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1 Introduction

Regional integration presents growing opportunities for Africa’s scientific and
technological renaissance. A well-organised integration oflers the platform  lor
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developing and sharing mlrastruciure [or scientilic and iechnological rescarch and
development (R&D), and for mobilising and using the limited expertise and financial
resources available [1]. Applications ol science, technology, and innovation at the
nana-scale (STI-NANQ) have been predicted to change our way of lifc and transtorm
human society in very significant manner. Human and animal health, trade, agriculture,
environment, national security, and economic growth and sustainability could all be
nfluenced by STI-NANQO developments and applications [2]. There are grave concerns
about the real and perceived risks, safety and ethics. Despite these concerns, there is the
oplimism that the effects of STI-NANO will be mostly positive and the associated risks
can be well managed.
The US National Nanotechnology Initiative (NNI) defines nanotechnology as

“the understunding and control ol matler at dimensions ol roughly 1 nm

to 100 nm, where mnigne phenomena cnable novel applications ... At the

nanoscale, the physical, chemical, and biological properties of materials ditter

in fundamental and valuable ways from the propertics of individual atoms

and molecules or bulk mater. Nanotechnology R&D is direeted toward

understanding and ereating improved materials, devices, and systems that

exploit these new properties.”
Application of nanotechnology means using lesser guantities of raw materials than the
traditional use [3]. This may contribule 1o environmenlal proleciion and susiainable
developments through limited use of resources, reduced gencration of waste, and thus,
reduced level of pavments for environmental services. Successful incorporation of
STI-NANQ applications n the agrifood and medical sectors could mmprove land use by
cnhancing yicld to land ratio, and improved life expectancy and boost quality of life [2].

African countries will need strong regional cooperation and links with viable
institutions in developed and middle-ineome  countrics o eslablish a good R&D
foundation in STI-NANO. The challenge is that African countrics have not been able to
take advantage of advances in previous emerging technologies like biotechnology and
Information and Communication Technologics (ICTs), and are still struggling 1o
determine how ST can advance their economies [2]. To meet this challenge, there must
be a consclous efTort 1o invest in STI in the lace of pressing and legilimate competing
demands for investment in education, healthcare and infrastructure (roads, clectricity,
water and 1CTs) [2].

Nanotechnology product and process applications are being developed globally in the
life scicnees, medicine, clectronics, optics, information technology, telecommunications,
aerospace and energy. Typically, many undetlying progenitor technologies contribute
10 nanotechnology advances. These lechnologies are based In sciences including
molccular biology, clectronics, materials scicnce and physics (optics and quantum).
Nanotechnology is thus built upon many sciences and is inherently complex.
This nccessitaics the training and supporl ol rescarchers capable of (echnological
intceration, and rcquircs high levels of government support in training, funding and
infrastrueture.

In addition 1o the problem ol [unding ol nanolcchnology rescarch, Alrica [aces the
problem of responding to the distribution and diffusion of engineered nanomaterials,
including commodities, instrument (acilities and services, and how 1o [ace the challenges
thesc change will bring on the African socicty. Many obstacles prevent priority
technologies from reaching widespread use and acceptance. These include low profit
marging in developing world markets, regulatory constraints and the need [or syslems
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changes. These are the primary reasons [or which the Alrican Union was established.
Among the several objectives of the African Union is to “advance development of the
contingnt by promoting research in all lields, particularly in science and technology” [4].

2 STI-NANQO: market potential and global cfforts

According to MarketRescarch.com®, RNCOS [5] carnings from STI-NANO products
show promise;

¢ The market for nanoclectronics is projected to reach $4.219 million by 2010 from a
total of 51.827 million in 2003,

¢ The nanofood market is cxpected to rise from S6,311 million in 2006 to S20,40
hillion by 2010 with a 30.94% Compound Annual Growth Rate (CAGR) [6].

¢ The market for textiles using nanotechnology is projected to reach S11S billion
by 2012, from an estimated 813.6 billion in 2007,

¢ The US market for nanotcch tools is forecasted to triple from $900 million
in 2008 to $2.7 billion by 2013 at a rate of nearly 30% per year.

