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1. Introduction

Biotechnology has evolved over the last 25-30 years into a powerful set of tools used in many sectors.  It is referred to as a crosscutting technology.  The role of biotechnology in the future will be vast and many predict that the next big advance will be the global development of a Bioeconomy
,
. 

“A bio-based economy is defined as an economy that uses renewable bioresources, efficient bioprocesses and eco-industrial clusters to produce sustainable bioproducts, jobs and income”
 See figure 1 below. 
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Figure 1

Countries moving towards a bioeconomy will provide new opportunities for industry and farmers and will reduce greenhouse gas emissions. Bio-based products include fuels, energy, chemicals, lubricants, plastics, paper construction materials and advanced composites. Numerous major companies have increased their involvement in the development of bio-based products.  For example, DuPont aims to produce 25% of their products from renewable resources by 2010 and Cargill Dow LLC has invested approximately US$1 billion in the development of biodegradable plastics and fibres made from maize. The United States (US) National Research Council predicts 50% of US fuels and 90% of organic chemicals will come from renewable resources by the turn of the century.

2. Is South Africa Moving Towards a Bioeconomy?

South Africa (SA) has grown its economy primarily by mining and utilising non-renewable resources. As these resources are limited new technologies are being utilised to enable economic growth. One of these technologies is biotechnology. 

South Africa now recognises the role of biotechnology in economic development with the government’s adoption of the National Biotechnology Strategy in 2001
, which commits R450 million to the further development of biotechnology in the next 4 years. To date, South Africa has only a very small bioeconomy, although biotechnologies are widely used in a number of industrial sectors including forestry, mining, food and beverage sector, as well as the waste water treatment sector.  The emphasis in South Africa is still at the R&D level (see Figure 2.) with certain sectors using the technology and moving towards the full development of a bioeconomy. 
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Figure 2.  Progression
 of a technology to a sector and then an economy

2.1 Status of biotechnology industry in South Africa

South Africa has been involved in biotechnology research and development for over 30 years. In 2003, 622 research groups engaged in 911 research projects relevant to biotechnology in South Africa
. Of the research projects 30% were core biotechnology and focused on the developments of commercial products, 25% were biotechnology activities with the potential to may spin off commercial products, 39% focused on fundamental research and 6% offered biotechnology services
. The majority of research groups are small, engaging between 1 and 10 researchers. Biotechnology research projects are spread across eight sectors (human health, animal health, plant, food and beverage, industrial, environmental, support services and other). 

From the 45 companies that were using biotechnology in food, feed and fibre in 1998, 30 plant biotechnology and 22 food and beverage companies were reported in the National Biotechnology Audit
 in 2003.   It must be noted, however, that in the 2003 audit certain traditional 1st generation biotechnology companies and SA-based multinational companies, where 3rd generation biotechnology was not part of their core activities in SA, were excluded.

Few local products are developed, in spite of 20 years of research and development. The sector is heavily dependent on imported technology, which is driving commercialisation and industrial growth. This is reflected in relatively low levels of local technology innovation and only 2 start-ups for every 100 patents
. 

Out of 106 companies, 47 were core biotechnology and 59 non-core biotechnology. Of the core biotechnology companies, 39% were in human health, followed by the support services sector (13%).  There is an even distribution across the plant, animal health, food and beverage, industrial and environmental sectors and a small proportion of companies (3%) contributing to the “other” category. The majority (26%) of the non core biotechnology companies are in the plant sector with 15% engaged in the human health sector and another 15% in the industrial sector. 

 The number of companies engaged in core biotechnology has increased since 1984 (from 4 to 47) whereas growth in non core biotechnology companies has been slow to stagnant. Thirty three percent of the core biotechnology companies are new start-ups, 37% spun off from research groups and 30% from other enterprises. Only around 10% of the biotechnology companies are involved in highly innovative research and development. 

2.2
Energy
The energy sector in South Africa has both first world and third world elements. On the one hand South Africa produces and consumes over 60% of the electricity on the African continent and is the twelfth highest carbon emitter in the world. On the other hand, well over half of South Africa’s rural households use wood fuel energy to a greater or lesser degree (ranging from a few times per month to daily), as do numerous urban households. Even with the substantial household electrification programmes in the last ten years and one of the lowest electricity prices in the world for consumers, most newly electrified households continue to use wood fuel because they cannot afford the appliances and/or the monthly costs
.

