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South Africa

S outh Africa is one of the most biologically diverse countries in the world. It hosts an estimated 10 percent of 
the world’s plant species, 7 percent of its reptile, bird, and mammal species, and about 15 percent of its marine 
species. This rich diversity is spread over a variety of territorial, freshwater, and marine ecosystems, and much 

of it is endemic to the country.1 These biodiverse ecosystems deliver a range of sociocultural, environmental, and 
economic services. They contribute to job creation, income generation, and inputs across several sectors, including 
farming and livestock, tourism, health, and industrial development. 

Recognizing the potential of capitalizing on its natural wealth, over the last two decades South Africa’s policymakers 
have developed a portfolio of policies, strategies, and supporting institutions to promote a transition to a bio-
based economy.2 This foresight has placed South Africa at the forefront of continental and global efforts to establish 
successful bioeconomies; it is currently one of only 15 countries in the world—and the only one in Africa—that has 
approved a dedicated and comprehensive bioeconomy strategy. 
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of Science and Technology in 2019. The merger was 
instituted as a part of an effort to streamline South Africa’s 
NSI. Among its key strategic goals from 2015 to 2020 
were supporting the development of vibrant, equitable, 
sustainable rural communities (which contribute toward 
food security for all) and the protection and enhancement 
of environmental assets and natural resources.4

DSI plays three key roles as part of its mandate to 
establish a responsive and effi cient national system of 
innovation: coordination, capacity enhancement, and 
programmatic interventions to address strategic gaps 
or opportunities. DSI aims to mainstream STI across 
all programs that include technology innovation, 
international cooperation and resources, research 
development and support, and socioeconomic 
innovation partnerships. Although DSI led the 
formulation of the Bio-economy Strategy, approved by 
the Cabinet in 2013, it recognizes that the success of 
the bioeconomy strategy relies on the participation of 
several other government departments, including the 
Departments of Trade, Industry and Communications 
(the dtic); Health; Agriculture, Land Reform and Rural 
Development (DALRRD); and Environmental Affairs and 
Forestry and Fisheries (DEFF). DSI is thus responsible 
for coordinating across the public sector and with other 
bioeconomy stakeholders.

Bio-innovation Chief Directorate 

The Bio-innovation Chief Directorate within the DSI 
leads the implementation of the bioeconomy strategy. 
It plays a key role in coordinating partnerships 
among stakeholders and strengthening research and 
innovation capacity, both of which are necessary for the 
development of a bioeconomy. Previously known as the 
Biotechnology and Health Innovation Directorate, the 
Bio-innovation Directorate was assigned responsibility 
for the Indigenous Knowledge based Technology 
Innovation unit in 2013. This, in turn, warranted the new 
name to refl ect a strategic shift to one that represented 
a broader socioeconomic approach from one that 
previously focused largely on technology development. 
The role of the newly added unit is to create an 
innovation value chain within the nexus of indigenous 
knowledge and other knowledge systems. This includes 
the promotion of applied research for knowledge 
generation and technological innovation; the design 
of inclusive technological innovation and local 
manufacturing for social and economic development; 
and the facilitation of community-based technology 
transfer for manufacturing and commercialization. 
Together, these contribute to a pioneering approach 
called ‘Ubuntu-based Bio-Innovation’ which ensures 
that the benefi ts from indigenous knowledge reach the 
community level.5 By 2020, the Unit had invested in 52 

South Africa’s establishment of a vibrant innovation 
ecosystem has been one of the most impactful aspect 
of its efforts to catalyze a bioeconomy. In 2019, the 
country was ranked the highest performer on the Global 
Innovation Index (GII) among African countries south of 
the Sahara (SSA).3 By investing in education, improving 
collaboration between universities and industry, 
strengthening its intellectual property environment, and 
supporting small businesses, South Africa has developed 
a leading biopharmaceutical and biotechnology sector.

This case study analyzes some of the institutional and 
policy innovations and programmatic interventions that 
have propelled South Africa into a leading position in 
the establishment of a thriving bioeconomy. 

INSTITUTIONAL INNOVATIONS

Incorporating bioeconomy across the National 
System of Innovation 

South Africa has invested signifi cantly in developing 
and institutionalizing a dynamic National System of 
Innovation (NSI), in turn propelling the country forward 
in establishing a thriving bioeconomy. Following the 
adoption of a White Paper on Science and Technology 
in 1996, several new public sector institutions dedicated 
to science, technology, and innovation (STI) have been 
established to deliver a world class bio-innovation 
environment. Working alongside these are semi-
independent institutions such as the Technology 
Innovation Agency, the Council for Scientifi c and 
Industrial Research, National Intellectual Property 
Management Offi ce, the Agricultural Research Council, 
and the South African Medical Research Council 
(SAMRC), which further support the development 
and growth of South Africa’s bioeconomy. Finally, 
universities, the private sector, and civil society are 
also key players in advancing the development of a 
rewarding and sustainable bioeconomy in South Africa. 
Interventions to mainstream the bioeconomy across 
institutions and stakeholders include investments in 
research, innovation, and commercializing research 
outputs, improved linkages between research and the 
private sector, better coordination among institutions, 
and fi scal support.

Department of Science and Innovation

The Department of Science and Innovation (DSI) 
(previously called the Department of Science and 
Technology) leads the development of South Africa’s 
bioeconomy. The change in name refl ects the broader 
mandate that followed the merger of the Department 
of Higher Education and Training with the Department 
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indigenous knowledge projects across the country, and 
from November 2020 has formalized a partnership to 
increase the rate of commercialization.6

In addition to indigenous knowledge-based technology 
innovation, the Bio-innovation Chief Directorate ensures 
that STI is deployed in the agricultural, health, industry, 
and environmental sectors.7,8 Working alongside the 
DSI are several thematic national research agencies that 
contribute to the growth of South Africa’s bioeconomy. 
The South African Medical Research Council (SAMRC), 
and the Technology Innovation Agency (TIA) support the 
implementation of the Bio-economy Strategy through 
the management of specifi c instruments within the key 
pillars of the strategy. Programmatic interventions from 
these instruments are discussed below. Other support 
agencies of the DSI include the Council for Scientifi c and 
Industrial Research (CSIR), National Advisory Council 
on Innovation (NACI), National Research Foundation 
(NRF), and South African Council for Natural Scientifi c 
Professions (SACNASP).

