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Publicés Perceptions and Knowledge of Biotechnology

IMPACT OF THE SOUTH AFRICAN
PUBLI C6S PERQEPTI OPNS
KNOWLEDGE OF BIOTECHNOLOGY
ONTHE BIOTECHNOLOGY INDUSTRY

- EXECUTIVE SUMMARY i

Introduction and Purpose

The purpose of study was to establish how the
biotechnology impacts the South African biotechnology industry. The study was commissioned by the
National Advisory Council on Innovation (NACI) and its outcome will be utilised by the National
Biotechnology Advisory Council (NBAC) to advise the Minister of Science and Technology on
consideration of future possible activities to enhance the public's understanding of biotechnology in
South Africa.

The primary objectives and corresponding activities of the study were:

A Firstly, to develop criteria for the measurement of awareness and understanding of the
biotechnology sector. This was achieved through the process of identifying key issues which

became the basis for the questionnaires;

A Secondly, to measure the levels of public and stakeholder awareness and understanding. This

was achieved through structured interviews with biotechnology role-players;

A Thirdly, to determine the potential impact that could be achieved by benchmarking against
international standards and local expectations. This was achieved through primary SA and

secondary international research;

A Fourthly, to determine and analyse elements that shape awareness and understanding, in terms

of which decision making and influencing factors were important; and

A Lastly, to suggest recommendations on possible future activities based on evidence of this study.

Sout !

From the outset it was agheecentxtofthia study wowdd refeo motdonhyiitp u b | i ¢

the general public at large, which typically encompasses consumers of biotechnology products, but also
to all stakeholders that influence the biotechnology value chain. It was furthermore recognised that the
objective of the study was not to determine the reach achieved by the Public Understanding of
Biotechnology (PUB) programme and other science communication initiatives. The focus of the study
wasrat her on det er mi mriderggandmg im paptieutaptthosesvbio have basic knowledge

of biotechnology, is impacting the industry.
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The scope of the engagement entailed desk research on public perceptions and their impact, within a
number of selected international countries namely Brazil, India, Australia, EU and Canada, as well as

primary research in South Africa.

The scope of the study also involved interviews across a wide range of stakeholders within the South
African biotechnology value chain, which importantly included consumers. This is summarised in the

figure below.

Core value chains: Plant and animal health, Human Health, Environmental, Industrial

Example: Plant biotechnology: Example, genetically modified seeds, fruits, maize

R&D Seed/fe_ed Farming Processing Wholesa!e Consumers
production and retail

AWoolworths

) ! ; : ALow, medium, high LSM
Ascience councils AMonsanto AEmerging farmers  ATiger Oats APick & Pay f )
AResearch companies APannar ACommercial APioneer ASpar ALearners, educators and students

farmers AConsumer groups

It must be recognised that due to budget and time constraints, this study could not survey a
representative sample of consumers and the results should be seen as indicative as opposed to
representative. In this research study, 266 interviews were conducted across a wide range of
stakeholders within the abovementioned biotechnology value chain, which included most importantly a
consumer sample of 150 respondents who qualified in terms of their knowledge of the selected areas of
biotechnology. Other respondents interviewed across the value chain were: medical practitioners,
media journalists, retailers, biotechnology product and service providers and producers, as well as
suppliers of product inputs such as farmers, feed and seed producers and finally the technology

producers i scientists and academia active in the biotechnology field.
Key findings and conclusions

A number of key conclusions can be made, both in general and in specific, regarding the impact of
st akehol der s én the ediotecanplogy dondustry. These provide the groundwork for the
recommendations.

General findings and conclusions from international and South African research

From the evidence presented, the worl ddés &awEmsness
not an exception. However, the views of the general public remain perception-based as opposed to

knowledge-based.

((b’

~'hd
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In terms of stakeholders that are part of the value chain influencing the industry, it is evident in South
Africa that currently retailers of genetically modified (GM) food and in future medical practitioners
(prescribers of services in human health such as genetic screening) will yield significant influence. The
general public will therefore, in future, rely heavily on their judgement regarding the safety and related

benefits of such products/services.

Although the research sample was not representative of the South African population, all indications are
that the South African public has considerably less moral, religious and ethical objections to
biotechnology compared with other developing nations, such as Brazil and India. In these countries

religious objections have a significant impact on the development of the industry.

Internationally, and in South Africa, the government is expected by all stakeholders to be the ultimate
protector of the health and safety of individuals by regulating biotechnology products that enter the
market. Although it is of concern that consumers have less than the desired trust in the South African
government to do so, stakeholders did not express concerns that safety and health are currently being
compromised through the regulatory system. There is, however, doubt as to the future regulation of
food from cloned animals as well as medical biotechnologies in the human health area in South Africa.
This echoes one of the main issues in all countries researched, namely uncertainty about the long term
ri sks of bi otechnol ogy, and the governmento6s

such uncertainties.

In all countries surveyed, the respective governments had programmes in place to promote the
understanding of biotechnology and stimulate debate through dissemination of factual information. It
has not yet been empirically established whether such programmes have a significant effect on the
views of the general public and indirectly on the industry. The reason for this is twofold: Firstly,
consumer sd v i ewsstllaend to Heellmsed onopareseption, since the technical aspects
communicated by government are often too complex for the general public to grasp. Secondly,
contradictory information around biotechnology is reported in the media (often by the media and lobby

groups). Thus the general public tends to form an emotive view, based on appealing media reports.
Specific findings and conclusions relevant to the key value chains in South Africa.
Plant and animal health: Genetically modified food including meat and milk from cloned animals.

A Although consumers indicated that they have solid knowledge of what constituted GM food, or
food that contains GM ingredients, all evidence points to this being a perception as opposed to a
factually based view. Consumers surveyed could, in general, not correctly identify GM food;

A Regar dl es s ofoor&nowleslge wfevhasféod is GM or not, it is evident that consumers
in South Africa have accepted GM food as an inevitable, and not an undesirable part of life.
There does not seem to be nearly the same levels of resistance to GM food as experienced in
Europe and there will probably be little resistance to increasing amounts of GM foods being

introduced to the market. On the other hand, it is also recognised that consumers are not a

(O i
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driving force of GM food being introduced to the market, whereas the influence of retailers is
significant;

A Labelling of food in terms of containing genetically modified organisms (GMOSs) is a contentious
issue. Although all retailers regard labelling to be inadequate, consumers not only see this as the
primary source of information regarding GM food, but also regard it to be adequate. Great
disparity therefore exists between the perceptions of consumers and retailers, as well as other
stakeholders in the value chain, regarding labelling of food. It is therefore uncertain whether the
introduction of compulsory labelling will have a significant effect on consumer demand, as

consumers have poor knowledge of GM food and clearly do not understand labelling;

A Media journalists interviewed had very strong opinions regarding labelling and advertising. Their
perception was that retailers are reluctant to explicitly label food containing GMOs as there might
be resistance from consumers to purchase such products. Some media journalists went so far as
to indicate that they reportinthemedia t hat retail ers are utilising v
are positively interpreted by consumers), knowing that consumers could interpret it to mean

fifdoes not contain GMOsO;

A The views of feed and seed producers, farmers and food processors are driven from two
perspectives. On the one hand new biotechnology products have provided, and are expected to
continue to provide, commercial gains. On the other hand, the demand specifications of retailers

and consumers will ultimately dictate the road they follow; and finally

A Although not as unanimous in their views, consumers have neither a strong adversity or affinity to
the potential production of meat and milk from cloned animals. Considering that it is a
hypothetical concept in the minds of most consumers, the stance of government and retailers will
have the most impact on the potential introduction of such products.

Human health:

A The concepts of genetic screening and, to a lesser extent, stem cell technology, are foreign to
most consumers. As such it can be concluded that the views of the general public regarding the
development of such technologies are largely irrelevant at this stage due to the abstract nature of
what is communicated. It is doubtful whether individuals will form an opinion regarding
acceptance of such technol ogies without inputs from
scientists;

A Medical practitioners indicated that they did not have significant levels of knowledge of emerging
human health biotechnology developments. This could have a negative impact on the
development of the industry, as the advice of medical practitioners can be expected in the future

to be a key driver of acceptance (and therefore uptake);
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A Medical practitioners were uncertain as to whether they would recommend genetic screening and
stem cell technology to patients. This could negatively impact the uptake of these specific
technologies in the future; and

A All stakeholders, including consumers, medical practitioners and producers, expressed concern
regarding potential long term risks associated with stem cell technologies. Stakeholders further
had considerable concern regarding the ability of the government to regulate treatments using
stem cells. Unless such risks can be managed from a scientific perspective, this could negatively
impact the development of the industry.

Bio-fuels:

A Bio-fuels is not necessarily seen as a superior alternative technology to other energy sources;
and

A Although all stakeholders are positive about the development of a bio-fuels industry in South
Africa, there is very strong resistance towards utilising edible food crops such as maize for
carbon-based fuel replacement. Consumers also expressed concerns about the compatibility of
biof uel s wi t h t h en the bio-faglssndlustey it gan noactuded that the perceptions
have a propensity to impact the biotechnology industry.

This study found that current | evel s ,whichisnaved &&ness
enhancing the publ i cds olagyn & earysléwaamdngsh ajl stakéholders exteptc h n
scientists. Although PUB is generally seen to be effective by the scientific community, it is doubtful as to

whet her the dissemination of technical i nformati on
biotechnology. International experience suggests that very few individuals in the general public have a

real knowledge of biotechnology, based on technical information that has been communicated to them.

It can be thereforebec oncl uded t hat ¢ ons unmeurrently influencigé¢he grawth nofs ar e
the biotechnology industryé ssegments researched to any great extent. Rather, the biotechnology
industry is evolving through government stimulus, and the decisions of intermediaries in the value
chain. At present the perceptions of retailers of GM food have high levels of impact on the development
of the industry. In future the perceptions of medical practitioners are also likely to have a significant

impact, particularly in respect of human health biotechnology services.
Recommendations.

The following recommendations should be considered by government when formulating policy and
actions aimed at i mproving the publicbs understandir

Guiding principles:

Based on this research, three guiding principles are identified and can be used to make
recommendations:

(O i
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A The public is expected, globally and in SA, to continue to formulate their views and decisions
regarding biotechnology on perceptions as opposed to factual /technical knowledge;

A Government must, and is expected by stakeholders, to demonstrate itself to be an effective
regulator that will protect the health and safety of individuals as biotechnology becomes

commercially available; and

A Government should take the lead in communicating biotechnology in an unbiased manner to the
public.

Specific recommendations:

Policy and regulatory role of government:

A Government should formulate a clear policy position or a specific policy on general as well as

specific emerging biotechnologies and communicate it to all stakeholders;

A Government should ensure that the regulatory environment adheres to international best
practices, and communicates this to stakeholders. It is essential that government be seen to be
trustworthy in ensuring the health and safety of its citizens;

A Government should continue its neutral stance on communicating biotechnology through a
programme such as PUB. However this should not be seen as contradictory to government
having a clear stance on emerging technologies and its efforts to stimulate the development of
the SA biotechnology industry; and

A Government should ensure that there is a well respected appellate and judicial system in place
for the redress of biotechnology related grievances.

With regards to the role of stakeholders in improving the publ i cés knowl edge of bi c
following is recommended:

A Government should continue to inform (through PUB) the general public on the developments of
biotechnology and stimulate debate, but a change in emphasis is required in that communication
to the general public, and specifically to consumers, should focus less on the technical nature of
such developments and more on the views of stakeholders that influence the perceptions of
individuals:

0 It should communicate international and South African developments related to a

specific technology, focussing on potential implications to the individual;
o It should communicate governmentdés policy st

o It shoul d communi cate governmentooés ability
individuals through a regulatory system;
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o It should inform stakeholders which communication mechanisms (e.g. product labelling)
is endorsed by government;

o It should communicate the official viewpoints of all other stakeholders, namely retailers,

product producers, scientists etc.;

0 It should communicate information about the appellate and judicial system open for the

redress of grievances; and
o It should communicate the findings of this, and other studies to all stakeholders;

A Government should investigate the technical and socio-economic feasibility of introducing

compulsory food labelling of GMOs as a primary mechanism to inform consumers;

A Government, scientists and other stakeholders in the human health value chain should initiate a
specific programme aimed at improving the knowledge of medical practitioners on emerging
technologies in the human health area;

A Retailers should be encouraged to publically state and clearly communicate their policy regarding

GMOs and clearly inform consumers of food that is GM or contain GMOs;

A Stakeholders in the bio-fuels value chain should communicate their stance with regard to using
food crops for bio-fuel (bio-diesel and ethanol) production; and

A Government should initiate an annual survey, which is representative of the population, of
peopl eds perceptions of bi otechnol ogy. Thi s sho
surveys such as the Eurobarometer.

This concludes the Executive Summary suggested recommendations that NBAC can consider in
compiling the Ministerial Advice on the imp act of the publicsd perceptior
biotechnology industry in South Africa.
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1. INTRODUCTION

This report presents the outcome of the study
and knowledge of biotechnology on the biotechnology industry, commissioned by the National Advisory
Council on Innovation (NACI).

1.1 STRUCTURE OF THIS REPORT

This report is structured as follows:

A The first section (this section) provides the background to the study, and defines the study in

terms of the study objectives, scope and methodology;

A The second section reports the findings of secondary research into related topics in selected

international countries and regions;

A The third section provides an overview of the South African biotechnology industry and of
relevant prior research conducted in South Africa,;

A The fourth section presents the findings of primary research conducted amongst stakeholders

relevant to the South African biotechnology industry; and

A The last section concludes the outcome of the research conducted, and presents

recommendations on possi bl e actions for stakehol der

biotechnology.