Due to an abundance of coal reserves, South Africa has traditionally relied on coal for the majority of its energy needs. This reliance on coal has meant that South Africa is one of the top greenhouse emitters globally on a per capita basis
.

South Africa is a signatory to the UN framework on climate change as well as the Kyoto protocol to the convention.  Although South Africa’s greenhouse gas emissions are not capped within the first commitment period to the Kyoto Protocol, South Africa is committed to developing in a sustainable manner that does not lead to additional anthropogenic climate change where possible. 

As part of its commitment to the mitigation of climate change, the South African government has set a target of contributing 10 000 GWh of renewable energy to its final energy consumption by 2013. This will be approximately 4% of South Africa’s energy demand in 2013. South Africa has, however, lagged behind other developing countries in terms of the implementation of bio-fuel projects.

2.3
Manufacture from Renewable Resources in South Africa

Biomass 
In line with global trends, there is a growing need to explore alternative and/or renewable raw materials for the production of commercially important products.  Plant biomass is widely considered a potentially useful substrate for use as raw material; however, notable process optimization is required to make this a feasible option.  Traditionally, South African agriculture does not process plant by-products, resulting in > 20 million tons of under-utilized resources per annum.  Furthermore, uncontrolled growth of invasive plants contributes a further 17 million tons of plant biomass.  There is therefore a need for enabling technologies that provide a feasible conversion of biomass at the industrial scale to a variety of value added products that would also lead to job creation.

Plant biomass consists of about 40-50% cellulose (β-1,4-glucose chains), 20-30% hemicellulose (heterogeneous β-1,4-xylose chains for xylan and β-1,4-mannose chains for mannan, which also contain arabinose and galactose as minor constituents) and 20-30% lignin (polyphenolic complex).  The hexose (glucose, mannose, galactose) can efficiently be fermented to bio-ethanol as fuel-extender commodity product.  The pentose sugars (xylose and arabinose) could also be efficiently fermented into bio-ethanol, provided the necessary recombinant strains are constructed.  Alternatively, the sugars can also be fermented to lactate, which could be used for the production of polylactate for production of biodegradable plastics.  Other fine chemicals that can be derived from the hemicellulose fraction include ferulic acid as food antioxidants, as well as furfural.  The lignin fraction can be hydrolyzed to phenol acids, which can be converted to vanillin and related products( this is being researched by the CSIR).  After removal of the fermentable sugars, the lignin fractions could also be subjected to gasification as alternative energy source, modifying current technology developed by SASOL for coal conversion.

Potential market – local or international 

The Kyoto agreement necessitates the search for alternative fuels, such as bio-ethanol.  During the past five years, both the USA and Europe started focusing on the development of technologies for the large-scale production of bio-ethanol at costs comparable to that of fossil fuel production.  
Commercial status 

Before 1994, three large distilleries in South Africa (National Chemical Products in Transvaal-(now Gauteng), National Chemical Products in Natal (now KwaZulu-Natal) and Natal Cane Byproducts Ltd. used molasses as the raw material for the production of ethanol for more than a decade.  In addition, the CSIR began funding research on utilisation of lignocellulose through the Cooperative Scientific Programmes (CSP) between research institutes and universities.  In 1979, this research was consolidated into a goal-oriented cooperative programme focused on a single feedstock (bagasse), a single product (ethanol), and a single approach to overcoming the recalcitrance of cellulose (enzymatic hydrolysis).  The initial goal of the programme was the development of a technically and commercially viable process to convert bagasse into bio-ethanol.

However, since 1990s, much of the activities in South Africa ceased, amidst increased activities abroad.  The major reasons being that the fossil fuel boycott was lifted and that South Africa, traditionally, has large coal reserves.  Except for research activities at a few tertiary institutions, no commercial production of bio-ethanol takes place in South Africa at present.

Players

Currently, some of the major activity in this field is at the University of Stellenbosch. Research pockets with expertise and technology in plant material degradation also exist at the University of the Free State, University of Natal, University of Durban-Westville, CSIR, University of Cape Town and University of the North.  Much of this work has been done with limited support of the paper and pulp industry operating mainly in KwaZulu-Natal with the purpose of reducing the use of bleaching chemicals and alleviating pollution. 