Monitoring and evaluation: National Advisory 
Council on Innovation

The creation of South Africa’s National Advisory Council 
on Innovation (NACI) followed the adoption of the 
National Advisory Council on Innovation Act 1997. It is 
mandated to be the premier source of advice for the 
Minister of Science and Innovation on promoting and 
achieving national ambitions through STI. The Council 
is composed of a representative from the Department 
of Trade and Industry (DTI) and 16 to 20 experts from 
any fi eld of STI; this ensures that NACI remains abreast 
of the latest developments and emerging opportunities 
in STI. NACI plays a major role in infl uencing research 
priorities and is a national monitoring and evaluation 
institution which informs government planning on STI.9

It conducted an audit of the South African bioeconomy 
“sector” in 2020, making it among the fi rst countries in the 
world to do so. The audit aimed to provide an overview 
of the sector’s contribution to GDP and performance 
in relation to other sectors and to create a baseline for 
future evaluations. Using readily available data on input 
and output indicators, growth, employment, investment, 
and exports, the audit found that between 2007 and 
2020 the bioeconomy’s contribution to GDP remained 
relatively consistent at about 8 percent. The food and 
beverage industry and the agricultural sector together 
contributed 70 percent to the bioeconomy. On the basis 
of the existing data descriptions and measures, however, 
the audit concluded that the implementation of the 
bioeconomy strategy had not resulted in a clear increase 
in bioeconomy output. Even so, the audit concluded that 
the bioeconomy’s contribution to total GDP is valuable, 
in terms of its ability to create employment across the 

skills spectrum, having generated between 14 and 16 
million jobs between 2007 and 2020.10

Strengthening the bioscience and bio-innovation 
environment: Council for Scientifi c and Industrial 
Research

The Council for Scientifi c and Industrial Research 
(CSIR) was established in 1945, making it one of the 
oldest research councils in South Africa. It is mandated 
to undertake R&D and technology innovation that is 
relevant to high-impact industries, thereby supporting 
South Africa’s reindustrialization and helping increase 
the prosperity of South Africans. CSIR is overseen by the 
Minister of Higher Education, Science and Technology. 

In order to retain a place at the forefront of innovation, 
continue to be fi nancially viable, and remain relevant to 
the NSI, CSIR has undergone four phases of signifi cant 
restructuring. Although it was initially entirely publicly 
funded, this became an unsustainable and uncompetitive 
model. In its second phase in the 1980s, state funding 
was restricted, and the Council was asked to undertake 
contract research to earn income. By the 1990s, however, 
it became clear that this approach had undermined its 
long-term scientifi c R&D capacity and had caused it to 
become focused on short-term outcomes.11 The third 
phase therefore re-emphasized its scientifi c capabilities 
and sought to restore a longer-term research focus.12

With its scientifi c capabilities re-established, CSIR grew 
into one of South Africa’s most successful scientifi c 
councils. It produced several inventions that have been 
commercialized and that have gone on to advance 
global developments in telecommunications, materials 
science, aeronautics, information and communications 
technology (ICT), biotechnology, and nanotechnology. 
Among its early formal investments into the bioeconomy 
was the establishment of a Clinical and Botanical 
Supplies unit in 1999. The unit conducts laboratory 
research and clinical trials to support value addition 
to South Africa’s rich biodiversity and indigenous 
knowledge. One of its successful commercial products 
is a mosquito-repelling candle which was produced 
using the oils of an indigenous plant and is now sold 
by major retailers across the country. This process was 
boosted by the signing of a benefi t-sharing agreement 
in 2003 between CSIR and the indigenous owners of the 
botanical knowledge about the plant from which the oil 
was derived. 

In 2001, CSIR became the fi rst research center in the 
world to develop a technique for genetically engineering 
pearl millet to protect it from mildew. In 2012, it 
produced a clone of eucalyptus with better pulping 
properties to meet growing demand. These and other 
bioproducts and biotechnologies developed at CSIR set 
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the stage for the establishment of a Biomanufacturing 
Industry Development Centre (BIDC) in 2014 and the 
Biorefi nery Industry Development Facility (BIDF) in 2018 
(see below). 

The fourth and latest phase of restructuring, dubbed 
Project Synapse, builds on the success of previous 
adjustments and aims to enhance CSIR’s impact. 
Initiated in 2017, Project Synapse aims to further 
strengthen the impact of scientifi c research on industrial 
development. To do this, the new strategy emphasizes 
the commercialization of its technologies, which in turn 
requires robust relationships with the private sector.13,14

CSIR now receives about 30 percent of its total income 
from public sources and supplements the balance 
with contract research. In 2019, about 10 percent of 
CSIR’s revenue came from the private sector, while 
the balance was generated through contract research 
from government and state-owned enterprises.15

The Council has also reorganized itself internally in 
order to foster greater collaboration across research 
areas and, for the fi rst time in its 75-year history, it has 
introduced divisions to provide thematic specialization: 
(1) Chemicals, Agriculture, Food and Health; (2) Mining, 
Manufacturing, Defence, and Security; and (3) Natural 
Resources, Enabling Infrastructure, and Public and 
Professional Services. Each division comprises three 
technology clusters, is overseen by a division group 
executive, and is assigned an executive manager for 
business development and commercialization.

Under the Advanced Agriculture and Food cluster, CSIR 
promotes transformative technologies and business 
innovations for agricultural growth and associated 
processing industries. Specifi c focus areas include digital 
technologies to improve yield predictions, enhance pest 
and disease surveillance, optimize input use, strengthen 
food safety, and support decision-making. This cluster 
also aims to increase the output of high value foods, 
cosmetics, nutraceuticals, and traditional African medical 
products. The success of the Advanced Agriculture and 
Food cluster relies on the availability of multidisciplinary 
skills at CSIR. CSIR collaborates with the government 
departments (Science and Innovation; Forestry, Fisheries 
and the Environment; and Agriculture, Land Reform, and 
Rural Development); provincial governments; private 
sector companies; NGOs, state-owned enterprises, 
and universities and research organizations such as the 
Agricultural Research Council and the National Research 
Foundation.16

Working in conjunction with the divisions and their 
clusters, four cross-cutting research centers leverage 
existing advanced knowledge and skills in specifi c 
areas such as synthetic biology and health science, and 
energy, and water resource management. In addition to 

all of these, CSIR also supports the innovation process 
by offering scientifi c infrastructure such as laboratory 
testing facilities and scientifi c instruments and 
equipment. The agro-processing pilot facility houses a 
variety of postharvest equipment and can process up to 
1,000 kg of biomass per day.17

Overall, one of the fundamental reasons for CSIR’s 
success is its excellent human scientifi c capability. On 
average, CSIR invests about ZAR150 million to ZAR200 
million (US$ 10.6 million—US$ 14 million) per year in 
human capital development, which is about 0.7 percent 
of its total annual budget.18 This distinguishing feature of 
CSIR is also a key reason for its selection as the regional 
hub for the Southern Africa Network for Biosciences 
(SANBio), which is, in turn, a regional network for 
NEPAD’s (New Partnership for Africa’s Development) 
Centres of Excellence for Science and Technology.