1.1 BACKGROUND

Biotechnology, globally recognized as a rapidly emerging and far-reaching technology, is aptly
described by experts in the field as the "technology of hope" for its promise of food, health and
environmental sustainability. In a paper by Manju Sharma, entitled, findia: Biotechnology Research and
Developmentd Arthur Kornberg, Nobel Laureate, states that: fi Mg beentsaid about the future
impact of biotechnology on industrial development, but this does not yet apply to the less developed
countries that lack this infrastructure and industrial strength. In view of the current power of
biotechnology and its even brighter future, there is no question that the less developed countries must

now position and strengthen their status in bi

A Wh at a tragedy it woul d be if t hese ahemistayrwgre d

available only to a small fraction of the world population located in a few major centres of highly

devel oped countries. o

In South Africa the White Paper on Science and Technology considers science and technology to be
central to creating wealth and improving the quality of life in contemporary society. Furthermore, the

South African government recognises its responsibility for creating an enabling environment for

((O’S
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innovation, specifically as a means of achieving the national imperatives of reducing the impact of
HIV/AIDS, job creation, rural development, urban renewal, crime prevention, human resource
development and regional integration. It is strongly believed that biotechnology can play a role in
addressing the above-mentioned imperativesl. Henceforth, it is against this backdrop that we need to

look at the global perspective with regards to biotechnology and to learn valuable lessons as a country.

The South African government supports biotechnology and encourages home grown research. The
recently publ i ¢$nhosaion RTano Year t he Department 2¢ST Sci en
2007) sets the vision that South Africa should be e

of the pharmaceutical, nutraceutical, flavour, fragrance and bio-pe st i ci de i ndustrieso by

Public understanding, dialogue and support of a biotechnology industry are essential to achieving
national goals such as improved public health and nutrition. The National Biotechnology Advisory
Committee (NBAC), a standing advisory committee of the National Advisory Council on Innovation
(NACI) aims to promote the development of the South African biotechnology sector through advising
the Minister of Science and Technology (S&T) on issues related to the sector. The Public
Understanding of Biotechnology (PUB) programme was implemented by the South African Agency for
Science and Technology Advancement (SAASTA) in 2003. The overall aims of the PUB programme

are:
A To promote a clear understanding of the potential of biotechnology;
A To ensure public awareness; and

A To encourage dialogue and debate.

The target audience includes all facets of society, with specific focus on consumers, educators and

learners.

This research was set out to provide the information required for NACI when advising the Minister of

S&T on the future direction of activities aimed at i

1 National Biotechnology Strategy for South Africa, 2001

2psr. (2007), Innovation towards a knowledge-based economy i Ten year Plan for South Africa 2008-2018, Department of
Science and Technology, Pretoria.
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1.2 RESEARCH OBJECTIVES

Determine how the publficé Advise the Minister of S&T and
understanding of biotechnology impacts the |~ stakeholders on future activities aimed
biotechnology industry at improving public

In order to meet the overall objective above, a number of sub-objectives needed to be attained:

A Develop criteria for the measurement of awareness and understanding of the biotechnology
sector. This was achieved through a process of identifying key issues which became the basis for

guestionnaire design;

A Measure the levels of public and stakeholder awareness and understanding. this was achieved

through structured interviews with biotechnology role-players;

A Determine potential that can be achieved by benchmarking against international standards and

local expectations. This was achieved through primary SA and secondary international research;

A Determine and analyse elements that shape awareness and understanding. Decision and

influencing factors were explored during interviews; and

A Recommend on possible future activities. This was achieved by formulating conclusions and

recommendations based on evidence of this study.

A number of important issues related to the objectives and scope of the engagement were

identified at the outset of the engagement, as follows:

A Firsty, the wor d fpubl i c 0, s study ddehrmt rafeo only éoxthte gendral pubiid
(typically consumers of biotech products), but to all stakeholders that influence the biotech value
chain; and secondly, the objective was NOT to determine the reach achieved by PUB and other

communication initiatives (people reached with communication).

The focus was therefore on determining the p u b | undesstanding of current biotechnology issues,

based on communication amongst various stakeholders and players, and its impact on the industry.
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1.3 SCOPE OF THE ENGAGEMENT

The scope of the engagement had a number of dimensions. The key biotechnology issues explored
were research into international developments i n t he publicsdé6 wunder samdandi ng
primary research of the South African situation. A summary of the profile of South African stakeholders
surveyed is also included in this section as it provides the context within which the findings of the

primary research are presented.

1.3.1. KEY ISSUES RESEARCHED

In terms of issues to be researched, the principle followed was to research the perceptions and
knowledge of stakeholders in relation to selected biotechnology products/services that meet the

following criteria:

A Biotechnology products and services that are either already commercially available (e.g. GM

food) or have a good chance of becoming commercialised;

A The uptake of such products/services is likely to be influenced by perceptions of the
stakeholders, i.e. there is likely to be some controversy regarding the acceptability (moral,

safety, cost, etc ) of such products/services; and
A That such products/services are likely to have huge socio-economic impacts.

Based on this, and after consultation with various stakeholders, it was decided to focus the research

around the following products/services and issues:
Genetically modified (GM) food;
Cloning of animals for meat and milk production;

Genetic screening;

Bio fuels;

A

A

A

A Stem cell research;
A

A The role of government in promoting biotechnology; and
A

The role of biotechnology initiatives aimed at enhancing the pub | i c 6 s knowl edg

biotechnology.
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1.3.2. INTERNATIONAL SECONDARY RESEARCH

A case study approach was followed in reporting the situation in Brazil, India, Australia, Canada and
the EU. The rationale for selecting these countries included the state of economic development, the
maturity of the biotechnology industry and the availability of information. The case studies covered
the following topics:

A Overview of the biotechnology industry;

A Roleof thest akehol ders in shaping the publicbds percerg
A The i mpact of the publicds percgaadti ons on the bi
A

Key considerations for South Africa with respect to the future growth of the biotechnology

industry.

1.3.3. SOUTH AFRICAN PRIMARY RESEARCH

The figure below shows the scope and focus of the South African research, as follows:

A Key areas of biotechnology: Plant and animal health, human health, environmental and

industrial;

A The value chains of selected products/services, starting with scientists on the supply side

through to consumers on the demand side;
A Third party stakeholders, including government, the media, religious groups, etc.; and
A Prior research conducted on awareness and perceptions of biotechnology.

FIGURE 1: SCOPE OF THE SOUTH AFRICAN RESEARCH

Core value chains: Plant and animal health, Human Health, Environmental, Industrial

Example: Plant biotechnology: Example, genetically modified seeds, fruits, maize

R&D Seed/fec_ed Farming Processing Wholesal_e Consumers
production and retail

) ) AWoolworths ; ;
AScience councils AMonsanto AEmerglng'farmers ATl_ger Oats  Apick & Pay ﬁtg\;vr.nrgresdlggbct;tgur;;;:\g tudents
AResearch companies APannar ACommercial APioneer ASpar ry ,
farmers Consumer groups

©)
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The South African research consisted of conducting structured interviews with stakeholders across

the various value chains as illustrated in the above figure. The table below summarises the interview

sample that was aimed for, and achieved, followed by a short description of the comments made by

stakeholders who were interviewed.

FIGURE 2: SUMMARY OF RESEARCH SAMPLE

Segments Target Achieved Comments

Government / BRICS 6-8 1 After one interview it was realised that these stakeholders operate
within a specific mandate. Their activities are not perception based,
and influence therefore not related to individual or collective
perception.

Religious groups 3-4 1 Inputs obtained from Jewish denominations

Media 4-6 6 Good information obtained

Lobby groups 2-3 0 Operates within a mandate

Investor Community 4-6 0 Not done due to time restrictions

Scientists/researchers 60 - 80 51 Good representation from HEI&, SC& and the few private
companies

Feed and seed producers 8-12 8 Good representation

Food processors 6-8 Good representation

Farmers 20-25 8 Disappointing. Was informed that it is planting season and AgriSA
therefore not prepared to make database available

Medical practitioners 20-25 18 Adequate, consistent views obtained

Product / service providers 8-12 12 Adequate considering small population

in human health

Retailers 4-6 6 Good representation, all major retailers covered

Consumers 90 - 120 150 Target exceeded in order to get some sort of representation at

national level

From the above table it can be seen that the proposed research sample quota, which was ambitious,

was largely achieved. Further notes on entities surveyed are provided in the next section where the

key characteristics of entities in the various segments are summarised.

Note: A most important consideration that must be kept in mind throughout this report is

that, due to budget constraints, this research was not intended to be representative of any

segment relevant to the biotechnology industry. All findings are indicative of the perceptions

of various respondents on biotechnology issues, and must be interpreted as such.

1.3.1. PROFILE OF SOUTH AFRICAN STAKEHOLDERS INTERVIEWED

Since the topics researched related primarily to plant/animal health (GM food, animal cloning),

human health (genetic screening, stem cell) and to some degree industrial biotechnology (bio fuels),

stakeholders across these value chains were researched. In addition, selected third party

stakeholders were also interviewed.
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1.3.1.1. CONSUMERS

A total of 150 consumers were interviewed. The objective was to interview consumers who were
likely to have some opinion of biotechnology related issues. To this extent only consumers that
could respond positively to the following three qualifying questions were interviewed:

AHave you ever heard of biotechnology?
AHave you ever heard of genetically modified (GM) food?
AHave you ever heard of bio fuels?

Due to the small sample, it was not possible to stratify the outcome according to any
demographic or Living Standard Measures (LSM) variables. The qualifying respondents should
therefore be seen as a randomly selected sample of individuals who demonstrated some
knowledge of biotechnology given the fact that they responded positively to the qualifying
guestions.

Although the sample cannot be seen to be statistically representative by each province due to the
small sample size, care was taken that consumers from the majority of provinces were
interviewed, as is illustrated the figure below.

FIGURE 3: GEOGRAPHICAL DISTRIBUTION OF CONSUMERS SAMPLED

Distribution of consumer respondents by

province
Mpumalanga Limpopo
3% 4%

The same applied for the distribution of consumers by gender, and race.

March 2009 Page 22 M
=AY



Publicbés Perceptions and Knowledge of Biotechnology

Note: Although two key characteristics of consumers were captured (income levels and
level of education), the data could not be analysed to establish correlations between

answers provided and characteristics of individuals, due to the small sample.

1.3.1.2. RETAILERS

Four major retailers namely SPAR, Woolworths, Shoprite Chec ker s and Pick &n
interviewed. Smaller retailers were contacted but chose not to participate. Although the interviews
focused strongly on policies and approaches to the sale of GM food, their perceptions of other
stakeholders such as consumers, farmers and producers, were also explored. General issues

regarding the South African biotechnology industry were also explored.

1.3.1.3. FARMERS

As mentioned, the objective of interviewing between 25 and 50 farmers could not be achieved for
a variety of reasons. The results of the eight farmers interviewed are therefore incorporated into
the analysis as anecdotal views, and should not be seen as being representative of farmers in

general.

1.3.1.4. FOOD PROCESSORS

Good insights from food processors manufacturing products that are GM or contain GM

ingredients were obtained. The following entities were interviewed:
ASA Agricultural Processors Association;

APioneer Foods i Bokomo ;

AGodrich Flour Mills; and

ASmall Millers CoOp.

In addition one processor, namely Ceres, claimed not to process GM ingredients. The interview
highlighted information on factors that are, or will be considered in deciding whether to process

GM food products or not.

1.3.1.5. FEED AND SEED PRODUCERS

Nearly all the major feed and seed producers in South Africa were interviewed, namely:
AMeadow feeds;

AEpol feeds;

AMayford seeds;
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APioneer Hi-Bred;
ADow Agrichemicals;
ABayer Crop Science; and

ASyngenta.

1.3.1.6. MEDICAL PRACTITIONERS

Medical practitioners are considered a strong influencing stakeholder of the eventual uptake of
biotechnology products within the human health value chain. A total of 18 general medical

practitioners were interviewed, all of whom were representative of all nine provinces.

Companies also produce products or render services in the human health area. Although there
are a limited number of these companies active in South Africa, interviews could only be secured

with nine companies, namely:

ACape Carotene;

ANettcell Cryogenetics;

ABiocom Biotech;

AA large pharmaceutical company who requested to remain anonymous;
AEast Coast Rapid Diagnostics;

AARVIR Technologies;

AKupa Biosystems;

ARiver Bioscience; and

ANovo Nordisk.

1.3.1.7. SCIENTISTS

A number of scientists are active in this field. Interviews were conducted with 50 scientists
working in academic institutions as well as those working at science councils such as the MRC,
ARC and CSIR.

A50% of the researchers were active in the plant/animal health domain;
A40% of the researchers were active in the human health domain; and
A10% were involved in industrial biotechnology.