#  The USA is the global leader in investments in nanotechnology R&D. As at 2005,
the USA held 28% of the global marker, followed by Japan with 24% of the market
share. Major investments [rom countrics such as Germany, the UK and France gave
the Turopean Union (EU) 25% of the market, Other countries such as China, South
Korea, Canada and Australia held the rest of the market share.

The USA initialed a national nanotechnology stralggy in 2001 as recognition ol the
inherent potential of STI-NANQO, whereas the EU integrated its strategic nanotcchnology
and nanoscience initiative with the zeal for global leadership in ICT-led economic
development [7]. Three billion Ewros has been allocaled over the next 10 years [or
nanaclectronics  rescarch  alone [8]. China has cxhibited its scriousncss about
STI-NANQO by mitiating and hosting the *China Intermational Conference on
Nanoscience and Technology™ in 2005, 2007 and 2009, with high-level governmental
participation [9]. These conference serics are predicated on the assumption that it offers
prospects for acquiring cutting-edge knowledge while enhancing the capacity of the host
communities 1o be part of generation and evolution of the global STI-NANO knowledge.
India’s sclection of Bangalore, Kolkatta and Mohali as hew nanotcchnology centres
demonstrates how important India sees the economic potential of STI-NANO [10].
Brazil began showing interest in STI-NANQO in 2000 and in 2004 STI-NANO was
integrated into a multi-year development plan (2004 2007) [11]. According to the
president ol the Korean Nano Researchers’ Association [12], investiment in STI-NANO
gtarted on a national scale in 2001. South Africa has also shown deep intcrest
in STI-NANQO. The hosting of the “2007 World Nano-Cconomic Congress [13]7
demonstrates this interest. Counlries such as Argentina, Chile, Mexico, Philippines
and Thailand are all involved in this new frontier scichec [14]. Iran hias adopted a
nanotechnology programme with a focus on agricultural application and had already
commercialised ‘Nanocid’, a powerlul antibacterial product with potential application in
the food industry [13]. The list of countrics investing and showing grcat interest in the
economic potential of STI-NANQ reveals a healthy mix of developing and developed
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ceconomics. However, Alrican countrics, with cxceplion of South Alrica, arc missing
from the list,

3 Africa’s science, technology and innovation nanefuture

Researchers have successiully explored the delinitions of innovation, innovation theories,
the rationale of government Interventions on nnovation, innovation policy instrumcnts
and the relationships among new technologies, emerging markets, innovative services
and economic growth [16]. However, there are dillerent conceplions ol what conslitule
the core ¢lements of a national innovation systcm [17]. Innovation is the combination
of knowledge that results in new products, processes, input and output markets
and organisations [18]. Innovation includes not only (cchnical innovation, butl also
organigational and managerial innovation — new markets, new sources of supply,
financial innovations and new combinations. Innovation is a critical factor in enhancing a
nation’s compelitivencess. Nalional govermments have cralied imnovation policies 1o
improve their nation’s growth,
Industrial innovation includes

“technical design, munulaciuring, management, and commercial activities

involved in the marketing of a new or improved product or the first commercial

use ol 4 new or improved process or equipmenlt.” [ 19]

Although there is litle discussion on the steps through which innovation policies
arc formulated, cffcetive implementation and design of an innovation policy determines
how successful the policy becomes. There are no universally agreed laid down
procedures [or innovation policy-making. What happen in most democralic countries 18
that, stakcholders arc made 1o debate and discuss policy issucs as part of the policy
formulation process. In some other countries, groups of experts are brought together to
[orm the so-called national advisory councils or scicnee wehnology advisers, while others
depend mostly on external experts or consultants [20].

Much has been written about the potential of nanotechnology to help solve
many ol the problems conlronting Alrica [21]. National governments, indusirics
and non-governmental organisations (NGOs) are all describing nanotechnology as
“The Next Big Thing” [21] (p.0384). Nanotechnology is also bedevilled with uncertainty
about risks, cthics and hencfits to the resource-poor who more often than not arc
excluded from conversations about the societal implications of new technologies.
Although the potential benelits STI-NANO presents 1o Alrica are very exciting, so [ar loo
little intcrest has been shown to the specific needs of people on the continent [22].