Infrastructure available/required

With the dismantling of facilities producing bio-ethanol from molasses, no industrial facilities exist at present in South Africa.  However, considerable expertise is still present and South Africa can regain a key position within the international context, particularly the Africa context with a focused programme.  

Time-Scale for Implementation

Technologies exist internationally for the hydrolysis of plant material with diluted acids and cellulase enzymes and subsequent fermentation of hexoses to bio-ethanol.  Bio-ethanol cannot compete with fossil fuel yet, primarily because only limited hexoses (about 50% of plant material) is fermented.  International groups are currently working towards efficient pentose fermentation within the next 5 years, utilizing 70-80% of fermentable sugars to bio-ethanol.  

Acid hydrolysis and enzyme hydrolysis of plant material remains costly.  The development of recombinant yeasts that degrade and ferment plant material by producing the necessarily enzymes, as well as fermenting both hexoses and pentoses to bio-ethanol is foreseen in the next 10-15 years.  This consolidated bioprocessing should also make bio-ethanol production cost-effective compared to fossil or coal fuel.

Technologies Required to Underpin the Application

Technologies that have to be developed are:

1. Technologies for plant material pre-treatment, primarily wood chemistry and chemical engineering.  Currently, this technology is almost non-existent in South Africa;

2. Technologies to develop appropriate recombinant strain development for bio-ethanol production.  The Stellenbosch group has international recognition and other groups in the country could make substantial contributions, however it needs funding and cooperation.

3. Expertise for up-scaling the technologies.  SASOL and the CSIR have previous experiences in up-scaling related technologies and with the aid of engineers (chemical, mechanical, electrical) South Africa could make good inroads within 5-10 years.

Biofuels
South Africa’s state gas company (Central Energy Fund) is a leading provider of synthetic ethanol from coal, but the country is now moving toward crop-based (corn and molasses from sugarcane sugar refineries) production of ethanol.  Ethanol production in 2004 was 110 million gallons.  The majority of this production occurs on the southern tip of the continent with the Republic of South Africa accounting for about 70% of the total. Eight new plants are planned for construction by the end of 2006, increasing production to 320M gallons.   In contrast, US production of ethanol was 3.5B gallons.  (Earth Policy Institute)  

South Africa’s Energy Development Corporation (EDC), a division of the Central Energy Fund, announced in September 2005 plan to buy 25% stake in Ethanol Africa, a company set up by commercial farmers to turn surplus corn into ethanol.  Other investors are Alco, a Belgian Biofuels company, and Grain Alcohol Investments, a farmer consortium.  The EDC has a mandate to invest in commercially viable renewable energy in sectors with insufficient private sector activity.  The farmer organisation, Grain SA estimates South Africa will have a 4.5 M ton surplus of corn by April 2006 (southafrica.info).  The country’s farmers have faced years of high input costs, drought, and low grain prices, putting farmers at risk of recovering their costs.  

The annual demand for petroleum in South Africa is 10.5B litres; 3 M tons of corn would provide ethanol for 12% of local consumption.  In contrast, 60M tons of corn in the US currently provides less than 3% of domestic gasoline consumption.  Today, most of the alcohol produced in South Africa is exported to Africa, Asia, and America.  

Global Leading Ethanol Producers (2004)  

	Country
	Gallons (M)

	Brazil
	3,989

	US
	3,535

	China
	964

	India 
	462

	France
	219

	Russia
	198

	South Africa
	110

	UK
	106

	Saudi Arabia
	79


3. South African Realities

3.1
Food security in South Africa

South Africa is unlikely to appear in the 'high risk' category in any international rating of food security. Despite its comparatively unfavourable natural resource base, in most years, it is a net exporter of agricultural commodities. Its per capita income is high for a developing country. It does not have a tight foreign exchange constraint. It is not landlocked. Its transport infrastructure is generally good. Its constitution entrenches the right to adequate nutrition for all and it has devised a national Integrated Food Security Strategy (IFSS). Clearly, food ought always to be available in South Africa. So why should food security be a priority policy issue for South Africa? 

