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The dream for any emerging technology is to create better things for mankind:  technologies that function in harmony with the environment, one that will further knowledge and understanding across cultures, technologies that will fuel socio-economic development.

Nanotechnology is the current culmination of development in scientific research.  The invention of the scanning tunneling microscope, for example, catalyzed further development and fabrication of materials that can be understood and studied using this new tool.  The “tool” opened up new opportunities and paradigms for investigation, and the new paradigms of investigation will open up new technologies.

In the advanced economies, growth is largely fueled by advancement in technology and therefore policies concerning emerging technologies are key issues.  In contrast, many countries which remain categorized as under-developed or developing still struggle with other concerns for growth and development.  In the case of the Philippines, key issues are poverty alleviation, political and economic stabilization, and industrialization.  The government would therefore understandably spend its resources to address these important issues.  Science and technology is therefore usually left at the sidelines, necessary but not necessarily a priority.  

Therefore, the “dream and realities” for nanotechnology are very different for an advanced economy (the U. S., Japan, the European Union, and others) compared with a developing economy.
In the Philippines, the dream and reality for nanotechnology could specifically address the following:

(a) finding a means to educate the people in this emerging discipline and technology,

(b) formulate technologies (possibly nano-) that will uplift socio-economic status, one specifically bent on  poverty alleviation and one that could tap on its unique, indigenous natural resources, without compromising the environment, and

(c) finding a means to “catch up” in this emerging technology so that the country does not become  only a recipient or user of the products of nanotechnology, but also emerge as a contributor to its development.

One example would be product development motivated by a goal of finding alternative uses so that the demand for the product is sustained.  An example is carrageenan.  By a confluence of climate, weather, and geographical setting, the Philippine coastal areas are conducive for growing seaweed varieties rich in carrageenan.  A number of researchers in the country embarked on a collaborative project which aimed at finding non-traditional or materials-based applications for these seaweed polysaccharides.  Sample projects under this program included:  “hydrogels for drug delivery” and development of “nanoparticle-polysaccharide composites.”  In  these projects, carrageenan is being “tailored” for applications that may be categorized under nanostructured systems.
This example exploits the fact that the Philippines will have better chance at nanotechnology by finding a niche wherein it utilizes its own unique, indigenous, natural resources.  The scenario anticipates that the current demand for carrageenan (currently, it is mainly for food and dairy applications) could wane due to further development in food technology, biotechnology or nanotechnology.  In this particular example, the S&T goal therefore aims to sustain its seaweed industry by developing value-added products or finding use for it in non-traditional areas and one involving the emerging technologies such as nanotechnology.
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This paper will discuss the current capabilities of the Philippines with respect to nanotechnology.  This essay shall address the following questions:

1. What is the current involvement of Philippine institutions in nanotechnology R&D? 

2. What resources are needed for the further development of nanotechnology?

3. What is the potential impact of nanotechnology on the Philippine economy?

1. What is the current involvement of Philippine institutions in nanotechnology R&D?

Scientific research in the Philippines is concentrated in government research and development (R&D) institutes and in the seven top universities. The main areas of research in terms of number of projects are in biology and chemistry. Strictly speaking, there are no institutions which are doing nanotechnology research. However, for purposes of this discussion, we shall include related areas which have the potential to advance to nanotechnology. 

General comments 

R&D support for nanotechnology falls under the Philippine Council for Advanced Scientific Research and Development (PCASTRD), which is one of the funding agencies of the Department of Science and Technology (DOST).  Although the DOST has its various centers of research, most of their efforts are focused on addressing the R&D needs of the local industry. 

Research in industry or private companies in the country is very low, and is directed mainly towards concerns of quality assurance. Recently however, the threat of competition due to globalization has spurred local industry to consider R&D initiatives to come up with more competitive products and technologies.  However, these efforts usually consider only existing technologies or are usually product-development driven. Collaborations between industry and research institutions in government or the academe are usually short-term contract research projects.

In general, the directions of scientific research are diffuse, fragmented and discontinuous. 