According to a recent study by the Canadian Program on Genomics and Global
Health (CPGGH) al the Universily of Toronlo Joint Cenire [or Biogthics (JCB) [23].
there are numcrous cxisting and potential nanotechnology applications that will help
developing countries to confront many of the most urgent problems, specifically, extreme
poverly and hunger, maternal, child and nconalal mortality, environmental degradation,
and debilitating diseases such as malaria and HIV/ATDS. The study is the first of its kind
to rank nanotechnology applications relative to their developmental impact [21].
The study used the world’s cight Millennmium Development Goals, agreed by the
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United Nations mn 2000 for achievement by 2015 as the measure of the potential the
impact of nanoiechnology [24].

The CPGGH study identified and ranked the 10 nanotechnology applications most
likely o have an impactl in the developing world. An inlcrnational pancl ol 63 cxperts
wags asked to rank which nanotechmology applications are most likely to benefit
developing countries in the areas of “water, agriculture, nutrition, health, energy, and the
cnvironment in the next 10 years”. The top-ranked nanolechnology applications were:

1 “cnergy storage, production and conversion

2 agricultural productivily cnhancement
3 waler treatment and remediation

4 disease diagnosis and screening

5 drug delivery syslems

6 [ood processing and storage

7 air pollution and remediation

B construction

9 health monitoring

10 vector and pest detection and comntrol” [21] (p.0384).

Clearly, STI-NANO is not a ‘silver bullet” that will magically solve all the problems
of Africa [23]. Yet to maximise the positive impacts of nanotechnology, Africa will need
w0 cmbrace regionalisin,

4 Regionalism

Regionalism is the process of opening up and integrating socio-economic and political
systems across national borders in neighbouring nations. Tt is 4 mutual process between
nations ol specilic jurisdictions o promole inlerstate securily, economic activities and
exchange [26]. Regionalism in Africa dates back to the 1960s when it was recognised by
leaders ol newly indepcendent slales Lo promole cconommics ol scale in praoduction and gain
greater bargaining power in world trade relations through trading within regional
economic blocs [1]. Tt is, therefore, not a new phenomenon. To date, there are only few
real cascs ol regional cooperation in Africa designed Lo lake advantage ol the advances in
science, technology and inmovation (STI) in order to solve common development
problems, despite the acknowledgement of the significance of regional cooperation [1].
S&T collaboralion provisions in rcgional agrecmenls have for the most part remained
statements ot intent, a typical example being the Lagos Plan of Action [27]. They have
generally not yielded projects and programmes. The few attempts at implementing
palicies including regicnal treaties have not been successful. Regional inlegration in
Africa clearly needs to be re-examined, from the perspectives of past performance and
the globalisation process, starting with the very mixed institutional performance of the
Regional Economic Communities (RECs) [28], The most important RECs include:
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“Communily ol Suhel-Suharan States (CEM-SAD), Common Market for
Lastern and Southern Afiica (COMESA), Cast African Community (DAC),
licomomic Community of Central Africun States (HCCAS/CHEAC), liconomic
Community of West Afiican  States (ECOWAS), Southorn  African
Development Community (SADC), and Arab Maghreb Union (AMU/UMA).”

The problems that have plagued these regional blocs include: competing demands on
RECs by member countrics which, in many cases, belong 1o more than once REC; lack ol
compensating mechanisms for losers in the process of integration; weak national
commilment in lerms of practical implementation of agreed policies; weak capacity at the
national and sub-rcgional Icvels, to implement regional programmes and regional
conflicts,

Despite the problems historically assoclaled with regionalism in Alrica, S&T can
Icad the way in promoting regional intcgration. The concept of regionalism creates
opportunities for countries with less endowed STI capacity and infrastructure to articulate
their quest [or lechnology, design innovation policy, and make the required institutional
changcs [1]. The opportunitics crcated by regionalism if well structured and managed
will boost the confidence of Africa in its capacity in knowledge creation for
socio-ceconomic and human resource developments [1].

5 Policy framework

The role that emerging technologies generally, and more specifically STI-NANO,
can and should play in developing countries and for the poor is a continuing debate.
Nanotcchnology developiment will posc risks and costs in addition to oppartunitics and
benefits 10 poor people. There is the need for an overarching policy framework by
Alrican governmenis and regional groupings o address these issues. An adequale policy
framework must address five critical issucs: affordability, resource mohility, awarcness,
acceptability and sustainability.

