arundel and Say@p09), with both short-term applications
and long-term innovation components (Glover et 2008). In addition to current RD&E, a
greater focus on the extension of existing knowdedexploration of applications of our current
biological and genetic inheritance, and the develemt of new ecologically sound practices
requires integration local and technical knowledgapacity building, and infrastructure
investment. All of these occur outside of tradiabRD&E activities. This “inclusionary view”
towards innovation will be particularly importarm developments concerning unconventional
land-uses and new species, particularly in aridsalithe terrestrial environments (Fedoroff et al.,
2010). These new frontiers of production will reguunprecedented innovation in research,
engineering, monitoring, regulation, and cross-camitation, with a particular focus on the
social and ecological integrity of these newly céewpproduction landscapes (OECD, 2006;
Fedoroff et al., 2010; RRDC, 2011; McHenry, 20123,B8013b: McHenry and Anwar McHenry,
2013). This all points towards an unprecedentedgiattion of knowledge from a range of
traditionally distinct sectors and fields. For exdey as world energy demand continues to rise
dramatically, the successful navigation of the masi available bioenergy development paths
already encompasses elements of energy supplyséiyenational security, air pollution and
health, rural and technical development, climatenge, biodiversity and deforestation, improved
strain selection, tax incentives and subsidiesshfrevater quality and supply, distributed
infrastructure, resource limitations, and so on QDE2006; Hilgartner, 2007; McHenry, 2009b,d;
2010; 2011b; 2012a,c; 2013a; PMSEIC, 2010b; Borated., 2011; McHenry et al., 2012). These
domains clearly do not fall squarely within currestientific disciplines and educational
structures. Nonetheless, as in the past, scierttéeahnology RD&E will routinely be expected to
find solutions that minimise negative consequercebdeliver yield and profit gains, all with less
inputs (Arundel et al., 2009).

In terms of the relative potential of areas withifbioeconomy, it is not uncommon to hear
persuasive extraordinary claims about the futune timtechnology in particular, despite the
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epistemic challenges of foreseeing future challsragel developments (Hilgartner, 2007). Within
often sensationalised claims, there is a practidathitiess potential biotechnological research
projects tha could be developed to increase ruadytivity in the food, feed, fuels, industrial
feedstock, forestry, animal and insect husbandgppming, fine chemicals, pharmaceuticals, and
even health industries spheres (Arundel and Sawa@a9; Arundel et al.,, 2009). Recent
biotechnology developments relevant to the humatitihesector includes biopharmaceutical, cell
tissue engineering, gene therapy, small molecuégatieutics, diagnostics, DNA sequencing,
functional food nutraceutical, medical device, ahdrmacogenetic developments (Arundel et al.,
2009), each with the potential to improve diseas¥gntion, treatment, and cure. While much of
this biotechnological potential is far in the fuguthe number of biopharmaceuticals expected to
enter the market before 2015 is remarkable (Arumdedl., 2009). However, at present primary
industry biotechnology predominantly consists @afpland animal breeding and diagnostics in the
agricultural sector, with some veterinary medicapplications (Commonwealth Government of
Australia, 2003; Arundel et al., 2009). Thus, thisra growing capability to expand into new areas
downstream from production for environmental protet waste management, and biomaterial
conversion, to name but a few (Commonwealth Govemnirof Australia, 2003).

The bioeconomy literature often discusses the stmpategration of bioindustrial processing
into existing agricultural production systems todsahigher-value production, including biofuels,
plastics, industrial chemicals, etc. (Arundel arav&ya, 2009). However, the development of
bioindustries within a rural context will likely geiire additional supporting technologies and
financial mechanisms than simply traditional biescies or biotechnology, and to compete with
existing products will likely require additional guorting technology capability from information
and communications, enhanced computational powed, @anotechnologies (OECD, 2006;
Arundel and Sawaya, 2009). However, in the shamtténstead of a direct competition with
existing products, it may be more likely that crpsdlinating supporting technology and
bioindustrial production follow a development pathnon-biological industrial production. The
returns on investment for top-down policies that &b foster totally new bioindustries will likely
be dwarfed by largely “unplanned” innovation, anfbeus on developing supporting technologies
and collaborative capabilities may generate mangms.

