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INTRODUCTION 
 
Contemporary environmental history documents divergent views on the relationship 
between technological innovation and sustainable development. Disenchantment with the 
ecological impacts of industrialization provided a firm foundation upon which early forms 
of environmental activism were based. Indeed, the “silent spring” imagery provides an 
enduring idiom for modern-day environmental narratives.  The results of the 1972 United 
Nations Conference on the Human Environment and its successor institutions represent an 
intellectual tradition that questions the role of technology in environmental management. 
This ecological critique was accompanied by a complementary strand of reasoning that 
explored the role of technological innovation in environmental management. This view 
was closely associated with new conceptual formulations that sought to integrate 
environmental considerations into development objectives.  
 
Developing countries contributed significantly to the core principles of “sustainable 
development”. The most articulate expression of this view is deposited in Our Common 
Future, the 1987 report of the World Commission on Environment and Development 
(WCED) and its subsequent elaboration as Agenda 21, the work program of the 1992 
United Nations Conference on Environment and Development (UNCED). The aim of this 
paper is to review the relationships between technical change and the sustainability 
transition, with particular emphasis on the role of the biological sciences in sustainable 
development. The paper identifies key options for improving international cooperation in 
biotechnology for sustainable development. 
 
 

1. TECHNOLOGY FOR SUSTAINABLE DEVLEOPMENT 
 
UNCED provided a framework for actions needed to make the transition towards 
sustainable development. A decade later, the world community is embarking on another 
global effort to rekindle interest and commitment to the implementation of sustainable 
development goals. The United Nations General Assembly has decided to convene the 
World Summit on Sustainable Development in Johannesburg in 2002. The summit comes 
amid concerns that Agenda 21 has not been fully implemented and that the prospects of 
reversing the worsening ecological trends are diminishing. Poverty in various areas of the 
world, especially in Africa, continues to be a threat to environmental management and 
human welfare in general. In response to these challenges, some environmentalists are 
concerned about the impact of human activities on the environment and perceive 
sustainable development as an abdication of conservation goals. On the other hand, some 
development practitioners are concerned that sustainable development is being 
reinterpreted in strict preservationist terms that could preclude the use of natural resources 
to meet human needs. 
 



 2 

Similar concerns have been raised with regard to the implementation of international 
sustainable development treaties dealing with climate change, biological diversity and 
desertification. In discussions under these treaties, conflict between development and 
conservation goals features prominently. The Convention on Biological Diversity (CBD), 
for example, articulates both conservation and sustainable development priorities, but 
negotiations on action plans have often reflected tensions between these two goals. So far, 
conservation goals have been given greater priority over sustainable use objectives, 
although there are doubts as to whether the current focus reflects the real challenges facing 
the world community. Similar debates are underway in the UN Framework Convention on 
Climate Change (UNFCCC), raising disagreement to levels that now threaten the 
implementation of its Kyoto Protocol. 
 
There is general agreement that progress towards sustainability has been slow. There is, 
however, no agreement on why so little has been achieved. The most common explanation 
is that the political will needed to translate the commitments into action has been lacking. 
Others have pointed to perceived weaknesses in the follow-up institutional arrangements in 
the UN. Developing countries, on the other hand, assert that their ability to implement 
Agenda 21 has been hampered by the low level of international assistance in general and 
by the failure of the industrialized countries to honor their international obligations.  
 
These claims are serious and represent a significant part of the international dialogue. 
However, there are other considerations that need to be taken into account. Successful 
implementation of international commitments entails two kinds of transitions. First, a 
discernible effort to domesticate international obligations into national policy is necessary. 
Second, this transition from normative standards at the international level to operational 
programs at the national level is usually associated with the creation of new knowledge 
(through scientific and technological research and the use of indigenous or traditional 
knowledge). This process is part of a larger societal problem-solving process.  
 
These efforts are carried out through adjustments in existing institutions or the creation of 
new ones. Such transition is usually a long-term process and often takes several decades, 
involving social learning through institutional experimentation at various levels. In this 
regard, an assessment of the implementation of Agenda 21 that is based on the 
determination of success or failure is therefore meaningless. So far, it is clear that the 
requisite effort to enhance the capacity of developing countries to undertake the needed 
technological innovation or to redirect technological innovation to take environmental 
considerations into account has not been given the priority it deserves. And neither has the 
corresponding adjustment in policy and institutions been given due attention. What is 
critical is to map out the next steps, especially in facilitating the transition from the phase 
of setting normative standards to the next step, involving national and local 
implementation. 
 
Based on this analytical framework, this paper argues that making the transition from 
international to local agreement is a knowledge-intensive process that involves 
considerable investment in science and technology, as well as innovations or adjustments 
in global, regional and national institutions. The sustainability transition is therefore a 
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long-term process that will involve continuous and goal-oriented interactions between 
government, knowledge-based institutions and enterprises, requiring interactions between 
key actors (in government, industry, academia and civil society) who are guided by 
common goals. 
 