Affordability

If nanotechnologies are to aid poverty reduction, the technology and products have to be
allordable. Countries will need the [nancial resources necessary (o supply a technical
infrastructure and those nccessary to create demand for the technology. Without the
right conditions, there will be no demand for the technology. The ahility to access new
lechnologies will depend on the type of policy [ramewaork that 1s pul in place.

Resource mobility

Unfettered resource mobhility is crucial in obtaining new technology adoption, which
requires an appreciable level of investments in learning, management, equipment
and new relationships, all of which involve some uncertainly and irreversibility of
nvestments [29]. The cxtent of irreversibility is subject to the intrinsic featurcs of the
new technology and the price-cost environment of the activity to which the technology is
applied and the policy framework in place.

Awareness

The number of people who are aware of nanotechnology, and who they believe should
monitor the safety and cffectivencss of products that arc being greatly impacted by
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nanotechnology s very important 1 the deployment ol nanotechnology and dilTusion of
nanoproduets in Africa [30]. Therefore, the policy framework should address issues
such as capacity building, rural livelihoods and imcome generation activities that have
bath directl and indircel, posilive cffeeis on communitics. The policy framewark should
help create awareness of nanotechnology among stakeholders,

Acceptability

The policy framework should make nanotechnology socially, culturally and politically
acceptable. The (ramework should be able to [oresight how the reality will look like as
Africa’s nanofuturc appears o be a long way off from current point of vicw,

Sustainability

The policy framework should help make nanotechnology sustainable, robust,
and adjustable to settings in African countries. The nanotechnology policy should
promaote local R&D and local owncership, Solutions must be technologically, socially,
and environmentally feagible and sustainable. The policy should also be able to facilitate
the development and building ol economic and technical infrastructure and capacity to
sustain the technology.

The policy framework diagram in Figure 1 shows these critical issues in
diagrammatic [orm. Lines have been drawn to show the relationships among the issues
and how the policy framework 1s central to their reselution,

As policy-makers examine the future economic plans for their regions, they should
consider the current condition of countries in the region, including their capabilities in
cducation, cchnelogical rescarch, capitalisaiion and infrastructure, This is ¢specially truc
in considering emerging disruptive technologies such as nanotechnologies [31].
The condition of individual countries in the region [orccasts the cconomic and social
performance of the region.

Figure 1  Policy criteria diamond
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6 Policies to promaote regionalism

For regionalism 10 be successtul in promotling Africa’s nanofuture, possible policy
approaches within that framework need to be considered. These policy alternatives can be
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mplemented together. They include establishing collaboratory, leaplrogging, crealing
epistemic communities for informed policy making, and bridging the research-policy
divide. Each ol these approaches should be evalualed based on alTordabilily, resource
mobility, awarcness, acceptahility and sustainability.

Establishing o colluboralory o promote regionalism

The term ‘collaboratory’ was first coined from two words: ‘collaborate’  and

Haboratory® [32]. The term was defined by William Wulf in 1989, as a
“centre without wallg, in which a nalion’s researchers can perform their
rescarch without regard to physical location, teracting with colleagues,
accessing instrumentation, sharing data and computational resources, and
accessing infortnation in digital librarics.” [33]

It was redelined 1o

“a systemn which combines the interests of the scientific comununity at large
with those of the computer science and engineering community to create
integrated, tool-oriented computing and commmunication systetns to support
scientitic collaboration.” [34]

There are quite a number of other definitions that appear in the literature, Rosenberg in
1991 delined a collaboratory as
“an cxperimental and cmpirical rescarch enviromment in which seientists
work and communicale with each other 1o design svsiems, parlicipale
in collaborative scicuce, aud conduct cxperiments to cvaluate and improve
systems.” [34]

Cogburn in 2003 stated that

“a collaboralory is more than an elaborale collection ol inlormation and
communications technologics; it is a new networked organisational form that
also includes social processes; collaboration techniques; formal and informal
communication; and agrecment on norems, principles, values, and rules.” [35]