In the agricultural and fishery primary industresss, biotechnology is currently facilitating
a reduction of environmental impacts and greenhaase emissions by improving production
efficiency, often using crop varietal improvemenith cleaner processing management (Arundel
and Sawaya, 2009; Fedoroff et al., 2010). Exampldade reduced chemical and fuel inputs, less
soil tillage, improved bioremediation, genetic fmgrinting to prevent fish stock mismanagement,
and greenhouse gas mitigation (Arundel and Saw2(@9). Mitigation of enteric fermentation
methane, manure methane and nitrous oxide, pastanson release, water-related methane,
biosequestration, and land conversion emissionsfamdamentally challenges for biological
RD&E at the regional scale. As agricultural emissi@are fundamentally subject to biological and
environmental variability, a transition to full grehouse gas emission accounting practices will be
expensive and complex in the short-term withouhidigant capacity building in the biological
sciences (UNFCCC, 2008; McHenry, 2009c). Howevéhialogical science-only” approach will
likely be insufficient, as barriers to agriculturaltigation also include the availability of regin
investment capital, slow technological developmemtd uptake, and the lack of robust
opportunities to break from traditional practic&asuring maximum efficiency of agricultural
mitigation investments will require a systemic aygwh that takes into account several co-benefits
and trade-offs to optimise regionally appropriatdiqy, and also the extension of knowledge
suitable to production systems (OECD, 2006; UNFCZID8).

In terms of making shorter-term, practical collatmns for integrating rural and regional
primary industry research with industrial biotecluyy, there are opportunities in linking of
biorefining and bioprocessing infrastructure previgl seed firms, and growers to produce
optimised plant varieties for bioprocessing requieats and improved marketability of final
product (OECD, 2006; Arundel and Sawaya, 2009; PMSE010b). Also, specific consideration
is required in regions specialising in animal huglyg, as livestock accounts for between 40-50%
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of the value of agricultural production in OECD otiies. Breeding programmes, health

diagnostics, and therapeutics are the major fotasimal biotechnological innovation, and enjoy

a large international market (Arundel et al., 20G8)d the new and complex interplay between
emerging international corporate interests anditioagl livestock breeders requires attention
(Birch, 2006; Gibbs et al., 2009). However, Aus&alill need to strategically approach this

complex interface to maximise benefits, and effitiefoster existing areas of strength to develop
a capability that is synergistic with national castifive advantages and the Australian population
and economy.

BioECONOMIC DRIVER : CROSS-SECTORAL SCIENCE & PoLicy

Goal oriented policy and leadership from governmestientists, and innovative businesses
will be required to both harness and guide biolalgiscience capabilities to sustain primary
production, health, and bioindustrial developme@ECD, 2006; Arundel and Sawaya, 2009;
RRDC, 2011). In addition to government and publicainded higher education capability, three
general criteria need to be addressed to attraatprinvestment over time: technical feasibility,
financial viability, and community acceptabilityhilis, primary producers, industry, scientists, and
governments will need to collectively identify tedtogical and policy options that are most
promising over the long-term (OECD, 2006; Gloverakt 2008). Whilst private technical and
financial requirements are often well known by givate proponents themselves, demonstrating
the return on investment for public expendituresften followed by demands for the creation of
indicators by policymakers. To measure resultartputs, impacts, reduction of barriers and
bottlenecks to production, or any other changeltiagufrom investment require quantification
(OECD, 2002; RRDC, 2011). Such empirical analysdkimvolve a combination of statistical
surveys, private data, and new innovative stasiktiechniques akin to those used to measure
impacts of the information and communication tedbgy investment (OECD, 2006; Hilgartner,
2007; RRDC, 2011). The ability of institutions tewtlop suitable economic indicators and
metrics for comparative analysis across countmeb@ver time may enable a politically-tangible
quantification of the bioeconomy to better engage ppublic and heighten the importance of the
required science and innovation investment (OEC@Q62 Hilgartner, 2007). However, their
development should include private, commonwealtiates and local institutions, alongside
international investors (Jordan et al., 2007; PMSE010b).