 

2. TECHNOLOGICAL CATCH-UP AND LEAPFROGGING 
 
2.1 Catching up 
 
The notion of catching up has its antecedents in historical studies on the industrial 
transformation of countries such as Germany, the US and Japan.1 Recent studies have 
focused on the newly-industrializing countries (NICs) of Asia and Latin America. The 
hypothesis suggests a linear progression along the same path of development. This is 
particularly problematic, because previous paths of economic growth have been associated 
with extensive environmental degradation, and the transition towards sustainability entails 
a qualitative shift in the character and composition of productivity. Catching up does not 
necessarily need to be viewed in a linear and unidirectional way. “As long as technology is 
understood as a cumulative unidirectional process, development will be seen as a race 
along a fixed track, where catching up will be merely a question of relative speed. Speed is 
no doubt a relevant aspect, but history is full of examples of how successful overtaking has 
been primarily based on running in a new direction.”2 Indeed, in new fields such as 
biotechnology, emergent economies are making efforts to move to the scientific frontiers, 
but they plan to apply the acquired knowledge in developing products that are more 
relevant to local needs. 
 
There is a counter-intuitive aspect of catching up, which suggests that the further back a 
country is in technological development, the faster it is likely to catch up. “[T]he larger the 
technological and, therefore, the productivity gap between the leader and the follower, the 
stronger the follower’s potential for growth in productivity; and, other things being equal, 
the faster one expects the follower’s growth rate to be. Followers tend to catch up faster if 
they are initially backward.”3 The explanation for this paradoxical suggestion has to do 
with the level of technology embodied in a country’s capital stock. New introductions of 
capital stock embody relatively more productivity potential in less developed countries 
than in more industrialized ones. “When a leader discards old stock and replaces it, the 
accompanying productivity increase is governed and limited by the advance of knowledge 
between the time when the old capital was installed and the time it is replaced. Those . . . 
behind, however, have the potential to make a larger leap. New capital can embody the 
frontier of knowledge, but the capital it replaces was technological superannuated.”4 In 
other words, the economic gap between nations can also be seen as a measure of the 
backlog of technological opportunities that can be exploited by the poor countries.5 
 
                                                                 
1. Shin, 1996. 
2. Perez and Soete, 1988, p. 460. 
3. Abramovitz, 1989, p. 221. 
4. Abramovitz, 1989, p. 221. 
5. Gomluka, 1990, 159. 
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Expectedly, the catch-up pace decreases and the follower approaches the leader. This is 
mainly because the possibility for replacing superannuated technologies with best-practice 
technologies grows smaller with time. This also explains why followers start investing in 
basic research as they approach the leading countries, thereby reducing their dependence 
on imported technologies to maintain their competitiveness. The game of catching up is 
often played at the national level, relying on the effectiveness of the so-called national 
systems of innovation. 
 
The most essential aspect of the catch-up process is the rate at which a follower is able to 
undertake technological imitation. It is through such imitation that a country learns to 
industrialize. Such imitation requires conscious and policy-guided efforts by the imitating 
countries. The rate of imitation is greatly influenced by existing technological capabilities, 
policies and institutional arrangements. This learning process, however, is also influenced 
by the nature of technological systems, the structure of the market for the technology and 
international trading rules. Also important is the emergence of competing technological 
options. 
 
2.2 Technological leapfrogging 
 
While catching up refers mainly to the process of technological and economic competi-
tiveness, leapfrogging relates mainly to the speed at which catching up is done. Of par-
ticular relevance are the stages that a country goes through to master certain technologies. 
The notion of leapfrogging deals mainly with the ability of a country to increase the rate of 
catching up or to omit certain stages of technology development. Interest in the time-
dependent aspects of technological leapfrogging is emerging as a result of frustration over 
the slow rate at which countries or firms assimilate or master imported technology.  
 
Part of the concern is associated with the fact that time is often confused with sequencing. 
As a result, reference to the cumulative aspects of technological development is mistaken 
with the slow rate at which countries accumulate the basic technological competence. 
Furthermore, sequencing is not necessarily associated with the linear progression of 
technological development. In many cases, technological change is not a linear process 
and involves patterns that can be characterized as punctuated equilibria. The concept of 
techno-economic paradigms has been derived from non-linear views of technological 
change. 
 
Indeed, innovation by its very nature carries the elements of non-linear change. This is 
mainly because change is a result of the introduction of new information in an evolving 
system. Often, such introductions result in non-trivial departures from a seemingly non-
linear path. Such non-trivial departures are associated with dynamic situations brought 
about by the clustering of technological, as well as institutional innovations. This aspect of 
change does not, however, contradict the cumulative nature of technological development. 
The point is that such cumulative change is often influenced by the internal characteristics 
of the technologies in use, as well as the related learning sequences.  
 
