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(Note: This essay is a modified adapted version of a previous essay of the same title. This essay was written in the aftermath of the September 11, 2001 terrorist attacks in the US, the heightened concerns of national security, and the on-going war in Afghanistan.)


The events following the September 11, 2001, terrorist attacks on the United States have jolted the community of nations into a reassessment of its development plans. Its effects will most likely be felt in the following ways: 1. All nations may suffer significant economic slowdowns beyond that already forecast prior to the terrorist attacks. While this is expected to be bad for developed economies, it will most likely be worse for developing economies. 2. The heightened need for security will funnel more resources into intelligence and military applications, and away from the development needs of society. The already large global spending on weapons will likely increase, and divert financial, institutional, and human resources from other social needs. 


Given this mood of uncertainty, it is encouraging that the APEC sought to reaffirm its commitment to regional and global cooperation. To quote from the Joint Statement of Thirteenth APEC Ministerial (October 18, 2001): 

“In the face of the less favorable global and regional economic environment, Ministers affirmed their confidence in the medium and long-term prospects of growth in the APEC region and agreed to strengthen cooperation to tackle the short-term economic difficulties. In this connection, Ministers reaffirmed the importance of promoting dialogue and cooperation with a view to achieving sustainable and common development.”   


The challenge that confronts us all, particularly in the developing world, is: How can we develop nanotechnology so that it can contribute to “sustainable and common development” even in this post-September 11 scenario?  Two important questions which are hanging at this time are: What will the S&T budgets and allocations look like? How will international cooperation in S&T be affected? 

The three major scientific and technological developments which are predicted to radically influence economic and social development in the early 21st century are information and communications technology (ICT), molecular biology and biotechnology (MBB), and nanotechnology. The current and future impact of IT and MBB are already well recognized, and these have dominated investments in the technology sector. 

In comparison, nanotechnology seems to be a more esoteric area whose impact is still many years away. Because nanotechnology is the newcomer, it faces the usual birth pains and expected comparisons with its very successful older siblings, biotechnology and ICT. In developing economies, securing support for the development of nanotechnology in competition with the more established fields can therefore become difficult. 

This paper therefore seeks to answer the following questions and issues regarding the development of nanotechnology in developing economies: 

1.  How can developing economies get involved in nanotechnology? What areas should be developed?

2. How can developing economies put together a viable R&D program in nanotechnology?  

1.  How can developing economies get involved in nanotechnology? What areas should be developed?  


Nanotechnology refers to the design and synthesis of materials and devices at the molecular and atomic level. Before the advent of nanotechnology, materials scientists could control the fabrication of materials down to the micron level (10-6 m). Meanwhile, chemists and molecular biologists were able to develop methods for controlling synthesis of molecules of moderate size, such as dendrimers, supramolecular complexes, peptides and nucleic acids. Nanotechnology brings together these separate fields into one.  


Nanotechnology represents the logical development of science and engineering. Because it offers so many novel and important properties, it is certain to be one of the critical technologies of the future. Indeed, it is certain to have significant impact on ICT and MBB. 


Just as microelectronics replaced the vacuum tube, nanotechnology will in time replace microelectronics. However, it is likely that nanotechnology will eventually occupy a more dominant role precisely because it encompasses more fields and is more widely applicable.  

Because nanotechnology will likely have a significant impact in so many areas, it is imperative that developing economies embark on a nanotechnology S&T program to develop key capabilities and niche areas. However, because nanotechnology encompasses so many areas, and because of the high cost of equipment and human resource development, the choice and strategy should be carefully considered. Because the competition for resources pits basic needs vs R&D, it is clear that the nanotechnology development strategy needs to be carefully planned. Following are some criteria that should be considered when deciding on the recommendation of niche areas for a particular developing country:   

· Strategic importance of the technology in terms of its S&T characteristics. 

· Strategic importance of the technology to industry and agriculture, society, environment, and national security. These areas should address the concerns of poverty and competitiveness.  

· Presence of a strategic advantage or natural strength. 

· Current and potential capabilities of the S&T community, whether resident locally or overseas, and the ability to harness foreign capabilities.  

Because nanotechnology interfaces with so many fields, there is a long list of possibilities, and it is indeed difficult for a S&T planning agency from a developing country to  decide which direction to choose. 

Based on the assumption that most developing economies have significant interests in agriculture, public health, environment, and water, the following research areas are recommended for development:  

1. Biosensors 

· Strategic importance – Biosensors can be harnessed to improve agricultural productivity, public health, water quality and the environment. Thus, this technology addresses the priority goals of many governments of poverty alleviation, competitiveness and improvement of the well being of the poor. 