Biomanufacturing Industry Development Centre

In 2013, CSIR launched a ZAR90 million (US$ 9 million) 
Biomanufacturing Industry Development Centre (BIDC) 
program as an open-innovation hub. The BIDC’s mandate 
is to rapidly convert biotechnology-based R&D for 
industrial, veterinary, and human applications by small, 
medium, and micro enterprises (SMMEs) into market-
ready products and services.19 In 2016, this program was 
formally converted into the Biomanufacturing Industry 
Development Centre. BIDC operates like an incubator, 
providing biomanufacturing facilities, laboratory 
infrastructure, access to experts in agro-processing and 
bioprocessing, as well as product development and 
scale-up. It is funded through the Industrial Innovation 
Partnership Programme and the Jobs Fund Program at 
the Department of Science and Technology (now called 
DSI). Since its inception, BIDC has advanced over 100 
bioproducts in cosmetics, nutrition, and biotechnology 
along the technology realization chain.20,21 Among 
its success stories is VIDA Pharmaceuticals, which 
produces accessible and affordable nutritious food 
products from baobab and maize. BIDC provided VIDA 
Pharmaceuticals with access to the skills and technology 
they needed in order to advance from concept stage to 
a thriving company. VIDA Pharmaceuticals also supports 
the women who collect baobab fruit in their communities 
and offers a maize porridge product that has no added 
sugars or preservatives.22

Biorefi nery Industry Development Facility

In 2018, CSIR, in partnership with the University of 
KwaZulu-Natal, launched the ZAR37.5 million (US$ 2.7 
million) Biorefi nery Industry Development Facility (BIDF) 
in Durban. BIDF is developing technologies to extract 
maximum value from biomass waste, particularly waste 
from forestry. The technologies are expected to reduce 
waste from pulping, thereby reducing the environmental 
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impacts of forestry waste and improving returns on 
investment for the industry.23,24

Bio-innovation in agriculture: Agricultural Research 
Council

The ARC is the principal agricultural research institution 
in South Africa. It conducts primary and applied 
research aimed at fostering innovation and technology 
adoption in the agricultural sector, including cash 
crops, horticulture, and livestock.25 ARC’s primary 
research areas for livestock include: breeding and 
improvement, including management of the national 
database on animal improvement known as the 
Integrated Registration and Genetic Information System 
(INTERGIS); rangelands ecology and forage production; 
food science and technology; and nutrition. As outlined 
in the Malabo Montpellier Panel’s 2020 report entitled, 
Meat, Milk and More: Policy Innovations to Shepherd 
Inclusive and Sustainable Livestock Systems in Africa, one 
of ARC’s successful interventions was the Kaonafatso ya 
Dikgomo project which improved breeding, resulting in 
higher calving rates and growth in herd sizes.26 ARC also 
invested in the most advanced genome sequencing and 
genotyping equipment, offering very high throughput 
levels. This has propelled the ARC biotechnology 
platform to a position as the continent’s preeminent 
facility of its kind. ARC is also leading in conventional 
and marker-assisted breeding for potatoes and sweet 
potatoes and has developed new breeds that are pest 
and disease resistant, and heat and drought tolerant.27

Also supporting bio-innovation in the livestock sector 
is Onderstepoort Biological Products (OBP), a South 

African state-owned animal vaccine manufacturing 
company, established in 2000.28 It is mandated to 
prevent and control animal diseases that impact food 
security, human health, and livelihoods. OBP produces 
affordable vaccines and distributes them widely across 
the country, to regional partners in Botswana, Namibia, 
and Zimbabwe, and to East African counterparts.29

Centre of excellence on Bioinformatics: South 
African National Bioinformatics Institute and 
universities 

Bioinformatics uses and develops digital technologies 
to collect, store, analyze, and disseminate biological 
data and information, such as DNA and amino acid 
sequences or annotations about those sequences. 
South Africa is the leading country in bioinformatics on 
the African continent, largely due to the successes and 
infl uence of the South African National Bioinformatics 
Institute (SANBI). SANBI was founded in 1996 by a 
South African computational biologist, Winston Hide, 
at the University of the Western Cape to conduct 
cutting edge bioinformatics and computational biology 
research. SANBI also aims to cultivate human resources 
in bioinformatics and computational biology through 
the education system and by mentoring scientists. Initial 
funding came from the National Research Foundation, 
the US Department of Energy, and what was then 
Glaxo Wellcome, a global pharmaceutical company. 
These then leveraged investments from South African 
telecommunications companies, Telkom and Thintana, 
over the following two years.30
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From then on, South Africa’s bioinformatics fi eld 
expanded in leaps and bounds. Although initial 
steps were taken by SANBI, universities and other 
research institutes across South Africa and beyond 
quickly joined the budding sector. Africa’s fi rst UWC/
SANBI Bioinformatics capacity development unit was 
established in 2000 with committed funding from 
the SAMRC. This was followed by the formation of a 
regional bioinformatics training center at SANBI in 
2003, supported by the World Health Organization’s 
Tropical Disease Research (TDR) Program. The European 
Molecular Biology Network, and Centre National de 
la Recherche Scientifi que (CNRS) in collaboration 
with NEPAD also invested and positively infl uenced 
the growth and intensifi cation of South Africa’s 
bioinformatics fi eld. A National Bioinformatics Network 
was set up in 2003 with 5-year funding from national 
Department of Arts, Culture, Science, and Technology 
and later the DST. It quickly became one of the key 
funding tools for human resource development for 
bioinformatics. Although the network was disbanded in 
2009, elements of it got absorbed into the DST. The Bio-
Innovation Chief Directorate at DSI continues to invest in 
several bioinformatics-based initiatives.31