This cumulative process is often disrupted by at least three factors. First, the dominant 
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design concepts may be superseded by new technological solutions, resulting in new pro-
cesses and products. Second, the economic environment may select for other design con-
cepts and configurations, thereby rendering the dominant ones irrelevant. Third, other 
social factors such as environmental regulations may force certain design concepts out of 
the market, without providing for their immediate replacement. Political pressure may 
make this option less common, unless the technologies are associated with major social 
liabilities. Another scenario is where environmental governance promotes the development 
of new design concepts, as in the case of substitutes for ozone-depleting substances. 
 
Industrial learning entails a set of sequential steps, until such a stage that a particular 
technological trajectory of techno-economic paradigm is flung far from equilibrium. “An 
‘evolutionary’ sequence seems to obtain as far as in-house knowledge generation is con-
cerned. Such sequence involves search, and learning, in a much more fundamental way 
than the one presently contained in the received theory. Product design capabilities, fol-
lowed by process engineering and production development skills, seem to develop in a 
sequential order, absorbing the best part of one (or even two) decades of company tech-
nical history.”6 
 
The existence of rigid sequences involved in technology development raises concern over 
the ability of a country or firm to omit any of the stages. “Seven steps can be identified in 
the course of adopting an imported technology. Briefly stated, they are: determining the 
needs; surveying the alternative technologies and the alternative supplies; choosing a 
particular combination of technology and supplier; absorbing the techniques in their first 
application in the importing country; disseminating the techniques throughout the 
economy; improving upon them; and developing new and superior techniques through 
research and development in the importing country itself.”7  
 
These stages take time and are often repeated because of aborted efforts. Technology 
development efforts are often abandoned when one of the stages is not successfully 
completed. The successful implementation of any of the stages must be anticipated in the 
original planning, and its execution provided for in every succeeding stage. Such planning, 
however, has to take into account the fact that much of the progress will depend largely on 
in-situ experimentation and the accumulation of site-specific knowledge and experience. It 
is notable that many of the technology transfer efforts in emergent economies, especially 
in Africa, were designed to produce certain commodities and not to promote technological 
development. As a result, the step-by-step approach outlined above often has not been part 
of the project implementation process. 
 
The issue of time is frequently taken for granted when dealing with technological develop-
ment. In South Korea, for example, engineering firms have taken nearly 20 years to 
emerge from industrial infancy and to compete in international markets without needing 
extensive protection. The removal of protection does not necessarily mean that a firm has 
fully mastered technological competence. Such long time horizons are not unique to 
emergent economies. It takes more than a decade to upgrade human skills, create industrial 
                                                                 
6.  Katz, 1987, p. 44. 
7. Enos and Park, 1988, p. 11. 
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clusters and enhance international competitiveness. 
 
Another important feature is the changing parameters for market entry. Because of the 
dynamic nature of the process of technological innovation, entry barriers keep changing 
and raising the costs of learning. For example, the price of a state-of-the-art integrated 
circuit plant was US$0.5 million in 1972 and rose to US$400 million in 1990, making it 
more difficult for latecomers to join the field. This change in price was also accompanied 
by the growing complexity of the knowledge base needed to enter into the microelectron-
ics race. The complexity of the required knowledge has become a more critical entry bar-
rier than the financial requirements involved. This is partly because such knowledge re-
quirements also demand a more sophisticated institutional set-up at the national level. 
 
Technological learning in thus time-dependent and involves a series of discrete steps 
which cannot be easily avoided. In this respect, the main issue is therefore the ability of a 
country to facilitate the accumulation of technological capability and build industrial 
dynamism. It is this rapid rate of technological development—as manifested through local 
industrial activities or international competitiveness—that is the main concern for 
emergent economies. 
 
2.3 Technological niches 
 
One of the features of technological evolution is the formation of specialized market 
niches that utilize variants of the dominant technologies or design concepts. Much of 
reverse engineering is aimed at understanding the principles behind the dominant design 
concepts and applying these to the development of technological variants. This process 
takes place when certain design concepts start to dominate the market and show their 
viability. It is also at this stage that intellectual property rights are of particular importance 
because firms find it necessary to use legal and other means to maintain their leadership in 
the market. Moreover, it is at this stage that interest is highest in knowing the basic 
principles behind certain design concepts. Much of the discussion over the protection of 
intellectual property rights relates to at this stage of technological evolution. 
 