· Competitive advantage – At the heart of the biosensor is biological compound, for example, an enzyme, DNA, carbohydrate fragment or natural product (secondary metabolite). Many economies can turn to their rich biological resources to obtain such materials.  

2. Optoelectronic devices  

· Strategic importance – It is likely that future developments in ICT and microelectronics (soon to be replaced by “nanoelectronics”) will be based on optoelectronic phenomena. The possible range of applications includes all current uses of microelectronics, and possibly more. Optoelectronics can also be merged with biosensors. 

· Competitive advantage – The capabilities of many developing economies in optoelectronics are limited and need to be expanded.  

3. Pharmaceuticals 

· Strategic importance - – The high cost of drugs remains one of the challenges of health care. Notwithstanding the growing importance of combinatorial chemistry in drug discovery, many complex natural products will likely remain beyond the capabilities of this technology. However, there is a need to develop more efficient and cost-effective extraction and purification technologies. Improved purification processes may be built on the principle of molecular recognition and molecular imprinting. Part of this effort must include the development of high throughput biological assay methodologies.

· Competitive advantage – Many economies have unique biodiversity (terrestrial and marine) which remain to be tapped.   

4. Water purification technologies 

· Strategic importance – The need for clean water, especially in rural areas, will increase in the future. Water purification technologies suitable for household and industrial use will meet this anticipated need. This is an essential adjunct to public health. 

· Competitive advantage – Many economies have unique biodiversity (terrestrial and marine) which remain to be tapped.   

5. Conducting polymers and composites 

· Strategic importance – Polymer science shall continue to be an important field of development because it enables us to design and fabricate materials according to specific requirements, and which should include environmental considerations. 

· Competitive advantage – The capabilities of many developing economies in polymer science are limited and need to be expanded.  

2. How can developing economies put together a viable R&D program in nanotechnology?

Nanotechnology is the convergence of the sciences and, as mentioned above, represents the logical evolution of S&T. It is made up of many of the same basic tools of S&T, with the added ingredients of close interdisciplinarity and targeted product development. 

In putting together the nanotechnology program, I wish to stress two important philosophies: First, researchers and existing institutions should be asked to refocus and/or retrain and that they will be supported if they do so. Second, cooperation and interdisciplinarity among institutions (which are often competitors) and among the different disciplines (which normally do not interact) must be strongly encouraged.  These may require a “reengineering” of institutions. 

What strategy can we adopt in putting together a viable R&D program in nanotechnology? The nanotechnology initiative can be grouped into four inter-related objectives or phases: 

Objective 1: Education and development of capabilities in theoretical foundations. This can be viewed as the preparatory stage to enable students and future researchers to understand the theories and principles of nanotechnology. The following activities are suggested: 

· Development of introductory materials at the high school level. 
· Development of appropriate courses and degree programs both at the undergraduate and graduate level. 
· Support for research and training on theoretical aspects of nanotechnology. This can include mathematical and physico-chemical modeling studies, as well as advanced training into quantum theories. 
Objective 1 should be commenced immediately and be sustained indefinitely because this provides the basic theory and preparation needed for students to enter the field. The infrastructure requirements are not expected to be so large as the main requirements will be computers, technical literature, and support for scholarships and fellowships.  

Objective 2: Development of capabilities in physico-chemical analyses. Chemico-physical analyses are basic capabilities that must be developed. These enable a country to characterize a product or material, whether this be for trade purposes, quality assurance, or reverse engineering of a product or device. The following types of analyses should be considered: 

· Solid structure determination. 
· Surface analysis. 
Because of the high cost of instruments usually needed for physico-chemical analyses, Objective 2 requires the development of reliable and accessible instrumentation centers. 

Objective 3: R&D in nanotechnology devices and techniques. Nanotechnology R&D should have the primary objective of producing prototypes. The choice of application should consider the local needs and priorities. Ancillary targets should include patents and related outputs. Potential industry partners may be invited at this stage. 

Objective 4: Development of capabilities in device fabrication; product development. This step takes the technology beyond the laboratory to the pilot production and product development. Local and international partnerships may be sought as needed.  

Ending comments:  


In conceiving this conference, APEC demonstrated its economic and scientific foresight. Despite the events of September 11, it is our hope that the goals of “sustainable and common development “ will not change. 

- end -
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