In parallel, bioinformatics teaching grew too. The 
fi rst four PhD students, two postgraduate and two 
postdoctoral students were enrolled at SANBI by 
2000. By 2014, several universities offered degree 
programs in bioinformatics, some of which offer cross-
learning opportunities between students in computer 
sciences and mathematics with those in biology. This 
was combined with various training, conference and 
workshops support too. Although training initially 
relied on international educators, there is now suffi cient 
capacity in the country to meet its own needs. DST also 
enabled the construction of a national backbone of fi ber 
cables with speeds up to 10 Gbps, and the purchase 
of additional capacity to international networks. The 
additional internet capacity makes it possible to transfer 
large datasets internationally.32

South Africa’s leading status in bioinformatics has been 
the result of investing heavily and strategically in human 
resources and infrastructure capacity. Structuring 
funding into noncompetitive funding for training and 
initial infrastructure expenditure, and competitive 
funding for research, ensured support remains 
sustainable and impactful. Funding decisions were 
overseen by an independent and international advisory 
board to ensure that they serve agreed priorities. The 
outcome has been an internationally respected center 
of excellence on bioinformatics. In 2020, SANBI was 
selected as one of three WHO reference laboratories to 
support the response to emerging infectious diseases, 
including COVID-19.33 It also hosts active and successful 

programs on pathogen surveillance and drug discovery. 
It is also an acclaimed facility studying gene expression 
and host-pathogen disease research, including HIV, 
Trypanosomes, and Malaria. 

Financing the bioeconomy 

South Africa has allocated signifi cant funding 
to catalyzing the development and uptake of 
biotechnology across the country. Among the earliest 
investments in bioeconomy was the Godisa National 
Incubation Programme, which was initiated in 2001 in 
partnership with the European Union. Located within 
the then DST, the Godisa program was established to 
improve the performance and productivity of small 
enterprises and to enhance technological innovation 
and uptake. The Godisa Trust was instrumental in the 
development of the eGoliBio Life Science incubator in 
Johannesburg and of Acorn Technology in Cape Town. 
It was also exceptionally effective at reducing the failure 
rate of SMMEs. Where previously 80 percent of new 
enterprises had been failing within their fi rst two years, by 
2005/2006 the Godisa Trust was able to produce an 85 
percent success rate. Its success came from being able 
to identify correct strategic partners and by incubating 
SMMEs.34 In 2006, the Godisa Trust was incorporated 
into the Small Enterprise Development Agency (SEDA), 
which reported to the DTI. Since then, the Technology 
Innovation Agency (TIA) has taken a leading role in 
fi nancing bioeconomy products and projects.

Supporting bio-innovation commercialization: the 
Technology Innovation Agency 

Between 2004 and 2007, the South African government 
allocated ZAR450 million (US$58 million) to support the 
implementation of the 2001 National Biotechnology 
Strategy (NBS). This resulted in the formation of a 
national innovation center for plant biotech (PlantBio) 
in Pietermaritzburg and three Biotechnology Regional 
Innovation Centres (BRICs), one in Western Cape (Cape 
Biotech), another in KwaZulu-Natal (Lifelab), and a third 
in Gauteng (BioPad).35 The BRICs were mandated to 
develop and commercialize the biotechnology industry. 
While Cape Biotech focused on nutraceuticals, vaccines, 
and high throughput bioprospecting, LIFELab provided 
investments for research that aimed to cure infectious 
diseases such as malaria, HIV/AIDS, and tuberculosis. 
BioPAD’s investments focused on animal and human 
health and on the industrial, mining, and environmental 
biotechnology fi elds.36 The BRICs made some headway 
in investing in the biotechnology sector, actively 
investing their budget of ZAR450 million (US$58 million) 
over three years (2004 to 2007);37 they were, however, 
short-lived. The publication of the DST’s Ten-Year 
Innovation Plan (TYIP) (see Policy Innovations below) 
in 2008 resulted in the creation of the Technology 
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Innovation Agency (TIA), which went on to absorb and 
reform the BRICs.38

TIA is a national public entity that was instituted by 
the Technology Innovation Agency Act 26 of 2008. 
Its mandate was to support the commercialization of 
research and innovations originating from universities 
and research councils.39 In practice, TIA is the result 
of a merger of seven entities and programs‡ which 
were focused on various elements of biotechnology, 
and provide the basis for its continued emphasis on 
bioeconomy. Although TIA is primarily publicly funded, 
it has the fl exibility to raise or borrow funds if necessary.40

TIA offers fi nancial and non-fi nancial support to 
accelerate the advancement of technology from proof-
of-concept stage to pre-commercialization. This is 
refl ected in the funding streams that it offers, including: 
a Seed Fund, a Technology Development Fund, and 
a Commercialisation Support Fund. The agency also 
provides grants, loans and equity investment in a 
number of scientifi c areas. It comprises three “divisions”, 
one of which is purely for bioeconomy-related projects 
that support innovations in health, agriculture, and 
biodesign. Agricultural support is allocated to both 
early-stage development and commercialization of de-
risked technologies, and it is also given for improving 
the enabling environment for their development and 
dissemination. Specifi c attention is paid to livestock 
breeding and reproduction technologies, animal and 
plant health and nutrition, and postharvest technologies. 

During its lifetime, TIA’s funding support has resulted 
in several successful companies. One example is 
AgriProtein, a 2008 technology start-up located in 
Cape Town. The company has developed a nutrient 
recycling technology using the maggots of black soldier 
fl ies. AgriProtein deploys the maggots to break down 
organic waste to generate a sustainable bio-based 
protein for livestock which is also sustainable and cheap 
alternatives to traditional animal feed extracted from 
fi sh and soy.41 By-products from its core operations are 
sold as natural oils and a soil conditioner. Following 
successful international traction and subsequent 
investment, in 2017 AgriProtein launched its fi rst 
commercial manufacturing facility in the Western Cape.42

The company employs 90 full-time staff (of which 60 
percent are women) in a disadvantaged area of Cape 
Town.43 The plant processes 250 mt of waste a day, 
thereby redirecting nearly 90,000 mt of organic waste 
from landfi lls per year.44 The company has gone on to 
attract further external funding for TIA and its bio-based 
activities, raising over ZAR183 million (US$13 million) 

‡ Innovation Fund, the Tshumisano Trust, the Advanced Man-
ufacturing Technology Strategy Implementation Unit at the 
Council for Scientifi c and Industrial Research (CSIR), BioPAD, 
Lifelab, Cape Biotech and PlantBio

into the bio-innovation portfolio in the 2018/2019 
fi nancial year.45 Another example of companies formed 
with support from TIA is Mabu Casing Soils which has 
replaced the use of peat in growing mushrooms with 
sugarcane pith.46

In 2019/2020, ZAR187 million (US$12.3 million) was 
allocated to the Bioeconomy Division at TIA. Equating 
to 41.7 percent, this was the largest share of total 
project expenditure. Besides the bioeconomy division, 
the Sector Funding division also supports bioeconomy 
development in sectors such as energy and natural 
resources.47 This sharp focus on bioeconomy and 
biotechnology makes TIA the leading agency 
implementing programs that support the development 
of a bioeconomy. However, with CSIR’s new focus on 
commercialization, there may be some overlapping 
and competing priorities between the two national 
institutions.