Technology niches are important for a number of reasons. First, they enable the lesser 
developed countries to enter the technology market without being required to move and 
compete at the frontier of its development. Niches can therefore be used to buy time and 
acquire the requisite technological knowledge, without being subjected to the demands of 
market competition. Second, market niches can enable significant activity by developing 
country firms. In the field of biotechnology, for example, discovering technology niches 
may be an important way of applying the new techniques to local problems, for which 
there is little interest among multinational corporations. Third, countries that are explicit 
about their interest in operating in specific niches are more likely to benefit from 
technological cooperation with larger firms in the industrialized countries. This is mainly 
because such market niches are unlikely to threaten the major firms, but at the same time 
they provide market information of relevance to the larger corporations. Finally, 
technological niches may represent an important step in the sequence of technological 
development. For example, those emergent economies that have built capacity in certain 
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areas of tissue culture technology have a greater potential to move into genetic 
manipulation than those that start from scratch. In many countries, tissue culture 
capabilities have been built because of conservation or quarantine needs, but have now 
been extended to commercial applications. 
 
Technology niches, especially where they are liked directly to production capability-
building, may be an important way of acquiring technology. This approach, which would 
involve working closely with the private sector, would be more beneficial to emergent 
economies than reliance on direct support for basic research in public institutions. The 
appearance of technology niches, however, will place equally critical demands on the na-
tional system of innovation to provide the necessary support and inputs.  
 
Emergent economies could use such technology niches, not only to learn about the specific 
technologies, but also to identify the most optimal institutional configurations for 
technological development. It is through such niches that the limits and potentials of a 
country to promote technological innovation can be tested. The knowledge about institu-
tional organization acquired through such a process is vital in the design of other technol-
ogy development programs. Technology niche creation, if effectively carried out, would 
provide a basis for future industrial advancement.  
 
 

3. OPPORTUNITIES FROM THE BIOSCIENCES 
 
3.1 Agricultural biotechnology 
 
The political basis for applying biotechnology in agriculture already exists in the form of a 
wide range of international commitments to sustainable agriculture. All the African 
countries have defined agriculture as a priority. This is partly because of the chronic food 
shortages in the regions and partly because of the recognition of the strategic role 
that agriculture plays in these economies. Moreover, agricultural production 
and environmental management are intricately linked into a complex system of 
the provision of ecological services. These relationships are expressed in a number of 
international agreements, which most African countries have ratified. 
 
In addition to international commitments to sustainable agriculture, African countries are 
also signing onto new agreements that require reductions or elimination of the use of 
chemicals such as persistent organic pollutants. These commitments entail the use of new 
approaches that do use traditional agrochemicals. The general direction of international 
policy is to shift towards agricultural approaches that emphasize sustainable 
practices. Methods such as “low-till” agriculture and the associated use of herbicide-
tolerant crops start to acquire particular significance under such changes in farming 
practices. Equally important are methods that use disease-resistant crops as a way of 
managing the use of agrochemicals. 
 
In addition to international commitments, many African countries are currently dealing 
with impacts of agricultural production on natural resources at the local level and are 
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promoting community-based natural resource management practices. These ecological 
changes are being reflected in overall public policy and are influencing government 
approaches to agricultural production, especially in marginal areas. On the whole, there is 
growing recognition of the importance of sustainable agriculture, providing new 
opportunities for applying emerging technologies in economic development. 
 
One of the most important environmental challenges facing Africa is how to meet current 
food needs, without undermining the ability of future generations to meet theirs. 
Viewpoints vary on the role of technology in the transition towards sustainable agriculture. 
One approach starts with the premise that technological development is the source of many 
of the world’s environmental problems. This view has led to proposals that seek to curb the 
use of modern technologies, especially those derived from advances in molecular biology. 
An alternative view accepts the negative role that certain technologies have played, but 
argues that transition towards sustainable development will require greater use of 
innovative technologies, not less. Advances in molecular biology have made it possible to 
combine traditional and modern techniques in sustainable agriculture. The field 
of biotechnology, for example, has opened new avenues for increasing agricultural 
productivity, while enhancing environmental conservation. 
 
Sustainable agriculture will require African countries to make prudent choices. To do so, 
they must not be restricted to using only the technologies available today. Making such 
decisions requires access to a wider range of technologies, especially those resulting from 
advances in molecular biology. Undue restriction of the use of these technologies 
is inconsistent with sustainable agriculture and would undermine long-term ecological and 
human welfare. While biotechnology cannot solve all the problems associated 
with agricultural production, it has the potential to address specific problems. These 
include: increasing crop productivity, diversifying crops, enhancing nutritional value of 
food, reducing environmental impacts of agricultural production and promoting market 
competitiveness. 
 
One of the ways to ensure food security is to broaden the crop base. Currently, most of the 
agricultural research in Africa focuses on a narrow range of crops, and many of the crops 
used by local communities have not benefited from modern research. One of the reasons 
for this focus is the heavy investment and long time frames needed to develop new 
varieties of crops. Modern biotechnology offers the best available options for diversifying 
agricultural production by speeding up the development of new varieties, including those 
of under-utilized crops. 
 