International collaboration will be essential fonal nations to develop RD&E efficiencies
through sufficient scale, and rural Australia musaximise the inflow of new international
technology, techniques, products, and services ulylip investment leverage in science and
innovation to foster technical capacity for domestdaptation (Smith, 2005; ACIL Tasman,
2008). In a similar manner to avoid the unnecessirision of the bioeconomy RD&E into
traditional sectors such as health, energy, printatystries, etc. (OECD, 2006), multifunctional
agricultural and rural landscapes require a focuggpropriate evaluation of scaled and managed
enterprises and production systems across traditisactors (Jordan et al., 2007; PMSEIC,
2010b). Fostering multifunctional agricultural pumtion land use for working landscapes can
deliver food, biomass, employment, security, inrnmra and various other environmental
products and services (Jordan et al., 2007). Snapproach may lessen the competing objectives
of environmental, social, and economic elementdeabptimising biomass production and input
use while avoiding negative outcomes such as ptoduland retirement (OECD, 2006; Jordan et
al., 2007; McHenry, 2012c). These optimisations| wéquire significant policy planning,
investment, regulatory advancement, market refammanagement, innovation, and of course
active and legitimate consultation.

Regional innovation systems exhibit interdependemce applied and basic research
infrastructure, and both small and large business®es necessary for the multidisciplinary
perspective that facilitates new economies (OECI)62 Arundel and Sawaya, 2009; Cooke,
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2009; RRDC, 2011). Several primary industry biotesthgical businesses are exploiting
discoveries made outside primary production to ta&inproductivity (Arundel and Sawaya,
2009), and a unique relationship within the bioexop between very large and small businesses
is necessary to sustain economies of scale, briodupts to market, cover regulatory costs, and
keep up with the fast pace of technological devalept (OECD, 2006; Arundel and Sawaya,
2009). Bioeconomic development can follow a numbgrdevelopment pathways, including
collaborative models that share knowledge and coststegrator models that create and maintain
markets (Arundel and Sawaya, 2009). While the ob#tustralian production and distribution of
final biotechnological goods and services is simita other industrialised nations, the national
primary industry biotechnology market is small iarmhs of demand, value adding, and
employment (ACIL Tasman, 2008). Existing capalgbtican be leveraged by policies which
increase public and private research investmewwaging public-private partnerships, creating
markets for sustainable biotechnology products;adiaborative networks (Smith, 2005; OECD,
2006; Arundel and Sawaya, 2009). Akin to entrepueiaé networks which underpinned the
emergence of industrial districts, the so-calleck&g cluster” concept relates to the convergence
of diverse industries, such as information and coamigation technology, biotechnology, and
clean energy technology (OECD, 2006; Cooke, 200%e concept is a platform based
development focused on horizontal technologicalveogence (rather than the traditional sectoral,
and vertical approach favoured by industrial ecoigotineory and governments) which enables
regional development paths more attune with hisédisi successful development (OECD, 2006;
Cooke, 2009). Nonetheless, clustering approachiésesjuire prioritisation of RD&E, funding,
and structural encouragement (Birch, 2006; Glovat.e2008; RRDC, 2011).