A collaboralory ollers the platform where scarce mstrumenis and data can be shared.
It also improves interaction among researchers, and lessens the traditional barriers of
status, time and space that impede scientific development [36]. This is important
in promoting regionalism for Africa’s nanofitturc. Establishing a collaboratory as a
policy approach meets the criteria of affordability, resource mobility, awareness and
sustainability. In lerms of acceplabilily, there are challenges; encouraging the creation of
agsociation among scicntists is rclatively casy, but building broader organisational
structures is much more difficult, due to age-old traditions of scientific autonomy, formal
organisational barriers and unwillingness 1o share implicit knowledge [37]. Shared
spaccs, which arc normally created in most group practices and routines, posc the most
significant barrier to the successful operation of collaboratories. The loss of a common
physical selling as a result of establishing a collaboralory also poses a serious challenge
to the normal process of collaboration and may weaken the effectiveness of the
collaborative process by bringing new demands [38]. One of such new demands in the
virtual environment 18 that employees must be explicit aboul information that under
normal circumstances is tacit when co-located [36]. It is itnportant to recognise that there
will always be prolection against widespread access (o some specilic scientific lindings
and data duc to proprictary and cconomic considerations. To overcome these challenges
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cmbedded m virtual interaction, and to make collaboratory an ellcetive pohey tool to
promole regionalismm in Africa will mean a matler of highly structured designs and
technologies that make virtual settings more like physical settings.

Scicntific laboralorics arc physical scllings designed 1o housc cquipment and
scientists. “The forms of social organisation that grew out of this arrangement
depended heavily on co-location” [36]. With advances in information technology and the
unpreeedented development of cyber infrastructure, collaboration without proximity
became possible. Indeed, the goal of designing a collaboratory is to build “laboratories
without walls or boundaries™. This 18 a practical route to regionalism in Alrica to advance
an STI nanofuture.

The convergence of ICTs with traditional scientific practice resulted in the
conceptualisation and development of collaboratorics [39]. Collaboratories, by their
nature, will nol produce changes in science or necessarily promote nanotechnologies
in Africa. However, they offer a new paradigm both for the practice of science and
science policy making. The challenge 1s adoption and use ol this approach. The scientific
community, policy-makers in Africa and all those concerned with Africa’s STI
developments should actively explore how collaboratories can be used to improve
Africa’s parficipalion in scicncc.

The use of cellaborative technologies to support scientific research in different
jurisdictions and locations 1s gaining worldwide acceptance [38]. Collaboratories create
the platform necessary for regional inlegration in important arcas of S&T rescarch and
policy. Recent advances in S&T have been achieved through large multidisciplinary
teams, as in the case ol nanotechnology. The collaboratory is emerging as a viable tool
in facilitating multidisciplinary approach to S&T rescarch, using ICTs te lcssen the
constraints of time and distance. Collaboratories can, therefore, be an important policy
tool Lor Alrica’s nanoluture through the promotion of regionalism. Alongside the
opporiunities offered by collaboratories is the challenge they present ic human
organisational practices [40].

Leapfrogging as a policy ta promote regionalism

‘Technology leaplrogeing” is a concept that describes the practice of circumventing the
stages in S&T developments gone through by others. It has been detined as

“bypassing some of the processes of accumulation of human capabilities and

Mixed invesiment in order o narrow down the gaps in productivily and output

that separate industrialised and developing countrics.™ [41)
Leapfrogging lakes into consideration the cconomic factors, cxisting technological
climate, the power and larger socio-political interests in the existing and new technology
systems, and a vanety of other socio-economic implications, belore the implementation
of the new Icchnology, However, the prospects are good for leapfrogging in the arca of
STI-NANQ.

Omne misconception about leaplrogging 1s that technologically weak countries will
bypass the countries leading the advances. Although there are potential circumsiances
in which the new technology may become more prominent in technologically weak
countrics than the developed ceonomics, leaplrogging just means catching up by passing
over some of the transitional phases of the technology [42]. The condition under which
this may occur is that developed economies with broad legacy systems can have
problenis of inertia in changing over lo new lechnology regimes. This is not likely 1o be
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the case [or nanolechnology 1 gencral, in view ol the way 11 1% being mplemented now.
It may, however, be possible with specific nanotechnology applications, There are major
differences in how technologies are implemented in developed and developing
ceonomics. New tochnologics are mostly deployed in a manncr matching the cxisting
infrastructure elements in developed economies whereas in less developed economies
new lechnologies are mostly replacement of older technologies [43].