Enhancing the nutritional value of crops is another important aspect of food security. 
United Nations projections show that while chronic malnutrition will decline in Asia and 
Latin America in the coming decades, the numbers for Africa will increase significantly. 
Biotechnology will make it easier to maintain traditional diets while improving nutritional 
value. Modern biotechnology could also help in enhancing the competitiveness 
of agricultural products from developing countries and thereby promoting their integration 
into the global economy. Efforts to diversify agricultural production will not only promote 
food security in those regions, but will also add new crops to the world food market. 
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3.2 Industrial and environmental biotechnology 
 
The last century saw the replacement of plant-derived products with petroleum derivatives. 
These remarkable transformations helped humanity to overcome some of the natural 
limitations of relying on natural processes. The change was largely a result of advances in 
chemistry and allied fields. This century promises to open new avenues for increasing the 
use of renewable resources in the global economy. These trends will open up new 
opportunities for the participation of developing countries in the new bioeconomy. But as 
in previous technological revolutions, the promise and reality are different. In the case of 
agricultural biotechnology, for example, only a handful of developing countries have so 
far managed to become players in the global economy. The rest have little hope of playing 
significant roles in the near future. As in other technological fields, participation in the 
new bioeconomy will be uneven and limited to those countries that make the necessary 
investments in technological development. 
 
So far, much of the research on policy aspects of biotechnology has focused on 
agricultural and pharmaceutical biotechnology. The field of industrial and environmental 
biotechnology remains understudied. Industrial biotechnology covers two distinct areas. 
The first area is the use of renewable raw materials (biomass) to replace raw material 
derived from fossil fuels. The second is the use of biological systems such as cells or 
enzymes (used as reagents or catalysts) to replace conventional, non-biological methods.  
 
Industrial application of biotechnology is emerging as a spin-off from developments in 
other fields, such as the pharmaceutical sector. This is largely because industrial 
biotechnology has not received the same level of public policy attention as has 
biotechnology in other sectors. There are other structural factors that influence the 
diffusion of industrial biotechnology. These include the dominance of physical and 
chemical technology as a source of concepts for the design of industrial plants, which 
limits the scope for introducing biological processes. 
 
One of the main advantages of industrial biotechnology is the prospect for the controlled 
production of biological catalysts. These biocatalysts are more specific and selective than 
their non-biological counterparts. As a result, they offer greater potential for cleaner 
industrial production. In other words, biocatalysts generate fewer by-products and can start 
with relatively less purified feed stocks. And because they are self-propagating, they can 
be used in applications such as waste treatment.8 But despite these advantages, biocatalysts 
are generally fragile (requiring large amounts of water) and have low volumetric 
productivity. Over the years, however, incremental technological innovations and new 
bioreactor designs have helped to improve the industrial performance of biocatalysts. With 
incremental improvements in biocatalysts and the emergence of new design concepts, 
biotechnology’s capacity to diffuse in the industrial sector will grow. This prospect is 
enhanced by the growth in the biological sciences, as well as in complementary fields, 
such as chemistry and informatics. 
 
                                                                 
8. OECD, 1998. 
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The use of biomass for energy and industrial uses has been on the agenda of many 
governments for nearly two decades. Much of the interest was triggered by the oil crises of 
the 1970s. Although the interest waned with the decline in energy prices, advances in the 
biological sciences have continued to enhance the prospects for technological 
improvement and wider application. In addition to energy, living plants can be used to 
produce chemicals such as citric acid, lysine and lactic acid. Genetic modification offers 
new possibilities for using plants as a source of raw materials for chemicals or even 
finished products. Monsanto, for example, has experimented with a genetically modified 
crest plant to produce a biodegradable plastic, using a gene from a bacterium, Ralstonia 
eutropha. Similar experiments are underway in other chemical firms around the world. 
One of the most advanced efforts is an initiative by Cargill Dow Polymers (CDP) to 
construct a plant to produce 140,000 tons a year of polylactide (a biodegradable plastic), 
using lactic acid fermented from corn. 
 
As enzyme technology improves, attention is shifting to other areas of bioprocessing, by 
tapping the potential in the world’s splendor of microbial life. Much of this world remains 
untapped, largely because microorganisms have so far been poorly studied and 
documented. With the advent of DNA sequencing, microorganisms will become an 
important addition to industrial activities through scientists’ discovery of new biocatalysts. 
The field of genomics is therefore likely to extend its influence from medicine and 
agriculture to industrial production. Methods such as forced evolution and rational design 
will increasingly be used to discover new enzymes for industrial use. In addition, methods 
such as gene shuffling are helping firms to optimize their bioprocessing activities.  
 
It is expected that the genomes of major industrial microorganisms will be sequenced in 
the coming years, and this will add significantly to the library of industrial biotechnology. 
Prospecting for biological organisms of industrial value will increase as bioprocessing 
gains acceptance. The network of agreements between bioprospecting firms, such as 
Diversa, and biotechnology-related firms, such as Dow, Aventis, Glaxo, and Syngenta, 
illustrates the accelerating increase in this field. These technological developments will 
result in new generations of chemicals and polymers that will compete directly with bulk 
petro-chemical products. 
 