Quite apart from RD&E scale, rural RD&E economiésaope are facilitated by investment
in fundamental science, tools, techniques, andgas®s. Examples are bioinformatics, genome
sequencing, RNA interference, metabolic pathwayireseging, DNA synthesis, and synthetic
biology (OECD, 2006; Arundel and Sawaya, 2009).sEn®ols, techniques, and processes enable
multiple applications (which are often unplannedyl anay result in positive development spill-
overs. Such fundamental tools and techniques avevikras platform technologies (Arundel and
Sawaya, 2009), and each have multi-layered submad¢sgof knowledge useful to multiply the
value of investment to obtain increased scale anges For instance, bioinformatic subcategories
such as phenomics, metabolomics, proteomics, amdngies are platform technologies that
increase agricultural RD&E productivity by order$ magnitude relative to conventional
agronomic methods (Herdt, 2006; OECD, 2006). Howetlee complexity of the bioinformatic
challenge within particular physical environmenggminological, and human capacity constraints
is daunting in terms of development, cross- comigation, and analysis (Herdt, 2006).

In terms of the biotechnology sector, regardlesadvfancements, priorities, and development
paths, the ability of private firms to recover emgitures from the entire production chain from
research to marketing will strongly influence thedzonomy and areas where it is concentrated
(OECD, 2006; Arundel and Sawaya, 2009). Sectoracifip subsidy policies that enable
customers to purchase new innovations may be cereddappropriate in some contexts, rather
than conventional production-based supportive imsémts (OECD, 2006; Cooke, 2009). These
developments also have the potential to blur boreslaf public and private benefits. Managing
the decline of less competitive sectors, ensuringindered trade, bureaucratic streamlining,
improvements in productivity and output qualitydaencouragement of technology adoption will
be enormous policy challenges (OECD, 2006; Aruadel Sawaya, 2009; RRDC, 2011).

BiOECONOMIC BARRIERS: REGULATORY AND I P | SSUES

A number of scientific, technical, industrial, salciand governance issues will require
addressing, including regulatory reform (OECD, 200Begulatory systems can impose very
significant constraints on the innovation systerai &t al., 2007). In the primary industry sector
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before 1980, there were relatively few regulatioslated to the production of even crop seeds,
while there is now a proliferation of national ainternational regulation focussing on primarily
food safety, biosecurity, intellectual property )(IRnd international trade (Herdt, 2006). In this
complex space there is a critical need to devetoprdrd-looking primary industry regulatory
frameworks that balance profit, competition, andowation, based on empirical scientific
evidence and experience (Hilgartner, 2007; Jordaal. e2007; Fedoroff et al., 2010). Particular
market structures are often the focus of regulat@nd concerns surround the usual suspects of
business oligopolies. However, perceived oligopol#hould be assessed on their impact on
market function, and many fears are somewhat unfedrn most agricultural sectors areas. One
example is the food security risk from the agrigtdt seed supply concentration. Farmers often
have several close substitutes available from #&tyaof formal and informal markets which
creates both supply security and consumer bengfitsce et al., 2005; Herdt, 2006; PMSEIC,
2010a; RRDC, 2011). Additionally, many consumerdfigs from seed supply investment have
been due to research consortia facilitating upstreasearch and also to the complex post-
commercialisation value chain. Interestingly, sumbtnsortium members are often in direct
competition with each other in downstream markétaujdel and Sawaya, 2009). In general,
claims about whether or not new biological regulatstructures, markets, or technologies assist
food security and promote economic developmentsisemtially an ethical inquiry about the
desirability of an activity (Herdt, 2006). Thus,lipg development is required to find a balance
between primary industry, sustainable developmeater and energy security, climate change,
and environmental quality necessary to sustairreentilue chains and geographical production
systems (UNFCCC, 2008; RRDC, 2011). The developnmotess of a successful rural
bioeconomic strategy must be inclusive, consukgtiand transparent to regulators, research
providers, governments, and the general publicctoeae productivity objectives of the RD&E
investment within a relatively stable policy enviroent (ACIL Tasman, 2008).