Industry Innovation Partnership Fund

A further indication of South Africa’s commitment to 
the development of a bioeconomy is the creation 
of the Industry Innovation Partnership Fund (IIPF) in 
2013. Housed at the DSI, the IIPF received an opening 
allocation of ZAR500 million (US$50 million) from the 
National Treasury to enhance the competitiveness of 
various sectors through R&D. Of this, ZAR90 million 
(US$9 million) was earmarked for CSIR for its work 
on biosciences, energy, and other related areas of 
research.48

An enabling environment for private sector participation 

At approximately 44 percent, South Africa’s public 
sector is the largest funder of all R&D activities; the 
private sector’s share of contributions—at 41 percent—
is close in size, and the balance is supplemented by 
foreign sources.49 This is testament to the conducive 
environment that the South African government has 
created for both public and private sector participation 
in R&D. Indeed, since 2011/2012, private sector 
R&D expenditure in the bioeconomy—primarily by 
large fi rms—has surpassed public sector spending. In 
2017/2018, the private sector invested approximately 
ZAR7 billion (US$516 million) in R&D, while higher 
education institutions spent approximately ZAR5 billion 
(US$369 million) and expenditure through government 
funds and science councils amounted to approximately 
ZAR4 billion (US$295 million).50 Moreover, The entry of 
private sector players is further evidence of South Africa’s 
maturing environment for biotechnology. In 2018, for 
example, a new biotech incubator called OneBio was 
launched in partnership with the Cape Innovation and 
Technology Initiative (CiTi) and the Centre for Proteomic 
and Genomic Research; its mandate was to support life 
science entrepreneurs and innovators in their efforts to 
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commercialize and scale biotech startups. The incubator 
received seed funding from TIA in partnership with 
the SA SME Fund, a private funding vehicle; in turn, it 
created a pioneering public–private partnership model 
for funding biotech incubators.51 While this is good 
news for new entrants, the challenge for South Africa’s 
largely small and medium-sized biotech enterprises 
will be in accessing appropriate support to scale their 
operations.52

Protecting intellectual property from publicly 
funded research: National Intellectual Property 
Management Offi ce

To protect the value generated from publicly funded 
research, in 2008 South Africa approved the Intellectual 
Property Rights from Publicly Financed Research and 
Development Act (IPR Act).53 The IPR Act introduced 
mandatory intellectual property (IP) management of 
publicly funded research outputs and special benefi t-
sharing arrangements for IP creators. The legislation 
also established the National Intellectual Property 
Management Offi ce (NIPMO) and allocated an 
Intellectual Property Fund to secure and maintain IP 
protection across a range of strategic fi elds such as space 
science and technology (S&T), energy, bio-innovation, 
nanotechnology, robotics, photonics, and indigenous 
knowledge systems (IKSs). NIPMO’s primary function is 
to provide both fi nancial and non-fi nancial support to 26 
universities and 11 science councils in the management 
and protection of their IP. Where appropriate, it is also 
empowered to take ownership of publicly funded 

research and advance its commercialization. The 
IPR Act also established Technology Transfer Offi ces 
(TTOs) to assist institutions engaged in technology 
transfer.54 NIPMO is further mandated to support skills 
development in corresponding fi elds such as synthetic 
biology, structural biology, systems biology, and 
functional genomics, as well as space S&T, energy, bio-
innovation, nanotechnology, robotics, photonics, and 
IKS. An evaluation of the impact of the TTOs, and by 
extension the IPR Act, revealed that between 2014 and 
2018, 292 new IP licenses with commercial partners were 
secured to further develop and deploy the resulting 
products, processes or services. In addition, over the 
same period, 238 IP transactions collectively generated 
revenues of over ZAR185 million (US$13.5 million) for 
17 institutions.55

Data and communications: Bioeconomy SA portal

In October 2020, DSI launched the Bioeconomy SA portal, 
a web-based platform that gathers data on bioeconomic 
activity from a variety of sources and combines it into 
a user-friendly and interactive information management 
platform. The portal facilitates access to, and sharing of, 
information by different actors in the bioeconomy, which 
is an important step to ensuring that knowledge is driving 
the enhancement of South Africa’s bioeconomy. The 
portal is an important source of information on different 
services, including funding, employment opportunities, 
literature, and opportunities for collaboration in the 
bioeconomy; it also brings stakeholders together for 
further innovation and development.56
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Leading regional biosciences development: SANBio 
and SAIS57

CSIR’s extensive expertise and experience in developing 
biotechnologies form the basis for its selection as the 
regional head of the Southern Africa Network for 
Biosciences (SANBio). SANBio is one of the regional 
networks that has been established in Africa under 
the framework of NEPAD’s Centres of Excellence for 
Science and Technology. The network aims to develop 
and promote the region’s research and innovation in 
biosciences with a focus on health and nutrition, doing 
so by enhancing human and infrastructure capacity. 
SANBio stipulates that projects must include three or 
more countries, thereby fostering opportunities for 
collaboration across the Southern African Development 
Community (SADC). CSIR hosts the network and provides 
it with operational support and fi nancial management. 