Yet, even given its own national 'food secure' status, more than 14 million people, or about 35% of the population in South Africa, are estimated to be vulnerable to food insecurity, while the development of as many as 1,5 million, or about one quarter, of children under the age of 6 are estimated to be stunted by malnutrition. The Constitution - if not society's values and the sheer economic cost of forgone production potential - dictates the need to reduce and, if possible, eliminate vulnerability to and the negative consequences of food insecurity within South Africa. 

More often than not, the reference to 'food' in 'food security' is taken to identify the problem as essentially agricultural. While it would be incorrect to characterise it as being focused exclusively on agriculture, South Africa's IFSS declares its 'primary objective (to be) to overcome rural food insecurity by increasing the participation of food insecure households in productive agriculture sector activities'. Since roughly 70% of the country's poorest households live in rural areas. 

Increasing domestic agricultural production may indeed be the mainspring of strategies to reduce food insecurity in countries - including several in the Southern African Development Community (SADC) - in which agriculture is still one of the leading contributors to gross domestic product (GDP). But where this is no longer the case - as in South Africa - while it is certainly true that agriculture has played an important historical role in putting food on the table for low income households, that it continues to do so and that it could indeed contribute more than it presently does, it is essential to premise policy on a clear understanding that household food security is primarily a function of total household income, however derived, and much less a function of the food that individual households produce for their own consumption. Composite income estimates should therefore include the value of agricultural (and other) goods produced for own consumption. 
The HIV/AIDS pandemic, appears to have caused severe damage to so many rural households' - and indeed to national - physical, financial and human asset bases, it is therefore making it increasingly difficult for them to restore their production to previous levels, even with the rains and political stability in working order. In other words, food insecurity that is already widespread and acute now looks likely also to become chronic.

                                          
Energy use is closely linked to quality of life in rural Africa. Poor rural households are still not able to afford the most highly subsidised energy sources. South Africa is committed to providing universal access to electricity by 2012.  Most rural dwellers that have access to grid electricity are usually not able to afford higher consumption of electricity and they tend to use it mainly for lighting. A high percentage of rural household income goes to energy consumption costs. 
4.
South Africa’s Potentials & Challenges
Advances in the life sciences are making a reality of the prediction that this will be the century of biotechnology. Driven by an increase in the intensity of biological knowledge, a wide range of R&D activities are maturing at a remarkably rapid pace: improved healthcare technologies drawing on genetics, genomics and proteomics; more sustainable and higher value-added food as well as fiber production systems; cleaner, more eco-efficient biofuels; enzymatic processing that cuts energy and water consumption and the generation of toxic wastes during manufacturing; stronger bio (nano) materials. Twenty or thirty years from now, these and other bio-applications may well become part of everyday life. The impact could be dramatic; improved health, a cleaner environment, and more sustainable energy production could have effects equaling those of the information and communication technologies developed in the last two decades
. 
Convergence with other technologies, such as information technology and nanotechnology, will allow biotechnology to transform the way products are designed, manufactured and used. That transformation of production and consumption cycles will generate sustainable growth in developed and developing countries such as South Africa. But it will also generate complex policy challenges, as these changes pervade economic and societal activities. There is no guarantee that the transformations will spontaneously occur in ways that optimize benefits to society.
South Africa has great potential for the further development of the biotechnology industry with the following contributing factors in its favour:

· A sophisticated and lengthy tradition of first generation biotechnology

· World class researchers and research institutions

· A pipeline of projects that could lead to new products or processes

· An unrivalled biodiversity and biological resource base

· Indigenous medical knowledge going back centuries

· Access to a large human genetic diversity pool

· Access to a high number of clinical samples for major infectious diseases

· A relatively low cost base for research, product development and manufacturing

· A sound legal and regulatory framework, and a world class banking system and ICT infrastructure

Despite these factors, IP generation and technology transfer in the biotechnology field to date has been slow.