Although the Philippines has one of the largest concentrations of colleges and universities in Southeast Asia, these are primarily teaching institutions and generally engage in research as a secondary activity. The universities with the heaviest involvement in research are: the University of the Philippines system (primarily UP-Diliman and UP Los Baños), Ateneo de Manila University, De La Salle University, and the University of Santo Tomas, all in the main island of Luzon; the University of San Carlos in the Visayas; and the Mindanao State University-Iligan Institute of Technology in Mindanao.  

In 1994-1999, these universities were beneficiaries of a US$ 200 million DOST project called the Engineering and Science Education Program (ESEP), which was funded from a World Bank loan.  The major goals of ESEP were to upgrade the university's R&D facilities and to increase the number of scientific manpower in the country. This project in turn also motivated universities to engage in research towards more advanced topics, and indirectly serviced the R&D needs of local industries. 

Potential for nanotechnology R&D

As discussed earlier, nanotechnology represents the logical and natural progression of scientific and technological developments. Therefore, it is not surprising that with state-of-the-art facilities acquired from ESEP, some of the research programs in these universities are related to areas of nanotechnology.  Table 1 presents a summary of the current engagement of the ESEP grantee universities in nanotechnology-related areas.

Table 1.  Current research efforts of ESEP-grantee universities in nanotechnology-related areas.

	Area
	Institutionb
	Funding Source

	Quantum dots or nanoparticle research
	AdMU, UPD
	PCASTRD

	Molecular-imprinted polymers for separations and sensor devices
	AdMU, UPD, UPLB, UST
	PCASTRD, NSRI, UST, CHED-COE

	Thin film electrochemical and optical sensors
	AdMU, DLSU, UPD, UST, UPLB
	PCASTRD, NSRI, UST, CHED-COE

	Dendrimers, organic synthesis
	DLSU
	DLSU 

	Nanostructured systems: ultrathin films, monolayers, membranes and vesicles, etc.
	AdMU, UPD, UST, UPLB (Biotech)
	PCASTRD, NRCP, DOST, CHED-COE

	Molecular modeling
	AdMU, MSU-IIT, UPLB
	PCASTRD, CHED-COE, 

	General areas of materials research
	MIRDC, ITDI, SCRDC 
	DOST


bAdMU: Ateneo de Manila University, DLSU: De La Salle University, ITDI-Industrial Technology Development Institute (DOST); MSU-IIT: Mindanao State University-Iligan Institute of Technology, MIRDC-Metals Industry Research and Development Center (DOST); SCRDC:  Surfaces and Coatings Research and Development Center; UPD: University of the Philippines-Diliman, UPLB: UP-Los Baños, UST: University of Santo Tomas

cNSRI:  Natural Science Research Institute, NRCP: National Research Council of the Philippines, CHED-COE: Commission on Higher Education-Center of Excellence Program

A recent major source of government support to academic institutions is the Center of Excellence project of the Commission on Higher Education. Under this project, a number of institutions from each of the major disciplines were screened and selected. These institutions were given a 3-year grant to upgrade their graduate programs, and one of the major criteria is research.  

Under the CHED-COE grant, each university is given the freedom to develop its own area of expertise, so there is no focus for the research activities. This nonetheless represents an opportunity to encourage universities to develop nanotechnology-related research. However, such research directions need to be explicitly stated in terms of a national agenda for R&D and greater coordination is required. 

Table 2.  List of higher education institutions in the fields of biology, chemistry, mathematics and physics which have been designated as Center of Excellence (COE) by the Commission on Higher Education (CHED).

	Discipline
	CHED-COE Institutions

	Biology
	AdMU, DLSU, UPD, UPLB 

	Chemistry
	AdMU, DLSU, UPD, UPLB, UST 

	Mathematics
	AdMU, DLSU, UPD, UPLB 

	Physics
	AdMU, DLSU, UPD, UPLB 


Due to rapid developments in nanotechnology, it is projected that research in traditional areas such as agriculture, environment, biodiversity, natural products, marine science, and electrical and computer engineering, and others, shall converge with nanotechnology. In order to maximize efficient use of resources, these researches should be refocused and the capabilities of researchers should be strengthened. Another very important aspect is to encourage cooperation and interdisciplinarity among research and academic institutions.  