There arc four key factors that need to be considered if leapfrogging can be used as a
policy to promote regionalism for Africa’s nanofuture. The first consideration is the
nature of the new technology, 1.e., how nanolechnology [its into the existing technology
regime, Nanotechnology is described as a distuptive echnology [44]. A techmology is
described as distuptive if it can change the production process of an existing product, and
i so doing, generale a new or beller-quality technology product paradigm [45].
Therefore, a disruptive technology makes the fundamental know-how linked with
the old technology irrelevant and renders its technical infrastructure obsolete.
Successlul adoption and deployment ol a distuplive lechnology becomes the supporting
technology for a transtormed industry. Other attributes of disruptive technologies include
the lacilitation of legacy inlrastructure leaplrogging in emerging economies, redelinition
of the fundamental competitive playing ficld for developed cconomics, and the crcation
of new platform for corporate have-nots to be successtul [46].

Second, there are economic reasons [or leapfrogging. Allordability and resource
mobility ar¢ very important in this respect duc to the gencrally scarce financial resources
and foreign investments in Aftrica. This hinders the ability of most African countries to
take advanlage of the advances in emerging (echnologies and ollen had (o rely on [oreign
investment, which their cconomics are not competitive cnough to attract, On the demand
side, potential users of nanotechnology and its products are not adequately resourced and
thus ereale an uncertain markel climale n meost Alrican couniries.

Third, leapfrogging provides a way to deal with the power relations surrounding
technology systems [41]. There is nowhere that new technologies are applied
without building on/or coupled with existing systems; there cannol be a wotal green-licld
environment. The challenge of technology leapfrogging when various countries are
invalved is the vested Interestls in existing technology systems, which may act as barriers
to the introduction of nanotechnology. Indeed, this can be a drawback to regionalism.
Leapfrogging can be a way to jump-start change in power relations.

The [ourth aspect of nanolechnology leaplrogging involves a wide armray of other
socio-cconomic factors, Important factors to be considered in any analysis of the
potential for nanotechnology leapfrogging should include absorptive capacity and
acceplability, 1echnical infrastructure and know-how, complementlary technologies like
biotcchnology and ICTs, and downstrcam requirements [41]. Absorptive capacity and
acceptability involve the mechanics and systems of learning, adaptation and the
willingness (o use nanotechnology. Technical infrastructure and know-how deals with
access to laboratory equipment and the environment in which nanotechnology can be
transferred and used. including issues with intellectual property rights. Complementary
lechnologies relale 1o the emergent nature ol nanolechnology and the inkages with other
related technologies being implemented. Downstream requiremnents deal with the creation
ol effective human-technology interface 1o manage the relations with the users [41].

Leapfrogging could help a region pursuc nanotcchnology. Regional leapfrogging can
potentially have dual positive results. It offers the opportunity to remove the harriers that
al present render individual countries as [airly closed STIT entilies. Second, the polential
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to commit African governments to nanotechnology programmes through the bandwagon
eflect, which hag been very successful in Asia, Leaplrogging lor Alrica’s nanoluture
should be a continuous process and always strive for the cutting edge of the technology,
lor which some hmitcd institntional capacity may have alrcady hbcen  crealcd.
By leapfrogging in development of nanotechnologies, the regional blocs on the continent
could provide a powerful climate for development in other sectors.

“Epistemic communities and informed policy making” (o promote regionalism
Haas defined an “epistemic community’ as

“a nctwork of professionals with recognised expertise aud competence in a
particular domain and an authoritative claim to policy-relevant knowledge
within the sume domain or issue area.” (47|

Some commodity-dependent  cconomiics have moved from being mere exporters
ol raw commodities o become the designers, processors, manulacturers and exporlers
of value-added high-technology products as a result of otherwise bureaucratic
cstablishments embedded with epistemic commmunitics [20].