The major factors inhibiting the biotechnology industry to date include:

· A general lack of cohesion in research programmes

· Lack of investment in, and development of, technology platforms

· A shortage of market-focused research and a relatively low tendency among academics to commercialise research

· A scarcity of suitably qualified R&D personnel, particularly at the MSc and PhD levels

· A lack of clear IP policies that incentivise commercialisation

· An overall lack of confidence in African governments which affects foreign investment

· A severe shortage of entrepreneurial and technology transfer skills and mechanisms

· Insufficient public and private funding for research and product commercialisation

Even with these constraints South African industries are using and developing the technology.  These include large companies in various industrial sectors such as forestry (Mondi and Sappi) using tissue cultured trees and developing new disease free varieties,  sugar (SASEX) developing new varieties of sugarcane, starch (African Products) using enzymes for glucose production, crop seeds (Pannar) developing virus resistant maize, energy (Eskom) investigating renewable energy through biomass and fuel cells, mining (Mintek) commercialising bioleaching.

In general, industry supports the development of all aspects of biotechnology.  However, some companies are facing constraints due to consumer perceptions.
To address the issues described above the South African government supports the biotechnology industry through:

· Department of Science and Technology which  develops and implements the National Biotechnology Strategy and Biotechnology  Roadmapping Project

· Department of Trade and Industry which focuses on innovation and commercialisation as well as modifying the Patents Act and supporting venture capital through the IDC

· Department of Agriculture which  implements the GMO Act 

· Department of Environments Affairs and Tourism which  focuses on the environmental issues through the GMO Act, the Biosafety Protocol and Biodiversity Bill

· Department of Health which implements the Labelling Bill as well as playing a strong role on safety issues in  the implementation of the GMO Act 

The approaches taken to ensure biotechnology R&D projects are   commercialised are as follows:

· The setting up of four Biotechnology Regional Innovation Centres (BRICs) which develop and implement consortium based projects 

· The implementation of a National Bioinformatics Network

· The attachment of bio incubators to the BRICs

· Establishment of technology transfer offices within universities and research organisations

· Investment in, and development of, technology platforms e.g. genomics

Besides generating funding for biotechnology, developing stronger international partnerships and eliminating trade barriers the biggest challenge facing the South African biotechnology sector at the moment is the fact that the public is not well-informed. As a result, the Department of Science and Technology (DST) has requested its agency, the South African Agency for Science and Technology Advancement (SAASTA) to implement an awareness campaign. The success of this campaign and the awareness, education and training programmes of AfricaBio are important in raising the level of public understanding and facilitating public acceptance of the technology.

5.1
Analysis of barriers and problems associated with South Africa attaining a biobased economy
The following general barriers to the further implementation of renewable energy have been identified (Department of Mineral & Energy 2004):

· Many renewable energy technologies remain expensive, on account of higher capital costs, compared to conventional energy supplies for bulk energy supply to urban areas or major industries.

· Implementation of renewable energy technologies needs significant initial investment and may need support for relatively long periods before reaching profitability.

· There is a lack of consumer awareness on benefits and opportunities of renewable energy.

· The economic and social system of energy services is based on centralised development around conventional sources of energy, specifically electricity generation, gas supplies, and to some extent, liquid fuel provision.

· Financial, legal, regulatory and organisational barriers need to be overcome in order to implement renewable energy technologies and develop markets.

· There is a lack of non-discriminatory open access to key energy infrastructure such as the national electricity grid, certain liquid fuels and gas infrastructure.

5.2
The potential impact of renewable energy system on rural community will be as follows:
· Small-scale farmers will have a ready market for their crops, transforming them from subsistence to small-scale commercial farmers.

· With a biofuel factory and animal feedlot at the centre of such a production area, technical information transfer, training and input supply by the factory could be arranged to benefit the farmers.

· The cash injection for the community will be around R500/t for maize and R750/t for sunflower 

· The number of people who will become economically active instead of being subsistence farmers indicates the potential for job creation
. 
6. Conclusions 
Considerable interest in bio ethanol from sugar cane and maize has been expressed by industry in South Africa, although the process economics are still unfavourable without subsidies and price stability. The possibility of extensive job creation in depressed rural areas through new bioenergy industries is helping to stimulate further interest. No coordinated national bioenergy research program currently exists at present although various groups are working of the bioconversion of lignocellulosic biomass as feedstock for biofuels. South Africa recently joined IEA Bioenergy to interact with the liquid biofuel community. Serious attention needs to be given to the production of biofuels as a labour intensive activity, and as a black empowerment possibility.

Renewable energy becomes one of the areas that the government would want to consider pursuing in managing energy-related environmental impacts and diversifying energy supplies from a non renewable energy dominated system.
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