2. What resources are needed for the further development of nanotechnology?

Although the impact of ESEP in terms of upgrading the scientific manpower in the country was clear, this strategy was not sustained and at present, the country continues to suffer from a shortage of scientists and researchers.  In the field of nanotechnology, there are only a few are directly involved. As discussed above, many researchers in the country are confined in the academic institutions where most are still teaching faculty, and thus, offer only part of their time for research.  Those that have full time appointments in government or research centers continue to service the demands of the local industry. There is thus this limited pool of researchers, already burdened by their current workload. There is therefore an even greater need for continued support by the government and academic institutions for scientific manpower development. 

ESEP provided some of the basic equipment for advanced research, but the rapid developments in nanotechnology require newer tools and methodologies for research.  Therefore, there is a major upgrade needed for many of the existing facilities, and additional advanced equipment must be acquired. Research in nanotechnology requires surface sensitive tools for analysis and investigation of their properties. At present, there is only one Scanning Probe Microscope in the country acquired through ESEP (at AdMU), and demand for its use by other researchers in other universities and also from local companies is increasing. (There are two more in the country but located in two private multinational semiconductor companies, but these are not accessible to researchers.)  There is no X-ray photoelectron spectrometer (XPS) or secondary ion mass spectrometer (SIMS), two very important tools for surface analysis.  There are only a number of electron microscopes (transmission or scanning) but with only limited resolution capabilities. Nanotechnology will need higher resolutions to generate the important images of the nanostructured device or material.  

Therefore the country needs to invest in upgrading the facilities received through ESEP and in acquiring new equipment that are not yet presently available.  In addition, promotion of tripartite collaboration between industry, government, and academe needs to be pushed for better utilization of the limited pool of equipment and researchers. International collaboration should also be tapped. 

As mentioned earlier, nanotechnology is the convergence of the sciences and 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. What strategy can we adopt in putting together a viable R&D program in nanotechnology? 

A nanotechnology strategy can be grouped into four inter-related objectives: 

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. 
Program 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 analysis. Chemico-physical analyses are basic capabilities that must be developed. These enable us 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 need to be developed: 

· Solid structure determination by x-ray crystallography: powder and single crystal; x-ray scattering techniques. 
· Surface analysis: such as, scanning probe microscopy (SPM), electron microscopy, high-resolution transmission electron microscopy and scanning electron microscopy, Fourier transform-infrared (FT-IR) microscopy; confocal microscopy; x-ray photoelectron spectroscopy (XPS), Auger electron spectroscopy (AES); laser spectroscopy. 
· Surface analysis by mass spectrometry: secondary ion–time of flight MS (TOF-SIMS) and near-field laser desorption MS. 
· Analysis of solids, such as chemical polarization-magic angle spinning nuclear magnetic resonance (CP-MAS NMR) spectroscopy and magnetic resonance imaging (MRI). 
Because of the high cost of these instruments, Program 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. Ancillary targets should include patents and related outputs. Potential industry partners may be invited at this stage. 

From the list of nanotechnology products mentioned in the previous section, interdisciplinary programs should be put together to work on the identified targets: 

· Biosensors

· Optoelectronic devices

· Pharmaceuticals 

· Conducting polymers and composites 

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.  

The research infrastructure


An important characteristic that often determines the success or failure of a research program is the research infrastructure.  For many years, the Philippines has been trying to put together all of the components necessary to drive an effective R&D program. Apart for the crucial need for additional funds, there are some institutional changes that we wish to recommend. These changes are particularly important if the Philippines intends to enter the nanotechnology age:

a. Re-engineering the DOST research institutes. Most DOST research institutes, such as ITDI, MIRDC and SCRDC, face difficulties recruiting scientists with good research experience, and over time, they often become isolated from the local research community. At the same time, these institutes often receive substantial grants for research equipment which are under-utilized. On the other hand, many local researchers in academe often go overseas to conduct their research because there is no local institute which can host their research leave. 