Projects explored typically covered the entire innovation cycle as the following example

illustrates:
((O’
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FIGURE 4: DISTRIBUTION OF PROJECTS SCIENTISTS ARE INVOLVED WITH, ACCORDING TO
INNOVATION CYCLE

Regulatory Approval:
7% Market:

10%

1.3.1.8. THIRD PARTY STAKEHOLDERS

Although it was initially expected that there would be merit in interviewing a broad range of third
party stakeholders, it soon became evident that there was little value in conducting these

interviews, for reasons specified below:

AGovernment departments: Their role is mandated by the government, and as such the
perceptions of individuals or the collective are not relevant. Although it is recognised that
Abroader o government , i . e. i n ol exaniple eortfalid t he
committees, are potentially influential stakeholders, it was also recognised that it would be

extremely difficult in obtaining their views considering time and budget constraints;

ABiotechnology Regional Innovation Centres (BRIC&): A number of discussions were conducted
with BRICs and it soon became evident that their knowledge and perceptions are aligned
with their mandate. Influence on the industry is therefore not perception based, but

mandated;

AMedia: The media plays a pivotal role when it comes to influencing perceptions in a market, be

it positive or negative. The media has a powerful influence onhowt he publ i cds per
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around biotechnology can be changed utilising information from lobby groups, and even
more so when there are ethical issues at play. The media are able to use various media
channels and messages t o pl ay on peoplebdbs emotions
actions. This is especially true in the case of biotechnology. To this extent six media

respondents were interviewed:

o0 African Geofigureic Magazine;
o0 Environmental Management;
o Greenprint;

0 Huisgenoot;

o0 Sawubona Magazine;

o The Times;

AReligious groups: All major religious groups were targeted, but responses were only obtained

from the Jewish community;

ALobby groups: Lobby groups were not interviewed as they operate within a particular mandate.

For this reason therefore they were not included; and

Alnvestor community: Not interviewed due to time and budget constraints.

1.4 ENGAGEMENT APPROACH AND METHODOLOGY

This section describes the approach that was utilised to achieve the research objectives in a systematic

manner. The research was designed from experience in conducting research and analysis in the

technology environment. The following figure summarises the key project phases and activities that

were undertaken.

FIGURE 5: RESEARCH APPROACH

Secondary research-
™ Local and international [~
Project
initiation >
Primary research R B Draft and final
| (Interviews and focus (| Sonclusions, an report/
* groups) » recommendations [ > presentation
Preliminary
desk research »
Data collation and
impact analysis R
Phase 1: Initiation Phase 2: Research, ana|ysis Phase 3:
and design and impact analysis Recommendations
%)
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The research approach is shown in the figure below.
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The next section of this report presents the findings of the international research.
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2. INTERNATIONAL EXPERIENCES
REGARDING THE IMPACTOF PEOPLEOGS
PERCEPTION ON THE BIOTECHNOLOGY

INDUSTRY

2.1 GLOBAL BIOTECHNOLOGY PERCEPTIONS: MOTIVATION FOR
THE SELECTION OF REGIONS AND COUNTRIES FOR
ASSESSMENT

Thi s section of t he report revi ews t he current

biotechnology in selected countries.
Four criteria were considered in selecting countries/regions for case study purposes:

A The state of economic development. A combination of developed and developing nations was

considered appropriate;

A Regional cluster development of biotechnology industries. Emerging industries are generally

more likely to develop to full potential through clustering;
A The growth of the biotechnology industry, experienced in a specific country/region; and
A The availability of data.

The following countries were selected based on the above four main criteria (see figure below) for a

breakdown of the global biotechnology industry. These reasons are further elaborated on below:

Brazil and India: Considering the first criterion and the fact that biotechnology as an industry is growing
the fastest in developing countries and comparatively that South Africa shares many developmental

similarities with India and Brazil, these countries were chosen.

The European Union: Based on the second criterion and given that South Africa is invariably tasked
with the leadership role of developing the Southern African region. The European Union is arguably the
most organised regional block in the world, especially with regard to the biotechnology activities in
which it is engaged. South Africa could therefore learn from the biotechnology development within a
trade block.

Canada: Thirdly, Canada was chosen on the basis of its biotechnology advances in the last decade as
well as its growth and maturity within this sector. There was an option of choosing the USA, however its
industry is far too advanced and conglomerate. It was felt that South Africa would be a bit too ambitious
to benchmark tangible lessons from the USA. The figure below includes a depiction of the size of the

USA industry in relation to the other countries that are covered in this report.
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Australia: Australia shares a similar climatic biodiversity to that of South Africa, and has made strong
inroads in the utilisation of biotechnology applications as a country.

Below is a pie-figure showing comparisons of the respective case study countries and regions that have
been selected, with the United States dominating in revenues. From this figure below, in comparison
with the other countries, it is clear that the USA remains the dominant force in biotechnology globally,
and that the other countries must assist each other in developing their respective biotechnology
industries.

FIGURE 7: GLOBAL BIOTECHNOLOGY INDUSTRY, 2006 REVENUE PER COUNTRY

BRAZIL, 2.5 AySTRALIA, 2.4

CANADA, 3.2
INDIA, 2.08

Source: Ernst & Young Global Report on Biotechnology 2007

Each of the selected countries is now reviewed in detail.

2.2 INDIA

According to Blospectrum (2007), Al ndi a, the | arges
agriculture which generates almost one quarter of its GDP and provides two thirds of its people with
their means of survival . 0 [|podfaraers, mosteof whantdo mohmakef s mal
enough income to cover their basic needs and expenditures. However, with a population of over a
billion people, India has a huge potential market for biotechnology products and services. India, also
boasts one of the most varied species of flora and fauna in the world, which presents an opportunity to

exploit its biodiversity. This may draw parallelsto South Afr i cads bi objeeticebnol ogy
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2.2.1. KEY CHARACTERISTICS OF THE INDIAN BIOTECHNOLOGY INDUSTRY

The Indian biotechnology market has doubled in size in the past two years, reaching a value of
US$ 2.08 billion in 2006-07 compared to US$ 1.45 billion in 2005-06. High potential opportunity
areas to grow the biotechnology market in India, are in biopharmaceuticals (therapeutics, vaccines,
diagnostics), bio-agri (bio-fertilizers, transgenics, bio-pesticides), bio-industry, bio-informatics and
bio-services, R&D clinical trials and manufacturing on contract.

The figure below shows the key areas during 2004 which formed part of the biotech industry in India.
The bio-agri segment registered the highest growth rate during the year at 154%, followed by bio-
services at 54.6%, bio-industry 34.55%, bio-pharma 30% and bio-informatics 25%3.

FIGURE 8: KEY GROWTHAREASOF | NDI A6 S B IOGYIEIJISTRY L

Key growth areas

Bio- agri Bio- services Bio- industry Bio- pharma  Bio- informatics

Source: Federation of Indian Chamber of Commerce 2004

The size of the Indian biotechnology industry in 2006 was approximately $ 550 million. Considering
that the market size for the same year was $ 2.08 billion, it is evident that a high percentage of
products were being imported from developed countries. The biotechnology industry in India
registered over 325 companies in 2006-07 with various products across the value chain, with the
larger number of companies being involved in bio-pharmaceuticals, followed by bio-services and bio-
agri. Cost operations in India are also low, and their investments in research and development
(R&D) are significantly lower thanthosei n t he devel oped worl d. I ndi ads

development programs have grown in recent years with over $100 million allocated for annual

3 Federation of Indian Chambers of Commerce (FICCI). 2004. Overview of biotech sector in India. FICCI Report
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funding. Field trials in India include biotechnology rice, potatoes, eggplant, corn and tomatoes. R&D
outsourcing is also important and as an example, outsourcing part of a drug discovery chain to an

Indian company saved up to US$ 200 million on development costs alone.

As can be seen from the figure below, the Indian biotechnology industry has been growing rapidly
over the past five years. Indian firms mainly utilise services contracts with overseas firms to fund
their operations; they further develop commercialisation capabilities and access valuable
international technology and expertise. Services provided include R&D, clinical trials and
manufacturing. According t o Col lins, ABhar at Bi o
developing country to engage a | ocal firm to manuf

contracted by Wyeth Company in the US to produce its Haemophilis B (Hib) vaccine.

FIGURE9: GROWTH OFBIOTECHNAIEOSY INDUSTRY, 2002 i 2007

600

500

400

300

M Seriesl
200 USS million
0 T T T T

2002-2003 2003-2004 2004-2005 2005-2006 2006-2007

Source: Blospectrum July 2007

The major biotechnology players in India have been putting concerted efforts into expanding their
facilities and capabilities in order to create global scales and meet international standards. This
creates a favourable position for partnerships with other multinationals. The key stakeholders that
yield influence in the biotechnology sector in India are mainly home grown companies. Serum,
Biocon and Panacea, have all crossed the US$ 122 million mark in revenues; Serum leads the

group and it is envisaged that it will cross the US$ 243 million mark soon®.

4Col lins, T. 2007. Indi ads biotech industry emerging as a worl d i
5 Ernst & Young. 2007. Biotech: Market & Opportunities. India Brand Equity Foundation.
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With regards to | ndi ads Hautheanique distinctionaof beicgagnked ast vy , I
having the biggest reservoir of scientific manpower, ahead of countries such as the Philippines,

China, Australia and Japan, as well as being home to a legacy of excellence in higher education in

sciences. This easily justifies why companies and countr.i
developments. According to the Department of Science and Technology website, India employs

15 000 scientists, who were trained in more than 346 universities and 16 500 colleges. India has

through this infrastructure produced some 350 000 bioscience graduates®. With a massive and
increasingly well-educated workforce, India is poised to become a major player in biotechnology, just

as it did in information technology. The biotechnology industry is globalizing rapidly and the impact

of I ndi ads mar ket entry and contribution to impr
continues to improve at a rapid pace.

The Indian government has provided a strong stimulus for biotechnology initiatives in not only
supporting, but also enhancing the opportunities available for players and the public in this
biotechnology sector. The central state governments are increasingly putting efforts into simplifying
the regulatory system for biotechnology. Through thorough research of other countries, the Indian
government has since recognised that the formation of industry clusters led to the dynamic growth of
the life sciences industry globally. India has therefore been aggressively promoting biotechnology

through the formation of biotechnology clusters predominantly in the form of Bioparks’.

Having recognised the potential growth of the biotechnology industry in India, the government then
adopted various measures in an attempt to ensure further growth within the Indian biotechnology
sector. Among these is the National Biotechnology Development Strategy (NBDS). This ten year
strategy addresses various issues such as human resource development, academic interface,
infrastructure development, laboratory and manufacturing, promotion of industry and trade,
biotechnology parks (Bioparks) and incubators, regulatory mechanisms, public education and
awareness building8. On the latter, the government has been hard at work towards creating a
strong, integrated and sustainable base to increase public awareness around biotechnology and the
role that the public as well as stakehol ders are e

perceptions and knowledge of the biotechnology industry.

6Department of Science and Technology. Indiads biotech industry.
7 Manju Sharma. 2007. India: Biotechnology Research and Development
Federation of Indian Chambers of Commerce (FICCI). 2004. Overview of biotech sector in India. FICCI Report
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2.2.2. PUBLIC/STAKEHOLDERS PERCEPTIONS OF BIOTECHNOLOGY

As in other countries, the development of biotechnology raises a number of difficult economic,
social, ethical, environmental and political issues that constitute major challenges for human society.
The reception of biotechnology products by the public in India has been rather mixed. In general bio-

pharmaceutical products seem to be accepted more than transgenic crops.

I n terms of the publicbés wunderstanding and percerg
Economic News in 2003 found that huge differences exist in the intensity of the public debate on
bi otechnology and its applications. The report not
to the rest of the world in that the majority of the people appear to accept biotechnology utilised in
medi c al applications more easily than biotechnol og
The report further continues to argue that it is no longer possible to assume automatic public

acceptance of new products and processes that promise public and commercial benefits®.

Public perception and opinion have a significant influence on the direction and funding of
biotechnology research as well as an influence on sales within the industry. This is due to the fact
that industry relies on the market, therefore the public has to accept and support their products and
services from the research phase through to the products entering the market. Hence, according to
the I ndia Economi ¢ Ne wk activélyt ahdetnansparengly tainfonneandiengage wo r

the civic society in decision-making, and to maintain a relationship of trust and confidence

throughout the entire process10. o

Thepubl i cés perception and voice is t htofsthisfaetrayd | mpor
knows what it needs to do to ensure that the public gains confidence in the biotechnology industry
and its consequent propensity to grow. It was established that the key is through empowering
citizens and giving them enough knowledge to be able to make informed choices in life. Thus all
stakeholders must actively promote access to information on the benefits and risks in a transparent

and balanced manner.

To achieve this goal of i mproving thdohpvebhsoundds un

enabling environment. The following are some of the enabling factors that already exist in India:
A A sound bio-safety regulatory system;
A A well respected appellate and judicial system for addressing grievances;

A A cadre of willing and able scientists for effective and accurate communication of information;

9 http://www.imf.org/external/country/ind/rr/econnews/2003/073103. pdf
10 10 http://www.imf.org/external/country/ind/rr/econnews/2003/073103.pdf
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A A large body of extension personnel in agriculture, fisheries, veterinary and human health
sectors;

A Alarge NGO network spread across the country; and
A An effective and independent mass media that is able to reach millions of the Indian population.

However, several challengest o i mproving the I ndian publicbés und

stimulated debate were also identified as follows:

Diverse levels of education and literacy across the country;
Low levels of understanding biotechnology amongst the public;
Lack of simple communication material,

Varying quality of science reporting;

Inadequate inter agency co-ordination;

> > > > > >

Insufficient dialogue between scientists, industry, policy makers, regulators, consumers for civil

society organisations and the mass media; and
A Alack of sufficiently proactive administrative machinery11,

According to Indiabés 2005 National Bi otechnol ogy D
increase public awareness about opportunities and the above-mentioned challenges presented by
biotechnology development. There is also a need to inspire public trust and confidence on the

safety, efficacy as well as the social and ethical acceptability of products among consumers and civil

society through the dissemination of accurate information in a coherent, balanced, well articulated,
user-friendly and transparent mannerl2. Blenceforth, several focused and well-directed measures

are needed to achieve public trust and confidence in biotechnology.