IP and rights will critically influence the role drfiorm a bioeconomy takes (Herder and Gold,
2008). The relatively recent explosion of IP riglaad related commercialisation activities
undoubtedly add upstream cost and time pressuesgjinig to higher consumer prices.
Transferring patentable information into the pulsiphere from publically funded research may be
a suitable means to decrease upstream costs, glthibuust be ensured that RD&E was not
impeded in the process (Herder and Gold, 2008)addition, small and poor countries often
struggle to participate in international IP negiitias with larger nations and powerful businesses,
and are also exposed to variable external advidepagssure (Smith, 2005; Herdt, 2006). In the
main, international IP rights enforcement has ain@dapture returns from both public and
private RD&E to further increase institutional chiidy and national competitiveness (Birch,
2006). However, the knowledge of the role that Ights play in impeding, driving, or
disseminating overall trans-national innovatiotaigely incomplete and requires the development
of acceptable metrics to measure system performaadeer than simply counting patents or
licensing revenues, etc. (Lence et al., 2005; OEZID6; Herder and Gold, 2008; RRDC, 2011).
The efficacy of various biotechnology IP rights doyed to foster innovation in the myriad of
subsectors in each of the health, primary prodoctimd industry sectors is extremely complex to
analyse (Herder and Gold, 2008). Treating IP righiterely as a mechanism to increase
commercialisation without regard to the particutarovation space within a sector and the final
market, creates an incomplete and over simplifietue (Lence et al., 2005; Birch, 2006; Herder
and Gold, 2008). Even the assumption that IP riglatgprovide an incentive for biotechnology
sectors to produce benefits is often ambiguousyasy existing incentives clearly fail to develop
products or optimise their use in less affluentioeg (Birch, 2006; Herder and Gold, 2008).
Indeed, strong IP protection may benefit RD&E firatghe expense of the rest of society which
generates a lower total welfare benefit (Lencelgt2®05; Birch, 2006). The present lack of
evidence to support wholesale IP efficacy commapresses itself in a tendency for many
stakeholders to be publically selective in the emimk they choose to cite and define. This results
in a polarisation of professional and public opmiand the simplification of future for IP policy
direction (Herder and Gold, 2008). To redress flutential stagnation, the innovation sector can



A Rural Bioeconomic Strategy to Redefine Primargdeiction Systems... 11

actively explore and foster combinations of IP tigho avoid genuine commercial oligopoly
concerns. Options include research prizes, graftdanthropy, open source initiatives, patent
pooling, licensing that enables humanitarian usd, lzasic public research (OECD, 2006; Herder
and Gold, 2008). Exploration and analysis of IPiqies such as prizes will likely generate
insights into suitable IP law innovation customisgedhe Australian space (Cutler and Company
Pty Ltd, 2008). Open source biotechnology (akin #dwoftware model), has also attracted
significant public and private funding to serve tbaocial and technological goals in targeted
initiatives (Herder and Gold, 2008), and thus Aaig&in governments should explore international
standards for open publishing (Cutler and CompamgyL&l, 2008).

CONCLUSION

The bioeconomy concept reconsiders fundamentahseiand education in the complexity of
biologically-dependent cross-sectoral issues, @agltlimate change, food security, energy and
water security, improving health outcomes, longrteproduction security, development
objectives, etc. A refocus of the bioeconomic ptiééninto the “rural” space requires
interdisciplinary thinking and collaboration to péathe rural sector within a more engaging
context within other sectors, such as health, miserand energy, information and
communications, climate change, etc. Ultimatelg tmpact of any bioeconomic framework is
dependent on both governance and the competitisesfetechnological innovation (Arundel and
Sawaya, 2009; RRDC, 2011). A greater expansiorkitifsets from fields outside of traditional
higher education and rural sectoral capabilityeiguired to refocus, optimise, and internationalise
RD&E activity to provide continued benefits. In ¢ast to many areas of higher education, the
recent increase in the number of skilled individuial bioscience and related disciplines is good
news for the global bioeconomy, primary industrgdarctivity, bioindustry, climate change and
science, and rural development in general (Aruaddl Sawaya, 2009). However, smaller nations
such as Australia may see this talented and higplallyile capability migrate towards larger labour
markets if national innovation systems do not egdbeyond the historical paradigm of “more
funds, higher wages, more graduates, and higheuptiwity”.
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