A country’s ability lo formulale and implement progressive policies is correlaled with
the level of expertise within that country. Availability of internal expertise makes it
passible [or policy-making badics to acquire and process lechnical information that is
needed for policy formulation. It is, therefore, important that Africa encourages the
formation of epistemic communities, informal networks of professionals with renowned
cxperlise and compelehee i nanotechnology and related ficlds, and with an authoritative
claim to policy-relevant knowledge. In countries where policy-making is tiot driven by
political correctness, epistemic commumities are fully involved in all the different levels
ol the policy-making process, including the identification of policy alternatives, the
choice of policies, and the formation of national and international coalitions to sustain
those policies, whereas in politically motivated cases the policy-making process is largely
controlled by politicians [20].

In considering policy alternatives and in every policy formulation process, there
15 some level of rationality; “if rationality 18 bounded, epistemic communitics may be
responsible [or circumscribing the boundaries and delimiting the oplions™ [47]. Although
epistemic communities may be embedded in the bureaucracy, it Is Important to
distinguish the two [fom cach other. Whereas cpistemic communitics (depending on their
normative ohjectives) use their expertise to formulate policies, bureaucratic hodies are
more concerned about their mission and budget [20]. Again, although, in their operations,
cpistemic communitics may usc the burcaucratic leverage they gain as a resull of their
existence within a bureaucracy, they camot be characterised as policy entrepreneurs [20].
Their modes of operation are different from that of people who are actually part of the
bur¢aucracy, Members ol ¢pistemic communitics arce olicn involved in inigrnational
policy dialogues and in national policy-making processes [48]. Africa can create
cpistemic communitics from member countrics to create the policy framework for its
innovation nanclulure. Although in general there is lack ol experts in the individual
countries, there are experts scattered across the continent. Regionalism can bring these
experts together to form epistemic communities tor the regional blocs.
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Bridging the research-policy divide as a policy to promote regionalism

One of the greatest challenges facing the continent of Africa is lack of usc of rescarch for
evidence-based policy-making. This is made worse by the extensive lack of scientific
capacily and poor public education in science and supporting disciplines. Atlempls have
been made to impose a “forcign’ paradigm of cvidence-bascd policy-making without
taking cognisance of cultural sensitivity, the nature of internal power structures, and
ndigenous and local knowledge systems [49]. This imposition has not been successful
and therctore creates an intricate challenge for the scicncc/policy interface that neceds a
system-wide study. However, despite these challenges, the demand for intermediaries
1o be mvolved in supporting the comneclions between science and policy have been very
strong [30]. Intermediarics play three crucial roles in the science-policy linkages:

I by acting as agents in bridging institutions and agencies in the absence of the
required knowledge

)

by performing a liaison function [or firms sourcing external know-how

3 by providing access 1o complementary assets [or development ol technologies
internally [51].

Successtul regionalism will require  cfficient knowledge interchange.  Effective
knowledge interchange can only be achieved through the midwifery of various tvpes of
intermediaries oflen working together. Active and multifaceted intermediation is very
critical for the purposcs of knowledge sharing and technology commercialisation,
particularly when it is a tacit or uncodified knowledge [50].

There are opportunities for Alrica’s STI-nanoluture borne out of the willingness o
cngage, the quest for locally differentiated information, and crave for deliberation,
invalvement, views and advice [49], These are also promising avenues for broadening
science—policy inleractions by gelling more inpuls [rom Alrica inlo the global
nanotechnology debate and dialogue. Although these avenues are Important platforms for
broadening science—policy inlgractions, due o the specilic context ol Alrica in relation lo
cultural sensitivity, the nature ol inlernal power and politics, and indigenous and local
knowledge systems, there should be a strategic approach and with a high level of
practicality [32]. Another challenge that faces Alrica’s nanoluture is the politicisalion
of scicnce. Although scicnce can be politicised anywhere around the globe, it is more
pronounced in Africa due to poor level of education and non-existing infrastructure
[or evidence-hased policy-making. One way 1o meel this challenge is 10 take advantage of
mediation activitics, which may prevent the politicisation of scicnce. There is, however,
the need for a systematic conceptualigation of mediation as there is no clear guidelines
for the wse of mediation in the literature [49]. It has also not gained the [ull
acknowlcdgement as an Important and practical public policy tool. Tt is, thercfore,
necessary for agents that hold themselves as intermediaries to unambiguously deal
wilhh the 1ssuc ol mediation, and to mvestigale how levels ol mutual credibility
cann be preserved through appropriate system of accountability and measures of
decision-making [49]. Alrica’s STl-nanoluture will be brighter and the chances that
nanolcchnology can contribute cllectively to poverly reduction will be enhanced il
intermediaries are used to promote research for evidence-based policy-making.
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7 Future directions