In promoting public awareness, India launched a pioneer programme aimed at various stakeholders
as well as increasing the public awareness called The Foundation for Biotechnology Awareness and
Education (FBAE). According to the websi t e , Athe programme was conceiyv
like-minded academics and biologists with the sole objective of propagating factual and
comprehensive scientific information about modern biotechnology in the face of worldwide
opposition to technology deployment through a wanton misinformation campaign13. ®he promoters
of the concept of FBAE encouraged advancements in modern biotechnology, and were convinced of
the potential to assist developing countries in solving typical problems found in agriculture, medicine

and the environment. However, the founders of FBAE were unaware of the strong opposition to

11 Dr MK Bhan. 2005. National Biotechology Development Strategy. Department of Biotechnology. Government of India
12 Dr MK Bhan. 2005. National Biotechology Development Strategy. Department of Biotechnology. Government of India
http://lwww.fbae.org/fbae-7-years-of-progress.html
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biotechnology advances which was instigated through poorly communicated science, fuelled by
politics. There was therefore a need for an organisation like the FBAE to establish a positive and
fact-based climate for the development and deployment of advances in biotechnology, aimed at the

majority of Indian citizens!4.

FBAE has continued to grow into a scientifically credible organisation to inform the Indian public
through debat e and di scour se on t he ri sks and b
fundamental desire is to see that the people who need and deserve the benefits from advances in
biotechnology are not deprived of the potential benefits. With the assistance of such a programme,
the public acceptance of biotechnology has improved in India, with transgenic crops and their

products being more widely accepted than in the previous years prior to the launch of FBAE1S,

The publicds p e r staading iofobiotechnolaby ist & dokority area for the State
Government in India. Active steps are being taken to promote highly sophisticated biotechnologies
as well as grass root applications in India. In order to ensure effective percolation of the benefits of
biotechnology, the council continues to support outreach programmes aimed at various target
groups to promote biotechnology. The programmes organised in 2007-08 included: a capacity
building workshop on bio-safety issues for the members of Small Business Consultative
Commi tteebs and Distance Learni ng Cpthereavaslasnediar om t t
workshop on agricultural biotechnology; a regional workshop on management and monitoring of field
trials of genetically modified crops; a popular biotechnology lecture series; awareness programmes
on vermin-composting; training and awareness programmes on Neem Biopesticide; and awareness

programmes on genetic disorders. All of these were facilitated by the FBAE programme?16.

Public-private engagement can also positively impact the growth of the biotechnology industry in
India to understand the mechanisms of interaction between the public research institutions and the
companies with strong biotechnology research capabilities. The main aim within the NBDS is to
fificreate tools and technol ogies that address the bi
services at affordable prices to the people of India and make India globally competetitive on a bio-
economic scalel’. Most of the key elements of the strategy are aimed at ensuring that small,
medium and micro enteprises are afforded the opportunity of developing into bigger industry players.
Thus, with the assistance of supportive and positive views from the public, these enterprises are
anticipated to become influential stakeholders in shaping the industry. A trend is emerging in India
whereby major pharmaceutical companies are now focusing on biotechnology, which is becoming a

major source of revenue thus moving away from the traditional focus on income predominantly from

14 http://www.fbae.org/fbae-7-years-of-progress.html
Rai. 2006. Promoting Public Awareness on matters relating to agricultural biotechnology in India
16state of State of Environment Report Punjab, 2007
17 Konde, V. 2007. Biotechnology in India: Public-Private Partnerships. Journal of Commercial Biotechnology 2008 Vol 14 NO.1
43-55
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consumers. This integration of biotechnology into the mainstream pharmaceutical research activities
is evidident in large pharma companies such as Ranbaxy, Cadila Healthcare, Lupin, Wordhart, Dr
Reddyodés Laboratmas®®es (DRL) and |

Emanating from this initiative, there have been many more educational awareness campaigns
established across India, especially focusing on the ini depth understanding of the functioning of the
biotechnology industry. Thus, the industry has realised that the views of the public really matter and
have a huge impact on their industries, and subsequently, it is believed that understanding,

acceptance and trust levels will increase.

2.2.3. IMPACT OF PUBLIC PERCEPTIONS ON THE BIOTECHNOLOGY
INDUSTRY IN INDIA

Asaf ast growing biotechnology country, Il ndi abs pr «
community, and within the country the biotechnology sector continues to make a meaningful
contribution towards growing the economy. The achievement of reaching a value of US$ 2.08 billion
in 2006-07 is testimony to the growth of the industry thus far. It remains clear that there is enough
capacity to support the products and services that biotechnology has to offer, and the positive
impact of this market has been endorsed by the Indian government. This shows that strong

collaboration is required to create a success story from modern biotechnology developments.

The low cost of R&D as well as manufacturing operations has encouraged more and more
companies to open up industries in India, thereby making huge investments especially in the key
areas of research and development. These have focused on trade and on creating fast returns on
their investments. According to the FICC, stringhe ¢ h:¢
base of human capital and India has that in abundance. However, more reliable research is needed
in order to know what the availability of human resources is in India for the next decade, as areas
such as intellectual property rights, regulatory issues and industrial training have received

inadequate attention1®. o

The reception of biotech products by the public in India has been rather mixed. In general bio-
pharmaceutical products seem to be better accepted than transgenic crops. The Foundation for
Biotechnology Awareness and Education (FBAE) continues to disseminate more information to the
public and this process can therefore stimulate more informative debates on the issues associated
with biotechnology and its impact on the industry. This is a meaningful exercise as the citizens will

be debating issues from a more informed position. The Hindu led faith in India does not promote or

18 Federation of Indian Chambers of Commerce (FICCI). 2004. Overview of biotech sector in India. FICCI Report
19 Federation of Indian Chambers of Commerce (FICCI). 2004. Overview of biotech sector in India. FICCI Report
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encourage health remedies emanating from biotechnology as they believe that natural remedies will
address most of their health problems. They however do believe that biotechnology can address the

issue of poverty through the provision of GM foods. Accor di ng to Venkataramani

and GM foods may have a role in addressing hunger and malnutrition only if embedded in the wider

matrix of economic and development policy of the South?0. ¢

There is no doubt that the publicés and stakehol
order for the industry to receive more positive impacts, it is recognised by government that the
awareness of the public will need to be raised to levels that can benefit all people concerned. It is
not empirically known how much of an impact the perception of the public or stakeholders has,
however it is considered that the industry still lacks proper marketing strategies to promote their

products and that this is not assisting towards a positive impact on the industry.

2.3 BRAZIL

Brazil is one of the most promising countries in terms of biotechnology development. The country has
an area of 8 500 000 square kilometres, a 7 500 kilometre long coast, the largest supply of fresh water
and the largest potential for biomass production as a source of renewable energy in the world. Brazil
relies strongly on its agricultural sector to contribute to its economic development; henceforth increasing
exports will mean an increase in the benefits for the general population. The country has the largest
economy in Latin America, with a GDP of US$619.9 billion and had a GDP per capita of 4, 320 US$ in
2005. According to the World Bank, Brazil has one of the most profound examples of social inequality in

the world with a Gini co-efficient of 0.53% income inequality?1.

2.3.1. KEY CHARACTERISTICS OF THE BIOTECHNOLOGY INDUSTRY IN
BRAZIL

To address the sizeable demand for products and servicesfromBr azi | 6s 190 mil | i on
whom live in poverty, the country has taken several concrete steps, legislative and otherwise, to

build upon its innovative capacity in biotechnology. Over the past decade Brazil has, through many

sectors including biotechnology, laid a solid foundation for overall economic growth as well as the
development of the biotechnology industry. Through this effort there is currently a growing young
domestic biotechnology sector emerging, mostly comprising of small-to-medium-sized enterprises
(SMEs)?2,

20 G. Venkataramani. 2001. Biotechnology must come with accountability. The Hindu Publication, Friday July 13, 2001

21 http://go.worldbank.org/UW80ODN2SV0

22 Razaie, R., Frew, S., Sammut, S., Maliakkal, M., Daar, A., and Singer, P. 2006. Brazilian health biotech- fostering cross talk
between public and private sectors.
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The Brazilian Association of Biotechnology Companies (ABRABI) estimates the annual revenue of
the biotechnology sector in the country to be between US$ 2.5 billion and US$ 4.3 hillion. Within the
biotechnology sector some 28,000 job positions have been created, 84% of which are in micro and
small businesses. This indicates that SME size organisations are growing in Brazil, through which

more employees are being empowered, thereby making a significant contribution to the industry23.

The Brazilian pharmaceutical market is evolving from a historically emerging market stage towards a
more mature market, which is becoming relatively strong and self-sufficient. According to Razaie et
al , il n the c o awlianghaynacautical ,markehie fordast to accelerate its current
performance with a 12% compound annual growth rate (CAGR) until 2010, which should drive its
value to $15.5 billion. In comparison, the Canadian pharmaceutical market is expected to decelerate
its current performance, with a forecast market value of $14.6 billion for the same targeted year.
Though generally not perceived to be a biotech front-runner, Brazil has a sizeable biotechnology
industry; an important market for biotechnology that is more accommodative to the development of
micro and small businesses; related products and an impressive research capacity?4. Bhe Brazilian
biotechnology sector has approximately 350 companies, 25% are multinationals, 70% are local
private laboratories and the remaining 5% are state owned enterprises. Brazil also has a large
representation of biotechnology companies where the corporate head offices are in other countries.
Foreign companies account for approximately 60% of the domestic market, with most leading
pharmaceutical companies having established operations in Brazil. Companies producing human
diagnostics, pharmaceuticals and generics, veterinary medicines and seeds have a gross an annual

business volume of US$ 20 billion2>.

The biotechnology industry is relatively immature but on the other hand, the industry has been
growing fast considering that 25% of the companies were founded after 200526, According to the
United Nations Conference on Trade and Deveobdopment
producer wi t hin t he next decade. 0 Brazil i s cur t
investments in the public and private sectors. Having focused mainly on the public sector over the
past decade, Brazil is paying increasing attention to promoting the domestic private sector,
particularly in sectors such as agriculture and health. The latter sector, which is significantly
represented by the pharmaceutical industry, stands out as the largest in Latin America and the ninth
in the world, having reached US$10.8 billion in February 2008. It is expected to grow at an annual

rate of 12%, driven mostly by the rapidly developing generics sector. The sector has average

23 http://www.abrabi.org.br/biotecind/1443.htl

24 Razaie, R., Frew, S., Sammut, S., Maliakkal, M., Daar, A., and Singer, P. 2006. Brazilian health biotech- fostering cross talk
between public and private sectors.

25 Eduardo Soares. 2008. Bio International Convention Conference Brief.

26 Eduardo Soares. 2008. Bio International Convention Conference Brief.
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biotechnology revenue of US$100 million and industry players remain optimistic2’. In the third study
of its kind, the McLaughlin-Rotman Centre for Global Health (MRC), predicts that as South
America's largest and most populous country, Brazil has the scientific and market capacity to
emerge as a major global player in the near future2®. The biotechnology market in Brazil consists of
various aspects, but the most common active segment operated by the companies is in human

health, as illustrated by the figure below.

FIGURE 10: BRAZILIAN BIOTECH INDUSTRY FOCUS AREAS

Brazilian industry focus areas

Human Health
24%
Environmental
4%
Animal health
4%

Consumables
Supplies
17%

Equipment
17%

Source: The Biotechnology Market in Brazil and Biominas Foundation. 2006

As can be seen from the above figure, the core biotechnology focus area from the active companies
in Brazil is in human health with a representation of 24%, this is followed closely by government and
international biotechnology companies at 22%. The areas of equipment and consumable supplies
are fairly well represented, at 17% each, with agribusiness following at 12%. The areas of animal

health and the environment are the least well represented at 4% each.

Driven by several legislative changes that have been promulgated in recent years, Brazil has
managed to create significant momentum in developing the biotechnology industry. One such
change was the implementation of a new patent law in 1997, in compliance with the
agreement. This has resulted in companies having to transform their business models to become

innovators and developers and licensors of proprietary products. As Brazilian biotech firms generally

Knowl edge of Biotechnol

27 Eduardo Soares. 2008. Bio International Convention Conference Brief.
28 http://www.eurekalert.org/pub_releases/2008-06/pols-bbf053008.php
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lack the necessary R&D capabilities required for the development of complex innovative products,

effective collaboration and partnership formation with local universities is essential2®.

On the other side of the spectrum, Brazilian entrepreneurs opt for forming partnerships with foreign
entities that may possess the necessary research and development skills. These partnerships are
however often limited to marketing or service provision relationships, with relatively few joint R&D
efforts. As the Brazilian biotechnology sector becomes more innovative, deficiencies in R&D

infrastructure and inadequate institutional performances are starting to surface.

With regards to the available human resource capac
human resources in science and technology dates back to the National Programme for Post-

Graduate studies in the late 1960s. Since this initiative, Brazil has built up a critical mass of well

trained people in biotechnology research. The Brazilian government has emphasised the need for

more training programmes in the biotechnology sect or si nce t bnwersdieshdvgy 1980
responded positively to the gover nBrazihisis & fortumaei ni ng
position in that the market is unable to absorb all of the PhDs graduating from the universities, and

as a result of this many well educated Brazilians are emigrating to Europe and North America where

they gain valuable work experience, after which they return to Brazil, and contribute positively

towards the skills shortage that has been identified30. In making public investments in human

resources a solid public infrastructure has resulted in well capacitated science resources that are
keytokeepingBr azi |l 6s i nnovation initiatives alive.