These developments are improvements over a long history of efforts to use bioprocessing 
in industry. The mining sector, for example, has been using bioprocessing for a long time. 
Bioleaching is a natural process that helps in weathering of sulphide ores. Organisms have 
been harnessed successfully in zinc, copper, nickel and gold mining among others. 
Bioleaching is environmentally friendly, cheaper to build and cheaper to run than 
traditional leaching methods.9 The use of Thiobacillus ferrooxidans to oxidize sulphide 
metal ores dates back several centuries. But it was not until 1986 that the world’s first 
commercial bioleaching tank for gold-bearing sulphide was commissioned in South Africa 
by Gencor. The procedure now employs both mesophilic and thermophilic microoganisms. 
 
Developing countries have been the center of origin for some of the bioleaching 
technologies. For example, the Biox process owned and developed in South Africa is now 
                                                                 
9. It is suitable for production of up to 150, 000 tonnes per annum.  
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used in many other countries, while the success of the largest experimental solvent 
extraction electro-wining (SXEW) in Zambia has been used in 40 other mines in 
developed countries. Current efforts are focusing on identifying new organisms that are 
stable, multiply efficiently and are reliable. Other initiatives focus on identifying 
organisms for different processes such as reduction of iron and sulphates, as well those 
that can be used to dissolve toxic metals in mine waste discharge. Technology is also 
being developed to inhibit organisms that are involved in mine acid generation. Biofilters 
for sulphides also represent an effective and cheap alternative to traditional filters.  
 
The textile and leather industry is another sector that has used biotechnology for decades, 
especially through the use of enzymes. Many enzymatic products (amylases, lipases, 
cellulases and isomerases) are being marketed by firms such as Maps (India), Novozyme 
(Denmark) and Genencor (USA). Genetic probes have been developed that could detect 
adulteration of the merchandise and deterioration of fiber. There is now a movement 
toward preparation of high quality fiber from microorganisms, plants and animals, using 
genetic engineering technology. 
 
For developing countries, the demand for high quality leather and fibers is likely to 
increase. These countries could add value to their raw materials and meet the demands by 
adopting the new technologies in their processes. The leather and textile industry is 
faltering or dying in some countries, due to poor quality of products and increased costs of 
production. Biotechnology, if appropriately used, could lower the cost of production and 
improve the quality of leather and textile products.  
 
The paper industry is another old technology that relies heavily on wood, energy, water 
and chemicals. New technologies have emerged that are changing the face of this industry. 
The pulp and paper industry was estimated in 2000 as the fastest growing market for 
industrial enzymes. Enzymes are quickly replacing traditional chemicals in pulping, in 
paper production and in de-inking recycled paper. Biopulping (using fungi) results in 
nearly 30% saving of electricity, while treatment with cellulase and hemicellulase reduces 
wood drying time considerably. Bioleaching of pulp reduces chemical requirements by 
50%. The use of enzymes and fungi increases the physical properties of the fibers and the 
quality of paper. Many developing countries have lagged behind in technological 
developments in paper manufacturing and have become importers of paper, even when 
they have the potential to be exporters. 
 
In addition to industrial applications, modern biotechnology also is likely to make major 
inroads into the field of environmental management. Using microorganisms or their 
constituents, environmental biotechnology involves processes that detoxify industrial 
waste, clean up industrial contaminants and enhance control of environmentally unfriendly 
practices. Environmental management is indeed a growing industry that will benefit from 
further advances in biotechnology. The use of sensors to detect pH, voltage, ionic strength, 
heat, light and smoke, among others, has been the basis of many analytical and home 
instruments. The selectivity of enzymes, other proteins, nucleic acids and carbohydrates 
has become the focus of research to identify noxious gases in mines and organisms in the 
environment. 
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4. PROMOTING INTERNATIONAL COOPERATION10 
 
4.1 Improving market access 
 
Limited market access represents the greatest hurdle to international trade and 
consequently to technology access and acceptance. Although liberalization of markets has 
increased over the last 50 years, following the numerous trade negotiations and integration 
of economies, many barriers to trade still exist, especially in labor-intensive sectors that 
are of interest to developing countries. The two major barriers are high tariffs and 
standards (sanitary and phytosanitary requirements). Agricultural products and industrial 
product exports to developed countries suffer most from tariff peaks. The EU and Japan 
have the highest number of tariff peak products for agricultural imports, while the US and 
Japan have the greatest number for industrial and electronic products imports. These 
products represent about 15% of the exports of least developed countries to the developed 
countries. In addition to tariff peaks, these products also suffer from tariff escalation. 
Other products that suffer from tariff escalation include leather, rubber, metal, wood and 
paper. These are all products where developing countries have particular interest. 
 