Initial funding for SANBio’s development of a business 
plan came from the Canadian International Development 
Agency and DST. The business plan, in turn, provided 
the basis for seeking funding for strengthening the 
network from the Finnish Ministry of Foreign Affairs and 
the Government of South Africa. Between 2009 and 
2012, the resulting joint program, BioFISA, extended 
ZAR9 million (US$ 1.2 million) and EUR 3 million to eight 
projects across six “nodes”, or core themes of research. 
Between 2015 and 2019, the second phase of BioFISA, 
BioFISA II, received a further EUR7 million in funding.58

During BioFISA II, the SANBio Secretariat that was based 
at CSIR benefi ted from an expansion in staff dedicated 
to the network; this included the addition of a new hub 
manager who is responsible for promoting greater 
collaboration among members.59 BioFISA II also saw an 
expansion of the funding base to strengthen fi nancial 
sustainability. In this context, member states are now 
required to contribute 20 percent of project costs 
through cash disbursements, and 20 percent through 
in-kind contributions of, for example, offi ce space, 
electricity, water, transport, and staff time.60 Although 
these requirements have not quite met the ambitious 
targets set for leveraging external funds, they are 
showing initial signs of paying off.61

South Africa is also a part of the Southern Africa 
Innovation Support Programme (SAIS), a regional 
initiative jointly funded by the Ministry for Foreign Affairs 
of Finland, by the STI Ministries of Botswana, Namibia, 
Tanzania, and Zambia, and by the Southern African 
Development Community (SADC).62

POLICY INNOVATIONS

South Africa has been embracing a biotechnological 
transformation since 2001, when it devised an ambitious 
National Biotechnology Strategy (NBS). The strategy’s 
overarching aim was to increase the extracted value from 
biomass by stimulating the growth of biotechnology 
activities.63 The strategy aimed to modernize and expand 
biotechnology activities largely through leveraging 
South Africa’s existing strong research capabilities. The 
Government of South Africa also embarked on a program 
of building human resources and developing national 
capabilities in the development and commercialization 
of effi cient and sustainable biotechnologies. It identifi ed 
the gaps in the biotechnology sector and provided 
institutional, fi nancial, and policy recommendations 
that it felt should be acted upon. The strategy focused 
on bringing science-based innovation to the health and 
agricultural sectors of the economy.64 The main success of 
the 2001 strategy was the creation of the Biotechnology 
Regional Innovation Centres (BRICs) described above. 
Each BRIC was designed to manage three to four 
separate technology platforms and was responsible for 
carrying out research on new biotechnologies. The NBS 
was expected to cost ZAR182 million (US$22.6 million) 
per year, of which ZAR135 million (US$17 million) was 
allocated to supporting the BRICs and their associated 
R&D programs, ZAR 20 million (US$2.5 million) went 
to a venture capital fund, ZAR25 million (US$3 million) 
was earmarked for to strengthen the link between 
academia and industry, and ZAR2 million (US$250,000) 
was allocated to running a new Biotechnology Advisory 
Committee. A one-off disbursement of ZAR45 million 
(US$5.6 million) was also given out to cover the set-
up costs of the BRICs. Between 2005 and 2008, the 
government invested more than ZAR450 million (US$64 
million) in biotechnology through the NBS, but this 
amount was about ZAR96 million (US$13.4 million) less 
than the budget. 

Strengthening backward linkages in bioeconomy 
innovation chains: Ten-Year Innovation Plan 2008–
2018

Although the NBS had boosted a nascent biotechnology 
fi eld, the focus on commercialization and returns on 
investments led to gaps in upstream innovation chains. 
In response to this, the 2008–2018 Ten-Year Innovation 
Plan (TYIP) became a key tool for addressing the gaps 
in knowledge generation and exploitation. The TYIP was 
the DST’s ambitious framework for enhancing South 
Africa’s transition to a knowledge-based economy. 
Driving forward the country’s science and technology 
systems—including biotechnology, biochemistry, and 
nanotechnology—is seen as crucial to enabling solutions 
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to existing challenges such as improving health, 
energy, and food security.65 In addition to establishing 
the Technology Innovation Agency, the TYIP focused 
on developing human capital and a knowledge 
infrastructure; it aimed to enhance communications and 
networks in order to improve biotechnology practices, 
ease of doing business, education and industry training, 
and fi nancial frameworks. It identifi ed fi ve priority “grand 
challenges”, each of which had an associated high-level 
expected outcome by 2018, and all were aligned with 
national ambitions such as achieving 6 percent economic 
growth by 2010 and halving poverty and unemployment 
by 2014. The grand challenges included: “farmer to 
pharma” (later changed to the Bio-Economy), space 
science and technology, energy security, climate science, 
and human and social dynamics. TYIP chose sectors of 
the bioeconomy on which to focus, where there were 
existing strengths, including bioprospecting, genomics, 
and biological sequencing.66,67 A new decadal plan was 
approved by the Cabinet and is currently undergoing 
further consultation. 

Developing an enabling environment for more 
stakeholder participation: 2013 Bio-economy 
Strategy

Both the NBS and the TYIP catalyzed South Africa’s 
emerging biotechnology sector. They strengthened 
capacity and infrastructure, developed value chains, 
and fostered a growing interest in the application 
of biotechnology to new diagnostics, vaccines and 
therapeutics, improved crops and livestock, and cleaner 
and more effi cient industries. Their immense success, 
however, required greater oversight and coordination 
and an inclusion of other disciplines such as ICT, 
environmental and social sciences, and engineering. 
To fi ll this gap, the DST formulated the Bio-economy 
Strategy in 2013. Closely linked to the National 
Development Plan launched in 2012, the updated and 
comprehensive 2013 Bio-economy Strategy provides a 
roadmap for advancing a strong bio-based economy 
that will, in turn, provide a basis for future economic 
growth. The updated strategy builds on the NBS 
and takes a systems approach to the adoption and 
strengthening of South Africa’s bioeconomy.68  The 
strategy identifi es agriculture, health, and industry as 
the three key sectors that would benefi t from a holistic 
bioeconomy strategy. It also focuses on creating an 
enabling environment wherein all stakeholders can 
create value from South Africa’s vast natural wealth, and it 
identifi es areas where public policy can remove barriers, 
encourage innovation, and improve cooperation 
between stakeholders. Considered key to the success of 
the bioeconomy strategy, the policy focuses investment 
on training and education of the labor force, on building 
strong regulatory and legal frameworks for addressing 

the importance of inclusive environmental and ethical 
aspects in bioeconomic practices, and on enhancing 
support to infrastructure. Proposed interventions include 
supporting local research and bioprospecting with the 
aim of identifying effective biomass and biotechnologies 
that could help diminish health challenges such as HIV 
and malaria.69,70 Through the strategy, South Africa is 
also encouraging better wastewater treatment through 
computerized water fl ow control.71