From as early as the 1970s, the government has focused efforts on promoting biotechnology to the
public and the stakeholders. This has resulted in forming a close working collaboration between
research institutes and universities together with an expanding, yet rather small and fragmented
private sector. Despite the frequent leadership changes of governments in Brazil, biotechnology
development has received continuous support from the government. The Brazilian Ministry of
Science and Technology at the central state level has played a leading role in biotechnology

development through the States Research Support Foundations (FAPs)31,

In 2007 the government of Brazil outlined the National Policy for Biotechnology, a development
policy for the biotechnology industry aimed at making Brazil a global leader in the sector in 10 to 15
years. The plan has targeted investments of US$ 5.8 billion to 2017. The goal is to encourage
biotechnological applications in five different fields: health, food, security, animal health, industrial
products and environmental quality.

29 Biotechnology Market in Brazil and Biominas Foundation. 2006

30Ferrer, M. 2004. The Scientific muscle of Br a22dugpkemedteal t h Bi ot ec
December 2004

3lFerrer, M. 2004. The Scientific muscle of Brazil s Health Biotec
December 2004
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The Brazilian government is confident that through the country's biodiversity, the country will be
placed in an advantageous position compared to other developing nations. According to the
Brazilian Ministry of Devel op meimare currently d, 708 grougsinand Fo
the public, academic and private sectors working in the biotechnology sector in Brazil. The national
programme will manage and provide support to these activities, as well as facilitate corporate
access t o r e sAraadycirh2007,eascortlirtg $sodnformation provided by the Minister of
Development, Luiz Fernando Furlan, US$479.5 million in public funds will be available for
biotechnology research in the country. The money will be provided for by the Brazilian Development
Bank (BNDES) and by sector funds, which are linked to the ministries and consist of tax revenues

including the ones collected from the foreign companies that are currently doing trading in Brazil.

2.3.2. PUBLIC/ STAKEHOLDERS PERCEPTIONS OF THE INDUSTRY

Given the large socio-economic and educational differences that exist within the population, and the

minimal biotechnology information programmes available for the general public, most of the
perceptions from the public are ignorant of this advanced science. Moreover, most of the
discussions, and perceptions formed; around biotechnology in Brazil remain concentrated on
transgenic foods which are still a controversial issue32. Some insights on public perceptions
emanating from Brazil revealed that the general level of awareness and understanding in the
population about what really constitutes genetically modified organisms was relatively low. Another

view expressed is that of the absence of a clear government stance on biotechnology is contributing

tothe generallack of the publicoés un P May membersmfgthe publicbi ot e
regard the mediads coverage of bi otechnol ogy to
negative aspects that undermine a sense of moral value for their family structures. This problem is
compounded by the widely divergent and subjective views of the organisations that provide

information to the general public.

The current public debate on the risks and benefits associated with emerging biotechnology in Brazil
is controversial. Empirical findings from a public perception survey conducted in 2002 suggest that
while there is optimism about biotechnology and its use in plants, public opinion regarding animal
use is limited and remains a sensitive topic. Alarmingly, the younger and more educated generation
is even less positively inclined about the benefits of biotechnology, while the attitudes differ
significantly amongst older men and women, and also between whites and non-whi t e s . Peopl
religious and social beliefs, confidence in scientists, corporate structures and government all have a

32Ferrer, M. 2004. The Scientific muscle of Brazilds Health Biotec
December 2004
33 Hossain, F. 2002. Public Perception and Acceptance of Genetically Modified Food. Food Policy Institute. Working Paper
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significant influence on the public acceptance of biotechnology34. Similarly, consumer concerns

have even driven big compani day nd 0 ase GM potathes D theira |l d 6 s
production of food items. With the advancement of technology in general, and as biotechnology

research continues to make progress, science and industry are poised to bring forth a wide range of

products that may have a significant influence on how Brazil organises its production of food, fibre,

feeds, fuel and pharmaceuticals into the future. However, public attitudes towards biotechnology

remain divided and the debate over the desirability and human value benefit of this technology is

currently ongoingandfar f rom over. The publicbés | ow confidenc:
scientific community and public image of biotechnology companies has a significant impact on the

biotechnology industry3>.

Food and environmental safety, labelling and freedom to choose non-GM foods are major consumer
issues that have been recognised as necessary to be addressed by the Brazilian government
wherever transgenic products are marketed. The regulations that do exist are not seen by
consumers as being effective and well implemented on the ground. This is considered to be due to
the fact that they are described in high-level policy documents, which only a small percentage of the
population has the time to interrogate or read thoroughly. fthe publ i cés quesd i ons,
fears are ignored or trivialised by biotechnology proponents adversarial reactions may develop that
will be difficult to resolve and will lead to unintended negative consequences for the development of
the sector in the long - term. Acquiring public information on biotechnology in Brazil is rarely a pro-
active exercise; instead it appears to be a reactive process in response to highly visible opposition
campaigns that seek to arouse fear and cultivate resistance to the use of GM crops. The result of
this has been a lack of accurate information in the general public domain about the tangible benefits
to be gained from its application in the agriculture, industry, medicine and health sectors. This has
also resulted in inaccurate public perceptions about the nature, magnitude and the likelihood of
potential risks, which in turn has laid a foundation for the current situation in which the public lacks
confidence in, and actively resists the government and other stakeholders involved the

biotechnology industry36.

The benefits and rel evance of t cteatlp nod ss ebidemt ttoe ¢ h n o |
consumers as what the Brazilian government would like them to be. It is reported that the public will
only accept biotechnology products when individuals decide for themselves that these products will
contribute to their personal well-being. However, as trust issues stand at the moment, achieving this

is still a challenge. In order to improve the public awareness of the industry, in early 2004 the

34 Hossain, F. 2002. Public Perception and Acceptance of Genetically Modified Food. Food Policy Institute. Working Paper
Hossain, F. 2002. Public Perception and Acceptance of Genetically Modified Food. Food Policy Institute. Working Paper

36 Tryanor, P, et al. 2007. Strategic Approach to informing the public about biotechnology in Latin America. Journal of
Biotechnology Vol. 10 NO.2, April 2007
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Brazilian government, which needed to maintain and make inroads into the acceptance of

biotechnology, agreed on a strategic plan. This plan included the following set of objectives:

A To make evident to decision makers that modern biotechnology can be an effective tool for
increasing productivity, and thereby enhanced economic growth, without imposing

unacceptable risks to the environment or to human and animal health;

A To enable members of the public to make informed decisions about appropriate uses of

biotechnology by providing accurate information about benefits, risks and impacts; and

A To incorporate modern biotechnology into science curricula for secondary schools, university

and college students3”.

2.3.3. IMPACT OF PUBLIC PERCEPTION ON THE BIOTECHNOLOGY
INDUSTRY IN BRAZIL

Public debate and discussion over the impact of biotechnology in Brazil has taken a moral, religious
and ethical path, with some sectors of society arguing that modern genetic research has taken the
Brazilian biotechnology industry to places t h at b e | o n@pd3®i aarly constder genetic
modifications, particularly gene transfer across species as against natural law. The study found, not
surprisingly, that compared to regular worshippers, individuals who are less religious are more
optimistic about biotechnology and more supportive of its use in plants. The empirical findings of the
study conducted in 2002, evidencedt hat t he p u bblotechriblegy and their suppon of its
use in plants and animals are largely influenced not only by their economic attributes, but also
critically by a combination of their social, economic, political and religious orientation3°. Contrary to
expectations, the study found that young people who are relatively highly educated and have
engaged in science subjects also have a very limited understanding of biotechnology and its
impacts. To promote the biotechnology industry, it is deemed vital that the actions and policies of
both public and private research and teaching institutions seriously strivetopr omot e peopl eds
and confidence in the state, especially among those who are educated. Effective communication is
necessary to make a significant contribution towards the general acceptance of biotechnology by the

Brazilian public.

Improved acceptance of the biotechnology industry in Brazil will only be realised if consumers and
food manufacturers consider the technology to be safe as well as beneficial for themselves and their

family members. Various public perception surveys reveal that most of the participants in public

37 Tryanor, P, et al. 2007. Strategic Approach to informing the public about biotechnology in Latin America. Journal of
Biotechnology Vol. 10 NO.2, April 2007

38 Tryanor, P, et al. 2007. Strategic Approach to informing the public about biotechnology in Latin America. Journal of
Biotechnology Vol. 10 NO.2, April 2007

39 Hossain, F. 2002. Public Perception and Acceptance of Genetically Modified Food. Food Policy Institute. Working Paper
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debates in Brazil believe that biotechnology has the potential to solve important problems in health
and agriculture, as well as in other industry sectors, where biotechnology does not pose a health risk
to consumers. Yet, there are still significant concerns regarding the potential negative impact of
biotechnology on biological diversity and the difficulty in implementing the strict regulations set by
the government. In general, the majority of the Brazilian public has a rather focussed view that
emphasises the ability of genetic engineering to address specific problems in biotechnology, but it
also points at the difficulties in creating policy incentives for companies and universities to promote

the development of the biotechnology industry in a balanced way4°.

There are also dynamics in the food industry whi ch
and appetite for new food items, especially for products developed through biotechnology
mechanisms. Decisions made by food industry gate keepers have an enormous impact on
stakeholders-f r om bi ot echnol ogy | aboratories to consumer
of how market forces have slowed or stopped development of promising new food crops. For
example, varieties of #f ésastandfwitferthe thopics haveabgeh slawed di s e a
in the development and approval process because of concerns over EU rejection. The majority of
the industry leaders in the food sector are enthusiastic about the potential growth of the
biotechnology industry in Brazil in the near future, however they do not feel as though biotechnology

has provided their companies with more or an equal benefit than it has for the commercial farmers41.

A common denominator from most of the research findings in this area is the insight that
biotechnology needs to be perceived as a home-grown technology. In order for it to be accepted and
to fulfill a useful place in the Brazilian bio-economy, there also needs to be buy-in from the general
public about its usefulness. This can largely be achieved by an increase in the confidence and trust
levels in the government. While bulk users are found to be more accepting of any products where
price is more of an issue, there has been hesitancy among food processors in Brazil to protect the

image and brand namesofe s peci al | y #f hifa higher mabrde nanketsd uc t s

A0Ferrer, M. 2004. The Scientific muscle of Brazil és Health Biotec
December 2004

41 Hoban, T. 2004. Public Attitudes Towards Agricultural Biotechnology. ESA Working Paper No. 04-09
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2.4 CANADA

Canada possesses the most conducive business environment in the G7 when dealing with the
biotechnology sector. The amount of capital generated by the Canadian biotechnology industry
increased by an impressive 79% in 2006, to reach US$1.8 billion an all time record for such a high
percentage increase*2. According to the Ernst & Young Gl obal Bi
comprises of over 13 400 employees with biotechnology related activities within innovative
biotechnology firms and the Canadian biotech companies invest a total of $1.7 billion in research and
development, and it has the highest tax credit rate for R&D%3. €anadads bi otechnol ogy
expanded rapidly in the last decade, in terms of industry-wide revenues, the launch of new companies,
and in the continued diversification of products. Canada is one of the top five countries in the world in
biotechnology in terms of R&D investment, and its high international scientific standing is a reflection of
its leading-edge research, a proven entrepreneurial approach that emphasises clusters and
partnerships, and an established financing and Ve
acceptance of biotechnology continues to mature as almost everyone has either read or heard
something about biotechnology generally and its applications. More importantly is that most people are

aware of some of the benefits and risks associated with it.

2.4.1. KEY CHARACTERISTICS OF THE BIOTECHNOLOGY INDUSTRY IN
CANADA

The extensivegr owt h of Canadads [ni2@06 was largety due tpyts sirongdbase t r vy
of scientific expertise, its continuous investment in establishing an innovative Research &
Development base, as well as the private sector, which comprised of company revenues that grew

to US$3.2 billion (a 22% increase from 2005)44. Canada has established the fastest growth rate in

the number of workers devoted to biotechnology R&D among the G7 <countgries
R&D capacity in biopharmaceuticals is a natural evolution from a research base that has won an
international reputation in the fields of genomics, proteomics, bioinformatics, stem cells, immuno-

therapies, protein engineering and new drug delivery systems4°.

There are 400 biotechnology-based firms in Canada. This is the second largest number of
biotechnology companies in the world, which generate revenues that rank third internationally-
behind the United States and the United Kingdom. Canada may have fewer actual companies than

42 Ernst and Young. 2007. Beyond Borders: Global Biotechnology Report 2007.
43Ernst and Young. 2007. Beyond Borders: Global Biotechnology Report 2007.
44 Ernst and Young. 2007. Beyond Borders: Global Biotechnology Report 2007.
45 http://www.ic.gc.ca/epic/site/lsg-pdsv.nsf/en/hn00200e.html
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the United States, but on a proportional basis relative to the size of its population, its numbers are
greater.

Canadads biotechnology firms continue to diversify
than one biotechnology sub-sector. Canadian universities and research hospitals are conducting

research with significant commercial potential as well. Currently there are almost 500 products in the
biopharmaceutical product pipeline from research through to the market.

The table below quantifies the developing biotech industry in Canada over the last few years.