Taken together, tariff peaks and escalations reduce the desire in developing countries to 
export finished products, thereby reducing diversification and skill accumulation. Because 
of high levels of subsidies to agriculture and export products in developed countries, most 
developing countries continue to be marginalized in international trade.11 In the absence of 
open markets, it is not surprising that developing countries do not invest heavily in export 
industries linked to the processing of raw materials. 
 
Non-tariff restrictions such as quota allocation, voluntary export restraints and non-
automatic licensing continue to affect exports from developing countries. Products 
affected by these measures include textile, sugar, rubber, minerals, machinery and precious 
stones in both developing and developed country markets. There are also fears that once 
these measures are phased out, they are likely to be substituted by other measures, such as 
anti-dumping or other technical barriers. 
 
The requirement for exporters to meet product standards similar to those found in the 
importing countries is a critical element in international trade. However, if the exporter’s 
home market standards are different from that of the export market, then extra cost has to 
be incurred to meet the demands. Many developing countries do not have sufficient 
facilities and personnel to conform to industrial market demands. Developing countries 
often import products that are banned in developed countries, while developed countries 
are more restrictive when it comes from imports from developing countries. The 
implications of these restrictive measures and other trade inhibitory mechanisms such as 
countervailing duties, safeguards, customs and administrative red tape on industrial and 

                                                                 
10. This section is based on Juma and Konde, 2001. 
11. The OECD support to agriculture is estimated at $1 billion per day. 
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environmental biotechnology are potentially large. These measures will affect fields such 
as polymers, fuels, paints, lubricants, fertilizers, plastics, and many other products. 
 
Market access is an essential element of market liberalization, and special efforts are 
needed to create better trading opportunities for developing countries. In the absence of 
such improvements, trust in global markets will remain low, and the mistrust is likely to 
hinder the wider application of emerging technologies. 
 
4.2 Forging international biotechnology alliances 
 
One of the most significant developments in the structure of the global biotechnology 
industry is networks involving partnering activities.12 These networks are products of 
complex interlinkages between a wide range of enterprises, links which are designed to 
reduce the risks associated with the development of new products, as well as to facilitate 
information exchange. More specifically, these partnering arrangements help to provide 
sources of financing through licensing and upfront fees for R&D expenses, reimbursement 
of expenses for partnered products and services, royalties, profits and other “success fees” 
associated with the achievement of certain milestones. Such arrangements are particularly 
important in areas with limited access to other forms of financing, such as venture capital. 
Even where venture capital is available, these arrangements still serve an important risk-
reducing function. 
 
Partnering activities are naturally more concentrated in the industrialized countries, but 
these arrangements are being extended to developing countries, especially in agricultural 
biotechnology. Similar arrangements could be considered in industrial and environmental 
biotechnology. In addition to the risk-reducing benefits outlined above, partnering 
arrangements could also play a key role in the development of technological capabilities in 
the firms and institutions in developing countries. Such capacity would be specialized and 
related to specific products and services. Furthermore, such partnering would also be 
useful in promoting the adoption of good management as industrial production standards 
in developing countries. 
 
4.3 Crafting flexible intellectual property systems 
 
Emerging technologies are associated with strong regimes of intellectual property 
protection. Biotechnology is a particularly interesting area for two reasons. First, the 
patenting of living forms is a recent development that is specifically linked to policy 
measures to foster the establishment of the biotechnology industry. There are differences 
of opinion on the exact impact of patent protection on the evolution of the biotechnology 
industry. What is evident, though, is that complementary institutions such as venture 
capital would not have evolved to the extent that they did, without the existence of an 
intellectual property regime that provides comfort to investors and inventors alike.  
 
In this regard, intellectual property protection has co-evolved with the biotechnology 
industry and is one if its key institutional attributes. There are, of course, many areas of 
                                                                 
12. Mytelka, 1999. 
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industrial and environmental biotechnology in developing countries that have developed 
through the use of public domain technology and have therefore not been affected by 
increased intellectual protection barriers. This, however, is going to change as more 
countries are brought under the auspices of the Trade-related Intellectual Property Rights 
agreement under the WTO, its successor arrangements and extra-juridical measures. 
 
Trends in agricultural biotechnology suggest that the impact of intellectual property rights 
on the ability of developing countries to participate in the new bioeconomy varies 
considerably, depending on the nature of the research, level of technological development 
and enterprise size. Public sector research programs remain particularly vulnerable to 
changes in the intellectual property regime because of their traditional dependence on 
public domain technologies and lack of knowledge of intellectual property practices. 
Although this situation is starting to change, many developing countries are still far from 
mastering the details of inventive activity. It is paradoxical that for these countries to 
participate in the new bioeconomy, they will need to establish a certain level of familiarity 
and compliance with the emerging intellectual property rules. Ironically, however, these 
same rules might affect their ability to be players in the new bioeconomy. 
 