STI-NANQ has been predicled to play an important role in addressing many of the
challenges facing Africa in the arcas of water, food and agriculture, nutrition, health,
energy, and the environment for economic growth and poverty alleviation [21]. For a
brighter STI-nanofuture and 1o benefil from the advances and innovations in global
nanotechnology, African countries must pursue STI-NANO in the contexts of
regionalism and international collaboration. They can no longer continue to approach
science m isolated manner. There 1s the need lor comprehensive regional inlegration in
the approach to S&T developments,

Tt i in the mterest of Alrican countries o pool resources in lerms of technical
infrastructure, technical know-how and cxpertise together. Africa’s input to global
nanotechnology literature and patents is negligible. With probable exception of
South Alrica, most Alrican countries lack the requisite research facililies and experlise in
nanotcchnology. This is beeause skill devclopment and rescarch facilitics for an emerging
techniology like nanotechnology tend to be relatively expensive. Regionalism is the way
Torward if Alrican couniries are 1o garner resources (o acquire these facilities. To employ
and benefit from advances in STI-NANO and facilitics located clsewhere, Africa necds
wortld-class researchers with the set of skills that will provide the platform for effective
analysis and action i seientifie, lechnological and environmental policy and enable them
to understand the increasingly complex issues that straddle international and national
development and who can communicate and collaborate with the best scientists around
the world on mternational nanotechnology projects [1]. This challenge 1s not lost on
African policy-makers and scientists as they acknowledge the essence of regional
cooperation in S&T. The importance ol regional miegration and cooperation is clearly
stipulated in most rcgional and sub-regional treatics and in minutes of mectings,
and articulated in various policy statements [1]. However, all these stipulations and
articulations remain statements of intents and little has been done 1o implement then.
Many African countrics with limited cxpertisc and financial resources are dovcloping
their national immovation systems and S&T policy in isolated fashion and thus spreading
the hmited resources of the continent 1oo thin across various Oelds. Moreover, some of
the countrics with relatively ‘pood’ cxisting S&T infrastructure are not accessible to
others in the region due to various socio-economic and political factors.

Failure al institwtionalising S&T programmes i the regional cconomic communitics
(RECs) has been described as one of the main reasons why past attempts to use
regionalism for technology development have not been successtul in Africa [1]. Most of
these regional bloes lack the requisile capacily m policy implementation. There 18 a
need to establish science portfolios in each of the RECs, to ensure that regionalism
advances S&T.

Regional lcadership is an important factor in technological innovation and
development and establishing this ST1 culture requires political leadership [1].
Tnvestments m technology have many benelits including improving good govermnance ol
African cconomics and rclated politics. Nanotechnology maybe key to increasing the
continent’s economic productivity and political stability as it has been projected to affect
commodily-dependent economies n various ways. In addition o making slalements
of intents, African lcaders need to put more cmphasis on how to implement these
policies for national and regional development, At present, Aftica is lacking such
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political leadership focused on mnlegrating tecchnology concerns into ceconomic and social
strategies.

8 Conclusion

Alrica [faces an uphill batile with regard to the adoption and use of nanotechnologies.
The strong potential to improve the livelihood of resource-poor Africans is a strong
incentive to meet the challenge. However, this incentive will not become a capital if it is
perceived as simply a cynical stralegy or ploy 1o gain support (or the technology, or il it
becomes another vain hope, The policy optiong available to Africa are varied,

Policies should outline priority areas in nanotechnology that are of relevance
lo Aflrica’s developmentl. They should identily critical capabilitics needed [or the
development and safe use of nanotechnology and establish appropriate regulatory
measures that can advance research, commercialisation and trade and consumer
prolection. Policy should also sct siralcgic oplions [or creating and building regional
nanotechnelogy innovation communities and local innovation areas in Africa. Africa’s
nanofuture lies in harnessing the power of regionalism as an overarching policy
framework.
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