FIGURE 11: FEATURES OF THE BIOTECHNOLOGY INDUSTRY IN CANADA

2007 2005 % Change
Total Number of companies 532 490 9%
Number of public companies 81 82 1%
Revenue $4.2b $3.8b 10%
R&D Expenditure $1.7b $15b 1.3%
Number of IPOs 1 4 0.25%
Value of IPOs $5m $194 m 0.02%
Follow- ons $580 m $357 m 6%
Market Capitalization $10.8b $15.3b 7%

Source: Beyond Borders, Ernst & Young, 2008
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It is also clear from the bar figure below that the firms in Canada are diverse in service offering and
that biotechnology in the arena of therapeutics continues to be a significant player within the sector.
According to BioteCanada, fi t h e roabeeahe tsize ofsthe agro-bd s ect

sector. This sector only occupies 15% of the number of firms#6. o

FIGURE 12: DISTRIBUTION OF BIOTECHNOLOGY FIRMS IN CANADA

Therapeutics
Agri-hio
Genomics,proteomics,and enabling...

Industrial

Tissue engineering
Diagnostics
Drug delivery %

Drug discovery technologies & services Pl

Other %

0% 10% 20% 30% 40% 50%

Source: Ernst & Young, 2006

Although wide-spread interest in biotechnology related activities is a recent phenomenon, the
government of Canada first identified biotechnology as an important economic sector and a key
enabling technology to support economic growth and international competitiveness in the 1970s.

The government of Canada adopted its first National Biotechnology Strategy in 1983. The strategy
refocused its policies in 1993, with a revised Federal Regulatory Framework for Biotechnology. In
1998 the Canadian government's approach was reviewed and amended once more to address a
broader range of emerging issues in a new Canadian Biotechnology Strategy (CBS). Through this
strategy, the government of Canada worked in close partnership with provincial governments and it
also included representatives from industry, from consumer, environmental and other non-
governmental organisations, as well as individuals comprising of concerned Canadians, to identify
and respond to emerging issues. Collectively, these partners are working to capture the benefits of

biotechnology while managing its real and potential hazards.

46 BioteCanada. 2004. Strained at the Leash. A discussion paper for improving regulatory performance for biotechnology
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The feder al government 6s | eadership in the areas o
significantly to Canadads success in biotechnology
of research infrastructure, large pools of post-graduate and post-medical practitioner research,
world-class academic, public and private sector research investigators, entrepreneurs and a

supportive business environment for its citizens.

The following are some of the latest highlights by the federal government in conducting

biotechnology activities during the years 2006-07 in Canada;

A Science and Technology (S&T) spending on biotechnology was up 1.8% in 2006/07 to $880

million, accounting for 9% of total federal expenditures;

A Federal S&T data on biotechnology comprises spending on research and development and
related scientific activities for both in-house performers and those outside government, such as
business enterprises and higher education sectors. Data also covers spending on full-time

equivalent personnel associated with S&T activities;

A At $602 million, the majority (68%) of S&T spending on biotechnology was allocated outside
government especially to the higher education sector. The remaining $278 million (32%) was

allocated to in-house S&T activities in biotechnology.; and

A A total number of 1, 929 full time equivalent personnel were dedicated to the federal in-house

biotechnology S&T activities?”.

In 1999, Canada established Genome Canada, which is an organisation dedicated to enable
Canada to become a world leader in genomics and proteomics research. So far, CDN$600 million
has been invested in Genome Canada, including $165 million from the federal budget of 2005.

The Canadian biotechnology community recognises the vital role played by the federal government
in regulating products and services. With more than 18 000 products being developed in the
biotechnology life cycle in Canada, there is a challenge in ensuring that regulations operate
efficiently and ef fecti vel yive fBiomahnoldgyh bas lgeenvleghin me nt 6

regulated in Canada“8.

One of the federal governmentds | argest chall enge
rigorous regulatory system that exists for biotechnology products in Canada. A strong, consistent
and co-ordinated communications effort is needed which will involve all federal departments and

agencies responsible for biotechnology.

47 Statistics Canada. 2008. Biotechnology Scientific Activities in the Federal Government. Minister of Industry
48 BioteCanada. 2004. Strained at the Leash. A discussion paper for improving regulatory performance for biotechnology.
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According to a biotechnology industry overview commissioned by the Canadian Life Sciences
Institute, research conducted in 2008 revealed the following regarding the role of government:

The current government policy approach to biotechnology continues to be accepted by a wide
majority of Canadians. There is continuing broad support for a two-track policy approach which
includes a strong regulatory and scientific oversight system for long-term surveillance and
research, in combination with measures designed to foster the development of the technology
and the industry;

Almost nine in ten Canadians agree that "the primary role of government in this field is to gain
the benefits while managing the risks," suggesting that gaining the benefits is an acceptable and

appropriate objective to strive for, as long as stewardship is diligently pursued.

Canadians want the government to ensure they benefit from vital scientific breakthroughs,
particularly in health and medicine. They want to ensure that Canada is at the forefront of
scientific research internationally because of the resultant economic benefits. It may assist in
addressing perceptions of a "brain drain" of bright young Canadians to other countries. For
instance, most Canadians would like the government to contribute to private sector venture
capital funds earmarked for biotechnology research and development.

242.PUBLI C/ ST AKE HRHROEHPRIGNS OF THE BIOTECHNOLOGY
INDUSTRY IN CANADA

According to research conducted by BioteCanada in 2004, Canadians exhibit a blend of high
awareness of biotechnology mixed with low levels of engagement and knowledge. Most Canadians
find the area too complex and technical to follow closely. However, the increase in the awareness,
coupled with extensive media coverage, has had a positive impact in the depth of knowledge and
awareness among interested people and opinion leaders from within the general population®®.
Heightened awareness is driving the growth of more complex, nuanced and moderate views toward

this advancing technology.

The most prevalent negative driver in the re
concern about long-term risks and unknowable outcomes that these technologies may produce i in
particular, potential long-term risks to human health and the environment. The more intrusive the
application, the higher the life form it involves and the larger the degree to which the application
crosses boundaries separating plants, animals and humans, the larger the perceived risk. With the

exception of human and animal cloning, where ethical issues are important drivers of opinion, risks

49 BioteCanada. 2004. Strained at the Leash. A discussion paper for improving regulatory performance for biotechnology
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drive negative perceptions about biotechnology and this has a consequence on the performance of
the industry as a whole.

While most Canadians express concern about potential risk, they are both resigned to its inevitability
and confident that somewhere, someone is in charge of trying to mitigate that risk. In a world replete
with threats and risks, the risks of biotechnology seem, to many people, to be less urgent and less
commanding of immediate attention. The research shows that Canadians place the risks from
biotechnology on a decidedly lower tier of concern than many other risks. In general, Canadians
seem to have assumed a casually watchful and mostly neutral stance, relying on science to resolve

issues arising.

Most Canadians believe that products on store shelves have been tested and are safe. Even though
they have virtually no detailed understanding or knowledge of the federal government's regulatory
practices and imperatives, there is a general sense among Canadians that the systems
implemented by the government are sound. Once Canadians are provided with information about
the government's stewardship roles and systems, large majorities move towards supporting most
applications. Most people want to know that government is trying to mitigate or reduce risks as
society seeks to gain the benefits of biotechnology. They want biotechnology activities to proceed as
long as government seems to be managing risk intelligently. There is, however, a preference that
the government increases its emphasis on training and development, with particular emphasis on

studying the long-term impacts of these technologies®°.

A survey in Canada conducted by Einseidel revealed a strong association of public awareness
attitudes between animal cloning and biotechnology. There are also insights into the factors that
contribute to public ambivalence to new technology and some surprising information on the effect of
scientific literacy on the acceptability of cloning applications. To explore public attitudes to a
particular cloning application, respondents were also asked to evaluate cloning of animals, such as
sheep whose milk can be used to make drugs and vaccines, on the basis of usefulness, risk and
moral acceptability. As indicated in the figure below, over half of the respondents interviewed agreed
that this type of cloningisAusef ul 0. However 6 out of 10 thought

fewer than half said it is morally acceptable.

50 canadian Government. Report on Biotechnology (1998-2003):Bio Strategy
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FIGURE 13: PUBLIC OPINION TOWARDS ANIMAL CLONING AND BIOTECHNOLOGY

Animal Cloning and Biotechnology

Encouraged
19%

Source: Einseidel 2000

Although media coverage of biotechnology has increased over the past few years, the dramatic rise
in the publicdéds concerns for related areas of gel
already starting to generate controversy and could potentially also take a similar form as reported in
the figure above. Such applications include for example, the use of human stem cells derived from
embryos to generate replacement tissues to treat certain diseases or the genetic engineering of
animals, such as pigs, to generate organs for xenotransplants. It will be instrumental to recognise

the |l essons from Canadads withpimilaricantrocessialareas®h. ¢l oni ng

Public opinion research conducted by the CBS has consistently found that when communicating with
the public through effective channels such as the internet, radio and television, Canadians become
open-minded and supportive of the benefits associated with biotechnology, particularly those related
to medical discovery, an improved quality of life and new jobs. Two thirds of the people describe
themselves as supportive of Canada's focus on biotechnology for the future. However, as receptive
as they are, Canadians want assurance that any potential risks are being carefully managed and

mitigated on their behalf by those entrusted to do so.

51 Social Sciences Human Research Council of Canada. 2000. Nature Biotechnology
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Over the turbulent years of commercial introduction, the Canadian biotechnology industry has
learned some of the following key lessons, which the government and industry in Canada has

adopted and used accordingly:

A Impeccable science and grower demand are only the first steps in selling products;
A Information about biotechnology products must be clear and delivered by credible authorities;
A There are many stakeholders with strong interests in the issue of agricultural biotechnology.

Hence, a "go-it-alone" strategy is not always advisable;

A Carefully listening and responding to legitimate issues and concerns of consumers and other

societal groups is paramount to the effective introduction of biotechnology products; and finally

A The Canadian biotechnology industry participates in listening sessions with members of the
public and key stakeholders. These sessions are designed to assist the biotech sector to directly
understand and legitimately deal with the public concerns about biotechnology. The country is
focused on building relationships and networks with stakeholders, in order to develop a broader

base of support and technology and to gain critical feedback>2.

2.4.3. IMPACT OF PUBLIC PERCEPTION ON THE BIOTECHNOLOGY
INDUSTRY IN CANADA

Canada is a world leader in biotechnology. A proven commitment by the government of Canada has
steadily increased investment in R&D infrastructure, thereby ensuring that the Canadian industry will

continue to thrive in an environment that supports discovery, research and innovation.

From the effort invested into the human capital area, Canada managed the fastest growth in the
number of researchers devoted to R&D, in external patent applications, and in business
expenditures on R&D among the G7 countries. This is an indication of the strong effort and
investment that is discharged into skilling and acquiring the best human resources for the

biotechnology industry in order for the sector to develop.

The government of Canada also recognises that the relentless rate of development in this fast-
changing field demands that it ensures these technologies are used wisely and safely to protect the
health and safety of Canadians and the environment. Yet, it also recognises this country's enormous
potential to be a responsible world leader in biotechnology. Confidence in the regulatory
environment is key, and government needs to ensure that safety is always adhered to when

52Krueger, R. 2003. The public debate on Agrobiotechnology: A Biot
Management & Economics
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developing biotechnology products for the greater public. It should be borne in mind that public
perceptions of biotechnology are as important in the laboratories as they are in the public domain.

Rapid developments and advances in biotechnology mean that attitudes and acceptance relating to
biotechnology, as well as the associations between them, are likely to change over time. The
government of Canada argues t hat , it i s i mport
under st oo dompared td/direemcurrent societal issues (e.g. pollution of the environment), the
largest proportion of people rated GM foods and cloning as the least concerning issues. Many
people felt they could explain cloning to a friend, whereas the largest proportion of people have
heard of, but know very little about, stem cells, genetic engineering, biotechnology and gene
therapy. The majority felt that cloning could make matters worse, but that the other technologies
could improve the way of life in the future. A majority of the Canadians from research done by the
CBS felt that genetic engineering, biotechnology and cloning were impacting society. They further
acknowledged that almost any technology would be considered acceptable if it were to benefit

onesel f or onebdbs | oved ones.

The wor d 0 adcemtly berrgnggativelyscommunicated by members of Canadian public that
hold strong opposing views, this resistance extended to even the cloning of plants which was seen
as unethical and unacceptable, until it was highlighted that propagation through cuttings, which a

well accepted technique, was in fact considered as a cloning case®3.

From the 2004 Strained to the Leash research report released by Biotechnology Canada, a
conclusion was drawn that the Canadian public was less likely to accept biotechnology if it consisted
of one or more of the following factors:

It has more benefits to the company developing it rather than the general public;
It involves gene transfer from species that are not closely related;
Biotechnology is not undertaken for a societal benefit;

It is perceived to be harmful to people and the environment; and

> > > > >

Biotechnology is not developed with enough consultation and regulation through effective

communication channels®4.

However, the results of these studies suggested that providing more public education about
biotechnology will not necessarily lead to acceptance. The association between levels of support for

biotechnology and objectively measured knowledge is weak and the differences in knowledge

53 Social Sciences Human Research Council of Canada. 2000. Nature Biotechnology
54 BioteCanada. 2004. Strained at the Leash. A discussion paper for improving regulatory performance for biotechnology
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between ardent supporters and opponents may not be practically significant. As such, it is unlikely
that it is possible to simply educate people into accepting something fully.