Furthermore, most developing countries are still in the early stages of technological 
learning, where access to patented technologies is essential for industrial development. 
The more advanced developing countries need to balance between their interest in access 
to protected technologies now, and preservation of the possibility that any of their future 
inventions will be protected. There are no general models that would enable countries to 
reflect these various balances in one strategy. However, there are specific areas that 
require policy attention. 
 
4.4 Creating enabling regulatory environments 
 
There are two types of regulatory issue that deserve attention under the new bioeconomy. 
The first set is related to international trade in living modified organisms. The second set 
of regulatory issues involves measures that are designed to facilitate the adoption of 
industrial and environmental biotechnology. Industrial biotechnology regulations will be 
similar to those in agricultural or pharmaceutical industries, depending on the products, 
but have so far remained and will remain less controversial, for at least two reasons. First, 
biotechnology products used in process management (e.g., enzymes in textile and leather 
processing) do not become part of the final product (cloth or shoes). Second, the enzymes 
do not have any ability to transfer the gene sequence from which they were produced to 
any other life forms. Industry is likely to recycle or bake the waste prior to discharge. 
Therefore, the main issue will be batch contamination and the quality of the discharge. 
 
The potential environmental benefits of industrial biotechnology make it attractive to those 
interested in promoting the transition towards sustainability. Incremental innovations, as 
well as new design concepts, will help to make these technologies competitive with their 
conventional counterparts. Such cost reduction is important, especially with biofuels and 
bioplastics that are not yet competitive with petroleum-derived equivalents. However, the 
use of transgenic organisms in food processing, biofertilizers and waste treatment will be 
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more controversial than in bioplastics and biofuels. The kinds of concerns expressed in 
agricultural biotechnology may arise here and should be treated in the same way.  
 
Evidence from the implementation of the Cartagena Protocol on Biosafety shows that 
building regulatory capacity for biotechnology is a complex process requiring considerable 
external assistance for most developing countries. Those countries that have capacity in 
biotechnology research are also in a better position to design and implement regulatory 
systems. This view suggests that the growth of regulatory capabilities in developing 
countries will remain uneven and will be sensitive to cost factors. There are numerous 
models for reducing regulatory costs, including regional centers, mutual recognition 
arrangements, as well as cost-sharing agreements between government and industry. 
 
Another area that might require special attention is the use of environmental regulation to 
promote industrial sustainability. This regulatory field is relatively new, but it offers 
opportunities for expanding the adoption of environmentally sound biotechnologies. The 
main limiting factor is the low level of use of environmental regulations to promote the 
adoption of alternative technologies in developing countries. Also related to this are 
measures that seek to reduce the consumption of non-renewable raw materials and replace 
them with bioproducts. 
 
4.5 Managing economic risks and benefits 
 
Much of the discussion about the risks of biotechnology deals with environmental and 
health issues. Equally important is the failure to manage these risks and benefits 
effectively. Such failure is one of the main sources of resistance to the adoption of new 
technologies. There are institutions that deal with some aspects of risk and benefit 
management, such as anti-trust legislation. But these do not address the seemingly benign 
cases of product displacement. Generally, such adjustments are considered to be part of the 
evolution of markets. However, the pace and scale at which they happen could become a 
threat to the diffusion of the very technology that brings about new benefits. The use of 
pest-resistant crops, for example, could be seen as offering a wide range of economic and 
health benefits. But those who rely on chemical products for their livelihoods are likely to 
be direct and indirect sources of resistance to the new technology. 
 
Early efforts to identify potential winners and losers are an important part of the 
technology development strategy. With this identification, it should be possible to manage 
both the risks and the benefits in a way that allows for relatively smooth technological 
transitions. Managing technological transition is not easy, partly because of the 
competitive nature of market behavior and the dominant view of losses as part of the 
institution of free markets. However, in the absence of measures which reduce radical 
market impacts, resistance to new technologies in likely to emerge and undermine the 
potential benefits to society. 
 
 

CONCLUSION 
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The current transition from a normative to an operational phase in the sustainability 
transition is demanding a fresh look at the role of technological innovation and associated 
institutional innovation at the national and international levels. The traditional view that 
has treated technological development as being inherently inimical to environmental 
management is giving way to a more sophisticated and informed approach to achieving 
sustainable development goals. The way ahead lies in a better understanding of the 
dynamics of techno-economic transformation. The World Summit on Sustainable 
Development represents a key opportunity to refocus attention on the role of technological 
learning in the sustainability transition and the opportunities provided by knowledge-based 
institutions, such as enterprises and universities. The way ahead might entail a shift in 
political influence from advocacy organizations to operational institutions. This shift needs 
to be guided by an explicit understanding of the changing social dynamics associated with 
the sustainability transition. 
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