Science, technology and innovation for a 
prosperous and inclusive society

In 2019, the South African Cabinet approved a new 
white paper on Science, Technology and Innovation.  
The White Paper sets the long-term policy direction for 
the South African government to ensure a growing role 
for STI in a more prosperous and inclusive society. It 
uses STI to accelerate inclusive and sustainable socio-
economic development, enhance competitiveness, and 
quality of life and well-being. The white paper sets the 
stage for harnessing the benefi ts of an economy that is 
becoming more technologically driven. It also presents 
the opportunities to address the triple challenge of 
poverty, inequality and unemployment and to achieve 
the SDGs. The white paper envisages that innovation 
will  support the modernization of key sectors of the 
economy (agriculture, mining and manufacturing) by 
driving competitiveness and productivity improvements 
and, ultimately, higher GDP contributions; exploit 
opportunities presented by emerging innovation 
concepts of the circular and digital economy as new 
sources of economic growth; harness the capabilities 
built by NSI over the years to drive innovation and shape 
a capable and entrepreneurial state; and respond to the 
global challenges of climate change and environmental 
sustainability, future-proofi ng education and skills; and 
the future of society.

Protecting indigenous knowledge

The indigenous knowledge (IK) protection regime 
in South Africa exists to prevent the exploitation 
and misappropriation of unique cultural and 
genetic resources, knowledge, or products that 
are endemic to a particular region. There are four 
governmental mechanisms related to the protection 
of IK: bioprospecting regulation, an innovative IK 
documentation system, the IP system (described 
above) and, most recently, the Protection, Promotion, 
Development and Management of Indigenous 
Knowledge Act 6 of 2019, (IK Act). The IK Act is a highly 
unique approach to protecting the rights of traditional 
knowledge and practices across South Africa. The new 
policy framework established the National Indigenous 
Knowledge Systems Offi ce, which aims to manage 
the rights of indigenous communities, encourage fair 
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and ethical access to traditional knowledge, recognize 
prior exploitation of knowledge and products, and 
coordinate indigenous knowledge-based innovation.72

This regulation is noted to be very important in the 
bioeconomy’s search for new and innovative knowledge, 
techniques, and processes, to ensure that traditional 
communities benefi t from new technologies and that 
the advantages of innovations are shared with those 
involved.

PROGRAMMATIC INTERVENTIONS

To complement the outlined policies and strategies 
to bolster the success of South Africa’s bioeconomy, 
several programs have been introduced to target 
specifi c bioeconomy initiatives.

Strategic Health Innovation Partnership 

The Strategic Health Innovation Partnerships (SHIP) 
program was designed in 2013 by the Health Innovation 
Unit of the Department of Science and Innovation (DSI) 
in partnership with the South African Medical Research 
Council (SAMRC). SHIP identifi es, manages, and funds 
multi-disciplinary and multi-institutional product 
research and development projects of new drugs, 
treatments, vaccines, medical devices, and prevention 
strategies from prototype to proof of concept. Within 
the fi rst year, SHIP established itself as a key enabler 
in the South African bioeconomy by committing more 
than US$30 million to a number of product-driven 
programs.73 SHIP now consists of a number of DSI funded 
health research and development initiatives, namely, the 
South African Malaria Initiative (SAMI), the South African 
HIV and AIDS Research Platform (SHARP), the South 
African TB Research and Innovation Initiative (SATRII), 
the Non-communicable Disease Research Programme, 
Maternal and Child Health Research Programme, the 
South African Human Genome Programme (SAHGP) 
and the Vaccines and Biologics Research Initiative. 
Through these sub-programs, SHIP has a portfolio of 
more than 50 projects to develop new drugs, vaccines, 
and medical innovations. It has also been instrumental 
in responding to the COVID-19 pandemic, both for the 
benefi t of South Africa and beyond. 

Agricultural Bio-economy Innovation Partnership 
Programme

The Agricultural Bio-economy Innovation Partnership 
Programme (ABIPP) is an instrument established in 
2017/18 by the Agricultural Biotechnology unit of DSI 
to implement the agricultural pillar of the Bio-economy 
Strategy; it is overseen by TIA. The aim of ABIPP is to 
develop a sustainable agricultural bioeconomy that 
raises productivity, improves food security, and enhances 

competitiveness and rural economic development. 
ABIPP prioritizes strategic investments in bio-innovative 
products, processes and services within crop and animal 
improvement, including value chain analyses to identify 
markets opportunities and value chain development. 
The program facilitates, coordinates and funds multi-
institutional, multi-stakeholder agricultural bioeconomy 
initiatives that are co-funded by industry and TIA. The 
program also provides farmers with support and training 
on innovative techniques, assisting SMMEs and farmers in 
the development and utilization of bio-based knowledge 
products and agro-processing/value chain processes, 
and funding and co-funding agricultural bioeconomy 
initiatives.  Between 2018 and 2020 ABIPP funded agro-
processing initiatives in the commercialization of marula, 
honeybush, and Cape Aloe, which are indigenous and 
underutilized local crops with valuable medicinal and 
nutritional qualities. This venture included ABIPP co-
funding a ZAR15 million (US$1 million) contract for the 
technological development of marula, resulting in new 
markets, employment opportunities, and community 
benefi ts.74,75 Other strategic partnerships and fl agship 
programs have been formed with the grains and oilseeds 
industries, the red meat industry, and the cotton industry. 
Several fl agship partnership programs have also been 
implemented with science councils, universities and 
farmer development support organizations. In the 
2021/22 fi nancial year, a total of ZAR73 million (US$4.5 
million) has been leveraged from the private sector 
partners, the Technology Innovation Agency (TIA) and 
the Red Meat Industry Research Association (RMIRA).