One recommendation is to open up the DOST research institutes to local researchers whereby DOST provides the researcher with laboratory and office space, support staff, library facilities, and funding for consumables. Researchers can be given extended appointments (for example, renewed annually) or sabbatical appointments (for a limited length of time). In this way, the facilities of the DOST research institutes can be maximized and there will be more opportunity for collaboration and cross-fertilization. 

b. Instituting instrumentation centers. Much of the equipment needed in nanotechnology R&D is expensive and complex. Therefore, institutes which house them should be committed to offering analytical and other services. For it part, however, the DOST should be able to guarantee a base level of support for a given number of years which ensures the proper maintenance and operation of the equipment. 

3. What is the potential impact of nanotechnology on the Philippine economy?

Just based on the economies of scale and current socio-political problems that beset the country, it is only reasonable to take a conservative outlook in terms of the impact of nanotechnology on the country's economy. Because of the inevitable developments in nanotechnology, it is certain that it will affect the country in the near future, one way or another. 

In the case of the Philippines, the likely direct impact is two-fold: (1) as a recipient (or user) of this new technology and (2) as a minor contributor in the field in a specific niche area. As an end user of the technology, the country cannot afford not to have in-house basic capabilities for analysis of nanodevices and nanostructured materials and a minimum critical pool of expertise for effective management and use of the new technology.  As a potential contributor to the field, the country cannot afford to remain too far behind in nanotechnology, if the plan is to find a niche area.

Concluding Remarks

Finally, from the perspective of policy, three important points need to be addressed: (1) How can support for science be sustained? (2) How can the linkage with industry be strengthened in areas related to nanotechnology? (3) How can nanotechnology in particular, and science in general, address the problem of poverty? 

(1) How can support for science be sustained? 

One of the serious flaws of the government is its generally low support for science and technology. Part of this attitude stems from it narrow view of “capital” only as finances and budgetary considerations. In fact, all projects are justified and audited on the basis of the budget and not its importance or accomplishments. Absent from its view of capital are human and technological resources. Because there is no overall strategy for science and technology development, support for S&T is ad hoc and erratic. This can only lead to a continuous slide backward in a century where so much depends on S&T. 

Sustained support for science can only be attained by linking S&T with the development objectives of the country. With globalization, there is an urgent need for us to upgrade our capabilities in virtually all areas, from agricultural and fisheries production, to food science and analysis, to materials and polymer characterization, to medicinal products, including herbal medicines.  

(2) How can the linkage with industry be strengthened in areas related to nanotechnology? 

Government must link with industry in the areas where industry is most vulnerable. With globalization, industry must urgently upgrade its products and processes. Government must initiate this link and give support to this collaboration. This will naturally lead to nanotechnology as these products find their way into the market. However, it is important that government anticipate this trend and start to develop capabilities in nanotechnology. 

(3) How can nanotechnology in particular, and science in general, address the problem of poverty?

The problem of poverty can be related to competitiveness, and no country can be competitive without science and technology. 

The Philippines faces new challenges with the rise of this next wave of technology. The Philippines needs to redouble its efforts to promote science and engineering research and education.  These, in turn, will hopefully contribute towards the development of a niche area for the country in nanotechnology, in particular, in those areas that will harness its rich, indigenous natural resources.

� Presented during a discussion at a workshop on “Nanotechnology for the ASEAN Region” , September 19-20, 2002, Century Park Hotel, Bangkok, Thailand, hosted by the APEC Center for Technology Foresight.


� The reader is referred to the other essays from the Philippines:  Dayrit, F. M. and E. P. Enriquez, “Nanotechnology Issues for Developing Economies (Philippines)” in Nanotechnology:  The Technology for the 21st Century Vol 11, The Full Report , a report prepared by G. Tegart published by the APEC Center for Technology Foresight, Bangkok, Thailand, 2002;  E. P. Enriquez and F. M. Dayrit, “A Nanotechnology Development Plan for the Philippines” (attached).