2.5 THE EUROPEAN UNION

TheEur opean Uni on 6wicelrdpreserascthe erdire bigeghnology industry with 72 global
life science companies, 25 national member associations, and more than 1500 small and medium sized
biotechnology companies®®. Biotechnology is fast evolving with direct or potential significance for
European businesses and European policymakers. It plays an increasing and supporting role in the
health sector, with the development of new techniques for treatments and disease prevention. The
industrial landscape in Europe is steadily being transformed by the use of biotechnologies in a large
number of industries, resulting in a wide range of products already in the market for example vaccines

against Hepatitis B, fruit juice concentrates, or car bumpers made out of bio-plastic®6.

2.5.1. KEY CHARACTERISTICS OF THE BIOTECHNOLOGY INDUSTRY IN THE
EU

The figure below looks at the comparative growth in the European Union biotechnology industry

between 2005 and 2006. These are, the latest available figures.

FIGURE 14: GROWTH OF THE EUROPEAN BIOTECHNOLOGY INDUSTRY

2006 2005 % Change
Revenues (U 9150 7 993 14%
R&D expenses 2 892 2 559 13%
Number of Companies 156 122 28%
Employees 39 740 34 250 16%

Source: Ernst & Young, Global Biotechnology Report 2007

The figure below shows the percentages of active biotechnology companies that are involved in
different sectors within the EU, the predominance of the health sector (37%) being noteworthy. It is

followed closely by the bio-processing sector, which is involved in services and screening, (34%)°’.

55 Vanhemelrijck, J. 2006. Biotechnology in Europe: 2006 Comparative Study
56 http://ec.europa.eu/biotechnology/docs/com_2007_175_en.pdf
57 European Commission. 2002. Life Sciences and Biotechnology: A strategy for Europe
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FIGURE 15: BIOTECHNOLOGY COMPANIES IN THE EU BY SECTOR

Agricultural &
Environmental
11%

Source: European Commission 2002

The European biotechnology industry employs over 96 500 people. Much of this human capital
resource resideswi t hi n SMEs. The European biotechnology i
industries both in terms of novel products and improved production methods. The impact of the local
market on the biotechnology industry is difficult to ascertain, but the various market segments that
utilise biotechnology inventions are sizeable, particularly in the areas of therapeutic products and
diagnostics. In 2002, the use of biotechnology-derived products further downstream by the EU agro-

food secto r contributes about 3% turnover and. bet weenl.

The EU holds large shares of the global markets for which biotechnology derived products are
relevant (e.g. breeding and propagation material, veterinary products and feed additives). The
notable exception is GM crops. The market for genetically modified crops has grown quickly
worldwide. Some 102 million hectares of GM crops were grown in 22 countries in 2006, which is
equivalent to approximately 6% of cultivated land worldwide. In the EU the uptake has so far been
limited, where GM crops, predominantly maize, are cultivated in only 6 member states. Of these only
Spain has a significant share of GM maize cultivation with 13% of the acreage, which is less than

1% of EU maize acreage. This is negligible compared to 61% of the maize acreage in the USA>®.

58 Zika, E et al.2007. Joint Research Centre Reference Report
59 European Commission. 2002. Life Sciences and Biotechnology: A Strategy for Europe
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With a 30 percent increase in the number of biotechnology products being developed in the EU at
the end of 2006, the overall pipeline now consists of almost 700 compounds in development by
public European biotechnology companies. The strong growth of the products in the company
pipelines is driven in part by the large number of therapeutic development companies. At the end of
2006, nearly 200 therapeutic products were being sold by public biotechnology companies in various
markets, with 27 more products awaiting market approval. However, regarding currently marketed
biotechnology products, specialty pharma companies clearly dominate, reflecting the faster time to
market inherent to their business model. A full 78% of marketed products were brought to market by

specialty pharma companies, 57% of which belonged to UK-based companies.

The public debate on biotechnology and fundamental consumer values and biotechnology impacts,
highlight the need for responsible and coherent policies to govern these rapidly developing
technologies. Within the EU all key government departments and stakeholders have stressed the
importance of governance, in giving attention to the way public authorities prepare, decide,
implement and explain policies and actions. The European Commission proposes to apply the

highest standards of governance of biotechnology, which includes the following actions:

A Societal scrutiny and dialogue should accompany and guide the development of life sciences

and biotechnology;

A Life sciences and biotechnology should be developed in a responsible way in harmony with

ethical values and societal goals;
A Informed choice should facilitate demand driven applications;
A Science-based regulatory oversight should enhance public confidence; and

A Basic regulatory principles and legal obligations should be respected to safeguard the

community single market and international obligations®P.

2.5.2. PUBLIC / STAKEHOLDERS PERCEPTIONS OF THE BIOTECHNOLOGY
INDUSTRY IN THE EU

The European public is not risk-averse about technological innovations that are seen to promise
tangible benefits. There is widespread support within the biotechnology realm for medical (red) and
industrial (white) biotechnologies, but general opposition to agricultural (green) biotechnologies in all
but a few countries®l. Overall most fields of biotechnology generally enjoy a high level of public
support with the exception of GM foods, where public opinion is more ambivalent, and the

implementation of the legislation has proved to be difficult.

60 European Commission. 2002. Life Sciences and Biotechnology: A strategy for Europe
61 Gaskell, G. 2006. Europeans and Biotechnology in 2005: Patterns and Trends
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The Eurobarometer released in May 2006 shows a rise in public awareness for biotechnology, with
52% respondents believing that biotechnology will enhance the quality of life, compared to only 20%
in 1999. This is almost the same percentage of people who believe that mobile phones will improve
the way of life (58%)52.

FIGURE 16: GROWTH OF AWARENESS OF BIOTECHNOLOGY IN THE EU

Growth of Awareness of Biotech

1999 2006

Source: Eurobarometer 64.3

In Europe, a series of intensive public debates and discussions have emerged.These have
contributed to increasing the level of awareness as well as real improvements in perceptions on
important biotechnology issues. These communications also narrowly focussed on genetically
modified organisms (GMOs) and on specific ethical questions about which public opinion has
become rather sidelined®3. All fields of biotechnology generally enjoy a high level of public support
with the exception of GM food, where there is more public opposition. Interestingly though, more
than 50% of Europeans say they would buy GM foods if: it is labelled, healthier, contains less
pesticide residues, and more environmentally friendly. This indicates that public support could rise if
the benefits of GM foods are demonstrated to the consumers. Accordi ng t o Gwynne and
tends to show that the European public has limited knowledge about the crucial role of agricultural

production in the development of bio-based industries, including biofuel production®4. ¢

Attitudes toward risk also differentiate Europe from North America in terms of growth opportunities

for the biotechnology industry. The culture is still very negative towards people who have failed in

62 Eurobarometer. 2006. Public Awareness Survey
63 European Commission. 2002. Life Sciences and Biotechnology: A strategy for Europe
64 Gwynne, P and Guy, P. European Biotechnology: Competition for Emerging Opportunity

March 2009 Page 57



Publicbés Perceptions and Knowledge of Biotechnology

advancing the biotechnology business. It is also very difficult to obtain backing once the market has
realised that a product does not add immediate value to p e o p llivesid terms of the benefits
outweighing the costs of the product or service offered. The Green movement, which has significant
public support in most European nations, has helped put the potential dangers of biotechnology high
on the political agenda. Such issues, including the possible extension of cloning techniques to
humans and the introduction of genetically modified foods, have become the subject of wide public
debate that transcends green politics. Even Britain, which has the most market-oriented economy in
Europe, has not avoided a major debate over the possible dangers posed by genetically modified

foods.

The debate has however not halted the development of Europe's biotechnology industry. Instead it

has forced policy makers and entrepreneurs to re-evaluate the industry's processes and products.

In summary, there are three main factors that influence the direction and magnitude of growth of

biotechnology in Europe. These factors are as follows:

A The level of government influence and control. In many EU countries the government has a
strong influence on what scientists can and cannot contribute to commercial enterprises though

regulations and R&D investment support to name but a few;

A An attitude toward failure that is far more conservative than in the USA. This is significant

because biotechnology is an emerging technology with considerable risks attached; and

A Public opinion, which is generally less favourable towards biotechnology in the EU, compared

to the USA and Canada, especially regarding GM food products.

2.5.3. IMPACT OF PUBLIC PERCEPTION ON THE BIOTECHNOLOGY
INDUSTRY IN THE EU

Europe has a number of key strengths to build on: An excellent academic base in the biological
sciences; some of the worldbés | eathenguoehdyme | aogppahi €
infrastructure and knowledge base; and solid development and production of bio-specialities. But it
also has a lower overall R&D spend than major competitors, and provides a less innovation-friendly

environment.

According to Jack Huttner, Chairman of EuropaBi o006s
on its undoubted strengths in the area of white biotechnology. But our problem is in translating the
excellent science into commercial products. We must stimulate public-private partnerships to enable
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the development of flexible, research-oriented pilot plants to validate the concept of integrated and

diversified bio-refineries®>. o

From the 2006 Eurobarometer report, it is clear that public attitudes are crucial in the development of
the European biotechnology sector. Many policy decisions relating to biotechnology and the
appropriate labeling and communication of GM foods are based on references to consumer
acceptance or rejection. As has been shown by a study conducted for the European communities in
2001, these decisions are often based on perceptions of public perceptions rather than on a solid

understanding of what public perceptions are.

It is clear that a great diversity exists between countries and regions with their capacities to develop,
regulate and apply the new biotechnology products and services. Even greater diversity may
emerge with regards to the priorities and societal values that will shape the approaches and choices
to developing a strong bio-economy.

65 http://www.monsanto.co.uk/news/ukshowlib.phtmI?uid=11002
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2.6 AUSTRALIA

Bi otechnology is one of Australiabés fastest growing
reputation for research and development. With biotechnology and life sciences predicted to overtake
information and communications technology as the world's largest industry by 2030, both the federal
and state governments have identified scientific innovation as the engine of future economic growth and

made it a priority area for investment.

2.6.1. KEY CHARACTERISTICS OF THE BIOTECHNOLOGY INDUSTRY IN
AUSTRALIA

The number of core biotechnology firms in Australia has mushroomed from less than 200 in 2001 to
well over 400 in 2006; of which 46% are in human therapeutics, 16% are in agricultural biotech and
15% in diagnostics. These companies are mostly based in Victoria, New South Wales and Queensland.
Almost 100 firms are listed on the Australian Stock Exchange (ASX) and their total revenue exceeds
A$3 billion (£1.2 billion). According to the Australi an bi ot echnol ogy website, A Au
centre for biotechnology after the US, Canada, Germany and the UK. Blessed with the highest level of
biodiversity in the region, including the Great Barrier Reef in Queensland and other World Heritage
sites, Australia has an ideal environment for the development of biotechnology®®. & late 2006 and
early 2007 the Australian biotechnology industry showed signs that there were increased mergers and
acquisitions and fewer start-ups. The number of core companies held steady at 427 and the number of

medical devices companies increased slightly to 62567,

However, while Australia has the largest core biotechnology sector in the Asia-Pacific region, its
industry suffers from a relative lack of established biotechnology companies. Excluding Commonwealth
Serum Laboratories, in 2006 there were 17 Australian publicly traded biotechnology companies with a

market capitalisation of over $A100 million (US$75 million)%8.

66 http://www.ausbiotech.org/content.asp?pageid=27

67 Thorburn, L and Hopper, K. 2007. Biolndustry review of Australia: A review of the year just gone and predictions on the year
ahead.

68 Ernst & Young. 2007. Global Report on Biotechnology 2007
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FIGURE 17: THE GROWTH OF THE AUSTRALIAN BIOTECHNOLOGY INDUSTRY
MEASURE 2006 2005 % Change
Revenues ($m) 2 389 2242 7%
R & D expense($m) 274 225 22%
Net income (loss)($m) (241) 104 -331%
Number of employees 8 820 8 350 6%
Market capitalisation 12 395 8 947 39%
Total assets ($m) 4121 3697 11%
Number of public companies 76 79 -4%
Source: Ernst & Young 2007
In Australia there are relatively few small grants that are being provided to new companies, thus
grants now form a smaller proportion of funding for new companies. This may also indicate a change
in government priorities, providing less support for new establishments while focusing more on
established companies that may yield a better return on investment and especially on those that
were benefited earlier under the biotechnology innovative fund. According to Thorburn and Hopper,
ffas at December 2006, the mar ket capitalisation of

billion and that of the top ten devices firms at $8.47 billion®°. &n interesting feature related to the
maturity of the biotechnology industry in Australia is that there has been an increase in interest in
Australian biotechnology firms by companies overseas. Preceding this there has been an increase
in the number of staff employed in biotechnology companies; followed by an increase in the number
of US biotechnology patents granted in 2006, and then an increase in the number of products in late
stage clinical trials. These are some of the reasons for the growing strength and maturity of the

Australian industry during a recent difficult period of funding.

The Australian government has provided considerable funds for expanding established
biotechnology businesses, according to the key biotechnology sponsoring groups Ausbiotech,
Austrade, and Invest Australia. However, companies considering expanding into Australia will also
find private investment. The Australian Venture Capital Association Limited (AVCAL) is the national
association that represents the venture capital industry players: Its members have invested Au$ 10
billion”. A growing number of Australian biotechnology companies are seeking to commercialise
leading edge technologies that have a basis for application in the life sciences, but the process from
discovery to sales is long and costly, and requires partnerships with larger corporations who have

access to the relevant market.

March 2009

69 Thorburn, L and Hopper, K. 2007. Biolndustry review of Australia: A review of the year just gone and predictions on the year

ahead.