Technology Innovation Cluster Programme

TIA’s Technology Innovation Cluster Programme (TICP) 
is a set of programs that seek to create an collaborative 
enabling environment for different players in the 
bioeconomy space.76 The TICP works to encourage 
cross-disciplinary and cross-sectoral research and 
development in areas of national priority such as 
improving food security, job creation. By connecting 
partners from higher educational institutions, science 
councils, government ministries, and the private 
sector, the TICP leverages comparative expertise in 
the respective clusters to generate new technological 
products and services. Different institutions host each 
cluster and, the TIA manages the TICP clusters and 
provides funding, business services, and technical 
support to stimulate knowledge outputs and the 
commercialization of new products in the coordinated 
joint initiatives. In 2021, the TICP had six operational 
clusters on beef genomics, dairy genomics, forestry 
molecular genomics, active pharmaceutical ingredients, 
uYilo Electric Mobility, and animal health.77 The Forest 
Molecular Genetics cluster, for example, works with 
forestry companies and researchers to collect wood 
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samples and design innovations that improve tree 
genetics. The introduction of DNA markers for tree 
breeding and the creation of a synthetic biology 
toolkit improved tree health and growth, bringing 
forth subsequent benefi ts for South Africa’s forestry 
bioeconomy through enhanced wood production for 
paper, pulp, and alternative biomaterials.78 Between 
2018 to 2021, the spending on TICP amounted to 
over ZAR75 million (US$4.3 million), with more than 19 
technology products and services released to market 
and 18 knowledge innovation products produced 
(including papers, publications, presentations, policy 
briefs, and collaborative panels).79

Technology Platforms Programme

Also run by TIA since 2015, the Technology Platforms 
Programme (TPP) is considered a key pillar for the 
implementation of the Bio-economy Strategy, investing 
in and supporting entities for technology development 
from the initial technology research/identifi cation/
concept stage to mainstream development. Since its 
creation, the TPP has supported over 570 bioeconomy 
projects with a wide range of technology innovators, 
including higher education, science councils, SMMEs, 
private sector players, and international funders.80 Over 
the course of the program’s implementation, universities, 
large organizations, and private individuals have formed 
the majority of concept initiators. The program mobilizes 
signifi cant funding and provides specialized training 
to build long-term technical and strategic expertise in 
South Africa’s bioeconomy. 

To date, the TPP has a total of eight technology platforms; 
these are: the African Traditional Medicines Platform, 
Biosafety South Africa, Cape Universities Body Imaging 
Centre, Centre for Proteomic and Genomic Research, 
Drug Discovery and Development Centre (H3D), 
Kwazulu-Natal Research Innovation and Sequencing 
Platform (KRISP), National Metabolomics Platform, 
and Bioprocessing Platform. The predominant focus 
area across all the platforms has remained the health 
sector, but other areas include agriculture, industrial 
biotechnology, and food and beverages. Impactful 
work that has been done through the platforms 
includes the provision of over 10,000 COVID-19 tests 
during the pandemic and, through the KRISP platform, 
the identifi cation of HIV resistance to treatment drug 
Dolutegravir.81

Strategic Industrial Bio-Innovation Programme

The Strategic Industrial Bio-Innovation Programme 
(SIIP) is a sub-program of TIAs Industrial Biotechnology 
Programme. It is implemented in partnership with 
the DSI. SIIP leverages investments to coordinate and 
facilitate industrial bio-innovation and environmental 

management objectives as outlined in the industry pillar 
of the South Africa Bio-economy Strategy. The program 
aims to stimulate sustainable job creation, support new 
product and process development, support SMMEs in 
the bioeconomy, and foster green economy initiatives.82

SIIP concentrates on bio-based activities that encourage 
and strengthen value chain development for low 
volume, high value bio-based products. Since its 
inception, the program has managed over 27 projects, 
with total investment exceeding ZAR133 million (US$8.4 
million).83 Notable achievements by SIIP include support 
to Khepri Innovations (Pty) Ltd in its initiative to use black 
soldier fl y larvae to generate nutrient-dense livestock 
feed. Using unique bioconversion technology, the fl y 
larvae are treated in adapted shipping containers.84

Indigenous Knowledge Based Bio-Innovation 

The DSI’s Indigenous Knowledge Based Technology 
Innovation Unit implements an Indigenous Knowledge-
based Bio-Innovation program, founded on the 
ubuntu-based bio-innovation model described above. 
The program operates through six sub-programs: 
traditional medicines (naturoceuticals), cosmeceuticals, 
nutraceuticals, health beverages, technology transfer 
and incubation, and commercialization (including 
branding and marketing). Participating partners 
include indigenous knowledge-holder organizations, 
community-based organizations, government 
departments, universities, science councils, non-
governmental organizations, and the private sector. By 
2022, the program had supported the development 
of eight new (improved) products and completed the 
commercialization of 25 different products. It had also 
trained 40 indigenous knowledge-holders in a six-
month Entrepreneurship ‘CoachLab’ Programme.85

CONCLUSION 

Over the past two decades, South Africa has made 
meaningful progress in developing a thriving 
bioeconomy. It has established a number of institutions 
that are required for a functional system of innovation 
such as the Department of Science and Innovation, the 
National Advisory Council on Innovation (NACI), the 
Technology Innovation Agency (TIA) and the National 
Intellectual Property Management Offi ce (NIPMO). 
In parallel, policy adjustments have ensured that the 
process is rooted in a clear vision and focused on key 
sectors (agriculture, health, and industrial sectors). 
Indeed, careful crafting of the policy and institutional 
environment combined with past successes have made 
South Africa an attractive destination for investments 
in the bioeconomy. The country has also mobilized 
signifi cant funds, both from public and private sources, 
and invested heavily in infrastructure for bio-innovation. 
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Indeed, according to DSI’s 2020/21 Annual Report, 
South Africa leveraged ZAR4 35 million (US$ 26 million) 
from the European Union alone further strengthening its 
position in global science, research, and innovation.86

Systematically initiated programs provide thematic 
platforms around which stakeholders can coalesce and 
through which investments can be channeled effectively. 
At the same time, a conscientious framework to oversee 
indigenous knowledge and other IP outcomes ensures 
that no one is left behind in this transformation. 

South Africa has embarked on an ambitious pathway 
to establish a bioeconomy. To maintain the momentum 
achieved to-date, the country must continue to adjust 
programs and policies, refl ecting what is working and to 
what extent, and lessons from what has not achieved the 
desired results. Although the country has made some 
efforts to evaluate the impact of its interventions, these 
efforts must be scaled up and broadened so that they can 

capture more nuanced outcomes. The Bioeconomy SA 
portal provides an ideal platform for sharing the results 
from independent impact evaluations. Greater publicity 
for the successes will attract more students and job 
seekers to seek out bioeconomy-related fi elds. Although 
the country continues to invest heavily in education and 
training opportunities to sustain the dynamism required 
in a successful innovation environment, greater focus 
must be paid to early career research support. South 
Africa has shown immense aptitude in developing a 
thriving bioeconomy but sustaining its successes will 
need continued and intensifi ed interventions to foster a 
cohort of skilled scientists and business entrepreneurs 
and to mobilize funding for projects and hard and 
institutional infrastructure. 
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