70 van Beuzekom and Arundel.2006. OECD Biotechnology Statistics 2006
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2.6.2. PUBLIC/STAKEHOLDERS PERCEPTIONS OF THE BIOTECHNOLOGY
INDUSTRY IN AUSTRALIA

Australia is constantly trying to incr eacfailititthe pub
informed debate and decisions. This is done through publicising national regulations and
applications that safeguard the people and the environment. Consumers seek balanced information
on biotechnology, ranging from the basics of gene technology to details of the regulatory processes.
The issue of genetically modified foods appears to be of particular concern. There is strong
preference from the community for the government to become the main authority of informing the
public with any issue regarding biotechnology rather than the message being communicated by the
industry. In order for public trust and confidence to be gained regarding biotechnology, it is essential
that the community continues to contribute towards the development of government policy. One of
the strategies envisaged by the government of Australia is to engage the community in discussion
with the regulatory processes, including the testing and labeling of GM foods, and the assessment

and management of risks to human health and the environment’?,

In responding to a survey conducted by Eureka Strategic Research in 2007, Australians were asked
about their perceptions on the usefulness, risks and acceptability associated with biotechnology and
the industry. The majority of Australians were aware of applications related to biotechnology.
Awareness of modifying plant genes to produce food was high at 85%, and awareness of stem cells
was higher at 95%. There was a significantly high awareness of GM crops and GM non-food crops
among males, but a significantly higher awareness of the use of gene technology in human
transplants among females’2. The purpose of biotechnology in agriculture (specifically of GM crops),
was perceived by many to be of commercial use and as bringing benefits to large producers and big
businesses rather than to consumers, farmers or the public in general. By contrast, the purpose of
biotechnology in the medical realm was perceived to be altruistic and humanitarian, and as
benefiting society as a whole. Many Australians expressed concern about the level of control that
can be exercised over GM crops, particularly once they are released from the laboratory into the
environment. The risks of widespread planting of GM crops were thought by some to be high,
potentially affecting all membersofsoci ety through fAcontamination of
process of introducing GM crops was believed to be irreversible. Some commented that GM plant

strains were more virulent than, and therefore likely to take over, natural varieties.

The most important theories put across by the pro-biotechnology public in Australia are the

following:

71 Commonwealth of Australia. 2000. Australian Biotechnology: A national Strategy
72 Eureka Project. 2007. Biotechnology Australia: Community Perceptions of Biotechnology
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>

If only more of the public understood the science they would not be so concerned,;

>

People are always concerned about new technologies and, given a little time, their concerns will
diminish rapidly; and

A More Australians should just put more trust in science.
Theories put forward by the anti-biotechnology public are the following:
A Biotechnology is not natural and should therefore not be allowed out of the laboratory;

A The public needs more ownership of the technolog
and

A Scientists cannot be trusted, and governments are powerless to regulate against this
technology, so it should be banned.

The public debate in Australia has been characterised by a range of biotechnologies that have been
developed with little societal input on the one hand, and on the other hand, a societal debate that is
taking place with no scientific input. Hence, whilst science and industry always lament the need for
the community to understand the science, community groups are calling for industry and scientists to
understand their concerns. This mismatch is often reflected as the fact versus emotion debate, with
both sides demanding that each comes across to their way of thinking, and neither seeming able to

see the need to meet in between?3.

2.6.3. IMPACT OF PUBLIC PERCEPTION ON THE BIOTECHNOLOGY
INDUSTRY IN AUSTRALIA

From the survey results of the Eureka study conducted in Australia, it is clear that there have been
significant increases in both the awareness of and support for GM food products. A minority that is
opposed to GM crops still remains. Resistance still exists and is associated with a number of
attitudes and beliefs, including a belief in natural (non-industrialised) farming practices; opposition to
big businesses and the globalisation of commercial agriculture; health concerns about the genetic

modification in the food chain, and discomfort with science and new technologies.

Many consumers are troubled over what they see as a lack of informed choice rather than of the
prospect of ingesting GM foods, which they believe is already commonplace. Willingness to eat
genetically modified foods is low, particularly for meat and other products. It appears that people
have become more familiar with biotechnology than with gene technology over recent past. There is
no reason to suppose that the trend towards greater acceptance will not continue as these

technologies become a more normal part of everyday life. There is however no great public appetite
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for detailed factual information about how things are done; rather people are more interested about
the potential benefits of technology and the impact that it has especially from health and safety point

of view.

From the recent surveys conducted in Australia, most respondents felt that biotechnology was
changing at such a rapid pace that developments could not possibly be anticipated nor legislated
against. It was generally felt that the Australian public and government were powerless, compared to
the international financial powerhouses and multinational companies who were driving
biotechnological innovations’4. There was also a strong perception that there are no adequate
controls over the processes, motivations and outcomes of the development and application of
biotechnology and gene technology in Australia. This particularly applied to applications that raised
complex and ethically disturbing issues about h un

biotechnology industry will develop into a formidable sector, if it basis its principles upon:

A Information - a level of understanding of the technology and what it can and cannot do and
which has to be provided from a credible source;
A Regulation - a level of confidence that regulation exists to protect humanity;
A Consultation - a feeling that the public has some input to the development of biotechnology;
A Consumer choice - the ability to accept or reject each application of the technology; and
A Consumer benefit - a clear individual and societal benefit from each application.
This concludes the international overview of interne

perception on the biotechnology industry.
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3. OVERVIEW OF THE SOUTH AFRICAN
BIOTECHNOLOGY INDUSTRY, AND
RELEVANT PRIOR WORK

3.1 OVERVIEW OF THE SOUTH AFRICAN BIOTECHNOLOGY
INDUSTRY

Biotechnology is internationally believed to be the next revolutionary scientific endeavour in the history
of humanity’®. According to the National Biotechnology Strategy for South Africa, biotechnology can
potentially make an i mportant contribution to South
human health (including HIV/AIDS, malaria and TB), food security and environmental sustainability. The
South African government supports biotechnology and encourages home grown research. Government

has recognised the potential that this industry holds.

Minister of Science and Technology, Mosibudi Mangena, said at a Biotech Conference in 2004

iBi ot echnol og yoneobthd pdorith scoosioe investment attraction in South Africa. The
Government is committed to giving our local sector every opportunity to mature responsibly into an

African leader in biotechnology. It is committed to creating the best possible climate, be it regulatory,
political or commerci al, for biotechnol ogy invest me
heavily dependent on public funds, there is a requi
biotechnology industry and its role in South Africa.

Findings from the South African National Biotechnology Audit in 2007 revealed the following:

A A difference between the core and the non-core active companies is that the former have the
majority of their products in the R&D stage while the latter have the majority of their products in

production in the market stage;

A The total number of employees in the biotechnology active firms exceeded 7 280. Of those, 2051
were involved with biotechnology related activities (up from 1 800 during 2004). The core
companies employed 765 people and they exhibited a relevant growth of 22% during the 2004 to
2006 period;

A The majority of the companies (90%) employ less than 50 people each. Fifty four percent are

previously disadvantaged individuals (P D | ansl #7% are female;

A The biotechnology active companies declared that they had revenues of R767.6 million during
2006 compared to R624.4 million 2004;

75 Freeman, C, and Soete, L. 1997. The Economics of industrial innovation, MIT Press, Cambridge, MA
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A Revenue from biotechnology related exports was R211.4 million during 2006 (R229.1 during
2004).In 2006 the turnover of the core biotechnology firms was R520 million and biotechnology

exports in 2006 were R86 million. The core companies are active in collaborative ventures;

A The biotechnology active firms declared that they were involved with 1 542 products i 58% in

agriculture;

A The core companies declared that they are involved with 559 products at different stages of
development;

A 68% of the products were related to agriculture and 57% were in various R&D stages;

A Sixteen biotechnology active firms, nine of which were core companiesdwere identified to be
involved with modifying living organisms;

A The main reasons behind the <collaboration

fi R & DMain collaborating partners are universities and other biotechnology firms. The core
companies declared that they raised R216 million during the 2003 to 2006 period; and

A The majority of the funds came from the BRIC& (36%) and the Innovation Fund (19%). R&D

expenditures increased from R48million in 2004 to R76 million in 200676,

The Ernst & Young 2008 Report has stated that the local biotechnology sector tends to work in silos.
The report commented that in the bio-fuels sector, there is no apparent synergy between the agriculture
and energy disciplines. However, support agencies are helping to bridge these gaps by creating forums
for people of different disciplines to network and discuss opportunities of improving the biotechnology
industry’’. As a nascent industry, biotechnology requires collaboration between government, the private
sector and academia if it is to develop into a viable and sustainable industry.

In terms of human capital, South Africa is faced with a skills shortage especially in the mathematics and
science fields; and as a result the shortage in the number of technical people, with the ability and vision
to set up and run their own biotechnology businesses, is further compromised. The biotechnology
industry is transforming from being research/supply driven to being more commercial/demand driven.
Although South Africa may not have the necessary technical skills at the moment, investment in

nurturing skills to develop commercial opportunities in biotechnology is ongoing.

76 Prof Anastassios Pouris. National Biotechnology Audit 2007: Biotechnology Use and Development in South Africa. Institute for
Technological Innovation , University of Pretoria
77 Emst & Young. 2006. South African Biotech Review. Ernst & Young Report
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3.2 OVERVIEW OF RELEVANT PRIOR WORK

A number of prior studies of relevance were identified. The key outputs of these as well as their

relevance to this study are summarized below.

3.2.1. HSRC RESEARCH INTO PUBLIC UNDERSTANDING OF
BIOTECHNOLOGY - 2004

Although somewhat outdated, this study provided some insight into the public (consumer)
awareness of biotechnology, and attitude towards it in general. Although not directly relevant to this
study, it does provide some basic information of the attitudes of a large sample (8000) of
consumers. The following key findings were reported:

A Eight out of ten respondents did not know or have any knowledge about biotechnology, nor did
they know what to think when they heard the words biotechnology, genetic engineering, genetic

modification or cloning;

A 7 out of 10 respondents had never heard a definition of biotechnology. However, having heard it,
nearly 4 out of 10 respondents did not know whether to agree or disagree with statements like

fibi otechnology is a risk for sociietyo, f@Abiotechn:q

A A little over two-fifths (44%) of respondents did not know enough about biotechnology to agree
or not wi t h t he statement: ATo what extent do
acceptabl e?0

A Just over half (53%) did not know of any reason for harbouring negative feelings about
biotechnology. Of the remaining percentage, the single most important reason for harbouring
negative feelings about biotechnology is that the derived products and service are unhealthy for

humans (mentioned by 15% of the respondents);

A 6 out of 10 respondents who felt that the current practices of using biotechnology to make foods
such as bread and cheese, moving genes from plants to make crops resistant to insect pests,
using living organisms to make medicines, should rather be continued as opposed to the 2 out of

10 respondents who said that such practices should be stopped;

A Most respondents were not as opposed to biotechnology as was expected. It was evident that

most respondents did not seem to know or have heard about biotechnology;

A Universities are the most trusted institutions to communicate the truth about biotechnology. The

media and the government were second and third respectively; and

A People who are educated, who have access to the internet, who have access to reading

material, and who represent a privileged race group, tend to be either negative about
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biotechnology or have more factual knowledge about biotechnology € impact on society in
general.

3.2.2. PUB REPORT ON COMMUNICATING BIOTECHNOLOGY: QUALITATIVE
TARGET AUDIENCE RESEARCH - 2007

This qualitative research consisting of 11 structured interviews with stakeholders and 10 focus group
discussions was undertaken with the view of informing the design of a targeted public

communi cation strategy in line with PUBO&s objectiv
A Who of the South African public is relevant to biotechnology;
A How this diverse audience can be segmented and which segments should be prioritised;
A Information needs, communication channels and content framing; and
A How to measure public perceptions, attitudes and levels of understanding of biotechnology.

Although not directly relevant to this study, it did provide a useful segmentation model that was

considered in designing the research for this study.

3.2.3. REVIEW OF THE PUBLIC UNDERSTANDING OF THE BIOTECHNOLOGY
PROGRAMME - 2005

This DST (CMS) study was aimed at assessing the effectiveness and efficiency of PUB. Although
this report contains some indicative findings regarding the role of PUB, it was not the key focus of
this study. The findings of the 2005 study are therefore not referred to in this report, as it is beyond
the scope of this study.

3.2.4. AFRICABIO SURVEY OF PUBLIC6 S PERCEPT | ONEDFOOMOD
2004

Although conducted four years prior to this study, it does contain insights that were built upon and
referred to in this study. It revolved around consumer knowledge of GM food, and surveyed a
sample of 1 000 consumers in Pretoria, Johannesburg and Cape Town. The key findings of
relevance to this study are as follows:

A 55% of consumers had heard of GM food;

A More that 60% of consumers were aware of the fact that biotechnology was utilised to develop
new drugs, to develop fibres and plastics and new crop varieties. These consumers were in

support of these developments;

A More consumers supported using biotechnology for the production of GM food, than those

opposed to it;
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A Nearly 60% of consumers regarded GM food to be safe;

A Consumers expressed concern regarding the ability of government to ensure that GM food is
safe;

A 54% of consumers had ethical or moral objections to producing GM food from animals, and 34%
had objections regarding production from plants;

A 70% of consumers indicated that they would buy GM food; and

A

Consumer knowledge of biotechnology is generally poor.

3.2.5. DST BIOTECHNOLOGY AUDIT - 2006

This audit provided some useful information regarding the state of the South African biotechnology
industry for purposes of the research design.

The technical content of this audit was not deemed to be that relevant to this study.
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